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Abstract- Teaching the design and analysis of multi-
factored experiments to engineers is not an easy task and 
any help that makes the process of teaching and learning 
those skills in a way that is hands-on, engaging, and 
memorable is always welcomed. In this paper, 
iPhone/iPad apps for simulating multi-factor processes 
that have been developed specifically for teaching 
experimental design to engineering students will be 
described. Examples of physical toys will also be 
described. Feedback from students and industry experts 
has been very positive.  
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1.   INTRODUCTION 
 
The design of engineering systems is rarely accomplished 
by applying fundamental scientific principles exclusively. 
In most cases, the design of systems also requires some 
use of empirical data obtained from experimentation.  As 
such, engineers, scientists, and even businesses carry out 
experiments in the field, laboratory, computer, or 
marketplace to discover how different factors may affect 
the response of the system they are investigating.  Often 
these experiments are multi-factored (have many 
variables) with multiple responses. Time and budget are 
also often limited.  Most engineers when faced with such 
multi-factored problems would use the outdated and 
sometimes disastrous one-factor-at-a-time (OFAT) 
approach [8]. In fact most engineers, undergraduates or 
graduates, have very little knowledge on how to properly 
deal with the design and analysis of multi-factored 
experiments.  Starting in 2014, engineering programs in 
Canada will be evaluated by the Canadian Engineering 
Accreditation Board using an outcome based approach 
[7]. Engineering programs must demonstrate that their 
graduates possess 12 specific attributes at the time of 
graduation. One of the graduate attributes is 
“Investigations” which is defined as “an ability to 
conduct investigations of complex problems by methods 

that include appropriate experiments, analysis and 
interpretation of data, and synthesis of information in 
order to reach valid conclusions.” This is similar to one 
of ABET's eleven student outcomes which states that 
students attain "an ability to design and conduct 
experiments, as well as to analyze and interpret data" [1]. 
It was argued in [14] that with the current engineering 
curriculum of most if not all engineering schools in 
Canada, it is almost impossible for graduates to possess 
that stated attribute unless a compulsory course is 
introduced to specifically teach the proper methodologies 
for the design and analysis of experiments. Educators and 
students who think that the skill to design, conduct and 
analyze experiments of complex problems will somehow 
be learned in an engineering program, probably do not 
appreciate fully the myriad of issues that are involved 
with experimentation to study a complex problem. Many 
of these issues have been discussed in [14]. It is also 
likely that they do not know that there exists a whole 
body of knowledge on the science of experimentation 
that has been in existence for about 100 years.  
 
It is now recognized that the factorial approach first 
introduced by R.A. Fisher is the correct and scientific 
approach in conducting multi-factored experiments [5], 
[6], [8], [15]. These approaches are now widely 
disseminated and are having a significant impact 
throughout industry [9].  However, this has not trickled 
down to the Canadian engineering curriculum. These 
approaches such as 2-level factorial designs, fractional 
factorial designs, mixture designs and response surface 
methodology are statistically based and can be quite 
intimidating to the uninitiated. Help is needed in both the 
teaching and learning process so that these design of 
experiments or DOE approaches and principles can be 
taught in a way that is hands-on, fun, and memorable.   
 
In the next section, the advantages of using specially 
designed toys and simulation programs for teaching 
experimental design will be discussed. This will be 
followed in Section 3 by examples of some physical toys 
and newly developed iPhone/iPad simulation apps 
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specifically for teaching experimental design.    How 
these toys and apps can be used in a class will also be 
briefly discussed. In Section 4, evaluation results and 
feedback from users of these toys and apps are presented.  
Concluding remarks are given in Section 5 followed by 
the acknowledgement and references. 
 
2. TOYS AND SIMULATION PROGRAMS 
 
A course on experimental design should not turn into a 
course on data analysis of experimental data which is 
often the case.  To learn about experimental design, one 
actually has to do experiments [11]. Incorporating project 
work in a course is extremely valuable to the students but 
there are problems too if one is teaching a very large 
class. Real experiments chosen by the students that are 
relevant to their research are often time-consuming, and 
it is also hard to control and grade. This approach is 
doable and valuable in a smaller class setting especially 
at a graduate level. Although doing real experiments are 
rewarding, they can also be costly, time-consuming, 
cumbersome, and can be utter failures. If there are too 
many complications from the experiment, then focus is 
shifted away from the concepts and techniques that need 
to be taught and illustrated [11]. 
 
The use of specially designed “toys” that allow students 
to conduct multi-factored experiments as a vehicle for 
teaching and learning design of experiments has been 
reported with great success by several authors [4], [10], 
[12], [13], [16].  
 
There are many other simple experiments that have been 
used successfully for teaching design of experiments. A 
collection of these experiments is given in [2]. Many of 
these experiments are simple and meant for junior-high 
school students. Some are not very practical for use in a 
large class setting especially if many are to be made. In 
addition, very few experiments listed have an engineering 
context.  The approach of using simulated experimental 
data via a computer program is far less common but has 
more potential and many advantages. Simulated data can 
be made as realistic as necessary. They can have real 
advantage over real data when one has specific 
instructional goals [11]. This is not unlike using a 
simulator for training jet and airline pilots, operating an 
excavator, etc. Since it is a computer program, the 
instructor can easily make the data as clean or as dirty 
and the user interface can be programmed to represent 
any engineering system as one likes. A random error term 
can be added so that data collected by each student will 
be different which illustrates natural variability of the 
system. The student’s data set can also be combined into 

a larger scale experiment to investigate the effect of 
sample size. 
 
3.  PHYSICAL TOYS AND IPHONE/IPAD 

APPS 
 
3.1 Physical toys  
 
Various physical toys have been described by several 
authors over the years. These were described in [12] and 
[13]. Notable ones include the catapult, paper helicopter, 
and DOE-GolferTM. More details of these toys can be 
obtained from [16], [5], and [3], respectively. The author 
invented the DOE-GolferTM (See Figure 1) as an aid 
when teaching the design and analysis of multi-factored 
experiments course to graduate students and professional 
development courses at Memorial University.  

                       
                 Figure 1:  The DOE-GolferTM 
 
This golfing toy can consider up to 5 or 6 factors  e.g. 
brand of ball, length of club, weight of club, angle of 
swing, type of greens (carpet), direction, etc. This toy 
invented in 2003 is sold commercially and used world-
wide by numerous large international companies for staff 
training. Companies using the DOE-GolferTM include 
Bell Canada, John-Deere, Ingersoll-Rand, Fairchild 
Semiconductor (US and Philippines), Sanofi-Pasteur, 
Cummins, Eastman Chemicals, Pratt-Whitney (US and 
Singapore), BMW, ABB (Poland), several universities, 
and Six-Sigma trainers in US, France, Germany, and UK. 
It has also been featured in a text book [3]. The key 
benefit of using a physical toy such as the DOE-GolferTM 
is that the students can use it to collect data after the 
experimental design, analyze the data, and then apply 
their results in a competitive team golf tournament. This 
has been the highlight of the course from the many years 
of anecdotal evidence and formal evaluations. See 
Appendix A. 
 
Two software versions of the DOE-GolferTM, one 
programmed in Java and another developed for the 
iPhone/iPad are also available.  These can be used during 
lectures to quickly illustrate a particular experimental 
design, data collection process, and analysis of the 
collected data. They are described in the next section. 
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3.2   iPhone/iPad Simulation Apps 
 
Computer-based simulation programs specifically 
designed for teaching experimental design principles are 
few in the public domain unlike the physical toys 
described above. However some examples were 
described in [11] which are based on Java applets. 
However, these applets do not have animation, sound 
effects, or a nice graphical interface. They are also not 
easily accessible. Better simulation programs that are fun 
to use and engaging are required. 
 
Two apps were developed for the iPhone/iPad, both of 
which are available from the Apple App store as a free 
download or for a nominal price. The first app is the 
Golfer app which is the software version of the DOE-
GolferTM.  A screenshot of the Golfer app is shown in 
Figure 2.  
  

               
 

Figure 2:  Golfer iPhone/iPad app.  
 
The Golfer app can consider up to 4 factors:  length of 
club, weight of club, angle of swing, and type of green.  
The response is the distance travelled by the ball. An 
older Java-based version of the DOE-Golfer simulator is 
also available by contacting the author.  
 
Another iPhone/iPad app called the DOE-SIM Pro was 
subsequently developed.  It has 10 simulators of various 
industrial processes.  The app is available for sale in the 
Apple App store.  However the app is made available for 
free for our own students. See Figure 3.  
 

                            
 
               Figure 3:  DOE-SIM pro app 
 
The app simulates different multi-factored processes 
ranging from three input factors to eight input factors. 
Seven of the simulators have one response and three have 
dual responses. Some response(s) are nonlinear. The list 
of simulators available in the app is listed below: 
 

Simulators with one response: 
 

1. Chemical Process (4 factors) 
2. Polymer Viscosity (3 factors) 
3. Semiconductor Fabrication (5 factors) 
4. Concrete Production (5 factors) 
5. Drilling Advance Rate (4 factors) 
6. Plasma Etching (3 factors) 
7. Blue Ball (8 factors) 

 
Simulators with dual responses: 
 

8. Microwave Popcorn (3 factors) 
9. Polymer Processing (4 factors) 
10. Polymer Conversion (3 factors) 

 
Figure 4 shows screen shot of the opening screen 
showing the list of simulators available in the DOE-SIM 
Pro app.   
 

                             
 
Figure 4:  Opening screen of the DOE-SIM Pro app 
 
These simulators can be used in several ways. They are 
especially useful when used together with excellent DOE 
software such as Design-Expert by Statease Inc. or JMP 
by SAS Inc. to set up a designed experiment to test 
factors and answer the questions in an efficient manner. It 
can be used by the instructor to generate data from one of 
the processes based on a certain experimental design. 
Used this way, the student would analyze the data given, 
develop the appropriate model, and report on the 
findings.  Another way to use the simulators is to ask 
students to design the experiment for a given process, 
collect the data, and then analyze the data they have 
collected.  Data can be simulated to illustrate the simple 
t-test, one factor ANOVA, general ANOVA, 2-level 
factorial designs, fractional factorial designs, optimal 
designs, response surface designs, and multiple-objective 
optimization. Other concepts such as replications, 
blocking, and randomization can also be illustrated using 
the DOE-SIM Pro app. The simulators can also provide a 
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convincing way to show why the OFAT approach is less 
efficient and may not lead to the optimal solution in a 
multi-factor experiment with factor interactions.  
 
Consider the concrete production simulator with five 
factors and one response. The screenshot of the simulator 
is shown in Figure 5.  
 

                              
 
    Figure 5:  Concrete production simulator 
 
This simulation considers five factors involved in a 
concrete mix production to determine yield strength:  
 
1.  Type of Mix (qualitative) 
2.  Mixing time (quantitative) 
3.  Laboratory doing the test (qualitative) 
4.  Curing Temperature (quantitative) 
5.  Drying time (quantitative) 
 
A set of typical questions that can be asked of the 
students include:  
 

x Which is the most important factor that affects 
the yield strength?  

x Are there any statistically insignificant factors? 
x Is there an interaction effect between some 

factors?  
x Is the response linear or nonlinear?  
x Is a transformation of the response required to 

meet the assumptions of ANOVA? 
x What combination of factors would maximize 

the yield strength? 
 
To answer the above questions, the students would have 
to design an experiment taking into account the five 
factors, collect the data based on the experimental design, 
analyze the data to determine the effect of each factor and 
possible interaction effects, develop a prediction model 
for the response, check for nonlinearity, check the 
assumptions of ANOVA, and use the model to determine 
the combination of factors to maximize the yield. Further 
constraints such as the number of experimental runs, 

time, etc can also be given to make the problem more 
challenging and realistic.  For simulators with dual 
responses, such as the Microwave Popcorn simulator, a 
desired result from the experiment is of course to find out 
what combination of factors would maximize the taste 
and minimize the wastage of the microwave popcorn. 
This would require the student to design an experiment 
that would allow developing prediction equations for 
each response and using them in a multi-objective 
optimization to maximize one objective while 
minimizing the other.  
 
All the simulators have the appropriate animation and 
sound effects making them fairly realistic and fun to use. 
It is just like going to a laboratory and doing a hands-on 
experiment except that it is done with the iPhone or iPad. 
It is also faster and cheaper and the process can be 
projected on a screen when teaching. 
 

4.    EVALUATION AND FEEDBACK 
 
Evaluation of the DOE-SIM Pro App and DOE-Golfer 
was carried out during the Fall semester of 2012 and 
2013. The survey was conducted among the graduate 
students who took the graduate course in Similitude, 
Modelling, and Data Analysis (or Design of 
Experiments). The survey questions and students’ ratings 
are shown in Appendix A. The sample size was 70 in 
total. The evaluations were conducted anonymously by a 
teaching assistant.  No ethics approval was required for 
the study as it was an evaluation and no personal 
information was requested.  
 
It can be seen that feedback from students was very 
positive in general.  All average ratings are greater than 4 
out of 5. In some of the written comments, several 
students have indicated that the use of more physical toys 
would be beneficial as these require team work and 
unfortunately more time consuming especially when the 
class size is large. The author is currently developing a 
few more exercises that use a variety of physical toys to 
include in his classes. 
 
Overall the tools seem to have enhanced the learning of 
experimental design methodology.  To date several 
hundreds of the apps have been downloaded worldwide.  
Feedback provided by two experts in the field of DOE 
about the apps is given below:  
 
“I've just finished playing with DOE-SIM Pro.  It's very 
neat! I plan to demo this in my executive MBA class in a 
week” - Dr. Christopher J. Nachtsheim, Frank A. 
Donaldson Chair of Operations Management, University 
of Minnesota. 
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“I downloaded the DOE-SIM app and it works fine on 
my iPhone 4S.  I tried all simulators out and a few 
settings and they seem to work well.  I like the fact that 
the experiment takes a little longer when you choose the 
high level of time for the popcorn experiment as opposed 
to the low level (nice touch).  I also like the instructions 
giving the goal of the experiment and some questions to 
answer." - Brooks Henderson. Stat-Ease, Inc. Consultant. 
 

5. CONCLUSION 
 
The use of physical toys and iPhone/iPad apps for 
simulating multi-factor processes that have been 
developed specifically for teaching experimental design 
to engineering students have been described. The 
advantages of using these tools for teaching design and 
analysis of experiments were emphasized. Feedback from 
students and industry experts has been very positive.  
 
Instructors and students interested in obtaining a free 
download of the DOE-SIM Pro app can contact the 
author for a promo code. Java applets and MATLAB 
versions of the simulators are also available from the 
author for those who do not own an iPhone or iPad.  
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Appendix A:  Evaluation Results of iPhone/iPad Apps and the DOE-Golfer 
 
In Engineering 9516, you have seen and have used software based and physical toys specifically designed for helping you 
understand and apply DOE techniques. I would like your feedback on the usefulness of these tools and provide 
suggestions on how they might be improved. Use the following rating scale: 
 
Rating:  5 = totally agree to 1=totally disagree. Sample size = 70. 
 
 

1. Java Applets/iPhone/iPad Apps   Avg  Distribution of Ratings 

 
a) I find the applets/apps easy to use.     4.569 5=71.4%  4=18.6%  3=7.1%  2=1.4%  1=1.4% 

 

b) The applets/apps were fun to use.    4.172 5=48.6%  4=25.7%  3=20.0%  2=5.7%  1=0% 

 

c) The applets/apps helped my understanding of  4.356 5=57.1%  4=24.3%  3=15.7%  2=2.9%  1=0% 

experimental design. 

 

d) The applets/apps helped my understanding of random 4.315 5=50.0%  4=32.9%  3=15.7%  2=1.4%  1=0% 

variations. 

 

e) Collecting my own data using the applets/apps helped 4.271 5=50.0%  4=30.0%  3=17.1%  2=2.9%  1=0% 

         me better understand where the data came from. 

 

f) The applets/apps provided a sufficient  variety of  4.375 5=58.6%  4=24.3%  3=12.9%  2=4.3%  1=0% 

experiments for teaching and learning purposes. 

 

2. DOE-Golfer (used in golf tournament) 

 

g) The use of the golfer was good for team-building  4.571 5=64.3%  4=30.0%  3=4.3%  2=1.4%  1=0% 

 

h) Use of the golfer enhanced my understanding of  4.239 5=44.3%  4=37.1%  3=17.1%  2=1.4%  1=0% 

RSM techniques. 

 

i) The golf tournament provided a fun way to learn DOE  4.414 5=60.0%  4=27.1%  3=8.6%  2=2.9%   1=1.4% 

 

j) I understand process variation better after using  4.127 5=32.9%  4=51.4%  3=11.4%  2=4.3%    1=0% 

the golfer. 

 

3. Overall use of applets/apps and toys 

 

k) The combined use of the applets/apps and golfer   4.444 5=55.7% 4=32.9% 3=11.4% 2=0% 1=0% 

have helped in the understanding and application  

of DOE techniques. 
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Abstract – Systematic engineering design can use the 
tools, models and methods recommend by Hubka to help 
designers, especially in critical situations. These methods 
can be applied for novel designing, or for re-designing. 
In teaching, observations of students revealed difficulties 
in applying and formulating “internal and cross-
boundary functions” of technical systems (TS), and of 
“operations” in a transformation process (TrfP). 

A strategy to overcome these difficulties is to introduce 
sufficient theory, then to provide a re-design problem, 
using an existing commercial device, (a) as a cut-away to 
show the inner workings, and (b) as a complete device 
that can be dis-assembled – accompanied by engineering 
drawings of each part, an assembly drawing and an 
exploded view. Students (1) studied the hardware and 
drawings, (2) identified elemental organs, and useful 
organ groups, and (3) wrote their interpretation of what 
each organ group is capable of doing – the TS-internal 
and/or cross-boundary functions, to be represented in a 
TS-function structure. An example is offered. 
 
Keywords:  Systematic engineering design, 
teaching/learningand since strategy, case examples 
 
 

1. INTRODUCTION 
 

Teaching and learning of engineering design has in the 
distant past been achieved by a form of apprenticeship – 
the master designed according to his experience and 
knowing, the apprentice assisted (usually in detailing) and 
learned by observation. Starting around the 1950’s, but 
more intensively since about the 1970’s, more formal 
design methods have been developed, especially in two 
directions: (1) an overall design methodology attempting 
to cover the whole engineering design process, typified 
by Pahl and Beitz [22], and by Hubka [16,17,20,21,28], 
and (2) a concentration on one or other aspect of the 
engineering design process to develop detail methods, 
often with emphasis on creativity [2], see Eder [9].  

Hubka started to develop his approach around 1965, 
since then continuously developed [16,17] – based on a 

theory of technical systems, what all TS have in common, 
logically presented. The most important models for this 
paper are (a) a model of a general transformation system, 

 

 
Fig. 1. GENERAL MODEL OF A TRANSFORMATION 

SYSTEM [16,17,21]. 
 

 
 

Fig. 2. STRUCTURES OF TECHNICAL SYSTEMS (TS 
MODELS) [16,17,20,21]. 
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see figure 1, and (b) a model of useful structures 
recognizable internal to and across the boundary of a 
technical system (an operator in figure 1), see figure 2. 

This theory of technical systems forms the basis for 
deriving a voluntary and consistent systematic 
engineering design method(ology) that also allows use of 
any of the hundreds of detail methods [9]. Justification 
for this approach was given in [3], and direct connections 
and comparisons to some other approaches were 
established, e.g. [4]. 

Systematic engineering design, as understood in this 
paper, uses the Hubka approach to recommend tools, 
models and methods to help engineering designers, 
especially in critical situations. The recommended method 
can be applied for novel designing, or for re-designing. 
Case examples (22 to date) show applications of the 
method, including complex problems and re-designing. 

The first case study, systematic according to the state 
of the theory and method at that time, appeared in 1976 
[18] – a machine vice. The second appeared in 1980 [20] 
– a welding positioner. The next three, also systematic, 
were published in 1981 in German – a riveting fixture, a 
milling jig, and a powder-coating machine – the first two 
were systematic, the third took an industrial-artistic 
design approach. The third set was published in 1983 – a 
P-V-T-experiment, a hand winding machine for punched 
control tapes, and a tea brewing machine – again the first 
two were systematic, the third took an industrial-artistic 
design approach. An English edition was published in 
1988 [19], and included the existing six case studies, plus 
two new items – a wave-powered bilge pump, and an oil 
drain valve – and again the bilge pump only loosely 
followed the systematic method. Three further case 
studies were published in 2008 [16] – the tea machine 
revised to current systematic procedures showing 
enhanced engineering information; re-design of a water 
valve [5]; and an electro-static smoke gas dust 
precipitator, with rapper for dust removal [6]. Three new 
case examples were published in 2010 [17] – a trapeze 
demonstration rig [7], re-design of an automotive oil 
pump [8], and a hospital emergency bed, with 
compensation devices for the support arrangement. Two 
other cases were prepared for the International 
Conference DESIGN 2012 [10,11], both from the 
Caravan Stage Barge [1] which has been in operation in 
Canadian and U.S.A. coastal waters, and now in the 
Mediterranean, since 1995. An RMC wind tunnel force 
balance accessory [12], and a Stage Barge gangway [13] 
were presented at CEEA2013. Stage barge life-boat 
davits [14] and a linear friction test research apparatus 
[15] will be presented in conferences during 2014. 

Since 2010 [17], these case examples have been 
presented at the current latest stand of development of 
both the theory of technical systems, and the 
recommended systematic design process. 

2. A TEACHING/LEARNING STRATEGY 
 

In teaching these systematic engineering design 
methods at RMC, observations of students revealed that 
they found difficulties in applying and formulating 
concepts of “internal and cross-boundary functions” of 
technical systems (TS), and of “operations” in a transfor-
mation process (TrfP). 

The best strategy to overcome these difficulties is to 
initially introduce sufficient theory by lecture or similar. 
This should especially cover the model of the 
transformation system, and the models of structures of 
technical systems – including detail consideration of the 
three main TS-internal and cross-boundary structures. As 
project work within the course, a simple re-design 
problem was introduced. Using an existing commercial 
device, (a) a cut-away was prepared to show the inner 
workings, and (b) a complete device that can be dis-
assembled was supplied – accompanied by (reverse-
engineered) engineering drawings of each constructional 
part, and including an assembly drawing and an exploded 
view. Two case examples are available, a water valve 
[5,16], and an automotive oil pump for engine lubrication 
[8,17] – which were used in alternate years. Students 
were first invited (1) to study the hardware and drawings, 
and to check for any faults found in the drawings, (2) to 
identify elemental organs, and useful organ groups, and 
(3) to state in writing their own interpretation of what 
each organ group is capable of doing – these are the ‘TS-
internal and/or cross-boundary functions’, which the 
students are asked to represent in a TS-function structure. 
Students then were given a new requirement to be 
considered, asked to set up a (revised) design 
specification, and to alter their TS-function structure 
accordingly. They then applied a morphological matrix to 
explore a revised solution, proposed some revised TS-
organ structures, selected the one that in their opinion was 
best, and sketched a proposed layout.  

Having overcome the student difficulty of formulating 
TrfP-operations and TS-internal and cross-boundary 
functions, this step-by-step strategy allowed setting one 
or more follow-up novel design problems, passing 
through all available TrfP and TS structures. Several of 
the existing case examples were also presented to the 
students and discussed in class. 
 
 

3. PARTIAL CASE EXAMPLE 
 

Parts of the re-design case example “automotive oil 
pump for engine lubrication” [8,17] are offered here to 
show the typical results expected from the first project. 
The usual sub-headings for a re-design case are followed, 
with comments where needed. Two identical oil pumps 
from internal combustion engines dating to the 1970’s 
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were found. The body (part A) and cover (part E) were 
cast iron parts, machined. One was cut open for 
demonstration, the other was loosely assembled for 
students to take apart and handle. New detail and 
assembly drawings were prepared, for instance figure 3.  

 
Fig. 3. OIL PUMP – ASSEMBLY SECTIONAL VIEWS 

AND PARTS LIST [8,17]. 
 
(P1) Establish List of Requirements – investigate 

alter-natives  
(P2) Establish a Plan for the Design Work – investi-

gate alternatives  
(P3a) Establish the Transformation Process – investi-

gate alternatives (P3.1 – P3.1.4)  
See figure 4. 

 
 

Fig. 4. OIL PUMP – TRANSFORMATION PROCESS 
[8,17]. 

 
For this initial project, these three design steps were 

deferred until the new requirement was introduced. 
Normally, a re-design problem does not include a 

transformation process, it is only included here for 
clarity. 
 
(P1Rev) Amend Design Specification for New 

Requirements:  
 F Oil pump must be relocated outside of crank 

case.  
 S Strainer and suction pipe remain inside 

crankcase / oil pan.  
 F All parts must be easily accessible for repair.  
PROCEDURAL NOTE: Step (P1Rev) has been placed 
here for the convenience of this paper, the students were 
informed about this step after they had completed their 
own TS-function structure for the given oil pump. 
 
(PRev5) Establish the Existing TS-Organ Structure by 

Reverse Engineering 
The revised design process starts from the existing 

assembly drawing, figure 3. This was first transformed 
into a ‘skeleton’ representation, ignoring all material 
thicknesses, see figure 5 – an organ structure. The revised 
boundary of the new TS(s) is also indicated.  
 

 
 
Fig. 5. OIL PUMP – SKELETON (ORGAN) DIAGRAM OF 

CONSTRUCTIONAL STRUCTURE [8,17]. 
 
(PRev4) Establish the Existing TS-Function Structure 

by Reverse Engineering 
By searching for significant contacts in both the 

assembly drawing or TS-constructional structure, and the 
TS-organ structure, figures 3 and 5, (a) between surfaces 
on adjoining constructional parts, (b) on constructional 
parts with the operand, and (c) with the active and 
reactive environment, elemental organs could be 
identified, together with their elemental functions, and 
organ groups. 

PROCEDURAL NOTE: As a designer becomes more 
experienced, the typical organ structure of figure 5 is no 
longer as important, nor are the elemental organs – the 
organ groups can be ‘read’ directly from the TS-
constructional structure. 

Additional symbols needed: 
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O – Oil operand (or air on start-up – Od1 and Od2 
in figure 5) 

 X – Engine driving power supply 
 Y – Crankcase attachment flange 
 
Const. Description           Organ 
Parts Purpose (function verb)    Group 

For the revised design specification, the following 
were no longer needed, they remain within the crankcase 
as constituent parts of the engine (Note that the above 
headings apply to all organs and/or organ groups): 
O1-F 
 Oil in sump to pick_up 
  collect and strain oil 
F-E 
 Oil pick-up to cover 
  form guide for oil into cover 

By inspection, the following were recognized as 
organs evoked by manufacturing requirements, they do 
not need to be considered for a revised TS-function 
structure, some of them may need to be re-considered in 
the new TS-constructional structure: 
B1-D 
 Gear bore to drive shaft 
  transmit driving torque, manufacturing 
  auxiliary, press fit 
C-A 
 Idler axis to body 
  manufacturing auxiliary, press fit 
E-L 
 Plug for transfer port 
  manufacturing auxiliary, through drilling 
E-K 
 Plug for valve guide 
  manufacturing auxiliary, through boring 
A-E               ____ 
 Cover to body             OGa 
  seal against outward leakage    | 
A-E-I        | 
 Cover to body fastening     | 
  hold parts together        ____ 

Connections to the fixed system ‘engine’ were found 
as: 
A-Y                  ____ 
 Body to crankcase attachment            OG1 
  hold parts together     | 
A-Y-O2          | 
 Body to crankcase oil channel     | 
  allow transfer of pressurized air/oil    | 
O1-Y-A          | 
 Crankcase oil channel to body     | 
  allow transfer of sucked oil            ____ 
D-X                  OG2 
 Drive shaft slotted end     | 
  accept torque and rotation        ____ 

The organ grouping OG1 reflects the connection 
requirements for the revised oil pump. Elemental organs 
were selected to form the following two typical organ 
groups, and to formulate the appropriate functions – 
mainly as an educational demonstration exercise to show 
that elemental organs combine into useful groups: 
A-B                  ____ 
 Body flat bore face to gear face           OG3 
  seal against back leakage     | 
A-B           | 
 Body cylinder to gear tooth tip    | 
  seal against back leakage     | 
E-B           | 
 Cover flat face to gear face     | 
  seal against back leakage     | 
B1-B2          | 
 Gear tooth mesh      | 
  seal against back leakage     | 
A-B-E          | 
 Gear tooth gap, flanks and root    | 
  package oil for transport        ____ 

The appropriate TS-functions for this organ group 
are: 
 Fu1 “isolate a series of volumes that can be rotated 

from an input space to an output space”, and 
 Fu2 “adequately reduce back-leakage of oil”. 
J-E                  ____ 
 Valve to cover guide             OG4 
  seal against outward leakage    | 
J-E           | 
 Valve to cover guide      | 
  allow axial movement     | 
O2-J           | 
 Oil to valve head      | 
  transform oil pressure to force    | 
J-E           | 
 Valve to cover transfer port     | 
  open/close oil by-pass     | 
J-G           | 
 Valve to spring      | 
  transfer axial force     | 
G-H           | 
 Spring to pin      | 
  react spring force to cover      | 
H-E        | 
 Pin to cover         | 
  retain valve and spring          ____ 

The TS-functions for this organ group are:  
 Fu3 “sense operand-space pressure”  
 Fu4 “move sensor proportionally to pressure” 
 Fu5 “at pressure limit, open by-pass port to allow 

operand into entry space” 
 Fu6 “seal against outward leakage” 

The other organ groups were identified by inspection, 
without specifying the elemental organs: 
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X-D 
 Drive in engine to shaft end        OG5 
  accept torque and rotation 
D-B1 
 Shaft end to driving gear           OG6 
  transmit torque and rotation 
D-A 
 Driving gear shaft to body           OG7 
  locate shaft in body 
B1-B2 
 Driving gear to idler gear           OG8 
  transmit tangential force  
  and rotation 
B2-C-A 
             OG9 
  locate idler in body 
E-A 
 Cover to body          OG10 
  transfer oil to gear mesh entry 

TS-functions for these organ groups were formulated, 
the TS-function structure for the revised oil pump is 
shown in figure 6. 
 

 
 

Fig. 6. OIL PUMP – FUNCTION STRUCTURE [8,17] 
 
(P4) Establish the TS(s) – Organ Structure – 

investigate alternatives 
Only three TS-functions need to be explored for 

alternatives, Fu12, and the groups of Fu3/Fu4/Fu5 and 
Fu11/Fu13, see figure 7. A formal morphological matrix 
is probably not needed, it would contain only three rows. 
Systematic sub-division of the appropriate concepts 
helped to make the survey as complete as practicable. The 
resulting organ structure is ready for a dimensional layout 
and detailing, see figure 8. 

At the end of this project, students were given a copy 
of reference [8], and allowed to handle a loosely fitted 
sample of an aluminum-bodied Wankel-style [23] 
external oil pump as fitted by a notable manufacturer. 

 
Fig. 7. OIL PUMP – PRINCIPLES OF OPERATION – 

MORPHOLOGY FOR FU12 AND FU3/FU4/FU5 [8,17,23] 
 

 
Fig. 8. OIL PUMP – PROPOSED ORGAN STRUCTURE 

[8,17] 
 
 

4. CLOSURE 
 

This approach was found to be successful. 
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Abstract – Hubka’s theory of technical systems (TTS) 
describes what is common to all engineering devices, 
whatever their physical principles. This theory is based 
on a general transformation system (TrfS), which can be 
used to show engineering in the contexts of society, 
economics and historic developments. The TS-life cycle 
consists of seven major TrfS, each consisting of product-
specific TrfS. Each operator of a TrfS is itself a TrfS. The 
connection to the general economy, and its financial 
consequences, is shown in the TS-life cycle LC4 with its 
supply chain, and stages LC6 and LC6A, the operating 
product with its supply chain and distribution chain. 
Transformation systems are hierarchical. Each sub-
system can be viewed as a TrfS in its own right. Each TrfS 
is a sub-system to a more complex system. Invention and 
innovation in TrfS can be shown (historically) to alter the 
state of society, beneficially and adversely. From this 
TTS, Hubka derived a systematic methodology as guide to 
design engineering, novel design and re-design. 
 
Keywords: theory of technical systems, transformation 
process, application to engineering education, design 
methodology, student orientation. 
 
 

1. INTRODUCTION 
 

Having collaborated with Dr Vladimir Hubka since 
1980, and now retired for several years, the author has 
reached the conclusion that the theory of technical 
systems has a much wider scope than envisaged by 
Hubka. As a result, this paper sets out to explore some 
aspects of this wider scope, and show use of TTS as a 
pedagogical tool for all branches of engineering 
education. 

Hubka’s (non-mathematical) theory of technical 
systems (TTS) [3,4,20,21], development started around 
1965, describes in summary and detail what is common to 
all engineering devices, whatever their physical 
principles. This theory is based on the concept of a 
general transformation system (TrfS), figure 1. This TrfS 
includes a transformation process (TrfP), and its five 

typical operators – human system (HuS), technical system 
(TS), active and reactive environment (AEnv), 
information system (IS), and management system (MgtS), 
all five interacting to delivering effects to a 
transformation process (TrfP), to transform an operand 
(Od). 

 

 
 

Fig. 1. General Model of a Transformation System 
[3,4,20,21]. 

 
TTS includes a typical TS-life cycle, consisting of 

seven typical stages, see figure 2 – each life-cycle stage is 
a transformation system in its own right. In reality, each 
of these life-cycle TrfS actually consists of several to 
many TrfS that are product-specific. That technical 
system that is intended as the tangible product of a 
manufacturing organization is labelled TS(s) – the subject 
of interest, the product of that organization – to 
distinguish it from all other TS. Generally, during life 
cycle stages LC6 (and LC6A) and LC7 the TS(s) is in the 
hands of the user, performing (when needed) its intended 
tasks for that user. 

TTS also includes several other propositions that are 
less interesting for this paper, e.g. properties and 
structures of transformation processes (TrfP) and 
technical systems (TS), inputs and outputs of TrfP and its 
operators, etc. 

From this TTS, Hubka derived a fully systematic 
methodology as voluntary guide to design engineering 
[3,4,21]. This methodology includes recommendations for 
application to novel design problems, and to re-design, 
see section 3. It is augmented by case examples (to date  
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Fig. 2. General Model of the Life Cycle of a Technical 
System [3,4,20,21]. 

 
22), mainly involving simple engineering products, but 
also more complex ones, novel and re-design problems, 
and problems which can be sub-divided into a hierarchy 
of sub-problems e.g. [10,11,13,14,15,16]. 
 

2. SOME EDUCATIONAL ASPECTS 
 

The model of a transformation system can be used 
effectively within engineering education to show 
engineering in the wider contexts of society, economics 
and historic developments. This also illustrates the range 
of topics with which an engineer should be familiar, at 
least in outline. 

Each operator of a TrfS is itself a TrfS. This is verified 
especially by observing the operator ‘management 
system’ (MgtS) in the TS-life cycle, see figure 3, right 
side. Each management system performs its management 
(transfor-mation) process (TrfP), under the effects of its 
operators – management human system, management 
technical systems, active and reactive environment, 
management information system, and higher-level 
management system. 

Any manufacturing performed by this organization 
needs to establish its supply chain, to obtain raw 
materials, part-finished goods (e.g. rolled steel sections), 
COTS (commercial off-the-shelf products), OEM parts 
(products for original equipment manufacturers). The 
connection to the general economy, and its financial 
consequences, is shown in figure 3 (left side) by 
considering TS-life cycle LC4, components subject to 
(national or international) standards, (e.g. rolling contact 
bearings) etc. – these classes of supplies are not 
exclusive, e.g. a standard part may also be a COTS or 
OEM item. Such components are somewhat specialized, 
they need expertise not generally available, or are 
obtained cheaper by allowing outside suppliers to design, 
manufacture and deliver them. Engineering designers 
need to understand how such individual COTS operate 
and behave, what limitations they exhibit, how they 
should be handled (in manufacture, assembly and 
adjustment), etc. They are generally thought of as simple 
to complex machine elements, in a revised arrangement as 
proposed by Weber [4,5,25], including modes of action 
such as hydraulic, compressible fluid dynamic, electrical, 
electronic, chemical (e.g. combustion), etc. Although 
analysis by established theories of the engineering 
sciences (and costing, etc,) is important, designing these 
technical artifacts also need synthesis [7]. The outside 
suppliers of such components may be financially and 
corporately tied to the subject manufacturer, or be 
independent and deliver similar products to competing 
manufacturers. 

Life cycle stages LC6 and LC6A show the need to 
service the operating product. This includes regular 
maintenance (e.g. oil change), repairs, upgrading 
additions or modifications to the TS(s) in the hands of the 
user. These tasks can be performed by the user of the 
TS(s), by the owner, or by the subject manufacturer in a 
Product-Service-System relationship – e.g. the subject 
manufacturer can retain ownership, perform the LC6A 
tasks, and lease the TS(s) to the user. 

TS-life cycle stage LC6 indicates a need to establish a 
supply chain for inputs to the user’s transformation 
process, and a distribution chain for the user’s products – 
each shown in figure 3 as a TrfS left and right of the TS-
life cycle. These auxiliary user TrfS are, of course, 
specific to the product that the user of the TS(s) makes. 

Transformation systems are hierarchical. Each sub-
system can be viewed as a TrfS in its own right, leading 
to a repeating use of the same design methodology for 
sub-systems. Each TrfS is a sub-system to a more 
complex system. Invention and innovation in TrfS (and 
especially in TS) can be shown (historically) to alter the 
state of society, beneficially and adversely, more or less. 

The formalization available in TTS [20] has been 
found useful as insight for reorganizing the product  
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Fig. 3. Extended Model of the Life Cycle of a Technical System  
 
management of a large-scale IT (information technology) 
organization [23]. 

All this is general knowledge to many people, 
although they probably are not aware of this level of 
formalization. It cannot normally be assumed as general 
knowledge, it is probably new to engineering students in 
education, especially in the wider contexts. This 
exposition also highlights a noteworthy difference 
between engineering and science: (a) in their aims, (b) 
their procedures, (c) their required range of knowing and 
awareness [3,6,8,12]. 
 

3. SYSTEMATIC DESIGN ENGINEERING 
 

One of the distinguishing features between science and 
engineering design is that engineers are often involved in 
designing engineering products (technical systems), LC2, 
that should operate to the satisfaction of the user, LC6, be 
economical, be environmentally acceptable, be socially 
and politically acceptable, etc. (Scientists at times need to 
design technical systems, but usually not under the time 
and financial constraints of industry.) In the past, 
designing for engineering artifacts has been learned by an 
apprenticeship approach. Little guidance was available 
for situations when experience and heuristic guidelines 
led to an impasse. Since the 1960’s, various design 
methods have been proposed, either from experience (e.g. 
Pahl and Beitz 1977 [22]), or on the basis of experience 
and a descriptive (non-mathematical) theory (e.g. Hubka 
[3,4,20,21]. 

Engineering design can range from routine (e.g. a 
large power transformer within an organization 
manufacturing such power transformers to order as their 
commercial product) to very novel (e.g. the first nuclear 
reactor for a power station, the first in-cylinder gasoline 
fuel injector). Innovations in most products usually occur 
within a smaller sub-system of the product (e.g. the 
change from carburation to fuel injection for gasoline 
engines). During such innovations, a critical situation 
may arise, when the engineering designer lacks guidelines 
about prior experience and/or the methods or procedures 
that may help him/her to overcome that situation. This is 
when a well-founded a systematic methodology can help 
[9], by providing models, tools and procedures to assist 
understanding and creativity. 

Returning to figure 1, for an existing engineering 
artifact, each of the elements in the general model of the 
TrfS can be recognized (determined, analytically, 
although one or more may have the quantity and/or value 
of zero – an automatic transmission for a car has no direct 
effects delivered by the human system). 

Synthesis, a component of engineering designing, is 
not a simple reversal of analysis [7]. Yet a logical 
progression of steps can be derived from figure 1 to assist 
novel designing:  
(a) establish a design specification, a structured list of 

requirements for the future system,  
(b) establish a time-line for the task,  
(c) establish a suitable transformation process (TrfP) and 

its structure of operations – with alternatives,  
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(d) establish what effects (Ef) are needed to drive the 
technologies of each operation – with alternatives,  

(e) establish the TS-internal and cross-boundary functions 
(and their structure) capable of delivering the effects – 
with alternatives, compare figure 4,  

(f) establish which TS-organs (and their structure) can 
realize these functions – with alternatives, usually 
helped by a morphological matrix,  

(g) establish what constructional parts can realize the 
chosen organ structure – with alternatives,  

(h) establish the details of these constructional parts. 
Noteworthy is the difference in terminology between 
analysis and synthesis. In analysis we typically determine 
and recognize what exists – a convergent mental activity 
[19]. In synthesis we work towards establishing a 
proposal that we think is likely to perform the future task 
– a divergent mental activity. This procedure is illustrated 
in our case examples, e.g. [10,11,13,14,15,16] 

 

 
 

Fig. 4. Structures of Technical Systems [3,4,20,21]. 
 

Redesign also starts with (a) establish a design 
specification, a structured list of requirements for the 
future system, as above, including the desired alterations. 
It then continues: (Rg) analyze the organs and organ 
groups (re-engineering, therefore the designation Rg) 
from the constructional structure, (Re) formulate the TS-
functions and their structure, (e) change the TS-function 
structure according to the new requirements, and continue 
with steps (f), (g), and (h) as for novel design. 

This sequence cannot be performed in this apparently 
linear fashion – both iterative working, and recursion 

(sub-dividing the problem and recombining) are essential 
operations. In each step of the design process, additional 
activities need to be performed: orthogonal to the design 
process is a cycle of problem solving: (1) define the 
problem, (2) search for solutions, (3) evaluate and decide, 
and (4) communicate, supported by (5) prepare 
information, (6) check, verify, and (7) represent 
[3,4,20,21], augmented by recent insights by Weber [24].  
 

4. COMPARISON HUBKA – PAHL/BEITZ  
 

The methodology developed by Pahl and Beitz [22] 
(and largely adopted by VDI – Verein deutscher 
Ingenieure, Association of German Engineers) was 
derived directly (as a design methodology) and 
pragmatically from the engineering design experience of 
the authors, and is firmly based in Mechanical 
Engineering. This engineering design methodology is 
good in the later embodiment detailed stages, with ample 
advice for many aspects of layout and detail. The 
descriptive (non-mathematical) theory underpinning this 
Pahl-Beitz design methodology is not spelled out, and 
tends to be somewhat rudimentary, with little attempt at 
completeness and comprehensive applicability for all 
engineering products – technical systems. The 
methodology needs enhancement in the early stages of 
conceptualizing and embodiment-in-principle, especially 
where a novel product or a radical innovation is desired. 

The highest abstraction recognized by Pahl-Beitz is the 
‘function structure’, a structure consisting of inter-related 
functions – it combines steps (c), (d) and (e) from the 
scheme in section 3. A ‘function’ is defined as the 
capability for doing something (simple to complex), and 
is formulated in a verb or verb phrase combined with a 
noun or noun phrase. There is no differentiation between 
a TrfP and a TS-internal or cross-boundary function, as in 
Hubka [3,4,20,21]. A main purpose function needs to be 
recognized, which is subjected to ‘function 
decomposition’ to recognize the sub-functions and 
(eventually) elemental functions which cannot (usefully) 
be further decomposed, see figure 5. Few methodical 
tools and guidelines are offered by Pahl and Beitz to help 
with decomposition. 

The overall design process is illustrated as in figure 6. 
It is noteworthy that sub-processes such as ‘evaluating’ 
and ‘deciding’ are only implied, and that ‘searching for 
solutions’ is specifically mentioned as step 3, but only in 
the context of ‘principle solutions’ – Hubka [3,4,21] 
includes these activities in the problem solving cycle. 

The transition from the function structure towards the 
components (constructional parts) is achieved by 
applying ‘physics’ (covering all modes of action) – 
suppressing the importance of an organ structure.  
 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 003 
Canmore, AB; June 8-11, 2014 –  5 of 6  – 

 
 

Fig. 5. Function Decomposition according to Pahl and 
Beitz [22]. 

 

 
 

Fig. 6. Design Methodology according to VDI 2221 
[1,2]. 

 
In contrast to Hubka [21], Pahl and Beitz [22] do not 

cover: (1) a formalized life cycle, (2) formalized lists of 
classes of properties of TS and TrfP, (3) formalized list of 
classes of requirements, (4) a problem solving cycle, (5) 
case examples of the design approach to designing 
technical systems, (6) consideration of other design 
methods, and several other contributing items. On the 
positive side, the vast array of advice given by Pahl and 
Beitz [22] about the constructional structure makes this a 
very valuable work for mechanical engineering designers. 
 

5. CLOSURE 
 

The theory of technical systems is shown to be a 
valuable tool for expanding the horizons of engineering 
students, and bringing engineering into societal context. 
In addition, it leads to a systematic design methodology 
that is suitable for novice engineering designers, provides 

good insights for their future activities, and assists them 
whenever they tend to exceed their (currently) highest 
level of competence. 
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Abstract – Teaching feedback control theory is 
challenging because it is important to cover theoretical 
material intended for fundamental understanding as well 
as material directly related to industrial practice.  One 
approach to reach this dual objective and prevent control 
theory from becoming abstract to students is to assign a 
design project that requires integration of all main 
concepts taught in class.  This approach has been 
successfully used in eight offerings of the course ChE 
3601 Process Dynamics and Control in the Chemical 
Engineering program at the University of New Brunswick.  
The one-semester course is an introduction to the 
dynamic behavior of chemical processes and feedback 
control loops.  The project is assigned at the beginning of 
the course and involves the design of a feedback control 
system for a realistic chemical process.  The design 
project is divided into five milestones with deliverables 
due every two weeks.  The final report due at the end of 
the course must include a description of the proposed 
system using a P&I diagram, specifications for all control 
equipment, a dynamic model for all components of the 
feedback loop, settings for the tuning parameters of the 
PID controller, and dynamic simulations using Polymath 
to validate the proposed solution.  The course is 
organized around the project in a manner similar to that 
used in problem-based learning.  The active learning 
approach used in ChE 3601 provides a deeper 
understanding of control theory and its application.  
 
Keywords: process control, integrating project, 
milestones, dynamic simulations, feedback loop.  
 
 

1. INTRODUCTION 
 
     The first undergraduate course in automatic control 
systems should provide an appropriate balance of control 
theory and practice [1].  It is important that students gain 
a fundamental understanding of system dynamics and 
control concepts while also developing industrially 
relevant control skills [2].  The course should therefore 

emphasize dynamic modeling of physical systems, 
mathematical tools for obtaining dynamic responses, 
instrumentation and control hardware, feedback control 
theory, controller tuning, and control loop troubleshooting 
[1,2,3].  Achieving the right balance between theory and 
practice can however be difficult.        
     It is possible to succeed at this challenging balancing 
act by assigning a design project that requires integration 
of all major topics covered in the course.  This approach 
has been used in eight offerings of the course ChE 3601 
Process Dynamics and Control in the Chemical 
Engineering program at the University of New Brunswick.   
The course is organized around the project in a manner 
similar to that used in problem-based learning.  The 
project defines the timing of the lecture material and 
greatly motivates the students.  Although the approach 
presented in this paper is described in the context of our 
process control course, it is adaptable to other automatic 
control courses.   
      

2. COURSE STRUCTURE 
 
2.1 Course Objectives 
 
     The course ChE 3601 is a one-semester introduction to 
the dynamic behavior of chemical processes and feedback 
control loops.  This 4 credit hour course comprises three 
50 minute lectures and one 50 minute tutorial every week.  
The material covered in the course is listed in Table 1.   
     The order of presentation of the lecture material is set 
by the project as will be explained in section 2.2.  After an 
introduction to control systems, the course covers sizing 
of actuators and sensors, and how to document control 
systems using piping and instrumentation diagrams 
(P&IDs).  Students are subsequently taught how to 
develop dynamic models for physical systems using 
conservation and rate equations.  We then show how the 
dynamic models for the actuator, process, sensor and 
controller can be combined to simulate the dynamic 
behavior of feedback control loops.  This discussion helps 
demystify mathematical models but the solution of the  
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Table 1:  Course syllabus 

A. Process Control Systems and Hardware 
 Feedback and feedforward controllers 
 Control valves and sensors 
 Piping & Instrumentation diagrams 

B. Modeling the dynamics of Chemical Processes 
 Development of mathematical models 

for physical systems using conservation 
and rate equations 

 Solution of ordinary differential 
equations using Polymath 

 Linearization and deviation variables 
 Transfer functions and block diagrams 
 Dynamic behavior of 1st, 2nd  and higher 

order systems 
C. Analysis and Design of Feedback Control 

Systems 
 Closed-loop dynamics 
 Stability analysis of feedback systems 

 Root-locus analysis 
 Controller tuning 

 
 
resulting set of differential equations can intimidate 
students. 
     The classical approach for solving the dynamic models 
is based on developing analytical solutions using Laplace 
transforms and transfer functions [4].  This technique is 
useful for demonstrating fundamental concepts and, 
although it is rarely directly used in industry, we continue 
to teach how to analyze the response and stability of linear 
systems in the Laplace domain.  However, instead of 
using tedious partial fraction expansions to develop 
analytical solutions, we prefer to use computer simulations 
to obtain dynamic responses.  It is now simple to solve 
complex nonlinear models directly in the time domain 
using personal computers.  Computer-based simulation 
exercises are especially valuable in teaching controller 
tuning [5].  A deeper understanding of process control is 
nevertheless obtained when the student is not simply 
adjusting parameters in an interactive simulation but plays 
a direct role in the development of the algorithm [6].  We 
therefore teach how to solve systems of ordinary 
differential equations using the software program 
Polymath.  Polymath requires minimal programming 
experience and is a user-friendly and powerful program 
for performing numerical calculations.     
      The design and analysis of feedback control systems 
receive considerable attention in the second half of the 
course, with emphasis on industry-proven methods for 
controller design, tuning, and trouble-shooting.  The 
learning outcomes for the course are presented in Table 2. 
 

 
2.2. Design Project 
      
The project is assigned at the beginning of the first lecture 
and entails the design of a feedback control system for a 
realistic chemical process.  Working in teams of two or 
three individuals, students must perform the design of the 
control system and describe their solution in a report 
which is due on the last day of classes.  The final report 
must include a description of the proposed system using a 
P&I diagram, specifications for all control equipment, a 
dynamic model for all components of the feedback loop, 
settings for the tuning parameters of the PID controller 
and results of dynamic simulations to validate the 
proposed solution. 
     The design challenge presented to the students at the 
beginning of the semester is significant because the 
process control course is generally where chemical 
engineering students are first exposed to the dynamic 
nature of chemical processes.  All other courses in a 
standard chemical engineering curriculum typically focus 
on steady-state behavior [6].   The project is structured to 
integrate the majority of the topics covered in the course 
and this helps students see the industrial relevance of 
control theory.  The course is therefore organized around 
the project.  The timing of the lecture material and the 
assignments is defined by the requirements of the project.  
Theory is covered in class at least two weeks prior to 
being used for the first time in the project.  Students also 
get to apply the theory in at least one assignment before 
using the theory for the first time in the project.   
     The projects completed to date in ChE 3601 are listed 
in Table 3.  They were derived from case studies found in 
the literature and the experience of the author.  The 
projects are examples of the five control loops commonly 
found in the chemical industry: flow, pressure, liquid 
level, product quality, and temperature. 
 
 
Table 2:  Learning outcomes 
Students will be able to: 

• Develop dynamic models for all components of  
a feedback loop, 

• Simulate the dynamic behavior of feedback 
control  systems  using  the  software  ‘Polymath’, 

• Design and troubleshoot typical feedback control 
systems used in the chemical industry. 
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Table 3:  Projects completed 

1) Temperature  control in a steam-heated heat 
exchanger 

2) Neutralization of an acidic wastewater stream 
3) Level control in a sludge dewatering system 
4) Level control in a steam-heated  vaporizer 
5) pH control in an aerobic digestion system 
6) Pressure control in a steam header 
7) Control system for the headbox of a paper 

machine 
8) Temperature control to prevent a runaway 

reaction 
 
 
 
2.3. Milestones 

 
Guidance is provided to the students to ensure that all 

groups are progressing with their design at the same rate.  
We pace the students by setting 5 milestones that all teams 
must complete (Table 4).  The due dates for the 
milestones are defined by the course schedule given to the 
students at the beginning of the year. 

Each milestone contains a set of tasks that move the 
design along.  The methods that should be used to 
complete the tasks are presented in the weekly lectures.  
After the material has been presented in class, students get 
to apply the theory in at least one assignment before using 
it in the project.   

 Every week, either an assignment or a milestone report 
is due.  These are graded by the teaching assistant and 
returned to the students within a week.  The feedback on 
the milestone reports is used by the students to improve 
their design and polish their report. 

The final report gets assembled progressively by 
completing the five milestones.  Each milestone report is a 
compilation of the sections of the final report that have 
been written to date.    It includes a new section 
summarizing the design work to meet the milestone 
requirements along with revisions that have been made to 
previous sections using feedback provided by the teaching 
assistant.  In this manner, a high quality final report gets 
assembled. 

 
2.4 Role of Teaching Assistant 
       
     The teaching assistant is responsible for providing 
written feedback on the milestone reports that are 
submitted periodically.  The teaching assistant also marks 
the assignments that are submitted every other week by 
the students.  

 
 
 

   
Table 4:  Typical milestones 
 Milestones Due 

Date 
1. Suggest a feedback control system for 

your process.  Draw a P&I diagram. 
Week 4 

2. Select control equipment from the many 
models available commercially.  
Specifications should include: response 
time, type of input and output signal, 
range of instrument. 

Week 6 

3. Propose a dynamic model for the process. Week 8 
4. Develop an open-loop dynamic model 

using Polymath.  Predict the open-loop 
response of the controlled variable to (i) a 
step change in the main disturbance, and 
(ii) a step change in the signal to the final 
control element. 

Week 10 

5. Propose settings for the tuning 
parameters of the PID controller.  
Develop a closed-loop dynamic model 
for the process using Polymath to validate 
the proposed solution.  Submit final 
report.  

Week 12 

 
    
2.5 Role of Instructor in Design Project 
     
     Solutions used by the teaching assistant to mark the 
assignments are provided by the instructor.  The instructor 
also provides general guidance to the teaching assistant on 
what are appropriate solutions for each milestone.   
    Furthermore, the overall coordination of the project is 
the responsibility of the course instructor.  He defines the 
project and sets the milestones.  He also explains in class 
the tasks to be completed in each milestone.  Most 
importantly, he marks the final report. 
 
2.6 Student Evaluation 
      
     The breakdown of the final grade of the students in 
ChE 3601 is provided in Table 5.  The final report is 
worth 25% of the final mark.  Although the weighting for 
the milestones and assignments is small, this is not 
indicative of the importance of these elements.  It is by 
completing the assignments and milestones that the 
students really master the course material.  They get to 
apply each concept twice; first, in an assignment and then 
in the project.  They get feedback on both attempts and 
can learn from their mistakes.  It is not the path followed 
by the students which is important but what they have 
learned in the end.  For this reason, the final report and the 
exam have the largest weightings.  
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     Two schemes (A and B in Table 5) are used to evaluate 
the performance of each student and the larger of the two 
values is used as the final grade.  Scheme A favors 
students who did well all term but had a bad day on the 
exam.  Scheme B, on the other hand, favors students who 
struggled all term but mastered the material in the end. 
   
Table 5:  Breakdown of final grade 

 Evaluation Scheme 
 A B 
Design project 
(final report) 

25% 25% 

Assignments (6) 
and first 4 
milestones 

10%  

Two tests 
(10% each) 

20%  

Exam 45% 75% 
Total 100% 100% 

 
 
2.7 Sample Design Project 
     
      An example of the design projects completed in the 
course is provided in Table 6.  This project is derived 
from the experience of the author with the sludge 
dewatering system at a nearby pulp and paper mill.  
Control of the sludge level in the hopper of the screw 
press is an interesting control problem because of the 
transportation lag introduced in the feedback loop by the 
dewatering table.   
     Results from the final report of one group are shown in 
Figs. 2 to 4.  The P&ID is shown in Fig. 2 whereas open-
loop and closed-loop simulation results obtained with the 
Polymath program listed in Table 7 are presented in Figs. 
3 and 4, respectively.  The open-loop response is 
characteristic of a purely capacitive system with dead 
time.  The dead time was simulated in Polymath by 
dividing the dewatering table into thirty first-order lags in 
series.  This approximation gave good results as can be 
seen in Fig. 3.  The closed-loop response of Fig. 4 was 
obtained with a PI controller having a gain of 7 and an 
integral time constant of 84 seconds.    
     The differential and explicit equations of the model are 
entered in Polymath in a very intuitive fashion as seen in 
Table 7.  With very little instruction, the students can 
quickly use Polymath to solve sets of ordinary differential 
equations.  Students can therefore focus their efforts on 
deriving the model and analyzing the results.  The solution 
step is no longer a bottleneck in the process of getting 
dynamic responses via mathematical modelling.  
 
 
 

Table 6:  Level control in a sludge dewatering system 
     The system shown in Fig. 1 is used to dewater sludge 
prior to incineration.  The sludge enters the system with a 
consistency of 1.3 wt% and is first pumped onto a 
horizontal moving belt filter where water is removed by 
gravity.  The sludge leaves the belt filter with a 
consistency of about 8 wt% solids and falls into the 
hopper of a screw press.  The press squeezes further water 
out of the sludge by pushing the sludge along a perforated 
cage of decreasing diameter.  The sludge exits the system 
with a consistency of about 29 wt% solids. 
     Close control of the level in the hopper is critical for 
optimum operation of the screw press.  This can be 
achieved by adjusting the flow of sludge onto the gravity 
table.  The normal flow is 1.74 m3/min. 
     The belt is 2.77 m long and 1.98 m wide.  Its speed u is 
normally set at 75% of its maximum value of 0.133 m/s.  
Sludge falling into the hopper has a bulk density of 400 
kg/m3.  The hopper has a cross-section of 0.92 m x 0.57 m 
and is 1.2 m high.  The funnel transition from the gravity 
table to the top of the hopper is 2.2 m high.  The flowrate 
of sludge entering the screw press is set by the speed of 
the screw and is independent of the level in the hopper. 
     Design a system for controlling the level in the hopper.  
Your report must include a description of the proposed 
system, a piping and instrumentation diagram (P&ID), 
specifications for the control equipment, and results of 
dynamic simulations to validate the proposed control 
scheme.  All calculations must be clearly explained and 
summarized in the appendix of the report. 
     The final report is due on the last day of classes this 
semester.  The attached timetable and milestones will help 
pace your progress and will provide opportunities for 
feedback.  The calculations associated with each 
milestone must be submitted for evaluation on the 
indicated date.  The calculations will be marked and 
returned quickly so that errors can be flagged and 
corrected early. 
 
 
      

 
Figure 1  Sludge dewatering system 
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Figure 2  P&ID for sludge dewatering system 

 
 
 
 

 
Figure 3  Open-loop response to a step change of 5% in 

the inlet sludge flowrate 
 
 
 
 
 
 

 
Figure 4  Closed-loop response to a step change of 10% 

in the screw press flowrate 
 

 
 

Table 7:  Polymath program 

 
 
 

3. RESULTS AND DISCUSSION 
 

     The milestones are an effective management tool for 
pacing the students, providing feedback and producing 
high quality reports.  The milestones compel the students 
to constantly work on their design project while 
integrating concepts presented in class.  The reports 
submitted by each group at the end of every milestone 
allow the teaching assistant to periodically comment on 
the details of the work that has been accomplished.  The 
feedback is used to improve the design and polish the 
written submission.  Further gains in efficiency are 
obtained by asking students to format their written 
submissions as sections of the final report.   In this 
manner, each submission is a new draft version of the 
final report.  Since design is an iterative process, students 
must continuously revise their draft report to reflect 
changes in their design.  Streamlining of the draft report 
requires some rework but produces a final report of high 
quality.  This greatly facilitates the evaluation of the final 
report by the instructor. 
     The design of control systems is a form of scientific art 
guided by techniques and strategies which is best learned 
by practicing design on a realistic project.  The milestones 
define the tasks that need to be completed and each group 
is free to decide how the tasks will be carried out.  Each 
milestone report is worth only a small percentage of the 
overall course grade.  The students are therefore not 
heavily penalized if they make mistakes while completing 
the milestones.  It is important however that they learn 
from their mistakes and incorporate the feedback provided 
by the teaching assistant in their draft report in order to do 
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well on the final report.  The exam as well as the design 
report is used to determine whether students have reached 
the intended learning outcomes. 
     The active learning approach used in ChE 3601 
provides a deeper understanding of control theory and its 
application.  The project motivates students by helping 
them see how control theory can be applied in practice.  
The project also helps students develop industrially 
relevant control skills such as modelling, controller tuning 
and control-loop troubleshooting.    
     The use of a design project has however some 
disadvantages.  More office hours must be provided to 
help students, especially when they are facing problems 
with their computer simulations.  Frequency response 
analysis was also squeezed out of the syllabus to create 
class time for the presentation of material related to the 
project.  This deletion is however not considered 
detrimental because the use of frequency response to 
analyze closed-loop systems is declining in the process 
industries [1]. The work associated with finding a new 
project every year is considered a minor drawback 
because the milestones replace some of the weekly 
assignments.   Overall, the advantages of using an 
integrating design project to teach process dynamics and 
control far outweigh the disadvantages.  
 

4. CONCLUSIONS 
 
The design project introduced in the course ChE 3601 
Process Dynamics and Control motivates students to learn 
control theory and develops industrially relevant control 
skills.  The advantages afforded by the design project 
largely outweigh the drawbacks for both teacher and 
student. 
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1. INTRODUCTION 
 
   Valdosta State University (VSU) has developed a Quality 
Enhancement Program (QEP) that focuses on creating an 
environment to support active learning in classroom through 
discipline-based inquiry projects, undergraduate research, and 
project-based learning. Through a grant from the QEP, the VSU 
engineering students enrolled in the Directed Study course 
(ENGR 4950) have performed various designs and experiments 
to develop suitable mechanical tests and computational 
techniques for determination of the strength of dental porcelains.   
 
   Dental ceramic prostheses must be designed and constructed 
to withstand the various multidirectional forces of mastication 
for many years without premature wear or discomfort to the 
user. Mechanical strength of dental ceramic restorations such as 
dental crowns and bridges is an important factor that controls the 
clinical success of these restorations. Many of these restorations 
fail prematurely which result in discomfort and cost to the 
patients. Selection of suitable dental ceramic materials and firing 
procedures are based on various test methods performed in 
engineering research laboratories. However, most of these test 
methods are ineffective in proper screening and selection of 
these materials.  The objectives of this study were as follows: 
 

1. To test the hypothesis that the bi-axial (piston-on-three 
ball) flexure test reduces inconsistencies in the 
strength values of brittle dental ceramics when 
compared to the uni-axial three-point flexure test. 
 

2. To analyze the effect of pre-firing drying time on the 
mean flexural strength values of brittle dental 
ceramics. 

2. METHODS 
 

   Using molds provided by the University of Florida, VSU 
students fabricated many porcelain bar and disk samples for 
three-point flexure testing and bi-axial flexure testing, 
respectively (Fig. 1). All samples were prepared in accordance 
to the guidelines set by International Organization for 
Standardization (ISO) for the testing of dental ceramic materials.  
Duceragold gold-bonding opaque dental porcelain was used to 
make all samples. 
 
 
 
 
 
 
 
 
 
 
       Fig. 1. Photographs of a porcelain bar (left) and some   
       porcelain disks fabricated for mechanical testing. 
 
 
      

3. RESULTS 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Shown in Fig. 2 is a comparison between the results obtained 
from the two flexure strength test methods.  
 
 
 
 
 
 
 
 
 
 
Fig. 2. Comparison between the mean flexure strength of dental 
porcelain obtained from the three-point bending and biaxial testing. 

 
4. DISCUSSION 

 
   The mean coefficient of variability for the samples subjected 
to bi-axial testing was 22.6% which was slightly less that the 
corresponding value for those subjected to three-point flexure 
test (24.2%). The calculated coefficients of variability from bi-
axial testing, for various groups ranging from 0.212 to 0.239, 
were fairly constant and fell within the range of the coefficients 
of variability calculated by Ban, et al. [1], which ranged from 
0.121 to 0.384 using a similar bi-axial test set up and various 
brittle dental materials.  
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   Flexure strength of the bi-axial flexure samples was calculated by the 
expression developed by Wachtman, et al. [2] for the bi-axial flexure  
testing of ceramic substrates: 
 

 

 

 
Where: 
σ, is the flexure strength (Mpa); Pd, is the load applied at failure (N). 
v,  is  Poisson’s  ratio  (v  =  0.28); a, is the radius of support circle (mm). 
b, is the radius of the sample (mm); t, is the thickness of the sample (mm). 
r0, is the radius of the piston at the surface of contact (mm). 
r0*, is the equivalent radius defined by the expression above (mm). 
r0*, is the equivalent radius defined by the expression above (mm). 
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Abstract – This paper reports on a pilot study of the 
assessment of CEAB (Canadian Engineering 
Accreditation Board) graduate attribute 3.1.12 “life-long 
learning” in a first year design course. We propose 
equating life-long learning with self-directed learning, 
and use the Self-Directed Learning Readiness Scale 
(SDLRS) developed by Guglielmino. The results of our 
survey show our first year students’ readiness for self-
directed learning is very consistent with the adult average 
reported by Guglielmino and that the SDLRS instrument 
appears to be a good choice for the assessment of life-
long learning. 
 
Keywords: First year engineering: accreditation: life-long 
learning 
 
 

1. INTRODUCTION 
 

In 2008, the CEAB (Canadian Engineering 
Accreditation Board) [4] updated their criteria and 
procedures to include outcomes-based assessment and 
continuous improvement [5]. The new model requires 
Canadian engineering schools to demonstrate that the 
graduates of their programs possess a set of twelve 
graduate attributes. Like the student outcomes defined in 
the ABET engineering criteria [1], the CEAB graduate 
attributes can be divided into a set of “hard” engineering 
skills and a second, equally important, set of “soft” 
professional skills.  

Although most engineering faculty are relatively 
comfortable assessing “hard” engineering skills (e.g., 
competence in engineering fundamentals, problem 
analysis, etc.), they are typically less comfortable with the 
second set of “softer” professional skills. This is partially 
related to engineering faculty members’ expertise residing 
primarily in engineering science and design, but also to 
the difficulties associated with the assessment of “process 
skills” such as communication and teamwork, and 
especially “awareness skills” such as impact of 
engineering on society and the environment, and life-long 
learning [20]. 

For this study, we focus on the assessment of the life-
long learning graduate attribute (graduate attribute 3.1.12 
[5]), which arguably, has posed the greatest difficulty in 
terms of assessment tools since the introduction of the 
graduate attributes criteria. We propose using a similar 
approach to that used by Shuman et al. [20] to address 
life-long learning for ABET’s “Engineering Criteria 
2000” [15]. They equate life-long learning with self-
directed learning readiness and identify two potential 
instruments for this purpose: Guglielmino’s Self-Directed 
Learning Readiness Scale [13] and Oddi’s Continuing 
Learning Inventory [18]. Given that the Self-Directed 
Learning Readiness Scale (SDLRS) has been in existence 
longer than the Continuing Learning Inventory and has 
been widely validated [8, 11, 16], we chose the SDLRS 
for our study. 

In this paper, we report on pilot study of student 
readiness for self-directed learning in a first-year design 
and communication course at the Schulich School of 
Engineering [3]. For this study, we had the students 
complete the SDLRS survey as part of a parallel study on 
student outcomes in the Fall 2013 term. Our plan is to use 
the results of the SDLRS as a baseline to assess life-long 
learning skills, and more specifically, to determine if 
courses designed to enhance students’ readiness for self-
directed learning such as experiential learning courses 
[10, 14] achieve this purpose in our engineering 
programs.  

We begin with an overview of the assessment of “life-
long learning”. Next, we describe our research methods in 
Section 3, then present the results of our study with a 
group of first year design and communication students in 
Section 4. The paper concludes with a discussion of its 
appropriateness of the SDLRS as assessment tool for 
graduate attribute 3.1.12 “life-long learning”. 
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2. ASSESSING LIFE-LONG LEARNING 
 

As noted by Litzinger et al. [16], life-long learning has 
been recognized as a critical engineering skill for many 
decades (e.g., [2, 7, 17]). In recent years, this importance 
has been highlighted by the inclusion of a life-long 
learning outcome in both the ABET engineering 
accreditation criteria within EC2000 [1, 15] and the 
CEAB graduate attributes criteria [4, 5]. 

ABET criterion 3(i) states that U.S. undergraduate 
engineering programs should prepare students to 
recognize the need for and have the ability to engage in 
life-long learning [1]. CEAB criterion 3.1.12 states that 
graduates of Canadian undergraduate engineering 
programs should have an ability to address their own 
educational needs in a changing world in ways sufficient 
to maintain their competency and allow them to 
contribute to the advancement of knowledge [5].  

Life-long learning is multifaceted, and can be thought 
of in terms of both attributes (e.g., openness to learning 
opportunities) and skills (e.g., basic study skills) [6]. 
However, at its core, life-long learning involves taking 
responsibility for one’s own learning. As a result, work in 
this area has recognized the tight link between life-long 
learning and readiness for self-directed learning. This can 
be seen when comparing Guglielmino’s [13] definition of 
the self-directed learner and the ABET and CEAB 
definitions of life-long learning: 

 
“A highly self-directed learner, based on the survey 
results, is one who exhibits initiative, independence, 
and persistence in learning; one who accepts 
responsibility for his or her own learning and views 
problems as challenges, not obstacles; one who is 
capable of self-discipline and has a high degree of 
curiosity; one who has a strong desire to learn or 
change and is self-confident; one who is able to use 
basic study skills, organize his or her time and set an 
appropriate pace for learning, and to develop a plan for 
completing work; one who enjoys learning and has a 
tendency to be goal-oriented.” [13] 
 
Despite wide-spread agreement on the importance of 

life-long learning, there is a lack of understanding within 
the engineering education community about the best 
means to develop and assess life-long learning skills 
within the curriculum. As early as the mid-1980’s this 
challenge was tackled by the U.S. Panel on Continuing 
Education [18], who looked at types of activities 
associated with life-long learning skills development, and 
by Cervero et al. [16], who studied the ways in which 
practicing engineers engage in life-long learning. 

Tools for assessing self-directed learning readiness 
were developed by Guglielmino [7] and Oddi [18], while 
research on the characteristics and models of self-directed 
learning was conducted by Candy [6] and Garrison [12]. 

More recently, work is being conducted on the impact of 
learning activities in undergraduate education on the 
development of life-long learning skills. For example, 
Litzinger et al. [16] use Guglielmino’s Self-directed 
Learning Readiness Scale (SDLRS) [13] in a cross-
sectional study to determine if and how readiness for self-
directed learning varies across the years of undergraduate 
engineering programs and type of learning activity at 
Pennsylvania State University. Their results show that 
SDLRS scores are significantly correlated with year of 
study and GPA; however, neither year of study nor GPA 
were shown to be strong predictors of SDLRS scores. 
They also show that problem-based learning increases the 
average readiness for self-directed learning. A similar 
study was performed by Dynan et al. [10] with business 
students. They use the SDLRS to show that student 
readiness for self-directed learning increases when 
students are involved in learning activities that require 
self-directed learning practice (i.e., unstructured 
environments where students are afforded greater 
opportunities to shape their work).  

In the next section, we describe the approach used in 
our study of first year engineering students’ readiness for 
self-directed learning.  
 

3. DESIGN OF THE STUDY 
 
3.1 First Year Design and Communication 
 

Both this study and our parallel study on predicting 
engineering student learning outcomes reported at this 
conference [9] were conducted in the Fall 2013 term in 
the Schulich School of Engineering first year common 
core course, Engineering 200 “Engineering Design and 
Communication”. This course is intended to provide all 
Schulich School of Engineering students with an 
introduction to engineering principles, design, 
communications, leadership, and project management 
through a sequence of team-based design projects. 

Presently, the course is offered each Fall term to 
approximately 715 first-year students, who are divided 
into 4 lecture cohorts of approximately 180 students and 
24 laboratory cohorts of approximately 30 students. The 
laboratory cohorts are further divided into student teams 
of 4 students. 

The first year student population at the Schulich 
School of Engineering is drawn predominantly from a 
high-school admission cohort. Given that the survey 
reported in this paper was conducted in the middle of the 
Fall term, the results are representative of a young adult 
population with limited exposure to post-secondary 
education. 
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3.2 The SDLRS Survey 
 

As noted previously, we chose Guglielmino’s Self-
directed Learning Readiness Scale (SDLRS) [13] to 
assess graduate attribute 3.1.12 “life-long learning” [5]. 
This choice of instrument was made (1) for consistency 
with similar studies in the engineering and business 
education literature (e.g., [10], [14], [16], [20]), and (2) 
because of the instrument’s established reliability and 
validity as a measure of readiness for self-directed 
learning [8]. 

For our survey, we use the “Learner Preference 
Assessment” instrument, developed in 1982. The Learner 
Preference Assessment instrument is provided with a 
distribution of scores for adult learners for whom the 
mean score is 214 and the standard deviation is 25.59. 
Scores of 202-226 are considered to be “average”; scores 
of 227-251 are considered to be “above average”; scores 
of 252-290 are considered to be “high”. The survey was 
conducted online in the middle of the Fall 2013 term 
using Survey Monkey [21], and students were encouraged 
to participate with an incentive of a $5 gift cards (from a 
national coffee shop) was offered to each of the first 100 
participants. 
 
3.3 Research Question 
 

In order to gain further insights into the assessment of 
graduate attribute 3.1.12 “life-long learning”, we explored 
the following research question: 

 
Is the Self-directed Learning Readiness Scale (SDLRS) 
a good predictor of engineering students’ ability to 
engage in life-long learning? 
 
Additionally, we were interested in gaining experience 

with the use of the SDLRS survey with a relatively large 
cohort of undergraduate students. 
 

4. RESULTS 
 

The results of the first year design and communication 
course survey are shown in Figure 1. Class enrolment in 
Fall 2013 was 692 students, resulting in a survey response 
rate of 28%. 

As can be seen in this figure, our first year students’ 
readiness for self-directed learning is very consistent with 
the adult average reported by Guglielmino [13] (i.e., 
SDLRS of 214 with a standard deviation of 25.59). This is 
not surprising given that these students are predominantly 
fresh out of high school, and have had relatively limited 
exposure to learning activities that require self-directed 
learning practice. 
 

 
 

Fig. 1. SDLRS results – Engineering 200, Fall 2013. 
 

 
5. CONCLUSIONS 

 
Although the results of this study are very preliminary 

in nature, when placed in combination with the promising 
work on the impact of self-directed learning focused 
learning activities on student readiness for self-directed 
learning (e.g., [10], [14], [16], [20]), the SDLRS 
instrument appears to be a good choice for the assessment 
of life-long learning. As a predictor of life-long learning, 
there is strong support for the SDLRS’s use in this 
context. However, as noted previously, life-long learning 
is multifaceted, and as such, should be assessed in the 
context of a group of attributes and skills that overlap 
with other desired student outcomes such as 
communication, investigation, and problem solving. 

Our future work in this area will focus on determining 
if the learning activities embedded in our undergraduate 
programs are effectively building students’ readiness for 
self-directed learning. Based on the research in this area, 
project-based learning activities such as those used in 
Engineering 200 appear to be a good starting point for this 
line of study. In Fall 2014, we plan to perform pre- and 
post-study of Engineering 200 using the SDLRS in order 
to determine if project-based learning activities positively 
impact student readiness for self-directed learning. 
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Abstract –The Canadian engineering accreditation 

board (CEAB) mandate tasked each engineering program 
to assess student outcomes in the form of graduate 
attributes and develop a data-informed continuous 
program improvement stemming from those assessments.  

Administering, collecting and organizing the breadth 
assessment data is an extensive process, typically 
centralized through the use of software tools such as 
learning management systems (LMS), content 
management systems (CMS), Assessment Platforms (AP) 
and Curriculum Planning & Mapping tools. These 
systems serve a variety of roles, ranging from course 
content delivery, e-learning, distance education, learning 
outcomes assessment, outcomes data management and 
learning outcomes analytics. Vendors have been 
developing various solutions to accommodate the shift 
towards outcomes based assessment as part of a 
continuous improvement process. 

This paper will continue where the original paper 
presented at CEEA 2013 left off. It will introduce the new 
classifications of tools, how well each tool aligns with the 
EGAD (Engineering Graduate Attribute Development) 
project 5-step process and compare and contrast software 
tools supporting outcomes based assessment as part of a 
continuous improvement process such as Chalk & Wire, 
Atlas Curriculum Mapping, Entrada, CoursePeer and 
other systems. 

 
 
Keywords: Learning Management Systems, Assessment 
Management Systems, Curriculum Mapping, Academic 
Analytics, Data Management & Reporting, Outcomes 
based assessment 
 
 
 

1. INTRODUCTION 
 
This year, Canadian engineering programs are required to 
meet the Canadian Engineering Accreditation Board’s 
mandate.  Institutions must show that their graduates 
possess the outcomes representative of twelve graduate 
attributes, and must utilize the results of the outcomes 
assessment for the purposes of continual improvement of 
the program.  At this point in time, the EGAD Project has 
observed through its workshop offerings and CEEA 

conferences that many engineering institutions are quite 
familiar with creating and assessing student learning 
outcomes.  Despite this familiarity institutions have 
significant questions on how best to collect, manage, 
visualized and use outcomes assessment data for the 
purposes of program improvement.   At the heart of these 
processes is a variety of software tools and solutions that 
assist with various facets of outcomes assessment, data 
collection, management, visualization and process 
planning. 

At the annual meeting of the Canadian Engineering 
Education Association in 2012, the EGAD Project sought 
to raise awareness regarding available software tools and 
technologies by providing an evaluation of a select 
number of tools and the strengths and weaknesses of 
each[1].  The primary goal of that paper was to 
communicate to the engineering education community 
that adopting a software tool or solution is not a quick 
process, and careful consideration and resources must be 
invested to ensure the successful, sustainable, long-term 
adoption of a software tool[2].  If the software tool is 
adopted without sufficient support, internal championing 
or consideration to change management issues, then it is 
unlikely to develop into a sustainable, long-term 
practice[3], [4]. 

The landscape of software tools for outcomes based 
continuous program improvement (CPI) processes is 
incredibly diverse with an overwhelming number vendors 
that offer a multitude of products catering to variety of 
needs, and the list is continually being modified[5]. 
 These solutions offer solutions that range from all 
encompassing solutions, to planning software, to 
specialized assessment platforms, to fully integrated 
analytics-based learning systems.  The primary challenge 
remains unchanged: little comprehensive information 
exists comparing and contrasting the features and relative 
strengths of each solution. 

It is the continuing purpose of this paper to present, 
compare and evaluate a variety of commercially and 
freely available software tools that support outcomes 
based assessment as part of a CPI process, reflected by 
the EGAD Projects 5-step approach.  To that end, five 
software tools were evaluated:  Chalk & Wire, 
CoursePeer, Entrada, Atlas Curriculum Mapping, and 
iSeek Supercruncher.  This selection of tools differs from 
the previous years, as assessment planning tools and 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 007 
Canmore, AB; June 8-11, 2014 –  2 of 10  – 

curriculum mapping tools, which do not typically possess 
assessment capabilities, were included in this review. 
 

2. EVALUATION METHOD 
 
The vendors for each software tool were contacted and 

asked to deliver a presentation regarding the strengths and 
contributions of their particular software tool. 
 Presentations were directed towards outcomes based 
assessment, data management, outcomes analytics and 
continuous program improvement capabilities.  Wherever 
possible, a live demo or sandbox environment was 
requested to evaluate the system. 

Following the presentations, the software tools were 
classified by 2 independent criteria and evaluated by 5 
independent criteria, illustrated below.  In the case of the 
new tools that do not incorporate the functionality, a N/A 
will be given for the select criteria.  Additionally in this 
paper, a new classification criteria was established: a 
measure of how many facets of the EGAD 5-step 
approach the tool embodies. 
 
2.1. System Classification 
 

The evaluation element classifies the software tool by 
the following criteria: 

 
Table 1: System Classification 
Category Description 

LMS Learning management system.  Capable of delivering 
content and administration for course offerings. May 
offer integrated learning outcomes assessment and 
analytics. 

L/CMS Learning content management system.  Capable of 
creating and delivering content and managing grades 
for a multitude of courses.  In addition can offer e-
learning and distance based courses, supports 
collaborative content, publishing elements, e-portfolios 
and facilitated content management.  May offer 
integrated learning outcomes assessment and analytics. 

AP Assessment Platform.  Capable of creating assessment 
elements to evaluate, analyze and report student 
performance in learning outcomes.  Focuses on 
assessment of select evidence for outcomes. May 
leverage content creation tools or a common vehicle for 
the collection of student artifacts (e.g. ePortfolio) 

AS Analytics System.  Capable of collecting, aggregating 
or leveraging multiple and disparate data sources 
containing assessment information and results. 
 Provides analysis and reporting of assessment data at 
varying granularities and can be used to present results 
to a variety of stakeholders. 

CMT Curriculum Mapping Tool. Capable of multiple 
approaches to plan, link, map and report on plans to 

assess learning outcomes.  Focuses on curriculum 
development and improvement.  May offer reporting 
capabilities regarding aspects of an outcomes-based 
approach. 

 
2.2. System Integration 
 

This evaluation element describes how the software 
tool is integrated with other educational technology, 
human resource systems and 3rd party applications: 
 
Table 2: System Integration 
Category Description 

LTI Learning Tools Interoperability (LTI).  A standard 
developed by IMS global to allow different learning 
tools a way to interface with a variety of 3rd party tools. 
 This standard allows for a secure link to be created 
from a learning tool to another 3rd party application. 
 The most recent LTI standard is LTI 1.1.1, with LTI 
2.0 in development. 

API Application Programming Interface (API).  A standard 
protocol intended to be used as an interface allowing 
software tools to communicate with other 3rd party 
applications.  Current standards for APIs reference the 
SCORM 2004 version, it’s successor the Tin Can API, 
now commonly referred to as the Experience API 
(xAPI) 

Custom Custom interface or wizard developed to import or 
export data into the software or 3rd party application 
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2.3. Rubric-based Assessment 
 

This evaluation element focuses on the software tool’s 
use of rubrics in assessment of student submissions.  Ease 
of rubric creation, customization and storage for future 
use and sharing is considered. 

 
Table 3: Rubric-based Assessment 

Outcome 1 star 2 Stars 3 Stars 

Rubric 
Generation 

Rubric 
generation is 
present but 
poorly 
implemented. 
 User interface 
is obscuring or 
confusing 
requiring 
comprehensive 
training 

Rubric 
generation is 
an 
implemented 
feature.  User 
interface 
requires 
training prior 
to use. 

Rubric 
generation is 
excellently 
implemented. 
 Allows for 
quick, easy 
creation and is 
easily 
accessed. 

Customization Rubric 
outcomes and 
assessment 
levels can be 
customized but 
is poorly 
implemented, 
or 
customization 
is limited by 
imposed 
restraints. 

Rubric 
outcomes and 
assessment 
levels can be 
customized 
according to 
user 
preference. 
 Outcomes 
must be 
specified for 
each rubric 
element. 

Full 
customization 
of rubric 
outcomes and 
assessment 
levels is 
possible and 
easily done. 
Outcomes can 
be added from 
repositories 
into rubrics. 

Rubric 
Repository 

Created rubrics 
are available 
for future by a 
template 
structure. 

Created 
rubrics are 
archived by 
specific 
course or 
department 
into a 
repository. 
 Users can 
search for 
rubrics by 
specific text. 

Created 
rubrics can be 
placed into a 
searchable 
repository 
available to all 
faculty or 
department 
members. 

 
2.4 Learning Outcomes 

 
This evaluation element focuses on the software tool’s 

use of student learning outcomes.  It looks at how 
learning outcomes can be created in an institution and if 
outcomes can be used at multiple levels (institution, 
faculty, department, course), if outcomes can be mapped 
across the levels (outcomes curriculum mapping), if 
outcomes can be linked to multiple assessment instances, 
and if outcomes can be archived into a searchable 
repository. 

 
 
Table 4: Learning Outcomes 
Outcome 1 star 2 Stars 3 Stars 

Multi-level 
capability 

Learning 
outcomes can 
be created and 
assessed at 
select levels 
with limits or 
constraints. 

Learning 
outcomes can 
be created and 
assessed at 
select levels 
(course, 
department, 
program, 
institution) 

Learning 
outcomes can be 
created and 
assessed across 
all levels (course, 
department, 
program, 
institution) 

Multi-level 
mapping 

Learning 
outcomes can 
be mapped at 
select levels 
with limited 
reporting 
options. 

Learning 
outcomes can 
be mapped to 
select levels of 
assessment 
with graphical 
or tabular 
reporting 
options. 

Learning 
outcomes can be 
comprehensive 
mapped to all 
areas of 
assessment 
across all levels, 
with a variety of 
reporting options 

Multi-
instance 
mapping 

Learning 
outcomes can 
be assessed at 
select levels 
with limits or 
constraints. 

Learning 
outcomes can 
be assessed in 
multiple 
instances 
across select 
levels. 

Learning 
outcomes can be 
assessed in 
multiple 
instances or 
assessments 
across all levels 

Outcomes 
Repository 

Learning 
outcomes can 
be archived or 
viewed at 
select levels 
with limits or 
constraints to 
link to existing 
assessments. 

Learning 
outcomes can 
be archived in 
a repository 
available for 
select groups 
at specific 
levels to 
incorporate 
into 
assessments. 

Learning 
outcomes can be 
archived in a 
searchable 
repository 
available for all 
levels to 
incorporate into 
rubrics and 
assessments. 
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2.5 Assessment 
 

This evaluation element focuses on the system’s 
assessment capabilities.  It looks at the types of student 
evidence used in assessment, the capability of multiple 
assessors on submitted evidence, the efficiency of grading 
student submissions, and the ease and quality of the 
feedback that can be provided to the student. 

 
Table 5: Assessment 
Outcome 1 star 2 Stars 3 Stars 

Direct & 
Indirect 
Evidence 

Learning 
outcomes can 
only 
incorporate 
multiple forms 
of evidence 
are very 
limited 

Assessments 
can incorporate 
both direct and 
indirect 
evidence of 
student learning 
with certain 
limitations 

Assessments can 
incorporate 
multiple sources 
of both direct 
and indirect 
evidence of 
student learning 

Multiple 
Assessors 

Assessments 
can be graded 
only by course 
personnel 

Assessments 
can be graded 
by multiple 
assessors from a 
variety of 
assigned roles 

Assessments can 
be graded by 
multiple 
assessors as well 
as peer-based 
assessment 

In-line 
grading 

Grading can 
only be done 
outside the 
student 
submission via 
a grade-book 
or rubric 
elements 

Grading can be 
done by within 
the student 
submission via 
selectable 
grades for rubric 
elements 

Grading can be 
done quickly in-
line with rubrics, 
while viewing 
the student 
submission 

In-line 
feedback 

The student 
submission 
can only be 
commented on 
offline via 
commenting 
text boxes 

The student 
submission can 
be commented 
on in-line via a 
comment field. 
 Comments can 
be added for 
rubric elements 
and the overall 
assessment 

The student 
submission can 
be ‘marked-up’ 
and commented 
on in-line, 
providing rich 
feedback. 
 Comments can 
be added for 
rubric elements 
and the overall 
assessment. 

 
2.6 Analytics 
 

This evaluation element focuses on the system’s 
outcomes analytic capabilities.  It looks at the availability 
of reporting across institutional levels (down to student 
level), the flexibility of both tabular and graphical 
reporting, how on-demand the reporting methods are, the 
flexibility of longitudinal reporting methods and the 
ability to create custom groups (demographic or 
otherwise) for reporting. 

 
Table 6: Analytics 
Outcome 1 star 2 Stars 3 Stars 

Multi-level 
reporting 

Reporting on 
standard 
metrics & 
learning 
outcomes are 
limited 

Reporting on 
standard 
metrics & 
learning 
outcomes can 
be run at select 
levels 

Reporting on 
standard metrics 
& learning 
outcomes can 
be run at any 
level 

Tabular 
reporting 

Reporting on 
standard 
metrics & 
learning 
outcomes is 
limited to a 
pre-defined 
table 

Reporting on 
standard 
metrics & 
learning 
outcomes can 
reported on in 
several pre-
defined tabular 
formats 

Reporting on 
standard metrics 
& learning 
outcomes can 
reported on in 
customizable 
tabular formats 

Graphical 
Reporting 

Reporting on 
standard 
metrics & 
learning 
outcomes is 
limited to a 
pre-defined 
graph 

Reporting on 
standard 
metrics & 
learning 
outcomes can 
reported on in 
several pre-
defined 
graphical 
formats 

Reporting on 
standard metrics 
& learning 
outcomes can 
reported on in 
customizable 
graphical 
formats 

On-demand 
reporting 

Reporting on 
standard 
metrics & 
learning 
outcomes is 
limited. 

Reporting on 
standard 
metrics & 
learning 
outcomes can 
be run only at 
specific time 
points or key 
assessments 

Reporting on 
standard metrics 
& learning 
outcomes can 
reported on at 
any time 

Longitudinal 
reporting 

Longitudinal 
reporting on 
standard 
metrics & 
learning 
outcomes is 
limited 

Longitudinal 
reporting on 
standard 
metrics & 
learning 
outcomes is 
available for 
select levels, 
metrics or 
outcomes 

Reporting on 
standard metrics 
& learning 
outcomes can 
be reported 
longitudinally 
for all levels, 
metrics and 
outcomes 

Custom 
group 
reporting 

Reporting on 
customized 
groupings is 
limited 

Pre-defined 
groups can be 
created for 
reporting of 
standard 
metrics & 
learning 
outcomes 
within a course 

Custom groups 
can be created 
for reporting of 
standard metrics 
& learning 
outcomes 
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2.7 Pricing 
 

This evaluation element focuses on the price of the 
system.  It looks at the hosting model of the system, the 
duration of the subscription or licensing of the system, 
and the approximate cost of the system typically derived 
from full-time equivalent numbers. 

 
Table 7: Pricing 

Category Description 

Hosting 
model 

Is the software tool hosted on site by the 
institution (Self) or is “site as a service” (SaaS) 
hosting available? 

Subscription Is the software tool available by a designated 
subscription or licensing model (Yearly 
License) or is it freely available (Open-source) 

Cost Cost model and fee for the software tool.  Most 
software packages are available on pricing that 
is scaled on full time equivalent (FTE) numbers 

 
2.8 EGAD 5-step Alignment 
 

This evaluation element focuses on how many facets 
of the tool or solution align with the EGAD 5-step 
approach for outcomes based, data-informed, continuous 
improvement, outlined below: 
 

1. Program Evaluation (Defining the key aspects, 
purposes and outcomes of your program) 

2. Curriculum Mapping (Where are outcomes 
developed and assessed) 

3. Assessment & Data Collection 
4. Analyzing and Interpreting Data (Reporting and 

analysis of the data) 
5. Data informed Curriculum Improvement 

(Leveraging data to inform change) 
 

Tools will be given 1 star per aligned aspect.  It should 
be noted that achieving a high star ranking in this 
category does not imply that one tool is superior to 
another, as specialized solutions for a single facet of the 
EGAD 5-step approach would possess a lower ranking 
than a more comprehensive tool that addresses multiple 
facets. 
 

3. SOFTWARE TOOL SUMMARIES 
 

In the interest of providing a rich evaluation of each 
software tool, a brief summary of each is provided below. 
These summaries focus on the particular strengths and 
weaknesses of the software tool that may not be evident 
from the evaluation criterion.  

 
3.1 Chalk & Wire 
 

Chalk &Wire (http://www.chalkandwire.com/) is a 
fully integrated assessment platform designed for 
institutional use and is capable of the management, 
collection and reporting of student outcomes data for 
multiple competency based structures simultaneously. 
The primary strengths of Chalk & Wire can be separated 
into the technology contained within the platform and the 
grounded, institutional-culture conscious approach 
towards implementing the platform. 

The approach of Chalk & Wire to implementing the 
platform is a key focus, and high priority for the 
successful implementation of the platform.  The company 
is very aware of the change management issues that arise 
from the adoption of assessment practises, externally or 
internally motivated.  Significant efforts are made to 
ensure an authentic, well-aligned and sustainable 
assessment approach that considers the unique culture and 
environment of your institution.  Many vendors offer 
training, implementation and consulting for their 
products, but this was a key concern for Chalk & Wire 
who consider it to the be foremost goal in establishing 
relationships with institutions. 

The platform seeks to represent principles of authentic 
assessment via e-portfolio submissions as the key method 
of gathering student evidence. Competency structures and 
outcomes are easily created or imported in a hierarchical 
fashion, with the ability to relate and align multiple 
structures.  These are fully sharable to a common library, 
allowing access for all users to link outcomes to courses 
and assessments.  Portfolios and assessments are 
structured either in an ad-hoc fashion outside the 
portfolio, or by using tables of contents and assessment 
templates which provide students with instructions, 
resources and information to complete their submission. 
 Assessment rubrics are easily created, stored and linked 
to competency structures and are able to be viewed in-line 
while grading.  Feedback is easily provided in-line at the 
rubric and assessment level through direct markup, video 
and audio comments.  The analytics offerings of Chalk & 
Wire offer flexible, on-demand, customizable reporting 
on outcomes that can drill down to custom group or 
student level granularity.  Uniquely, the analytics of 
Chalk & Wire also offers statistical analyses for validity 
and reliability measures for rubrics, and correlation and 
cluster analyses for holistic assessments. 

A weakness of Chalk & Wire is the 2-stage nature of 
the platform.  Chalk & Wire is not a learning management 
system, where the majority of students access content, 
lectures, course grades and other aspects of contemporary 
course offerings at most institutions.  Despite the wealth 
of integrations and interoperability tools offered by Chalk 
& Wire this is a drawback to institutions that wish to have 
a single solution to manage learners, course offerings, 
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assess and report on outcomes.  Overall, Chalk & Wire is 
very well aligned with all facets of the EGAD 5-step 
approach, achieving a 5-star ranking, offering institutions 
a unique solution as part of an outcomes-based, data-
informed, continuous improvement process. 
 
3.2 CoursePeer 
 

CoursePeer (http://www.coursepeer.com/) is a suite of 
cloud based tools best classified as a hybrid 
Learning/Content Management System and Assessment 
Platform that focuses on flexible teaching and learning in 
a collaborative, blended, social learning environment. 
CoursePeer provides a learning environment, content 
management and delivery, and assessment tools 
represented by its social learning platform, alongside 
analytics and reporting represented by its attribute I/O 
platform. CoursePeer supports many third party 
applications via both API and LTI integration allowing 
for fully customizable learning experiences. 

The strengths of CoursePeer are the modern social, 
collaborative and peer centred focus towards learning 
experiences, the flexibility of its rubric-based assessment, 
and its data-driven dashboards.  The platform offers 
instructors an easy, module based means to offer content 
to students that is fully integrated with social media 
aspects: real-time discussion boards, virtual meetings & 
office hours, social learner profiles, and tools to create and 
foster collaborative learning through learning 
communities.  The platform also offers an in-line audience 
response system, LivePeer, allowing learners both real-
time classroom and virtual interactions with instructors, 
and affords instructors the ability to implement just-in-
time strategies through polling, surveys and quizzes. 
 Competency structures can be created or imported, and 
shared across programs, and are easily assessed by 
flexible N-level rubrics with dimensions selected from the 
competency structure.  Incorporates multiple assessor 
roles for student evidence, with transparency between 
graders and allows for the addition of external data for 
assessment purposes.  Continuing with the social aspect of 
learning is the ability to offer badges for motivation and 
recognition of student ability.  Analytics are dashboard 
focused, allowing for fully customizable, easily 
understood graphical and tabular representations of social 
analytics (collaboration, engagement, reciprocity, 
sentiment), management analytics (course & content 
consumption) and key performance indicators 
(competency achievement).  All analytics reports are 
available for individuals, cohorts and custom groups in 
both an on-demand and longitudinal manner.  

The weaknesses of the CoursePeer platform primarily 
lie in the lack of in-line feedback and rubric grading of 
student evidence, and the hybrid nature of the tool.  The 
ability to efficiently and accurately assess student 

evidence is hindered by having to view student 
submissions in a separate window or area, which 
potentially affects courses with limited resources. 
Formative feedback is also essential to the development of 
student outcomes, and the ability to directly indicate areas 
for improvement on submissions by graders and peers 
would be an improvement to this socially focused 
platform.  Overall, CoursePeer is well-aligned with the 
EGAD 5-step approach achieving a 4 star rating, as the 
curriculum mapping features of the platform could be 
extended beyond their current capabilities to offer more 
comprehensive map. 

 
3.3 Entrada 
 

Entrada (http://www.entrada-project.org/) is an open 
source, web-based platform that is best classified as a 
learning management system but with a different 
approach that is “meant to be more than an LMS”.  This 
approach sees the platform integrate education and social 
networking to promote a collaborative, community-
building, e-learning experience.  Entada, being an open-
source project available on GitHub, can be customized 
and further developed by any party upon completion of a 
contributor’s agreement.  Users seeking a more 
developed, supported platform can also “buy-in” to join a 
collaboration group of developer institutions that will 
offer more customized options and modules over the base 
platform.  The developers also intended Entrada to be 
customizable to a variety of e-learning tools and offer 
integration capabilities through LTI standards and plans 
to develop integration using the experience API (xAPI) in 
future versions. 

Entrada is constructed around 6 pillars that encompass 
the core functionality of the platform: (1) Academic 
scheduling, (2) Curriculum mapping, (3) Learning 
management system, (4) Community & social networking 
integration, (5) Evaluation & assessment, and (6) Internal 
accountability & accreditation. 

The strengths of Entrada lie within the platforms focus 
for competency based learning and its social and 
collaborative approach to e-learning through the adoption 
of learning communities. Another interesting feature is 
the student dashboard, which ties into the academic 
scheduling pillar and offers students an at-a-glance view 
of their courses, social, community and learning events. 
The platform embodies a bottom-up model, with a 
competency or outcomes-based structure embedded in the 
curriculum as the key element on which learning 
experiences and courses are constructed.  The platform 
can accommodate a number of competency/outcomes 
structures, which can be associated to courses, learning 
events, and a number of assessment and evaluation forms. 
 Curriculum maps are easily produced and detail 
associations of competencies down to individual learning 
events.  The learning events are the key areas for student 
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evaluation and incorporate a wide variety of contexts, 
methods and structures for competency-based assessment. 

The community and social networking allow 
instructors and learners to interact in a meaningful way 
beyond the classroom, increasing the interaction between 
users through online meetings and tutorials using Fuze 
meeting, encouraging collaboration through Google Apps 
integration, and e-portfolios for student-lead evidence of 
learning. 

The weaknesses of Entrada are the limited capability 
for rubrics for assessment and the limited analytics 
capabilities. Assessment via rubrics is possible in the 
current version, but lacks the capability to associate rubric 
dimensions with a specific aspect of a competency or 
outcome.  The analytics capabilities of the platform are 
limited primarily to summary reports and statistics from 
the LMS use and interactions rather than measures of 
student performance. Expanding functionality in these 
areas is a focus for future versions of the platform and a 
key goal for Entrada developers, Overall, Entrada 
obtained a 3 star rating, representing fair alignment with 
the EGAD 5-step approach, which would be improved 
with the continued development of rubric functionality 
and improved analytics capacity. 
 
3.4 Atlas Curriculum Mapping 

 
Rubicon International’s Atlas Curriculum Mapping 

(http://www.rubicon.com/AtlasCurriculumMapping.php) 
is a web-based curriculum mapping tool designed to 
facilitate collaborative curriculum enhancement.  Atlas 
offers users a means to develop a well-aligned, outcomes-
based curriculum that can incorporate many competency 
structures or accreditation standards.  Atlas incorporates 
many curriculum design approaches and allows the users 
to comprehensively map the location, sequence and 
instructional strategy used to develop learning outcomes 
within courses and across programs.  The key features of 
the tool are easily and readily accessible through a 
persistent navigation menu, which provides users the 
ability to quickly view calendar, course and program 
descriptions, alignment standards and competency 
structures, curriculum maps, references and collaborative 
communities.  Atlas allows for a high level of 
customization, with each user being able to create an 
interactive dashboard, allowing them to select the 
arrangement of reports and modules to best fit their 
workflow or needs. 

The strengths of Atlas are: the flexibility in mapping 
approach; the ability to map, link and align multiple 
competency structures and outcomes; assessment level 
and instructional level granularity in mapping; and 
providing a fully indexed, searchable curriculum that can 
be visualized many ways.  Perhaps the most unique 
features of Atlas are the inclusion of a reference library, 
and the ability to collaborative develop and plan 

curriculum.  The reference library allows an institution to 
provide a wealth of references, examples, materials and 
techniques to help define, collect and display best 
practises in numerous aspects of teaching & learning. 
 The collaborative elements within Atlas exceed the 
typical notion of collaboration for curriculum 
improvement, allowing any and all users of Atlas to be 
able to be granted access to develop anything.  In the 
context of higher education this allows for collaboration 
across the typical bounds of department, faculty or unity 
and allows users to bring in experts and collaborators 
from other structures on campus, such as a center for 
teaching and learning.  Even more unique is the ability to 
link instances of Atlas between institutions, allowing for a 
large-scale collaboration and sharing methods and 
approaches towards the development and assessment of 
student outcomes and competencies. 

The weaknesses of Atlas are the stand-alone nature of 
the tool, and the nature and format of the reporting.  Atlas 
doesn’t offer integration between existing platforms, 
meaning that all course information and data that exists in 
registrar systems, a LMS or CMS has to be manually 
entered or imported into Atlas.  Reporting and analytics in 
the system applies primarily to aspects of curriculum 
mapping, offering information regarding integration, 
development and assessment of competencies and 
outcomes.  These take the form of ITU analyses, gap 
analyses, alignment and assessment reports, these reports 
are available in a limited number of graphical and tabular 
formats and can be filtered by a variety of conditions. 
 While these filters and wizards offer some flexibility and 
customization in reports, improving the flexibility of the 
reporting would be a benefit to the system. Overall, Atlas 
obtained a three star rating demonstrating alignment with 
three of the five steps of the EGAD approach. This is 
primarily due to the specific focus of the tool limits its use 
in assessment (beyond planning) and in the analysis and 
interpretation of the assessment data. 

 
3.5 iSeek Supercruncher 
 
Vantage Learning’s iSeek Supercruncher 

(http://www.vantagelearning.com/products/iseek-
supercruncher/) is a web-based data-analysis platform, 
best classified as an analytics system.  iSeek provides an 
unstructured interaction with assessment data, that is 
gathered from numerous sources from within an 
institution (LMS, CMS, SIS),  the interaction with the 
data is provided through two intelligence agents: 
Curriculum and Accreditation.  These intelligence agents 
each provide a different focus and utility for its users, but 
are accessed through similar means.  Each agent 
integrates with different data silos through a custom API, 
and data is accessed through two key means by injector 
(automated wizards) or by crawling (indexing by natural 
language understanding and metadata tagging). 
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The curriculum agent is a web-based application that 
uses natural language understanding and metadata tagging 
to produce curriculum map.  It resembles a search page 
that presents results as an unfolding hierarchical structure 
with links to relevant materials and results. This part of 
the system allows multiple stakeholders to search the 
curriculum for keywords, outcomes, competencies and 
standards and be able to drill down as far as the data is 
structured or tagged.   The curriculum map produced by 
the curriculum agent is a living map, which is fully 
indexed and updated continuously, allowing stakeholders 
to have a unique access and interaction with the 
progression, development and assessment of learning 
outcomes.  It allows students to see exactly where specific 
outcomes in a program are developed and see any tagged 
element: related syllabi, course, assessment, discussion 
forum, portfolio section or captured lecture. 

The accreditation agent is a web-based application that 
is provides the capabilities for analytics, accreditation and 
annual reporting.  This part of iSeek is accessed via a 
web-portal, or through single-sign on through a learning 
management system, and presents users with a dashboard-
style interface.  Information is provided to a user's 
dashboard through multiple intervention intelligence 
assistants, which provide administrators and educators 
with information on student performance.  Aptly named, 
the accreditation agent can be configured to answer 
common accreditation questions easily and quickly 
through easily developed reports, but also offers users 
flexible reporting capabilities supplemented with many 
search options, including the metadata tagging and natural 
language understanding elements present in the 
curriculum agent supplemented with more standard 
options like real-time filter selection and keyword 
searching.  Data generated through reporting can be 
visualized graphically or in tables, and can be saved as an 
enduring snapshot or exported. 

The strengths of iSeek are related to the core 
functionality and intent of the program.  The ability to tag, 

index and automatically process a multitude of data 
sources provides users with an extremely flexible way to 
view and interact with both the curriculum and the 
measures of student performance developed by the 
curriculum.  The combination of the two intelligence 
agents provides an excellent means to answer many 
accreditation related questions, as well as freely explore 
any internal questions or purposes that a process may 
uncover.  Additionally, both agents can be used to 
communicate with a variety of stakeholders, a means to 
demonstrate program effectiveness, and offer 
accountability measures for professional programs.   

The weaknesses of iSeek are the external nature of the 
tool, which is dependent upon a system to provide 
information to leverage.  This is a potential barrier to 
those institutions seeking a streamlined process, and it 
should also be noted that the curriculum intelligence agent 
is part of the base package of the tool, and the 
accreditation agent is an add-on available for an 
additional fee.  The ‘two-stage’ concern is mitigated to a 
certain extend through the API integration and automated 
searching, but specific elements not accessible via API 
require a manual process.  iSeek is cloud hosted, and 
based out of the United States, posing potential hazards 
regarding data security and access depending upon 
institutional policy.  Overall, the iSeek platform achieved 
a four out of five star ranking for alignment with the 
EGAD 5-step process, primarily because the scope of the 
platform does not include the assessment of student 
performance. 

 
4. EVALUATION RESULTS 

 
Each software tool was classified and evaluated for 

each criterion and the results tabulated into the table 
shown in Fig. 1.  

 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 007 
Canmore, AB; June 8-11, 2014 –  9 of 10  – 

 
Figure 1 - Selected software evaluation results 

 
5. CONCLUSIONS 

 
Similar to the inaugural version of this paper, it should 

be noted that the evaluations presented are not intended to 
objectively rank or promote the use of a single tool.  The 
purpose of these reviews is to offer a brief review of the 
tool and its purpose and highlight its strengths and 
weaknesses.  All of the evaluated solutions are capable of 
being an integral part of an outcomes-based, data-
informed continuous improvement process. 

With the recent and quick rise of analytics as a 
potential solution to a number of problems in higher 
education, institutions must carefully consider the 
adoption of technology into their unique culture. 
 Technologies should be carefully evaluated and 
scrutinized before adopting, rather than choosing a 
solution in haste.  This is an issue in change management 
and institutions should carefully consider a variety of 
factors before adopting a new tool or solution as part of 
their process[6]. To reiterate from the previous paper[1] 

 
Such factors include, but are not limited to[3], [7], [8]: 

1. Stakeholder needs and requirements 
2. Direction and leadership of CPI processes 
3. Existing climate regarding new technology 
4. Complexity & sustainability of tools 
 

This series of evaluations will continue with the third 
installment, reviewing vendors with a significant focus on 
analytics approaches as part of a data-informed, outcomes 
based, continuous program improvement process. 
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Abstract –For 80% of first-year students, the highest 
motivators for attending University are related to getting 
a good job and preparing for a career. Research has 
shown that post-secondary students with some career 
goals and engaged in career development experiences 
have higher levels of engagement, academic performance, 
mental health, and persistence. Employers are placing a 
greater emphasis on a student’s skills and experience in 
their recruitment process. No longer does a University 
degree guarantee employment success upon graduation. 

Career education can provide the foundation and 
framework to help students make these connections and 
be successful in transitioning into the world of work. By 
understanding what employers’ value and knowing how 
to build and gain skills and experiences while in 
University, students can enhance their employability 
outcomes and successfully launch into their career upon 
graduation.  
The Faculty of Engineering along with Career Services at 
the University of Manitoba, have developed an innovative 
partnership to deliver career education embedded in 
required 1st and 2nd year Engineering courses. The 
program called “Your Career Starts Here” was 
introduced in the Fall 2013 term in Design in 
Engineering (Eng 1430) and Technical Communications 
(Eng 2010) courses. The learning outcomes of these 
interactive modules for students include: recognizing 
career development as a life-long process of learning; 
identifying and describing employability skills; identifying 
what employers value in the recruitment process; 
matching skills with an employer’s needs as well as 
identifying gaps; and reflecting on opportunities at 
University to build, enhance and develop skills and 
experiences. Academic courses, work experiences, 
cooperative education and internship programs, research 
experiences, and involvement in campus groups and co-
curricular programming are identified as career 
development opportunities at the University of Manitoba. 
The modules include group discussions and activities to 

help students understand and identify ways to build their 
skills and experiences as well as how to articulate these 
skills to increase their employability outcomes upon 
graduation. 
Keywords: Career, Employability, Skills 
 
 

1. INTRODUCTION 
 

Career Development is defined  “as the process of 
managing learning, work, leisure and transitions in order 
to move towards a personally determined and evolving 
future for both public and private good”(Patton & 
McMahon, (2004)).  Students attending the University of 
Manitoba have an opportunity to engage in career 
development activities that will give them skills and 
experiences and enhance their employability skills.  
“Your Career Starts Here” program is a series of modules 
proposed to be embedded in existing courses offered in 
the Faculty of Engineering.  The reason that these 
modules are embedded in curriculum is based on best 
practices and supported by Wiggers & Arnold (2011) who 
state that students who are in most need of additional 
support are the least likely to seek support.   With 
modules embedded in existing curriculum, this program 
will support student’s understanding of their own career 
and employability skills development while they are a 
student in the Faculty of Engineering.  
 

2. PROPOSED LEARNING MODULES 
 
2.1. Module #1 – Identifying Skills and Building 
Competencies through Academic, Experiential, 
and Co-curricular activities 
 

This introductory module is provided in the first class 
of the first year design course. It is deliberately inserted at 
the beginning of the term to frame the course learning 
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outcomes and encourage student’s involvement in 
experiential and co-curricular activities in the faculty. 
Students are provided the opportunities to reflect, share 
and discuss with other students throughout the workshop. 

Mackeracher (2004) states that “learning is facilitated 
when the learning activities provide opportunities to talk 
about and share experiences: (p.38). The anticipated 
outcomes of this module include; 

• Understand the concept of Career Development 
as a foundation for life long learning and 
career success. 

• Understand employability Skills and be able to 
reflect on the employability skills found in 
course curriculum. 

• Identify other opportunities outside of academic 
courses that build employability skills. 

 
2.2. Module #2 – Marketing Yourself for 
Employment Success 
 
These modules are focused on helping students identify 
the needs of employers and being able to articulate their 
skills and experiences that match with an employer’s 
needs.  Students are encouraged to reflect on academic, 
experiential, co-curricular, volunteering, summer and 
part-time work experiences and relating them to what 
employers value and need. Employers are looking for 
more than degrees. They are also looking for what skills 
and experiences that students can contribute and 
demonstrate in their workplace (Lowden, Hall, Elliot & 
Lewin, 2011)  
 
 
2.2.1 Resumes with Results 

This module is offered as part of the second year 
Technical Communication or Design Trilogy courses. 
The learning outcomes of this module include the 
following;  

•  Identify styles of resumes and critically analyze 
their effectiveness in marketing employability 
skills. 

• Identify employer’s needs by analyzing job 
postings and other resources 

• Reflect and identify personal employability skills 
and identify gaps from employers needs. 

• Identify and write demonstration statements. 
 
2.2.2 Job Search and Networking  

This module may be offered as part of the final year 
Capstone Design courses and has been offered as part of a 
co-curricular activity. The learning outcomes for this 
module include; 

• Develop and practice personal marketing 
statements. 

• Develop confidence in networking and 
connecting with employers. 

• Explore and expand knowledge of employers in 
industry. 

• Understand in-person and on-line strategies used 
in the job search process. 

 
 
 
3. CONNECTING GRADUATE ATTRIBUTES 

TO EMPLOYABILITY SKILLS 
 

The course objectives of the first year design class lend 
themselves to connecting employability skills with CEAB 
Graduate Attributes. The objectives of the course are to 
introduce students to fundamental concepts of the 
Engineering Profession. Professional behavior and 
communication are practiced in a team setting. Some of 
this practice includes role playing where students interact 
with a “boss” and “team mates” This interaction provides 
opportunities to practice behavior and develop attitudes 
that are both defined as a requirement by the CEAB 
graduate attributes and considered as key employability 
skills by industry groups such as the Conference Board of 
Canada. 
 
3.1 Employability Skills as defined by the 
Conference Board of Canada 
 

The Conference Board of Canada is well recognized 
for their economic and labor market research and helping 
guide Canadian industry and society to be dynamic and 
competitive, both nationally and internationally. Their 
Employability Skills 2000+ document is widely used in 
helping students identify “the skills you need to enter, 
stay in, and progress in the world of work- whether you 
work on your own or as part of a team” and this includes 
“employability skills, attitudes, and behaviors that 
employees need to participate and progress in today’s 
dynamic world of work” (Conference Board of Canada, 
2000). 

 
 
3.2 Graduate Attribute outcomes for the First 
Years Design course 
 

Module #1 is presented to students in course # 
ENG1430 – Introduction to Engineering Design. This 
course is required for graduation and is typically included 
in some of the first courses students will study within the 
faculty. The course outline details the learning outcomes 
as they relate to the Graduate Attributes that are included 
in ENG1430 and the expected competency level at 
completion of the course. (See Appendix A). Students are 
asked to review these learning outcomes in light of the 
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employability skills they have discovered and 
documented in their review of the Conference Board of 
Canada Employability Skills. At the conclusion of this 
session students are encouraged to name the 
employability skill training they will receive in the course 
and how it will be practiced. They are also asked to 
suggest co-curricular, experiential, and other work 
experiences that might provide additional opportunities 
related to enhancing employability and/or enhancing 
competency in the Graduate Attributes as they relate to 
the course. 

 
3.3 Continued influence in the Technical 
Communications, design trilogy and Capstone 
Design Courses 

 
The development and articulation of skills and 

experiences are explored further in ENG2010 using 
Module #2 and potentially the Capstone Design Course.  
Students are encouraged to critically analyze and reflect 
on their own employability skills and experiences that 
they have gained and developed as they prepare to 
graduate.    The modules include role playing exercises, 
practice, feedback, and peer evaluation to assist students 
in marketing, articulating, and practicing their skills for 
employment success upon graduation. 

 
 

4. CO-CURRICULAR SUPPORTS 
 

The modules reinforce for students that they should 
consider opportunities to practice and improve their 
employability skills by increasing their co-curricular 
involvement. The faculty of Engineering at the University 
of Manitoba has facilitated many such opportunities to 
help students also practice and improve their Graduate 
Attributes. It has been key for the faculty to partner with 
students and industry to provide these opportunities for all 
students. 

 
4.1 Student Led Competition teams 
 

Student led teams provide the opportunity work on 
real projects as part of a real team. The design 
requirements are demanding and the design review is 
extensive. Teams function within a budget and need to 
provide project management to get the project completed 
with in the required timeline. Employers consistently look 
for these types of experiences when recruiting students.  

Industry and faculty support competition team 
opportunities for students in all departments and 
programs. These include the SAE (formerly the Society of 
Automotive Engineers) formula, baja, electric vehicle and 
Aero teams, the Quarter Scale Tractor team, the Steel 
Bridge, Concrete Toboggan Team and the Satellite 

Design Team. All these team face the rigor of an 
international competition.  
 
 
4.2 Helping Industry Reach Engineering students 
Directly (H.I.R.E.D.) 
 

In an effort to connect Engineering Students with the 
diverse engineering community in Manitoba, The 
University of Manitoba Engineering Society (UMES) and 
the faculty have collaborated and organized a regular 
weekly meeting. The meeting is scheduled every Monday 
night at 5:30 through the fall and winter academic terms. 
This regularity allows students to plan their weekly 
schedule to accommodate attendance. The presentations 
are most commonly made by industry partners who wish 
to highlight opportunities for engineering students and 
graduates with in their company or industry. This time has 
also been used to present information about the 
Engineering community in Manitoba generally, provided 
opportunities for networking or even special presentations 
on topics in workplace safety or ethics.  

Attendance at these events is made to be very 
convenient for students. The event is at 5:30 PM every 
Monday. This coincides with the end of most classes or 
labs for the day. The event always includes a meal for the 
students. These deliberate arrangements have resulted in 
an average attendance of approximately 100 students. The 
UMES has promoted this event to the student population 
as vital to their professional development and encourages 
all students to attend.  
 
4.3 Reverse Career Fair 
 

Role-playing has been a valuable tool for students to 
practice their employability skills and improve a graduate 
attribute. The reverse career fair provides an opportunity 
to practice oral, visual and written communication as 
students market themselves to employers. The event is set 
up as students prepare “booths” around a large conference 
room.  

Most recently this was done with approximately 100 
students setting up in a large multipurpose room. The 
students prepared posters, brochures and table displays to 
market themselves. Employers spent the evening rotating 
through the room engaging with the students in 
conversation about their education and experiences. The 
evening provided students the opportunity to present 
themselves many times throughout the evening with 
passive and/or direct feed back to self-correct and 
improve. It was a unique opportunity to improve 
communication skills in real time.  
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4.4 Industry Support 
 

The Faculty of Engineering at the University of 
Manitoba partner with a unique group of top engineering 
industry leaders who share the Faculty’s commitment to 
excellence in engineering education. This organization is 
known as Friends of Engineering Manitoba. The Friends 
have supported the Faculties programs and co-curricular 
activities. This support has provided students and faculty 
with feedback that facilitates the understanding of the 
Graduate attributes from an engineering employer’s 
perspective.  The Friends have supported the faculty with 
financial support for co-curricular activities such as 
H.I.R.E.D and the reverse career fair. They have offered 
targeted scholarships and awards that reward students for 
academic performances that focus on the graduate 
attributes they value most. They support the student 
competition teams and celebrate their achievements. The 
Friends include members of the Faculty administration 
and staff on their executive board in order to maintain 
regular and meaningful communication on the “job 
readiness” of University of Manitoba Engineering 
Graduates in terms of the CEAB Graduate Attributes. 

In a similar manner The Aerospace industry sector has 
established its own industry liaison group. This Manitoba 
Aerospace Engineering Liaison group (MAELG), has 
quarterly meetings to offer industry advice on a range of 
issues including the skills needed for Engineering 
Graduates to be successful in industry. MAELG provides 
financial assistance and supports industry volunteers to 
mentor students and student groups. This industry support 
is valuable as The Faculty works to ensure it provides 
excellent academic and co-curricular learning 
opportunities for engineering students. 
 

5. Experiential Education 
 
5.1 Co-operative Education 
 

The Co-operative Education and Industrial Internship 
Program (Co-op/IIP) in the Faculty of Engineering at the 
University of Manitoba is available to all engineering 
students in good academic standing. The number of 
students in Co-op/IIP has doubled since 2011. This is a 
result of the program becoming a highlighted co-
curricular activity to improve and practice the 
employability skills that are included in their traditional 
academic education. Co-op/IIP is directed by an 
Engineer-in-Residence. Input from industry groups, 
Friends of Engineering and MAELG for example, have 
led to changes and improvements in the program to 
provide students with more opportunities to practice 
evaluate and improve their employability skills. At the 
completion of each four month work term the students 
have an opportunity to reflect on their experience. They 

document their successes and where they continue to need 
practice and improvement. Employers also reflect on the 
student performance and complete a survey that allows 
them to reflect directly on a student’s CEAB graduate 
attributes. This data is analyzed and the results are 
available for Faculty and Administration to review. 
 
5.2 Community Service 
 

Students are exposed to many co-curricular 
opportunities during the first year design course (ENG 
1430) at the University of Manitoba. Included in these is 
the concept that the opportunity for community 
involvement is beneficial to both the community and the 
students. Students are presented with the idea that the 
professionalism required of Professional Engineers 
requires a commitment to serve the community and that 
they gain both employability skills and improve their 
graduate attributes when they participate.  

The University of Manitoba Engineering Society 
(UMES) community involvement committee offers two 
major opportunities for students to support the 
community. The opportunities coincide with the academic 
terms. Students are encouraged to participate in these 
fundraisers by accepting or purchasing whipped cream 
pies in the face. The students all have a pie in the face 
ordered for them to receive and can purchase pies for the 
instructors to receive. This puts the student in a position 
to put the needs of the community ahead of themselves. 
They also have the opportunity to see their Instructors and 
Teaching Assistants accept this responsibility and accept 
multiple pies in the face to support a community cause or 
charity. This is only a brief introduction to the benefit of 
supporting the community and understanding that as they 
progress in their career community service will connect 
them to the community they will serve as professionals. 

 
6.0 Conclusion 

Over the last 3 years, research has shown that more 
and more students place career and employment related 
issues as the single most important reason for attending 
university (Canadian University Survey, 2013).  The 
Faculty of Engineering at the University of Manitoba has 
embedded career education into their curriculum and co-
curricular activities to meet the student’s needs and 
importance placed on career development. Many of these 
skills are also reflected in the CEAB Graduate Attributes 
as well.  Through innovative academic and co-curricular 
programming, students are able to identify, develop and 
articulate their employability skills, to help prepare for a 
successful career transition upon graduation. 
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APPENDIX A: ENG 1430 Course Description/Objectives 
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  Course Description/Objectives 
Undergraduate Calendar Description  
The Creative Process; The Design Process; Working in a Team. The Engineering Profession from the 
Perspective of Students and Professionals. Academic, Legal and Ethical considerations. 

Instructional Methods   
This course is “team taught” to reflect the degree of team learning the students are expected to undertake.  
Lectures will be delivered by one of the instructional team members.  The majority of the course will be spent 
on design projects (“laboratory hours”).  The laboratory hours will have the instructional team present to 
provide assistance, team decision-making and ensure consistency. 

Course Objectives 
The objective of this course is to create a fundamental understanding of the Engineering profession and 
provide students with an extended experience working in a creative engineering design team environment.  
Students will become familiar with the engineering design approach and the incorporation of creative 
processes within that approach.  By accepting collective responsibility for the functioning of their design teams, 
students will better understand the problems and benefits of working in this sort of environment.  We will also 
introduce the concepts of professionalism and consider the ways professionals apply their technical expertise. 

Learning Outcomes 
At the conclusion of this course, the student should be able to: 

1. Demonstrate concepts of professionalism as they relate to the profession of Engineering. 
2. Comprehend basic concepts of safety and failure in engineering design. 
3. Apply principles of teamwork in a design team setting. 
4. Apply principles of project management to the completion of an open-ended design problem. 
5. Apply principles of project documentation (engineering journals, meeting minutes, report writing). 
6. Use the engineering design approach to solve open-ended problems. 

Expected Competency Level ** 

Learning 
Outcome 

Attribute* 
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 

1        3     
2        2 2    
3      3 3      
4     3      3  
5       3      
6    5         

 
*Attributes: 
A1  A knowledge base for engineering  
A2  Problem analysis 
A3  Investigation 
A4  Design 
A5  Use of engineering tools 
A6  Individual and team work 
A7  Communication skills 
A8  Professionalism 
A9  Impact of engineering on society/ environment 
A10  Ethics and equity 
A11  Economics and project management 
A12  Life-long learning 

**Competency Levels: 
1 - Knowledge (Able to recall information) 
2 - Comprehension (Able to rephrase information) 
3 - Application (Able to apply knowledge in a new situation) 
4 - Analysis (Able to break problem into its components and 

establish relationships) 
5 - Synthesis (Able to combine separate elements into whole) 
6 - Evaluation (Able to judge of the worth of something) 
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INTRODUCTION 
     Instructors in engineering education often use technical and domain-
specific vocabulary in the classroom.  As the learner masters the course 
material, it is often an expectation that they also learn this vocabulary.  
Though some instructors may explicitly identify the requisite vocabulary 
that ought to be learned in the class, it is likely more common for 
students to identify and learn this vocabulary unassisted.  Learning 
technical and discipline-specific vocabulary is necessary in the 
engineering profession, and instruction of such vocabulary should be 
explicit and equally accessible for all students.   
     The goal of this research is to increase transparency and accessibility 
to technical vocabulary by engineering an automated software-based 
tool that can mimic human subject-matter expertise in automatically 
identifying this kind of vocabulary.  The work is grounded in the 
framework of Universal Instructional Design (UID), and literature from 
second-language learning and automated indexing.  A software-based 
approach minimizes the human resources necessary to manually develop 
wordlists of discipline-specific vocabulary, freeing up time for the 
instructor to focus on other tasks.  The automated approach also works 
well for large and diverse datasets of vocabulary, and can automatically 
update over time so that it is kept relevant.  The goal is to create, use, 
and evaluate an approach that mimics the instructor’s ability to making 
these vocabulary lists themselves.  The specific challenge being 
investigated in this paper is exploring the ways in which wordlists can 
be used in the engineering classroom to promote vocabulary 
development. 

TOOL DEVELOPMENT 
     The authors developed a novel software-based automated method to 
identify characteristic discipline-specific vocabulary on engineering 
exams, as presented in the previous work in [1].  This software assigned 
a score to each word in a target document, based on word frequency on 
similar documents in the domain and discipline.  The approach is based 
on the well-known Term Frequency-Inverse Document Frequency (TF-
IDF) equation used in the field of automated indexing and computational 
linguistics. 
     A unique aspect of this approach is that a target document was 
processed through two comparator sets of documents.  Words that 
occurred frequently within a discipline, but less frequently in the 
domain, were assigned higher TF-IDF scores because they were more 
likely to be discipline-specific.  The use of comparator sets of 
documents enabled the TF-IDF algorithm to discern between discipline-
specific and general engineering vocabulary.  The output of this 
procedure were wordlists that appeared to contain characteristic 
discipline-specific vocabulary present on that target exam. 
     Subject-matter experts – faculty members – evaluated the 
effectiveness of the program in developing these lists.  Each participant 
scored a 100-word sample wordlist for a course that they previously 
taught, and this score was compared to the TF-IDF score computed by 
the software.  Results suggest that the automated approach works in 
characterizing discipline-specific vocabulary on engineering exams, for 
the purpose of producing wordlists of terms.  The agreement between 
the subject-matter experts’ scoring and the computer generated word 
lists was even higher at the top end of the list, i.e. on the words most 
likely to appear on a vocabulary list for the course. 
     Table 1 below shows a condensed form of a sample wordlist 
produced using the computational method.  An expanded form of this 
table, one that includes more words, can be provided to the student to 
promote vocabulary development, as discussed below.   
 

Table 1: Sample word list (only 5 words shown) from a first-year 
Electrical Engineering course, in decreasing order of TF-IDF score      

Rank Word TF-IDF score 
1 circuit 0.0333 
2 voltage 0.0155 
3 electric 0.0149 
4 capacitor 0.0093 
5 resistor 0.0091 

 
APPLICATION TO INSTRUCTION 
     Developing wordlists of characteristic discipline-specific vocabulary 
may mitigate a disabling environment for students.  For example, using 
unfamiliar vocabulary may make the course material inaccessible for a 
student [1, 2].  Highlighting this vocabulary may make language 
learning more accessible, subsequently mitigating the learning barrier 
causing that disabling environment altogether.   
     Prior literature shows that learning such vocabulary is analogous to 
learning a second language.  By highlighting the recursion inherent in 
mastering a word, showing students specific vocabulary and then 
intentionally using it in the classroom can help student master the word 
more fully [1, 2].  The literature suggests that fossilization of language 
can occur when a student thinks they know the complete and accurate 
meaning of a word, but really does not [1, 2].  The generation and re-
evaluation of meaning can be supported by explicitly focusing on 
specific words, such as those presented by a wordlist, encouraging 
students to actively think about language learning.  This approach can 
promote a richer understanding of the language used in engineering 
education, as it suggests students intentionally perceive language 
learning as part of the curriculum. 
     The wordlists produced can be presented to students at the start of a 
course, as part of a syllabus for example, to increase the transparency of 
the learning outcomes for that course.  According to the literature in 
Universal Instructional Design [1-3], making instructional material clear 
and accessible is a strategy that increases inclusivity for all students, 
regardless of if they have identified a need for an accommodation 
strategy a priori.  This systemic approach to increasing accessibility to 
course content can reduce the resource needs associated with developing 
individual learning strategies for language learning for each student. 
     Wordlists can also be used as study aids for assessments.  The 
requisite course-specific technical vocabulary can be presented to the 
student to cue information about specific concepts.  When reading these 
wordlists, students may be prompted to connect complex ideas to 
technical words, leading to a more robust professional vocabulary.  In 
addition, the student can be empowered to use this software on their 
own, to generate wordlists on demand.  The software can take the 
student’s course notes as input and produce a list of words, ranked in 
order of importance to that document set, and help students distill the 
course material for study or archival purposes.  
     An additional implication of clearly articulating the requisite 
vocabulary in class, as part of wordlists, is so that this vocabulary can be 
used naturally as part of the instruction.  By explicitly defining these 
words, instructors can design a more authentic engineering learning 
experience by using technical, appropriate, and accessible language.  
According to the literature, one of the most effective ways of learning a 
new language is by becoming immersed in it [1, 2].  By actively using 
wordlists as repositories of relevant technical vocabulary, particularly 
for oral and written communication in the engineering classroom, the 
words can become an integral part of the instructional material through 
intentional use.   
     Wordlists can also be used as an assessment tool to encourage 
mastery of course concepts.  By testing whether students are familiar 
with the vocabulary, instructors may be able to assess student’s mastery 
of course concepts, while also adjusting instruction to fit student 
learning.  The wordlists can be used in multiple ways to make education 
more accessible. These include increasing transparency to learning 
outcomes, promoting the development of a more robust professional 
vocabulary, being used as study aids, and by helping instructors design 
more authentic learning environments and higher-quality assessments. 
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Abstract -Graduate student teaching assistant (TA) 
training is a one-day intensive program at Memorial 
University’s  Faculty of Engineering and Applied Science 
that introduces new graduate students to the roles and 
responsibilities of being an effective TA.  This program 
uses online tools, case studies and theory discussions to 
orient new TA's to teaching and learning practices. A 
recent survey of graduate students taken after completion 
of the TA training led to modification of the current 
program.  This paper will outline the program, proposed 
changes to the program and demonstrate how adapting 
student feedback can contribute to continuous 
improvements in student education. 
 
Keywords: TA training, formative evaluation, active 
learning. 
 
 

1. INTRODUCTION 
 

Memorial   University’s   Faculty   of   Engineering   and  
Applied Science (FEAS) value the role of graduate 
students as assistants in engineering education.  As part of 
the qualification program for new teaching assistants 
(TA), FEAS requires potential TA to complete a one day 
intensive program that introduces the future TA to the 
roles and responsibilities of a TA position.  The 
Engineering TA training program (ENGTATP) is 
successful and gives students the basics of what to expect 
in their new roles.  Along with this program, the faculty 
encourages excellence through the recognition of 
outstanding TAs with an annual award that is given to 
deserving TAs through recommendations from faculty 
and students. 

ENGTATP gives new TAs an introduction to the 
activities expected in the FEAS - from marking 
assignments and papers to running tutorials and lecturing. 
The training also outlines university policies including 
academic misconduct, plagiarism, privacy and 
harassment.  To help new students succeed in their first 
TA assignment the current training includes discussions 

on qualities of an effective TA, grading techniques, 
lessons on communicating in the classroom, and tips on 
dealing with problems.  The course concludes with 
practice lab sessions where students visit laboratory 
facilities   and   a   “what   to   do   for   your   first   lab”  
demonstration is conducted. An open Q & A is held after 
the formal lessons and an award ceremony conducted to 
end the day.  Training is completed in a one-day session 
on a Saturday mid-way through each term.  Students each 
receive a manual with additional and more in-depth 
information for future reference. 

The ENGTATP is facilitated by the Associate Dean of 
Graduate Studies and two experienced TAs.  The intent of 
this diversity is to bring different perspectives to the new 
TAs and to encourage an open, frank discussion. 

This training program has been in place since 2011 and 
is provided once a semester (3 times a year).  All aspects 
needed to begin a successful TA career are included and 
students have given anecdotal evidence of satisfaction in 
casual conversation.  Faculty members have not expressed 
any systematic dissatisfaction with new TAs.  Due to this 
apparent full satisfaction of the course, no formal 
reflection on the course was done.  

In 2012, during an ENGTATP question period, a 
student asked how to find a rubric if their supervisor did 
not provide one.  At the time there was no mechanism in 
place to distribute general material to TA.  This prompted 
the design of a web based TA Toolbox to aid in continued 
TA support.  The TA Toolbox is located in Memorials 
Desire2learn (D2L) system. Site access is limited to 
graduate students who have completed the TA training 
and contains the course information as well as additional 
documents and links to support continued learning.  
Additional examples of tools like rubrics are included and 
links writing center tools to improve marking are 
provided.  A discussion forum called TA Talk is used to 
answer questions and provide guidance when needed in 
an informal manner. 

Improvement of the training based on these informal 
discussions lead the facilitators to reflect on other 
improvements that could enhance the program and 
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improve student learning.  Improvements in the TA 
training program would strengthen a successful program 
and lead to improvements in faculty/TA relations, 
Student/TA relations and improve the quality of 
undergraduate education at Memorial University. 

This paper will show how the incorporation of 
participant feedback can improve a TA training program. 
 

2. SOLICITING FEEDBACK 
 

Participant feedback can be solicited in many formal 
and informal ways, from formal surveys such as course 
evaluation questionnaires (CEQs) used for all MUN 
courses to informal discussions with one or two 
participants. The term formative evaluation traditionally 
indicates that the information gathered will be used for 
some type of modification.  This can be modification of 
student learning, course design, scholastic achievement 
[1].  Formative feedback from students seeks to find areas 
for improvement [2].  To improve the ENGTATP a 
Stop/Start/Continue technique was used to gather 
information on the training session.  
 
2.1 Start/Stop/Continue 
 

Start Stop Continue is a common formative evaluation 
technique that aims to solicit written responses from 
students [2], [3]. 

This technique asks three questions: 
1. What is one thing we should STOP doing? 
2. What is one thing we should START doing? 
3. What is one thing we should CONTINUE doing? 

 
Question 1 looks to make the students consider what 

was not working in the session; what they did not find 
useful.  Question 2 gave students an opportunity to 
consider what they felt was missing from the course; areas 
for improvement.  The final question asked what was 
done well or what the student felt was important to keep 
in the session. 

ENGTATP typically has between 15 - 40 participants 
each session.  In October 2013, 38 new graduate students 
completed the original program.  At the close of the day, 
all participants were asked to complete the 
Stop/Start/Continue survey.  They were given the option 
of anonymously submitting their opinion to encourage 
honest and constructive feedback. Of the 38 participants, 
29 students voluntarily submitted responses with six 
providing  only  positive  “continue”  comments.   

The answers to question 1 (Start) were consolidated 
into 3 different points for consideration. 

 Change time: Requests to divide the course into 
2 half-day sessions or to have the training on a 
weekday 

 More interactive elements: Requests for more 
cases, variety, and discussion. 

 More personal examples: Requests for more real 
life experiences from current TAs 

 
The answers to question 2 (Stop) were consolidated 

into 3 different points for consideration. 
 Distracting slides 
 Repetitive information 
 Lecture style 

 
The answers to question 3 (Continue) were 

consolidated into 4 different points for consideration. 
 Small group work 
 Energetic and engaging lectures 
 Name tags 
 Case discussion 

 
From this feedback, two categories were selected for 

immediate implementation. 
1. Interaction 
2. Presentation  

 
3. PROGRAM CHANGE 

 
In response to the Start/Stop/Continue evaluation 

improvements were developed to increase student 
participation and interaction. This increase should lead to 
the opportunity for improving communication skills.   
This addressed the most frequent Start/Stop suggestions 
and builds on the positive feedback from the Continue 
section. 

Many students indicated an increase in interactive 
elements would improve the ENGTATP. They indicate 
that it would both improve learning and help them fit in 
better in a new environment.  Many students in the 
ENGTATP are new to the community and country.  The 
majority (80%) of new graduate students are international 
and English is their second language. 

Active learning is used to engage students in the 
learning process in a dynamic way [4].  Traditional 
lectures, while important and necessary, are considered a 
passive technique.  This type of learning helps students 
play an active role in their learning and help support 
graduate attributes like lifelong learning and 
communication skills [5].  Additionally, activities that 
require participation from students keep the students more 
interested and engaged in the material. 

In the 2011 program, there are two main activities that 
require active participation in the material.  Students are 
broken into groups of 4-5 and are asked to sit with their 
team.  ENGTATP is offered to all engineering disciplines 
and these small groups can be an opportunity for students 
to make contacts in disciplines other than their own.    
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The first activity is a discussion; the students are asked 
the   question   “What qualities do you think a TA should 
have to be effective and why?”     The   students   are   given  
time to discuss the question and compile a list of 
important characteristics.  The groups are brought 
together and a class list of common characteristics is 
developed.   

A case study near the end of the session gives students 
an opportunity to work in small groups and discuss a 
fictional case.  The students are asked to read and discuss 
a case and decide in their groups what the major issues 
are, what the fictitious TA should do, and if there was any 
way to prevent the issues earlier in. The students then 
present their case to the rest of the class.  This part of the 
session is the most popular and gives students an 
opportunity   to   practice   what   they’ve   learned   and   allows  
them to interact with their peers.     

While these elements are successful, the 
Start/Stop/Continue feedback indicates that more such 
interactions are needed.  To facilitate this, the program 
presentation was reviewed to determine areas for 
improvement.   The following active learning activities 
were added to improve student engagement:   

 An early discussion was added to encourage 
students to discuss the importance of meeting with 
the Instructor. This small group activity gives the 
students an opportunity to reflect on the lecture 
and to discuss fears and concerns in a safe 
environment.  

 To begin the lesson on classroom diversity, 
students are asked to discuss what they think 
makes a diverse classroom.  This helps students 
realize that diversity goes beyond race and culture 
and opens discussion on how to develop skills on 
inclusion. 

 A two part paper grading activity is introduced to 
demonstrate the usefulness and application of 
grading rubrics.  After a general introduction to 
marking student work, new TAs are asked to read 
a short paper and assess a grade out of 10.  The 
marks are compared and discussion about the 
subjectivity of marking is encouraged.  After an 
introduction to rubrics, the students are asked to 
re-assess the paper using the condensed rubric 
provided.    

 To help ESL students feel more comfortable in a 
uniquely Canadian community, an exercise was 
developed to introduce some common local 
phrases to students and to demonstrate the 
importance of clarity in communication. 

 
To increase networking and facilitate participation, 

students were re-grouped at each break and divided into 
new activity groups. This allows students to meet many 
colleagues that they may not have the opportunity to 
connect with during their academic program.   

4. RESULTS AND DISCUSSION 
 

The modified ENGTATP was presented to a new 
group of graduate students in February 2014.  Seventeen 
students participated in the updated program and a 
Stop/Start/Continue evaluation was done at the end of the 
session to determine if the changes improved the 
feedback.  Fifteen students voluntarily submitted 
responses.   

Responses were much less detailed and varied than the 
Fall 2013 evaluation.  Table 1 summarizes the general 
comments from the Winter 2014 Stop/Start/Continue 
feedback.  While there remain suggestions for more 
activities, they are more specific to the content.  In the 
Fall 2013 feedback, the requests for more interaction/less 
lecture was general and from most students.  This 
indicated that there were not enough active learning 
opportunities.  After the changes, the feedback indicates 
that there is a good balance between lecture and activity 
and that students were generally engaged in the learning. 
 
Table 1: Winter 2014 Stop/Start/Continue Summary 

Start Stop Continue 
Role play: Practice 
dealing with 
problems/conflicts 

Starting early Good food 

More practice 
sessions 

Starting early 
in the 
morning 

Lab 
demonstration 

  Group work 
  Humour 

 
5. CONCLUSION 

 
The use of formative evaluation to improve teacher 

assistant training was successfully applied to modify 
training at the Faculty of Engineering and Applied 
Science, Memorial University.  Feedback from 
participants indicated that more interactive learning was 
needed to keep students interested and engaged.   Four 
new activities were developed to increase opportunities 
for students to interact with the material and each other.  
Feedback after the presentation of the more interactive 
session in winter 2014 indicated that the implementation 
of new elements was successful and students were more 
satisfied with the level of engagement. 

 
6. RECOMMENDATION 

 
To support continuous improvement, it is 

recommended that the remaining feedback be evaluated 
for future change.   

 Investigation of implementation of a role playing 
activity to improve conflict resolution 
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 Faculty feedback should be solicited to 
determine gaps in TA preparedness 

 Ongoing support to new TAs through 
implementation of a mentorship program [6]. 
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Abstract -The development and teaching of a 
corrosion course that includes laboratories in a 
senior level engineering program is outlined and 
discussed with respect to their learning 
outcomes, graduate attributes, assessment and 
practical value. The laboratory course of study 
complements the overall course in terms of 
building   on   a   student’s   background   in  
electrochemical theory, corrosion concepts, 
engineering practice, analyzing data, and 
comparing measured data to theory.  
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1. INTRODUCTION  
 

Mechanical and process engineering students at 
Memorial University of Newfoundland have the 
option to take a final year (term 8) corrosion 
course that includes laboratories. The course of 
study at Memorial has traditionally involved 
chemistry courses for mechanical and process 
engineers and in the final year there is a 
corrosion course offered. The corrosion course 
includes 3 one hour lectures per week and 1 three 
hour laboratory period per week over the 15 
week semester. The outline for the corrosion 
course includes the use of a detailed corrosion 
textbook inclusive of corrosion theory, practice, 
applications and references [1]. In order to 
supplement   the   student’s   practical   background, 
the laboratory experiments are designed to link 
hands-on corrosion experimentation with theory 
presented in the lectures, textbook and in some 
cases their industrial work experience on student 
work-terms. 
 
Laboratories can be used to give students an 
opportunity to apply theory and gain valuable 
experience.  Feisel et al [2] discuss how limited 
learning outcomes can reduce the effectiveness 
of a laboratory.  

 
Learning outcomes are important to focus course 
delivery and ensure that students understand the 
course expectations.  Outcomes are developed     
to help ensure that students learn what is 
required, outline what the expectation is for 
faculty when designing delivery, and can be used 
to demonstrate to the profession that a program 
will develop future engineers that are ready to 
join the workforce [3].   
 

2. DEVELOPMENT AND OUTLINE  
 

Communication is an important aspect of 
offering university courses. On the first day of 
classes a detailed course outline is given to the 
students so that they are clear on the course 
components, objectives, learning outcomes, 
marking scheme and assigned tasks that are an 
integral part of the course assessment process. 
Additional information includes a statement on 
communication which reads as follows 
“Statement of preferred method of contact:  
email, D2L contains some materials: course 
outline, course notes from textbook, and 
laboratory manual.”   The   course   calendar   entry,  
course description, and major topics are well 
defined in the course outline and describe 
significant course components. It creates a 
logical guide and plan of study for the students 
during the semester.  
 
Calendar Entry: ENGI 8911 Corrosion and 
Corrosion Control examines forms of corrosion; 
the electrochemical nature of the corrosion 
process; the mixed potential theory, Pourbaix 
diagrams and Evans diagrams; corrosion testing, 
control use by use of materials, selection, 
cathodic protection, inhibitors, and coatings. 
There are case studies and selected corrosion 
problems. 
 
Course Description: ENGI 8911 Corrosion and 
Corrosion Control uses a textbook that is suitable 
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for a senior to graduate level course of study on 
the corrosion of metals and it has more 
information than would be included in a fifteen-
week semester course.  The textbook has fifteen 
chapters of which 1-4 and 6-12 will be covered 
in the lectures, with time permitting. Chapters 
13-15 may also be covered as additional topics 
for summary-presentations from the research 
literature by groups of student (about 2 students 
per group). There are five laboratory sessions 
that measure basic corrosion mechanisms, 
several different types of Tafel plots, corrosion 
protection by sacrificial anodes and impressed 
potentials.  
 
Corrosion course major topics:   
 Technology and Evaluation of Corrosion 
 Electrochemical Thermodynamics and 

Electrode Potential 
 Electrochemical Kinetics of Corrosion 

Passivity 
 Galvanic and Concentration Cell Corrosion 
 Pitting and Crevice Corrosion 
 Environmentally Induced Cracking 
 Effects of Metallurgical Structure on 

Corrosion 
 Corrosion-Related Damage by Hydrogen, 

Erosion, and Wear 
 Corrosion in Selected Environments 
 Atmospheric Corrosion and Elevated 

Temperature Oxidation 
 *Cathodic Protection (Test Methods in 

Cathodic Protection) 
 *Coatings and Inhibitors (Protective 

Coatings and Chemical Treatment) 
 *Materials Selection and Design (Materials 

for Industrial Applications) 
 

*Potential topics for Summary Presentations 
from Research Papers (Process Industries, Oil 
and Gas, Tar Sands, Pipelines, Petrochemical, 
Forestry, Mining, Offshore-Marine-Naval-Ships, 
Manufacturing, Transportation, Food Processing 
etc.) 
 
These major topics are used to develop 
laboratories to complement student learning.  
These laboratories are: 
 Basic Corrosion Mechanisms: Exploring 

galvanic corrosion by developing a galvanic 
series and exploring the effects of ion and 
oxygen concentrations. 

 Introduction to Tafel Plots: Study of the 
anodic and cathodic processes and 
introduction of equilibrium potentials and 
their relationship to free corrosion potential. 

 Intermediate Tafel Plots: Further 
understanding of potentiostatic 
measurement through experimentation with 
dissimilar metals  

 Tafel Plots: Examination of polarization, 
overpotential, and the effects of electrolyte 
on corrosion potential.  

 Corrosion Protection by Sacrificial Anodes 
and Impressed Currents: Examination of 
protection strategies using simulated buried 
pipelines.  

 Materials Characterization: The Study of 
Corrosion Products: Introduction to 
techniques to identify corrosion products 
including X-ray diffraction, Optical 
Microscope and scanning electron 
Microscope. 

 
An additional method to increase student 
engagement with the theory is the 
implementation of student presentations.  These 
summary-report-presentations involve research 
using the QEII library (journals, conference 
proceedings), the world-wide-web (www), and 
related internet resources to access and obtain a 
research paper-topic of interest that can be 
reviewed properly and made into a presentation 
to be presented to the class towards the end of 
the semester by small groups of students (i.e. 
number of students/group will depend on the size 
of the class). 
 

3. RESULTS AND DISCUSSION 
 
Graduate attributes are developed to ensure 
engineering graduates complete their education 
with a strong understanding of not only 
engineering principles but many other skills that 
are vital to success in the engineering profession.  
These important skill categories were developed 
in consultation with engineering professionals.  
Memorial University is committed to fully 
incorporating these attributes into the curriculum 
and courses are designed and evaluated to satisfy 
these requirements. The corrosion course 
contributes to this initiative. 
 
Based on the corrosion course material with 
respect to the overall engineering curriculum for 
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mechanical and process engineers the following 
learning outcomes, graduate attributes and level 
of understanding expected, were identified as 
described in table 1. 
 
This connection to graduate attributes ensures 
our graduates enter the engineering profession 
with all the skills needed to be successful.  
  
Table 1: Learning outcomes, graduate attributes 
and level, and assessment. 

Learning Outcome Graduate Attribute 
and (Level) 

Explain basic corrosion 
processes. 

 A knowledge base for 
engineering, (Intermediate)  

Describe and identify 
types of corrosion. 

 A knowledge base for 
engineering  (Advanced) 

Electrochemical theory 
(thermodynamics, 

kinetics, potentials). 

A knowledge base for 
engineering  (Advanced) 

 Concepts of passivity, 
concentration cells, 

pitting, crevice corrosion. 

A knowledge base for 
engineering (Advanced) 

Problem analysis 
(Advanced) 

Assess corrosion 
resistance of a variety of 

materials in varying 
environments. 

A knowledge base for 
engineering (Advanced) 

Problem analysis  
(Advanced) 

Understand factors that 
contribute to corrosion 

resistance. 

A knowledge base for 
engineering  (Advanced) 

Discriminate among 
corrosion protection 

systems. 

A knowledge base for 
engineering  (Advanced) 

Analyze corrosion data. 

Investigation 
(Intermediate)  
Use of engineering 
tools(Intermediate) 

Compare theoretical 
and measure data. 

Investigation  
(Intermediate)   
Use of engineering tools  
(Intermediate)  

 
 
The laboratory portion of this course also 
addresses the graduate attributes of individual 
and team work, communication, and impact of 
engineering on society and the environment.  
Labs are conducted in groups and the teams must 
analyze data and draw conclusions within their 
groups.  The results are communicated in a 
formal report; students are expected to use a 
professional format and technical language and 

are evaluated on this criteria.  This helps the 
student improve their written communication 
skills and prepares them for professional report 
writing.  The final lab in the course addresses the 
impact of engineering on society. This lab deals 
with the real issue of buried pipeline leaks and 
their impact on the environment.  Corrosion is a 
known cause of leaks in buried pipes [3, 4] and 
this lab is designed to highlight the importance of 
corrosion protection and the dire impact of 
corrosion on society. Anecdotally, this is the 
most interesting laboratory for the students and 
draws the most enthusiasm.   
 
The presentation is completed in groups and 
improves   students’   communication   skills,   and  
team work; both graduate attributes important to 
the engineering profession.  Students present a 
relevant review of a scholarly paper that deals 
with corrosion control and prevention. This is an 
opportunity to work with peers and design an 
engaging presentation that demonstrates their 
understanding of corrosion.  Students are 
evaluated on engineering content and 
understanding but also on communication skills.  
Presentation skills are understood to be important 
in the engineering profession and the ability to 
communicate ones ideas is vital to a successful 
engineering career.  
 

4. CONCLUSION 
 
Graduate attributes are an important part of 
modern engineering education.  ENGI 8911, 
Corrosion and Corrosion Control was developed 
to incorporate many of the graduate attributes 
including: 

 A knowledge base for engineering 
 Problem analysis 
 Investigation 
 Use of engineering tools 

 
Informally, the course also touches on other 
attributes; individual and team work, 
communication skills, and impact of engineering 
on society and the environment. 
 
This course demonstrates the successful 
integration of graduate attributes into a corrosion 
course. 
 

5. NEXT STEPS 
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To further improve the course and improve 
student engagement, additional laboratories are 
being considered and developed. Opportunities 
to apply theory in real life ways are needed to 
keep the students interested and demonstrate the 
importance of corrosion to their future careers.    
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INTRODUCTION 
     Engineering design work is often done in teams. Teams work best 
when   they   draw   on   each  member’s   strengths,  whereas   teams   in  which  
members feel excluded or silenced are less likely to succeed. The first-
year undergraduate engineering design course we studied is composed of 
a very diverse student population, with over 40% of students using 
Mandarin Chinese, and just under 30% of the class regularly using 
languages other than English. In the past, linguistic clustering among 
students led to student complaints about social exclusion and a lack of 
exposure to English. 
      We manipulated team formation in order to maximize linguistic 
diversity in work groups, thereby reducing the number of complaints 
about social exclusion because of differences in language competencies 
and resulting in English being the main language used during teamwork. 
METHODS 
     We chose to manipulate linguistic diversity in team formation 
because student complaints about teammates in this class in previous 
years were most often language-related. 
     Team formation in this course in previous years was done by self-
selection. Students chose their own team members, forming teams of 4 
or, less commonly, 5 students. Every year, the patterns of team 
formation resulted in a few highly cohesive teams and a number of 
highly dysfunctional teams. Many of the cohesive teams consisted 
entirely or mostly of speakers of a shared language and, often, culture. 
Dysfunctional teams, on the other hand, tended to be made up of 
students hesitant to take the initiative in team formation mixed with 
students who showed up late on team selection day. These dysfunctional 
teams tended to start work slowly, have relatively low cohesion, and 
relatively poorer outcomes relative to teams made up of students who 
actively chose to work with one another. 
     These patterns of team formation led to certain team outcomes. Two 
types of teams in particular caused concern: teams that communicated 
almost entirely in a language other than English, and language-based 
exclusion of team members in mixed-language teams. When team 
members shared a common language other than English, team members 
communicated exclusively or almost exclusively in that language. This 
led to strong communication among team members, but made between-
team communication in English – e.g. in class presentations – more 
difficult. Linguistically uniform teams experienced less dysfunction than 
other teams, but did not benefit from the diversity of the class as a whole 
or   experience  what  working   in   today’s  global  workforce   is   really   like.  
Conversely, when a team contained several students who spoke the same 
language and who communicated in that language, excluding one or 
more members who did not speak that language, linguistic/cultural 
conflicts resulted. This situation includes teams where some students 
were proficient in English but others were not; the people with lower 
English proficiency often felt excluded and talked-over. 
     These two specific types of teams were the subjects of student 
complaints, specifically, 1. some students in groups that spoke a 
common non-English language complained about their lack of exposure 
to English because of peer pressure to speak the other language, and 2. 
some students felt talked over and excluded by either teammates 
speaking in a language they did not understand at all or by teammates 
speaking English too rapidly for them to understand. 
     In this study, we aimed to reduce the occurrence of these two types of 
problematic teams by using a team formation algorithm so that, among 
other things, no more than 50% of the members of any team used the 
same non-English language, and no more than 50% of team members 
spoke only English. 
     While language-related problems with team dynamics have been 
noted before1,2, and team formation algorithms have also been used in a 
different faculty at the University of Toronto to reduce their incidence3, 
previous algorithms were based on citizenship data rather than linguistic 
data. We chose to look directly at self-assessed language proficiency to 
ensure that we did not make assumptions about linguistic proficiency 
based on citizenship; many Canadians regularly use languages other than 
English and/or French4. 

      An online language proficiency survey developed by S. T. Scharf 
was administered at the beginning of the course. Participation in the 
survey for team formation purposes was mandatory but student consent 
to participate in this research project was optional. Teams were formed 
on the basis of students’ self-professed skill at chatting with friends, 
since informal speech and/or text messages are the main forms of 
communication used among students.  
     The output of the team formation process was expected to be teams 
roughly equal in terms of language ability and linguistic diversity, such 
that all students got exposed to teammates from language groups 
different from their own, and such that English was the only common 
language in the group, both encouraging the use of English within teams 
and reducing language-based social exclusion. Unilingual speakers of 
English would also be encouraged to slow down when they spoke 
because they would be in the minority in every group. 
 
RESULTS 
     Initial enrolment in the course was 247; 245 students completed the 
survey and 30 opted not to consent to share their data. Three students 
dropped the course, leaving a total of 213 out of 242 students whose 
language data were available for analysis – an 88.0% participation rate. 
     Survey results indicate that 93 (43.3%) of the participating students 
use Chinese, 64 students (29.8%) are unilingual English speakers, and 
the rest of the class (58 students, 27.0% of the class), regularly use other 
languages. Students used 26 languages in total (counting all dialects of 
Chinese as one language). 
     The teams formed by the algorithm appeared to be linguistically 
diverse but relatively equally matched. For instance, unlike in previous 
years, all teams seemed to be hesitant to start making decisions about 
their projects, whereas, in the past, more linguistically uniform teams 
started working together as a unit sooner than did more linguistically 
heterogeneous teams. Also unlike in previous years, there were no 
highly dysfunctional teams comprised exclusively of shy students and/or 
students with poor English skills and/or latecomers.  
     Reports from teaching assistants confirmed that overall student 
participation in tutorials increased relative to previous years’   classes.  
Unlike in previous years, students did not chat in languages other than 
English during teamwork, no students acted as translators for other 
students, and all the students seemed to be more engaged in their work, 
as evidenced by a lack of students texting or acting disengaged. 
DISCUSSION 
     It appears that taking linguistic issues into account in team formation 
in highly multicultural classrooms has the potential to improve student 
engagement and reduce the language-based problems known to occur 
when students were left to form their own teams. Given the increase in 
multiculturalism in Western countries in general, and the Canadian 
government’s   push   to   increase   the   number   of   international   students   in  
Canada to 450,000 by 2022 – up from 265,000 in 2012 – in particular,5 
this research should be of broad interest to universities striving to 
increase  the  quality  of  students’  experiences  at  their  institutions  across a 
variety of disciplines.      
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Abstract –The Higher Education Quality Council of 
Ontario (HEQCO) has established a consortium of 
institutions committed to the development of useful 
learning outcomes assessment techniques and to their 
wide-scale implementation in their institutions. Queen's 
University is one of three universities and three colleges 
of the consortium, and the Faculty of Engineering and 
Applied Science (FEAS) is participating due to familiarity 
with assessing learning outcomes as part of accreditation. 
The specific learning outcomes that are of interest to 
Queen's are Critical Thinking, Problem Solving, 
Communication and Lifelong learning.  

 
The goal of this three-year project is to assess the 

aforementioned general learning outcomes and cognitive 
skills using three assessment methods simultaneously: 
embedded course assessment, using meta--rubrics to 
score student artifacts, and using standardized 
tests/surveys.  The study will document cost and time 
required to access each of these methods in specific 
courses, analyze correlation between scores from the 
three methods, and evaluate developments of the generic 
learning outcomes over the duration of a program. We 
aim to ensure that the work of outcomes assessment is 
sustainable, works within standard course contexts, and 
can be integrated into regular course activities.   The 
paper identifies the goals of the project, current 
approach, and an example of data collection in one first-
year engineering design course. 

 
 
Keywords: Problem Solving, Critical Thinking, 
Communication, Lifelong Learning, Assessment, 
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1. INTRODUCTION 
 
The development of specific thinking, reasoning and 
communication skills is considered to be a hallmark of 
higher education.  These skills and abilities are often 
referred to by a variety of terms:  generic or general 

learning outcomes, transferable learning outcomes, 
transferable complex cognitive skills, and higher order 
thinking skills.  The ability to solve problems, think 
critically and communicate effectively are of vital 
importance for students, employers, and policy 
makers[1]-[4]. The assessment of general learning 
outcomes is a high priority for institutions in response to 
stakeholder questions regarding the quality and value of 
higher education.   This has led to a shift in higher 
education, in particular professional programs such as 
engineering, towards outcomes-based assessment and 
continuous improvement practises to demonstrate the 
development of these critical outcomes across a program 
or institution, and use the information to improve and 
enhance curriculum.   
 
Despite this focus, there are considerable questions 
regarding how to assess the longitudinal development of 
general learning outcomes in an authentic, reliable and 
sustainable manner at the program and institutional level. 
To this end, the Higher Education Quality Council of 
Ontario (HEQCO) established a consortium of 
institutions, referred to as the Learning Outcomes 
Assessment Consortium (LOAC) with the following three 
commitments: 
 

1. Develop valid and reliable assessment tools & 
techniques to measure general learning outcomes 
and cognitive skills. 

2. Commit to the widespread, sustainable 
implementation of these assessment tools in their 
institution. 

3. Share approaches and learnings with the 
consortium and other higher education 
institutions. 

 
Three universities and three colleges were selected to the 
HEQCO LOAC: Queen’s University, University of 
Toronto, Guelph University, George Brown College, 
Durham College and Humber College. As part of the 
LOAC, each institution was directed to target general 
learning outcomes of specific interest to its institution. 
 Queen’s University selected problem solving, critical 
thinking, written communication and lifelong learning as 
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the general learning outcomes. These outcomes were 
determined to be of critical importance to the institution 
as well as the students, as indicated in an exit poll of 
recent graduates (Figure 1) that revealed critical thinking, 
problem solving, leadership, writing and self-confidence 
were the five most important skills developed at 
Queen’s[5]. 
 

 
Figure 1 - Student ranking of skills developed in a Queen’s 

education 
 
The Faculty of Engineering and Applied Science is a very 
active participant in the project due to expertise in 
outcomes-based assessment with the CEAB accreditation 
mandate[6]-[8], and assessment of general learning 
outcomes in engineering[9],[10]. Three out of the four 
general learning outcomes selected by Queen’s are also 
part of the CEAB graduate attributes, and a significant 
argument can be made that elements of critical thinking 
are woven throughout all twelve graduate attributes.   By 

participating in the project, we hope to continue to build 
upon the momentum and practises established to comply 
with the CEAB accreditation mandate, and offer expertise 
for a wider-scale rollout across all programs, and allow 
the university to develop internal processes for the 
implementation, management, and assessment of 
university-wide learning outcomes that recognize and 
enhance disciplinary expectations.  
 

2. QUEEN’S UNIVERSITY APPROACH 
 
The primary goal of this project is to pilot assessment of 
general learning outcomes and cognitive skills in selected 
courses within specific departments in the Faculty of Arts 
and Science and the Faculty of Engineering and Applied 
Science at Queen’s University.  This project involves the 
following activities, all of which have been approved by 
the General Research Ethics Board at Queen’s University: 
 
A. Assessing general learning outcomes and cognitive 
skills using the following three methods: 
 

1. Using grades from course activities aligned with 
the targeted learning outcomes (type A in Figure 
2 below) 

2. Externally scored course artefacts (type B in 
Figure 2 below): artefacts aligned with the 
learning outcomes in the project will be scored 
using meta-rubrics like Valid Assessment of 
Learning in Undergraduate Education (VALUE) 
Rubrics, and other internally generated program-
specific rubrics 

3. External instruments (type C in Figure 2 below) 
including qualitative disciplinary think-aloud 
problems in small groups, and quantitative 
standardized tests of critical thinking and 
communication, including the CLA+ and 
Critical Thinking Assessment Test (CAT), and 
internally developed tools. 
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Figure 2 - The Queen’s approach to the longitudinal assessment of general learning outcomes 

 
The study will examine the correlation between 

internal course assessment and these standardized external 
measures of general learning skills. Our expectations are 
that correlations will be more robust for curricula that are 
rated a priori higher in terms of effectiveness of general 
learning skills integration. If this is not the case, we have 
a strong foundation from which to make changes to our 
general learning skills integration standards. 

 
B. Comparing and evaluating software tools to 

support assessment and evaluation of learning 
outcomes;  

 
Faculty resistance to outcomes-based assessment is 

frequently related to additional workload involved in 
assessing, storing, and analyzing data from learning 
outcomes. A sustainable process for assessing and using 
learning outcomes must include processes that support 
and minimize additional workload on faculty. A key 
support comes in the form of software, so this project will 
assess tools to manage outcomes based assessment such 
as Desire2Learn and other assessment and management 
systems 

 
2.1 Assessment methods 
 
Each of the three assessment methods in Figure 2 has 

specific benefits and drawbacks.  The use of course 
specific criterion-referenced scoring, or rubrics, using 
course deliverables (A) provides excellent opportunities 

for formative feedback to improve student learning, as 
well as providing information to the instructor for the 
purposes of course improvement.  Assessing general 
learning outcomes in this fashion also encourages faculty 
to consider how these outcomes are developed in their 
course and consider alignment between the curriculum 
and general outcomes.  The drawback of this approach is 
a limited ability to assess longitudinal development over 
multiple years and concerns about interrater consistency 
and reliability. 

 
The use of stand-alone standardized instruments (C) 

provides a means for the longitudinal assessment of 
learning outcomes over multiple years as well as an 
opportunity for intra and inter-institutional comparison. 
  The validity and reliability of these instruments are well 
established, providing robust measures for learning 
outcomes at select times in a program.  The drawbacks of 
standardized instruments are related to their cost, 
authenticity of the assessment, limited breadth of 
outcomes assessed, and issues regarding student 
motivation and test completion rates. 

 
The use of general criterion-referenced scoring using 

key or signature assessments within a course (B) provides 
a means to assess outcome development over multiple 
years.  This method uses rubrics that are intended not to 
assess outcomes in individual students, but assess 
performance in a specified cohort or program.  These 
rubrics were developed by the Valid Assessment of 
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Learning in Undergraduate Education (VALUE) project, 
a set of rubrics to measure essential learning outcomes 
using broadly shared criteria and performance levels for 
assessing student learning[11]. These rubrics can be used 
to longitudinally assess development over multiple years, 
avoiding motivation and completion rate issues of 
standardized instruments by using signature assessments 
or deliverables from a course experience. Adoption of 
these rubrics encourages instructors to establish alignment 
between curriculum, course outcomes and program 
outcomes outlined within these general criterion-
referenced rubrics.  Despite these traits, the use of these 
instruments present some drawbacks and challenges. 

The VALUE project is relatively new and there are a 
relatively small number of validated rubrics.  Adoption of 
this approach requires additional time and resources are 
required to score the course activities in this fashion, as 
they are on top of regular course grading.   Lastly, as with 
any rubric, interrater consistency and reliability are a 
concern. 

 
 

3. STUDY INSTRUMENTS 
 
3.1 VALUE Rubrics 
 

The VALUE Rubrics were initially developed through 
a project launched by the American Association of 
Colleges and Universities (AAC&U) to provide a valid 
assessment of learning in undergraduate education.  These 
rubrics are broad, discipline-neutral descriptions of 
selected essential learning outcomes of undergraduate 
education.  For each rubric, a panel of experts identified 
common themes and worked towards the development of 
discipline-neutral performance criteria.  Their efforts 
focused on: 
 

1. Performance criteria focuses on positive 
demonstration of outcomes rather than what was 
lacking 

2. Performance criteria can be used to assess to 
non-traditional modes of artifacts demonstrating 
student learning 

3. Performance criteria are developed to assess 
summative displays of student learning rather 
than developmental or formative displays 

4. Performance criteria are phrased in a manner as 
to be easily understood by non-experts 

 
There are four levels of performance criteria, from the 

benchmark level of a student entering university to the 
capstone level of a student who has just completed their 
undergraduate experience. While the performance criteria 
and levels represent a consensus of experts and can be 
used in their original form, the rubrics require 
modification to foster alignment between course, program 
or institutional outcomes and to reflect the specific 
context in which they are used.   
 

As part of the Queen’s approach, the original VALUE 
rubrics pertaining to critical thinking, problem solving, 
written communication and lifelong learning will be 
modified in the future to preserve alignment between 
course, program and standardized measures of each 
specific outcome as well as reflect the disciplinary 
expectations in which they are applied.  Initially, 
significant work was put forth in using the VALUE 
rubrics to describe general indicators for each specific 
outcome. 

 
These indicators were invaluable in communicating 

with course instructors by providing: 
1. Greater understanding of what we were 

attempting to measure. 
2. Whether or not the indicators were developed or 

assessed in their course. 
3. Selection of a suitable student artifact to assess 

with the VALUE rubrics. 
 
The indicators are shown below in Figure 3.  The VALUE 
Rubric for lifelong learning was heavily modified in order 
to better reflect disciplinary and institutional priorities and 
to foster alignment between standardized measures, the 
VALUE Rubric and course expectations. 
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Figure 3 - Study Outcomes & indicators developed from VALUE Rubrics 

 
 
3.2 Standardized Instruments 
 
3.2.1 Collegiate Learning Assessment (CLA+) 
 

The Collegiate Learning Assessment (CLA+) was 
developed and administered by the Council for Aid to 
Education (CAE).  It is an updated version of the 
collegiate learning assessment and addresses on many 
critiques and concerns of the original.  The CLA+ is 
reported to possess greater reliability and validity at the 
student level, and can be administered at the cohort level 
due to refined and increased granularity.  This is an 
improvement from the previous version, which possessed 
poor student level validity and reliability, and was only 
recommended to be used as pre-post pairing when 
entering and exiting an institution.  The CLA+ is a web-
based instrument with students logging into a secure 
browser to take the test.  The test takes 90 minutes to 
complete, with 60 minutes allotted to the performance 
task and 30 minutes allotted to the selected response 
questions. 

The core of the CLA+, the performance task, is used 
to measure critical thinking, problem solving and written 
communication and remains the key focus of the CLA+. 
The performance task presents a real-world situation in 
which students assume an appropriate role to address the 
problem, identify a solution, or provide conclusions and 
recommendations resulting from careful analysis of the 
provided evidence. The student responses in the 
performance task are graded via rubric and are scored by 
an automated system on the following scales: 
 

1. Analysis & Problem Solving 
2. Writing mechanics 
3. Writing effectiveness 

 
The performance task is supplemented with 

document-based, selected response questions, which are 
used to measure the new sub-score measures of the 
CLA+. These items are scored in an objective fashion, 
with students selecting their response to the question or 
problem resulting from careful analysis of the provided 
supporting documents. 
 

4. Scientific & Quantitative Reasoning 
5. Critical Reading & Evaluation 
6. Critique an Argument 

 
Overall, the performance task outcomes of the CLA+ 

are well aligned with the VALUE rubric outcomes for 
critical thinking, problem solving and written 
communication. While The additional selected response 
outcomes will provide a greater understanding of student 
reasoning, analytical and communication skills for both 
courses and programs. 
 
3.2.2 Critical Thinking Assessment Test 
 

The Critical Thinking Assessment Test (CAT) was 
developed collaboratively by Tennessee Technological 
University (TTU) and faculty from participating 
institutions with funding provided by the National 
Science Foundation (NSF). The primary goals of this 
collaboration were to develop a faculty-driven assessment 
tool to engage the faculty in meaningful, authentic 
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assessment of higher order skills and improving student 
learning through assessment.  The CAT is based around a 
consensus core set of five skills that comprise critical 
thinking across a variety of disciplines and 12 
representative areas in which to assess these skills[12]: 
 
1. Evaluating Information 

1.1. Separate factual information from inferences 
1.2. Interpret numerical relationships in graphs 
1.3. Understand the limitations of correlational data 
1.4. Evaluate evidence and identify inappropriate 

conclusions 
2. Creative Thinking 

2.1. Identify alternative interpretations for data or 
observations 

2.2. Identify new information that might support or 
contradict an hypothesis 

2.3. Explain how new information can change a 
problem   

3. Learning and Problem Solving 
3.1. Separate relevant from irrelevant information 
3.2. Integrate information to solve problems 
3.3. Learn and apply new information 
3.4. Use mathematical skills to solve real-world 

problems 
4. Communication 

4.1. Communicate ideas effectively 
 

 

The CAT consists of 15 questions requiring both 
quick-response items (multiple choice, binary scale) and 
short-answer essay responses that take students 60 
minutes to complete. Currently, the CAT is a paper-based 
test, with plans to move to a digital delivery system in the 
near future. The participating institutions own faculty 
score the CAT, through a “train-the-trainer” system and 
following a detailed scoring rubric. The CAT is a reliable 
and valid assessment, with authors providing studies into 
the psychometric properties of the test, rigorous 
comparison with other vetted instruments, and several 
published studies that have used the CAT.  The CAT 
represents a well-aligned standardized instrument for the 
Queen’s approach, possessing a high degree of alignment 
with the VALUE rubrics and offering a range of 
information to assess student development for both course 
and program interests. 
 
3.2.3 Motivated Strategies for Learning Questionnaire 
 

The Motivated Strategies for Learning Questionnaire 
(MSLQ) is a survey instrument designed by Paul Pintrich 
to assess students' motivational orientations and their use 
of learning strategies. It consists of fifteen scales that can 
be used singly or together, with a total of 81 separate 
items answered on a likert scale that ranges from “True of 
me” to “Not true of me at all”.  The available subscales 
and the number of question that comprise each are 
illustrated in figure 4.   
 

 
Figure 4 - Components of the Motivated Strategies for Learning Questionnaire (MSLQ). The highlighted scales are included in the 
Queen’s version of the MSLQ, the rest were excluded. 
 
  



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 014 
Canmore, AB; June 8-11, 2014 –  7 of 10  – 

Upon careful analysis and reflection, select scales of 
the original MSLQ were removed from the final study 
instrument. This was done to establish and maintain 
alignment between the MSLQ and disciplinary priorities 
regarding learning orientation and self-regulation, and 
between the MSLQ subscales and the VALUE rubrics 
outcomes.  Scales were also removed to eliminate 
duplicate measures (critical thinking) and items that did 
not align with the VALUE rubric outcomes (task value, 
test anxiety, effort regulation and peer learning).  The 
final version of the MSLQ used of this study has 7 scales 
and a total of 58 questions.  Removal and alteration of 
these scales does not affect the previously established 
validity and reliability of the MSLQ, nonetheless future 
plans include independent psychometric analysis on the 
scales in the final instrument.    

 
4. INVOLVEMENT OF FACULTY OF 

ENGINEERING & APPLIED SCIENCE 
 

With this being the inaugural year of the Learning 
Outcomes Project, data is being collected from first and 
fourth year course experiences in order to measure the 
incoming cohort and provide a benchmark for future 
comparison. The study includes courses from engineering, 
physics, psychology, and drama.  Researchers met with 
each course instructor to inform them about the project, 
relate to them the goals and requirements of the project, 
and determine a sustainable approach for the course.  
These discussions: 
 

1. Identified and mapped the study outcomes to 
course outcomes and assessments. 

2. Identified which elements of the VALUE rubrics 
for each study outcomes were developed in the 
course. 

3. Compared course outcomes with the VALUE 
rubric outcomes, modifying the rubric language 
where appropriate. 

4. Identified the appropriate assessments to use as 
key/signature assessments for VALUE rubric 
scoring. 

5. Determined appropriate times to embed 
introduction to the study, soliciting volunteers 
and administering standardized instruments 

 
For the purposes of this paper, we are focusing on the 

implementation of the Queen’s approach in the first year 

engineering course, APSC 100 Module 1: Problem 
Analysis & Modeling.  This course was selected because 
the course learning outcomes align well with the goals of 
this project.  
 
4.1 First Year Engineering Design Course 
 

Module 1 is a semester-long integrative experience 
that uses concepts from engineering sciences, natural 
sciences, and mathematics courses to solve complex 
open-ended problems. During the first week of the 
semester students are enrolled in a workshop to introduce 
them to time and study management skills, to help 
acclimate students to the expectations of a team-based 
design course.  The module is structured around model-
eliciting activities (MEAs)- problems used in class that 
are set in a realistic context that requires the learner to 
document not only the solution to the problem, but also 
their process for solving it[13]. The situations described 
in the MEAs require students to create and use a 
mathematical model of a physical system using 
MATLAB, and deal with professional issues including 
ethical dilemmas, conflicting information, and 
incorrect/missing information. This module focuses on 
developing problem solving, critical thinking, and 
communications skills[10]. 

The MEAs, being the central pedagogical and 
assessment instrument of the course, have their own 
specific outcomes.  These outcomes focus, in higher detail 
than the course outcomes, on critical thinking, problem 
solving and communication within the context of solving 
realistic, open-ended, complex engineering problems. 
There was a high degree of alignment between the 
VALUE rubric, course and task (MEA) outcomes, which 
is outlined in Figure 5. This is primarily due to the efforts 
of the instructor, having already embedded critical 
thinking, problem solving and written communication 
outcomes in the course, and carefully maintaining the 
alignment between instruction and assessment, as 
demonstrated in the course and task outcomes.   

Regarding the learning orientation and self-regulation 
outcomes, the dedicated workshops in the first week 
introduce students to effective time management and 
study skills and the instructor believes that the flipped 
nature of the course alongside the team and independent 
learning required by MEAs will foster student 
development in these areas. 
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Figure 5 - Mapping & Alignment of VALUE, Course and Task outcomes 

 
 
Figure 2 above showed the three assessment methods 
used in this study. The section below shows examples of 
how these methods were used in APSC100 Module 1. 

 
4.1.1 Assessment in APSC100 
 

After the initial discussion with the instructor, it was 
agreed upon that the course rubrics used for the 
assessment of the MEAs would be adjusted to more 
accurately reflect the language used in the VALUE 
rubrics.  Specifically, the performance criteria in the MEA 
rubrics was adjusted with the intent of the criterion level 
for the achievement of the outcomes in the MEA rubrics 
(or meeting expectations) informing the wording of the 
“benchmark” performance criteria for the VALUE rubrics 
within engineering.     
 

With the alignment preserved through the 
restructuring of rubric language and performance criteria, 
a suitable assessment point was required.  In APSC 100 
Module 1, students submit two MEAs for grading and 
also work on a mini-MEA between the graded activities 
for the purposes of formative feedback. The second MEA 
was selected as the summative piece of student evidence 
for the assessment of select outcomes and will be scored 

using the VALUE rubrics during the summer of 2014 for 
critical thinking, problem solving and written 
communication.  
 

Collecting the scores from the MEA rubrics, as well as 
the consenting student submissions for MEA was done in 
such a way to minimize impact on students and minimize 
work for the instructor course personnel. Research 
personnel were granted access to the course management 
system (Desire2Learn) enabling them to collect the rubric 
scores and artifacts for consenting students. 
 

The third assessment method used was standardized 
tests/surveys. Using standardized instruments requires a 
significant investment of time and resources of a course 
instructor. In APSC 100 all students have a two-hour 
block of studio time, in which they typically work on 
course concepts and MEA in a computer lab.  All students 
were instructed to bring their laptops to the studio session 
if they had one, if they didn’t a computer was provided 
for them.  This was an ideal arrangement for 
administering a standardized test, as the first two hurdles 
of having enough time and enough available computers 
were addressed.  The instructor agreed to fully embed the 
standardized tests within the course itself, with students 
obtaining a completion grade for the tests.  The instructor 
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also took the time in the initial lecture with students to 
speak about the study and talk to students about the 
importance of higher order skills in their course 
experience and their discipline. By endorsing the project 
as a worthy research activity and by embedding the 
instruments the typical problems associated with 
standardized tests, such as low volunteer rates and 
motivational issues, can potentially be avoided.  
 

With APSC 100 being a common first year course in 
the faculty of engineering, the large number of students 
enrolled (762) in the course afforded researchers the 
ability to have three separate cohorts, each writing a 
different standardized test (either the CLA+, the CAT or 
the MSLQ). During the first week of the semester, the 
instructor set aside the studio time so researchers could 
come into the class, introduce themselves and the study, 
issue and collect consent forms for participation, and 
administer the standardized test.   
 

By using the approach outlined above, a volunteer rate 
of 84% was achieved with 640 students volunteering to 
participate in the study.  Using only the consenting 
students, the cohort distribution had 250 write the CLA+, 
170 students write the CAT and 210 students wrote the 
MSLQ. Lastly, we had an 18%, 141 students, volunteer to 
be contacted regarding participation in activities outside 
of the course experience (think aloud activities) 

 
5. PRELIMINARY RESULTS & 

DEVELOPMENTS 
 

The focus in the 2014 – 2015 academic year has been 
identifying proper courses to participate in the study, 
working alongside instructors to maintain a positive 
experience and foster alignment between course and 
project outcomes, and data collection in 4 first year 
courses and 7 fourth year courses. The VALUE rubric 
grading along with the results from the standardized tests 
will not be available until the end of the summer of 2014.  
However, the data collected from the MSLQ was readily 
available from engineering as well as the other 
participating first year programs.  Upon collection and 
analysis, a trend emerged that led the researchers to some 
preliminary conclusions: 
 

1. Students did not properly understand their 
own motivations and learning strategies and 
answered questions on what they wanted to 
aspire to, rather than what accurately reflects 
them. 

2. The survey was poorly worded or confusing 
to students, which complicated their 
understanding 

3. The survey is best used at a different time in 
student’s university education, and not as a 
pre-post measure 

4. The students, at the beginning of their 
university education, have not yet formed an 
opinion on their motivation and learning 
strategies, having not yet applied them. 

5. The MSLQ is designed to use at the course 
level and asks students to answer questions 
that refer to the course (e.g. “In this 
course..”) or a similar course (e.g. “In a 
course like this”).  Most incoming first year 
students have never taken a university level 
course before, which differ significantly from 
high school courses, thus have a little to 
compare to. This is even more exacerbated in 
the case of unique courses (design courses, 
capstones, flipped classrooms etc.).  

 
After consulting faculty members participating in the 

study, and soliciting the opinion of educational 
psychologists, researchers decided that pursuing the 
development of a custom approach would potentially 
address many of these issues. This new approach will 
continue to use the MSLQ as its foundation, as the 
instrument provides valid and reliable measures of 
motivation, self-regulation, self-efficacy and learning 
strategies. Additionally, adopting MSLQ as a framework 
and adapting the scale items in the development of a new 
approach will help preserve the efforts made to ensure 
alignment between the VALUE rubrics and the MSLQ. 
The researchers are hopeful that through these 
improvements, the modified survey will develop into a 
valid, reliable, and meaningful approach to assessing 
learning orientation and self-regulation aspects of lifelong 
learning. 
 

6. CONCLUSIONS 
 

The researchers hope that this project will achieve 
multiple interrelated goals. It should provide data to 
evaluate the reliability of data drawn from in-class 
assessment tasks, which is the most common approach 
used to assess graduate attributes in engineering programs 
across Canada.  It will also document the costs and time 
required to run standardized instruments and scoring of 
coarse artifacts external to academic grades in comparison 
with course grading.  Efforts in this project will continue 
over the next three years, following the current first year 
cohort through the university experience. 
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Abstract – Using the results of outcomes based 
assessment for the purposes of continuous improvement, 
or closing the loop, is a frequent topic of discussion in 
higher education, and is becoming more commonplace 
amongst Canadian engineering programs. There have 
been several organizations and institutions in the United 
States that have been investigating outcomes assessment 
and how institutions use the data for improvement 
purposes. Most notable of these are the National Institute 
for Learning Outcomes Assessment and the schools 
participating the in the Wabash Study. Despite these 
investigations and discussions, there is no clear 
consensus of what a functioning closed loop resembles, 
due to the diversity that exists between one institution and 
the next. Ultimately it will be the decision of an individual 
institution as to what the final process will resemble, but 
there are some key or effective practises for continuous 
improvement that can help institutions guide and shape 
their approach to closing the loop.  
 
This paper will briefly review the current landscape in 
continuous improvement in higher education, and present 
effective practises, common themes and techniques for 
closing the loop. The intent of this paper is to provide a 
resource collection of effective practises to help develop a 
meaningful, sustainable and practical data-informed 
continuous improvement process with a focus on 
engineering. 
 
 
 
Keywords: Continuous Improvement, Closing the Loop, 
Outcomes assessment, Wabash study, Effective practise 
 
 
 

1. INTRODUCTION 
 

The landscape of engineering education has changed, 
first with the introduction of the Washington 
Accord[1]requiring member countries to adopt outcomes-
based education, and second with the Canadian 
Engineering Accreditation Board (CEAB) adopting an 
outcomes-based, data-informed continuous curriculum 

improvement accreditation mandate using graduate 
attributes (GA) [2].  While outcomes-based practises have 
existed prior to both of these initiatives, the awareness 
and application of them slowly crept into consciousness 
of engineering educators bringing with it a new way of 
talking about education and assessment.  Indicators, 
outcomes, rubrics, triangulation and Bloom’s taxonomy 
are frequently discussed topics, as evidenced by the 
growing collection of publications and attendees at the 
Canadian Engineering Education Association (CEEA) 
Annual Meetings.  Since 2012, the engineering education 
community has become comfortable with many aspects of 
the outcomes-based mandate, yet the continuous 
curriculum or program improvement side of the mandate 
is an area of much concern and question. 

More commonly referred to as “closing the loop”, 
using the results from the assessment of student learning 
outcomes for the improvement purposes appears on the 
surface to be a straightforward exercise.  Simply 
collecting the data of student performance and improving 
a single course on its own may be straightforward, but 
making meaning of the data and then effectively 
implementing a change across a program is far more 
complex. It requires a depth of understanding, 
considerable insight, knowledge of student development, 
a clear picture how students learn, effective teaching 
practises, a firm grasp of assessment, and most 
importantly, time.   

There are very few institutions, maybe none, who can 
say that they have a fully functional institution- wide 
continuous improvement process and strong evidence of 
improved learning, yet there is much research conducted 
in this area.  The most notable are the Wabash National 
Study of Liberal Arts Education, a longitudinal, large 
scale study to investigate critical factors that affect the 
outcomes of liberal arts education, and from the National 
Institute for Learning Outcomes Assessment (NILOA) an 
organization of prominent assessment scholars and 
experts.  Using these studies and publications as a base, 
alongside continuous improvement and accountability 
practises from other professional disciplines, common 
themes, effective practises and key lessons regarding 
using assessment results to improve your program can be 
found. 
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2. Accountability, Professional Programs & 

Approaches 
 

There are a diverse number of techniques and 
approaches associated with continuous improvement. 
 The majority of these techniques, along with closing the 
loop, are related to accountability, which holds 
institutions responsible for improving student 
performance[3], [4].  The topic of accountability in higher 
education is prominent in the United States and is 
inexorably linked to assessment. 

It can be split into two areas; the first is assessment for 
accountability, using assessment results to hold an 
institution accountable for student performance and is 
typically associated with external agencies, government 
and accreditation bodies and standardized testing 
initiatives[5]. The second is assessment for improving 
student learning, best put by Blaich as: 

 
“Accountability for improving student 
learning as an enactment of the moral and 
professional commitments of faculty, staff, 
and institutions, rather than as a reaction to 
externally imposed obligations. is an idea 
that rarely surfaces in the public discussion 
about assessment and accountability[6]” 
 

This viewpoint is shared by assessment professionals 
and higher education researchers[7], and alongside 
external factors (accreditation) is a significant internal 
factor behind implementing outcomes-based, continuous 
improvement process by honouring professional 
commitments as educators and truly improving student 
learning. 

Through being accountable for improving student 
learning, an institution can be accountable to all 
stakeholders by demonstrating enhanced student learning 
across both professional and non-professional 
programs[7], [8].  It is important for an improvement 
process to consider both facets of accountability, to 
clearly define what they are trying to assess and improve 
and to ensure whatever approach they employ can address 
external and learning accountabilities.  

Alongside engineering, the common professional 
programs at institutions are business and medicine, both 
of which have multiple accrediting bodies and standards. 
The requirements for accreditation across all of these 
programs share common aspects: a learning outcomes 
focus and the demonstration continuous improvement.   
Despite these similarities, there are a number of 
approaches used to address or implement a continuous 
improvement process or to close the loop. They are not 
solely used in the professionally accredited programs, but 
are also found across higher education with those seeking 

to answer questions about accountability and student 
learning[9].   

Derived from the pioneering work of W. Edwards 
Deming[10] in continuous improvement and used by 
industry to improve quality and effectiveness, several 
approaches have been modified for use in higher 
education and have shown some promise.  These include: 
Deming’s original plan-do-check-act (PCDA) cycle used 
in engineering in the SUCEED coalition[11], lean 
manufacturing and six sigma methodologies[10], [12], 
total quality management (TQM) or total quality 
improvement (TQI) applied broadly to higher 
education[13]-[15],  the balanced scorecard approach in 
accounting programs[16] and other quality improvement 
practises in nursing[17], [18] and medicine[19]. 
 

3. Effective Practise & Common Challenges 
 

The Wabash Study has been an invaluable resource for 
those interested in implementing outcomes-based 
assessment practises.  This study has helped build 
momentum to make student learning outcomes a primary 
assessment method of an institution and further the 
accountability assessment to improve student learning. 
 Even with the success of the study, several questions 
were unanswered, as stated by Blaich & Wise in their 
2011 analysis of the study: 

 
“Despite the abundant information they 
receive from the study, most Wabash Study 
institutions have had difficulty identifying 
and implementing changes in response to 
study data. Although much of the national 
conversation about assessment and 
accountability focuses on the pros and cons 
of different approaches to measuring student 
learning and experience, we have learned 
from the Wabash Study that measuring 
student learning and experience is by far the 
easiest step in the assessment process. The 
real challenge begins once faculty, staff, 
administrators, and students at institutions try 
to use the evidence to improve student 
learning.” [6] 
 

Even though this key question of ‘how to close the 
loop’ largely remains unanswered, the results from the 
Wabash study alongside the many varied approaches to 
continuous improvement in higher education can be used 
to identify effective practises and common challenges.  It 
should be noted that not all of the practises and techniques 
are required to form an effective continuous improvement 
process, nor would an institution experience all of the 
challenges.  Rather, these practises should be viewed 
guide in developing an improvement process that uses 
assessment of student learning outcomes to inform 
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decisions, improve courses and curriculum, and provide a 
meaningful contribution to furthering student learning. 
 

3.1 Effective Practise 
 

3.1.1 Have a key goal or focus to guide your 
approach 
 

Any successful outcomes-based continuous 
improvement process requires direction.  An aimless or 
undirected process is rarely successful or sustainable over 
the long term, due to lack of focus, a lack of alignment 
and a lack of engagement.  Beginning the process by 
asking questions to discern key goals, purpose or a 
specific focus will help clarify what exactly is to be 
gained by undertaking the process.   Having these key 
questions, goals and purpose will assist with engagement 
with stakeholders by establishing transparency and intent 
of the process[20].   This is especially important in 
professional programs with accreditation mandates, as an 
external mandate or pressure won’t facilitate 
engagement[8] if these mandate don’t accurately align 
with the purposes and goals of an institution or 
program[20].  Carefully fostering alignment between 
institution, program and disciplinary goals and values is 
important for building stakeholder engagement and 
developing enduring support and ‘buy-in’ for a 
continuous improvement approach[21].  This can be 
facilitated by an institutional or program framing of the 
improvement process, by carefully embedding the process 
in program review or in governance structures[20]. 
 

3.1.2 Resource identification & allocation 
 

Don’t reinvent the wheel.  There may already exist a 
meaningful amount of information previously collected 
about student learning at your institution, collected by a 
variety of sources.  It is very important to perform a 
thorough audit of this information to form benchmark 
measures, and to better shape goals, objectives, and 
methodologies[6], [20].  Additionally, an audit and 
allocation of current resources should be conducted to 
provide a resource with the capital it requires to build 
momentum and progress towards long-term 
sustainability[21].  Resource allocation should also 
include a forecast for future efforts, which should include 
the collection of stakeholder opinions for the assessment 
of the approach itself and the assessment results collected 
thus far[6], [8]. 

 

3.1.3 Leadership 
 

Effective, continuous and invested leadership is vital 
for the implementation and long-term sustainability of an 
approach.  While by-committee approaches are popular, 
clear direction and guidance is required due to the 
turnover rates associated with such governance[8].  At the 
core, embarking on an outcomes-based continuous 
improvement approach is an exercise in change 
management, and the absence of an engaging and 
effective leader will pose significant problems.  However, 
the presence of internal “champions” and “pockets of 
excellence” in outcomes-based assessment can provide 
ad-hoc leadership to help supplement a transitional leader 
or a committee based approach[20].   These champions 
typically are the early-adopters, effective educators and 
highly involved faculty or staff members.  Identifying and 
involving these people in an improvement approach is 
vital for the efficacy, short-term survivability and long-
term sustainability of an approach. 

 
3.1.4 Clear & Coherent Assessment Plan 
 
The crafting of a clear and coherent assessment plan is 

an effective practise for a number of reasons that goes 
beyond the simple mapping of the curriculum, or 
addressing accreditation.   Developing a clear assessment 
and improvement plan will help establish expectations for 
an institution or program and communicate those 
expectations to stakeholders[8], involving them in the 
process and helping build a sense of ownership, 
engagement and a sense of community at an institution or 
program[21], [22].  Embarking on such efforts will also 
help enhance assessment and improvement practises 
already in place and better use, interpret and leverage the 
data collected by said processes[20].  The continual 
nature of the approach should be addressed, with 
assessment and evaluation of the approach considered in 
the planning steps[20].  Establishing a scope of work as 
part of an assessment plan is of vital importance to not 
overreach and tax available resources.  A deliberate, 
scalable approach limiting improvements to a small 
number of areas is a sensible approach that can be 
modified and expanded once sufficient momentum is 
gained[20]. 

Most importantly, an assessment plan should include 
efficient and effective pathways for communication 
between all stakeholders involved in the process.  Without 
transparency and communication of the plan, stakeholders 
will not have an accurate picture on which to base 
decisions, and raise concerns about the validity and 
efficacy of curriculum or program improvements[8]. 
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3.1.5 Making Meaning & Improving 
 

Collecting assessment data has been shown to be the 
easiest part of an outcomes-based continuous 
improvement process[20].   Making meaning from the 
assessment results, distilling that into a set of actionable 
improvements and then implementing those 
improvements should be unequivocally easier said than 
done.  Making meaning of your data is a question of space 
and a matter of time; in order to properly understand the 
vast amount of information gained from assessment 
processes significant time must be allocated for reflection 
and in a common space for collective and collaborative 
decision making[20].  Unrealistic timelines for change, 
and exclusive discussion not involving representatives 
from all stakeholders are detriments to an improvement 
approach[8], and an ill-informed, hastily reached decision 
may be far more damaging than doing nothing.  

The data gained from the assessment process should be 
communicated widely and freely, to all stakeholders, and 
their input on how to interpret meaning and suggestions 
for improvement is considered.   This will help foster 
engagement in and understanding for the approach to 
continuous improvement in a program or institutions and 
develop a culture around assessment and 
improvement[21], [22].  Engaging all stakeholders also 
helps to establish internal accountability of the process, 
by considering diverse and conflicting viewpoints to 
achieve unbiased, actionable recommendations for 
improvement[8]. Diverse stakeholder input is an 
additional benefit when one considers the context and 
nuance of the data. Deriving meaning from seemingly 
spurious or clouded data may be made clear by a specific 
group of stakeholders with a particular level of 
insight[21]. 

Just as student learning is being assessed and improved 
by closing the loop, the approach used by an institution 
should also be evaluated and improved[8].  Embarking on 
an outcomes-based continuous improvement process is a 
learning experience.  There will be successes, challenges, 
victories and failures throughout the process as the 
approach to measure and demonstratively improve student 
learning matures.  As any student should, institutions 
should plan to self-assess their own efforts, and not just 
mindlessly collect data to meet accountability and 
accreditation requirements. High volume of data does not 
necessarily equate with high quality of data and imply a 
successful process or the improvement of student 
learning[21].  As best put by Trudy Banta: 

 
“One of the challenges of translating 
assessment evidence into improvement is 
for assessment leaders to know when 
gathering more information would help 
focus and clarify potential actions and when 
their knowledge is good enough to change a 

class or program. The goal of assessment is 
not just to gather evidence, after all, but to 
make evidence-informed changes.” [8] 

 
4. Conclusions 

 
The categories of effective practice presented above 

represent lessons learned from the successes and 
challenges of institutions undertaking their own 
continuous improvement process.  

These are not “best practises” that every institution 
should follow, but instead should be viewed as “effective 
practises” gathered from shared institutional experiences 
and the reflections of assessment professionals on the 
challenges of closing the loop. 

Many of the tenets of effective practice in the outlined 
are very well aligned with the EGAD 5-step approach to 
outcomes based curriculum development.  The EGAD 
framework was developed in collaboration with 
assessment professionals and drew from successful 
evidence-based practise in outcomes assessment.  Each 
step in the EGAD process provides key questions to guide 
a developing approach that are representative of the 
effective practises described in this paper[23] [24]. 
 

1. Program Evaluation  
a. What are the unique aspects of your program? 
b. What is the purpose of your program? 
c. What are the outcomes of your program? 

2. Curriculum Mapping  
a. Where are the outcomes developed in your 

program? 
b. Where are the outcomes assessed in your program? 
c. What mapping technique best suits your programs 

needs? 
3. Assessment & Data Collection 

a. How are you going to measure learning in specific 
outcomes? 

b. Are you triangulating measures of student learning? 
c. What is your plan to assess learning outcomes? 

4. Analyzing & Interpreting Data 
a. What do you want to know to improve your 

program? 
b. How are you going to manage outcomes 

assessment data? 
c. How will you present your data? 

5. Data Informed Curriculum Improvement 
a. What is your purpose for the current improvement 

cycle 
b. What criteria might you chose to judge the success 

of changes made 
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Whether a continuous improvement approach follows 
effective practises, a developmental ideology or 
established framework, there is a common goal driving 
the process: 
 

“the desire to improve student learning and 
to critically examine institutional processes 
and practices—from the classroom to 
extracurricular activities and everything in 
between—to inform decisions to enhance 
student learning.” [20] 
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Abstract – There is a growing demand for fire safety 
engineers. While new fire safety engineering programs 
have been created, the demand for highly qualified 
personnel is growing more rapidly than the supply of new 
graduates. One particular challenge is the ability of a 
single institution to offer the range of courses required in 
a comprehensive fire safety engineering program.  
 Fire Performance Testing and other courses in the 
UW Fire Safety Engineering program are offered in a 
modular format: lectures are given over one week, and 
students submit coursework over the following four to six 
months. This format allows a larger number of practicing 
engineers and faculty from other universities to take or 
teach courses. This paper focuses on the use of 
videoconference technology in ME 770. Since 2012 about 
half of the students, and one of the instructors, have taken 
the course or delivered their lectures by videoconference. 
Lessons learned, and efforts to establish modular fire 
courses with other universities, will also be discussed.  
 
Keywords: fire safety engineering, distance learning, 
videoconference, modular courses, graduate studies, 
continuing education, fire testing, codes and standards.   
 
 

1. INTRODUCTION 
 

Fire safety engineers and scientists face significant 
challenges in providing fire protection for occupants, fire 
service personnel and property. These challenges have 
increased in recent years. Fires involving new materials, 
such as plastics, grow more rapidly and release more 
energy and toxic combustion products than fires 
involving traditional materials, such as wood [1,2]. To 
mitigate such risks, new fire performance tests and 
standards are being developed for use in product 
regulation and engineering design. It is also important for 
engineers to understand the suitability of existing fire 
tests, many of which were originally developed to 
evaluate wooden building materials and products. In 
some cases, these longstanding tests may give misleading 
results when used to evaluate the fire performance of 

newer materials, such as plastics that melt or drip when 
exposed to flame, as noted in the scope of the Steiner 
Tunnel test, which is used to determine flame spread 
ratings of building materials [3]. 

In Canada, changes to building and fire codes over the 
past decade have also had a significant impact on fire 
safety engineering. The introduction of objective-based 
building codes, beginning with the 2005 National 
Building Code of Canada [4], has increased the flexibility 
permitted in design of fire protection systems as 
compared to previous prescriptive codes. Evolving codes, 
materials and technologies require a continually 
increasing understanding of fire science by engineers, 
scientists, architects, and regulators. Some traditional 
engineering and science programs provide entry level 
training, but many critical skills are currently acquired via 
“on-the-job” experience.  

Fire safety is also highly multidisciplinary, requiring 
thorough knowledge of a wide range of areas in 
engineering, natural, social and health sciences. For 
example, when designing a fire protection system an 
engineer must be able to understand and apply 
fundamentals of heat transfer, fluid mechanics, chemistry, 
combustion and solid mechanics to estimate the growth of 
a fire and its effects on a building. They must also be able 
to apply concepts from physiology and psychology to 
model the effects of fire and smoke on building occupants 
and first responders, and to understand ways in which 
occupants may react to fire.  

Developments in materials, testing and building codes 
have resulted in a dramatically increased demand for 
trained fire safety professionals. At the same time, as is 
the case with many other engineering disciplines, a 
significant percentage of practitioners are expected to 
retire in the coming decade. For example, in 2010 the 
Society of Fire Protection Engineers (SFPE) estimated 
that 20% of fire safety engineers were age 55 or older [5]. 
Therefore, there is a critical need to train new fire safety 
professionals.  

As part of the effort to train new fire safety engineers, 
there are on-going efforts to define the knowledge base 
necessary for fire safety professionals and to develop 
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model curricula for fire safety undergraduate and 
graduate programs [6,7]. Examining these model 
curricula it is apparent that it can be difficult to access all 
of the required expertise in a single institution, so 
collaborative programs are being developed around the 
world. In one of these programs, the EU Erasmus Mundus 
MSc in Fire Safety Engineering, which began in 2010, 
students take courses and conduct research at the 
Universities of Edinburgh, Ghent and Lund [8]. In 
Canada, complete fire safety engineering graduate 
programs are offered at the University of Waterloo (UW) 
and Carleton University. Individual fire safety 
engineering courses are offered at University of 
Saskatchewan (UofS) and Concordia University. Fire 
science research is conducted at these four universities, as 
well as other universities and the National Research 
Council.  

This paper will first outline the UW Fire Safety 
Engineering graduate program. Courses are offered in a 
modular format, which has allowed faculty from other 
universities and organizations to participate in offering 
courses, and students from across Canada to take courses. 
The paper will then focus on one course in the program, 
ME 770, and the use of videoconference technology in 
offering this course. Lessons learned over the past two 
years, and efforts to increase the number of fire safety 
engineering courses offered in Canada, are also discussed.  

 
2. UW FIRE SAFETY ENGINEERING 

GRADUATE PROGRAM 
 
 UW offers M.Eng., M.A.Sc. and Ph.D. graduate 
programs in fire safety engineering. Students may also 
take UW graduate courses as part of a certificate 
program, or individually as part of another graduate 
program or their continuing professional education. The 
program offers six courses annually, which are taught by 
UW faculty, and adjuncts and other faculty from 
universities in Canada, the US and Europe (Table 1). 
Involving faculty from other universities has allowed the 
program to offer students an opportunity to complete all 
of their required coursework in the fire safety area, as 
compared to many fire science graduate programs offered 
through mechanical engineering or other departments, 
where students may only have an opportunity to complete 
one or two fire safety engineering courses. The Fire 
Safety Engineering graduate program began in 2007. 
Between 2007 and 2013, there were 16 M.Eng., 15 
M.A.Sc. and 6Ph.D. students registered in the program. 
Forty-seven other students took individual courses as 
professional development students or as part of another 
graduate program (e.g., a M.A.Sc. in civil engineering).   

 
 
 

Table 1: University of Waterloo Fire Safety Engineering 
Graduate Courses. 

Course Instructor(s) 

Fire Dynamics Weckman (Waterloo) 

Fire Performance 
Testing 

Torvi (Saskatchewan) 
Weckman (Waterloo) 

Fire Risk Watts (Fire Safety Institute) 
Jomaas (Tech. U. of Denmark) 

Fire Resistance Kodur (Michigan State) 

Fire Modelling Inal (Waterloo) 
Weckman (Waterloo) 

Advanced Enclosure 
Fire Dynamics Strong (Waterloo) 

 
 Since its inception, all of the courses in the program 
have been offered in a modular format. Lectures are held 
over a one week period, and assignments, and laboratory 
and project reports are handed in over a four to six month 
period in the following term. This format was chosen to 
allow students from industry to attend courses, and 
faculty from other universities to teach in the program. 
During the first several years, faculty and practically all 
of the students came to Waterloo for the courses (a few 
students took these as reading courses). Over the past two 
years videoconference technology has been utilized, and 
in a typical course, about half of the students participate 
using this technology. However, practically all students 
will attend lectures in person for at least one of their 
courses.  
 

3. ME 770 FIRE PERFORMANCE TESTING 
 

The objective of ME 770 is to introduce students to the 
theory, practice and hands-on aspects of fire test methods.  
Major topics covered during the lectures and course 
readings are listed in Table 2. One particular emphasis of 
the course is to equip students to design fire experiments, 
which will assist them in their thesis research and 
professional practice. Therefore, about one day of lectures 
is spent on experimental design principles and the main 
instrumentation used in fire science. The key standard 
tests used in fire safety engineering are also covered, 
including their history and limitations.  
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Table 2: ME 770 Course Outline. 

 Sections Major Topics 

1 Introduction 
x historical basis of fire tests 
x role of fire testing in design, 

codes and standards 

2 Experimental 
Design 

x design of fire experiments 
x measurement (temperature, heat 

flux, and velocity) 

3 
Heat Release 
Rate (HRR) 
Tests 

x fire dynamics and calorimetry 
x small and full-scale HRR tests 
x combustion gas analysis 
x case studies 

4 
Ignition & 
Flammability 
Tests 

x ignition theory 
x small-scale flammability tests 
x full-scale flame spread tests 

(Steiner Tunnel, exterior wall) 

5 Fire Resistance 
Tests 

x full-scale wall and floor tests 
x fire resistance models 

6 

Fire 
Experiments & 
Reconstruction
s 

x design of field fire tests 
x case studies, collaborations 

with fire departments and 
agencies 

7 Textile Tests 
x textile flammability tests 
x protective clothing tests 
x test standard development 

8 Friday Forum x student project presentations 

 
 Another emphasis of the course is to assist students in 
developing their ability to critically evaluate test results. 
The course project requires students to select a standard 
fire test or a series of experiments of interest to their 
thesis research or professional practice. Students are 
expected to describe the history of the test, the equipment 
used, and the principles of operation. They are also 
expected to identify current issues surrounding the test, 
including technical, political and economic issues, which 
often impact standard development. The major part of the 
project is a critical discussion of the strengths and 
weaknesses of the test and how well it simulates the 
actual fire behaviour of the material being tested. 
 Students (both on campus and remote) make an initial 
presentation on the fire test of their choice on the Friday 
of the week of lectures (worth 10% of the final grade). As 
many of the students from industry use the particular 
standard test they have chosen on a regular basis in 
design, this allows other students to gain additional 
insight into the role of fire testing in engineering practice. 
Students receive feedback on their selected topic from the 
instructors and students, and incorporate this feedback 
into their formal project proposal, which is due two 

weeks after the lectures end (10% of final grade). The 
project report is due at the end of the term (30% of final 
grade).  

In addition to the lectures, laboratory sessions are also 
scheduled during the week of lectures. In 2013, tests were 
conducted using the UW cone calorimeter (Fig. 1) and 
Steiner Tunnel (Fig. 2). The teaching assistant used a web 
camera to broadcast the laboratory sessions for those who 
could not attend in person. Students were supplied with 
test data, photographs and video from these and similar 
tests conducted at UW and UofS over the last few years. 
Students completed an assignment question in which they 
were asked to analyze data from a Steiner tunnel test. One 
of the two required laboratory reports required the 
students to analyze the cone calorimeter data, present it 
using the requirements in the relevant ASTM standard 
[9], and compare the results to others obtained in the two 
labs. This last comparison allowed them to comment on 
the effects of operator, equipment, specimen preparation 
and conditioning. The other laboratory report involved 
the design of a field fire experiment, which would be 
conducted in collaboration with a local fire department. 

 

 
Fig. 1. University of Waterloo Cone Calorimeter. 

 

 
 

Fig. 2. University of Waterloo Steiner Tunnel. 
  
 Intended learning outcomes were developed for all of 
the UW Fire Safety Engineering graduate courses as part 
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of the Ontario Universities Council on Quality Assurance 
process [10]. The outcomes for ME 770 (Table 3) reflect 
the expectations that students will learn how to critically 
evaluate standard fire tests and experimental research, and 
to communicate with audiences with a wide variety of 
technical background, from engineers and researchers to 
code officials and fire department personnel.  
  
Table 3: ME 770 Intended Learning Outcomes. 

Major Outcomes 

1 
Have the ability to read, understand, use and 
critique scientific literature and codes of practice 
at the forefront of the field 

2 

Have understanding of the principles and 
application of modern instrumentation, 
computational methods, experimental design, 
performance standards and data analysis and their 
application in the field 

3 

Understand and appreciate the limitations and 
assumptions inherent in computational methods 
and experimental data and develop ability to 
critically assess and understand their implications 
on use of these tools for informed decision 
making, development of codes and standards and 
other key elements of professional practice 

4 

Have proficiency in communicating complex 
technical information and scientific concepts to a 
variety of audiences via means such as memos, 
lab and technical reports, presentations, case 
studies, engineering calculations 

Minor Outcomes 

1 

Have extensive knowledge and understanding of 
mechanical and mechatronics engineering 
fundamentals including some or all of 
thermodynamics, heat transfer, fluid flow, solids 
and materials 

2 

Have the ability to recognize current fire science 
and engineering problems, formulate questions 
and answers and carry out strategies for solving 
them even when complex and/or at the forefront 
of the emerging discipline or a developing area of 
professional practice  

3 
Have conducted critical analysis of novel issues 
or new applications with arguments to justify 
engineering decisions and judgment 

4 

Have applied advanced concepts and modelling to 
new issues and applications with critical 
evaluation and interpretation of their engineering 
limitation and significance in the context of 
professional practice 

  
 These expectations are also reflected in the course 
work that students complete. While many graduate and 

undergraduate engineering courses mainly involve 
engineering analysis, a relatively minor portion of the 
evaluation in ME 770 is based on these types of 
questions, as it is expected that students will acquire the 
necessary background theory in fire dynamics, heat 
transfer, fluid mechanics and other topics through other 
courses.   Assignments are worth 25% of the student’s 
raw grade and about half of the marks are assigned to 
numerical questions. The other half of the marks are 
assigned to reviews of experimental research papers and 
short reports on the continuing relevance of existing test 
standards in terms of engineering applications. The vast 
majority of the student’s raw grade is based on the 
laboratory reports (25%) and a course project (50%). As 
the students will have been exposed to all of the course 
material before they attempt the coursework, it is 
expected that they should be able to integrate and apply 
this knowledge in significant depth in their reviews, labs 
and project reports. 
 

4. VIDEOCONFERENCE TECHNOLOGY 
 
Lectures are held in the UW E5 Live classroom in 

Waterloo (Fig. 1). The facility includes a smart board and 
projection screens at the front and two additional screens 
at the back of the classroom. A multi-point 
videoconferencing system is used, and there can be up to 
12 remote participants. Students and the instructor can see 
both the presenter and slides (Fig. 2), as well as all of the 
remote participants. Classes are recorded and students can 
replay lectures at any time during the term that they are 
enrolled in the course. Course materials are made 
available to the students through email and the Waterloo 
LEARN online system.  

 

 
 

Fig. 1. University of Waterloo E5 Live Classroom. 
 

Students who will be participating by videoconference 
are currently provided with the following list of minimum 
requirements for the course: an “up to date” computer 
with a minimum 1 GB video card running either a 
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Windows or Mac operating system; a wired network 
connection with a minimum upload speed of 1 to 2 Mbps; 
and a web camera, microphone and speakers (or headset). 
Prior to the course, students are provided with a link to 
download the software for their computer (Cisco Jabber 
Video for TelePresence) from the UW website, along 
with a login and password. A technician is available to 
help them test the system prior to the start of classes, and 
technicians are also available during the week of classes 
to address any technical difficulties. When lectures are 
ready to begin, the system contacts the participants and 
invites them to join the videoconference. 

 

 
 

Fig. 2. Example of ME 770 Lecture. 
 
 In 2013, six students attended the ME 770 lectures. 
Two students attended the entire week in Waterloo, while 
one student split his time between Waterloo and Toronto, 
where he participated via videoconference. Three students 
participated via videoconference from their company 
offices in Vancouver. One of the instructors gave his 
lectures from Saskatoon, while the other instructor gave 
her lectures in Waterloo. One of the challenges with the 
one week format is the different time zones that students 
and instructors are in. Typically, lectures run between 
9:00 am and 5:00 pm Eastern Time, so students on the 
West Coast must begin class at 6:00 am.  
 
5. LESSONS LEARNED AND FUTURE WORK 
 
 In general, the videoconference format has been well 
received by students and faculty. Informal surveys and 
discussions have indicated that remote students realize 
that this format may have some disadvantages as 
compared to attending in person, but it has also made it 
much easier and less expensive for students to access this 
specialized graduate program. While some continuing 
professional education offerings are based on a student 
watching video or PowerPoint slides on their own, 
students in the program have expressed a preference for 
participating in the real time lectures with other students. 

While students have an option of completing this and 
other UW Fire Safety Engineering courses as reading 
courses by watching the recorded lectures, very few take 
this route. Students who participate during the week of 
lectures also comment that they will review the lectures 
over the term when they complete coursework. From an 
instructor’s point of view, the remote students have been 
very willing to ask questions and enrich the classroom 
with the professional experience that they bring to the 
class. Since the videoconference format allows more 
practicing engineers to access this and other courses in 
the program, this format has ultimately been a benefit to 
the on campus students as well. 
 The apparent success of the videoconference format 
invites the question as to whether it may be advantageous 
to return to the traditional 13 week, 3 hours/week format 
for lectures. However, practicing engineers in the 
program have expressed a preference for the one week 
lecture format, as it is easier to fit into their busy work 
schedules. In the future, one possibility may be to move 
to one day of lectures per month. Course presentations are 
currently held during the week of lectures and are used 
primarily to get feedback for the presenters from the other 
students and instructors. In future, the presentation could 
be moved to a final presentation later in the term. All of 
these ideas illustrate how present day engineering 
graduate courses need to balance the needs of on and off 
campus students, especially with the increasing emphasis 
on continuing professional education for practicing 
engineers. 
  Another issue for off campus students is access to 
library materials for their course work. The course makes 
use of ASTM standards and technical papers, some of 
which may not be easily accessed by those in industry. 
This was more of an issue when the course began, since 
in the past few years many university libraries in Canada 
have begun to subscribe to the ASTM digital library, so 
that students can download the standards through their 
university library account. The choice to use mainly 
ASTM standards is because many international standards 
cost hundreds of dollars apiece. In terms of other 
technical information, many fire laboratories have begun 
to post older technical reports on their websites, which 
has increased the amount of material that is easily 
accessible to students. Finally, the move to digital 
subscriptions for journals by university libraries has also 
increased access to journals in fire science and other 
smaller engineering disciplines.   
 Over the past two years, it has become clear that the 
minimum hardware and network requirements for 
students wishing to take the course using the 
videoconference system should be re-evaluated. 
Experience has shown that a dedicated web 
camera/microphone allows remote students to be seen and 
heard much more clearly than the camera/microphone 
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included in a typical notebook computer. Some students 
access the internet through a wireless connection from 
home, whereas for the most part a higher speed wired 
connection, such as would be found on campus or in an 
office, is necessary. While the quality of the video and 
sound from web cameras has improved, students have 
also asked that the laboratory sessions be filmed using a 
high resolution, dedicated video camera and posted on the 
course website so that they can more clearly observe the 
details of the tests.  
 Discussions are underway with colleagues at other 
universities to increase the number of fire science related 
modular graduate courses. One strategy that shows 
promise is to develop videoconference nodes at partner 
universities where students and faculty would attend in 
person. The course would be team taught by the faculty at 
the partner institutions and students would have the 
advantage of personal contact with the instructor and 
students at their node, but also benefit from the 
instruction and student participation at the other nodes.  
 Continuation of the modular approach would allow 
students to share in some lectures, yet also allow custom 
courses to be developed for different graduate programs. 
For example, the authors collaborate with textile science 
faculty at the University of Alberta. Students in the UofA 
graduate program may not be interested in wall and floor 
fire tests, but would benefit from a partial course in 
experimental design and instrumentation. The ME 770 
module on this topic could be combined with course 
material on standard textile test methods for these 
students. In turn, engineers would also benefit from a 
shorter module on textile test methods, which would be 
relevant to building elements such as carpets and curtains, 
as well as in consumer product regulation (e.g., 
upholstered furniture). 
 A one-day Fire Testing Symposium is being planned 
for May, 2014 using the videoconference node concept to 
test the above approach. The UW E5 Live facility will 
serve as the home node, with additional nodes in 
Edmonton and Ottawa. Speakers, students and other 
interested parties will attend at each of the three nodes, or 
at their own office. A more formal survey of students who 
have taken UW fire safety engineering courses is also 
planned after the April, 2014 offering of ME 770, in order 
to obtain feedback on the videoconference technology 
currently being used, the modular course format, 
scheduling and logistics, and course content and 
materials. Of particular interest is the extent to which both 
on-campus and remote participants feel that students are 
able to participate fully in the class using the present 
videoconference technology.   
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Abstract: The accreditation requirement is that all 
engineering students be introduced to their professional 
responsibilities, and particularly, those relating to 
“social, health, safety and legal” aspects.  There is no 
definition as to what this entails, and there are 
considerable differences between schools in delivered 
content. 
 
Ontario has made two substantial changes to Health and 
Safety legislation and regulation.  Workers, supervisors 
and employers have always been covered by the 
legislation; the legislative changes mean that students are 
now covered under Occupational Health and Safety 
legislation.  This change brings all undergraduate 
teaching facilities into compliance with the Industrial 
Regulations.  The impact on research will be profound as 
all research laboratories will workplaces, under the 
Industrial Regulations, and supervisors will have 
"supervisory'' obligations for their students. 
 
Ontario now requires that all workers have introductory 
training on the health and safety system as well as 
training on workplace specific hazards.  All supervisors 
are required to complete training on their responsibilities, 
including hazard recognition.  This training is available 
as e-modules, and this minimum training is acceptable for 
all workplaces, and workplaces are allowed to use their 
own materials so long as they cover a defined list of 
topics.  The supervisory level material defines a minimum 
standard of content for all engineers, which is readily 
supplemented by additional content, such as working at 
heights, WHMIS, and electrical safety. 
 
Keywords: Health and Safety; WHMIS, Professionalism 
 
 
 
 
 
 
 

1. INTRODUCTION 

 
The practice of engineering is a regulated profession.  In 
Canada, the provinces are responsible for regulating the 
profession, and professionals need to be licensed in the 
jurisdiction in which they work. 
 
Engineering in Ontario is defined as follows: “practice of 
professional engineering” means any act of planning, 
designing, composing, evaluating, advising, reporting, 
directing or supervising that requires the application of 
engineering principles and concerns the safeguarding of 
life, health, property, economic interests, the public 
welfare or the environment, or the managing of any such 
act;” [1].  An engineer’s primary duty is to the public and 
not the employer and not to the client.   
 
A different way to say this is that when an engineer 
makes a mistake, the consequences can be enormous.  
The famous examples include the Challenger and 
Columbia, and Columbia is more troubling because not 
all of the lessons learned from Challenger were learned.  
There are Bhopal, Seveso and more recently West, Texas 
and Lac Megantic.  Montréal is dealing with le Pont 
Champlain, and Toronto has the Gardiner Expressway, 
and aging infrastructure, and there is the Elliot Lake mall 
collapse.  At the heart of all of these high profile issues is 
the balance of business and engineering decisions – or 
ethics and judgment. 
 
The Accreditation requirements specifically mention 
safety in regards to the attributes of Design, as well as 
with regards to the Impact of engineering on society and 
the environment.  Thereafter, safety is mentioned in 
regards to Laboratory Experience and Safety Procedures 
instruction. [2]  No guidance is provided on what this is to 
entail.  This submission begins to define a minimum 
standard against which the accreditation requirements can 
be judged.  
 

 
2. LEGISLATIVE BACKGROUND 
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In Ontario Occupational health and safety legislation was 
introduced in 1978, following from the Ham Commission 
on the health and safety of workers in mines. [3, 4]  The 
act covered all workers (under provincial jurisdiction), 
with workers defined as a person who performs work or 
supplied a service for monetary compensation.   
 
This created an intriguing issue in the education 
profession. Schools, colleges and universities are all 
workplaces under the law.  Faculty and teaching assistants 
are all workers under the law.  However, students are not 
workers, under the law.  The protection due to students 
falls to the duty of care provisions of common law. 
 
The same is true for recreational facilities.  The workers 
are covered by health and safety legislation, and the 
patrons are not. 
 
In the event of a critical injury or fatality of a worker in a 
workplace, the Ministry of Labour must be contacted and 
the Ministry must investigation.  The scene must be 
protected from change until released by the Ministry 
inspectors. 
 
Yet, if a student or patron is injured or killed, the Ministry 
of Labour is not brought in.  Further, an investigation, if 
any is conducted by the police (a criminal investigation 
purposes) or the coroner (in cases of fatalities). None of 
these investigations have the goal of identifying the root 
causes and of ensuring that changes are instituted in order 
to prevent a recurrence.   
 
This issue was settled in law in a case involving the Blue 
Mountain Resorts and the drowning death of a patron in 
2007.  An inspector originally charged the resort with 
failure to report the incident.  The case was supported by 
a decision of the Ontario Labour Relations Board.  
However, it was overturned by the Ontario Court of 
Appeal.  The Court of Appeal defined the boundary of the 
Ministry of Labour as to being where there is some 
“reasonable nexus between the hazard giving rise to the 
death or critical injury and a realistic risk to workers’ 
safety at the workplace”. [5] 
 

3. IMPACT ON EDUCATION 
 
On May 26, 2011, a student was killed in a shop incident 
at an Ottawa area high school.  On August 16, 2012, the 
Ottawa Catholic District School Board pleaded guilty to 
various charges under the Occupational Health and safety 
Act.  Specifically, to failing, as an employer, to provide 
information, instruction and supervision to the teacher 
concerning safe work practices and recognition of the 
hazards associated with the class project. [6] 
 

This case is similar to one underway in California.  On 
December 29, 2008, a recent chemistry graduate, then 
employed as a Research Assistant, was fatally burned in a 
laboratory incident.  The University of California was 
charged by the California Division of Occupational 
Health and safety, and settled the case out of court, in an 
agreement that dropped the felony charges against the 
university.  The felony charges against the chemist’s 
supervisor are being tried in court. [7] This is the first 
North American case of a university supervisor being 
charged followed a laboratory incident.  Sussex 
University was prosecuted by the UK Health and safety 
Executive (HSE) following an incident in which a piece 
of metal was shot into a student’s abdomen. [8] 
 
Subsequent to the settlement of the Ottawa case, the 
Ontario Ministry of Labour, and the Ontario Ministry of 
Education agreed that in the Ministry of Labour 
inspectors were to be notified following of all critical 
injuries and fatalities of student in which the same hazard 
could have impacted an employee.  The same 
arrangement exists with the Ministry of Training, 
Colleges and Universities, and impacts all universities in 
the province. 
 
Of more importance is the change in the definition of 
“worker” under the Occupational Health and Safety Act.  
The new definition is: “worker” means any of the 
following, but does not include an inmate of a 
correctional institution or like institution or facility who 
participates inside the institution or facility in a work 
project or rehabilitation program: 
    1.  A person who performs work or supplies services 
for monetary compensation. 
    2.  A secondary school student who performs work or 
supplies services for no monetary compensation under a 
work experience program authorized by the school board 
that operates the school in which the student is enrolled. 
    3.  A person who performs work or supplies services 
for no monetary compensation under a program approved 
by a college of applied arts and technology, university or 
other post-secondary institution. 
    4.  A person who receives training from an employer, 
but who, under the Employment Standards Act, 2000, is 
not an employee for the purposes of that Act because the 
conditions set out in subsection 1 (2) of that Act have 
been met.  
    5.  Such other persons as may be prescribed who 
perform work or supply services to an employer for no 
monetary compensation; (“travailleur”). [9] 
 
It is a fair comment to suggest that there were several 
drivers for the change in the definition.  High school 
students are required to complete a volunteer position 
prior to graduation, and this change makes it evident, in 
law, that organizations which use the services of 
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volunteers are responsible for the safety of those 
volunteers, and that the standard is the same as that for 
employees.  The change also is part of the larger issue of 
addressing “internships”, and ensuring that employers are 
responsible for ensuing the safety of “intern”, and to the 
same standard as employees. 
 
The revised definition has the impact of defining students 
as having the same rights (and responsibilities) as 
workers.  It is evident that all research studies (graduate 
and undergraduate) meet the definition.  Further, if the 
student is performing research in a different country or 
province, the Ontario standard will apply to students from 
an Ontario university. 
 
The various legal issues are converging to the place 
whereby all student activities must be considered as if an 
Employer-Employee (archaically called a Master-Servant) 
relationship exists between the parties.  The civil law duty 
of care principle exists, and that it has been codified in the 
law.   
 

4. CRIMINAL CODE 
 
While the discussion refers to Ontario provincial law, it is 
important to consider S217.1 of the Criminal Code of 
Canada. [10]  The text states that “Every one who 
undertakes, or has the authority, to direct how another 
person does work or performs a task is under a legal duty 
to take reasonable steps to prevent bodily harm to that 
person, or any other person, arising from that work or 
task.”  
 
This clause has been tested in court, and the courts have 
passed judgement on its constitutionality.  The clauses are 
one of the outcomes of the Westray explosion. [11] 
 

5. AN ENGINEERING EDUCATION 
 
There is no agreed definition of the required content for 
legislation, codes and standards as well as health and 
safety for an engineering education.  In the absence of a 
standard, engineering educators are able to create their 
own.  And, there are very good starting points. 
 
In Ontario, all workers must receive a basic training in 
health and safety.  The content has been defined as: 
- Rights and responsibilities of worker and supervisors, 
under the Occupational Health and Safety Act 
- Roles of workplace parties, health and safety 
representatives, and joint health and safety committees 
- Roles of the Ministry of Labour, Workplace Safety and 
Insurance Board, and health and safety partners, including 
WSPS 
as well as to receive instruction on 
- Hazard recognition 

- Right to be informed of hazards 
- Reference to an employer’s obligations to provide 
information and instruction to workers about controlled 
products 
- Latency and illness related to occupational disease 
 
Given that all students will become workers at some time, 
this seems a reasonable place to start.  The Ontario 
Ministry of Labour has developed guidebooks, in multiple 
languages, which are available in both printed and pdf 
format.  Further, there is an on-line course with its own 
test. [13]  The students can be required to complete the 
course, and to provide an electronic copy of their 
certificate as proof of completion, as part of the “not-
closely supervised” portion of a first year course. 
 
There is a higher level of training available for 
supervisors, again both as printed and pdf versions in 
multiple languages, with an e-course with a test.  The 
supervisor level has additional material that covers the 
supervisors’ responsibilities for Hazard Recognition, 
Hazard Assessment, Hazard Control.  [14] This 
component could be included in an upper year design 
course, and clearly would be a requirement of any 
entrepreneurship course. 
 
The advantage of using the Ministry of Labour material is 
that standard of the training is defined by the Ministry of 
Labour.  Getting all engineering students to this level will 
be a major accomplishment. 
 
Further, there is the ability to bring aspects of the 
Canadian law and Canadian cases into the Introductory 
Engineering courses.  The Westray explosion is well 
documented.  The Metron case involves the deaths of 4 
workers following the collapse of a swingstage; all were 
wearing fall arrests, none of which were tied off.  The 
Elliot Lake roof collapse is a third example of the Duty of 
Care.  This material can be covered as case studies. 
 

6. SUMMARY 
 
The changes in the legislative requirements on health and 
safety have been presented.  An initial definition of the 
minimum standard for an engineering education has been 
presented.  Simple, and freely available tools have been 
presented and discussed.   
 
In particular, the role of supervisors, and in particular the 
role of research supervisors will change.  It will no longer 
be acceptable for research supervisors to be ignorant of 
the daily practices in their laboratories. 
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Abstract: The key to a successful engineering project is 
the early identification of hazards, followed by designing 
the process in such a way as to remove the hazard, or to 
develop means to mitigate the risk.  A Hazard is an 
inherent property of a substance or device which can 
cause harm to people, property, the environment, or to a 
business (loss of reputation).  Any one hazard can cause a 
loss through a number of hazardous events.  Each event 
has a specific loss quantity and frequency.  Risk is the 
product of the consequence and the frequency/probability 
of the hazardous event. 
 
A learning module, that introduces the concepts of hazard 
and risk, has been developed, which is targeted at upper 
year engineering students.  The module has examples 
from various disciplines and leads through the concepts 
of hazard identification and hazard reduction.  Risk 
quantification is introduced, as are several techniques for 
risk quantification.  Finally, the management of risk, 
including the management of residual risk  
 
The module was provided to a class of 3rd year chemical 
engineering students, to supplement an existing course in 
which inherently safer design techniques are taught 
through use of case studies and a design project.  Student 
feedback will be presented.  The module will be available 
for use in fall of 2014. 
 
Keywords: Health and Safety; Risk Assessment; Risk 
Management  
 

1. INTRODUCTION 
 
Engineering and business decision-making is all about 
risk and risk management.  People make risk-based 
decision every day, and usually without thinking about 
them.  The problem is that in the absence of a formal 
decision making process – unexpected incidents can and 
do occur, with unintended consequence. 
 
Risk appears in two of the Graduate Attributes: Design 
and Economics and Project Management. [1]  Risk 

management begins with an understanding of hazards and 
risk. 
 
A hazard is defined as a chemical or physical condition 
that has the potential for causing damage to people, 
property, or the environment.  [2]  The definition is 
deceptively simple.  It includes the chemical reactivity 
hazards as well as those of elevated pressures.  High 
voltage, or corrosion on a grounding wire is a physical 
condition.  Working at heights is a physical condition, as 
are wet floors, and the typical hospital beds (which lead to 
muscle strains for nurses). 
 
Risk is a measure of human injury, environmental damage 
or economic loss in terms of both the incident likelihood 
and the magnitude of the loss or injury. [2]  Risk requires 
an understanding of both the magnitude and the likelihood 
of an incident occurring.  A risk-based decision involves 
first assessing the risk, and then deciding whether to 
proceed with the activity, knowing the risk.  It requires 
the establishment of a “risk tolerance”. 
 
This presentation discusses a module (a set of slides), 
with test questions, which has been developed for 
providing instruction and support for engineering students 
to understand the concepts of hazard identification, risk 
assessment and then risk management. 
 
The module will be presented, along with student 
feedback from the first test usage. 
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Abstract – Historically, accreditation of engineering 
programs has relied on the use of input-based assessment 
of a program by framing major categories and identifying 
accreditation unit totals for each category. Beginning in 
2014, compliance with an outcomes-based assessment of 
program quality and implementation of a program 
improvement process is also required.  

 
The introduction of graduate attributes assessment at 
BCIT prompted faculty members to question the 
relationship between existing learning outcomes and 
indicators of graduate attributes. Since both outcomes 
and indicators are written to describe competencies, 
faculty hypothesized that correlation exists between them. 
 
Upon further investigation, faculty, staff, and 
administrators at BCIT came to understand that there is a 
relationship between learning outcomes and indicators of 
graduate attributes, but they are not synonymous. 
Indicators are required to build a normalizing bridge 
between outcomes and attributes. They provide a rational 
relationship between a   curriculum’s   individual course 
learning outcomes and the twelve graduate attributes 
mandated by the Canadian Engineering Accreditation 
Board..  This is especially important for subjective 
expectations of learning where there is not an obvious 
one-to-one relationship between learning outcomes and 
attributes 
 
Keywords: graduate attributes; learning outcomes; 
outcome based assessment. 
 
 

1. INTRODUCTION 
 
The British Columbia Institute of Technology (BCIT) 
offers industry-informed programs with a focus on 
experiential teaching and learning, and outcomes-based 
assessment. Each course delivered at BCIT is required to 
develop a comprehensive list of learning outcomes 
embedded within a course outline. Learning outcomes 

specify   what   learners’   new   behaviours   will   be   after   a  
learning experience, and state the knowledge, skills, and 
attitudes that the students will gain through a course. 
 
The establishment of a faculty wide engineering graduate 
attributes assessment project prompted questions of 
overlap between learning outcomes and indicators of 
graduate attributes.  Faculty members wondered whether 
aspects of the graduate attributes project represented a 
duplication of activity, and they challenged the value of a 
separate, stand-alone process.  
 
The graduate attributes project leadership group at BCIT 
embarked on a journey to define the relationship between 
the two. Faculty buy-in and project success would 
improve with this reconciliation. 
 
 

2. QUESTIONS 
 

In 2012 faculty leaders in each engineering department 
followed the recommendation of the Engineering 
Graduate Attributes Development Project (EGAD) and 
commenced the writing of indicators of  graduate 
attributes. Indicators of graduate attributes are written to 
describe what the student will be able to do, the level of 
complexity at which they will do it, and the conditions 
under which learning will be demonstrated [3]. Existing 
learning outcomes were removed from the conversation 
and left in their independent and functioning role. Faculty 
members were lead through a workshop on writing 
indicators and a draft list of indicators was compiled 
[7][7]. 
 
Early contributors to, and adopters of,  the graduate 
attribute framework recognized many similarities between 
learning outcomes and indicators of graduate attributes.     
 
Learning outcomes and indicators of graduate attributes 
describe competencies. Both communicate expectations 
of learner’s, and   graduates’   skills   upon   program  
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completion.  Both provide an objective benchmark for 
assessment.  Faculty hypothesized that the extent to which 
correlation exists between them meant they could, in fact, 
be synonymous.  Therefore, why have both learning 
outcomes and indicators of graduate attributes? 
 

3. ASSOCIATING LEARNING OUTCOMES 
AND INDICATORS OF GRADUATE 

ATTRIBUTES 
 

BCIT Faculty is counselled to write learning outcomes 
that   ‘define  coherent  units  of   learning  that  can  be  further  
subdivided or modularized for classroom or for other 
delivery’ [9].  For a typical course in an engineering 
program, the recommended number of learning outcomes 
is 5 to 12. Table 1 summarizes the total number of 
learning outcomes defined for each program. 
 
Table 1: Program Courses, Learning Outcomes and Indicators 

 Number 
of 
Courses 

Number 
of 
Learning 
Outcomes 

Number 
of 
Indicators 

Civil 
Engineering 80 609 73 

Electrical 
Engineering 52 546 73 

Mechanical 
Engineering 59 533 73 

 
  A specific example, Electrical Engineering’s   ELEX  
7720 – Linear Feedback Control, has 11 defined course 
learning outcomes, shown in Table 2. 
 
Table 2: ELEX 7720 Linear Feedback Control Course Learning 
Outcomes 

1 Define what is linear feedback control. 
2 Describe the conditions for and limitations of 

linear feedback control. 
3 Prepare a set of control system performance 

objectives. 
4 Propose measures by which performance may be 

gauged. 
5 Recommend an appropriate control strategy to use 

based on process characteristics and performance 
objectives. 

6 Design a 3-term PID controller using an 
appropriate choice of empirical, semi-empirical, 
or analytic approach. 

7 Describe practical concepts and limitations of 
controller implementation such as direct/reverse 
acting controllers, bump-less transfer, and 
integrator anti-windup schemes. 

8 Justify reducing the order of a system model  and 
approximating nonlinear terms, in order to make 

the problem tractable for linear process control 
design 

9 Analyze implications of making model 
simplifications on the final system performance. 

10 Design controllers using both time domain and 
frequency domain approaches. 

11 Develop facility with tools including Labview, 
MATLAB, and Simulink for use in process 
modeling, controller design, and simulation and 
analysis. 

 
Notice the tight coupling of language used in the 
expression of the learning outcomes to course content and 
the technical knowledge that will be gained as a result of 
taking the course.  Also notice that the list of learning 
outcomes tends to shadow module delivery. 
 
When asked to reflect upon which graduate attributes 
were being developed in this course, the instructor 
reported attributes 1-7 of the twelve listed in Table 3.   
 
Table 3: Engineering Graduate Attributes 

1. Knowledge base for engineering 
2. Problem analysis 
3. Investigation 
4. Use of engineering tools 
5. Design 
6. Individual and team work 
7. Communication skills 
8. Professionalism 
9. Impact on society and environment 
10. Ethics and equity 
11. Economics and project management 
12. Lifelong learning 

 
The development of these attributes, in particular 
attributes 6 and 7, are not at first glance easily 
recognizable from the listed learning outcomes. 
 
If it is agreed that each learning outcome should exhibit a 
direct line of sight to one or more graduate attributes, and 
if the team purports that assessing a learning outcome 
with an existing assessment tool will help gather direct 
evidence of mastery of a graduate attribute, then the 
outline of a relationship has been established.  
 
The graduate attributes leadership team embarked on an 
exercise to associate learning outcomes and attributes.  In 
some cases, there was an obvious 1:1 relationship, 
however, in other cases the relationship was 1:many. The 
graduate attributes leadership team also recognized 
another truth associated with the identity of these core 
components. Learning outcomes were used to measure an 
individual’s   performance   in   a   course,  whereas   indicators  
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of attributes were   used   to   measure   a   program’s  
performance and overall effectiveness. 
 
With this information in mind, faculty members began to 
map learning outcomes to indicators, and to graduate 
attributes. The initial hypothesis was: if it is possible to 
show a one-to-one relationship between a learning 
outcome and an indicator, then it is possible to use the 
existing assessment tool (or part of it) for that outcome as 
a direct measure of a graduate attribute.  
 

4.  FINDINGS 
 
In practice, indicators provide a bridge between the 
course-focused learning outcomes and the program-
focused attributes. Indicators also provide a leap pad 
between approximately 1700 learning outcomes and the 
12 attributes, making it possible to show direct linkages 
between outcomes and attributes for the purpose of data 
collection.  
 
Referring back to the ELEX 7720 example, it is perhaps 
not surprising that some of the more technically focused 
graduate   attributes,   for   example   ‘2:   Problem   Analysis’,  
could clearly be related one-to-one between an indicator 
of the graduate attribute and a stated course learning 
outcome, as shown in Table 4.  
 
Table 4: One-to-one mapping of ELEX 7720 learning outcomes 
and indicators of problem analysis  
Learning Outcome Indicators of Problem 

Analysis 
5. Recommend an 
appropriate control strategy 
to use based on process 
characteristics and 
performance objectives. 

2.2.3 Select the best 
process to solve an 
engineering problem. 

8. Justify reducing the 
order of a system model  
and approximating 
nonlinear terms, in order to 
make the problem tractable 
for linear process control 
design 

2.2.1 Create a 
process/solution method for 
solving a problem, 
including forming justified 
approximations and 
assumptions 

 
Furthermore, for example in the case of the graduate 
attribute   ‘5:   Use   of   Engineering   Tools’,   if   the   learning  
outcome was broken down into sub-outcomes, a mapping 
to indicators of this graduate attribute could be made, as 
shown in Table 5. 
 
Table 5: One-to-one mapping of ELEX 7720 learning sub-
outcomes and indicators of use of engineering tools  
Learning Outcome 
11.  Develop facility with tools including Labview, 
MATLAB, and Simulink for use in process modeling, 

controller design, and simulation and analysis. 
Learning Sub-Outcome Indicators of Use of 

Engineering Tools 
11.1 The student can 
combine tools including 
Labview, MATLAB, 
and Simulink to take 
maximum advantage of 
their use in process 
modeling, controller 
design and 
implementation, and 
simulation and analysis. 

5.2.1 Identify the strengths 
and limitations of tools for (i) 
acquiring information, (ii) 
modeling and simulating, (iii) 
Monitoring system 
performance, and (iv) creating 
engineering designs. 

11.2 The student can use 
Simulink to construct a 
simulation of a non-
linear dynamical system 

5.2.2  Demonstrate 
proficiency in using discipline 
specific tools 

11.3 The student can 
select the appropriate 
numerical integration 
technique to minimize 
Simulink numerical 
errors 

5.3.2 Verify the credibility of 
results from tool use; 
appreciate the accuracy and 
limitations, and the 
assumptions inherent in their 
use. 

 
It turns out that for ELEX 7720, graduate attributes 1 to 5 
can be connected one-to-one with the learning (sub)-
outcomes defined for this course.   
 
Graduate attributes  ‘6:  Individual  and  Team  work’  and  ‘7:  
Communication’   do   not   fit   into   this   framework.      The  
instructor did not have a stated learning objective that 
could be mapped to an indicator of the graduate attribute.  
Rather, development of attainment of these attributes is 
embedded in expectations of formal laboratory reports 
and oral presentations, and requirement for participation 
in team project work.   In other words, the learning 
associated with these attributes is woven into the course.  
Development of these attributes often occurs as a result of 
how the course is delivered: the method, the mode, the 
model.  
 
We have come to understand that there is a relationship 
between learning outcomes and indicators of graduate 
attributes, but they are not synonymous.  The graduate 
attributes provide a comprehensive statement of 
competency, and are both explicit and implicit 
expectations in course work.   Course learning outcomes 
are highly specific to course content and always explicit, 
measurable statements of expectation and competency.  
 
 
5. GRADUATE ATTRIBUTE INFORMATION 
FROM LEARNING OUTCOME ASSESSMENT 
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Where there is a one-to-one relationship between learning 
outcome (or sub-outcome) and indicator, it is possible to 
use existing assessments to gather direct evidence of 
competency. However, if there is no one-to-one 
relationship between learning outcome and indicator, as is 
the case for most of the subjective attributes, an 
assessment  tool  must  be  developed  to  ensure  an  “apples-
to-apples”   comparison.  A   rubric   tool  where   each   line   of  
the rubric represents an indicator is a perfect assessment 
tool for this purpose.  
 
The following is a case study from Civil Engineering 
CIVL 7090 – Capstone Design Project, demonstrating the 
use of indicators as a bridge between learning outcomes 
and graduate attributes. The result is an assessment tool 
developed for a particular outcome that can be used to 
collect direct evidence of graduate attribute mastery.  
 
In order to progress in our understanding of the 
relationship between learning outcomes and indicators of 
graduate attributes, Civil Engineering faculty members 
were asked to complete a matrix for each of their courses. 
In the left column is a list of learning outcomes. The 
twelve columns on the right represent the twelve graduate 
attributes. Faculty members were asked to indicate if each 
learning outcome related to each of the twelve attributes.   
As shown in Table 6, CIVL 7090, maps its learning 
outcomes as shown, resulting in formation of a one-to-
many relationship between learning outcomes and 
graduate attributes.   
 
Table 6: CIVL 7090 – Capstone Design Learning Outcome to 
Graduate Attribute Mapping 

CIVL 7090 Course 
Learning Outcomes 

CEAB Graduate Attributes 
 
1 2 3 4 5 6 7 8 9 1

0 
1
1 

1
2 

Design a civil 
engineering project 
from conception 
through to a completed 
plan. 

X X X X X X X X X X X X 

Integrate information, 
ideas and concepts 
from previous courses 
into a comprehensive 
design effort. 

X X X X X X X  X  X X 

Apply civil 
engineering concepts 
to real-world 
engineering practice. 

X X X X   X X X X X X 

Critically assess 
engineering decisions X X X X    X X X X X 

with respect to 
economic implications 
and environmental and 
societal impact. 

Work collaboratively 
as part of a team to 
complete a project 
according to pre-
determined 
specifications. 

 X    X X X  X X X 

Produce a list of 
references that 
demonstrate library 
and internet searches to 
find specific 
engineering 
information. 

X X X X X       X 

Write an engineering 
report to industry 
standards. 

X   X X X X X X  X X 

Make formal oral 
presentations 
summarizing 
individual design work. 

    X X X X   X  

   
In order to manage this one-to-many relationship, the 
faculty member developed an assessment tool for a single 
learning outcome with the capability of measuring 
mastery for several attributes.    For example, CIVL 7090 
has eight defined learning outcomes, one of which is 
“Write  an  engineering  report  to  industry  standards”.    This  
learning outcome has association with nine graduate 
attributes.  In the rubric associated with the marking of 
the final report for the Capstone project, data for seven of 
the nine graduate attributes are assessed using nineteen 
indicators of graduate attributes, a portion of which is 
shown in Table 7. A separate sheet contained descriptors 
of the five levels of mastery for each project component. 
 
Table 7: CIVL 7090 Capstone Design Project Report Marking 
Rubric 

 Level of Mastery  
Grad Attrib 

Indicator 
Ref. # 

Below 
Expect
ations 

Devel
oping 

Compe
tent 

Profi
cient 

Exceeds 
Expectati

ons 

COMPONENT LEVEL: 1 2 3 4 5  

Report Appearance: 
General appearance, 
Title page, Table of 
Contents, disclaimer 

      

Executive Summary      7.1.2 

Writing Skill: 
organization, 
spelling, grammar, 

     7.1.2 
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clarity, conciseness 

Visual aids: figures, 
tables 

     7.3.1 

References: correct 
referencing of 
information  

      

Project Description: 
background, 
objectives, 
constraints 

     7.1.2 

Design Problem 
Definition 

     4.1.1 

Civil Engineering 
Knowledge Base: 
Application of Civil 
Engineering laws and 
principles 

     1.4.1 

Engineering 
Resources: Locating 
and applying library, 
internet, and 
software resources 

     5.2.2 

Lifelong Learning: 
source and 
comprehend 
technical literature 

     12.3.1 

 
  
The relationship between learning outcomes, indicators, 
and graduate attributes is complex. Indicators are required 
to build a normalizing bridge between outcomes and 
attributes. In other words, indicators provide a rational 
relationship between the program learning outcomes and 
the graduate attributes, especially for subjective 
expectations of learning where there is not an obvious 
one-to-one relationship between an outcome and an 
attribute.  
 
 
 
 

6. MOVING FORWARD 
 
The twelve graduate attributes provide an excellent 
framework to ensure program quality. A clear 
understanding of the equilibrium-like relationship 
between learning outcomes and graduate attributes allows 
faculty members to (a) ensure a direct line of sight 
between course-based learning outcomes and attributes, 
and (b) an opportunity to reflect on gaps in the list of 
indicators.  
 
The graduate attribute project provides an opportunity to 
revisit learning outcomes to ensure they align with the 
industry-valued graduate attributes. Over time, direct 
evidence of learning, modification of assessment tools, 
and edited lists of indicators will help ensure all 
stakeholders keep program quality front of mind.  

 
Initially, the graduate attributes project leadership group 
anticipates an overlap of learning outcomes and indicators 
of graduate attributes, shown in Figure 1, that allows for 
some outlying outcomes. We will be challenged to 
consider whether these learning outcomes are relevant. 
For example, application of the rubric for CIVIL 7090 led 
to the realization that there was no indicator (providing 
linkage to graduate attributes) for one line in the rubric 
that the instructor deemed important to assess.  If the 
learning outcome is deemed relevant, we will be 
motivated to modify our indicators to ensure we include 
what’s  important.   
 
 

 
Fig. 1: Current Learning Outcome to Graduate Attribute 

Mapping 
 

As the graduate attributes project progresses, we 
anticipate an alignment between learning outcomes and 
graduate attributes represented by a set of circles where 
the learning outcome set is completely enclosed by the 
graduate attributes but not perfectly superimposed, as 
shown in Figure 2. The gap where there are no learning 
outcomes, but still graduate attribute development and 
assessment required, will prompt the need for assessment 
tools, such as the rubric for CIVIL 7090.  

 
 

Fig. 2: Learning Outcome to Graduate Attribute Mapping 
 
Over time, as the data analysis guides program review, we 
expect that explicit learning outcomes will be written to 
cover previous gaps, eventually resulting in a two 
perfectly superimposed circles, Figure 3.  
 

Indicators 
Learning 

Outcomes 

Indicators Learning 
Outcomes 
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Fig. 3: Learning Outcome to Graduate Attribute Mapping 

 
En route to two perfectly aligned circles, the process will 
be iterative and organic. This prompts a review of the 
relevant indicators and the cyclical process of program 
improvement continues.  
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Abstract – While there many approaches to 
experiential learning, open-ended problem-based 
learning is believed in literature to be the most effective 
approach. However, in the teaching of engineering, this 
approach is resource intensive. Consequently, it is usually 
confined to a single capstone course in engineering 
programs. On the other hand, laboratory-based learning, 
which is one of the oldest forms of experiential learning, 
is less resource intensive than problem-based learning. 
But in its simplest form, where students are required to 
carry out well-structured laboratories, laboratory-based 
learning does not develop students’ design, project 
management and communications skills. In this paper, we 
present a learning approach that combines laboratory-
based learning with open-ended problem-based learning. 
This approach harnesses the strength of laboratory-based 
learning and open-ended problem-based learning 
approaches, while mitigating their shortfalls. In the 
approach, students working in groups of three to four are 
introduced to two areas of study, namely: Programmable 
Logic Controller (PLC) systems integration and PLC 
systems data access. Thereafter, the students are asked to 
develop group projects which either integrate the two 
areas of study, or extend the functions of the laboratories 
in one of the areas of study. Once the project is approved, 
the students are required to design, implement and test 
their solutions within a specified timeframe. We have 
received a lot of positive feedback from students about 
this learning approach, and in the future we would like to 
carry out a formal survey to determine its educational 
effectiveness. 
 
Keywords: Experiential-learning, Laboratory-based-
learning, Course-projects, System-integration, Process-
Automation, Teaching-engineering. 
 
 

1. INTRODUCTION 
 

It is generally agreed in literature that that most people 
learning better by doing [1, 4]. Therefore, hands-on 

learning or experiential learning is becoming one of the 
dominant pedagogical paradigms. While there many 
forms of experiential learning, open-ended problem-based 
learning is the most effective method of learning in the 
engineering field. This method allows students to practice 
problem solving, project management, teamwork, and 
systems design. This increases their confidence and 
enthusiasm in their education and profession [2, 5]. 
However, open-ended problem-based learning is very 
resource intensive. That is, the amount of supervision that 
students need in order for them to develop and implement 
appropriate projects that solve real life problems, and the 
amount of financial resources required to support those 
projects; are prohibitive in many ways. Therefore, most 
engineering programs confine open-ended problem-based 
learning to a single capstone project course that is usually 
offered in the final year of the programs. Unfortunately, 
by this time, students have covered many areas of the 
program. Therefore, they usually seek to undertake the 
capstone project in areas they find to be interesting, 
instead of taking it in the most important areas of the 
program, or the areas where they lack knowledge and 
skills. In fact, most students view the capstone project as 
an opportunity to showcase their knowledge and skills as 
opposed to an opportunity to learn. 

Laboratory-based learning is one of the oldest forms 
of experiential learning. It generally has the following 
advantages over open-ended problem based learning:  
 While in some cases laboratory based learning can 

be resource intensive in terms of capital investment, 
it is generally less resource intensive than open-end 
problem-based learning in terms of running cost. 
Therefore, it is possible to use laboratory based 
learning in many courses of engineering programs. 

 It is easier to manage the learning outcomes and 
making it easier to harmonize the knowledge and 
skills learned by the students 

However, laboratories have to be designed carefully in 
order to be an effective learning tool. Moreover, very 
structured laboratories generally do little to develop 
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student design, project management and communications 
skills [3]. 

In this paper we present a teaching and learning 
approach that integrates laboratory-based learning and 
open-ended problem-based learning. We have designed 
our approach in such a way as to achieve the strength of 
both laboratory-based learning and open-ended problem-
based learning, while mitigating their shortfalls. In the 
approach, students working in groups of three to four are 
introduced to a number of laboratories for a period of nine 
weeks in a thirteen weeks semester. Thereafter, students 
are asked to develop group projects which integrate and 
extend various laboratories. They work on the project 
proposals during the tenth week of the semester. Once the 
projects are approved, students work on them for three 
weeks, and then present their work toward the end of the 
thirteenth week.   

The rest of this paper is arranged as follows: Section 2 
presents the background of our learning paradigm that 
integrates laboratory-based and open-ended problem-
based learning. In Section 3 we describe three sample 
projects that students carried out in the course that was 
taught based on our learning model. Section 4 covers a 
general discussion of our learning model, while Section 5 
presents the conclusion and future work.  
 

2. BACKGROUND 
 

The learning paradigm of laboratory based project for 
experiential learning was used in the course, Advanced 
System Components and Integration (PROCTECH 
4AS3); offered by the McMaster University, School of 
Engineering Technology, in collaboration with Mohawk 
College. The laboratories of the course are classified into 
two categories, namely PLC system integration 
laboratories and PLC system data access laboratories. 
 
2.1 PLC System Integration Laboratories 
 

PLC System Integration Laboratories are based on an 
XYZ Robotic gantry table whose controller is shown in 
Figure 1. The table is fitted with the following 
components:  
 Omron CS1G-CPU42 PLC 
 Omron OMNUC W-Series AC Servo motors driven 

by R88D-WTA3HL Servo Drives (SD) 
 Omron C200HW-MC402-E Motion Controller  
 Omron NS-Series Human Machine Interface (HMI) 
 Omron F160 vision system with Omron F60-S1 

camera  
 Pneumatic suction system used to pick and place 

objects 
The gantry table can be connected to the configuration 

computer through an RS232 port or through Ethernet. The 
configuration computer has software applications used to 

configure and/or program the table components, namely: 
CX-Programmer for the PLC, Motion Perfect 2 for the 
Motion Controller (MC), CX Designer for the HMI, CX 
Integrator for networks. The vision system is configured 
through a hand held console. 
 

 
 
Fig. 1. PLC, MC and SD of the XYZ Robotic Gantry Table. 
 

The main objective of the PLC Integration laboratories 
is to teach students to use software to integrate industrial 
sensors, actuators and controllers into systems that 
accomplish common tasks. We use a set of four 
laboratories to achieve this objective, namely:  
 Integration Lab 1 - Motion Control: In this 

laboratory the Omron C200HW-MC402-E Motion 
Controller (MC), and Omron OMNUC W-series AC 
Servo motors and Servo Drives (R88D-WTA3HL) 
are controlled directly through a PC using Motion 
Perfect 2 software application by Trio Motion 
Technology. This laboratory has the following 
goals: to teach an understanding of the different 
commands required to move the table actuators 
through the terminal command window, and to write 
programs which are stored in the motion controller, 
and enable the PLC to control the actuators.  

 Integration Lab 2 - Integration of PLC and Motion 
Controller: In this laboratory the Omron C200HW-
MC402-E Motion Controller (MC), and Omron 
OMNUC W-series AC Servo Motors and Servo 
Drives (R88D-WTA3HL) are controlled using a 
PLC. The main objective of this laboratory is to 
familiarize students with CX-programmer software 
application and to integrate the motion controller 
and the PLC.   

 Integration Lab 3 - PLC Servo Motor Control via 
Programmable Terminal: In this laboratory the 
Omron C200HW-MC402-E Motion Controller 
(MC), and Omron OMNUC W-series AC Servo 
Motors and Servo Drives (R88D-WTA3HL) are 
controlled using the Omron NS-series 
Programmable Terminal (PT) HMI through the 
PLC.  

 Integration Lab 4 - Integration of PLC, Motion 
Controller and Vision System: In this laboratory the 
Omron F160 Vision Sensor is configured directly 
through the console. Thereafter, the PLC, motion 
controller, HMI, and the vision system are 
integrated to form a sorting machine. The machine 
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inspects a deck of cards, and sorts them based on the 
image stored in the vision system.  
 

 
2.2  PLC Data Access Laboratories 

 
The PLC data access laboratories are based on the 

principle of accessing PLC data using Open Process 
Control (OPC) technology. The following laboratories are 
carried out in this category:  
 Data Access Lab 1- IEC61850 Power Protection 

laboratory: This laboratory has three main 
components, namely: GSI AC motor drive that acts 
as the three phase power source, the SEL-751A 
feeder protection relay, and a three phase motor that 
acts as the load. These three components are 
interconnected using CSA approved electrical cords 
that act as the feeders and the bus. Students first 
connect the SEL751 relay to a PC using a serial 
cable to configure its Ethernet ports and other 
parameters. After configuration, they access its data 
through the ‘Modbus Poll’ software application and 
through OPC applications using a Modbus TCP 
connection. 

 Data Access Lab 2 - DeviceNET Integration: This 
laboratory involves configuring a DeviceNet 
network. Its purpose is to train students how to 
integrate automation components and subsystems 
using DeviceNet and how to access the data of the 
various network components using OPC technology.  

 Data Access Lab 3 - PCI Based Profibus 
Communications. The purpose of this laboratory is 
to interface Profibus slaves with a PCI based 
Profibus scanner for data acquisition and process 
control and to develop a C++ process control 
program. Moreover, the data of the Profibus slaves 
is accessed using OPC technology. 

 Data Access Lab 4 - OPC DataHub Applications: 
The purpose of this laboratory is to develop OPC 
based applications using DataHub software 
application. OPC DataHub is a powerful OPC 
application development tool that was developed by 
Cogent Real-Time Systems of Georgetown, ON. 
Through this laboratory, students learn the various 
data access technologies supported by DataHub. 

 
2.3  Course Project 

 
As mentioned in Section 2, the laboratories of 

PROCTECH4AS3 are divided into two categories, 
namely: PLC Integration (XYZ-Table) and Process 
Automation Data Access (PCs in Automation). In the 
course project, students are required to integrate the XYZ 
gantry table with the use of PCs in automation, or extend 
one of the two types of laboratories. Therefore, as they 

carry out the laboratories, they identify the areas that they 
want to work on in the project. In fact, students are asked 
not to include a section on how to improve any of the 
laboratories. Instead, they are asked to identify some of 
the changes they would want in the laboratories, and 
make those changes as part of their projects. In the 9th 
week of the semester, students submit their project 
proposal which include an introduction, a background and 
a conceptual design. Then they work on the projects for 
the last three weeks of the semester 

 
3. EXAMPLE PROJECTS 

 
We used the pedagogical paradigm of laboratory based 

project for experiential learning in the Advanced 
Components and System Integration (PROCTECH 4AS3) 
course of the Bachelor of Technology program at 
McMaster University, in the fall semester of 2013. While 
a wide range of projects were carried out, we present in 
this paper three sample projects that we believe make a 
good representation of the type of projects that we carried 
out.  
 
3.1 Sample Project 1: Integration of DeviceNet 

and IEC61850  
 

In this project, students were able to establish 
communication between DeviceNet device and IEC61850 
devices over the laboratory Local Area Network (LAN). 
To test the communication, they used a DeviceNet light 
stack connected to a computer through a DeviceNet PCI 
card to display a code representing the speed (frequency) 
of a motor. The power, speed, current, and voltage of the 
motor was monitored by a SEL751 relay based on the 
IEC61850 standard. Note that the SEL751 relay was 
connected to another computer on the laboratory LAN 
through a ModBus TCP port (See Figure 2).  
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Fig. 2. Integration of DeviceNet and ModBus TCP 

Devices. 
 

As shown in Figure 2, data from the SEL751 relay was 
accessed by the KepServerEx V5 OPC server, making it 
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available to the DataHub OPC client running on the 
computer connected to the relay. On the lamp side, the 
lamp tag was accessed by the SST DeviceNet CDA OPC 
server, making it available to the DataHub OPC client 
running on the computer connected to the lamp. Data 
accessed by the DataHub client running on the relay 
computer was tunneled through the laboratory LAN and 
accessed by the DataHub client on the lamp computer. 
The lamp tag was thereafter bridged to the motor speed, 
taking into account the scaling factor. 
 
3.2 Sample Project 2: Communication among 

XYZ-Robotic Tables over an Ethernet LAN 
 

The XYZ robotic gantry tables used in the 
PROCTECH 4AS3 laboratories are fitted with a touch 
screen HMI. The HMI communicates with the PLC 
through RS-232 connection. Therefore, one cannot use a 
single HMI to monitor and/or control multiple tables. In 
this project, students connected one HMI to the laboratory 
LAN, and then used it to control two tables. In addition, 
they established communication between the PLCs of the 
gantry table. Figure 3 shows the physical topology of their 
network, while Figure 4 shows the logical topology of 
their FINS network. 
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Fig. 3. Physical Topology of the Project Network 
 

Generally, the students wanted to demonstrate the concept 
of controlling multiple machines (PLCs) using a single 
HMI and the concept of communication among PLC 
controlled machines. Both these concepts are highly 
desirable in industry.  

During the network configuration, the student realized 
that while the OMRON CS1G-CPU45H PLC supported 
both Ethernet IP and Factory Interface Network Service 
Ethernet (FINS Ethernet), the Omron NS10-TV01B HMI 
only supported FINS Ethernet. Therefore they had to 
configure the entire network as a FINS Ethernet network, 
learning a great deal throughout that process.  
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Fig. 4. Logical Topology of the Project Network 

 
3.3 Sample Project 3: PC based HMI 
 

PLC System Integration Laboratories helped the 
students to learn how to control motion controllers using 
PLC through HMIs and how to integrate the motion 
control system with a vision system. On the other hand, 
data access laboratories helped students to learn how to 
access process data using OPC technology. In this project, 
students accessed the motion control data using OPC 
technology (DataHub OPC server and KepServerEx V5 
OPC server), and built a PC based HMI to monitor and 
control the motion and vision control system. Figure 5 
shows that the students programmed the Motion 
controller through the attached PC, and configured the 
vision system manually.  Thereafter, they integrated the 
pick and place system by programming the PLC. 
Moreover, the figure shows that the PLC program tags of 
interest were loaded into the KepServerEX V5 OPC 
server, which in turn made the data associated with those 
tags available to the DataHub OPC client. It is through 
this client that the student built an HMI to monitor and 
control the pick and place system based on the XYZ 
gantry table. 
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Fig. 5. PC based HMI. 
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4. DISCUSSION 
 

The sample projects presented in Section 3 reveal that 
students who took the Advanced Components and System 
Integration course of the Bachelor of technology program 
at McMaster University in the fall of 2013, carried out a 
wide variety of course projects. Since those projects were 
based on the covered laboratories, they addressed the 
same set of concepts, namely: OPC data access, PLC 
configuration and programming, PLC system integration, 
integration of device connected on different industrial 
networks, and HMI configuration. This implies that the 
learning paradigm of laboratory based project provides a 
means for managing the breadth of the subject matter of 
students’ projects. If this approach is used in all program 
courses that have laboratory components, then open-
ended problem-based learning would be used in the 
largest part of engineering programs, a situation that is 
highly desirable. 

Although the projects were carried out in the last three 
weeks of the semester, student had spent ten weeks 
preparing for them through their laboratory work. That is, 
laboratory based project learning allows laboratories to 
share time with projects, which is an efficient way of 
utilizing learning time. Moreover, the paradigm proved to 
have potential because the projects had 100% completion 
rate, with all students scoring above 80%. We also got a 
lot of positive feedback from the students. Finally, we 
would like to mention that using the laboratory based 
project learning paradigm allowed the students to practice 
problem solving, project management, teamwork, and 
systems design without any direct project cost to the 
school. Usually students practice these skills when 
learning through open-ended problem-based learning – a 
learning paradigm that is generally known to be very 
resource intensive.  
 

5. CONCLUSION 
 
In this paper we present a learning paradigm that 
integrates laboratory work with course projects. We 
believe that this paradigm harnesses the strength of 
laboratory-based learning and open-ended problem-based 
learning approaches, while mitigating their shortfalls. 
When we used the paradigm in the Advance Components 
and System Integration course of the Bachelor of 
Technology program at McMaster University, students 
were able to carry out a variety of highly sophisticated  
 
 
 
 
 
 

 
 
projects that had no direct cost to the school. While the 
projects were carried out in only three weeks, students 
planned them over a period of ten weeks. This led to a 
completion rate of 100%, with all students scoring over 
80% in the projects. Finally we would like to mention that 
we got a lot of good feedback from students about the 
learning paradigm of integrating laboratory   work and 
class projects, and in the future we would like to carry out 
a formal survey to determine its educational effectiveness. 
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Abstract - Many students entering Mechanical or 
Mechatronics Engineering (MME) at the University of 
Waterloo (UWaterloo) have limited hands-on skills and 
lack practical technical knowledge. Student surveys cite a 
desire for increased practical experience within the 
curriculum. 

This paper presents an initiative to address this issue. 
A keychain project was designed to involve all first year 
MME students in a practical (hands-on) activity that 
would foster competence with machinery. This objective 
proved difficult to implement due to large student 
enrollment, where scheduling, supervision, and resources 
were all significant challenges. However, as a result of 
this experience, over 400 engineering students were 
provided early exposure to the Student Machine Shop, 
creating a desire and confidence to pursue additional 
experience. 

This program is expected to continue at UWaterloo 
and become a component of a wider engineering clinic 
initiative.  The methodology and key takeaways will be 
discussed herein. 
 

Keywords: hands-on, practical experience, peer 
intimidation, engineering clinic. 

 
 

1. INTRODUCTION 
 
Students accepted into the Mechanical and 

Mechatronics Engineering program at the University of 
Waterloo have diverse backgrounds and a wide range of 
technical proficiency. It soon becomes evident, however, 
that the mid-point of this range is low; many students 
exhibit a low degree of basic mechanical skill. Outside of 
specialty student teams, the undergraduate curriculum 
does not currently offer sufficient opportunity to increase 
practical experience to the level of student expectation. 
Results of graduating exit surveys taken from 2010 – 
2013 for both Mechanical (ME) and Mechatronics (MTE) 
streams clearly expressed a desire for increased practical 
experience in the curriculum [3]. The top three courses 
selected by students as the most important in their 
engineering academic program included either practical 

and/or hands-on experience as the basis for their 
selection. MTE students surveyed for their “Least Met 
Expectations” responded with “a lack of practical skills” 
while ME students cited “the lack of hands-on experience 
and machining opportunity.” Co-operative education 
work placements, which are integral to the UWaterloo 
experiential learning experience, were valued for their 
practical experience.  

The imbalance between theoretical and practical 
knowledge development is not new or unique to 
UWaterloo. Sheppard and Jenison (1999) reported that 
engineering schools in the United States were criticized 
for offering too few practical and hands-on courses. They 
indicated that engineering education began to transition 
from a practical to a more scientific or theoretical 
foundation in the 1950s, as hands-on experiences were 
gradually replaced with additional science and math 
components [6]. Student experience in first year 
engineering courses impacts the rates of attrition and  
failure. [1] [5]. A heavy theoretical base, without any 
hands-on approach (“theory-first, practical-afterwards”) is 
seen as a cause of students losing enthusiasm, hope and 
dreams of technical accomplishment [9]. As a response, 
hands-on engineering programs have been integrated at 
some institutions to improve the student experience. 
[2][7]. In addition, meaningful hands-on activities were 
perceived as an “essential” provision in a program to 
attract female students to (transportation) engineering) 
[4].   

 
 Students are often placed in manufacturing positions 

during their co-operative work terms, where they interact 
extensively with maintenance workers, other technical 
staff and contractors. Entering these roles with minimal 
hands-on skill and little practical technical knowledge 
places these students at a significant disadvantage. Given 
that all Engineering students at UWaterloo commence 
their first co-operative placements following their 1A or 
1B term, i.e., with only 12 or 24 weeks of on-campus 
academic experience, they need very early exposure to 
practical activities to address this issue. This is 
particularly important since employers hiring students at 
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this level look for those with at least a basic mechanical 
skillset.   

To develop and implement a hands-on experience for 
400 first year MME students one must overcome 
significant hurdles related to timing and resource 
allocation. Several solutions were considered to increase 
student practical knowledge and experience within the 
first year ME and MTE concepts courses, ME and 
MTE100. These included integrating an increased portion 
of practical material during design  graphics instruction, 
delivering hands-on demonstrations during class and (the 
most daunting) devising a machine shop based activity in 
which every student would participate. All three solutions 
have been implemented, but it is the methodology and 
outcomes of the third hands-on solution that will be the 
focus of this paper.  

 
2. BACKGROUND 

 
2.1. Technical Experience of Students Entering 

Engineering 
 
That the vast majority of students in the 

mechanical/mechatronics stream of engineering lack 
practical mechanical skillsets becomes apparent from the 
opening class of the first week of lectures. Students in 
engineering design graphics are informally surveyed (with 
a show of hands) about their previous experience, which 
indicates that most have not developed basic technical 
skills in mechanical drafting and computer aided design.  

A quantitative explanation for the lack of practical 
experience in pre-university education is beyond the 
scope of this paper. However, with the broad range of 
factors potentially at play, it is expected that the root 
cause is complex and nuanced. For example, the 
decreasing availability of technical programs in secondary 
education and a strong focus on obtaining high grades in 
math and sciences to meet university requirements may 
lead students towards courses with predominantly 
theoretical curricula. As well, parents’ occupations, urban 
vs. rural upbringing, the current popularity of video 
games, along with gender and cultural issues may all play 
a role.  

 
2.2. Early Instruction and the Need for Hands-

on Activity 
 
The impetus to develop a practical experience for all 

students stemmed from the lack of screw thread 
knowledge:  

An instrument drawing of a simple part assigned 
during the first week of classes contained a threaded hole 
callout, as seen in Fig. 1.  

 
Figure 1: Thread designation 

 
Few students understood this designation, prompting 

incorporation of screw thread terminology into the 
graphics course material. However, this added breadth did 
not provide any insight on how a screw thread is 
fabricated. Thus, an in-class thread drilling/tapping 
demonstration developed to include one or more student 
volunteers. Based on the popularity of this demonstration, 
it was quickly realized that all class members might find 
value in carrying out this simple activity, spurring an 
initiative to provide every student with this experience. 

 The initial implementation strategy was designed to 
expose all students to the Engineering Student Machine 
Shop where they would each get an opportunity to drill 
and tap holes into a long strip of metal. This would not 
only provide hands-on experience with machine tools, but 
would expand the students’ understanding of the machine 
shop and its broad possibilities. To spark deeper and 
sustained interest in mechanical skills development, it was 
proposed that students should come away from the 
activity with a keepsake that would serve as both a reward 
and a reminder of their efforts. Hence, the hole 
tapping/drilling activity evolved into a task that would 
allow students to develop a personal item, i.e., a keychain. 

 
2.3. Peer Intimidation 

 
The impact of peer intimidation on whether students 

with minimal (“inferior”) technical skillsets will pursue 
skills training or take on projects with technical 
requirements is becoming increasingly clear to the author. 
However, this does not appear to be widely covered in the 
literature, at least when peer intimidation in engineering 
at the university level is reviewed. We have found that 
students with strong technical backgrounds, and 
particularly those who are demonstrative of their greater 
experience, can be intimidating to colleagues who lack 
even basic technical skills. Unfortunately, it only takes 
one “showboat” to discourage several less confident 
students from participating in hands-on activities. If the 
disparity in skill level between students isn’t addressed 
quickly, some begin to question their ability to catch up to 
their more skilled counterparts, and whether engineering 
is the right fit for them. One student reported being afraid 
to get involved in hands-on activities due to a self-
perceived lack of skill and a reluctance to talk with her 
peers about anything technical for fear of embarrassing 
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herself. This intimidation was an additional motivation to 
provide a means of building confidence and to level the 
technical playing field for the many students who entered 
engineering with some trepidation or uncertainty. 

 
2.4. Clinic Initiative at UWaterloo 

 
The MME department at UWaterloo is in the process of 

implementing a new teaching initiative known as the 
Engineering Clinic. The goal of the clinic is to enhance 
student learning through increased practical experience 
and bridge the gap between theoretical and real world 
experience. In the words of the director: “A fundamental 
outcome of the clinic is to enhance student skill, 
confidence and experience through hands-on activities. 
This can best be achieved if students genuinely (and 
safely) are able to do everything themselves” [ 8]. 

The keychain thread-tapping project was seen as an 
aligned precursor activity in the development of the clinic 
program. 

 
3. RESULTS AND DISCUSSION 

 
Implementing a hands-on activity designed to include 

all first year students posed significantly more challenges 
than anticipated. As the project developed several 
obstacles arose. Every student related component had to 
be multiplied by 360-400, i.e., the size of the student 
population, to fully appreciate the resources required. The 
keychain activity requirements  were categorized as 
follows (see Table 1): design of the keychain, keychain 
blank manufacture, equipment requirements and 
procurement, student throughput including the task flow, 
supervision by technical staff. 

  
 Table 1: Keychain Hands-On Activity Requirements 
Design of Keychain 
Design of CNC Machining Fixture 
Keychain Blank Fabrication 
Equipment & Consumables Procurement 
Student Shop Throughput 
Scheduling 
Supervisory Staff Assignment and Scheduling 
Student Shop Fabrication setup 
Activity Machining Guide Creation 
Student Pre-Workshop Safety training 
Setup, Student Session, Take down 
 
The Keychain thread tapping activity was 

implemented during the fall term of 2012 then improved 
and re-introduced during the following fall  term in 2013. 

 
3.1. Implementation One: Fall 2012  

As planned, this machining activity would be 
completed in a group format under the supervision of 

MME technical staff. An alternative was to have students 
enter the student machine shop at their own convenience 
over the term. However taking this singular approach for 
the 360 students would command too much of the student 
shop staff members’ time (who were non-MME 
employees). It was decided that each week a subset of the 
class, i.e., a group of 10 students, would leave a 
communication for the student shop. This set a time 
constraint of 50 minutes to service these 10 students. 
Roughly 360 students participated in the activity over a 
12 week term, requiring 36 sessions, 3 sessions per week.  

 
3.1.1. Design of Keychain and Blank Fabrication. 

 
The large number of students put constraints on time 

and resources, limiting what could be accomplished 
during the session. This directly impacted the design 
alternatives for the keychain. Through a period of design 
abstraction and synthesis the selected alternative was a 
keychain designed in two identical sections, joined by 
three representative fasteners. The fasteners would 
introduce students to a range of common thread series and 
impart an understanding of the tap drilling and threading 
process. The threads would include (i) a metric thread, (ii) 
an imperial (ASME) coarse thread (iii) and an imperial 
fine thread series. The upper keychain blank was designed 
to expose students to different types of fastener head 
profiles and means of surface mounting these fasteners. 
Included were a flat head screw with a countersink, a 
socket head with a counterbore and a button head with a 
basic through hole.  The details are shown in Figure 2. 

 

 
Figure 2: Keychain components 
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The keychain was designed to have a key ring at each 
end, to attach keys at one end and at the opposite end to a 
lanyard, popular with students. To reduce the 
manufacturing time for the required 720 blanks (2 per 
keychain) the machinists made requests: (i) cut the blanks 
from readily available, easy to machine rectangular 
aluminum bar stock (selected size: ½x3/8”, 12.7x9.5mm), 
(ii) do all machining operations on one surface only to 
avoid the additional operations of flipping the 760 
specimens for further machining, (iii) design the upper 
and lower blanks to have the same shape for easier 
computer numerical controlled (CNC) machine 
programming. A blank was designed to accommodate the 
above constraints (Figs. 2 & 3).  

The blank fabrication began by cutting the bar stock 
into 2 inch (51mm) lengths then machining, two blanks at 
a time on a CNC mill. The milling process included the 
counterbore, countersink and through hole for the 
fasteners. The lower blank had machined centre-drilled 
locations to facilitate tap drilling by the students. A 
“MME” designation was engraved on the blanks. Due to 
time constraints, the blanks were not anodized but 
completed by sand blasting to mask surface nicks and 
imperfections. Figure 3 shows fabricated keychain blanks 
from this first offering. 

 

 
Figure 3: Keychain Blanks 

 
3.1.2 Equipment Requirements and Procurement. 

The activity location was planned for the UWaterloo 
Faculty of Engineering Student Machine Shop. Three drill 
presses and three thread tapping devices were needed for 
the machining operations. This equipment was borrowed 
for this first implementation.  A dedicated bench space of 
38 linear feet (11.5m)  was required in the busy student 
shop. This had to be carefully negotiated. Consumable 
items included drill bits, taps, lubricant, stainless steel 
fasteners and key rings. Due to availability, the #8 
fastener was switched to a coarse thread series (#8-32).  

This initiative was seen as an entry level machining 
activity and deliberately avoided the requirements, costs 
and complexities of using lathes and milling machines for 

this large group of students. However, in an effort to 
spark a desire to learn to use this equipment and increase 
hands-on competency, the lathes and milling machines 
were in-use in the student shop for MME students to 
observe while they were doing their keychain activity. .  

 
3.1.3 Work Flow, Safety and Supervision. The 

student machining throughput, which increased from 10 
to 15 students per group, was supervised by three MME 
technical staff members. Three drill presses were 
sequentially arranged, each with the correct tap drills pre-
inserted into the chucks. In a similar arrangement, tapping 
fixtures with the three required thread taps were aligned. 
This activity exposed large numbers of inexperienced 
students to machining equipment, making safety a prime 
concern. Before allowing entry to the machine shop, the 
students were required to wear safety glasses, assessed for 
appropriate clothing and hair retention, and lectured on 
safety by a supervisor. They then progressed in an 
“assembly line” fashion to drill the appropriate tap sized 
holes, then tap the threads. When these (6) activities were 
completed they moved to an assembly area where they 
secured the fasteners and rings. Virtually all 360 students 
were able to complete this exercise during the term. 
Completing the drilling and tapping activities in the 
allotted time and ensuring resources were in place was 
initially a challenge. However, ongoing refinements to the 
process improved the throughput rate and sessions could 
be comfortably completed by all students in the allotted 
50 minutes. 

 
3.1.4 First Offering Outcomes: To learn from the 

outcomes of the first implementation, students were 
informally queried and post-session de-briefing meetings 
were held with both the keychain fabricators and the 
activity supervisors. Most students acknowledged that 
they had never drilled a hole in metal before nor tapped a 
thread and appreciated the opportunity. Even the more 
experienced students enjoyed the exercise and felt they 
got something out of it. The key chains became a 
hallmark and source of pride for that year of engineers. 
However there were weaknesses to be resolved. For 
example, after drilling and tapping the holes, some 
students wondered “what specifically did we just do?” It 
seemed pre-setup of the equipment, while efficient, 
circumvented some valuable learning. Also the technical 
staff felt overwhelmed and underappreciated for this 
additional, supervisory role and felt they lacked general 
faculty support. Also, borrowing equipment for the entire 
term was an imposition that could not be repeated. 
Dedicated equipment must be purchased. The keychain 
blank fabricators reported that they needed a greater lead-
in time for this magnitude of work and suggested that a 
fixturing jig be designed to allow several blanks to be 
machined concurrently. 
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3.2 Year Two Implementation: Fall 2013 
 

The second keychain activity implementation 
attempted to address the areas of improvement cited from 
the initial offering. The enrollment in ME and MTE now 
totaled 400 students. 

The keychain again used the two part blank 
arrangement with all required machining on one surface 
only. A holding fixture was designed, shown in Fig. 4, to 
allow milling of 32 blanks concurrently with one setup on 
the CNC mill. The fabrication of this fixture took effort 
but it was a significant improvement over the “two-up” 
jig used previously. It is intended to re-use this jig in 
future years. Within the constraints of the retaining jig it 
is intended that each year of students will have a unique 
design for their keychain as a form of class identity.  

 

 
Figure 4: Fixturing jig for 32 keychain blanks 
 

An identical shape for the bottom and top blanks 
was again designed for efficiency. The locational hole 
depths were increased as this was identified as a problem 
area for many students. As an added activity a through 
hole was provided in the upper blank for the #8-32 
fasteners but without the former countersink as this would 
be machined by students. It is estimated that the addition 
of the fixture and the ability to machine 32 blanks 
concurrently (shown in Fig. 5) decreased the machining 
time from 105 to 40 seconds per keychain blank. 

 

 
Figure 5: CNC machining keychain blanks 

 

  To enhance the keychain aesthetics a deep anodizing 
procedure was used, with a different colour for the top 
and bottom blanks. Figure 6 shows the new keychain 
blank design. 

 
Figure 6: Second Implementation Keychain 

Blanks 
 

The first implementation outcome highlighted 
the need to improve student understanding of the 
machining procedures they performed. A pre-workshop 
thread terminology assignment was created based on 
specific details of the keychain. Students were required to 
determine the tap drill sizing required, countersink and 
counterbore dimensions, and list basic safety 
requirements. 

Students were also coached on the appropriate 
behavior (i.e., respect and humility) when interacting with 
the technical staff supervising their activity. They were 
told that if staff members are treated with respect they 
will in turn be willing to share their knowledge and 
mentor students. The opposite will occur when arrogance 
and a lack of respect is shown. The students were advised 
that this behavioral approach should also extend to 
technical staff during their cooperative work terms. 

The assembly line style used during the first 
offering was replaced with discrete work stations” where 
a small group of (2-3) students could do all the drilling 
and tapping at one location. This would require more 
hands-on involvement from students. Five stations were 
established, requiring procurement of drill presses, 
tapping fixtures, and clamping vices for each. Customized 
“parts blocks” were fabricated to hold and organize the 
various drills, taps and countersink. These were useful 
and worth mentioning as they minimized loss and mix-
ups for this large student influx. 

Staffing was increased to have one instructor at 
each of the five stations. This was achieved by retaining 
three staff members and adding a teaching assistant and 
the design graphics course instructor. All regular MME 
technical staff members were expected to participate in 
these sessions on a rotating basis. Staff member 
participation was vital to the success of the sessions. 
Unexpectedly, scheduling the staff members and getting 
them to “buy into” a new, recurring task was one of the 
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most challenging aspects of this implementation. To 
expedite participation the staff technical manager 
switched this from a “voluntary” to a mandated activity. 

The student enrollment grew from 360 to 400 for 
the second implementation. The group sizes were kept to 
15 students per session as was the three sessions per week 
schedule.  

 
3.2.1 Second Implementation Results: The 

workstation approach was perceived to be a clear 
improvement over the previous assembly line style, albeit 
more time consuming. The students were immersed in the 
process to a greater extent. For instance they had to insert 
their own drill bits into the drill press chuck and taps into 
the tapper, seemingly trivial procedures but clearly one 
that most had never undertaken before. Figure 7 shows a 
keychain session in progress. 

 

 
Figure 7: Keychain Activity in Progress 

 
Regular participation by the course instructor in 

these sessions allowed for first-hand observation of the 
level of hands-on competency of the students, their 
performance with the activity and their reaction to it. 
Instead of lecturing to 120+ class sizes the instructor 
invested an hour in close connection with a small group of 
3 students. Perera, Quinlivan, and Zastavker (2013) cite 
numerous positive benefits of instructor one-to-one 
interactions with students [5]. 

Counterbore drilling was a positive addition. As 
well, students were given the option of stamping letters on 
their finished keychain or returning to the shop for this 
activity (time permitting). The allotted hour was very full 
but, as with the first implementation, ongoing 
improvements during the weekly sessions increased 
efficiency and reduced session time requirements. 

The stainless steel fasteners, standard with the first 
offering were changed to plain black. Then, throughout 
the term if a student did particularly well on an aspect of 
the concepts course the teaching assistants would replace 

one of their black keychain fasteners for silver, and then 
gold plated as a student incentive and reward. Figure 7 
shows a completed keychain. 

 

 
Figure 8: Implementation two, completed keychain 

 
4. CONCLUDING REMARKS 

 
Implementing even a small hands-on activity for large 

class sizes commands a significant amount of effort. 
However, even a small hands-on activity was appreciated 
by the students and brought students with weaker 
technical backgrounds in from the sidelines. This was 
observed to have had a positive impact on skills 
development and de-marginalizing students with weaker 
technical backgrounds.  

This initiative required substantial resources in 
terms of physical space, equipment procurement, planning 
and staffing. 

The activity reinforced the perception that many 
first year engineering students have minimal practical 
skills, and further that they want this experience and enjoy 
hands-on activities. Several favourable outcomes were 
observed:  

This exercise decreases the gap between the 
experienced and inexperienced students who may have 
not have had the same opportunities for practical 
experience. They see that other students also lack these 
skills, and they are not alone. Students are introduced to 
the machine shop and get excited by the thought of doing 
other projects.  The intent is that students will gain 
enough confidence to try more complex machining, and 
other practical activities. One example: an MTE student 
reported that the keychain experience provided her with 
the confidence and desire to join a student team (the 
Formula SAE Race Car). She then chose her first co-
operative work term with the electrical and mechanical 
fabrication of a solar vehicle.  

Students are instructed on safety measures when 
working with machinery. They are closely watched and 
corrected as necessary. It is expected that these work-safe 
procedures will carry over to future machining activities. 
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This experience provided an early exposure to group 
work providing an opportunity to connect and cooperate 
with other classmates.  

The reward of the keepsake keychain, each 
design unique to their year adds to the student class 
identity, as well as to each student’s personal 
accomplishment and pride.  

Teaching assistants reported that replacing the 
standard black keychain fasteners with silver and gold 
fasteners as an incentive to reward notable student 
performance in the concepts course was effective. 

Direct participation with the machining sessions 
allowing the course instructor to spend direct time with 
individual students was a “win-win” for both parties.  

Coaching students on the appropriate behavior to 
use with technical staff had a positive outcome. MME 
Technical Staff members recounted that the students were 
generally well behaved, and overall the sessions went 
well. This soft skill approach should serve them well 
during their work terms and professional lives.  

One MME professor expressed an interesting 
viewpoint that hands-on activities such as the keychain 
could lead to an increased willingness of students entering 
graduate studies to consider research that contains an 
experimental component; in his experience many now 
shun experimental work due its practical skill set 
requirements. 

Technical Staff “buy in”, crucial to the 
successful rollout of this activity, was not easy to achieve 
and should not be taken for granted. Staff cooperation can 
make or break a project of this nature.  Measures to foster 
staff compliance are worthwhile, and departmental 
recognition for this work is essential. A gradual 
realization that this (and other engineering clinic activities 
to follow) will continue to be part of their regular work 
will hopefully mean a paradigm shift for the staff. 

The keychain activity is expected to continue in 
the MME department at UWaterloo. Other UWaterloo 
programs have requested this activity, and it has now 
enjoyed additional implementations in specialty programs 
such as Women in Engineering and Waterloo Unlimited. 
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Abstract - For over twenty years, the University of 
Waterloo’s Faculty of Engineering has been running 
outreach programming directed at elementary youth 
(ages 6 to 14) through its Engineering Science Quest 
(ESQ) summer camp program. All the activities are 
designed to be hands-on with the primary goal to increase 
participant’s interest in Science, Technology, Engineering 
and Math (STEM). The camp develops themes, such as 
‘Outer Space’ to help motivate activity development and 
provide practical examples to participants.  

      In 2010, the directors of ESQ modified the approach 
to develop camp outreach activities to ensure they  were 
hands-on engaging activities related to science and 
engineering but also paid consideration to ensuring a 
secondary set of goals were met that considered the 
cognitive development of the children in the camp. The 
result was the development of hands-on outreach 
activities that engaged the participants in multiple ways. 

      The motivation behind the development of outreach 
activities with these secondary objectives in mind were 
based on observation of past successes and working 
knowledge of the target audience. 

      It is concluded that in order to make truly engaging 
and effective programming for elementary aged youth; 
activity developers should develop hands-on activities 
that incorporate both the interests of youth and their 
appropriate cognitive development stage. Using these 
methods in activity development will lead to an increase 
in success and a stronger impact of the programming. 

Keywords: Outreach, Youth, Cognitive, Engineering, 
Themes 

 

1. INTRODUCTION AND BACKGROUND 

1.1 Engineering Science Quest 

      Waterloo Engineering outreach has been engaging 
youth through its Engineering Science Quest (ESQ) 
program for over 20 years. During this period the 
approach to its summer camp curriculum has gone 
through significant changes. Historic records indicate that 

in its early years, ESQ’s approach was designed to 
replicate well known hands-on demonstrations. Over 
time, the ESQ camp program involved from this model to 
one that incorporated week-long themes.  

      The themes were chosen that would motivate 
activities and provide a common narrative for activities 
during the week. Examples of past themes include 
‘space’, ‘science of sports’ and ‘dinosaurs’. Instructors 
selected these themes and were encouraged to develop all 
activities to make use of these ideas. For example, 
building a geodesic dome out of rolled up newspaper 
would be called ‘moon shelters’, which tied into the 
aforementioned space theme. Themes were approved for 
camp use based on originality and relevance to the current 
youth interests.  They were never to be used to hide the 
fact that program participants were engaging in science 
and engineering activities.  

      In 2010, the use of ESQ themes evolved in response to 
research conducted by the University of Waterloo Centre 
for Child studies which discussed how 4 and 5 year olds 
related to characters in stories being read to them [2]. 
While this age group is outside of the range that ESQ 
serves, it motivated a discussion on how themes are used, 
and that activities being run should be done in a way that 
is engaging to the age group in the camp in a deeper 
manner. As a result, in 2011, ESQ put renewed emphasis 
on theme selection, directing instructors to develop their 
programs with themes that served two purposes; the first 
to unify the camp experience, and the second to have 
activities connect to what has been referred to as the 
camp’s meta-theme, see Table 1.  

Table 1 Sample ESQ programs. 

Age 
Group 

Grade Camp 
Name 

Meta-
theme 

Example 
theme 

6 to 7 
years 

1,2 Banting Story Book 
Based 

Lost in a 
Story 

8 to 9 
years 

3,4 Suzuki STEM in 
My World 

How did this 
get in my 
lunch 

10 to 11 
years 

5,6 Newton Business of 
Science 

Earth Inc. 

12 to 14 
years 

7,8,9 Edison Real 
Science 

System 
Shutdown 
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      Further research into childhood cognitive 
development, particularly the work of Jean Piaget and 
Robbie Case, suggests why this approach has been a 
success. 

1.2 Cognitive Psychology 

      The field of cognitive psychology focuses on all the 
mental activities associated with thinking, knowing, 
remembering and communicating [3]. Due to this broad 
range of foci, cognitive psychology is best described as 
the psychology of learning. Piaget’s work focused on how 
a child develops through a series of stages is the basis for 
much of the research in this field. Two of his theories 
have a deep impact on how concepts should be taught. 
The first is the use of schemas, and the other is the four 
developmental stage model. 

      Schemas is the term Piaget used to explain the ‘mental 
molds’ that the brain builds to help people understand and 
interpret their experiences [3]. Throughout a lifetime an 
individual creates countless schemas that are altered 
through the interpretation and accommodation of 
knowledge. A classic example of this is as follows: 

A book is read to a two year old about a cow, 
and notices the animal has four legs. The child 
creates a schema that all animals with four legs 
are cows. At the zoo, the same child sees a 
moose, and refers to it as a cow, as it has four 
legs and meets their schema. By calling the 
moose a cow, the child is trying to assimilate 
what they’ve seen to an existing schema. The 
parent corrects them and the child then 
accommodates their schema to being ‘animals 
have four legs, and can be a cow or a  moose’[3] 

      It is through challenging established schemas with 
new knowledge that we learn. In a STEM context, a child 
comes to camp knowing that when water is hot there is 
steam. Through activities, the schema of ‘steam means 
hot water’ can be expanded to ‘steam is a sign of a change 
of state occurring’.  Themes that tie to experiences 
activates this schema/assimilation dynamic.  

      Piaget also suggested that there are four distinct stages 
of cognitive development [3]. An additional column has 
been added to Table 2 to show which of Piaget’s stage tie 
to ESQ camps. 

 

 

Table 2 Piaget's development stages. 

Stage name Typical 
age range 

Description ESQ 
Camps 

Sensorimotor 0 to 2 
years 

Experiencing 
the world 
through 
senses and 
actions 

none 

Preoperational 2 to 6 
years 

Representing 
things with 
words and 
images; using 
intuitive 
rather than 
logical 
reasoning 

Banting 

Concrete 
operational 

7 to 11 
years 

Thinking 
logically 
about 
concrete 
events; 
grasping 
concrete 
analogies and 
performing 
arithmetical 
operations 

Banting 
Suzuki 
Newton 

Formal 
operational 

12 years to 
adulthood 

Abstract 
reasoning 

Newton 
Edison 

 

      In response to criticism of Piaget’s theories, Case and 
his compatriots, known as Neo-Piagetians, expanded on 
the model. Like Piaget, Case believed that there were four 
unique stages, but instead of progression being a result of 
age and schema building, one progressed through age and 
improved use of working memory. To Case, the storage 
space in someone’s memory is a fixed size, but through 
improving use of working memory, this storage space 
could be used more efficiently [4].  

      Case believes there are four factors that contribute to 
the capacity of working memory [4]: 

1. Myeliantion- The increase development of 
myelin sheaths leading to an increase in the 
efficiency of mental operations. The myelin 
sheath is the neural insulator that increases 
neural transmission. 

2. Automatization through practice, operations 
become automatic. Automatization can free up 
resources that in turn can be used for other 
activities. 
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3. Social experience and cultural variation- Social 
experience and cultural variation is seen as a 
major role in a child’s development. Culture in 
this case can be broad, or the more immediate 
environment, such as the school classroom. 

4. Development of central concept structures- 
resulting from automatization, children acquire 
central conceptual structures, networks of 
concepts that permit them to think about a range 
of situations in a more complex and advanced 
manner 

      Further, Case stressed that presenting information in 
an organized manner, would lead to an increased retrieval 
ability. Case’s emphasis on the role of education and 
culture in the child’s development is also a unique 
difference from Piaget. The role of culture in a child’s 
development cannot be overstressed. The culture provides 
practice which helps the child refine, develop and 
automatize skills and information [4]. 

1.3 Concerns about cognitive psychology  

      While both Piaget and Case have identified stages 
through their research, it is important to remember that 
the ages they associate with these stages are only 
suggestions. A child will progress through the stages at a 
pace that may differ from these markers, but they will 
follow the order as presented. 

      Another danger with cognitive theory is the 
temptation to use the knowledge to try and accelerate 
children through the stages. Bjorklund and Green stress 
that cognitive immaturity is an important part of the 
developmental process[1]. What may be seen as 
immaturities, for example only seeing things as cause and 
effect, may exactly be what is exactly needed at that time 
to help the child understand their world, or other unseen 
issues.  

      The strength in these models is that it provides a 
framework to help design learning experiences. It is clear 
that taking a high level activity and simply ‘dumbing it 
down’ will not yield the best result, nor would running the 
activity at a high level, hoping that youth will ‘rise to 
meet the challenge’ being presented. There is a place for 
boundary pushing, but it is likely better results can be 
achieved by how the activity is framed.  

2. CONNECTING COGNATIVE THEORY TO 
ACTIVITIES 

      These cognitive theories provide a strong means to 
explain why ESQ has seen success. Themes help activate 
the schema’s that participants bring to the camp. A 

successful theme takes a camper’s base knowledge and 
through the activities cause new knowledge to be 
assimilated causing held schemas to accommodate.  
Further, holding science programming outside of a 
traditional elementary classroom, where a theme is central 
to the décor and space triggers Case’s third contribution to 
expansion of working memory; social experience and 
cultural variation. The meta-theme further adds more 
variation to activities. A camp theme for grade 5 and 6 
students may be focusing on the science of the circus, but 
the meta-theme of ‘business of science’ asks youth to also 
think about what financial elements will play a role in the 
circus, and the science involved.  

2.1 Implementation 

      Development and implementation of themes is done 
through an approval based process. Camp instructors are 
given a presentation of themes that address how they 
connect activities, what restrictions they have in selection 
(for example, themes cannot be repeated year-to-year), 
examples of past successful and not-so-successful themes. 
A discussion is held where instructors can ask clarifying 
questions and more detailed examples on the meta-themes 
are shared. 

      Instructors are then given time to brainstorm theme 
ideas and consult with each other and support staff to help 
refine their ideas.  By the end of the week, instructors 
present three possible themes to the program directors and 
the full camp support staff. This selection group contains 
former instructors from previous years, which allows for 
the creation of continuity, and ensuring repeats of the 
immediate past are not repeated.  

      Over the following two months, instructors develop 
activities with these approved themes in the forefront of 
their minds. Through meeting regularly with support staff, 
activities are questioned for safety and guidance is 
provided to ensure strong connections to the meta-theme 
of the camp group. Instructors are given the freedom to 
have one or two activities exempt from the theme, on the 
basis that the activity would suffer from trying to be 
forced to fit the theme, and its content is too good to pass 
up. 

2.2 Examples of camp themes 

      The following further discusses the earlier mentioned 
ESQ model, making connections with how the theme base 
approach engages elements of the discussed cognitive 
models.  
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Banting (ages 6 to 7) 

      The meta-theme for this group is ‘Story book based’. 
All camps operate with a week long story that engages the 
participants in solving the problems the characters 
encounter through the use of STEM skills. In the example 
of ‘Lost in the story’, campers followed two characters, 
Mac and Molly, as they journeyed across the nursery 
rhyme kingdom. Along the way they helped characters 
solve their dilemmas, for example, helping Jack and Jill 
get water by using a pulley system.  

      By focusing on protagonist(s) that need to solve a 
clear, easy to understand challenge participants are to 
work past the problems that their own egotism at this 
stage may present.  

      In this camp, the majority of children are only starting 
to enter the concrete operational stage. Activities that call 
for multi-dimensional thinking or transformation are 
introduced with much guidance and explanation by the 
instructors. 

Suzuki (ages 8 to 9) 

      As this group is becoming more aware of issues 
beyond themselves, and that multiple factors can inform 
their experiences, the meta-theme is ‘STEM in my world’. 
An example of this being put into action is the camp 
theme of ‘How did this get in my lunch?’. Through a 
series of questions and motivating activities, campers 
learned about the farm-to-table process food goes 
through.  

      This meta-theme allows youth to realize that STEM is 
present in many aspects of their daily life. Realizations 
are starting to be drawn that science and tools can have 
different roles depending the situation; the farmer doesn’t 
only plant the seed, but he also are responsible for helping 
the food leave the farm once harvested.  

Newton (10 to 11) 

      As the campers progress in both age and life 
experiences, more abstract thoughts can be brought into 
the camp room. With the meta-theme of ‘Business of 
Science’ the Newton age group represents the biggest 
jump ESQ experiences in desired outcomes by use of 
these meta-themes. 

      To discuss the business of science is to start to draw 
connections between STEM, research, entrepreneurship 
and business. Questions are asked about problems people 
have, how solutions can be marketed, and what role does 
science and research play in this process. This business of 
science model has been developed over the past five years 

and knowledge of how to effectively integrate this meta-
theme in a consistently effective manner has been 
developed and refined over time. 

An example of this was the camp theme of Earth INC. 
where campers were tasked to find environmental friendly 
solutions to problems. Activities during the week 
explored different materials, providing ‘research 
knowledge’ about what they should and shouldn’t use. 
Their fictional company stock price was impacted based 
on decisions they made after these activities. For example, 
Campers who used Styrofoam after an activity discussed 
the issues with disposing of the material, would see a 
negative impact on their stock price.  

      This meta-theme starts to bring in the abstract 
reasoning of the formal stage through its use of 
hypothetical-deductive reasoning. Full success with this 
theme also depends on the child to use skills and learned 
during the concrete-operational stage, such as their ability 
to think logically and understanding of transformations. 

Edison (ages 12 to 13) 

      The oldest age group focuses starts to move away 
from traditional themes. Themes are no longer about 
making the activities relevant, but instead are used to 
provide a connecting element to all activities. For 
example a theme in this group may be ‘System Shutdown’ 
and explores the roles systems play in biology and 
engineering. With the meta-theme of ‘real science’ the 
goal is to provide activities that are held in teaching labs, 
and make use of scientific equipment. By using such 
space and tools campers began to envision themselves 
studying STEM topics at a secondary and post-secondary 
level.  

      Activities at this level demand the camper to be in the 
formal stage as accumulation of skills from across levels 
are used. Specifically the use of abstract and further use of 
hypothetical-deductive reasoning is key to the success of 
the programs at this level.  

3. DISCUSSION/CONCLUSIONS 

      Internally this method has increased the ease of 
development, has led to more staff engagement with their 
work, and a greater variety of activities. From the camp 
organizers perspective, the quality of activities and 
instructor experience has increased. 

      Externally it is hard to judge the results of a program 
like ESQ. The temptation is to attempt to track students 
who come to the program for multiple years and see if 
they ultimately enroll in a STEM area at a post-secondary 
level. This would provide a good indication if they have 
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chosen to make a career goal out of STEM. Privacy 
concerns, cost and logistics make it extremely difficult to 
track students in this manner.  

      The reputation of a program like ESQ is based on the 
elements of service and content. With the office structure 
of the program being relatively stable for the past several 
years, we can assume that quality of service has not 
changed dramatically. With this being ignored, we can 
judge the speed and how many spots fill annually in ESQ       
as a result of parents and youth connecting with content.  

      ESQ has filled close to 100% of its spots annually 
since this change occurred. Further the rate of enrolment 
has increased significantly. Figure 1 shows the 
registration rate for the camp once it opens in February. 
The average percentage fill for the three years after 
participants had experienced the change in curriculum, 
2011-2013, versus the three years before, 2008-2010, 
show that what once took months to reach 50% of 
capacity in ESQ summer programs, now happens in less 
than 6 weeks. Anecdotally, it is safe to assume that the 
material has connected, and made a strong impression on 
both the parents and students in terms of their enjoyment 
of the ESQ camp experience. 

 

Figure 1 Average fill percentage of camp, before and after 
discussed changes. 

      This approach to themes and topics has spread from 
ESQ’s summer programs and has influenced other aspects 
of its programming, such as in-school workshops and 
weekend programs, both being highly regarded by 
participants.  

      While programming was not designed with the end 
goal of tying into best practices from this area of 
cognitive research we have seen benefits since this has 
been acknowledge. There is a clear need to not only make 
early engagement with STEM fun, but also relevant to the 
child’s educational level, social-cultural background and 
cognitive ability. Through providing activities that will 
lead to a level of success, you are strengthening not only 
the ability, but also the STEM identity of the child. 
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Abstract – This paper presents the results of a survey of 
61 alumni from the University of Manitoba Department of 
Biosystems Engineering. A three-section survey was 
developed to evaluate 12 attributes outlined by the 
Canadian Engineering Accreditation Board. The survey 
requested that alumni assess the 12 attributes in three 
ways: the importance of each attribute in their current 
employment, the level of preparedness they had received 
in each attribute from their education in the Biosystems 
Engineering program, and the competency level required 
in each attribute by their current employment. Using gap 
analysis, the level of preparedness received by Biosystems 
Engineering alumni was compared with level of 
competency required in current employment. The level of 
preparedness exceeded competency required on 10 of 12 
attributes; only attributes of “communication” and 
“impact of engineering on society and the environment” 
were found to be deficient using this analysis. 
Comparison of the importance of attributes to level of 
preparedness showed that level of preparedness is 
meeting industry expectations on attributes of “knowledge 
base for engineering”, “design”, “use of engineering 
tools” with room for improvement on “problem 
analysis”, “investigation” and most of the soft skill 
attributes. Interestingly, alumni who had participated on 
an extra-curricular team rated their preparedness on 
“team work” and “communication skills” lower than the 
overall response even though these extra-curricular 
activities provide real-life experience with these 
attributes. 
 
Keywords: Graduate attributes, Alumni survey, Industry 
preparedness  
 

1. INTRODUCTION 
 

Current engineering accreditation requirements in 
Canada include assessment of graduates according to 
specified graduate attributes. The University of Manitoba 
has developed a strategy that involves both direct 
assessment of Canadian Engineering Accreditation Board 
(CEAB) graduate attributes (i.e., performance in 
coursework) and indirect assessment of graduate 

attributes. These indirect methods include co-op surveys, 
industry forums, exit surveys, end-of-course surveys, 
student forums, and alumni surveys. It is anticipated that 
collection of data from these multiple sources will enable 
sound conclusions to be drawn. The specific purpose of 
this paper is to describe an alumni survey that was 
completed for the Biosystems Engineering program at the 
University of Manitoba in the fall of 2013. 

 The survey was designed to evaluate the 12 CEAB 
graduate attributes [1] in relation to i) importance of the 
attribute to the alumni’s current employment, ii) the level 
of preparedness that the alumni received by the 
Biosystems Engineering program, and iii) the competency 
level required by their employment. A total of 61 alumni 
completed the survey, with a large portion of respondents 
graduating within the last 5 years. Preliminary analysis of 
the data has been completed with the intent of trying to 
identify whether gaps exist between level of academic 
preparation and level required by employment.  

It is important to note that the results of this alumni 
study should not be considered in isolation. This alumni 
study is just one of several tools that is being used to 
indirectly assess the performance of graduates of the 
Biosystems Engineering program at the University of 
Manitoba. No attempt to correlate information from the 
various indirect assessment tools has occurred. This paper 
will refrain from stating overall conclusions about the 
Biosystems Engineering program. 
 
2. RESEARCH METHODOLOGY 
 
2.1. Target Population 
 

The University of Manitoba Department of Biosystems 
Engineering alumni were the target population for this 
study. There are 388 alumni of the department, however, 
valid email addresses were available for only 221 of them. 
 
2.2. Survey Instrument 
 

The alumni survey consisted of 36 questions divided 
into 3 sections. The first section consisted of 12 questions 
that provided demographic data about the survey 
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respondent. The second section of the survey consisted of 
20 questions that asked alumni to evaluate the 12 CEAB 
graduate attributes relative to i) importance of the 
attribute to the alumni’s current employment, ii) the level 
of preparedness that the alumni received by the 
Biosystems Engineering program, and iii) the level of 
competency required in each attribute by their 
employment.  Importance of the attribute was rated on a 
scale of 1 to 5 with 1 being unimportant and 5 being 
extremely important.  Level of preparedness was also 
rated on a scale of 1 to 5 with 1 being unprepared and 5 
being extremely prepared. Finally, competency level 
required by current employment was assessed according 
to the six levels of Bloom’s taxonomy (i.e., knowledge, 
comprehension, application, analysis, synthesis, and 
evaluation). Numerically, these were coded as 1 through 
6, respectively. The third section of the survey consisted 
of 4 questions about the alumni’s professional 
development. The survey received ethics approval from 
the University of Manitoba Research Ethics Board. 
 
2.3. Survey Procedure 

 
The survey was implemented using an online survey 

tool (SurveyMonkey). To recruit participants, an email 
with departmental letterhead, an invitation to participate 
in the survey, a link to the online survey, information on 
how to obtain results, and contact information (for the 
Human Ethics and Research Board, the principal 
investigator and project advisor) was distributed. A trial 
survey was initially distributed to 10 participants to 
ensure proper functioning of the software and to 
determine that the desired analysis could be conducted 
with the planned survey structure. The respondents that 
replied to the trial survey were also included in the survey 
results because no changes were made to the survey 
questions as a result of the trial survey. Following the trial 
survey, the survey was distributed to the target population 
through email.  The online survey software collected and 
stored alumni responses for subsequent analysis.  The 
software also provides basic analysis of questions and 
permits transfer of raw data for further analysis. 

 
 

3. RESULTS AND DISCUSSION 
 
3.1. Respondent Demographics 
 

The survey received 61 responses from the 221 
individuals contacted giving a response rate of 27.6%.  
Nulty [2] reported that the required response rate using 
liberal conditions is 8-10%. According to the criterion 
presented by Nulty [2], the results of this survey are 
significant and can be used for identifying areas for 
curriculum development. 

Year of graduation is important information for trend 
analysis.  The data relating to alumni’s year of graduation 
are shown in Figure 1. Of the 61 respondents, 24 (39%) 
graduated within the last 5 years providing a good basis 
for discussion of the current Biosystems Engineering 
curriculum. Only 7 of the respondents were over the age 
of 50. Of the 61 respondents, only 22% had participated 
in co-operative education during their undergraduate 
studies. Similarly, only 26% of survey respondents had 
participated in an extra-curricular design team during 
their undergraduate studies. 
 

 
Figure 1. Respondent’s year of graduation from the 
Biosystems Engineering program. 
 
3.2 Importance of Attributes to Current 
Employment 
 

Alumni were asked to rate each of the 12 CEAB 
graduate attributes based on importance to their current 
employment using one of these 5 descriptors: 
unimportant, somewhat important, important, very 
important and extremely important. Attributes that were 
rated as either very important or extremely important by 
at least 50% of respondents included problem analysis, 
investigation, individual and team work, communication 
skills, professionalism, ethics and equity, economics and 
project management, and lifelong learning (Fig. 2). All of 
the remaining attributes were rated as either very 
important or extremely important by at least 40% of 
respondents. Evidently, survey respondents strongly 
endorse the 12 graduate attributes that have been 
identified by CEAB.  

It is interesting to compare attributes such as 
knowledge base in engineering and design with the 
attribute of communication skills. Approximately 75% of 
alumni rated communication skills as extremely important 
to their current employment. The only other attribute 
which had a majority of respondents in the “extremely 
important” category was individual and team work. The 
ability to work with others in a team setting (which 
involves communication skills) seems to be a requirement 
for all engineering employment. 
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Figure 2. Importance of attributes to respondent’s current 
employment. 
 
 
3.3 Level of Preparedness from Biosystems 
Engineering Program 
 

Alumni were asked to rate how well the Biosystems 
Engineering program prepared them in each of the 12 
CEAB graduate attributes areas using one of these 5 
descriptors: unprepared, somewhat prepared, prepared, 
well prepared, and extremely prepared. At least 50% of 
respondents felt they were either well prepared or 
extremely prepared for only 5 of 12 attributes (knowledge 
base for engineering, problem analysis, individual and 
team work, communication skills, and professionalism). 
In general, however, there were very few respondents 
who indicated that they were unprepared in any of the 
attribute areas based on the engineering education 
received.  The attribute of economics and project 
management appears to be an area where additional 
attention may be warranted.  
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Figure 3. Level of preparedness in attributes received by 
the Biosystems Engineering program. 
 
 
 
 
 

3.4 Competency Level Required by Current 
Employment 
 

Alumni were asked to rate the competency level 
required by their current employment in each of the 12 
CEAB graduate attributes areas using one of these 6 
descriptors: knowledge, comprehension, application, 
analysis, synthesis, and evaluation. Virtually all levels of 
Bloom’s taxonomy are represented in the responses for 
the 12 graduate attributes, although the levels of 
knowledge and comprehension tend to be a minor 
contribution for most of the attributes (Fig. 4). 
 

!"# $!"# %!"# &!"# '!"# (!!"#

)*+,-./0.#123.#

45+6-.7#8*2-93:3#

;*<.3=02=+*#

>.3:0*#

?3.#+@#A*0:*..5:*0#B++-3#

;*/:<:/C2-#2*/#B.27#D+5E#

F+77C*:G2=+*#HE:--3#

45+@.33:+*2-:37#

;7I2GJ#+@#A*0:*..5:*0#

AJK:G3#2*/#ALC:J9#

AG+*+7:G3#M#45+N.GJ#O2*20.7.*J#

P:@.-+*0#P.25*:*0#

!"#$"%&'(#)'&'"

G+7I.J.*G9#-.<.-#(# G+7I.J.*G9#-.<.-#$# G+7I.J.*G9#-.<.-#Q#

G+7I.J.*G9#-.<.-#%# G+7I.J.*G9#-.<.-#R# G+7I.J.*G9#-.<.-#&#

 
Figure 4. Competency level required of respondent’s 
current employment. 
 
3.5 Gap Analysis 
 

Gap analysis is a technique that can be used to detect 
differences between two levels of performance or 
achievement. In this scenario, gap analysis can be used to 
detect differences between level of preparedness and 
competency level required of current employment. To 
facilitate this comparison (between the data in Figs. 3 and 
4), weighted means were calculated for level of 
preparedness on each graduate attribute (five-level scale) 
and competency level required on each graduate attribute 
(six-level scale). Each weighted average was converted to 
a ten-level scale to facilitate comparison (Fig. 5).  

The gap analysis illustrates the attributes that require 
more attention.  Alumni responded that they observed the 
greatest negative gap in attribute 7 (communication skills) 
and positive gap in attribute 9 (impact of engineering on 
society and the environment).  The negative gap indicates 
that more focus is required in preparation of this attribute 
in the curriculum because it requires a higher competency 
level in the workplace than is currently being attained.  
Conversely, the positive gap suggests that alumni felt 
over-prepared in this attribute once entering the 
workplace. 
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Figure 5.  Gap Analysis of level required by employment 
and level acquired from Biosystems Engineering program 
in the CEAB attributes. 
 
3.6 Trend Analysis 
 

A trend analysis can be used to compare the 
perception of the importance of each attribute (as 
expressed by the alumni respondent) with the level of 
preparedness felt once in the workplace. The trend 
analysis (Fig. 6) identifies the attributes that are stressed 
as important in industry in relation to the proficiency 
levels acquired when in the Biosystems Engineering 
program. The trend analysis illustrates areas that require 
attention in order to meet industry focus (i.e., 
communication skills & economics and project 
management).  On the other hand, several attributes (i.e., 
knowledge base for engineering, design, use of 
engineering tools, and impact of engineering on society 
and the environment) have been rated as meeting the 
industry’s focus on these attributes. 
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Figure 6. Trend Analysis of importance of attributes in 
alumni employment in relation to preparedness received 
through their education. 

 
 

The participation of student engineers in extra-
curricular activities is promoted throughout the 
Biosystems Engineering program. For this reason, 
analysis was performed to determine how respondents 
who had pursued these extra-curricular activities rated 
their preparedness (Fig. 7).  This trend analysis illustrates 
that alumni who participated in co-op rated themselves 
more prepared in eight of the attributes, but lacking most 
in preparedness of attribute 11(economics and project 
management).  On the contrary, alumni that had 
participated in extra-curricular design teams rated 
themselves as more prepared in only four of the attributes, 
but lacking in the three attributes associated with inter-
personal skills (i.e., individual and teamwork, 
communication skills, and professionalism). 

!"
#"
$"
%"
&"
'"
("
)"
*"

!+"

,-
./
012
31
"45
61"

78.
901
:"
;-
50<
6=6
"

>-?
16@

35
@.
-"

A1
6=3
-"

B6
1".
C"D
-3
=-1
18=
-3
"E.
.06
"

>-2
=?=
2F
50"
5-
2"E
15
:"
G.
8H"

I.
::

F-
=J5
@.
-"K
H=0
06"

78.
C16
6=.
-5
0=6:

"

>:
L5
JM"
.C"
D-
3=-
11
8=-
3"

DMN
=J6
"5-
2"D
OF
=M<
"

DJ
.-
.:
=J6
"P
"78
.Q1
JM"
R5
-5
31
:1
-M"

S=C
10.
-3
"S1
58-
=-3
"

S1
?1
0".
C"7

8.
TJ
=1
-J
<"

;00"816L.-21-M6" DUM85"IF88=JF058"E15:"V16L.-21-M6" I..L"V16L.-21-M6"

 
Figure 7. Trend analysis of preparedness as rated by 
respondents that participated in extra-curricular activities. 
 

Another trend analysis was performed to determine 
whether graduates of less than five years and graduates of 
more than five years would find importance in different 
attributes in the workplace (Fig. 8).  Five years since 
graduation was used as the cut-off to distinguish between 
those most likely to be still working as an engineer-in-
training and those who had passed that milestone in their 
career development. Even with this distinction, most 
alumni reported similar levels of importance for all of the 
attributes.   
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Figure 8. Trend analysis of alumni greater than and less 
than 5 years. 
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4. CONCLUSIONS 
 

The Department of Biosystems Engineering conducted 
a survey of its alumni with the intent of gathering indirect 
evidence of performance on the 12 CEAB graduate 
attributes. Over 27% of alumni contacted provided 
feedback on i) importance of each attribute to current 
employment, ii) level of preparedness from the 
Biosystems Engineering program in the area of each 
attribute, and iii) competency level required in each 
attribute for their current employment. A large number of 
respondents (39%) were within 5 years of graduation 
yielding good feedback on the current Biosystems 
Engineering curriculum. The alumni respondents rated all 
12 CEAB graduate attributes as being important to their 
current employment. Although there were almost nil 
responses of alumni being unprepared for their current 
employment based on the education that they received 
from the Biosystems Engineering program, there were 
only a small proportion of respondents who rated 
themselves as being “extremely prepared” for their 
employment. The results indicate there is opportunity for 
improvement. Upon further gap and trend analysis, it was 
identified that i) communication skills and ii) economics 
and project management are two attributes where further 
attention in the curriculum may be warranted. 
Interestingly, a positive gap was identified for the 
attribute of impact of engineering on society and the 
environment. One interpretation is that less attention 
could be devoted to this attribute within the Biosystems 
Engineering program. Alternatively, a second 
interpretation is that this attribute is currently being 
undervalued in industry. Perhaps the university can play a 
leadership role by continuing to graduate engineers with 
values related to this attribute. 
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Abstract – A spectrum of terms including remote, 
distance, blended and massive on line courses (MOOCs) 
capture the latest trends in teaching/learning from JK to 
the Ph.D. level. These pedagogical approaches involve 
combinations of face-to-face, asynchronous, and 
synchronous delivery of courses to class sizes that can 
surpass 300,000 students per offering. MOOCs, typically 
asynchronous, represent an attractive delivery paradigm 
for small and large institutions alike as economies of scale 
hold out visions of significant cashflows, promotion of a 
School’s brand to previously unreachable audiences, 
democratization of higher education, and enrichment of the 
planet’s knowledge capital. MOOCs, however, are not 
without their challenges including: significant commitment 
and up-front costs, wading into uncharted territory, 
defense of academic integrity/brand image, handling of 
hands-on laboratory content and poor completion rates. 
From students’ perspectives, MOOCs present an attractive 
and viable alternative permitting study in the convenience 
of their home accessing resources from the world’s finest 
academic institutions at competitive costs. This paper will 
examine the concept of MOOCs with a focus on course 
completion rates (dependent variable) as a function of 
class size, academic discipline, evaluation methods, 
delivery platform and course duration (independent 
variables). The presented data set (n= 111) is partitioned 
into three knowledge domains: engineering, management 
and others to quantify completion rate differences across 
the three identified categories, with emphasis on the 
engineering discipline. The paper will also present best 
practices for delivering engineering courses/labs based on 
a MOOCs model. Lessons learned from blended/distance 
course delivery experiences at McMaster University, 
Bachelor of Technology Program, are extended into the 
MOOC environment.  
 
Keywords: academic delivery platforms, blended learning, 
engineering labs, MOOCs, on-line courses, pedagogy, 
completion rates 

 

1.0 INTRODUCTION 
 

Oxford dictionary provides a concise working definition 
for a MOOC:  
 
“a course of study or degree made available over the 
internet without charge to a very large number of people. 
Anyone who decides to take a MOOC simply logs on to the 
website and signs up.” [1] 
 
Per the Oxford definition, MOOCs can be viewed as an 
extension of an on-line delivery with class sizes that go 
beyond what is generally accepted as a “large class”. Class 
sizes with this on-line modality routinely exceed 50,000 
students. 
 
Taking each part of the acronym provides a common frame 
of reference for this paper: 
 
M – “massive” class cohorts numbering from tens to 
hundreds of thousands with unlimited scalability 
O – “open” to anyone who wishes to participate with no 
prerequisites, entrance exams, applicant interviews or 
tuition fees  
O – “on-line” delivery over the internet possibly involving 
the distribution of video clips and downloadable readings, 
supplemented by plenary discussions, segregated social 
media activity, and the occasional synchronous event such 
as a live chat or tutorial 
C – “courses” in the form of a series or collection of 
instructional content delivered over a period of time; 
courses can be connective (cMOOC) versus transmissive 
(xMOOC) [2]. 
 
While MOOCs are considered to be new, the first broadly 
acknowledged massive open on-line course was delivered 
by Stephen Downes and George Siemens to an audience of 
2300 at the University of Manitoba on the subject of 
Connectivism and Connective Knowledge in 2008 [3]. 
Since then, MOOC style courses have proliferated around 
the world and grown in size with Udacity recently 
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delivering an Introduction to Computer Science to 314,000 
students in 168 countries. [4] 
 

2. FROM TRADITIONAL CLASSROOM TO 
MOOCs  

 
Stable predictors of academic achievement within the 
traditional face-to-face classroom have long been 
identified across many studies with selected success factors 
elevated to the level of mantra. A selective list of positive 
academic achievement correlates include: self efficacy, 
degree to which the student remains on task, personal life 
factors, instrumentality perceptions, vocational intent, co-
op, tutoring, academic advice and interventions, 
communication/feedback frequency and quality, collegiate 
career centers and class size [5 - 7]. 
 
Using early meta analytic methods, Bloom summarized the 
empirical research that has come to be known as the 2- 
Sigma problem [8]. In a seminal paper, Bloom set out 
twenty factors as contributing to improvement in student 
success. Tutorial instruction as an independent factor 
contributed two standard deviations of improvement while 
one sigma improvements were delivered with 
reinforcement, corrective feedback, cues and explanations, 
classroom participation, time on task and improved reading 
skills. 
 
Considerable research has been devoted to understanding 
the impact of class size on educational outcomes. Large 
class size as an independent variable can be considered the 
antithesis of the small group, one-to-one tutorial. Overall 
findings lean in the direction of suggesting the class size 
variable is complex with literature review results 
consistently reported as ‘mixed’ with respect to the 
relationship between class size and academic achievement 
[9]. Under selected conditions, it is possible to obtain 
higher academic outcomes with larger class formats where 
professors are organized and natural communicators. 
Where provision is made for small group interaction, rote 
memory is de-emphasized, and support is provided for 
independent learning, larger class formats can be 
accommodated. Despite the empirical evidence and 
particularly when findings reveal a negative correlation 
between class size and academic outcomes, most 
experienced educators would argue that class size is a 
barrier to academic success for any number of ‘favourite’ 
reasons. Bottom line: as class sizes become larger, the 
probability of passing/completing a course is placed at risk. 
 
MOOCs appear to represent an attractive delivery option 
where: class sizes are traditionally large with limited 
instructor contact or access, course material lends itself to 
paper and pencil demonstrations of cognitive ability 
preferably through multiple choice testing, tuition costs 
represent obstacles or where students are not able to 

physically present themselves at distant campuses. With 
internet availability and affordable computing, MOOCs 
provide access for millions of students to learn many 
subjects via distance education. Except where certification 
of completion is needed, MOOCs represent the no cost 
option.  
 
For post-secondary academic institutions, MOOCs and on-
line delivery represent emerging pedagogical paradigms. 
The promise of extending an institutional brand to distant 
locales, generating new sources of cashflow and avoiding 
capital expenditures for on-campus bricks and mortar 
facilities represent strong drivers toward this brave new 
world of education. Nobler objectives include the 
democratization of education and elevating the level of 
human capital across the world, with the hope to solve 
mankind’s challenges. In North America, schools such as 
Stanford, Harvard, MIT, Georgia Tech and many other 
post-secondary institutions demonstrate interest in this 
model of distance education by offering courses/degrees 
ranging from the arts to engineering from undergraduate to 
masters level via MOOC format.  
 
The transition to the massive, on-line environment 
necessitates that factors contributing to sound instructional 
design and learning/education be understood as the 
promise and potential damage delivered by MOOCs are 
amplified by magnitudes in excess of a thousand when on-
line class sizes dwarf usual definitions of what constitutes 
the ‘large class’.  
 
Despite the identified attractions, MOOCs fall short along 
a number of dimensions particularly where courses aim to 
build capabilities beyond the accumulation of facts, 
discussion/argument is required, peer interaction is 
necessary, and hands-on skills development is critical. 
Since problem solving, lab components and design 
concepts represent key elements in most engineering 
disciplines, MOOCs may not provide the optimal platform 
for engineering program delivery. For engineering courses, 
the challenge is to replicate traditional course delivery, 
typically complemented with labs, in the on-line/MOOC 
environment by adapting and employing face-to-face 
success factors within the distance/remote modality.  
 
Taken together, factors contributing to academic 
achievement in the on-line/MOOC environment should be 
studied, quantified and understood from a number of 
different perspectives, prior to wholesale implementation 
of non-traditional delivery of engineering courses and 
programs. 
 

4.0 MOOC – ADVANTAGES, LIMITATIONS 
From a student’s perspective, aside from financial 
considerations, a number of advantages are delivered by 
MOOCs including: 
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• study flexibility and convenience  
• reviewing a body of knowledge repeatedly in the 

pursuit of mastery 
• connecting with people from across the globe and  
• taking pride in presenting credentials from world 

renowned institutions 
 
Institutionally, the arithmetic is inviting. With course 
completion rates variously reported at an average of 
approximately 10% for courses where class sizes typically 
average tens of thousands and assuming $100 for the 
issuance of certificates of completion, revenues to be 
derived from MOOCs often require the aid of a calculator.  

 
Despite the potential benefits of MOOCs, numerous 
concerns have been identified [3, 10]: 
• Inability to probe deeply into issues 
• Questionable ability to achieve learning outcomes 
• Value of completion certificates  
• High dropout/non-completion rates 
• Long term ability to monetize ‘free’ education  
• Grading is challenging for thousands 
• Technical difficulties  
• Isolation and lack of attachment to the classroom, 

campus and institution 
• The prospect of millions of individuals being 

influenced by a single person  
 

5.0 STUDENT COMPLETION RATES  
 

The focus of the immediate study is to examine the 
experience of MOOC completion rates in the areas of 
engineering and management, a structure quite typical of 
many engineering programs in Canada.  
 
This study makes use of a comprehensive data set 
presented through a Ph.D. thesis where the candidate 
accumulated MOOC completion rates across a range of 
schools worldwide [11, 12]. Study findings from this thesis 
were adopted within a report published by the British 
Department of Business Innovation and Skills and 
referenced by Open Education Europa, a Division from the 
European Commission [2, 13]. 
 
The dataset used in the immediate analysis (n=111) was 
clustered into three broad categories: engineering, 
management and ‘other’. Since the dataset presented only 
course titles, it was necessary to exercise the authors’ 
judgments in clustering the courses into engineering, 
management or ‘other’. The final sample was comprised of 
30 engineering courses, 16 management courses and 65 
courses classified as ‘other’ (music, education, health care, 
philosophy). 
 
 

5.1 Completion Rate Variable Deficiencies  
The primary dependent variable in the immediate study is 
completion rates. Average MOOC completion rates have 
been reported by various studies ranging from 4% to 15% 
[2] with individual course completion rates reported at less 
than 1% and maximums in excess of 50% [12].  
 
Poor completion rates can be attributed to enrollees who 
are:  
• Free riders; no cost enrollment (possibly up to 25%) 
• Stay-at-home-retirees, parents 
• Students seeking an alternate information source 
• Better than TV 
• Looking for knowledge/education rather than credit 
 
According to the British Department of Business 
Innovation and Skills report, a no show rate of 50% was 
reported for Coursera style MOOCs [2]. A similar no show 
rate (40%) was recently published by Duke University for 
a Bioelectricity MOOC [14]. Figure 1.  
 

Figure 1: Duke University Persistence 
 

 
 
The no show rates reported above validate educators’ 
arguments that course completion rates are suppressed by 
students possessing no intention to even start a course of 
study. Traditional metrics of higher education therefore 
may not apply to MOOCs. Stanford mathematician, Keith 
Devlin, argues that MOOCS are a very different kind of 
educational package in need of different metrics – metrics 
that have yet to be constructed [15]. 
 
An alternate way to view MOOC success is to measure the 
absolute number of individuals exposed to a body of 
knowledge than would otherwise be the case. The 
argument proceeds from the notion that society benefits by 
providing free access to thousands of course completers 
rather than limit access to a small handful of people. A 
statement made by Rosanna Tamburri summarizes MOOC 
success rates as follows: “in one Coursera course I’ll teach 
as many students as I’ve taught in my entire lifetime” [16]. 
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6.0 RESULTS 
 
The dataset used for this study permits an examination of 
factors that may account for the variation in completion 
rates across a broad cross selection of courses delivered at 
a spectrum of institutions across the globe. Sample size 
totaled 4,043,956 students initially enrolled across 111 
courses. Smallest class size was 168 while the largest was 
226,652 students. 
 
The primary dependent variable, completion rates, was 
provided in the dataset along with potential explanatory 
variables: class size, academic discipline, evaluation 
methods, delivery platform and course duration.  
 
6.1 Descriptive Data 
Table 1 captures the full dataset including the three 
academic disciplines – engineering, management and other 
where completion rates reflect considerable variation: 14% 
for full dataset, 12.7% for engineering, 19.3% for 
management and 13% for other. 
 

Table 1: Descriptives 
 

 Study Dataset 
Statistic Full Eng. Mgmt. Other 
Courses 111 30 16 65 
Students 4034956 1452708 416044 2175204 
Class size 36432 48424 26002 33464 
Std. dev. 43055 45220 34611 43304 
Max. 226652 160000 87000 226652 
Min. 168 573 391 168 
Compl’n 
Rate  

14.0% 12.7% 19.3% 13.3% 

Std. dev. 11.3% 10.7% 11.9% 11.3% 
Min. .7% .9% 4.4% .7% 
Max. 52.1% 52.1% 35.8% 41.6% 
 
6.2 Class Size and Academic Discipline 
Table 2 shows regression results for completion rates 
versus class size and academic discipline.  
 

Table 2: Class Size Regression Results 
 

 Study Dataset 
Statistic Full Eng. Mgmt. Other 
Mult. R .52 .46 .74 .50 
R2  .27 .21 .55 .25 
Adj. R2 .27 .18 .52 .24 
SE .097 9.7 8.3 9.8 
Sign. F* Yes Yes Yes Yes 
Intercept* 19.0 18.0 25.9 17.7 
Coef.* -.0001 -.0001 -.0003 -.0001 
n 111 30 16 65 

* All values were significant at the .01 level or less 

 
Findings in Table 2 suggest that class size was a significant 
factor across all disciplines in affecting completion rates. 
The analysis leads to the conclusion that class size imparts 
a negative influence on completion rates. The R2 value for 
the full dataset was observed to be 27% suggesting that 
73% of the observed variation in completion rates is 
accounted for by other variables. It might be simplistic to 
suggest that class size is causal of completion rates 
particularly in an on-line setting where students may be 
fully unaware of how many students actually are in a given 
class. Notwithstanding such a warning, there is no denying 
that class size is correlated with completion rate, a finding 
fairly consistent across the various cohorts including the 
full dataset. 
 
6.3 Evaluation Methods and Delivery Platform 
Difference of means tests were conducted comparing 
completion rates versus evaluation methods and delivery 
platform. Results showed no significant differences in 
completion rates across these two variables mainly due to 
small sample sizes.  
 
6.4 Course Duration 
The dataset permitted an examination of completion rates 
relative to course duration (as measured in weeks). 
Average course duration in the sample was 6.7 weeks with 
standard deviation of 3 weeks. It can be noted that 
engineering courses, as designed, were of the longest 
duration compared to all other courses. 
 

Table 3: MOOCs Course Duration 
 

 Study Dataset 
Statistic Full Eng. Mgmt. Other 
Duration 
(weeks) 

6.7 8.2 5.3 6.3 

Std. dev. 3.0 4.08 3.6 2.5 
n 111 30 16 65 

 
Analysis of course duration versus completion rate is 
presented in Table 4 with results indicating that completion 
rates are negatively correlated with course duration (the 
longer a course lasts, the higher the attrition rate). Results 
in Table 4 also indicate that course duration has the least 
impact on engineering course completion rates compared 
to other disciplines (-1.08 vs. -4.91 and -2.68). Extending 
a management course by one week results in a reduction of 
course completion by 4.91%.  
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Table 4: Course Duration 
 

 Study Dataset 
Statistic Full Eng. Mgmt. Other 
Mult. R .47 .41 .77 .58 
R2  .23 .17 .60 .34 
Adj. R2 .22 .14 .57 .33 
SE 9.0 9.9 7.8 9.2 
Sign. F** Yes Yes Yes Yes 
Intercept** 22.7 21.7 45.7 30.3 
Coef.** -1.45 -1.08 -4.91 -2.68 
N 111 30 16 65 

** All values significant at .05 levels or lower 
 

7.0 CONCLUSIONS AND DISCUSSION 
 

7.1 MOOC Completion Rates 
Completion rates in this study (14%) were consistent with 
outcomes identified in previous studies. The University of 
Pennsylvania (n = 1 million) and Harvard/MIT (n = 
841,000) found completion rates to be 4% and 5% 
respectively [17, 18]. Literature reviews report MOOC 
completion rates in the 7%-15% range [2, 19].  
 
While other studies conducted analyses at higher levels of 
aggregation masking variation across disciplines, the 
immediate study focused on engineering and management 
completion rates. It was found that engineering completion 
rates were somewhat lower than other disciplines (Table 1) 
perhaps as a reflection of the nature and challenge of the 
domain.  
 
7.2 Class Size 
Class size demonstrated a significant influence on 
completion rates for all subjects with larger class sizes 
negatively impacting completion rates. Compared to 
engineering (R2 = .21) and others (R2 = .25), it was also 
noted that class size exerts the highest impact (R2 = .55) on 
completion rates for management courses (Table 2). 
For engineering courses, class size may pose an even 
greater problem, particularly where labs are involved, as 
MOOCs may not be capable of delivering hands-on 
learning outcomes.   
 
7.3 Discipline 
Discipline exerted a differential impact on completion rates 
however, these differences were not significant  with 
engineering reporting the lowest rate (Table 1). For 
engineering courses, on-line delivery and MOOCs may 
well work for selected subjects including mathematics, 
statistics, engineering economics, project management, 
software, dynamics, and basic electric circuits among 
others. However, courses involving labs may not be well 
served by an on-line environment [10]. This applies to 
courses such as: heat transfer, strength of materials, 

thermodynamics, statics, fluids, solids, and power systems 
engineering and others.  
 
7.4 Evaluation Method and Platform 
No significant effects were found for evaluation method 
and delivery platform on completion rates. Small sample 
sizes and the absence of theoretical rationale may account 
for the lack of effect. 
 
7.5 Course Duration  
Consistent with other researchers’ findings [2, 12], the 
study has shown that courses of longer duration impede the 
completion rate across all subject domains. However, 
engineering, courses were found to possess the longest 
course durations along with the lowest attrition rates over 
time. Table 4 illustrates that each week of engineering 
course duration results in a 1% loss in completion rate, 
compared to 5% for management and 2.7% for others. 
 
7.6 Impact of No Shows 
The conducted analysis made no attempt to correct or 
adjust for bias introduced by no shows. It is felt that 
coefficients found and significant effects noted would not 
be affected by the ‘no show’.  
 

8.0 RECOMMENDATIONS 
 

1. MOOCs may lend themselves to the delivery of 
theoretical and qualitative engineering courses. 
 

2. For basic engineering courses, educators should 
consider experiment kits and simulation software to 
capture lab components. 

 
3. To accommodate advanced engineering courses with 

lab components, a compressed lab format with a 
number of days on campus may convey the expected 
learning outcomes. 

 
4. Although some institutions are aggressively adopting 

MOOCs (Georgia Tech’s recent masters degree), it is 
recommended that institutes move carefully and 
deliberately in adopting this new delivery model.  

 
5. Movement in the direction of on-line/MOOC 

delivery should be mindful of accreditation body 
concerns related to the achievement of learning 
outcomes. 

 
6. It is recommended that more MOOC research and 

analysis be conducted. 
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Abstract – In today’s society, electronic devices 
represent an important part of the cultural fabric, especially 
for the younger generation. Professors and lecturers 
teaching at post-secondary levels express concern when 
students appear to be more interested in electronic devices 
than the content being presented in the classroom. These 
devices permit the student to locate small snippets of data 
and information leaving them largely incapable of 
integrating this data into comprehensive concepts. Another 
drawback of using modern electronic devices in the 
classroom relates to their misuse during examinations. The 
argument from an educator’s perspective is: suppression 
versus celebration, as electronic devices assume a 
ubiquitous place and role in the classroom. Unable to 
effectively compete with the apparent entertainment value 
of iPods, iPads, cell phones and laptops, educators and 
policy makers enact a range of measures designed to 
enforce student engagement during class time. Institutional 
responses to the use of electronic devices include: policy 
language enshrined in course outlines, bans on such 
devices and confiscation of offending devices. Conversely, 
given that every conceivable subject is available via the 
internet, these electronic tools are effective in ‘bringing the 
world into the classroom’. This paper explores and presents 
actionable strategies that educators can employ to leverage 
the power of electronic devices in stimulating students’ 
participation during classroom delivery. Based on 
literature search, personal experience and field interviews, 
suggested best practices are advanced for the enhancement 
of the learning environment (both lecture and lab) in the 
pursuit of improved learning outcomes. The paper will also 
present the limitations and drawbacks in the use of these 
devices.  
 
 
Keywords: digital devices, mobile, pedagogy, student 
distraction, time on task, world in the classroom 
 
 
 

1. INTRODUCTION 
 

Electronic mobile devices, namely cell/smart phones, 
mp3 players, tablets and laptops have firmly attached 
themselves to the younger generation (Gen Z), often 24 
hours a day. Such devices make their way into the 
classroom setting as a matter of habit, bordering on 
addiction. The challenge for educators is how to compete 
with the information and data that these devices make 
available at the touch of the fingertip. Were the stream of 
data being downloaded relevant to the discussion unfolding 
in class, there would be less of a concern.   

 
Curriculum and course planners often speak in terms of 

“bringing the world into the classroom” as a means of 
bridging the gap between academe and the environment 
students will join upon graduation. To the extent that one 
could leverage the electronic device as a way to locate and 
access the constellation of knowledge available on the 
internet, these devices can deliver limitless possibilities by 
uncovering otherwise unrealized connections, 
relationships and nuance.   

 
Most educators perceive pressure from such ‘cool’ 

devices with the foregone conclusion there is little that can 
be done to compete against the information and 
entertainment value of electronic devices. As a means of 
fighting back and mandating attention, resort is made to 
rules specifying conditions under which such devices can 
be permitted in the classroom. Initial and kneejerk 
reactions invoke outright bans, device confiscation and 
restrictive policies adopted by the professor, department or 
institute. Many such policies can easily be accessed on-
line. More forward thinking administrators and educators, 
however, consider options that leverage the power of such 
devices.  

 
This paper provides a number of actionable strategies 

and options available to the educator who faces the 
prospect of knowing that on any given day in class, they 
will not fare well relative to an electronic mobile device. 
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2.0 BACKGROUND 
 
Electronic devices of the personalized variety have a 

lineage going back almost 40 years dating to the 
introduction of personal computers with the Apple 1 (1976) 
and IBM XT PC (1981). Mainframe computing was left 
behind in gymnasium sized complexes in favour of desktop 
and personal computing.  Miniaturized devices heralded a 
new world where the population learned about DOS, C 
prompts, autoexecute files for booting up machines, 
computer crashes, software suites for word processing 
(SAMNA, Wordstar and WordPerfect) and spreadsheets 
(Visicalc, Lotus 1-2-3). 

 
By the early 1990s, Apple had created the Newton 

tablet, early adopters exchanged the first emails, 
computing power grew, cost per byte processed went 
down, device size continued to shrink, green/amber screens 
were replaced with VGA colour monitors and first 
generation laser printers were $5,000. 

 
The 1990s saw the internet become increasingly 

adopted for commerce and data transfer with Lynx, www, 
the killer app Mosaic, Netscape and finally, Internet 
Explorer by 1995.  The new millennium welcomed 
Mozilla, Safari and later on, Chrome. 

 
Continued evolution and refinement of hardware and 

wireless technologies converged with software 
developments to produce data and information access 
heretofore unknown to mankind. The dot com revolution 
of the late 1990s can serve as a prime illustration of these 
technologies’ convergence.  

 
The population in general and Gen Z in particular have 

grown up within this new digital normal where staggering 
quantities of computing and information power are a click 
away. Among college students, studies show the average 
student owns 6.9 devices with penetration/adoption 
varying by device: cell/smart phone 90%+, laptops 85%, 
tablets 36%, computer games, e-readers and mp3 players 
finding their way to one third of the student population [1]. 
As the 21st century has unfolded, these devices have 
become omnipresent particularly with the younger 
generation that grew up with digital technology being 
commonplace. The device and technology adoption trend 
is not likely to change any time soon as captured in Table 
1. 

 
Table 1: Device Growth Predictions [2] 

 
 2012 2017 % Growth 

Internet users 2.3 billion 3.6 billion 56% 
Global devices or 
connections 

12 billion 19 billion 58% 

Internet video users 1 billion 2 billion 100% 

 
 
Compactness and apparent necessity made it inevitable 

that these devices would make their way into the classroom 
setting up the tension between teacher as educator and the 
device as entertainer/distracter. In this age of modern 
media distraction, teaching and mentoring represents a 
genuine challenge for both educators and students, 
although the latter may not realize it. 

 
Undergraduates and graduate school candidates in 

today’s classrooms are far different from the student body 
that educators represented when they went through school. 
Black rotary phones and punch card readers would have 
been the norm in days gone by. Having passed through the 
PC transition of the 1980s, society and academe have 
evolved along this technological journey some adapting 
better than others. Regretfully, educators may be falling 
behind with the proliferation of devices where digital 
capabilities stretch beyond the imaginations of most 
futurists. One can only imagine the class of the mid 
millennium. 

 
3.0 THE CLASSROOM CHALLENGE 

 
Today’s student can be found to routinely carry around 

laptops, smart phones and an mp3 player as a matter of 
urban survival on a day to day basis. These devices provide 
instant access to the users, others and virtually all the data 
and information produced to date by mankind.  

 
This same student has grown up with less interest to 

read, obtains information in ways different from their 
parents’ generation (internet, messaging) and seems to be 
lacking in the discipline necessary to delve into issues. 
Snippets of information pass for knowledge and education 
with the integration of data viewed as a chore particularly 
where deeper understanding takes time and effort. 
Attention spans appear short in the pursuit of instant 
gratification as provided by Instagram, Facebook and other 
social media outlets. In a word, Generation Y is more easily 
‘bored’.  

 
This combination of surfing-for-information mentality, 

vulnerability to boredom and the search for immediate 
gratification serve to set up a challenge for the well 
intentioned educator armed only with facts, formulas and 
the threat of tests, examinations and failure in an effort to 
triumph over this entertainment driven conspiracy.  

 
Understanding technologies and their appeal to students 

would assist in devising educational content and process 
that can move student attention from entertainment seeking 
to knowledge thirsting, all of this facilitated by the 
educating professor.  
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To deal with the distraction circumstance, the educator 
relies on tried and true factors that work in the face-to-face 
classroom. A constellation of academic achievement 
predictors within the traditional classroom have long been 
identified across many studies and elevated to the level of 
mantra. A selective list of positive academic achievement 
correlates include: self efficacy, personal life factors, time 
on task, vocational intent, collegiate career centers, co-op, 
tutoring and class size [3 - 5]. 
 

Using meta analytic methods, Bloom summarized the 
empirical research that has come to be known as the 2- 
Sigma problem. In a seminal paper [6], Bloom set out 
twenty factors as contributing to improvement in student 
success. Tutorial instruction as an independent factor 
contributed two standard deviations of improvement while 
one sigma improvements were delivered with 
reinforcement, corrective feedback, cues and explanations, 
classroom participation, improved reading skills and time 
on task. 
 

Time on task has long been discussed as a primary 
factor contributing to academic achievement [7]. Where 
electronic devices are used to advantage, time on task is 
increased. Conversely, time spent surfing the internet, 
texting or anticipating the next communique erodes time 
spent on the task at hand. 

 
 

4.0 DIGITAL DEVICES: 
BENEFITS/CONCERNS 

 
Today’s student retrieves information in ways their 

professor never considered possible. At the risk of 
generalizing, most students are not digitally aligned with 
their professors particularly educators who hold senior 
ranks. While engaged in learning and acquiring 
knowledge, students prefer to do so by interacting with 
technology in the same way their professors were engaged 
by books and journals found in the stacks. Students wake 
up (apparently over 80% sleep with a device at their side) 
and function by interacting with their beloved devices and 
the challenge is to make use of technologies that many 
academics are largely (and increasingly) unfamiliar with. 

 
Electronic devices present tremendous advantages for 

students by enhancing the academic environment when 
device capability is leveraged to aid the learning process. 
Mobile, digital devices are capable of:  enabling 
notetaking, instantly accessing history/background/proofs, 
providing demonstrations, performing calculations, 
plotting data, presenting with novel tools (Prezi and 3D 
timeline software) [8,9], accessing open courseware (Khan 
Academy) [10], engaging with polling capability 
(clickers), digitally capturing board notes (Smart Boards), 

podcasting for on-the-run learning, testing students via 
mobile devices and communicating with professors/TAs.  

 
For educators, electronic devices have the potential to 

promote engagement, improve student attitudes towards 
their studies and elevate student learning. Rather than 
relying on a single individual in the room to have all the 
answers, classrooms can have scores of sages helping the 
student body and professor to locate, consider and discuss 
issues with the aim of achieving profound knowledge. 
Along the way, it may even be possible to enjoy the road 
to comprehension by making effective use of electronic 
devices.  

 
Notwithstanding the benefits associated with mobile 

digital devices, a spectrum of concerns present themselves 
leading educators to consider various levels of restriction 
and prohibition on laptops/tablets and phones. In the view 
of educators, such devices distract during classroom 
settings and facilitate the degradation of the research and 
thinking process outside the classroom [11].  

 
On the other hand, students are of the firm belief that 

they are excellent multitaskers or parallel processors, yet, 
research informs otherwise. In the classroom, students 
make resort to devices for gaming, facebooking, watching 
unrelated videos, and text messaging. The prospect of a 
missed call or text seems synonymous with digital 
withdrawal in case some questionably relevant message is 
not immediately retrieved. Taken together, students 
expend more time on distractive data streams than they do 
on relevant information, underreport device use and have 
poorer grades to show for it [12-15].  Recent in-class 
experiments demonstrate the negative impact that devices 
can have on student performance [16]. 

 
Another source of major concern relates to plagiarism 

and academic dishonesty, where students knowingly or 
otherwise locate information via the internet and present 
the same as their own. In addition, during testing situations, 
devices can be employed for ill intentioned purposes 
including exchange of text messages, accessing servers for 
information/uploaded notes, photographing test questions 
and awaiting expert response, and digitizing exam 
questions for future use. The unprepared, unable and 
digitally savvy student is capable of all manner of 
academic dishonesty in their quest to obtain a degree.   

 
As a matter of defending academic integrity, educators 

respond with plagiarism detecting software, limit 
calculator/smart phone use in examinations, craft 
conditions under which devices can be permitted and have 
academic advisors remind students as to distractive powers 
of digital devices.  
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5.0 TOOLS AVAILABLE TO 
EDUCATORS 

 
The point of departure for the educator is to recognize 

and acknowledge that today’s student is decidedly different 
from days gone by. From JK to university, twelve plus 
years of intensive conditioning and functioning with these 
devices, along with not having learned when it is 
appropriate to operate them, sets the actors in this scenario 
on a collision course when student meets post secondary 
education.   

 
In the same way that students utilize digital devices to 

apparent advantage, so too can educators in the fight to win 
the hearts and minds of Gen Z and beyond. It is incumbent 
upon the educator to identify current and leading edge 
technologies to enhance the overall student learning 
experience.  Rather than declare an all-out war on digital 
devices, it is recommended that academics consider ways 
and means of utilizing current and emerging technologies 
to advantage. 

 
It is possible to consider the adaptation of digital 

technologies to various elements of the pedagogical 
enterprise by breaking course preparation and achievement 
of learning outcomes into discrete components and 
offering suggestions for each stage. Such categories of 
pedagogical endeavor might be captured as follows: pre-
class, in-class, post-class and assessment tools. 

 
5.1 Pre-Class 
 
Learning management systems (LMS) have been part of 

the educational landscape for some number of years 
lending themselves to both delivery of learning content and 
course administration. Universal remote access permits 
students to learn at their convenience regardless of place 
and time. LMSs have become standard equipment at 
virtually all levels of education with companies such as 
Blackboard, Moodle and Desire2Learn representing the 
majority of the educational market. Such technologies are 
ideal for handling/delivering content, showcasing student 
capabilities via e-portfolios, administering/grading tests 
and finally, recording test and assignment results. 
Administratively, LMSs excel at providing academic 
scorecards, communicating with students, dispensing 
triggered content, broadcasting announcements and 
keeping students on task/track.  

 
Content provided before class moves the educator in the 

direction of the flipped classroom permitting class 
meetings to be problem solving sessions along with 
opportunities for active learning. To the extent that 
students can be overwhelmed with course learning 

resources, educators must be mindful of the overall student 
capacity to absorb material. 

 
5.2 In-Class 
 
The digital challenge plays out in the classroom/lab with 

students wanting to engage their device while the educator 
looks to engage the student. A selection of relatively simple 
strategies can be employed to advantage including: 
• Using modern digital technologies to capture 

students’ attention and interest 
• On-line access to course materials, assignment and 

projects during lecture/lab 
• Assigning truth and fact checking duties to students 
• Use digital devices for labs, field experiments, 

simulations and presentations 
• Remote lecture delivery via Skype or synchronous 

tools (Webex, Collaborate, Saba Centra) 
• Using clickers/polling along with the mobile device 

 
5.3 Post-Class 
 
Profound learning begins after the classroom session 

where students on their own time reflect on the selection of 
LMS delivered content along with happenings in the 
flipped classroom. To reinforce material, students can be 
afforded all manner of resources as follows: 
• Providing a set of complete notes on line such that 

students can compare their prepared notes against 
notes that would deliver an ‘A’ 

• Sharing a set of comprehensive notes as provided by 
students for comparison purposes 

• Providing access to lecture capture, digital smart 
board uploads or Camtasia produced videos  

• Providing recording links for synchronous classes 
 
5.4 Student Assessment 
 
Digital devices lend themselves to the delivery of on-line 
evaluation and delivering/managing on-line assignment 
submissions. Higher end LMSs often allow for audio 
feedback inviting the professor or TA to 
individualize/personalize comments thereby strengthening 
the evaluator/student connection. Specific feedback 
permits students to improve in particular ways elevating 
performance. Providing students with research findings on 
the distractive capabilities of electronic devices permits 
students to come to their own realization as to the drawback 
of misusing devices during class time. 
 
 
5.5 The Future Classroom 
 
The previous discussion has presented issues, concerns and 
suggestions based on the traditional face-to-face 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 026 
Canmore, AB; June 8-11, 2014 –  5 of 6  – 

classroom, with average student enrollment reported to be 
255 at the University of Toronto [17]. On the other hand, 
Massive On Line Courses (MOOC) class sizes can average 
in the tens of thousands. The prospect of MOOC style and 
on-line blended courses presents unique learning 
challenges given the unsupervised nature of such 
deliveries. Multitasking with no one other than a streamed 
video to keep the student on task means that there may be 
even less attention paid to the content being delivered ‘in 
class’. In conclusion, the distance education environment, 
of necessity, shifts responsibility for learning in the 
direction of the student in the absence of a professor to 
monitor behavior. The on-line/MOOC student must 
demonstrate the discipline necessary to achieve learning 
outcomes.  
 

6.0 CONCLUSIONS & 
RECOMMENDATIONS 

 
This paper has attempted to equip the university 

professor with an array of ideas that can help to turn 
students’ attention to what is being discussed in class away 
from that which is streaming in over their devices. The 
digital revolution is alive and well in the classroom and lab 
with no apparent sense that it is letting up any time soon. 
The wise and leading edge professor is the one that 
capitalizes on the use of these technologies even in limited 
modalities. Educators need to get digitally on board 
otherwise placing at risk the ambition to fulfill the 
expectations of Gen Z.  

 
To avoid such a situation, it is recommended that 

educators: 
1. Use TAs to develop digital course materials   
2. Stay close to and force technology adoption upon 

themselves 
3. Introduce and integrate digital technologies into lab 

and course work to demonstrate the advantages of 
these devices 

4. Adopt a contingency approach to the use of 
traditional delivery approaches in combination 
with digital technologies  

5. Craft flexible digital technology use policies that 
permit the instructor to recognize and permit device 
use in the classroom to meet course requirements 

6. Enforce strict policy to prevent device misuse 
specifically related to academic dishonesty 

 
It is the goal that even if one of the presented 

suggestions makes a difference in the classroom, then a 
pedagogical contribution will have been made anemic as 
such an ambition may sound on first blush. The future is 
digital and it starts now. 
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Abstract – This paper presents the impact that the 
Design Engineering and Design (DE&I) program offered 
in 2013 has had in the Faculty of Engineering at the 
University of Victoria. Through this program a pool of 
nineteen graduate students were trained as Design 
Teaching Assistants (DTAs). The purpose of this program 
is to train DTAs in engineering design principles and 
pedagogical skills for mentoring students working on 
design projects. During the year DTAs continued their 
training by attending seminars presented by guest 
speakers. To date, eight DTAs have been appointed to 
either assist as qualified Teaching Assistant in already 
established engineering design courses (two DTAs), or to 
develop new design projects in courses that are primarily 
engineering science (six DTAs). The latter was supported 
by the course instructor and the coordinators of this 
program. The paper describes the development and 
management of these design projects, their impact on 
undergraduate students, and the personal experience 
gained by the DTAs. Also, the paper presents a review of 
the 2013 DE&I program including a new strategy for the 
upcoming 2014 DE&I workshops that will focus more on 
the development and execution of design projects of the 
DTAs.    

 
Keywords: Graduate Teaching Assistants, Engineering 
Design, Mentoring Undergraduate Students, Developing 
Design Projects, Engineering Education. 
 
 

1. INTRODUCTION 
 

The UVic Faculty of Engineering established in the 
Spring of 2013 a unique training program for graduate 
students called Design Engineering and Instruction 
(DE&I) [1]. This an initiative by the NSERC Chair in 
Design Engineering whose mandate is to improve and 
expand the instruction of engineering design within 
undergraduate courses.  

Engineering design is the development of new objects 
or systems that meet specific needs by integrating multiple 

disciplines such as mathematics, engineering sciences, 
basic sciences, and complementary studies.  

Strong [2] indicates that most engineering graduates 
are perceived by industry as technically competent but 
with marginal practical design skills.  This is ratified on 
surveys [3,4] that report that industry is not satisfied with 
specific design skills of the engineering graduates such as 
creativity, communication, project management, and 
product testing. Therefore, there has been a significant 
effort to improve teaching in design by the Engineering 
Accreditation bodies [2]. 

Engineering design projects require specific guidance 
from the Teaching Assistants. Ringenberg et al. [5] 
recognized that a Teaching Assistant would occupy 
different roles in a design course. Teaching Assistants 
should guide students through their design project, 
strengthen the teamwork dynamics, create an atmosphere 
where the students would feel comfortable to discuss their 
team problems, and advise the undergraduate students 
how they can make their work more interesting. 

The purpose of the DE&I program is to give graduate 
students specialized training to support design projects in 
undergraduate courses across the Faculty. The learning 
objectives of this training program involve engineering 
design principles and pedagogical skills for mentoring 
students with group activities. A series of three 
consecutive workshops were conducted:  

Workshop on Engineering Design: Here the graduate 
students reinforced their knowledge in engineering design 
by solving an engineering design problem while working 
together in teams of four students. The process of 
engineering design was reviewed and different techniques 
for group work were presented.   

Workshop on Mentoring Skills: Graduate students were 
exposed to a role play activity in which each team had to 
identify problems or challenges related to teamwork, 
guidance, project management and ethics. After acting 
out, graduate students received feedback from the other 
teams and the facilitators.    

Workshop on Developing Design Projects: Graduate 
students had to develop a non-existing design project for a 
course. They had to identify learning objectives. Then, 
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teams had to develop a design mini-project, establish the 
design objectives and a suitable strategy for managing the 
students (e.g. project schedule, expectations, rubrics, etc.). 
Each team presented their mini-projects and received 
feedback from other teams and a workshop coordinator. 

The details of these activities are covered in an earlier 
publication (see reference [1]) and will not be discussed 
further here. 

During the summer and fall terms, graduate students 
attended seminars given by industry experts and other 
professionals. The seminars provided valuable industry 
perspectives that reinforced many of the learning 
objectives. Upon completing the series of workshops and 
attending a minimum of five seminars, the graduate 
students are certified as Design Teaching Assistants 
(DTAs). 

In addition to reporting the progress of the program, 
this paper presents the academic impact that the DTAs 
had in their assigned courses by consulting undergraduate 
students and the supervising professors, as well as the 
professional experience that the DTAs gained with their 
appointments. 

Also this paper discusses the changes made for the 
2014 DE&I training program. In particular, the program 
will focus more on the development of design projects and 
less on engineering design principles.      

 
2. SEMINARS 

 
A total of nine seminars were offered in the summer 

and fall terms. The seminars involved guest speakers from 
different disciplines. The topics of the seminars can be 
categorized in three major themes: industrial design, 
pedagogical education, and organizational behavior 
(conflict resolution).   

Industrial design: Five of the seminars involved 
industrial design. Guest speakers from mechanical, 
electrical, software and civil engineering presented their 
experience as designers. Most of the talks emphasize the 
importance of problem definition as a critical stage for the 
design process. The design process was explained from 
the industrial perspective and since the speakers came 
from different backgrounds (as the DTAs), it was 
important to expose the graduate students to the different 
design approaches that are taken in each discipline. 
Another important aspect was norms, regulations, ethical 
behavior and the impact that a particular design can have 
in society. These topics were not covered in the workshop.  

Pedagogical education: To reinforce pedagogy, the 
program required the trainees to attend at least one 
seminar (most of the DTAs attended two) offered by the 
Learning and Teaching Centre (LTC).  Every year the 
LTC organizes a conference for Teaching Assistants. 
Although the conference is generic for all the faculties, 
there are particular sessions that focus on science and 

applied science. In particular, there were sessions on 
communication, group formation, developing rubrics and 
international students that were valuable to reinforce the 
ethics, guidance and project management learning 
objectives presented at the workshop. 

Organizational behavior: Two seminars were focused 
on how to resolve conflicts between members of the same 
team. One speaker exposed real team problems in industry 
and the other speaker was a distinguished academic from 
the UVic School of Business, expert in Organizational 
Behaviour. 

 
3. OBJECTIVES OF THE DE&I PROGRAM  

 
The DE&I program has two main objectives: The 

certified DTAs will support our Faculty with following 
two assignments: 

 (i) Assist as qualified Teaching Assistant in already 
established engineering design courses, and  

(ii) Develop new design projects in courses that are 
primarily engineering science with the support of the 
course instructor and the coordinators of this program. 

 The latter assignment is more laborious as the DTAs 
have to develop, organize, coordinate, and mentor 
undergraduate students. A fundamental objective of this 
assignment is to create a design mini project that is 
centred on the learning objectives of the course itself and 
therefore the deliverables will reinforce the theoretical 
contents of the course. By contrast, most of the 
engineering design courses, particularly the capstone 
design projects, focus on the design process and the 
students have to apply all the knowledge gained during 
their careers. Consequently, the majority of the capstone 
design projects are based on mechatronic projects where 
the students combine the knowledge previously learned in 
numerous mechanical, electrical and software engineering 
courses. Instead, by developing design mini-projects for 
specific courses, the design problems are centered on the 
course itself. For instance, an electronic circuit course will 
focus on designing simple electronic circuits, a thermo-
dynamics course will focus on design a problem based on 
energy conversion or energy storage, a mechanisms course 
will focus on designing simple mechanical machines, etc.     
 

4. ACHIEVEMENTS OF THE DE&I 
PROGRAM  

 
To date, 9 of the original 19 graduate students had 

satisfied these requirements with 6 more expected to 
fulfill their commitment in the coming spring.  

In 2013, two DTAs were assigned to provide support 
in engineering design courses and three DTAs were 
appointed to help developing design projects in courses 
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that were primarily engineering science. For the 
engineering design courses, one of the DTAs was 
appointed to help the instructor to develop a fourth-year 
capstone design project (MECH 400), the other DTA was 
appointed to guide students through their design project in 
a second year engineering drawing course (MECH 200).  
For the engineering science courses, one DTA helped with 
the development of a design project in a third-year core 
course in Mechanical Engineering, Theory of Mechanisms 
(MECH 335).  Since this course was offered prior to the 
DE&I program, the DTA received one-on-one coaching 
from one of the coordinators of the DE&I program. The 
course served as a pilot, which allowed the coordinators to 
identify particular problems that had to be tackled during 
the workshops. The other two DTAs began preparing 
ideas on how to coordinate and manage design projects: 
one for a third-year core course in Electrical Engineering: 
Linear Circuits I (ELEC 330), and the other improved the 
Theory of Mechanisms (MECH 335) project of the 
previous year that required major changes [6]. 

In 2014, once the DTAs were certified, five DTA 
appointments were established for the development of 
design projects for engineering science courses. In the 
spring term, the two DTAs who had prepared the design 
project for ELEC 330 and MECH 335 carried out their 
projects. Both of these courses are taught in the first term 
of third year. During this term, a number of students join 
the university program after completing successfully a 
two-year college-level technology program. Therefore, not 
all the students are familiar with each other, and more 
importantly, the formation of these students is diverse. 
While the students who started their post graduate 
education at the University have stronger theoretical 
understanding of the mathematics and physics, those that 
started in the college program are more familiar with the 
different manufacturing processes and the aspects of the 
skilled trades. Another DTA was appointed to mentor the 
design project of a fourth-year elective course, Digital 
Visualization (ELEC 483). The remaining two DTAs are 
currently working together to develop a novel design 
project for a second-year core course in Mechanical 
Engineering, Thermodynamics (MECH 240).  The 
following is a summary of the design projects and how 
they were implemented into the courses: 

Linear Circuits I (ELEC 330): This is an introductory 
course of electronic circuits that includes: diodes, bipolar 
junction and field effect transistors, small signal and 
multistage amplifiers. This course includes four laboratory 
experiments that are supervised by regular TAs. Since the 
college-formed students had previous experience working 
with electronic circuits, the laboratory experiments 
resulted redundant. As an alternative, the instructor of the 
course and a DTA offered all students (both college and 
university formed) who already had such experience to 
design, build, and test an electronic circuit as a project in 

lieu of the laboratory experiments. Twelve, two-person 
teams worked on the project instead (20% of the overall 
class). The DTA received and evaluated the proposals on 
the fourth week of the course. The DTA made some 
changes to the proposals to maintain the same level of 
difficulty among all the projects. The projects included an 
audio amplifier for portable devices, a vacuum tube based 
audio effects amplifier, a charge pump power supply, a 
constant current load, an H-bridge motor driver, a three-
stage 5W audio amplifier, a temperature display, a USB 
LED lamp circuit, a two-stage boost power supply, an 
audio amplifier with A/D converter, an audio amplifier for 
home subwoofer systems, and a wireless music 
transmitter. All the projects met the expectations and two 
of them exceeded the expectations: One of these project 
was the three-stage 5W audio amplifier which required a 
comprehensive analysis of circuit design, such concepts 
are taught in a later course (Linear Circuits II); and the 
other project was the wireless music transmitter which 
transmitted music through light and the students would 
like to extend their concept using conventional house light 
bulbs. The DTA met every team every two weeks and the 
students submitted their prototypes and reports in the last 
week of the course. Students presented their projects to 
the Faculty and submitted a project report. 

Theory of Mechanisms (MECH 335): The course is 
primarily theoretical and includes four laboratory projects 
that are based on deterministic problems. The course is 
structured to teach the kinematics and dynamics of each 
mechanism (linkages, cams, gears), separately. A set of 
learning objectives were established to select a feasible 
design project [6]. A common design problem was given 
to all the teams (30 teams of up to four members): Design 
and build an automaton, preferably made out of wood, in 
the form of a mechanical toy for young children that tells 
a story. The design project was originally implemented in 
2013 by the instructor with the support of a regular TA. In 
2014, it was necessary to establish a new strategy as a the 
time allotted for the students was reduced in half due to 
the increase in the class enrollment that limited the time 
available for this course in the design facilities. In order 
for the students to complete their project within a very 
short time (first five weeks of the course), it was necessary 
to provide greater assistance. The DTA introduced the 
mechanisms and functions during a one-hour tutorial in 
the first week of the term. In order to accelerate the 
building process, the DTA was in charge to acquire and 
distribute mechanical components, such as spur gears, 
bevel gears, shafts, worm gears, collars, and pulleys (these 
components were hand-built in 2013). Also, the DTA was 
in charge to find local facilities where the students could 
work or produce particular pieces that were difficult to 
craft, e.g. 3D printing. During the five weeks of the 
project, the DTA met the teams three times, in which the 
project requirements were revised, students assigned 
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project responsibilities, and the DTA ensured that all the 
members of the team were working together and the 
progress was aligned with the expectations of the team 
calendar. Overall, all the teams developed creative and 
functional prototypes. In addition to meeting the learning 
objectives, the project was also used to study the 
displacement and velocity problems of the mechanical 
components. This complemented the lectures where only a 
few mechanisms were studied in detail. Since each design 
was different, the students had to analyze their own 
designs and calculate the displacement and velocity 
mathematically. A comprehensive report was submitted 
near the end of the course, which included a critical 
section of reflection, in which the teams had to discuss 
how their project can be improved. 

Digital Visualization (ELEC 483). This is an elective 
course that involves digital video representation, image 
formation models, spatio-temporal sampling and sampling 
structure conversion, two and three-dimensional motion 
estimation techniques, block-based and pel-recursive 
methods for motion estimation, methods of image and 
video compression. The requirements of the project were 
to design and implement a video signal processing 
function such as motion estimation, deinterlacing, rate 
conversion, video compression, etc. In video encoding, 
there are existing algorithms that are used to process video 
signals, students were encouraged to design algorithms 
that improve their efficiency. Teams of two students 
submitted project proposals to the instructor and DTA, 
who made appropriate modifications to meet the learning 
objectives.  After the proposal was accepted, the DTA was 
available to discuss with the students two hours a week, 
although the meetings were not mandatory the students 
regularly met the DTA for guidance. If the team was 
unable to meet the DTA during the office hours, they 
arranged an appointment. A total of five teams (the whole 
class) developed a design project. Three of the teams 
work on performance analysis of different block matching 
algorithms (each team developed different algorithms), 
another team worked on performance analysis of different 
image compression techniques and video standards, and 
the last team worked on motion vector refinement 
techniques. At the end, teams of students were required to 
make a presentation to the class and to submit a 
comprehensive report. 

Thermodynamics (MECH 240). This is a core course in 
Mechanical Engineering (180 students in 2013). This is a 
theoretical course where students are introduced to the 
fundamental laws of thermodynamics: ideal gas law, first 
law of thermodynamics, second law of thermodynamics, 
energy conversion, properties and properties relations, 
reversible systems, and closed and open system cycles. 
Two DTAs are currently developing a design project 
where the objective is to maintain the temperature of a 
house in rural area constant (20°). Students have to use 

renewable energy (wind and solar). Since both of these 
energy sources are intermittent, it is necessary to develop 
an energy storage system that has to be included between 
the wind turbine or solar panels and the heating device. 
Students can store this energy in the form of thermal 
energy (e.g., heat storage), electric energy (e.g., battery 
charge), kinetic energy (e.g., flywheel), potential energy 
(e.g., hydraulic head), phase-change material (e.g., liquid 
to solid), etc. Then, students have to design the system 
that will convert the energy and dissipate the heat in the 
house. Due to the large number of students, teams of eight 
students will be working together. However, each team 
will be divided in two groups and each will be working on 
a particular part of the project. The first group will be 
working on the problem definition and conceptualization 
and then the second group will be working on selecting 
the concept and detailed design (optimization). In order to 
ensure that each group of a team understands and accepts 
the work done by the other group, they have to review the 
work done by the other group. Once the review process is 
complete, a major meeting with the DTAs takes place with 
the complete team.   

 
5. ACADEMIC IMPACT AND PERSONAL 

EXPERIENCE 
 

There has been an effort to expand engineering design 
in second and third year courses. Most engineering 
programs include design programs in the first year 
(introductory engineering design) and fourth year 
(capstone design project) [7]. The second and third year 
courses usually carry the heavy load of engineering 
science courses. Undergraduate students have benefited 
from this initiative, as they learned the fundamentals of 
the course contents through design projects. Despite being 
an optional requirement for ELEC 330, over 20% of the 
class decided to work on the design project as opposed to 
the simple laboratories, an option that in the previous 
offering no one had chosen. In MECH 335, a five-point 
Likert scale survey (1-Strongly Disagree, 2-Disagree, 3-
Neutral, 4-Agree, 5-Strongly Agree) was conducted and 
the students reported that the automaton project was 
adequate for the course (3.95), motivate them to learn 
more about mechanisms (3.90), and found the project and 
the course complementary (3.98). Although they agreed 
that the project has increased the course workload 
considerably (4.01), they would not drop the project from 
the course and, instead, they proposed strategies to reduce 
the workload of other activities (e.g., laboratories). 

Another important aspect is the professional 
experience that the DTAs receive from these activities: (i) 
development of design projects and (ii) guiding, managing 
and coordinating design projects. Successful DTAs who 
are exposed to this experience gain valuable skills that can 
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be used in their professional lives. The following are some 
of the comments given by the DTAs:            

I really liked and enjoyed working as a DTA. In my point 
of view, the main difference between the experience 
obtained by being a regular lab TA and a DTA is that the 
former has to work with the limited pre-designed material 
(4 or 8 laboratory experiments) whereas the latter has the 
opportunity to be exposed to more versatile material. Due 
to this, a DTA has the opportunity to learn many more 
things and gain much variety of experience that would 
really help for a career in either academia or industry. 
Also, by being a DTA, we can learn many things 
(including soft skills) related to engineering design and 
project management that cannot be learned by using only 
books. DTA for ELEC 330.  
At the first weekly meeting, I got the chance to meet each 
team. We shared the concept of group dynamics and how 
to work with the group, we talked openly about the team 
formation and the expectation of working within the 
group. I encouraged the team members to have an open 
dialog among each other's. Through the weekly meeting, I 
observed the teams' group dynamics and most teams were 
able to form a mutual respect and form a team to achieve 
their work within that short period of time. As a DTA, I 
felt so privileged to be part of this exciting and rewarding 
project and to be able to guide the students through the 
design process. DTA for MECH 335. 
As coordinators of the program, we also noticed the 
appreciation of the undergraduate students towards the 
work and effort of the DTAs.  
 

6. MODIFICATIONS TO THE DE&I 
PROGRAM 

 
After reviewing the effects of the first DE&I program, 

we were pleased with the results but also we felt that there 
is a great room for improvement.  First, we consider that 
the second objective of the program (Develop new design 
projects in courses that are primarily engineering science) 
had a greater impact in the curriculum of the Faculty. The 
first DE&I program focused primarily on teaching the 
fundamentals of design engineering. This had a 
counterproductive effect: graduate students who were 
already familiar with the process and techniques employed 
in engineering design would not be interested in taking an 
introductory course on engineering design. Therefore, our 
next DE&I program will focus more on developing design 
projects and mentoring undergraduate students.  

Engineering Design Principles (EDP) remain an 
important learning objective to the new format, the major 
difference is that EDP is no longer the emphasis in the 
active learning component. Instead the DTAs will be 
receiving some reading material the weekend before the 

workshop. To help guide the comprehension, the DTAs 
will also receive a set of open-ended questions drawn 
upon a broad range of topics in the reading. Then, during 
the workshop, the DTAs will work in small groups 
discussing the reading material. Each group will be 
assigned a couple of the questions given earlier to form a 
five-minute statement on the major conclusions. At the 
end of the discussion they will be given other five minutes 
to share the conclusions with the rest of the class. At this 
point the coordinators will have a good idea on how well 
the DTAs grasp engineering design principles. The 
coordinators will then give a brief lecture emphasizing 
topics that were not adequately understood. 

By shifting the EDP learning to outside the workshop, 
there is more time for active learning on the developing of 
design projects. The goal of this year’s workshop is to 
elevate the position of the graduate students so they play 
the role of DTA in a design challenge. The central idea is 
to allow the graduate students to develop a small design 
challenge and then give this project to a group of students 
who will carry out the project on the last day of the 
workshop. 

The learning objectives for this new component will be 
focused on Design Project Development and Supervision 
(DPDS) that are listed below: 
  1) Process of developing and executing a design project: 

a) Select learning objectives. 
b) Establish the scope of the project (e.g., fully 

working prototypes vs. a single step in the design 
process).  

c) Choose the project design concept. 
d) Establish a detailed description of the roles and 

responsibilities of the DTA and student. 
e) Develop a management strategy for the project 

(i.e. weekly meetings, critical design reviews) 
f) Develop an assessment strategy. 
g) Execute the design project and adjust it when 

unforeseen problems arise.  
2) Learning objectives dictate all aspects of the project. 
3) Respect the constraints and limitations placed on the 

students from other courses. 
4) Recognize your intrinsic assumptions on how the 

students will react to the project. 
5) Communication skills in presenting the project to the 

students and assisting them in the execution. 
The DPDS learning activity will start with the 

coordinators giving a brief lecture on the development of 
design projects following all the topics listed above.  

Then, the DTAs will form groups (2 or 3 people) and 
work together to develop a small design project. They will 
be expected to select one or more learning objectives, 
apply some constraints on the project so it will be feasible 
to develop a management and assessment strategy. The 
execution phase occurs on a later day. This gives the 
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coordinators a chance to review the design project and 
make changes to ensure that it will be feasible for the 
execution phase. 

In the execution phase, the DTAs will present their 
design challenge to a group of students (student group). 
The student group will then carry out the project under the 
supervision of the DTAs. The coordinators will then 
observe and give feedback to the DTAs.  

Since this learning activity is still under development, 
the authors have a wide range of ideas on how to structure 
this activity. The most important aspect is how the student 
group is formed. Currently the authors are looking into 
recruiting senior high school or undergraduate students to 
attend the workshop as students during the execution 
phase. This will give the DTAs real experience in relation 
to supervising a project of their creation. 

If these students cannot be recruited then the student 
group will be formed from the DTA attendees. This can 
be done in two approaches. The first approach involves 
two execution phases where in the first phase a group is 
either solely a “DTA group” or a “student group”. The 
student group will work on the project developed by a 
DTA group.  Then in the second phase they switch roles 
and the DTA group will become a student group for a 
different DTA group that was formerly a student group. In 
the second round the groups will work with different 
groups so the DTAs are exposed to different group 
dynamics. Since a pair of DTA and student group will be 
performing their roles together in the execution phase, 
there is a potential problem that the DTA group takes over 
on the design project. The second approach considers 
both groups working on a design project while 
simultaneously supervising another group working on 
their project. This will teach time management and 
prevent them from over-supervising or taking over the 
design project. This second approach, however, 
introduces the potential problem of scheduling conflicts 
where one student group may want to meet with their 
DTA group at a time the DTA group is too busy working 
on their own (student) project. 

 
7. CONCLUSIONS 

 
The 2013 DE&I training program has prepared 

graduate students in engineering design and pedagogical 
skills. Once certified as DTAs, they have successfully 
assisted to improve and expand engineering design across 
the undergraduate courses of the Faculty. It is worth 
mentioning that in addition to the clear impact that these 
design projects have had on undergraduate students, there 
is another important component, which is the valuable 
experience gained by the DTAs. This gained experience 
includes both management and engineering skills that will 
be useful in their professional lives, whether academia or 
industry. Despite the success of this program, we have 

reviewed the deliverables of the project and established a 
new strategy that will give DTAs a greater exposure to 
developing design projects, guiding teams of students and 
managing design projects   
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Abstract – In order to expand the instruction of 
engineering design in courses that are predominantly 
engineering science, the Chair in Design Engineering of 
the University of Victoria has launched a program to 
introduce design mini-projects. The development and 
management of these projects is conducted by the course 
instructor in collaboration with a Design Teaching 
Assistant. The first design mini-project has been 
developed for Theory of Mechanisms, a third-year core-
course in Mechanical Engineering. The course is 
primarily theoretical and includes four laboratory 
projects that are based on deterministic problems. In 
order to establish an appropriate project, a list of 
learning objectives that complements the theoretical 
content of the course and exposes students to an 
engineering design problem has been identified. The 
project consists in designing and building an automaton 
for young children – a mechanical toy operated by a hand 
crank. Overall the project was successful, students 
rapidly embraced it, the submitted prototypes generally 
met or exceeded our expectations, and the learning 
objectives were achieved. 
 
Keywords: Engineering Design Mini Project, Theory of 
Mechanisms, Automata, Mechanical Toy, Teaching 
Assistance Guidance, Synthesis of Mechanisms.  
 

1. INTRODUCTION 
 

As recipients of an NSERC Chair in Design 
Engineering, the UVic Faculty of Engineering is 
implementing programs to improve and expand the 
instruction of engineering design within undergraduate 
courses. One initiative is to find courses that are primarily 
engineering science and introduce mini-projects in 
engineering design. Design problems are inherently non-
deterministic with multiple acceptable solutions [1]. 
Within engineering courses, teams of undergraduate 
students are given design problems that they must solve 
by working together. From this, students are exposed to 

all the challenges associated with the design process and 
teamwork. 

The mechanical engineering curriculum at the 
University of Victoria includes two core design courses in 
the first year, one core design course in the second year, 
one core design course in the third year, and one capstone 
design course in the fourth year. Despite the already 
strong engineering design program in the existing 
curriculum, there is a need to promote engineering design 
in courses that are predominantly engineering science. 
The design projects for these courses, in contrast to the 
already established design courses, should be less 
demanding and focus on concepts related to the course.    

The development and management of these projects 
will be conducted by the course instructor in collaboration 
with a Design Teaching Assistant (DTA). A DTA is a 
graduate student who satisfactorily completed a training 
course called Design Engineering & Instruction [2]. This 
training course is focused on three critical aspects: 
Fundamentals of engineering design, mentoring teams of 
undergraduate students, and development of engineering 
design mini projects.  

The first mini-design project was developed for Theory 
of Mechanisms (MECH 335), a course taught in the first 
term of the third year in the Mechanical Engineering 
program.  The course is primarily theoretical and includes 
four laboratory projects that are based on deterministic 
problems. The course is structured to teach the kinematics 
and dynamics of each mechanism (linkages, cams, gears), 
separately.  

Traditionally, the first term of the third year (3A) is 
one of the most demanding terms as other core courses 
(Mechanics of Solids II, Mechanics of Fluids, Energy 
Conversion, Numerical Analysis and Engineering Design) 
are taught at the same time. During this term, a number of 
students join the university program after completing 
successfully a two-year college-level technology program. 
Therefore, not all the students are familiar with each 
other, and more importantly, the formation of these 
students is diverse. While university formed students have 
a stronger theoretical background, college formed students 
have a stronger hands-on skill.    
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2. PROJECT DEVELOPMENT 
 

2.1. Learning Objectives 
 

In order to establish a mini-project that aligns with the 
objectives of the course and promotes engineering design, 
a number of learning objectives were established:  

Group Formation: Teams will be formed randomly in 
groups of up to four students. By randomly selecting the 
students, a better real life situation is simulated [3]. This 
selection will prevent students to be left alone without a 
group. Also, critical diversity will be encouraged, as 
students that already know are often reluctant to be too 
critical of their friends’ work [4].   

Project Management: Teams have limited time to 
complete the conceptualization and assembly of their 
project. Teams should be prepared to establish a well 
defined timeline that will allow them to complete their 
projects on time.    

Project Requirements: In order to align the project 
with the course content a number of project requirements 
should be considered. However, students should have an 
ample choice in relation to these requirements. 

Creative Project: The project should promote 
creativity in students. An open-ended design problem 
where students define the theme of their choice should 
provide the opportunity to develop innovative and original 
ideas, as well as it should promote ownership and 
enthusiasm of their own design concepts. 

Design Objectives and Constraints: Students should 
identify the design objectives and design constraints of 
their own concepts.  

Motion Transmission: Students should learn about 
transmitting motion through different components. In the 
course lectures each mechanism is studied independently 
and these individual mechanisms are never combined to 
create a mechanical machine. Transmitting motion 
through multiple mechanisms complements the material 
covered in class.  

Mechanism Function: Students will have to explore 
the functions of different mechanisms. When students 
conceptualize an idea, they will have to find ways to 
create such motion. There are particular mechanisms that 
could provide such motion. 

Synthesis and Optimization: Students will learn about 
synthesizing and optimizing mechanisms. Some of the 
required movements have to be very precise, whether 
because the mechanisms have to be synchronized with the 
motion of other components or because they have to 
follow a particular path. Thus the design of mechanisms 
has to be carefully determined (optimized). 

Troubleshooting: Design is an iterative process. 
Testing design concepts is a critical step of the design 
process. Prototypes require constant troubleshooting to fix 

the flaws encountered [5]. Students will learn to solve 
problems that were not originally envisioned.     

Reflection: Since there is limited time for this project, 
it is expected that not all the components work properly. 
However, students should learn to analyze their work and 
present a reflection of how their project can be improved. 
This diagnostic analysis is part of the iteration process 
carried out in the design process.   

 
2.2. Project Selection  
 

The selection of the design project was not only based 
on finding a project in which the learning objectives could 
be easily implemented but also the project had to be 
accomplished within the timeframe available. Moreover, 
students had to have sufficient skills/background and easy 
access to resources (mechanical components, materials, 
use of design facilities, and computer software). 

The timeframe was dictated by the workload in other 
courses as well as the allotted time for this course in the 
design facilities. Since the project of the design core 
course in this term (Engineering Design) had a priority to 
use the design/manufacturing facilities, it was important 
not to overlap the two projects.  

Although the project could have been developed using 
computer software exclusively, we thought that students 
would learn more about the design process if they had to 
build a prototype that could be tested exposing the flaws 
of their concepts. The manufacturing facility was not 
available to us due to the high demand during that period. 
However, we were able to have access to a design studio 
which is equipped with sufficient tools for wood crafting.  

Based on these constraints and the list of learning 
objectives, the selected project was the design and 
construction of an automaton.  

Rigorously speaking, an automaton (pl. automata) is a 
self-operating machine.  Automata have existed for many 
years. There are records of automata from ancient Greece 
(Hero of Alexandria), Judea, China, Persia and India. 
Ancient automata were operated with wind, water and fire. 
Medieval Islamic engineers left marvelous books of 
ingenious mechanical devices (Al-Jazari). During the 
Renaissance, numerous clockwork devices were 
manufactured and automata designs were sketched 
(Leonardo da Vinci). During the industrial revolution, 
mechanical clocks and ingenious toys were built. The 
Golden Age of Automata occurred in the 19th century. 
Automata may be considered the legacy of modern robots. 

Nowadays, the term automaton is also referred to 
“story telling mechanical sculptures” that are manually 
operated by turning a crank. This definition was 
incorporated to the project, as students had to build a 
manually operated automaton for young children, i.e. a 
wooden mechanical toy.    
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By specifying that the automaton had to be a 
mechanical toy for young children, students have to 
identify particular design objectives and constraints 
associated to children and their operational use, e.g., 
appropriate story, type of automaton (recreational or 
educational), safety, ease of operation, robustness, etc.    

Designing and building automata for educational 
purposes has been done from elementary school [6-7] to 
university projects [8].  The learning objectives at each 
level are different. The Clockwork objects, enhanced 
learning: Automata Toys Construction (CLOHE) program 
founded by the European Union Life Long Learning 
Programme is dedicated to introduce automata to 
elementary school children with the objective of building 
transversal key competences (engineering, arts, sculpture, 
mechanics and science).  For first-year university students 
the learning, designing and building an automaton exposes 
the students to think in three dimensions [8].  

 
2.3. Project Management  

 
This project was assigned for the first time in the 

spring of 2013 (92 students, 24 teams). Students had 10 
weeks to work on this project. Students received marginal 
guidance from the instructor and a teaching assistant, who 
was not trained as a DTA, and met the groups twice 
during term. In 2014 (115 students, 30 teams), the time 
given to the teams was cut down to only 5 weeks due to 
the increase in the enrollment that limited the allotted time 
of this course within the design facilities.   

In order for the students to complete their project 
within a very short time, it was necessary to provide 
greater assistance from the instructor and the DTA, first 
and second authors of this paper. One strategy was to buy 
components, such as spur gears, bevel gears, shafts, worm 
gears, collars, and pulleys. These mechanical components 
were hand-built or acquired by the students in 2013 and 
they spent significant time doing this. We managed to 
obtain scrap pieces such as gears and shafts from old 
printers. We also bought sets of gears and pulleys from 
VEX Robotics Inc., a company that produces robotics 
kits. One reason of adopting the VEX components was 

their high durability and that the Faculty already owns 
multiple of these kits that are used for other courses. 
Therefore, if one specific component was required, it was 
possible to borrow it from their existing inventory.     

Also, we look for local facilities where the students 
could work or produce particular pieces that were difficult 
to craft, e.g. 3D printing.  

Since the allotted time for the use of the facilities 
occurred in the first five weeks of the term, it was 
necessary to introduce some of the potential mechanisms 
to be used as well as their functions. The DTA introduced 
the mechanisms and functions during a one-hour tutorial 
in the first week of the term and a potential team calendar 
(Table 1) was proposed. In the early lectures, students 
also learned basic concepts of mechanism synthesis.  

The DTA scheduled weekly meetings of 10-15 minutes 
long with every team until the deadline of the project.  
The purpose of the first meeting (second week) was to 
meet each team, assess the team formation and guide them 
through the conceptualization of the automata. In the 
meeting, the project requirements were revised, students 
assigned project responsibilities, and the students were 
notified that a peer and self assessment was going take 
place at the end of the project. Peer- and self-assessments 
are used to measure the individuals’ team performance. 
This is a technique that is employed both in industry and 
universities to evaluate the contribution and accountability 
of each team member [9-10]. This assessment is more 
significant when the groups have been formed randomly. 
When students form their own teams, they are agreeing a 
priori about their accountability. During the first two 
weeks of the term, a number of students dropped the 
course (students found a co-op position).  In order to 
maintain the teams with three or four members, teams had 
to be re-arranged accordingly.        

The other two scheduled meetings were 15 minutes 
long and the DTA ensured that the students were working 
together as a team and that progress was aligned with the 
expectations of the calendar.  During these two weeks, 
teams identified the mechanical components that required 
and these components were distributed. Any missing 
component was borrowed from the Faculty’s inventory. 

Table 1: Proposed Project Calendar for the Five Week Period. 
Week 1 
(Jan 6-10)  

Week 2 
(Jan 13 - 17)  

Week 3 
(Jan 20 - 24)  

Week 4 
(Jan 27 - 31)  

Week 5 
(Feb  3 - 6)  

Team Formation 
 

Research:  
   Mechanisms 
   Machines 
 

Mechanism Function 
 

Team Brainstorm 

Define: 
   Objectives 
   Constraints 
 

Individual Design 
Concepts 
 

Design Selection 
 

Motion Transmission  

Subsystem Definition 
 

Interconnection 
 

Mechanism  
Development  
 

Request  (commercial 
components and 3D 
printing) 

CAD Design  
 

System Integration 
 

Workspace 
Coordination 
 

Structure Fabrication 
 

Subsystem Assembly 

Subsystem Testing 
 

System Assembly 
 

System Testing 
 

Final Verification 
 

Preliminary 
Documentation 

Tutorial  Scheduled Meeting  Scheduled Meeting  Scheduled Meeting  Due Date  
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3. AUTOMATON DESIGN PROJECT 
 
3.1. Project Requirements  

 
Problem Statement:  

Design and build an automaton, preferably made out 
of wood, in the form of a mechanical toy for young 
children that tells a story.  

Prototype Requirements: 
• Employ at least two families of mechanisms: linkages 

(four- and six bars), slider cranks, cams, gears, Geneva 
wheels, Scotch Yoke mechanism, etc. 

• Have at least four mechanisms. 
• Have at least six animated components that will move 

to ‘tell a story’. 
• All these components must move by manually turning 

a crank. 
• Special mechanical components (Geneva mechanisms, 

gears, pulleys, etc.) can be 3D printed or purchased.     
• Budget: Teams must not exceed $80.00 CAD dollars. 

Report Requirements: 
• Specify the design objectives and constraints. 
• Design alternatives (At least three concepts with 

sketches, description and discussion).   
• Design selection method, final design description, and 

CAD design (avoid particular details). 
• Motion flow chart, i.e. a flow chart from the crank to 

all the components. 
• Displacement analysis (Displacement graph of crank 

vs. animated component). 
• Velocity analysis (Velocity graph of crank vs. 

animated component). 
• Testing/Evaluation. 
• Reflection. 

In general, a course project is submitted at the end of 
the course allowing students to apply all the knowledge 
gained during the term. However, due to the large 
workload of other courses from week six to the end of the 
term, it was necessary to complete the prototype early in 
the term. Nonetheless, the submission of the report is due 
near the end of the term. In doing so, it was possible to 
use the project as a real problem of motion transmission in 
which the mechanisms had to be analyzed.  Two major 
analyses are requested: Displacement and velocity 
analyses. Linkages were analyzed using loop-closure 
equations [11].  The displacement of a cam follower was 
carried out using mathematical functions: constant 
velocity, parabolic (constant acceleration), simple 
harmonic and cycloidal [11]. Gears were analyzed using 
the fundamental law of tooth gearing (constant speed 
ratio).  Geneva wheels were analyzed analytically [12]. 
Had the analysis been conducted prior to designing the 
automata, some students would have design their 

automaton based on the simplicity in which the 
mechanisms are analyzed.  

As a continuation of the iterative nature of the design 
process, the reflection section is a critical aspect of the 
final report. Here, students have to describe how they 
would improve their automaton. What changes they would 
make if they had to design it and build it again. 
  
3.2. Results  

 
The project was successful. Students rapidly embraced 

the project with enthusiasm, the submitted prototypes 
passed our expectations, and the learning objectives were 
met. Despite being a mini-project that is worth only 20% 
of the final grade, students were passionate about their 
projects and clearly showing hard work and dedication. 

Figures 1-6 show six examples of the built prototypes.  
The concepts were original and different from each other. 

 
Fig. 1. Lighthouse powered by step motor. Courtesy of 

Adam Poulson, Andy Garland, Graeme Ramsay, and 
Sheng Huaiyuan. 

 

 
Fig. 2. Jousting Knights. Courtesy of Steve Delorme,  
Trevor Grier, Alberto Galleguillos, and Elvis Tchetga.   
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Fig. 3. Horse (Theo Jansen’s concept). Courtesy of 

Aakash Rao, Michael Cox, Osman Ulluocak, Joseph 
Lowther. 

 

 
Fig. 4. Sailboat Race. Courtesy of Edward Alley, Ryan 
Carter, Hunter MacDonald, and Phillip Tchernov.  

 

 
Fig. 5. T-Rex Dinosaur. Courtesy of Doug Braden, 
Angus Rittenburg, Darren Fry, and Rio Whyte. 

 

 
Fig. 6. Steamboat Willie. Courtesy of Lucas Karperian, 

Kalonica Christie, and Solomon McMorran. 
 

Although, gears (spur, bevel, worm, and crown), cams, 
pulleys and four-bars were the most frequent types of 
mechanisms, also chains, Geneva wheels, Scotch yoke, 
and six bar mechanisms were used in multiple designs.   

 A general problem among teams was the significant 
time spent fixing problems during the assembly phase. 
These problems had not been identified in the 
conceptualization phase or even in the preliminary design 
phase where the simulations of the CAD models worked 
as expected. However, once the prototype was built, the 
transmission of motion failed in different places. A 
common mistake occurred with the misalignment of the 
follower stem using cams, which would produce high side 
thrust and frictional forces. The experience of facing these 
problems shows the importance of developing prototypes 
that expose some of the conceptual flaws.  
 
3.3. Project Assessment 

 
As oppose to most of the engineering design projects 

where the design goals are well defined, here the objective 
goals are defined by the same students. As the range of 
complexity and creativity between projects can be 
significant, assessing a project like this is not simple.   

Engineering design projects are usually evaluated with 
rubrics. Once developed, a rubric facilitates the evaluation 
process [13].  Rubrics define the criteria for assessment, 
qualities that will be assessed, and identify the levels of 
performance that students might demonstrate for each 
quality [14]. Therefore, it is necessary to identify 
performance objectives. These were identified on four 
major categories: Design Conceptualization, Final Design, 
Documentation and Reflection, and Teamwork. The 
rubrics of the assessment are given in the appendix.  

Design Conceptualization. Here students have to 
identify the design objectives and constraints. Making 
young children as the end users creates a number of 
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objectives to be analyzed. At least three alternative 
concepts have to be reported. Each member develops and 
presents a design concept to the team, these are discussed 
and a method of selection is conducted. The creative use 
of mechanisms and storytelling is also assessed. 

Final Design. Here students have to demonstrate the 
effectiveness of transmitting motion, the ease of 
operational use, complexity of the design (the range of 
complexity of all projects is significant), robustness, 
appearance and signs of testing and troubleshooting.  

Documentation and Reflection. Here students are 
assessed for the analysis of their design, drawings and 
sketches, general documentation, and the reflection of 
how they would improve their automata. 

Teamwork. Since the teams are formed randomly, there 
is potential for friction between the members of a team. 
Thus, individual students are self and peer assessed.  

 
3.4. Project Recommendations 

 
Although the project was a success, students enjoyed 

designing and building the automata, there are some 
recommendations that should be considered in the future.  

Safety. Not all the students have worked with powered 
tools. Although no accidents occurred, it was noticed that 
students could be somewhat careless with the use of 
powered tools. In the future, it would be beneficial to have 
a tutorial of the use of powered tools before the students 
begin building their automata.   

Time. A goal was to reduce the building time from +20 
hours/person in 2013 to 12 hours in 2014. We failed to do 
so; the average time was very similar. We expected that 
by providing mechanical components the construction 
time was going to decrease; however, the overall quality 
of the automata improved considerably. Since students 
elevated their standards, we will have to reschedule a 
laboratory that coincided with the project’s initial weeks.    

 
4. CONCLUSIONS 

 
Teams of undergraduate students work together to design 
and build a functional prototype in limited time. However, 
it is expected not to fully achieve some desired objectives 
e.g., functionality, operational ease, aesthetics, etc. Instead 
students are expected to engage with the complexity of 
making engineering design decisions, whether creative, 
functional, or even troubleshooting. Overall, this project 
provides a complete experience in engineering design and 
complements the theoretical content of the course.  
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APPENDIX: ASSESSMENT RUBRIC 
 

 Topic Unacceptable 
(0) 

Marginal 
(1) 

Satisfactory 
(2) 

Commendable 
(2.5) 

Exceptional 
(3) Weight 

D
es

ig
n 

C
on

ce
pt

ua
liz

at
io

n 

Design Objectives / 
Appropriateness 

No valid objectives or 
inappropriate for 
children 

One or two valid 
objectives & somehow 
inappropriate  

Two valid objectives 
or somehow 
inappropriate 

Two-three valid 
objectives and 
appropriate  

More valid objectives 
and appropriate  1.5 

Creative Thinking 
of Story Telling Reproduction (copy) Adaptation (similar to 

existing) 

Original with two 
major animated 
components telling 
story 

Original with all 
components telling the 
story. 

Exceptional 
originality, sync 
multiple animated 
components.   

1 

Alternative 
Concepts No valid concepts One valid concept Two valid concepts Three valid concepts Three valid concepts 

(one exceptional) 1 

Design 
Requirements 

Only one family of 
mechanisms   

Under four 
mechanisms  

Missing some 
animated components 

Missing one animated 
component  Meet requirements  1.5 

Creative use of 
Mechanisms 

Unacceptable use of 
mechanisms 

Marginal use of 
mechanisms  
(too simplistic) 

Acceptable use of 
mechanisms 
(serial driven) 

Commendable use of 
mechanisms 
(parallel driven) 

Exceptional use of 
mechanisms 
(special mechanisms) 

1 

Selection of 
Concept Design No decision is made  Decision is not 

justified. 
Decision is justified 
but is not objective. 

Decision is justified and 
somehow objective 

Decision is well 
justified and objective 1 

Fi
na

l D
es

ig
n 

Functionality Incapable to transmit 
motion  

Motion transmission  
fails in multiple places 

Motion transmission 
continuously  fails in 
one place 

Motion transmission 
occasionally fails in one 
place 

Motion is transmitted 
with ease 3 

Operational Use Cannot operate Crank is really stiff Crank is stiff Crank is somehow stiff Crank turns 
effortlessly 1 

Complexity of Final 
Design 

Lack of creativity and 
complexity 

Basic transmission. 
Dissociated animated 
components. 

Acceptable design 
transmission for one 
major component 

Acceptable design 
transmission for two 
major components 

Exceptional design 
transmission for three 
major components 

1.5 

Robustness Prototype falls apart 
Poor construction, it 
shows serious signs 
for failure 

 Delicate with patches 

Meets expectation of 
robustness  
(it may fail in the near 
future) 

Exceptional durability, 
no signs of failure. 1.5 

Appearance Unacceptable 
presentation Marginal presentation  Presentation is 

satisfactory 
Presentation meets 
expectations 

Exceptional 
presentation 1 

Testing/Evaluation No testing 
Marginal testing, fail 
to resolve simple 
malfunctions 

Valid testing, fail to 
resolve multiple 
complex malfunctions 

Expected testing, fail to 
resolve one complex 
malfunction 

Fully tested 1 

D
oc

um
en

ta
tio

n 
an

d 
R

ef
le

ct
io

n 

Design Analysis No analysis  Incomplete analysis  Erroneous analysis Complete analysis  Complete analysis 
with verification 2.5 

Reflection No reflection Marginal and 
unsupported reflection  

Acceptable reflection 
that is  in some way 
supported  

Acceptable and 
supported reflection 

Insightful and soundly 
supported reflection 2.5 

Computer-Aided 
Design and Sketches 

No Drawings (CAD 
and sketches) Incomplete Drawings 

Drawings that 
somehow supported 
the design process 

Acceptable drawings  
that supported the design 
process 

Exceptional drawings 
that supported the 
design process 

1 

Other 
Documentation 

 Missing 
Documentation 
  

Incomplete 
Documentation   

Acceptable 
Documentation   

Commendable 
Documentation   

Exceptional 
Documentation   2 

W
or

k Teamwork Unacceptable Marginal  Acceptable Commendable Exceptional  

Individual 
Participation 1 2 3 4 5 6 7 8 9 10  
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Abstract- Phase one of our Engineering Leadership 
Project (ELP) revealed engineers’ widespread resistance 
to the idea of leadership [10,11]. To test this claim, we 
conducted a focus group with engineers who self-
identified as leaders—experienced entrepreneurs. Our 
qualitative analysis of the resulting transcript resulted in 
eight themes, one of which we elucidate in this paper—
“leadership education is the responsibility of engineering 
educators”. Our paper examines this theme and identifies 
four recommendations for engineering educators.  
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1. INTRODUCTION 
Over the past decade, North American accreditation 

bodies have generated standards highlighting the 
importance of leadership and professional skill 
development for graduating engineers [1,3]. A brief 
review of the engineering leadership literature suggests 
that faculties of engineering across jurisdictions have 
begun to support leadership education through individual 
coursework [5], extracurricular certificates [12], and 
integrated programs [7,8,13]. Some do this through 
partnerships with the University’s business school [7], 
while others develop faculty-specific initiatives with or 
without the support of industry partners [2,4,8,9]. 

 
While centrally initiated, locally developed curricular 

reform is a good start, preliminary findings from our 
study on engineering leadership suggests that many 
engineers resist the notion of leadership because they 
experience it as imprecise, impractical, inconsistent with 
collaboration and elitist [10,11]. To test the universality of 
these findings, we reached out to a group of engineers 
who self identify as leaders—experienced entrepreneurs.  
 

2. METHODOLOGY 
This paper draws on findings from a larger mixed 

method study on engineering leadership—the Engineering 
Leadership Project (ELP), housed in the Institute for 
Leadership Education in Engineering (ILead) at the 
University of Toronto. In particular, the paper is an 
analytic product of a focus group with six prominent 
Canadian entrepreneurial engineers.  Our objectives for 

this focus group were two fold: 1) to learn about 
engineering leadership from an experienced group of 
leader engineers, and 2) to expose our phase one findings 
to an expert panel. We deliberately sought out a group of 
engineers who self identified as leaders to test our 
somewhat surprising phase one finding that a 
preponderance of engineers we engaged in ELP focus 
groups resisted the idea of leadership. The three hour long 
entrepreneur focus group was transcribed verbatim. We 
analyzed the resulting 57-page transcript using the 
constant comparative method [6]. 

 
3. RESULTS & DISCUSSION 

   Eight themes emerged from our findings, one of which 
we discus in this paper—engineering educators have a 
responsibility to promote leadership. This theme broke 
down into four sub-themes, all of which double as 
recommendations for engineering educators: 1) don’t give 
in to engineering students’ resistance to leadership; 2) 
alter your recruitment strategies so that secondary school 
students with leadership aspirations see engineering as a 
viable career path; 3) rehabilitate leadership among 
engineers by separating good leadership possibilities from 
bad leadership experiences; and 4) help students gain 
insights about leadership through open-ended program 
elements. 
 
3.1. Do not give in to engineers’ resistance!  
   The engineering entrepreneurs in our focus group—all 
of who self-identified as engineers AND as leaders—were 
surprised and disturbed by our findings of widespread 
resistance to leadership among engineers in industry. 
They warned us not to accept these findings, and most 
importantly not to remove the word “leadership” from our 
discourse: 
 

I think the risk of not talking about leadership…might 
have…consequences. I would really want to see more 
engineers running our city or running our financial 
institutions or parts of our government, just because of 
the technical ability and all of the other problem-
solving, critical thinking, etc…I don’t know how you 
do it without either using the word leadership or 
concepts like it. 
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   Focus group participants trusted our findings, but they 
thought it behooved us as educators to intervene for the 
good of the students and for the good of society. The next 
three sub-themes double as low cost intervention 
strategies tied to recruitment, conceptual reframing and 
pedagogy.  
 
3.2. Recruit students with leadership aspirations  
   First, a few of the entrepreneurs encouraged us to visit 
local high schools to introduce prospective students to our 
leadership initiatives. They believed this recruitment 
strategy would help us attract future engineers with 
leadership aspirations to the profession. Over time, a less 
resistant cohort of engineering students in the faculty 
would deflate the collective force behind the persistent 
belief that leadership and technical problem solving are 
mutually exclusive processes. Members of our team are 
currently involved in secondary outreach through 
workshops and summer institutes geared at high school 
students.  
 
3.3. Reframe & rehabilitate the idea of leadership  
   Second, a low cost pedagogical strategy for promoting 
leadership among students who have already been 
admitted to the faculty of engineering is for instructors to 
help students reframe and expand their existing 
conceptions of leadership: 
 

Here’s the thing. I understand what they are saying. 
The concept of leadership sometimes is very broad 
and encompassing, but I just think that leadership 
doesn’t mean that it is one person sitting on top of the 
hill waving a flag. It doesn’t mean that. 

 
   The entrepreneurs hypothesized that junior engineers 
who distance themselves from the dual engineer-leader 
identity might be doing so because of unpleasant 
experiences with managers who directed them to 
complete repetitive tasks. Our focus group participants 
believed that we could rehabilitate the notion of 
leadership in the minds of students by helping them gain 
insights about leadership from their life experiences with 
imperfect leaders while exposing them to positive, 
inspirational instances of engineers who lead by example. 
Members of our ILead team are currently helping students 
reframe and rehabilitate the idea of leadership through 
curricular and co-curricular programming, guest lectures, 
panels, CEO lunches, infusion lectures and research. In 
the coming year, we plan to generate ethical case studies 
in collaboration with Canadian engineers across 
disciplines to help students hone their decision-making 
skills.  
 
3.4. Help students learn from mistakes   
   The final recommendation that emerged from our 
entrepreneur focus group was to create more 

experimentation in technical courses and take advantage 
of the open-ended nature of existing design courses.  This 
strategy is less expensive and more manageable than 
adding courses to an already packed curriculum, but it 
requires a certain level of faculty buy-in.  A few 
participants who recalled being stifled by repeated 
warnings about people dying when engineers made 
mistakes stressed the importance of an institutional 
climate supportive of open-ended, problem-based 
learning.  They all thought it was important to allow 
students to take risks and make mistakes in a supervised 
setting: 
 

Design projects have some version of [learning from 
mistakes]…Even if they failed, at least they had an 
experience of being confronted by the normal 
engineering problem of starting with something fuzzy 
and making it real…but this discussion is making me 
realize that…giving some tools to help navigate these 
[failures], would be a good idea.  

 
   The entrepreneur quoted above realized that the 
provision of open-ended projects was not enough. 
Engineering educators interested in supporting students’ 
personal and professional growth must also scaffold 
student learning through navigation tools and meta-
analytic reflection. This pedagogical strategy has been 
used by a number of our colleagues who teach elective 
courses and run co-curricular leadership certificate 
programs, but it has yet to be broadly infused throughout 
the curriculum. 
 

4. CONCLUSIONS 
   Six leader engineers shared important insights with us—
many of which converged on our responsibility to 
promote leadership development among undergraduate 
engineering students. These prominent Canadian 
engineering entrepreneurs diversified our understanding 
of the traditional career trajectory for engineers and 
energized our work by sharing their agentic philosophies.  
It is not enough to describe resistance through illustrative 
quotations, as we have done in the first phase of our 
Engineering Leadership Project. We also need to actively 
oppose it through recruitment efforts directed at future 
students, open-ended curricular and co-curricular 
offerings for current students, and rehabilitating the idea 
of leadership within the engineering profession.  
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Abstract –In this paper, we report on a study to quantify 
students’ attitudes towards the common first year 
program offered at the Schulich School of Engineering. A 
survey of students from all four years of each of the 
School’s seven BSc programs is performed to determine if 
the common first year program is achieving its objectives 
from a student perspective. More specifically, the survey 
focuses on both student opinion and student behaviour 
with respect to the common first year and program 
selection. Students are asked to provide their input on 
benefits of a common first year (i.e., as a foundation for 
engineering studies and exposure to the range of 
engineering disciplines) and its role in the program 
selection process (i.e., if a different process is preferred, 
and how their program selection choice was impacted by 
a common first year). 
 
Keywords: First year engineering: professional 
development: program placement 
 
 

1. INTRODUCTION 
 

Prospective engineering students in Canada have many 
decisions to make prior to their first term at university. 
Not only must they choose from a wide range of 
engineering schools, but they must also make an 
important decision about their future engineering 
discipline (e.g., chemical engineering, mechanical 
engineering, etc.). This is difficult for new engineering 
students who have had little, if any, exposure in high 
school to the traditional engineering disciplines, and 
likely no exposure to more specialized disciplines such as 
geomatics and mechatronics engineering.  

Of the 31 English language universities in Canada 
offering CEAB (Canadian Engineering Accreditation 
Board) accredited engineering programs [2, 3], 55% offer 
a common first year program to help students with this 
choice. At these engineering schools, students are not 
required to apply directly to a specific engineering 

program; instead, they enter a common program that 
provides them with exposure to the range of engineering 
programs offered as well as time to make their decision at 
the end of first year. 

Unfortunately, the benefits of a common first year 
program can be confounded by practical constraints. Most 
noticeably, program capacity does not always match 
student demand and, as a result, students cannot always 
be placed in their “first choice” program. Typically, 
program placement decisions are based on program 
capacity: in cases of excess demand, student performance 
(e.g., first year grade point average) is used as the basis 
for program placement decisions.  

A second practical constraint relates to course 
registration. To achieve the full benefit of a common first 
year, program selection must occur at the end of first year 
(e.g., in April) and program placement decisions can 
extend well into the Spring term (e.g., late May to early 
June). However, registration for senior (second, third, 
fourth year) courses typically opens in the middle of the 
second term (e.g., March) at most universities.  

Understandably, there is the potential for considerable 
student frustration with first year common core program 
placement processes: especially, in cases where students 
must wait until the Spring term to learn that they were not 
placed in their first program of choice. Although there 
appears to be considerable merit with a first year common 
core system that provides students with exposure to the 
range of engineering disciplines and the time to make an 
informed decision, it is understandable that many students 
would rather risk making a less informed decision about 
their career path at the end of high school than not 
receiving their first choice at the end of first year. 

The objective of this study is to quantify students’ 
attitudes towards the common first year program offered 
at the Schulich School of Engineering. In this paper, we 
report on a survey of students from all four years of each 
of the School’s seven BSc programs to determine if the 
common first year program is achieving its objectives 
from a student perspective. More specifically, the survey 
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focuses on both student opinion and student behaviour 
with respect to the common first year and program 
selection. Students are asked to provide their input on 
benefits of a common first year (i.e., as a foundation for 
engineering studies and exposure to the range of 
engineering disciplines) and its role in the program 
selection process (i.e., if a different process is preferred, 
and how their program selection choice was impacted by 
a common first year). 

We begin with a brief overview of the program 
selection process used at the Schulich School of 
Engineering. Next, we describe the methods used for this 
research in Section 3. The paper concludes with a 
summary of the survey results in Section 4 and our 
comments on the study in Section 5. 
 

2. THE SCHULICH SCHOOL OF 
ENGINEERING’S COMMON CORE 

PROGRAM 
 

Like other Canadian engineering schools with a 
common first year program, the Schulich School of 
Engineering’s common first year program is designed to 
provide students with the background needed to make an 
informed choice about their ultimate major program of 
study. Students enter the Schulich School of Engineering 
with no declared major program. During their first two 
terms of study, students are provided with an introduction 
to each of the School’s seven engineering programs in a 
first year “design and communication” course 
(Engineering 200) [1], and are also provided with 
exposure to the various engineering disciplines in a series 
of junior engineering science courses (e.g., engineering 
mechanics, engineering materials, electrical circuits). At 
the end of first year, students are asked to rank their 
program preferences, and are placed into programs on the 
basis of program capacity, grade point average and 
demand. 

Given that all Schulich School of Engineering 
undergraduate programs have fixed quotas, it is not 
possible to perfectly match student demand to available 
seats. As a result, all students cannot be placed in their 
first choice of program. For example, for the Fall 2013 
admission cycle, 65% of the School’s students entering 
second year received their first choice of program (79% 
received first or second choice). Student first choice 
demand vs. program quota varied from approximately 
20% to 191% for the least and most popular programs 
respectively. 

Despite this apparent disparity, anecdotally, Schulich 
School of Engineering students do see value in having a 
broad foundation in engineering and the time to make an 
informed decision about their choice of program. 
However, there is anxiety about the competitive nature of 

the program placement process and dissatisfaction 
amongst students who do not receive their “first choice” 
program. 

In the next section we describe the study that was 
performed to gauge student opinion and student 
behaviour with respect the common first year and 
program selection at the Schulich School of Engineering. 
 

3. DESIGN OF THE STUDY 
 
3.1 The Common First Year Survey 
 

As noted previously, anecdotal evidence (discussions 
with students) suggests that Schulich School of 
Engineering students see value in the School’s common 
first year curriculum and making their decision of 
engineering program at the end of first year. The 
motivation for this study is to validate this observation 
through empirical evidence so that we can focus our 
efforts on strengthening the common first year program 
and improving the program selection process. 
Additionally, we are interested in determining if students 
prefer alternative models of program selection (e.g., 
making their choice of program earlier, direct entry, etc.). 

In order to gauge student opinion on the School’s first 
year common core and program selection process, an 
online survey was conducted at the end of the Fall 2013 
term (December 2013 – January 2014) using the Survey 
Monkey tool [4]. This time period was chosen in order to 
provide first year students with sufficient time to become 
familiarized with the Schulich School of Engineering and 
the first year common core program, and to minimize the 
impact of completing the survey on students’ busy 
academic schedule. 

The survey, provided in Appendix A, was designed to 
take no more than 20 minutes to complete (4 questions for 
first year students; 8 questions for second, third, and 
fourth year students), and consisted of questions of two 
general types: (1) questions relating to students’ choice of 
program, and (2) questions relating to students’ attitudes 
towards first year common core. The Engineering Student 
Society was chosen as the intermediary to avoid any 
potential for coercion or undue influence that may have 
resulted if, for example, the survey was implemented by 
professors in the classroom or by the School’s 
administrators. In order to provide incentives to complete 
the survey, $5 gift cards (from a national coffee shop) 
were offered to the first 200 participants, and all 
participants were entered into a draw for three grand 
prizes (computer tablets valued at approximately $300 
each).  
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3.2 Research Question 
 

In order to gain further insights into student attitudes 
towards program placement after a common first year, we 
explored the following research questions: 

 
1. Do Schulich School of engineering students see 

value in a common first year program? 
2. What is the preferred program selection process 

of Schulich School of Engineering students? 
 

4. RESULTS 
  

The common first year and program placement survey 
(shown in Appendix A) was opened to all Schulich 
School of Engineering students on 9 December 2013 and 
ran until 31 January 2014. During this period, 997 
responses (approximately 33% response rate) were 
received, with roughly equal representation from each of 
the cohorts (35% of first years, 39% of second years, 31% 
of third years, 30% of internship students, 30% of fourth 
years). Of the students surveyed, the majority indicated 
that the Schulich School of Engineering’s current first 
year common core model is achieving its purpose of 
exposing students to the various engineering disciplines 
and providing them with the time needed to make an 
informed choice about their future major program. As 
well, despite not being able to guarantee all students their 
first choice of program, the majority of the respondents 
prefer the current model. 

As can be seen in Figure 1, when asked the question 
“What influenced your first choice of program?” (survey 
question 6), the majority (59%) of students responded 
with “exposure to the discipline in first year. The figure 
provides the survey results for second year (Y2), third 
year (Y3), internship (INTE), and fourth year (Y4) 
students: the overall results for all students surveyed for 
this question (Y2 to Y4) are 59% for “exposure to the 
discipline in first year”, 10% for “friends”, and 31% for 
“other”. 

The second highest response for each cohort was 
“other” (31% of overall responses). In these cases, most 
students responding with “other” indicated that they were 
influenced by personal interest, job prospects, and family. 
In many cases, students also indicated that their choice 
was influenced by academic factors such as the GPA 
requirement for entry into the more popular disciplines 
and difficulties in discipline related courses. 

 
 

 

 
 

Fig. 1. Student responses to “What influenced your first 
choice of program?”. 

 
In order to gauge students’ opinion of the efficacy of 

the Schulich School of Engineering’s common first year 
program, students were asked to indicate their level of 
agreement with the statement “The Schulich School of 
Engineering common first year program provides …” 
(survey question 8). Table 1 shows the percentage of 
students who agree or strongly agree with the statement 
(indicated as “% agree”) or who disagree or strongly 
disagree with the statement (indicated as “% disagree”). 
The table also shows the 95% confidence interval based 
on the number of responses in each category: 1 – 
“strongly disagree”, 2 – “disagree”, 3 – “agree”, 4 – 
strongly agree”. For example, 95% C.I. [3.08,3.24] 
indicates that the confidence interval for the population 
mean at a 95% confidence level falls between 3.08 and 
3.24, or slightly higher than “3 – agree”. 
 
Table 1: Y1 student feedback on a common first year. 

 
The Schulich School of 
Engineering common first 
year program provides: 

 
Response 

 
95% C.I. 

a solid foundation for my 
engineering studies 

94% agree [3.08,3.24] 

exposure to the School's 
engineering programs 

88% agree [3.04,3.22] 

time to make an informed 
decision about an engineering 
program 

82% agree [2.96,3.16] 

opportunities to meet a wide 
range of engineering students 

76% agree [2.84,3.04] 

no benefits - I would prefer 
discipline-specific courses in 
first year 

72% 
disagree 

[1.91,2.15] 

 
The results for Y2 to Y4 cohorts for this same survey 

question are consistent with the Y1 results as shown in 
Tables 2-5. 
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Table 2: Y2 student feedback on a common first year. 
 

The Schulich School of 
Engineering common first 
year program provides: 

 
Response 

 
95% C.I. 

a solid foundation for my 
engineering studies 

88% 
agree 

[3.01,3.17] 

exposure to the School's 
engineering programs 

85% 
agree 

[3.02,3.20] 

time to make an informed 
decision about an engineering 
program 

78% 
agree 

[2.96,3.16] 

opportunities to meet a wide 
range of engineering students 

85% 
agree 

[2.15,3.33] 

no benefits - I would prefer 
discipline-specific courses in 
first year 

71% 
disagree 

[1.95,2.19] 

 
Table 3: Y3 student feedback on a common first year. 

 
The Schulich School of 
Engineering common first 
year program provides: 

 
Response 

 
95% C.I. 

a solid foundation for my 
engineering studies 

81% agree [2.82,3.00] 

exposure to the School's 
engineering programs 

81% agree [2.83,3.01] 

time to make an informed 
decision about an engineering 
program 

72% agree [2.78,3.00] 

opportunities to meet a wide 
range of engineering students 

76% agree [2.86,3.06] 

no benefits - I would prefer 
discipline-specific courses in 
first year 

69% 
disagree 

[2.07,2.33] 

 
Table 4: INTE student feedback on a common first year. 

 
The Schulich School of 
Engineering common first 
year program provides: 

 
Response 

 
95% C.I. 

a solid foundation for my 
engineering studies 

84% agree [2.90,3.18] 

exposure to the School's 
engineering programs 

91% agree [3.01,3.27] 

time to make an informed 
decision about an engineering 
program 

88% agree [2.99,3.31] 

opportunities to meet a wide 
range of engineering students 

91% agree [3.23,3.53] 

no benefits - I would prefer 
discipline-specific courses in 
first year 

86% 
disagree 

[1.80,2.14] 

 

Table 5: Y4 student feedback on a common first year. 
 

The Schulich School of 
Engineering common first 
year program provides: 

 
Response 

 
95% C.I. 

a solid foundation for my 
engineering studies 

86% agree [2.92,3.10] 

exposure to the School's 
engineering programs 

72% agree [2.74,2.96] 

time to make an informed 
decision about an 
engineering program 

75% agree [2.76,2.98] 

opportunities to meet a wide 
range of engineering 
students 

84% agree [3.07,3.27] 

no benefits - I would prefer 
discipline-specific courses 
in first year 

72% 
disagree 

[1.96,2.22] 

 
In order to address our second research question, 

students were asked “Which program selection process 
would you prefer?” (survey question 9). As can be seen in 
Figure 2, the majority of students (71% overall) indicate 
that the current, “common first year – choice of program 
at the end of first year” approach is preferred.  

 

 
 

Fig. 2. Student responses to “Which program selection 
process would you prefer?”. 

 
Of the small percentage of students (3% overall) who 

responded with “other”, their recommendations for an 
alternative program placement approach followed three 
main themes: (1) extending the current common first year 
program to a two year, common first and second year 
program, (2) moving towards a holistic program 
placement process that is not entirely based on GPA, and 
(3) providing students with the choice of direct entry vs. 
common first year at the time of admission.  
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5. DISCUSSION 
 

The results of the common first year and program 
placement survey were quite promising. The majority of 
the students surveyed agreed that the School’s common 
first year program is meeting its objectives of providing 
students with exposure to the various engineering 
disciplines while providing them with time to make an 
informed decision (research question 1), and that the 
current program selection process is preferred (research 
question 2).  

It should be noted that the results reported in this paper 
should not be generalized to all Canadian engineering 
schools. For example, the survey reported in this paper 
did not ask students if they chose the Schulich School of 
Engineering because it has a common first year program. 
It is very likely that the students who have already 
decided on an engineering discipline in high school are 
likely to select engineering schools with direct entry, 
while those who are uncertain about their choice of 
discipline are likely to select engineering schools with 
common first year programs. 

However, the results of this study are very 
encouraging for our future work at the Schulich School of 
Engineering. In particular, the knowledge that Schulich 
School of Engineering students do value a common first 
year program will allow us to focus our efforts on 
improving the program selection process (i.e., increasing 
the percentage of students who receive their first choice) 
as well as ensuring that the outcomes of our first year 
engineering courses provide our students with the 
background needed to make an informed choice about 
their discipline.   
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APPENDIX A: COMMON FIRST YEAR AND 

PROGRAM PLACEMENT SURVEY 
 
Q1 - Please indicate your current year of study. 

x First Year 
x Second Year 
x Third Year 
x Internship 
x Fourth Year 

 
Q2 - Do you know what engineering discipline (program) 
you want to pursue? 

x Yes Chemical Engineering 
x Yes Civil Engineering 
x Yes Electrical Engineering 
x Yes Geomatics Engineering 
x Yes Mechanical Engineering 
x Yes Oil & Gas Engineering 
x Yes Software Engineering 
x Not yet I will decide at the end of first year 

 
Q3 - Please indicate your program major. 

x Chemical Engineering 
x Civil Engineering 
x Electrical Engineering 
x Geomatics Engineering 
x Mechanical Engineering 
x Oil & Gas Engineering  
x Software Engineering 
x No program 

 
Q4 - Did you know what engineering discipline 
(program) you wanted to pursue prior to first year? 

x Yes Chemical Engineering 
x Yes Civil Engineering 
x Yes Electrical Engineering 
x Yes Geomatics Engineering 
x Yes Mechanical Engineering 
x Yes Oil & Gas Engineering 
x Yes Software Engineering 
x No 
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Q5 - Did you choose the same discipline at the end of 
first year? 

x Yes 
x No – I chose Chemical Engineering 
x No – I chose Civil Engineering 
x No – I chose Electrical Engineering 
x No – I chose Geomatics Engineering 
x No – I chose Mechanical Engineering 
x No – I chose Oil & Gas Engineering 
x No – I chose Software Engineering 

 
Q6 - What influenced your final choice of program? 

x Exposure to the discipline in first year 
x Friends 
x Other (please specify) 

Comment 
 
Q7 - Did you receive your first choice of program? 

x Yes 
x No 

 
Q8 - Please indicate your level of agreement with the 
following statements on the common first year program. 
 
The Schulich School of Engineering common first year 
program provides: 
 
 

st
ro

ng
ly

 
di

sa
gr

ee
 

di
sa

gr
ee

 

ag
re

e 

st
ro

ng
ly

 
ag

re
e 

a solid foundation for my 
engineering studies 

    

exposure to the School's 
engineering programs 

    

time to make an informed 
decision about an 
engineering program 

    

opportunities to meet a 
wide range of engineering 
students 

    

no benefits I would prefer 
discipline specific courses 
in first year 

    

other (please specify) Comment 
 
 
 
 
 
 
 

Q9 - Which program selection process would you prefer? 
x Common First Year Choice - of program at end 

of Winter term 
x Common First Year Choice - of program at end 

of Fall term 
x Direct Entry Choice - of program at end of High 

School 
x Other (please specify) 
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Abstract - This paper discusses the evolution of a set of 
rubrics for the 12 CEAB graduate attributes in the 
Faculty of Engineering at the University of Manitoba. The 
rubrics are intended as a pedagogical assessment tool for 
instructors of individual courses as applicable, and for 
assessment at the program level. Individuals from faculty, 
industry and the University of Manitoba Centre for the 
Advancement of Teaching and Learning have been 
involved in the process of evaluating and revising both 
the content and wording of the rubrics in order that they 
meet the following criteria: (i) the foci and indicators 
adequately communicate the knowledge, skills, attitudes, 
values and behaviours that our engineering stakeholders 
agree do define each attribute; (ii) the competency level 
for each indicator is representative of what engineering 
educators and stakeholders agree defines proficiency; 
and (iii) the language in the rubrics is consistent and 
agreeable to all engineering stakeholders. These rubrics 
are expected to accomplish a number of outcomes-based 
pedagogical and accreditation goals, including: dividing 
the attributes into teachable and measurable foci and 
indicators; defining competency levels; and becoming a 
vehicle for the development of a common language for 
faculty, students and industry when they discuss, teach, 
assess and acquire the knowledge, skills and behaviours 
of the CEAB graduate attributes. This paper reports on 
the evolution of these rubrics, and outlines plans for their 
continued development and use within the faculty. 
 
Keywords: rubrics; outcomes-based assessment; CEAB 
graduate attributes; common language; competencies 
 

1. INTRODUCTION 
 

The present Canadian Engineering Accreditation 
Board (CEAB) requirements are characterized by 
outcomes-based education, which is “an educational 
process that fosters continuous attention to student 
learning and promotes institutional accountability based 
on student learning” [2]. Rather than focusing solely on 
what an engineering program has to offer (inputs) [12], 
accredited Canadian faculties are being asked to look at 
what students are learning in their programs, or “’those 

aspects of the student’s development that the institution 
either does influence or attempts to influence through its 
educational programs and practices’” [12]. Specifically, 
when students graduate, what attributes, or knowledge, 
skills, attitudes, values and behaviors [12][15] do their 
programs instill in them that will prepare them for the 
complexities inherent in their upcoming professional lives 
[10]. Faculties are required to show “what graduates will 
be expected to know and be able to do upon completing 
the program” [17]. In other words, faculties are being 
asked to focus on student learning outcomes, which are “a 
stated expectation of what someone will have learned” 
[2]. This requires engineering faculties seeking 
accreditation to devise a comprehensive assessment plan, 
as “the focus of an institution’s assessment efforts should 
be on the measurement of student learning outcomes in a 
systematic and valid manner” [9]. Components of this 
plan include assessing individual students and courses, as 
well as whole engineering programs. Additionally, 
assessment data are required from a number of sources 
and from all engineering stakeholders, including students, 
faculty, alumni, and industry. Changes need to be 
implemented based on these findings, and then the 
process begins again, in a continual assessment cycle or 
feedback loop [17][18]. 

In order to successfully plan and implement a faculty-
wide assessment protocol, “faculty and administration 
must have a common language and set of expectations” 
[9]. Establishing a common language is a foundation for 
developing a shared understanding and common goals. 
Also essential is the design of appropriate assessment 
tools to support outcomes-based education and “[assess] 
in ways that support student learning” [2]. Outcome 
assessment is defined as “a method for determining 
whether students have learned, have retained, and can 
apply what they have been taught” [16]. Outcome 
indicators are “the measuring instruments used in 
assessment, and the means by which achievement of 
outcomes is confirmed” [15]. CEAB has provided 
accredited faculties with a list of 12 graduate outcomes 
that faculties must demonstrate their graduates acquire 
while in their programs. However, it has been left to 
individual faculties to organize those attributes into 
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learning foci and outcome indicators. These learning 
indicators must have concrete, measurable values attached 
to each, thus explicitly stating expectations for both 
instructors and students. As well, they must be designed 
to determine the appropriate achievement level or 
competency of each indicator, so that instructors can 
target and students can achieve the acceptable level of 
proficiency. After all, “competencies, as opposed to 
educational credentials alone, are the foundation of 
successful professional practice throughout a career, an 
assumption shared with agencies that grant licenses for 
individuals to practice professions” [5]. Assessment tools 
are needed to accomplish this task.  

Rubrics are an assessment tool that meets these 
criteria. Rubrics can be used to define foci and indicators, 
divide indicators into performance levels, and target the 
level that indicates competency. They are a tool 
conducive to outcomes-based education and assessment, 
and can be used to facilitate a common understanding and 
language. Above all, “the genius of rubrics is that they are 
descriptive and not evaluative. Of course, rubrics can be 
used to evaluate, but the operating principle is you match 
the performance to the description rather than judge it” 
(Susan Bookhart, How to Create and Use Rubrics for 
Formative Assessment) [6]. 

The Faculty of Engineering at the University of 
Manitoba is developing a set of rubrics for the 12 CEAB 
graduate attributes. The rubrics are intended as a 
pedagogical assessment tool for instructors of individual 
courses as applicable, and for assessment at the program 
level. The rubrics are inspired and informed by the 
VALUE rubrics of the Association of American Colleges 
and Universities [11]. Individuals from faculty, industry 
and the University of Manitoba Centre for the 
Advancement of Teaching and Learning have been 
involved in the process of evaluating and revising both 
the content and wording of these rubrics. The objectives 
of the work are to develop rubrics in which: (i) the foci 
and indicators adequately communicate the knowledge, 
skills, attitudes, values and behaviors that our engineering 
stakeholders agree define each attribute; (ii) the 
competency level for each indicator is representative of 
what engineering educators and stakeholders agree 
defines proficiency; and (iii) the language used in the 
rubrics is consistent and agreeable to all engineering 
stakeholders. With the development of these rubrics, we 
purport to accomplish a number of outcomes-based 
pedagogical and accreditation goals for the engineering 
faculty: divide the attributes into teachable and 
measurable foci and indicators; define competency levels; 
and develop a common language for faculty, students and 
industry so that there is a common understanding when 
they discuss, teach, learn and assess the knowledge, skills, 
behaviors, values and attitudes inherent in the graduate 
attributes. The development of, and vision for these 
rubrics are presented in this paper. 

2. EVOLUTION 
 
     There exist a number of resources that have supported 
the development of the rubrics for the 12 CEAB graduate 
attributes at the Faculty of Engineering at the University 
of Manitoba. This section outlines how these resources 
were utilized. 

 
2.1 Association of American Colleges and 
Universities (AAC&U): VALUE rubrics [11] 

 
When the Faculty determined that creating a set of 

assessment rubrics would be useful in assessing the 12 
CEAB graduate attributes, the first step was to see what 
was “out there,” as many programs have or are in the 
midst of undertaking similar initiatives. It was important 
to seek out others’ experiences rather than “reinvent the 
wheel” [17] Yet, at the same time, it was vital to look at 
what the faculty already had in place in terms of 
assessment, and work to adapt what was there into a new 
protocol [16]. 

What was found were the VALUE Rubrics (Valid 
Assessment of Learning in Undergraduate Education) 
[11], which are a set of sixteen rubrics that were 
constructed by “teams of faculty and other academic and 
student affairs professionals” for the VALUE initiative of 
the Association of American Colleges and Universities 
(AAC&U) [8].  This initiative is described as being 
“focused on the need to develop direct assessment of 
student learning to define, document, assess, and 
strengthen student achievement of the Essential Learning 
Outcomes (ELOs) in undergraduate education for student 
success” [3] and were “for use in any institutional 
context” once we responded to a brief questionnaire [8]. 
These 16 rubrics became the foundation for our own 
initiative to develop a set of rubrics for the CEAB 
graduate attributes. 

   
2.2 Sub-Committee Evaluation 

 
Once familiar with the VALUE rubrics, a small sub-

committee, comprised of the Associate Dean for 
Undergraduate programs in charge of overseeing the 
accreditation process for the faculty, a faculty member in 
charge of compiling the faculty accreditation data, and a 
doctoral student with a focus on engineering education, 
worked together to align the VALUE Rubrics [11] with 
the 12 CEAB graduate attributes and identify any 
perceived missing elements (see Table 1).  

As soon as a foundation was established for the 
rubrics, each attribute was partitioned into one or more 
learning foci, a number of indicators and four 
performance levels. Additional rubric sources were found 
[1][13][14][19][20][21][22] for the attributes that were 
identified as having missing elements (i.e., Knowledge 
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Base for Engineering; Investigation; Use of Engineering 
Tools; Professionalism; and Economics and Project 
Management). The rubrics were then presented to other 
groups for feedback (see Appendix B for an example). 
 
Table 1: CEAB Graduate Attributes Aligned with VALUE 
Rubrics 
CEAB Attribute VALUE Rubric [11] 
1. Knowledge Base for Engineering 

(Need: Science and engineering 
knowledge 

Quantitative Literacy, Reading 

2. Problem Analysis Problem Solving, Critical Thinking 
3. Investigation Inquiry and Analysis, Information 

Literacy 
4. Design Inquiry and Analysis, Creative Thinking 
5. Use of Engineering Tools (Need: 

Rubric) 
NA 

6. Individual and Team Work Teamwork 
7. Communication Skills Written Communication, Oral 

Communication 
8. Professionalism (Need: reflect 

professional roles and 
responsibilities) 

Civic Engagement 

9. Impact of Engineering on Society 
and the Environment 

Intercultural Knowledge and 
Competence, Global Learning, Civic 
Engagement 

10. Ethics and Equity Ethical Reasoning 
11. Economics and Project 

Management (Need: Rubric) 
NA 

12. Life-long Learning Foundations and Skills for Lifelong 
Learning, Interactive Learning 

  
2.3 Centre for the Advancement of Teaching and 
Learning 
 

The Director for the University of Manitoba Centre for 
the Advancement of Teaching and Learning was asked to 
review the rubrics and provide initial feedback. His 
critique mainly focused on the inconsistency of wording. 
These irregularities were evident from indicator to 
indicator, as well as across performance levels. For 
example, what might indicate a competent performance 
for one indicator (“Adequately Meets Expectations”) 
might indicate incompetence (“Fails to Meet 
Expectations”) in another. Secondly, the need for 
concrete, measurable language for all indicators across all 
performance levels was identified. Areas in the rubrics 
that already exemplified this were highlighted. This 
feedback was used as a framework for stakeholders as a 
focus for their review [7].  

 
2.4. Industry Forum  

 
Feedback was sought from Industry members during 

an Industry forum held in December 2013. Industry 
participants were given four rubrics for the respective 
attributes: Problem Analysis, Use of Engineering Tools, 
Ethics and Equity, and Economics and Project 
Management. Participants were invited to comment on 
indicators, language and competency levels. Specifically, 
industry members were asked if the language used in the 
rubrics was reflective of the language used in industry; 

which performance levels would indicate competency for 
industry; and to consider individual indicators for each 
attribute. For example, were there superfluous indicators? 
Repetitive indicators? Missing indicators? The theme of 
the forum was “toward a common language” [4]. Data 
from the forum, and concomitantly, from our Academic 
experts, were used to revise the four rubrics.  
2.5 Academic Experts 

 
Faculty members whose teaching areas aligned with 

the graduate attributes were consulted on individual 
rubrics. Meetings were arranged with each academic 
expert and the sub-committee, rubrics were discussed, and 
revisions were made immediately and collaboratively. 
Feedback was given on the indicators and language, as 
well as on the format of the rubrics. It was determined 
that the numerical scales, order of the performance levels, 
and the wording of the level descriptors had negative 
connotations. Changes to the rubric format were made to 
create a more positive assessment tool: 

 
! Performance Levels were changed from Levels 0–

3 to Levels 1–4. 
! Level Descriptors were changed from “Fails to 

Meet Expectations, Minimally Meets Expectations, 
Adequately Meets Expectations and Exceeds 
Expectations” to “Needs Work, Developing, 
Competent, and Strong.” 

! Example Scores, with letter grades and numerical 
marks corresponding to each performance level 
(i.e., Competent = B = 70-80%) were removed. 

! The order of the performance levels was reversed. 
Originally, the rubrics were designed to begin with 
the lowest performance level, and moved left to 
right across to the strongest performance level. The 
order was reversed to begin with strongest 
performance.  

 
Additionally, indicators and performance levels were 
streamlined, and the definition of each attribute was re-
checked to ensure that the indicators covered all facets of 
each definition. 

As a result of the feedback from stakeholders and the 
revision process, a number of other sources were used for 
several attributes, including Knowledge Base for 
Engineering; Investigation; Communication Skills; 
Professionalism; Ethics and Equity; Economics and 
Project Management; and Lifelong Learning. Sources 
included the ABET Scoring Rubrics for Program 
Outcomes from the University of Delaware College of 
Engineering Civil and Environmental Engineering [20], 
Rubrics for Conducting an Experiment in the Lab from 
Writing@CSU [22], Basic Listening Rubric from 
Waypoint Outcomes [21], Student Leader Learning 
Outcomes from Texas A & M University [19], Alberta 
Education Rubric for Asking Questions from Alberta 
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Education [1], Rubric for the Role Play of Accepting 
Criticism [14], and Rubrics for Outcomes Assessment 
[13].  

 
 

2.6 Curriculum Management Committee 
 
The rubrics have been given to the faculty’s 

Curriculum Management Committee (CMC) members, 
who are taking them back to their individual engineering 
departments (see Appendix A for an example). Feedback 
has been requested and should be guided by the following 
questions:  

 
• Do foci/indicators sufficiently represent an 

attribute? Are any indicators missing? Are any 
unnecessary? Is there any overlap?  

• Do indicators match the objectives of your 
courses? 

• Do indicators read consistently across the 
performance levels? 

• Are performance levels measurable? 
• Do you agree with the level that indicates 

competency? 
• How does your department envision using these 

rubrics? 
 

3. FINDINGS 

The rubrics for the 12 CEAB graduate attributes are 
still in development. However, through this ongoing 
process, there have been a number of findings. A culture 
of engagement is evident, with faculty meeting to discuss 
the rubrics, and pondering about assessment, teaching and 
learning. There has been a focus on supporting student 
learning in the most positive manner possible. The 
development and revisions of the rubrics have all been 
informed with student learning at the center of each 
decision. A common language and understanding is 
evolving to identify the knowledge, skills, attitudes, 
values and behaviors inherent in the twelve CEAB 
graduate attributes, and in the pursuit of establishing 
common criteria. This is supported in the literature: 
“…any course and all of its sections need to be directed to 
some common outcomes in terms of knowledge and 
understandings, skills, and even attitudes and values. And 
there need to be common criteria for how well the 
students must meet those outcomes…” [2]. An 
unexpected finding has been the enthusiasm that is 
evident from all stakeholders, including the 
approximately 30 industry and 17 faculty members who 
met to discuss four of the rubrics and suggested that we 
continue the forums [4], the faculty who have been 
working to develop the rubrics, and the students who have 

been told about the rubrics as we begin to initiate student 
feedback.  

Generally, at this stage in the development process, 
55% of the rubrics have been specifically designed for the 
faculty as a result of the exchanges between our 
stakeholders and the revision process. Of the remaining 
45%, which have been mainly informed by the AAC&U 
VALUE rubrics [11], the ABET Scoring Rubrics for 
Program Outcomes from the University of Delaware 
College of Engineering Civil and Environmental 
Engineering [20], and Rubrics for Conducting an 
Experiment in the Lab [22], much of the wording has 
been revised to suit our stakeholders’ needs.  

We realize the importance of this process being 
faculty-initiated in order to foster ownership, and we have 
witnessed this firsthand. This too is backed by the 
research: “It is important to recognize that assessment and 
the consequent improvement in teaching and learning 
must remain in the hands of faculty instructors…The 
same is true of the data gathering, analysis and 
interpretation, and recommendations that achieve much 
more effective improvement when initiated by the 
user…” [2]. We also understand that there is much left to 
do in terms of discussion, revision and implementation 
[2], but we look forward to the continuation of the 
process, especially the feedback from our four 
engineering departments and the inclusion of our 
engineering students’ perspectives. 

 
4. CONCLUSIONS/FUTURE DIRECTIONS 

 
Creating a comprehensive outcomes-based assessment 

protocol is a daunting, yet mandatory task for engineering 
programs being reviewed by accreditation boards. The 
task involves faculties establishing a common language 
and understanding of the graduate attributes. Assessment 
methods and tools must be identified and/or developed, 
refined and executed. Feedback must be gathered from all 
engineering stakeholders, including faculty, students and 
industry, analyzed, and used to improve existing courses 
and procedures. In the Faculty of Engineering at the 
University of Manitoba, work is underway to develop a 
set of rubrics for each of the 12 CEAB graduate attributes 
that establish a common language for assessment, define 
performance levels, target competency levels, and provide 
faculty, students and industry with a comprehensive 
assessment tool as part of a comprehensive assessment 
protocol.  

As with all of the initiatives that have been undertaken 
by the faculty in the move towards establishing an 
outcomes-based curriculum, unexpected benefits have 
been gained. The process of developing a common set of 
assessment tools has facilitated a dialogue about teaching, 
learning and assessing. It has fostered a community of 
instructors and industry members excited to establish a 
common assessment language and create a culture of 
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outcomes-based education that focuses on student 
learning. That being said, the development of the rubrics 
is still underway. We are in the process of getting student 
and additional academic feedback, which may lead to 
further revisions. Two more industry forums will also be 
hosted specifically to gather feedback on the rubrics, with 
an upcoming forum planned for April. And there is still 
the need to discuss the implementation and use of the 
rubrics. Many questions arise from the processes we have 
embarked on, including: Do these rubrics represent the 
profile of an engineer graduating from our programs? Are 
the indicators that comprise each attribute a suggestion or 
a standard? Do these rubrics apply to all of the 
engineering programs within the faculty, or should they 
be adapted individually for each? And, are competency 
levels dependent on the course or program, or on the 
attributes/indicators targeted?  

There are other aspirations for the rubrics. They are a 
tool for teaching, supporting the writing of course 
objectives and helping target specific attributes and 
indicators when designing course content and its 
facilitation. They are a tool for assessment: instructors 
assessing students and courses (by mapping attributes to 
courses); department heads assessing programs (using 
attribute course maps for an overview of programs); 
students assessing self and peers; and faculty and industry 
assessing graduates. They are also a foundation for the 
creation of other assessment tools, such as the 
development of surveys, including student exit surveys; 
alumni surveys; industry surveys; and faculty 
course/program surveys. The data gathered as a result of 
these processes will be used to inform the faculty’s cycle 
of continuous program improvement. Realizing a 
comprehensive outcomes-based assessment protocol is no 
easy task. It is a complicated problem that demands a 
sophisticated and intelligent design – the perfect job for 
an engineer.  
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APPENDIX A: AN EXAMPLE OF AN EVOLVED RUBRIC 

 

8. Professionalism:  An understanding of the roles and responsibilities of the professional engineer in society, especially the primary role of protection 
of the public and the public interest. 
  Level 0 Level 1 Level 2 Level 3 

Focus Area INDICATOR 
Level 1 Level 2 Level 3 Level 4 

Needs Work Developing Competent Strong 

 

APEGM Code of Ethics: 
Awareness and 

understanding of the APEGM 

Code of Ethics and the 

Professional Engineering Act 

of Manitoba. Ability to 

evaluate and judge a 

situation using facts and the 

APEGM Code of Ethics and 

the Professional Engineering 

Act of Manitoba.  

Little awareness/unaware of the 

APEGM Code of Ethics and the 

Professional Engineering Act of 

Manitoba.  

 

 

 

 

 

 

Aware of the APEGM Code of 

Ethics. Demonstrates some 

understanding of APEGM and 

the Professional Engineering 

Act of Manitoba.  

 

 

 

 

 

Demonstrates an ability to 

evaluate and judge situations 

using the APEGM Code of Ethics 

and the Professional Engineering 

Act of Manitoba.  

 

 

 

 

 

Demonstrates exemplary ability to 

evaluate and judge situations 

using the APEGM Code of Ethics 

and the Professional Engineering 

Act of Manitoba. 

 

 

 

 

 

Personal and Workplace 
Health and Safety: 
Awareness and 

understanding of personal 

and workplace health and 

safety. 

Unfamiliar with the importance of 

personal and workplace health 

and safety. 

Ignores workplace safety 

principles. 

 

Familiar with the importance 

of personal and workplace 

health and safety, but does 

not demonstrate workplace 

safety behaviour. 

 

Demonstrates an understanding 

of workplace health and safety 

by their behaviour. 

 

 

 

Actively promotes workplace 

health and safety behaviour in 

others. 

 

 

 

Registration as 
Professional Engineer: 
Knowledge of the need for 

and the process of being a 

Registered Professional 

Engineer 

Demonstrates no known benefit or 

process for becoming a P.Eng. 

 

 

 

 

Demonstrates partial 

understanding of the need for 

being and the process for 

becoming a P.Eng. 

 

 

Demonstrates understanding of 

the need for being and the 

process for becoming a P.Eng. 

 

 

 

Demonstrates commitment to 

profession by being a student 

member of APEGM. 

 

 

 

!
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APPENDIX B: EXAMPLE OF AN INITIAL RUBRIC [11][20][13] 

 
 

The rubrics have evolved from the following sources: Rubrics [Adapted] Reprinted [or Excerpted] with permission from Assessing Outcomes and 
Improving Achievement: Tips and tools for Using Rubrics, edited by Terrel L. Rhodes. Copyright 2010 by the Association of American Colleges and 
Universities.  Informed by University of Delaware College of Engineering Civil & Environmental Engineering ABET Scoring Rubrics for Program 
Outcomes: Outcome 8: An understanding of Professional and ethical responsibility. Retrieved on October 9, 2013 from: 
http://www.ce.udel.edu/ABET/Current%20Documentation/Outcome_8.html. Informed by Rubrics for Outcome Assessment. Retrieved on October 9, 
2013 from: 
http://webcache.googleusercontent.com/search?q=cache:4Gwd7haic2wJ:www.bae.uky.edu/academics/abet/Rubrics%2520Draft%2520July%25202012.d
ocx+&cd=1&hl=en&ct=clnk&gl=ca&client=safari 

 

 
8. Professionalism:  An understanding of the roles and responsibilities of the professional engineer in society, especially the primary role of 
protection of the public and the public interest. 
 

Graduate 
Attribute: 
Focus Area 

Level descriptor Fails to meet expectations Minimally meets expectations Adequately meets expectations Exceeds expectations 

Example score  
(Course Specific) 

F – D 

(0 – 60%) 

C   

(60-70%) 

B  

(70-80%) 

A  

(>80%) 

 

Etiquette, Responsibility and 

Practice: 

Ability to exhibit professional 

behaviour and practice, and to 

take responsibility for own 

actions. 

Frequently absent from class 
and is generally not collegial to 
fellow students, staff, and 
faculty. Blames others for own 
issues and problems. Student 
has been caught cheating or 
plagiarizing the work of others. 
Student is unaware or ignores 
workplace saftely principles. 

Sometimes exhibits 
unprofessional behavior; is 
sometimes absent from class 
without reason. Doesn't 
recognize the need to take 
personal responsibility for 
his/her actions. Does not model 
professional behavior among 
peers and faculty. Aware of 
workplace safety principles, but 
may not always practice them. 

Exhibits professional behavior; 
is sometimes absent from class, 
but with a reason. Recognizes 
the need to take personal 
responsibility for his/her 
actions, but doesn't always do 
so. Is somewhat professional 
among peers and faculty. 
Student is aware of and abides 
by workplace safety principles. 

Punctual, professional, and 
collegial; attends classes 
regularly. Takes personal 
responsibility for his/her 
actions, and consistently 
demonstrates professional 
behavior among peers and 
faculty at all times. Student 
models exemplary workplace 
safety behaviour. 

Codes: 

Awareness of and ability to 

apply the APEGM Code of Ethics 

and the U of M Student Code of 

Conduct. 

Unaware of the APEGM Code of 
Ethics and the UofM Student 
Code of Conduct. 

Aware of the existence of the 
APEGM Code of Ethics and the 
UofM Student Code of Conduct. 

Understands and abides by the 
APEGM Code of Ethics and the 
UofM Student Code of Conduct. 

Demonstrates exemplary 
understanding and rigorously 
abides by the APEGM Code of 
Ethics and the UofM Student 
Code of Conduct. 

Evaluation and Judgment: 

Ability to evaluate and judge a 

situation in practice or a case 

study using facts and the 

APEGM Code of Ethics. 

Evaluates and judges a situation 
in practice or in a case study 
using a biased perspective 
without objectivity.. 

Evaluates and judges a situation 
in practice or in a case study 
using personal understanding of 
the situation, possibly applying 
a personal value system. 

Evaluates and judges a situation 
in practice or in a case study 
using a basic understanding of 
the facts and the APEGM Code 
of Ethics. 

Evaluates and judges a situation 
in practice or in a case study 
skillfully using facts and the 
APEGM Code of Ethics. 

Professional Practice, Safety 

and Risk Management: 

Awareness of professional 
practice issues such as safety 
and risk managament and their 
importance in the protection of 
the public and the public 
interest. 

Is unfamiliar with professional 
practice issues such as safety 
and risk managament and their 
importance in the protection of 
the public and the public 
interest. 

Knows about some of the 
professional issues that 
influence the practice of 
engineering, such as safety and 
risk managament and their 
importance to the public and 
the public interest. 

Aware of the professional issues 
that influence the practice of 
engineering, such as safety and 
risk managament and their 
importance to the public and 
the public interest. 

Fully aware of the professional 
issues that influence the 
practice of engineering, such as 
safety and risk managament and 
their importance to the public 
and the public interest. 

Professional and Technical 

Societies: 

Ability to participate in 

professional and/or technical 

societies available to the 

student body. 

Does not show any interest in 
professional and/or technical 
societies.� 

Occasionally participates in the 
activities of local professional 
and technical societies. 

Participates in professional and 
technical societies available to 
the student body. 

Participates and takes a 
leadership role in professional 
and technical societies 
available to the student body. 

Registered Professional 

Engineer: 

Knowledge of the need for 

being a Registered Professional 

Engineer 

Demonstrates no known benefit 
for becoming a P.Eng. 

Demonstrates partial 
understanding of the need for 
being a P.Eng. 

Demonstrates adequate 
understanding of the need for 
registration and the difference 
it makes in the target 
engineering profession. 

Demonstrates sophisticated 
understanding of the need for 
Professional Registration and 
the value it brings to an 
engineering career. 

Procedure for Becoming 

P.Eng.:  

Awareness of methods for 

becoming a Registered 

Professional Engineer. 

No awareness, grasps at 
concepts. 

Outlines a general procedure 
but does not clearly identify 
methods. 

Somewhat clear definition of 
solution, procedure, and 
methods.  

Clear definition of procedure 
for becoming a P.E., the grades, 
and understanding of 
responsibility limits within each 
grade. 

Staying Current: 

Awareness of the different 

methods for staying current 

within the engineering 

profession. 

No awareness or appreciation 
for the value of staying current. 

Some awareness of the need for 
keeping current. 

Somewhat clear about the 
methods for staying current. 
Aware of the role that 
professional organizations play 
in lifelong learning. 

Clear awareness of the methods 
for staying current and acutely 
aware of the role that 
professional organizations play 
in lifelong learning. 

Staying Current: 

Awareness of the different 

methods for staying current 

within the engineering 

profession. 

No awareness or appreciation 
for the value of staying current. 

Some awareness of the need for 
keeping current. 

Somewhat clear about the 
methods for staying current. 
Aware of the role that 
professional organizations play 
in lifelong learning. 

Clear awareness of the methods 
for staying current and acutely 
aware of the role that 
professional organizations play 
in lifelong learning. 

!
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Abstract - This paper describes the third year of a study 
at the University of Manitoba aimed at exploring how the 
Canadian Engineering Accreditation Board (CEAB) 
graduate attributes are manifested and measured in the 
Faculty of Engineering’s curriculum. Instructors from the 
Departments of Biosystems, Civil, Electrical and 
Computer, and Mechanical Engineering were asked to 
consider the presence of four attributes and their 
subsequent indicators in one engineering course taught in 
the 2013-14 academic year. The attributes were: A 
Knowledge Base for Engineering, Individual and Team 
Work, Impact of Engineering on Society and the 
Environment, and Economics and Project Management. 
Data were gathered using a self-administered checklist, 
which was introduced to instructors in a workshop 
setting. The checklist has evolved over the three years in 
an effort to define student attribute competency levels and 
to create an assessment tool that meets the needs of both 
the researchers and the instructors, as we work together 
to examine the graduate attributes in our courses and 
implement an outcomes-based assessment protocol. The 
data from this third year give us the ability to report on 
how the remaining four CEAB graduate attributes are 
presently manifest and measured in our engineering 
faculty, to look for evidence of outcomes-based 
assessment, to evaluate the checklist as an assessment 
tool, and to reflect on the overall process.  
 
Keywords:  CEAB graduate attributes; outcomes-based 
assessment; accreditation; instructor checklist 
 
 

1. INTRODUCTION 
 
     As part of accreditation, engineering faculties across 
Canada are required to assess the 12 Canadian 
Engineering Accreditation Board (CEAB) graduate 
attributes. These attributes can be considered 
competencies, or the knowledge, skills, behaviors, 
attitudes and values [17][18] that are intended to prepare 
engineering graduates more completely for employment 
[16], particularly in a profession that has become 

increasingly global [6]. Five of the attributes are often 
considered the “traditional” competencies, and seven 
considered the “professional” [23] or higher-order 
competencies [2].  
     Due to the fact that these competencies are the 
graduate attributes, the higher-level courses, such as 
those found in third and fourth year engineering, and 
specifically the capstone courses, are ideal for assessing 
these aptitudes in students [2][3]. Professional attributes 
such as Impact of Engineering on Society and the 
Environment, Individual and Team Work, Economics and 
Project Management are particularly characteristic of 
capstone conceptual design projects: “the design project 
provides an opportunity to assess many of the higher 
order skills that graduates of a university degree program 
are expected to possess” [2]. Similarly, in addition to 
assessing students, it is also productive to map where 
these attributes are located across the curriculum, and 
determine how they are manifest and measured in 
individual courses. These data can be used to develop and 
improve engineering programs to ensure that they are 
furnished to cultivate the defined attributes in their 
students. 
     Three years ago, in the Faculty of Engineering at the 
University of Manitoba, a study was initiated to explore 
how the 12 CEAB graduate attributes were manifest and 
measured in the engineering curriculum [10][19][20].!The 
objectives of the study were to: (i) investigate how the 
CEAB attributes manifest in the curriculum; (ii) reflect on 
how they are measured; (iii) explore what instructors 
determine as the level that represents student competency 
for each attribute/indicator; and (iv) explore the extent to 
which the measurable attributes result in course content 
proficiency [10][19][20].  The data were gathered using a 
checklist that instructors from the four engineering 
programs – Biosystems, Civil, Electrical and Computer, 
and Mechanical engineering – self-administered. Data 
were collected two times throughout the academic year, 
during the Fall and Winter semesters. 
     For each year of the study, four new attributes were 
chosen, ensuring that there was a selection of both the 
traditional and professional competencies. For the third 
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year, the remaining attributes represented one traditional 
and three professional competencies: A Knowledge Base 
for Engineering; Individual and Team Work; Impact of 
Engineering on Society and the Environment; and 
Economics and Project Management. In this paper, the 
data collected from the Fall 2013 portion of the year are 
presented, the evidence of outcomes-based assessment is 
discussed, the checklist is evaluated as an assessment tool, 
and the researchers reflect on the overall process. 
 

2. METHODS 
 
     For the third year of the faculty attribute assessment 
study, the four attributes, A Knowledge Base for 
Engineering, Individual and Team Work, Impact of 
Engineering on Society and the Environment, and 
Economics and Project Management and their associated 
foci and indicators were built into the checklist 
administered during the 2013-14 academic year. A 
selection of instructors who had not participated in the 
study before and were chosen by their program 
department heads, were asked to report the extent to 
which the indicators for each attribute were built into their 
course and its associated mark distribution (Full, Part, 
None). If the indicator was marked as Full, then 
instructors were asked to record the assessment tools, 
assessment communication and the expected competency 
level and target percentage for the indicator (see 
Appendix A). 
     There were four changes made to the checklist for the 
third year of the study, including amendments to the 
language; the reporting categories; the structure; and the 
directions (see Appendix A). As well, the process by 
which the checklist was introduced to instructors was 
modified. 
     Firstly, the language was adjusted for clarity, as well 
as to further reflect wording characterized by outcomes-
based assessment. For example, “Evaluation Tools” was 
changed to “Assessment Tools,” “Forms of 
Communication” became “Assessment Communication” 
and “Level that Indicates Competency” was expressed as 
“Expected Competency Level.” Changes were also made 
to the directions (both wording and layout) to further 
clarify what researchers intended instructors to report on. 
This was deemed important due to some of the confusion 
experienced by the instructors during the previous years 
of the study [10][19][20].  
     Secondly, one reporting category was expanded. 
“Target Percentage” was added to “Expected Competency 
Level.”  This was done to not only support instructors to 
think about and report on what level of knowledge, skill 
or behavior they intended their students to exemplify, but 
to also encourage instructors to set a goal for the number 
of students in the class whom they felt should perform at 
this level. This was proposed to add another layer to the 
process of outcomes-based assessment for the purposes of 

program development and improvement 
[5][14][22][24][25]. 
     Thirdly, Parts A and B of the checklist were merged. 
Originally, they were separated; the instructors had to flip 
back and forth when reporting on assessment results for 
Part B. This year, Part B was added as the final column to 
the checklist. This modification was made as a result of 
instructors’ feedback, and helped make the checklist 
easier to use. 
     The fourth change was the addition of a set of 
instructions added as a cover page to the checklist. These 
directions were an attempt to illustrate the thought process 
instructors would go through when filling out the 
checklist, and were a direct result of the discussion held 
during a workshop designed to introduce instructors to the 
checklist.   
     The addition of the workshop was the final alteration 
made to the study. It was inaugurated to introduce the 
checklist, field any questions and/or clarify any 
confusions, and to encourage instructors to respond to the 
checklist immediately and return it to the researchers. 
Both confusion and the rate of return of the checklist were 
found to be issues in the previous iterations of the study 
[10][19][20], and the workshop was instituted to 
circumvent these. 
     The workshop with instructors was offered in October 
2013. Data were collected via the workshop and email, 
with Part A self-administered by instructors at the 
beginning and through the middle of the semester, and 
Part B completed once final course assessments were 
finalized (December to mid-January). 
 

3. FINDINGS AND DISCUSSION 
 
     There were 15 instructors invited to participate during 
the faculty workshop. Eight instructors completed Part A 
of the checklist as intended for Fall 2013; and all but one 
of them completed Part B at the conclusion of the 
semester. In the end, only two instructors returned the 
checklist during the workshop. The remaining data were 
collected via email. Recruiting participation and 
collecting data has remained a challenge throughout the 
three years of the study [10][19][20], and the workshop 
was an attempt to alleviate this. Nonetheless, all the 
instructors used the workshop to discuss the checklist and 
ask questions as planned. Thus benefits were gained from 
gathering as a group to introduce the checklist, including 
the opportunity for faculty members to dialogue face-to-
face about the attributes and outcomes-based assessment 
practices. Hence, this process was considered a success 
and will be continued.  
     The data from the Fall 2013 iteration of the study are 
presented below. Readers are reminded that this is a brief 
look at how A Knowledge Base for Engineering, 
Individual and Team Work, Impact of Engineering on 
Society and the Environment, and Economics and Project 
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Management and their associated foci and indicators are 
built into the distribution of eight of the engineering 
courses in our faculty. 
 
3.1 Attribute/Indicator Checklist Results 
 
      For Part A of the checklist, instructors were asked to 
consider the four attributes and their associated indicators, 
and report on whether they were built into the associated 
mark distribution in their course (Full), if there was no 
formal process built into the mark distribution but the 
indicator was demonstrated (Part), or if the course did not 
demonstrate the indicator (None). Table 1 shows the 
results.  
 
Table 1: Faculty/Course attribute assessment checklist 
results Fall 2013, Part A. Reported on by 8 instructors. 

Program'
&'Number'
of'Courses'

1.#Knowledge#Base#
for#Eng.#

7#indicators#

6.#Ind.#&#Team#
Work#

16#indicators#

9.#Impact#of#Eng.#on#
Soc.#&#Env.#
8#indicators#

11.#Economics#&#
Project#

Management#
18#indicators#

Fu
ll$

Pa
rt
$

No
ne
$

Fu
ll$

Pa
rt
$

No
ne
$

Fu
ll$

Pa
rt
$

No
ne
$

Fu
ll$

Pa
rt
$

No
ne
$

BIOE#
2#

2'
28.6%'

1'
14.3%'

4'
57.1%'

0'
0%'

0'
0%'

16'
100%'

0'
0%'

3'
37.5%'

5'
62.5%'

3'
16.7%'

8'
44.4%'

7'
38.9%'

CIVL#
3#

6'
85.7%'

1'
14.3%'

0'
0%'

2'
12.5%'

10'
62.5%'

4'
25.0%'

4'
50.0%'

3'
37.5%'

1'
12.5%'

10'
55.6%'

4'
22.2%'

4'
22.2%'

ECE#
1#

2'
28.6%'

3'
42.9%'

2'
28.6%'

0'
0%'

4'
25.0%'

12'
75.0%'

0'
0%'

2'
25.0%'

6'
75.0%'

0'
0%'

4'
22.2%'

14'
77.8%'

MECH#
2#

6'
85.7%'

1'
14.3%'

0'
0%'

1'
6.25%'

8'
50.0%'

7'
43.8%'

0'
0%'

1'
12.5%'

7'
87.5%'

0'
0%'

5'
27.8%'

13'
72.2%'

AVG.#
indicators#
for#all#

programs#

4.0'
57.1%'

1.5'
21.4%'

1.5'
21.4%'

.75'
4.7%'

5.5'
34.4%'

9.75'
60.9%'

1.0'
12.5%'

2.25'
28.1%'

4.75'
59.4%'

3.25'
18.1%'

5.25'
29.2%'

9.5'
52.8%'

 
     Clearly, the attribute, A Knowledge Base for 
Engineering was assessed the most. Individual and Team 
Work was assessed the least, followed by Impact of 
Engineering on Society and the Environment, and 
Economics and Project Management. These three 
attributes had a higher percentage of indicators that were 
not demonstrated in their courses than percentage of 
indicators that were. This is consistent with the findings 
from the first two years of the study, where the traditional 
skills were more frequently assessed than the professional 
skills in the courses that were examined [10][19][20]. 
This is also a reflection of the engineering education 
research, which shows that not only is there less evidence 
of assessment of the professional skills [9][23], instructors 
find them more difficult to assess 
[1][4][8][11][12][13][26][27]. 
     Interestingly, one instructor added two additional 
indicators for the Individual and Team Work attribute. 
They were: “Carries out individual thesis project tasks 
without any team members,” and “May ask for help from 
technicians.” This instructor didn’t assess these 
indicators; merely pointed out that there were no 
indicators built into this attribute that demonstrated the 
individual component. This shows that the selection of 
indicators for each attribute needs revisiting with 
stakeholders’ input. 

3.2 Evaluation Tools 
 
      If instructors marked the indicator as demonstrated 
and assessed in their course (Full), then they were asked 
to report on the tools that were used to assess the 
indicator. The findings (Table 2) show that the eight 
instructors reported using a combination of nine different 
assessment tools, with assignments designated by the 
majority (seven), followed by final exam, which was 
communicated by six instructors. Notably, assignments 
and final exams were also the top two stated “evaluation 
tools” in the second year of the study [19]. This year, term 
tests, quizzes, labs, midterm exam, reports, projects and a 
final thesis document were also reported being used.  
 
Table 2: Assessment tools used by instructors as reported 
in Part A. Instructors used combination of the listed tools. 
Assessment#

Tools#

##of#Instructors#
Using#Tool##

(8#Instructors)'
Specific#Description#of#Tools#Reported#

by#Individual#Instructors'

Assignments'
' 7'

• OnAline'assignments'
• Individual'(IA)'and'

Team'(TA)'assignments'

Final'exam' 6' '
Term'tests' 3' '
Quizzes' 2' '

Laboratories' 2' '
Midterm'exam' 2' '

Reports' 2' • Design'Report''
• Lab'Reports''

Projects' 1' • Design'Project''
Final'Thesis'
Document' 1' '

 
3.3 Forms of Communication 
 
     Instructors were also asked to report on how their 
assessments were communicated to students. They 
described using numerical marks (both numbers and 
percentages), comments (both verbal and written), rubrics 
and letter grades respectively (see Table 3). One 
instructor made a note of using both “summative and 
formative” assessment communication, which is language 
characteristic of outcomes-based assessment [5][17]. This 
description was not explained further. Rubrics, a tool 
specific to outcomes-based assessment [15][23][25], were 
only reportedly used by two instructors. One instructor 
did not explicitly fill out the category “assessment 
communication” despite the workshop and a subsequent 
conversation with the researcher explaining the checklist 
(data were gathered implicitly from the instructor’s 
assessment results). This shows that the language and 
expectations in the checklist are perhaps not common to 
the instructors, demonstrating the need to build a common 
understanding and language for faculty-wide assessment 
tools. Presently, that is being explored [7][19][21]. 
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Table 3: Forms of communication reported by instructors 
(Part A). Instructors used combination of listed categories. 

Forms#of#
Communication#

##Instructors#
Using#Form#

(8#instructors)'
Additional#Information'

Numerical'Marks'
''''ANumbers'(i.e.)'
7/10''
''''APercentages'

7'

A'“Numerical'marks'
translated'into'letter'
grades”'
A'Section'on'analysis'of'
thesis'topic'graded'
numerically'by'3'instructors'
and'marks'averaged'
A'“Percentage'score”'
A'“Average'mark'for'each'
assessment'tool”'
A'GPA'(Grade'Point'Average)'

Comments:'
A'Unspecified'A'2'
A'Written'A'1'
A'Verbal'A'1'

4'
A'For'Midterm,'verbal'
comments:'“Detailed'review'
of'solution'during'lecture”'

Rubric' 2' A'“Informal'rubric'for'
assignments'and'labs”'

Letter'Grade' 1'

A'“Numerical'marks'
translated'into'letter'
grades”'
'

“Summative,'
formative”' 1' '

 
3.4 Expected Competency Level/Target Percentage 

 
     Instructors were asked to report the level that indicates 
whether a student’s knowledge, skills or behavior was 
competent and, new to the checklist this year, the 
percentage of students targeted to perform competently or 
better when that indicator was assessed (e.g.: 70% of 
students will achieve a “C” or higher for this indicator) 
(see Table 4). Most instructors wrote down numerical 
marks or letter grades. Four instructors reported target 
percentage; however, there were still four instructors who 
did not report on this category. This highlights the need to 
further explain what researchers are looking for in regards 
to target percentage on the checklist, for despite the 
workshop, there was still misperception in using the 
instrument. 
     Further findings showed that four instructors reported 
individual assessment expectations for each indicator; 
others reported different assessment expectations for 
individual attributes. These are additional examples of 
outcomes-based assessment practices. One instructor did 
not report what the researchers intended; rather, he 
described the knowledge, skills and/or behaviors that his 
students should demonstrate to be considered competent 
for the indicator. Examples included: “Begin to 
understand when mathematical models will fail to predict 
behavior”; “Can apply circuit theory to electronic 
circuits”; “Apply knowledge as required to debug 
electronic system.” Not only did this demonstrate 
outcomes-based assessment practices, these comments 
were made for indicators that were marked as both “Full” 

and “Part,” indicating that even if the assessment was not 
summative, formative assessments of students’ learning 
was ongoing. This was further demonstrated when the 
instructor indicated that he expected his students to use 
the formative feedback to improve their learning: “During 
lab and design project students receive feedback from 
TAs, instructor and Team members. Hopefully they 
integrate it into their work.” Interestingly, in these data 
there was clear evidence of the use of outcomes-based 
assessment practices [17]. 
 
Table 4: Level that indicates competency and target percentage 
as reported by instructors (Part A.) (7 instructors reported 
expected competency level; 4 reported target percentage.) 

Category# Examples#of#Instructors’#Descriptions#
Expected#Competency#

Level'
Target#Percentage##
(of#Students#who#

Achieve#Competency)'

Written'
Comments'

“Begin'to'understand'
when'mathematical'
models'will'fail'to'

predict'behavior”;'“Can'
apply'circuit'theory'to'
electronic'circuits”;'
“Apply'knowledge'as'
required'to'debug'
electronic'system”'

'

ANot'recorded'by'
instructor'

Numerical'
Marks'

A'70%'' A'For'all'students'
A'70%' A'Not'recorded'by'

instructor'
A'60%'or'higher'
A'70'%'or'higher'

A'75%'of'students'
A'75'%'of'students'

A'50%'or'above' A'Not'recorded'by'
instructors'

A'6/10'
A'7/10'

A'75%'of'students'
A'75%'of'students'

Letter'
Grades'

A'B+'or'better'
'

A'75%'of'students'

A'B'or'better' A'100%'of'students'
A'B'(or'70%)'or'better' A'Not'recorded'by'

instructor'
A'C' A'Not'recorded'by'

instructor'
A'C+'
A'C'
A'C+'
A'B'

A'70%'of'students'
A'80%'of'students'
A'60%'of'students'
A'40%'of'students'

 
3.5 Level that Indicates Competency and Assessment 
Results 
 
     Once Part A of the checklist and final course 
assessments were complete, instructors were asked to 
report the assessment results in Part B. Seven instructors 
returned Part B. Table 5 is an abridged version of the data 
set. Findings showed that in six instructors’ courses, 
competency levels were achieved (in all but one indicator 
in one course). Three of these instructors reported target 
percentages, which were achieved; three did not. One 
instructor did not report expected competency levels or 
target percentages. This again shows evidence of the 
checklist not being completed as intended, and may also 
speak to the larger question of instructors’ lack of 
knowledge or familiarity with outcomes-based assessment 
processes overall. 
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Table 5 (abridged): Level that indicates competency/target 
percentage and assessment results (Part B). Reported on 
by 7 instructors. 

Attribute/Learning#
Objective/Indicator'

Expected#
Competency#
Level/Target#
Percentage'

Assessment#
Results#

'

#
Researchers’#
Comments#

1.'Knowledge'Base'for'
Engineering/Sciences/'
Demonstrates'technical'
knowledge'of'underlying'
sciences'pertinent'to'

engineering.'

75%'of'the'
class'with'B+'
or'better'

74.4%'of'the'
class'had'B+'
or'better'

'

Competency'
level'and'
target'

percentage'
considered'
achieved.'

1.'Knowledge'Base'for'
Engineering/'Engineering'

Fundamentals/'
Demonstrates'engineering'
reasoning'and'appropriate'
use'of'knowledge'from'areas'
within'and'outside'discipline'

to'solve'engineering'
problems.'

70%'for'all'
students'

'

70%'and'
above'for'all;'

class'
average'
75.8%'

'
Different'

assessments'
for'each'
indicator.'

'
Achieved'

competency'
and'target'
percentage.'11.'Economics'&'Project'

Management/P.M./'
Establishes'appropriate'
project'scope,'after'

consultation'with'client,'
based'on'available'

resources/'

B'or'better'
for'100%'of'
students'

B'or'better'
for'100%'of'
students;'
class'

average'86%'

11.'Economics'&'Project'
Management/P.M./'Maps'
out'project'with'clear'

milestones'and'delegation.'

B'or'better'
for'100%'of'
students'

B'or'better'
for'100%'of'
students;'
class'

average'90%'
11. Economics & Project 

Management/P.M./ 
Measures outcomes. 

B'or'better'
for'100%'of'
students'

B'or'better'
for'100%'of'
students;'
class'

average'90%'
1.'Knowledge'Base'for'Eng./'
Mathematics/Demonstrates'
ability'to'create'
mathematical'expressions'
that'describe'a'realAworld'
problem.''

'

Numerical'
grade'of'70%'
or'better'

Avg.'grade'
from'

relevant'
tools'='70%'

'
Different'

assessments'
for'each'
indicator.'

'
Achieved'

competency'
level'in'all'but'
one'indicator;'
no'target'

percentage.'

1.'Knowledge'Base'for'Eng./'
Sciences/Demonstrates'
technical'knowledge'of'
underlying'sciences'

pertinent'to'engineering.'

Numerical'
grade'of'70%'
or'better'

Avg.'grade'
from'

relevant'
tools'='83%'

1.'Knowledge'Base'for'Eng./'
Eng.'

Fundamentals/Understands'
facts'and'concepts'relevant'
to'a'process'or'system.'

Numerical'
grade'of'70%'
or'better'

Avg.'grade'
from'

relevant'
tools'='62%'

 
5. CONCLUSIONS AND NEXT STEPS 

 
     The faculty attribute assessment study is a longitudinal 
study with the aim to explore how the 12 CEAB Graduate 
Attributes are manifest and measured in some of the 
engineering courses in the Faculty of Engineering at the 
University of Manitoba. The findings from this study 
have afforded us a vision of where and how the graduate 
attributes are taught and assessed in our engineering 
programs, and generally demonstrated that the traditional 
skills are more commonly assessed than the professional 

skills. Some insight has been gained into the use of 
outcomes-based assessment practices within the faculty. 
Additionally, the need to continue the work to develop a 
common language and understanding of outcomes-based 
assessment practices through the development and use of 
outcomes-based assessment tools has been highlighted.  
     The checklist used in this study was one such 
assessment tool. Over the three-year iteration, the tool 
was revised in an effort to employ the feedback of 
participating instructors, and in an attempt to clarify and 
develop a common language and understanding of the 
assessment practices we were investigating. The checklist 
was also amended to further explore assessment practices 
that were revealed through the examination of the data. 
Expected competency levels and target percentages of 
students anticipated to achieve these competencies is one 
such example of a category reflective of an outcomes-
based assessment practice that evolved out of the 
recurrent enhancement of the checklist. 
     That being said, the checklist in its present form will 
now be retired. This effort, in conjunction with other 
assessment initiatives across the faculty, has identified the 
need to further develop the indicators for each of the 
attributes. New work is being undertaken to create a set of 
rubrics that will, among other things, be a foundation for a 
new set of assessment tools used to explore outcomes-
based assessment in the faculty. Nevertheless, the 
findings from this study have laid the groundwork for 
future work. We have been provided with an overview of 
how the 12 graduate attributes are manifest and measured 
in our courses, gained some understanding of the presence 
of outcomes-based assessment practices in the faculty, 
and reflected on the process to develop an alternative way 
to obtain data from instructors. The resulting workshop 
method is one that we will continue to refine.  
     Reflecting on this study has shown that despite the 
difficulties in trying to collect data from instructors who 
are already extremely busy, or who may not yet entirely 
see the value of such an exercise, immense benefits have 
been gained. We are now in the position where further 
development and improvement of our engineering 
curriculum will fully demonstrate an outcomes-based 
engineering education protocol. 
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APPENDIX A: Instructions for Faculty/Course 

Attribute Checklist 2013-2014 
 

CHECKLIST.Annotated.Directions..
.
ATTRIBUTES:.
.
• A!Knowledge!Base!for!Engineering!

• Individual!and!Team!Work!

• Impact!of!Engineering!on!Society!and!Environment!

• Economics!and!Project!Management!

!
Ask!Yourself:!
Attribute.(is!this!attribute!built!into!my!course?)!–!Yes!or!No?!
!

If!yes:!
Indicator!(is!this!indicator!built!into!my!course?)!–!Yes!or!No?!
!

If!yes,!check!either:!
Full!(teach!and!assess)!or!Part!(teach!but!don’t!assess)?!
!

If!Full,!record:!
• Assessment!tool(s)!

• Assessment!communication!

• Expected!competency!level/target!percentage!

 
 
 
 
 
 

PART A: 
 
Please reflect on your teaching of ____________________(course 
name) and assess the course to determine whether the following 
attributes and their associated indicators are built into your course. 
(Note: You do NOT need to check each indicator, only those that apply 
to your course.) There are empty boxes for additional indicators should 
you have any. 
 
Legend 
 
Full Your course has this 

indicator built into its 
associated mark distribution 
(e.g. through reports, exams, 
assignments, presentations 
etc.).  

Part Your course demonstrates 
this indicator but there is no 
formal process built into the 
mark distribution to assess 
it. 

None 
 

If you checked “Full,” please also 
indicate the assessment tool(s), 
assessment communication, and 
expected competency level/target 
percentage: 

Your course does not 
comprise of this indicator.  

 

 
Assessment Tool(s) 

 
The tool used to measure the 
indicator (e.g. report, exam, 
assignment, presentation, 
etc.). 

Assessment Communication How the results of the 
assessment are 
communicated to students 
(e.g. numerical marks, letter 
grade, mark sheet/rubric, 
written comment, etc.). 

Expected Competency Level/Target 
Percentage 

The level that indicates 
student’s performance on 
indicator is competent (e.g. 
numerical mark 7/10, letter 
grade “C”, mark sheet/rubric 
“at level”, “good” or “3”, 
specific written comment, 
etc.) and the percentage of 
students targeted to perform 
competently or better (e.g.: 
70% of students will achieve 
a “C” or higher for this 
indicator). 

 
PART B: 
 
For those attributes and associated indicators that you formally assessed 
(you checked “Full” in Part A), please report on the assessment results 
(e.g. numerical marks, letter grades, mark sheet/rubric levels, written 
comments, etc.) for the class as related to your indicated expected 
competency level/target percentage (e.g.: 70% of students received a 
“C” or higher for this indicator.

.
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Abstract - As the Engineering Faculty at the University 
of Manitoba shifts its curriculum from an input-based to 
an outcomes-based pedagogy, data from diverse sources 
are being collected. Among them, indirect data are being 
gathered from students using a student exit survey. The 
survey has been developed over the past three years to 
explore graduating students’ perceptions of their 
aptitudes and their engineering program’s strengths and 
weaknesses in regards to the 12 CEAB graduate 
attributes. It is comprised of the 12 attributes, with each 
attribute further defined by six indicators. These 
indicators reflect the levels of Bloom’s Taxonomy of 
Educational Objectives in the Cognitive Domain: 
knowledge, comprehension, application, analysis, 
synthesis and evaluation. The student exit survey was first 
administered to graduating mechanical engineering 
students at the end of Fall semester 2012 and then at the 
end of Fall semester 2013. This paper describes the 
second year of the study, and discusses the data 
comparatively with the findings from the first year. This 
study offers the Engineering Faculty an understanding of 
their Mechanical Engineering students’ experiences with 
and perceptions of the CEAB graduate attributes. It will 
be used to provide feedback at instructor, program and 
faculty levels as the University of Manitoba’s Faculty of 
Engineering continues to implement its cycle of program 
development and improvement. 
 
Keywords: student exit survey; outcomes-based 
assessment; graduate attributes; Bloom’s Taxonomy; 
accreditation  
 
 

1. INTRODUCTION 
 

As part of the requirements for earning CEAB 
accreditation, engineering faculties must have a 
comprehensive assessment protocol in place to assess 
their program outcomes, which among other 
requirements, necessitates gathering data from a number 
of sources. According to engineering education 
researchers, there are five necessary steps when preparing 
for accreditation evaluation [16][23]. The first is to: 
“Establish a protocol for collecting contributions/ 
feedback about your engineering program from different 

groups of stakeholders, such as students presently 
enrolled in the program, alumni, and industry” [23].  

There are several methods available for gathering data 
from stakeholders [23], comprising of quantitative and 
qualitative assessments [17] from both direct and indirect 
sources. Direct sources include assignments, tests, exams 
and standardized tests [21][23], traditional methods of 
assessment that are part of most, if not all, engineering 
programs. Indirect sources of data can be collected using 
SEEQs, or student evaluations of teaching; alumni 
surveys, which ask alumni to rate their preparedness for 
the field; Industry surveys or questionnaires, which ask 
employers to rate engineering graduates’ readiness for 
their profession [21][23]; and exit surveys, where students 
can rate both program objectives and graduate attribute 
outcomes and perceived importance, as well as their own 
perceived preparation for their discipline [17][[23].  

Instruments such as surveys, questionnaires and 
interviews measure the perceptions of participants rather 
than the direct evidence of the learning outcomes 
themselves [15]. That is why they are considered indirect 
sources of data. These perceptions can color the way 
participants view their learning experience, and so too can 
a participant’s personality: “individual characteristics of 
students make a difference in what they claim to end up 
gaining…Those whose primary motivational orientation 
is one of personal mastery tend to believe they take away 
more of the core engineering competency” [15]. As well, 
there is evidence that faculty and students have varied 
acuities when it comes to teaching, learning and assessing 
[8]. Despite these potential limitations, measuring 
perceptions is an important part of a faculty’s assessment 
protocol, as it is another way to measure the success or 
potential shortcomings of a program from the point of 
view of different stakeholders. To provide more insight 
into curricular strengths and weaknesses for the purposes 
of assessing educational competencies in a program, it is a 
good idea to compare the perceptions of students with the 
perceptions of faculty and other stakeholders: “A careful 
examination of the perceptions of students about 
educational efforts for these outcomes and how these 
perceptions do or do not match those of faculty and 
administrators can provide an important foundation to the 
assessment of the success of curricular efforts” [8].  

In the Faculty of Engineering at the University of 
Manitoba, several assessment protocols are already in 
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place. In particular, for the Mechanical Engineering 
program, these protocols include a student exit survey that 
is given to students in their last semester before 
graduation. The student exit survey was first developed 
and implemented in the Biosystems program in the 2011 
academic year to measure students’ perceptions of how 
well their engineering program at the University of 
Manitoba prepared them in regard to the 12 CEAB 
graduate attributes [20]. It has since been revised and 
adopted by the Mechanical Engineering program as well. 
Last year, the survey was changed to reflect Bloom’s 
Taxonomy [2][20]. The survey was administered to fourth 
year students in the Mechanical Engineering program 
taking MECH 4860 Engineering Design. Findings were 
presented at the CEEA 2013 conference [20]. This year, 
the survey has been revised and administered again with 
the objective to continue to measure the perceptions of 
fourth year Mechanical Engineering students in regards to 
the graduate attributes in their own development and in 
the program’s curriculum. This paper documents some of 
the revisions of this year’s survey, and presents some of 
the findings in comparison to the data from the first year 
of the study. 

 
2. SURVEY DEVELOPMENT 

 
The second iteration of the student exit survey was 

developed using Bloom’s Taxonomy of Educational 
Objectives in the Cognitive Domain as a framework to 
organize each of the 12 CEAB graduate attributes into six 
indicators [2]. Each indicator reflected one of Bloom’s six 
cognitive levels: knowledge, comprehension, application, 
analysis, synthesis and evaluation. Students were asked to 
rank their proficiency of the cognitive levels for each 
attribute on a three-point scale to indicate whether they i) 
did not develop the skill/ability; (ii) were introduced to 
the skill/ability but did not master it; or (iii) mastered the 
skill/ability within the Mechanical Engineering 
curriculum [20]. Additionally, students were asked to 
choose the three strongest and three weakest attributes in 
regards to the Mechanical engineering program and with 
respect to their own knowledge, skills and behaviors [20].  

For the second year, it was determined that it was 
important to maintain the integrity of the survey in order 
to begin to build a longitudinal understanding of students’ 
perceptions of the program and of their own aptitudes for 
the purpose of implementing a feedback loop [24]. 
However, based on the data from the first year’s 
administration, it was necessary to make some changes to 
the structure and language of the survey. As stated above, 
when responding to the survey in year one, students were 
only given three choices to rate how attributes were 
delivered in the program and their resulting prowess. It 
was found that a number of students created two 
additional categories by choosing to mark on the line 
between the three options. Evidently, students desired a 

larger scale to express their perceptions. Therefore, the 
survey was revised to reflect a five-point scale.  

The additional change to the survey was in the 
language used to describe students’ competency in 
regards to the attributes. For example, in the first year 
students were asked if they did not develop, were 
introduced but did not master or mastered the 
skills/ability reflected by the indicator. A number of 
problems were identified by these language choices. 
Firstly, one category emphasized the role of the instructor 
by using the word introduced, indicating that some of the 
responsibility for student learning was the instructor’s. On 
the other hand, the remaining two categories did not 
describe whether or not the attribute was introduced, and 
only the words develop and master were used, which 
excluded the role of the instructor and placed full 
responsibility for learning squarely onto the student. 
Therefore, the three categories were essentially asking for 
two different assessments, which could potentially skew 
the data. Secondly, the word master was never defined, 
again possibly leading to different interpretations and 
thereby a variety of assessments, perhaps distorting the 
results. Finally, it was determined that there was too great 
a divide between did not develop, did not master and 
master, with no middle ground to describe attribute 
aptitude. As a result of these findings, for the second 
installment of the survey, the phrase introduced to the 
skill/ability was used in the descriptor for each ranking, 
and the language in regards to students’ abilities was 
changed to poor, adequate, good and excellent to provide 
students with additional, and arguably more familiar 
categories, as these words are representative of rubric 
descriptors, and are familiar to many students. The 
choices also reflect an increase in aptitude in smaller 
increments to more aptly describe attribute abilities. (The 
exact wording of the survey descriptors for each ranking 
can be found in Appendix A.) 
 

3. METHODS 
 
An ethics application was submitted to 

Education/Nursing Research Ethics Board (ENREB), the 
governing research ethics board for the Faculty of 
Engineering at the University of Manitoba. Once 
approved, the student exit survey was administered to 
graduating Mechanical Engineering students in December 
2013. Distribution was as follows: The instructor of 
MECH 4860 Engineering Design handed team leaders a 
manila envelope of surveys with a recruitment letter 
stapled to the envelope. The team leaders were asked to 
distribute the surveys to their team members. Email 
requests were also sent to students in additional 
recruitment attempts. Completed surveys were either 
collected by team leaders and placed into an unmarked 
envelop and left in the Mechanical Engineering office, or 
emailed to the co-researcher. This was done to assure 
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students’ anonymity and prevent any conflict of interest 
vis-à-vis the principal researcher, who was also the course 
instructor of MECH 4860 Engineering Design. Thus, 
although the survey was not connected to the course, it 
was important to protect students’ potential vulnerability 
in this regard. Quantitative descriptive statistics was used 
to numerically summarize the data. 

 
4. FINDINGS 

  
A major change between the first year and second year 

of the study was found in the response rate. In 2012-13, 
there were 76 responses out of 78 students, which is a 
97% response rate. For this second year of the study, 
2013-14, 23 students responded to the survey out of 81 
students: a 28 % response rate. This difference could 
possibly be explained by the timing of the distribution of 
the surveys. During the first year of the study, the exit 
survey was distributed to team leaders during the 
semester. Therefore, team leaders were easily able to 
encourage their team members to complete the survey, 
and students’ motivation was quite possibly higher as they 
were still in the throes of the semester, taking courses and 
completing coursework. It was only after the survey was 
collected that the researchers applied to ENREB to use 
the anonymous survey data for the purposes of 
publication. The researchers were granted permission, 
however, contingent upon approval, they promised that all 
“future data collection will be started with all informed 
consents up front.” For the second year of the study, the 
process of ethics approval was not complete until the end 
of semester due to an unanticipated delay with ENREB. 
Although surveys were given to team leaders, distribution 
took place only after the course was complete, and 
sporadically when team leaders came to drop off peer 
review forms. It is not known whether team leaders were 
able to successfully deliver or collect the surveys from 
their team members; and it is not likely that they were 
reminding team members about the survey as the course 
was over. Students were sent two additional email 
requests, though by that time, the semester was complete. 
It is quite possible that the timing of the distribution 
affected the response rate for this year’s survey.  

Due to the difference in response rate, researchers 
must consider that self-selection is likely a factor in the 
kind of findings that were obtained [12]. However, the 
data will be strengthened by viewing them comparatively 
with the findings from the first year of the study [6], and 
with the knowledge that these data will be collected each 
year to build a longitudinal understanding of students’ 
perceptions of the strengths and weaknesses in the 
Mechanical Engineering program and of their own 
aptitudes in regards to the graduate attributes [24]. 

 

4.1 Perceptions of Top Three Program and 
Student Strengths and Weaknesses (Weighted) 

 
For the two years the survey was administered, 

students were asked to rank their top three perceived 
strengths and weakness and the top three program 
strengths and weaknesses in regards to the 12 graduate 
attributes. Scaling the higher responses to a larger value 
and averaging the total number of responses weighted the 
data. Figure 1 illustrates these findings. Tables 1 and 2 list 
the top four program and student strengths and 
weaknesses respectively, and show how similar the 
findings from both years were.  

 
2013-14 

 
2012-13 

 
Fig. 1. Weighted percentage of responses for top 

perceived program strengths and weaknesses, and 
student strengths and weaknesses. 

 
Table 1. Comparison of weighted percentage of responses 
of the top four perceived program strengths and 
weaknesses. 
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Table 2. Comparison of weighted percentage of responses 
of the top four perceived student strengths and 
weaknesses. 

 
 
For weighted percentage of responses for the top four 

strengths and weaknesses, the perceived program 
strengths for the first and second year were exactly the 
same: Knowledge Base for Engineering, Problem 
Analysis, Design and Individual and Team Work. The 
first three program weaknesses selected also mirrored 
each other: Impact of Engineering, Ethics and Equity and 
Use of Engineering Tools. Investigation and 
Professionalism were ranked as fourth program weakness 
for 2013-14 and 2012-13 respectively. The top three 
student strengths were similar for both years, but in 
different order: Knowledge Base for Engineering, Design 
and Problem Analysis for 2013-14, and Design, Problem 
Analysis and Knowledge Base for Engineering for 2012-
13. The top two ranked student weaknesses were the 
same: Impact of Engineering on Society and Environment 
and Ethics and Equity. Use of Engineering Tools was 
ranked as the third student weakness for 2013-14 and the 
fourth student weakness for 2012-13. Only one attribute, 
Design, was ranked as both a student strength and student 
weakness, and this was only found for 2013-14. 

When comparing program and student strength, and 
program and student weakness, the chosen attributes were 
generally the same. For 2013-14, program strength 
reflected student strength, with the exception of 
Individual and Teamwork (program strength) and 
Communication Skills (student strength). Program 
weakness reflected student weakness, with the addition of 
Design (a student weakness, although as mentioned 
above, considered a student and program strength as 
well).  Similarly, for 2012-13, program and student 
strength echoed one another. Program and student 
weakness were similar, with the exception of 
Professionalism (program weakness) and Economics and 
Project Management (student weakness).  

 
4.2 Perceptions of Top Program and Student 
Strengths and Weaknesses (Percentage) 

 
Figure 2 illustrates the percent responses for the top 

perceived program and student strength and weakness for 
the two years in which the survey was administered. The 
graphs on the left are a comparison of program and 
student strengths and the graphs on the right are a 
comparison of program and student weaknesses.  
 
 

2013-14 

 
2012-13 

 
Fig. 2. Percentage of responses for the top perceived 
program and student strength (left) and program and 

student weakness (right). 
 

For 2013-14, program and student strengths generally 
mirrored each other except for Individual and Team Work 
and Impact of Engineering on Society and the 
Environment (program higher), and Use of Engineering 
Tools and Communication Skills (student higher). High 
strengths were paired with low weaknesses and visa-
versa, which was a similar finding to 2012-13 [20]. 
Strengths generally mirrored each other for both years, 
except for Ethics and Equity, Economics and Project 
Management, and Lifelong Learning, which showed 
slight strength for both program and student in 2012-13, 
and negligible strength in 2013-14. Knowledge Base for 
Engineering was ranked as a greater program strength 
than student strength in 2012-13, but was a similar 
program and student strength in 2013-14. Communication 
Skills was a greater student strength than program 
strength in both years. Not one student identified the 
attribute Impact of Engineering on Society and the 
Environment in either year as their top strength, and 
2013-14 students did not choose Ethics and Equity either. 

For 2013-14, program and student weaknesses 
generally reflected each other, which was similar for the 
first year of the study, with the exception of Use of 
Engineering Tools, which was ranked as a larger program 
weakness than student weakness [20]. 2013-14 students 
ranked themselves slightly weaker in Knowledge Base for 
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Engineering, Problem Analysis, Investigation, Design, 
Use of Engineering Tools, Economics and Project 
Management, and Lifelong Learning, and ranked the 
program weaker in Individual and Team Work, 
Communication Skills, Professionalism, Impact of 
Engineering on Society and the Environment, and Ethics 
and Equity. The trend was that the program was generally 
ranked weaker than students in the professional skills. 
This was not found in 2012-13 (Students weaker in 
Knowledge Base for Engineering and Problem Analysis, 
Communication Skills, Impact of Engineering on Society 
and the Environment and Economics and Project 
Management, and program weaker in Investigation, Use 
of Engineering Tools, Individual and Team Work, 
Professionalism and Lifelong Learning [20].) Not one 
2013-14 student ranked Knowledge Base for Engineering 
as a program or student weakness; and not one ranked 
Individual and Team Work as a student weakness. The 
program was deemed to be weaker than students in both 
Individual and Team Work and Professionalism for both 
years.  
 
Table 3. Comparison of percentage of responses of the 
top four perceived program strengths and weaknesses. 

 
 
Table 4. Comparison of percentage of responses of the 
top four perceived student strengths and weaknesses

   
When examining the percentage of responses for top 

four perceived program strengths, students from the first 
and second year of the study ranked the same four 
attributes: Design, Problem Analysis, Individual and 
Team Work and Knowledge Base for Engineering 
(Table 3). However, 2013-14 ranked Design as the first 
and Knowledge Base for Engineering as the fourth, and 
2012-13 did the opposite. Both years also ranked Impact 
of Engineering on Society and Environment as the 
number one program weakness, and Use of Engineering 
Tools as the third program weakness. Investigation was 
the second program weakness for 2013-14, and the fourth 
program weakness for 2012-13. 

Problem Analysis and Design were chosen as the top 
two student strengths for both years, albeit in inverse 
order (Table 4). Impact of Engineering on Society and the 
Environment was the number one student weakness for 
both years.  

When comparing program and student strengths, 2012-
13 students chose the same four attributes, although in 
different order (Table 3 and Table 4). For 2013-14, 
Design, Problem Analysis and Individual and Team Work 
were among the top three ranked attributes. 

When comparing program and student weaknesses, 
Impact of Engineering on Society and the Environment is 
consistently chosen as the top ranked weakness in all 
categories in both years. This is a trend worth exploring in 
regards to the program’s attribute mapping, course 
content and curriculum. 2013-14 students perceive 
Investigation, Use of Engineering Tools and Design 
respectively for the next ranked program and student 
weaknesses, (although Design is also ranked as the top 
program and student strength, as mentioned previously). 
These data are likely due to the small number of 
respondents (23) to the comparatively high number of 
attributes from which to choose (12).   

There were other noteworthy findings for the second 
year of the study. Not one student chose Knowledge Base 
for Engineering, Problem Analysis, Individual and Team 
Work, Professionalism, or Economics and Project 
Management as a top program weakness. All 12 attributes 
were chosen as top program strength by at least one 
participant. Impact of Engineering on Society and the 
Environment and Ethics and Equity were not chosen once 
as a student strength. Knowledge Base for Engineering 
and Individual and Team Work was not chosen as a 
student weakness. And generally, program strengths and 
student strengths were concentrated in the traditional 
skills rather than the professional skills, which was a 
reflection of 2012-13 [20]. However, program and student 
weaknesses were less concentrated in the professional 
skills, as opposed to the first year of the study, with the 
obvious exception of Impact of Engineering on Society 
and the Environment, which was clearly perceived as both 
a program and student weakness for both years of the 
study. (It was also the only attribute not chosen once as a 
student strength for the first year of the study, which is 
remarkable considering 76 students responded to the 
survey during the 2012-13 year [20].)  

 
4.3 Average Perceived Graduate 

Competencies 
 
Figure 3 illustrates the average perceived student 

competencies for all 12 graduate attributes for each year 
that the survey was administered. (Note that the scales are 
different between the two offerings, which is due to the 
different number of ranking categories students were 
provided on the two surveys: three categories for the first 
year and five for the second.) 

 
 
 

2013-14 
Program Strength 

2012-13 
Program Strength 

2013-14 
Program Weakness 

2012-13 
Program Weakness 

1. Design 1. Knowledge Base 1. Impact of Eng. 1. Impact of Eng. 
2. Problem Analysis 2. Problem Analysis 2. Investigation 2. Ethics & Equity 
3. Team Work 3. Team Work 3. Eng. Tools 3. Eng. Tools 
4. Knowledge Base 4. Design 4. Design 4. Investigation 
!

2013-14 
Student Strength 

2012-13 
Student Strength 

2013-14 
Student Weakness 

2012-13 
Student Weakness 

1. Problem 
Analysis; Design 

1. Design 1. Impact of Eng. 1. Impact of Eng. 

2. Communication 2. Problem Analysis 2. Investigation; 
Eng. Tools 

2. Ethics & Equity 

3. Eng. Tools; Team 
Work 

3. Knowledge 3. Design 3. Economics & 
Project Managemt 

4. Investigation; 
Professionalism 

4. Team Work 4. Communication 4. Communication 

!



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 033 
Canmore, AB; June 8-11, 2014 –  6 of 9  – 

2013-14 
 

 
2012-13 

 

 
Fig. 3. Average perceived graduate competencies. 

 
For 2013-14, students perceived that they were 

introduced to the skill/ability within the Mechanical 
Engineering curriculum, and that their performance was at 
least “good” for all attributes except for: Use of 
Engineering Tools, Impact of Engineering on Society and 
the Environment, and Ethics and Equity. For these, 
students perceived their performance as “adequate,” with 
Impact of Engineering on Society and the Environment 
adequate for all six levels in the Cognitive Domain, but 
Use of Engineering Tools and Ethics and Equity “good” 
in regards to application. The lowest ranking attribute 
was Impact of Engineering on Society and the 
Environment, and the highest rankings were for 
Individual and Team Work, Design, Communication 
Skills and Knowledge Base for Engineering. Comparing 
2012-13 and 2013-14: Data from both years generally 
mirrored each other, with the exception of Economics and 
Project Management, which had a higher ranking in 2013-
14 than in 2012-13. Impact of Engineering on Society and 
the Environment was ranked lowest for both years. 
Individual and Team Work was ranked highest and 
Communication Skills ranked third highest for both years. 
Knowledge Base for Engineering was ranked second 
highest for 2012-13 and fourth highest for 2013-14. 

 
 

4.4 Close-Up View of Average Perceived 
Graduate Competencies For Selected Traditional 

and Professional Attributes 
 

2013-14 

  
2012-13 

  
Fig. 4. Close-up view of average perceived graduate 

competencies for selected traditional (left) and 
professional attributes (right). 

 
The 12 CEAB attributes are often considered as made 

up of both traditional skills and professional skills [22]. 
There is evidence in the research that the traditional skills 
are assessed more often and more easily than the 
professional skills [1][3][7][8][10][11][13][22][25][26]. 
Therefore, to explore whether student perception of 
strength and weakness reflected a similar trend to support 
the research, a comparison of the perceived graduate 
competencies for selected traditional and professional 
attributes was done. The findings showed that students 
did not unequivocally find the professional skills weaker 
than the more traditional skills. For 2013-14, Problem 
Analysis and Professionalism reflected a drop-off with the 
higher-level cognitive skills; Knowledge Base for 
Engineering and Ethics and Equity had inconsistent 
cognitive rankings; Investigation and Lifelong learning 
were more equal (Fig. 4). Ethics and Equity was 
considered “adequate” by students in all but one domain, 
with five domains falling below the median. The rest of 
the attributes were all “good” in terms of performance. 
For 2012-13, only Lifelong Learning had all of its 
domains on or above the median; the rest had at least one 
category that fell below the median. Comparing both 
years, traditional skills mirrored each other, with 
Knowledge Base for Engineering, Problem Analysis and 
Investigation ranked higher to lower respectively. For the 
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professional attributes, Ethics and Equity was ranked the 
lowest for both years; but Professionalism was higher 
than Lifelong Learning for 2013-14 as opposed to 2012-
13. 

 
4. DISCUSSION 

 
Despite the low response rate for this year’s survey, 

the findings examined comparatively with the first year of 
the study have provided the Mechanical Engineering 
program and the Engineering Faculty at the University of 
Manitoba with some important feedback and are 
unveiling some potential trends worth investigating in the 
coming years.  

For both the weighted percentage of responses for top 
three perceived program and student strengths and 
weaknesses and the percentage of responses for the top 
perceived program and student strengths and weaknesses, 
Knowledge Base for Engineering, Problem Analysis, 
Design and Individual and Team Work were consistently 
chosen as both program and student strengths: three 
traditional attribute and one professional attribute. Impact 
of Engineering on Society and the Environment, Ethics 
and Equity, Use of Engineering Tools and Investigation 
were fairly steadily ranked as program and student 
weaknesses: two traditional attributes and two 
professional attributes.  

A faculty attribute assessment study at the University 
of Manitoba has been ongoing for the past three years, 
where instructors identify the attributes that they assess in 
their courses. Data from that research have generally 
shown that the traditional attributes are assessed more 
frequently than the professional ones [9][18]. This trend is 
not reflected in students’ perceptions in this study, where 
the findings show that there is a fairly even distribution of 
traditional and professional attributes for both program 
and student strengths and weaknesses. This is somewhat 
of an unexpected outcome due to the research pertaining 
to the substantial presence of the traditional skills versus 
the professional skills in engineering education 
[1][3][7][8][10][11][13][22][25][26]. 

 
5. LIMITATIONS AND NEXT STEPS 

 
Caution is advised concerning the methods, 

particularly with the reliability and validity, or lack 
thereof, of the survey as an instrument of assessment 
feedback [23]. There are several studies where the 
evidence of inconsistency and the wide-range of 
responses in student exit, faculty and alumni surveys 
point to the care with which these results should be used 
[23]. Therefore, it is important to be aware of the potential 
limitations of the survey as an assessment instrument, 
which is another reason why it is crucial to have a 
comprehensive assessment protocol, one that does not 

rely solely on the results of a single instrument 
[4][14][24].  

Toward this end, the faculty is using a number of other 
assessment instruments to collect data to inform its 
continual program improvement commitment. These 
include a faculty attribute assessment checklist [9][18]; an 
alumni survey; an Industry survey and forum [5]; and the 
recent and ongoing development of a set of rubrics 
designed to assess the 12 graduate attributes at course and 
program levels [19]. Additionally, as a part of this study, 
data are also being analyzed from two student focus 
groups that were recently conducted in concomitance with 
the student exit survey to explore the findings of the 
survey from a qualitative perspective. As well, additional 
data were collected in the exit survey: students were 
asked to rate their preparedness in regards to each 
graduate attribute, as well as rate their perception of the 
importance of each attribute in the engineering profession. 
These additional data are being gathered to triangulate the 
findings and strengthen the validity and reliability of the 
survey. 
 

6. CONCLUSIONS  
 
The objective of this study is to examine fourth year 

Mechanical Engineering students’ perceptions of graduate 
attribute competencies in the Faculty of Engineering at 
the University of Manitoba. Most of the findings from this 
year (2013-14) need to be considered with caution due to 
the low survey response rate. However, it is clear that 
there are trends emerging when considering the data in 
partnership with the data from the first year of the study. 
Deliberating on the findings certainly points to some 
graduate attributes that need investigating further. 
Specifically, the attributes Impact of Engineering on 
Society and the Environment, Ethics and Equity, Use of 
Engineering Tools and Investigation should be scrutinized 
within the Mechanical Engineering curriculum, and in 
conjunction with other stakeholders’ perceptions and 
experiences in light of these findings. In the interim, 
students’ perceptions will continue to be heard and 
explored at the University of Manitoba’s Faculty of 
Engineering with the commitment to continue to develop 
and improve its curriculum for the benefit of all 
stakeholders. 
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APPENDIX A: RATING SCALE FOR THE 

STUDENT EXIT SURVEY 
 

The “0” indicates that you were not introduced to the 
skill/ability within the Mechanical Engineering curriculum. 

The “1” indicates that you were introduced to the skill/ability 
within the Mechanical Engineering curriculum, but that your 
performance is poor. 

The “2” indicates that you were introduced to the skill/ability 
within the Mechanical Engineering curriculum, and that your 
performance is adequate. 

The “3” indicates that you were introduced to the skill/ability 
within the Mechanical Engineering curriculum, and that your 
performance is good. 

The “4” indicates that you were introduced to the skill/ability 
within the Mechanical Engineering curriculum, and that your 
performance is excellent. 
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“become designers of learning experiences, processes, and environments”  
-James Duderstadt, University of Michigan President [10] 

 
 
Abstract - Active learning is a pedagogical 
methodology that research has shown both engages and 
motivates students. This paper reports on one professor’s 
work to infuse active learning into his first year 
thermodynamics course. Based on the results of a pilot 
study aimed at exploring the use of active learning in a 
first-year thermodynamics course to engage students and 
improve their learning, a problem-solving learning 
approach was designed for a subsequent offering of the 
course. Mini-lectures were interspersed with tutorials, 
and active learning and pedagogical tools and strategies 
were employed with the intent to increase student 
engagement and enhance learning. At the conclusion of 
this course, a student exit survey and a student focus 
group were conducted, and students’ course marks were 
compared to their cumulative grade point averages to 
examine their course performance. Findings showed that 
students were engaged by the active learning design and 
evidence of learning was found. This is the second phase 
of a practical action research study to turn a traditional, 
lecture-based course into an active learning arena for 
first year engineering students at the University of 
Manitoba. 
 
Keywords: active learning; student engagement; learning 
strategies 
 
 

1. INTRODUCTION 
 
 Student engagement is a conduit of deep or 
significant learning [6][10]. It is fundamental in 
“enhancing students’ levels of performance” [4]. Active 
learning propels student engagement. Courses that are 
integrated with activities help students practice deep 
learning and retain the knowledge and skills required for 
their learning [6]. Active learning also challenges 
students’ cognitive abilities: “…creating effective 
learning experiences…encourage[ing] students to 
engage in deep approaches to learning and to integrate 

their knowledge and skills in solving complex problems” 
[4]. 
 Active learning methods are learner-centered: 
they place more of the responsibility for learning on the 
student [7]. The concept of active learning is found 
rooted in the work of Dewey, who “equated learning 
with doing and viewed learning as an activity, a process 
of discovery, where students need to be actively engaged 
in all aspects of the learning process” [13]. Instructors 
adopting active learning strategies are “focusing on the 
‘ings’ (e.g., planning, communicating, designing, 
problem-solving) rather than just having the class being 
dominated by the ‘ics’ (mathematics, physics, dynamics, 
electronics, etc.)” [13].  
 Overall, the use of an active, more inductive style 
of instruction to foster learning instead of more a 
deductive, traditional type of instruction “is supported by 
widely accepted educational theories such as cognitive 
and social constructivism, by brain research, and by 
empirical studies of teaching and learning” [7]. Using an 
active, inductive method to facilitate student learning 
“promotes intellectual development…and help[s] the 
students acquire the critical thinking and self-directed 
learning skills that characterize expert scientists and 
engineers” [7][4]. Therefore, when designing learning 
experiences for students, it is essential to “remember that 
what the student does is actually more important in 
determining what is learned than what the teacher does” 
[4]. However, what an instructor does to help students 
actively engage in learning is integral in order to 
cultivate deep and significant learning in students. 
 
1.1 Background 
 
 In Winter semester 2013, in the Faculty of 
Engineering at the University of Manitoba, a doctoral 
student with a focus on Engineering Education and a 
Dean Emeritus (the “Professor”) conducted a pilot study 
in cooperation to investigate the use of active learning 
strategies in a first year engineering course, ENG 1460 
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Introduction to Thermal Science (Thermal 1). Based on 
the data as a result of this pilot study [9], the researchers 
gained the knowledge that active learning was integral to 
student engagement and learning. Therefore, it was 
decided to change the structure of the next offering of 
Thermal 1 by integrating problem-solving activities 
(essentially mini-tutorials) with mini-lectures in order to 
increase student opportunities for active learning, and 
they student engagement. As well, class tools and 
strategies were employed as a continuation of what was 
developed during the pilot study [9] to additionally 
promote student engagement and learning, and create a 
supportive learning environment. These tools included 
the use of course slides, i-clicker exercises, an 
experimental apparatus, course handouts, a “cheat 
sheet,” stories the instructor told to link course content to 
the real world, practice problems, and feedback on 
problems and tests. 
 The course was offered during the condensed 
Summer session, which meant that it ran four days a 
week for six weeks. Thus, three days a week, the 
Professor combined mini-lectures with problem solving, 
and one day a week students wrote a test, which the 
Professor immediately reviewed. The objective of this 
study was to investigate the effect of the use of active 
learning strategies on student engagement and learning. 
Through the use of a student exit survey and a student 
focus group, as well as the comparison of students’ 
cumulative grade point averages (GPA) with their course 
grades, the researchers found evidence of student 
engagement and learning. 
 

2. METHODS 
 
 A mixed methods approach was designed for this 
study. Both quantitative and qualitative data were 
collected and analyzed, and used to triangulate key 
findings. The quantitative method provides a numerical 
description of the data, while the qualitative method 
yields an in-depth view of student experiences, and some 
understanding of their perspectives and motivations 
[1][3]. The Professor taught the course using the active 
learning design, tools and strategies, and the doctoral 
student solely collected and analyzed all data, so as to 
guard against potential bias of the results. 
 
2.1 Respondents 
 
 ENG 1460 Introduction to Thermal Science is a 
first year engineering course. It is open to all first year 
university and all engineering students on campus. 
Sixty-three students were enrolled in the Summer 
session 2013 offering of the course.  
 
 

2.2 Student Exit Survey 
 
 After receiving approval from the 
Education/Nursing Research Ethics Board (ENREB), 
which governs all research involving human ethics for 
the Faculty of Engineering on campus, students were 
invited to participate in an exit survey during the last 
week of the course. In the survey, participants were 
asked about learning styles, and invited to consider the 
use of tools and strategies to promote engagement and 
learning in the course. Students were asked to select the 
best answer or answers in a multiple-choice style 
questionnaire (see Appendix A). Forty-four out of 63 
students completed the exit survey, a 69.8% response 
rate. The data from the surveys were analyzed using 
quantitative descriptive statistics. 
 
2.3 Student Focus Group Interview 
 
 Once the course was over, and the final grades 
were calculated and officially entered, students from 
ENG 1460 Summer session 2013 were sent an email 
requesting their participation in a focus group interview 
to further explore their experiences in and perceptions of 
the course, as well as to discuss the findings of the 
survey. Two students agreed to participate. The focus 
group interview was conducted in September 2013, 
approximately three months after the course was 
complete. The focus group data were analyzed using the 
qualitative technique of thorough, deep and recurrent 
readings to thematically code and report the findings 
[1][12][8][2][11]. Focus group participants were sent 
both the transcription and analysis of the interview to 
practice member checking and improve the 
trustworthiness of the findings [8]. 
 
2.4 Course Grades and Cumulative Grade Point 
Averages 
 
 Students’ course grades and cumulative grade 
point averages (GPA) were analyzed using a paired t-test 
with 95% confidence intervals. 
 

3. FINDINGS AND DISCUSSION 
 
 There was a large amount of data generated from 
this study. For the purposes of this paper, only evidence 
related to student engagement and student learning will 
be discussed.  
 
3.1 Evidence of Student Engagement 
 
 The data showed evidence of student engagement 
in regards to the course design, the use of class tools, the 
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student-faculty connection, and the supportive learning 
environment. 
 
3.1.1 Course Design. The course was structured to 
integrate problem solving (mini-tutorials) with mini-
lectures: the Professor would conduct a mini-lecture, 
with a sample problem or two, and then students would 
work on additional problems while the Professor and 
teaching assistants circulated throughout the room. 
When students finished working, the Professor went 
over the problems with them, and then resumed the 
mini-lecture-problem solving cycle again. This happened 
several times a class. While engaged in problem solving, 
students were encouraged to work with their peers. The 
data showed that survey participants first preference for 
learning was through class activities, such as problem 
solving (68.2%). Focus group participants spoke with 
enthusiasm about the design of the course:  
 

“I really enjoy that part of it… okay have a 
lecture now, we’re going to give you a couple of 
questions on what we just learned, we’re going to 
do another lecture, I like the way it was broken 
up…” 

  
They spoke about their interest waning in classes that 
were predominantly designed around lectures:  

 
“It’s just, the interest is going to die out.” 

 
“…just listening and taking notes, it gets really 
tiring.” 
 

3.1.2 Class Tools. There was evidence in the data that 
students were engaged when the course slides, the i-
clicker exercises, the experimental apparatus, and the 
cheat sheet were used. 
 
(i) Course Slides. The course slides were designed using 
animated diagrams and equations, with colorful 
“Thermodynamic warnings” for students as they were 
exposed to course content during mini-lectures. Students 
had access to the slides through the Internet. The data 
showed that students used the slides both inside (38.6%) 
and outside of class (72.7%) for preparation and review. 
The focus group participants found the slides engaging: 
 

“The moving part gets the student actually.” [In 
reference to the animation in the slides.] 
 
“Yeah and then he would say, ‘Don’t do this!’” 
[In reference to the Professor’s “Big 
Thermodynamic Warning” signs that he would 
post on the slides.] 
 

“Yeah… like it actually lent like a sense of 
amusement to it and like, hey I actually want to 
look in these and have a good laugh over it.” 
 
“Yeah, because I usually, I print, I think I printed 
the first few ones but I just watched the next 
ones.” 

 
(ii) i-clicker Exercises. The Professor used i-clicker 
exercises to survey students about their understanding 
and to engage them in their learning. Seventy-one 
percent of surveyed students found the use of the i-
clicker exercises “Engaging” or “Very engaging” in the 
class. The focus group participants also found the 
exercises engaging, and appreciated their anonymity:  
 

“I think how he did use the i-clickers in the class 
itself, like okay do you guys understand this, no 
one would be scared to say I’m scared, I don’t 
understand this cause it’s all anonymous right. 
But so I thought that part was really nice…” 

 
(iii) Experimental Apparatus. An experimental apparatus 
to model equilibrium was built so that the Professor 
could demonstrate the concept to the class.  
 

 
Fig. 1: Experimental apparatus 

to model equilibrium. 
 
When asked about this apparatus, the focus group 
participants were very enthusiastic about it: 
 

“I thought that was cool, it was cool to see it 
actually being in use… And you can actually see, 
oh this makes sense, I understand this, you can 
actually physically see it go…” 
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“Especially for first years, cause they want to see 
that. The higher years they know… they’ve seen 
it before and the first year would be interested, oh 
this is what I, I would do or I would understand in 
the future…” 

 
When surveyed, 71.7% of participants found the use of 
the experimental apparatus to model equilibrium in class 
“Engaging” or “Very engaging.” 
 
(iv) Cheat Sheet. Students were allowed to bring one 
sheet of paper with them into the tests and exams. The 
Professor modeled how to create this “cheat sheet” by 
demonstrating which formulas he would write down. 
The focus group participants showed their enthusiasm 
when they discussed this class tool: 
 

“I have that with me every time…the girl that I 
was talking to [you about] before, she was 
confused on this one question…and I was 
showing this to her, and she’s like whoa, wow, 
that’s a lot… so it’s nice and I can have all those 
little points to it and I wrote that down, I’ve 
written that on every single one since we got that, 
it’s a nice way to be able to see and that also I 
feel stops the panic. 

  
3.1.3 Student-Faculty Connections: Stories. Student-
faculty contact is one of the principles of good practices 
in higher education according to Chickering and 
Gameson [10]. Research has shown that student 
interactions with faculty and peers have the largest 
positive effect on the general education of students 
[10][7]. The Professor told stories in class in order to 
connect to students, and to illustrate how course content 
related to the real world in order to create an authentic 
learning environment [5] to engage students. When 
survey participants were asked their preferred style of 
learning, the least selected category was “stories that the 
instructor tells that relate to the class” (34.1%). 
However, in the course observations that the doctoral 
student conducted, students showed engagement during 
the Professor’s anecdotes through their eye contact, 
smiles and laughter. Both focus group participants 
thought that stories did help connect students to the real 
world, which was the intention of using the anecdotes, 
and which they appreciated: 
 

“I definitely think that they did help connect it, 
you could actually see… examples… it was kind 
of nice, oh okay, so it was a real person… they’re 
doing something that we’re still using today.” 

 
However, the focus group discussion of this strategy was 
not as animated as participants’ discussions of other 
strategies. Evidently, as seen through the survey and the 

focus group, students preferred the active teaching 
strategies to the passive strategies that were used. 
  
3.1.4 Supportive Learning Environment. One factor 
that increases students’ engagement in learning is 
“students’ perception of how well the learning 
environment set by the instructor supports their 
learning” [4]. Students were surveyed to determine if 
they were aware of the professor’s concern for their 
learning. Ninety-one percent of students felt that the 
Professor was concerned “Quite a bit” or “Absolutely, a 
lot” with their learning. This was reflected in the focus 
group interview. Both focus group participants spoke 
without prompting about the impact the Professor had on 
their learning. This included the Professor’s willingness 
to help his students; how he was always “there” or 
present when he was teaching; and that he was human, 
sharing his own struggles and failures during first year 
university, which demonstrated to the focus group 
participants that they could be successful too: 

 
“…the way he was able to explain things, you 
just got them and if you didn’t he was really open 
about helping…” 
 
“You remember it that much better and just the 
way he taught the class…when he was doing the 
lectures themselves he was there and he was 
really alive for them…” 

 
“If you want to be able to see, if you can’t study, 
if you don’t know how to study and I remember 
[him] saying that he didn’t do well his first year 
in university… 
“Yeah, he said that.” 
“Yeah.” 
“Yeah, it makes him more human in front of…” 
“Exactly. And he reached, he became a doctor, he 
became a dean.” 

 
3.2 Evidence of Student Learning 
 
 Evidence of student learning was seen through 
the in-class activities, the practice problems, course 
handouts, cheat sheet, and feedback provided throughout 
the course. Learning was also evidenced through the 
comparison of the course marks with students’ 
cumulative grade point average (GPA). 
  
3.2.1 In-Class Activities. Seventy percent of surveyed 
participants felt that in-class activities, including 
problem solving, helped them learn better. Both focus 
group participants spoke about how in order to learn 
effectively and retain knowledge, they needed to be able 
to do the activity, i.e., solve the problem in class. This 
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strengthened their learning, and prepared them for 
subsequent engineering courses:  
 

“…the way that the course was set up it 
facilitated that and made that a lot easier to recall 
what you learnt.” 

 
“…if you’re doing it, I think we will remember it 
more…” 
 
“…You can’t just get by on listening to the 
Professor… You need to go out and try and do 
the questions.” 
 
“I think every course, every course in engineering 
especially is, isn’t a bystander sport, like a phrase 
that they used, you can’t get through…you won’t 
get through your second year, you’re going to fail 
everything. And it’s because if you don’t have the 
practice on how to do the questions and to do 
them quick you won’t be able to finish and you 
won’t be able to keep up…” 

 
3.2.2 Practice Problems. Each week, the Professor 
routinely reviewed old exams with the students and 
assigned voluntary practice problems to support their 
learning. The majority of students responded that they 
did the practice problems at least some of the time 
(90.9%) and felt that the practice problems increased 
their learning of the course material “Quite a bit” to “A 
lot” (75.6%). Both focus group participants also 
espoused this practice. They emphasized the importance 
of solving the practice problems to succeed in the course 
and increase their learning:  

 
“That’s because of all the practice that I had… 
the way that [he] taught the course and the way 
that we’ve been doing it and him especially going 
through old exams with us I found helped so 
much.” 
 
“So having us do the questions during class, he 
made sure that we were having the practice…he 
knew we had that practice.” 
 
“…if you practice actually you get higher marks, 
so you have to do it.” 
 

3.2.3 Course Handouts and the Cheat Sheet. The 
Professor constructed two handouts for the students as a 
result of the findings generated in the pilot study. One 
was a flow device/control-volume equations handout for 
turbines, compressors, and other energy transfer 
systems, and the other was the handout to identify 
properties and states. The focus group participants were 
very positive about both handouts, as well as the cheat 

sheet, and spoke about how they were so effective in 
reinforcing their learning and helping them plan their 
learning that eventually they did not need them to do the 
work anymore: 

 
“Sweet, okay awesome… one was for the state 
points and figuring out if you knew what the state 
was… so like mass and two properties and then 
the other was what type of system and the 
different ways that you could use it, totally 
helpful…” 
 
“…the best way for me to study was to actually 
completely ignore what I wrote in my notes, look 
at the cheat sheet or the formula sheet that we 
made for the term tests and use it …” 

 
“He gave it to us and then when he discusses a 
problem he would ask us what… state, do you 
have this, do you have that… And then you don’t 
need the cheat sheet anymore because you 
remember it.” 

 
3.2.4 Feedback. After the second week of class, the 
Professor administered a weekly test. When all of the 
students had finished writing it, the Professor 
immediately went over the questions with any students 
who wished to stay and get the feedback. All of the 
survey participants found this at least somewhat helpful 
for their learning, with 76.2 % of participants finding it 
“Quite a bit” to “Absolutely, a lot” helpful. Focus group 
participants added that it relieved their anxiety about 
their performance on the test, and freed up their minds 
so they could focus on the next task at hand.  
 
“But actually that also helps the students, you don’t have 
that days of thinking what would I get… What will I get 
and screwing [up] other stuff.” 
 
Feedback was also provided during each class, from the 
Professor, the teaching assistants (TAs) and students’ 
peers. The professor and the TAs also circulated around 
the room when students were problem solving in groups, 
and the Professor went over the assigned problems once 
students had solved them. This afforded students instant 
feedback from a number of sources during the class, 
which supported students’ learning. Both focus group 
participants spoke about this at length: 

 
“…he was always there, he was always ‘okay 
guys do you guys understand this, do you guys 
get this?’, always really quick.” 
 
“…you could ask anyone in the class about it, 
you could ask the TAs, you constantly had people 
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there that you were able to ask and at different 
times.” 
  
“And if you talked with people while doing the 
problem that’s actually, I think you know that 
already, that you’ll learn more, if you tell 
someone what to do and they tell you what to do 
as well.” 

 
“Exactly, and you’re not thinking right at the 
surface stuff…You’re actually trying to scratch 
and, and figure out why I don’t get it.” 

 
3.2.4 Course Grades Compared to Grade Point 
Averages. When students’ course marks were compared 
to their cumulative grade point averages (GPA) to 
examine students’ performance in the course, it was 
found that 86.2% of the students had higher course 
marks than GPAs (see Fig. 1). A paired t-test with 95% 
confidence intervals was conducted. The results showed 
that there is a difference between course marks and 
cumulative GPA (paired t-test, p value of  < 0.0001). 
These results cannot be unquestionably linked to the 
active learning design in this course as a number of other 
factors were not accounted for, such as the course being 
held during Summer session when a lighter course load 
or the duration or intensity of the course could affect 
student achievement. However, it is a source of data 
worth further investigation as this research study is 
continued. 
 

 
Fig. 2. Comparison of course grade to cumulative grade 

point average (GPA). 
   

4. CONCLUSIONS 
 
 This study explores the impact of one Professor’s 
use of active learning strategies in his first year 
Thermodynamics course through students’ experiences 
and perceptions, as well as their course grades compared 
to their cumulative grade point averages. The course was 
designed based on the findings from a pilot study 

conducted in Winter 2013. To strengthen this study, both 
quantitative and qualitative methodologies were 
harnessed, and data was gathered using a student exit 
survey and a student focus group interview.  
 The exit survey had a high response rate. 
Unfortunately, there were only two focus group 
participants. This was most likely due to the fact that the 
end of the course coincided with the start of summer 
vacation. Self-selection could be a factor in the kind of 
findings that were obtained from the focus group data. 
However, it is noteworthy that both of the participants 
were able to elucidate a detailed account of their 
engagement and learning even three months after the 
course had concluded. Additionally, focus group data 
were triangulated with exit survey data to strengthen the 
findings. 
 Data showed that students were engaged through 
several means: by the active learning design of the 
course, the use of active learning and other pedagogical 
tools and strategies, including course slides, i-clicker 
exercises, the experimental apparatus, the cheat sheet, 
the Professor’s stories, and the supportive learning 
environment. Student learning was reinforced by the 
class activities, practice problems, course handouts and 
cheat sheet, and feedback provided by the Professor, 
teaching assistants and students’ peers. Learning was 
also evidenced when students’ course marks were 
compared with students’ cumulative grade point 
averages (GPA), although this cannot be unequivocally 
attributed to the active learning design. 
 The researchers of this study will continue to 
explore the impact of active learning on student 
engagement and learning in the next offering of Thermal 
1, planned for Summer session 2014. In the interim, with 
the knowledge that the design of mini-lectures infused 
with problem-solving activities is an effective way to 
support student learning in a first year thermodynamics 
course, there are plans underway to implement this 
design in all subsequent offerings of this course in the 
faculty. 
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APPENDIX A: SAMPLE OF STUDENT 
EXIT SURVEY 

 
This is a survey designed to gather your feedback now that you have 
taken ENG1460 – Introduction to Thermal Science Intercession 2013.  
Please circle the letter or letters of your choice or choices. 

 
Why did you choose this section of ENG 1460 (Intersession: 
May/June)? 

A. Fit in my schedule. 
B. Like the length of Intersession. 
C. Like the concentrated learning of Intersession. 
D. Couldn’t get into another section. 
 

The places I used the slides included: 
A. Outside of class for preparation. 
B. Outside of class for review. 
C. In tutorials. 
D. During class. 

 
Had you used i-Clickers before this course? 

A. In one course. 
B. In two courses. 
C. In three courses. 
D. In more than three courses. 

 
How did you find the i-Clickers in class: 

A. Not interesting. 
B. Somewhat interesting. 
C. Engaging. 
D. Very engaging. 
E. No opinion. 

 
If you used the i-Clickers in class did you find them helpful: 

A. No, unhelpful. 
B. Can’t tell/unsure. 
C. Yes, helpful. 
D. Yes, very helpful. 
 

Did it help your learning to go over the test immediately after 
it was written? 

A. Not at all. 
B. Somewhat. 
C. Quite a bit. 
D. Absolutely, a lot. 
 

Did you do the practice problems? 
A. I did not do them. 
B. I did them sometimes. 
C. I did them quite a lot. 
D. Absolutely, I did them all. 
E. I wasn’t aware of them. 

 
If you did the practice problems, did they increase your 
learning of the course material? 

A. Not at all. 
B. Somewhat. 
C. Quite a bit. 
D. Absolutely, a lot. 
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Abstract - Engineering Education literature acknowledges 
that the language Academia uses to assess the abilities of 
engineering students may not be the same as the language 
Industry uses to measure the abilities of new graduates at the 
time they enter the work force. It also suggests that the 
understanding and expectations of Industry may differ from 
Academia. If the language, perceptions and expectations are 
different, so too could be Industry’s assessment of the 
knowledge, skills and attitudes of new engineering graduates. 
Consequently, Industry may need to spend additional resources 
to develop the abilities of new hires to meet their own needs. 
The Industry Forum III was conducted in partnership with 
members of Manitoba Industry and members of Academia from 
the Faculty of Engineering at the University of Manitoba with 
the objective to develop a common language that Industry and 
Academia can use in concert to measure the abilities of new 
engineering graduates. This paper details the findings from the 
forum, as well as the changes made to the University of 
Manitoba graduate attribute rubrics in the pursuit of a common 
language for our engineering stakeholders. 

Keywords: Industry forum; CEAB attributes; Common 
language; Assessment 
 
 

1. INTRODUCTION 
 

Academics continually seek opinions regarding the 
attributes required of their students, especially in fields that 
change rapidly with technology [1]. Sources of feedback 
include other academic researchers; journal and conference 
papers; students; alumni; and local, national, and global 
industries. Perhaps, one of the best resources for graduate 
attribute feedback is Industry. At the University of Manitoba, 
and at other universities around the world, a majority of 
engineering graduates proceed to work in Industry [2]. 
Therefore, it makes sense that an engineering faculty should 
make all efforts to educate their students to meet Industry’s 
needs. However, the literature suggests that differences lie 
between the understanding and expectations of Academics and 
Industry in regards to the abilities and employability of 
graduates: “…the research literature strongly indicates that, 
while progress has been made concerning HEI [Higher 
Education Institutions] responses to employers’ needs, there is 
still much to be done to foster a shared understanding across 

employers, HEI and other stakeholders of graduate 
employability and how to promote it. Indeed, our scoping study 
and literature review revealed that while there are examples of 
employers and HEIs working to promote graduate 
employability, there are still significant issues in terms of 
differences in mindset and expectations between some HEIs, 
employers and other stakeholders” [3]. The literature also 
suggests that differences lie between the language Academics 
use and the language Industry uses [4]. If the perceptions and 
expectations of Academics and Industry are different, and the 
language is different, so too could be their assessments of the 
knowledge, skills and attitudes of new graduates at the time 
they enter the work force. To establish a meaningful link 
between Academia and Industry’s expectations and 
assessments of engineering graduates, and before any 
significant analysis of engineering graduate students in regards 
to the Canadian Engineering Accreditation Board (CEAB) 
attributes [5] can be done, a common understanding and 
language must be established [6] [7]. Towards this end, the 
Industry Forum III, sponsored by the Faculty of Engineering at 
the University of Manitoba, was initiated.  

The guiding reason for having an Industry forum is to 
support and contribute to the betterment of engineering 
education by providing an unbiased, external and third party 
appraisal of the engineering curriculum, and ultimately 
graduate more productive, efficient and competitive Industry-
ready engineers. A forum that brings Engineering Industry and 
Academia together enables Academia to explore Industry’s 
expectations and experiences of new graduates [8] [9] with 
regards to the 12 CEAB attributes. Strengths can be 
acknowledged and gaps can be addressed, demonstrating the 
Faculty’s partnership and accountability to local Industry. In 
addition, the forum helps Academia identify the key attributes 
that make engineering employees best in class in their field, 
with the intention to strengthen these attributes in students 
through the improvement of the engineering curricula. 

A partial requirement of becoming accredited by the CEAB 
is that engineering faculties have processes in place to assess 
their program outcomes in the context of the 12 graduate 
attributes, and that the results are applied to the continual 
development and improvement of their curricula [6] [8] [9]. 
The Industry forum is such a process, whereby Industry 
representatives discuss and critique the CEAB attributes 
exhibited by new engineering graduates, as well as the faculty’s 
assessment tools and processes, and the results of these 



   

discussions are sent to the Faculty’s Curriculum Management 
Committee (CMC) to analyze for the development and 
improvement of the engineering programs. The Faculty has 
established this cycle as a continuous process, with integrated 
assessments (Industry forum) and improvements (CMC) 
occurring several times per year in keeping with the fulfillment 
of the new CEAB accreditation requirements. 

The Industry Forum III took place on 9 December 2013, 
and consisted of three phases. In preparation for the forum, 
Industry participants were provided with a survey, which was 
constructed from a set of rubrics created by Academia to assess 
the abilities of engineering students at various levels of 
development in their programs, as well as new graduates as 
they enter the workforce in regards to the 12 CEAB graduate 
attributes [10]. The survey was designed to get Industry’s 
feedback on the indicators and competency levels of four of the 
CEAB graduate attributes: Problem Analysis, Use of 
Engineering Tools, Ethics and Equity, and Economics and 
Project Management. Participants were asked to select a 
competency level for each indicator of an attribute that they 
believed an engineering student should exhibit (Phase 1). In 
Phase 2,   Industry participants were invited to modify the 
wording of the indicators and competency levels to reflect the 
language used in their industry.  In Phase 3, Industry and 
Academia met in person to discuss the targeted attributes and 
Industry’s modifications. 

Approximately 30 Industry and 17 Academic 
representatives attended the forum. Industry participants (both 
offline and forum attendees) were from the following 
industries: Atomic energy, Construction, Biosystems, 
Manufacturing, Electrical Power Systems, Automotive, Hydro-
power Supply and Services, Embedded Systems, Aerospace, 
Electronics Products and Services, Bio-systems Engineering, 
Civil Engineering, Computer Engineering, Electrical 
Engineering, Mechanical Engineering, Architecture, 
Consultation, Software Engineering, Transportation, Education, 
Health Services and Supply, Information Engineering Products 
and Services, Computer Network and Information Security, 
Telecommunications, and Information Technology. The names 
of the companies and Industry participants were not recorded to 
maintain anonymity. Academic representatives included the 
Associate Dean (Undergraduate Programs), seven Department 
and Associate Heads, and eight professors from the five 
Engineering programs at the University of Manitoba: 
Biosystems, Civil, Electrical and Computer and Mechanical 
Engineering, as well as one doctoral student with a focus in 
engineering education. 

The Industry Forum III represents a continuation of the 
ongoing partnership between local Manitoba Industry and 
Academia from the Faculty of Engineering at the University of 
Manitoba, with the singular goal of improving engineering 
education. In particular, this forum, the third in a sequence of 
Industry forums held so far, initiated work to establish a 
common language that both partners can agree upon to assess 
engineering students and new engineering graduates.  It is a 
step towards the process of creating a common assessment tool 

for engineering stakeholders in regards to the 12 CEAB 
graduate attributes. 

2. PROCEDURE 
 
The Industry Forum III consisted of three phases: Phase 1 

and Phase 2 were completed offline and prior to the participants 
attending the forum itself in Phase 3. 
 
2.1 Phase 1: Survey 

 
The participants were asked to complete a given survey and 

return it to the facilitator on or before December 5. The survey 
was created in a clickable PDF format (contact the first author 
for an example). It demonstrated the indicators and the 
language Academia could use to measure the expected 
outcomes of new engineering graduates in regards to the 
attributes Problem Analysis, Use of Engineering Tools, Ethics 
and Equity, Economics and Project Management. The 
participants were asked to fill out the survey as best as possible, 
even if it did not reflect the language used by Industry, by 
choosing the competency level for each indicator that they felt 
an engineering student should exhibit at the time of graduation.  
 
2.2 Phase 2: Industry Input 

 
In Phase 2, participants were asked to prepare for the forum 

by analyzing the given survey to modify, delete and/or add 
indicators and competency levels to reflect Industry 
expectations, and change the language to reflect what is 
common to Industry (see Appendix A for example given to 
participants). To facilitate their changes, a Word version of the 
survey was sent to the participants, into which they could make 
edits using the “track changes” feature. Once they had made 
their changes, they were asked to return the survey to the 
facilitator, as well as bring a printed version for use at the 
forum. 
 
2.3 Phase 3: Forum 

 
The forum was divided into four stages with each focused 

on one of the four CEAB attributes: Problem Analysis, Use of 
Engineering Tools, Ethics and Equity, Economics and Project 
Management. Participants sat at six separate tables with a 
maximum of eight participants per table, including at least two 
Academic representatives. One member of Academia acted as 
Table Leader and facilitated the table discussions. The other 
acted as Table Scribe, taking notes, managing the audio 
recording device (at some tables), and seeking clarifications or 
elaborations in discussions as required. To maintain anonymity, 
no names were recorded in the notes or audio recordings. 

The goal of each stage was to capture the language and 
syntax that Industry would use to measure the abilities of new 
engineering graduates in regards to the four CEAB attributes, 
and to obtain Industry’s view of what the indicators and 
competency levels would look like to them. The facilitator 
initiated each stage from a central position.  After his initial 
comments, the Table Leaders led and managed the discussions. 



   

2.4 Data Collection and Analysis 
 
The results from the three phases of the forum were 

gathered and used to revise the rubrics to form a language 
common to both Academia and Industry. The intention is to 
continue this work by hosting at least two more Industry 
forums to discuss and revise the remaining eight CEAB 
attribute rubrics.  

Academia values Industry’s ideas and opinions, and works 
to ensure that their comments are captured faithfully and 
accurately. At each table at the forum, an Academic 
representative took notes. In addition, some of the discussions 
were audio-recorded and transcribed at a later date to extract 
Industry comments. The participants were ensured that no 
names would be recorded in either the notes or audio 
recordings in order to maintain anonymity. Prior to the forum, 
we asked participants if they were comfortable with their 
discussions being audio-recorded. If for any reason participants 
chose not to be audio-recorded, we honored that request and 
made the entire table a no-audio-recording zone (handwritten 
notes were still taken). None of the participants requested this 
option. 

 
3. FINDINGS 

 
3.1 General Findings 

 
Academicians were pleased by the high level of engagement 

and the animated discussions during the forum. Industry 
representatives were so engaged that the facilitator (happily) 
had a difficult time ending one stage so that he could introduce 
the next. One Industry representative commented that the 
“forum” approach (the face-to-face interaction between 
Industry and Academia) stimulated discussions and generated 
comments that would not have been possible using only a 
conventional survey or questionnaire.  

Industry members commented on the need to define certain 
terms used in the indicators and the competency levels in the 
survey, especially for the attribute “Use of Engineering Tools.” 
Without defining the terminology, there is a lack of uniform 
understanding, and therefore the results of the survey and the 
assessment of students could be skewed. Additionally, Industry 
suggested that instructors in the faculty could arrange to fit an 
industrial lecture into their courses. This would achieve a 
common understanding of what Industry does, and put course 
content into context for students and instructors. Industry said 
they would be willing participants. Upon reviewing these 
comments after the forum, Academia suggested that Industry 
could provide guest lectures on the engineering tools that they 
use. A survey to this end would be beneficial as well. 

Industry suggested that the survey could be used as a hiring 
tool. This would provide continuity and relevance when 
assessing engineering graduates and the engineering programs 
in regards to the graduate attributes.  

Not all Industry members were aware that there are 12 
CEAB graduate attributes. At times, they tried to add some of 
the knowledge, skills and behaviours that are found in other 

attributes to the four that were being discussed. Once shown the 
full list, they were satisfied that some of the areas that were 
important to them were covered in other attributes. Perhaps, 
Industry representatives could have been better informed about 
the CEAB accreditation requirements and the 12 graduate 
attributes. In any case, this underscores the need for the 
development of a common language to cultivate a common 
understanding for all engineering stakeholders. Industry 
members expressed their interest in continuing the forums to 
examine the remaining eight attributes. It was generally agreed 
that another forum would be held in April 2014 to discuss the 
next four, and that a subsequent forum would be held to discuss 
the remaining attributes.  

3.2 Industry’s Feedback on the Graduate Attribute 
Rubrics 

Industry comments for each attribute were organized into 
five themes that arose from the analysis of Industry’s written 
feedback (Phase 1 and 2) and the discussions during the forum 
(Phase 3): (I) General Comments; (II) What Industry Wants 
from New Graduate Engineers; (III) When Industry Hires an 
Engineer (IV) Suggestions for Wording in the Rubrics; and (V) 
Competency Levels. 

 
3.2.1 Problem Analysis: Attribute 2. As defined by CEAB, 
Problem Analysis is “an ability to use appropriate knowledge 
and skills to identify, formulate, analyze, and solve complex 
engineering problems in order to reach substantiated 
conclusions.” 

(I) General Comments: 
1. Problem analysis and teamwork are tied together. 

(II) Industry Expectations of New Graduate Engineers:  
1. To be a team player. 
2. To understand how individual problem solving is 

going to affect others in a larger group. 
3. To appreciate other people’s perspectives of the 

problem. 
4. To see the problem within the problem. 
5. To realize that the problem the individual is solving is 

part of a larger problem. 
6. To recognize his/her role and connection to the larger 

problem. 
7. The ability to ask the appropriate questions of others to 

solve the problem. 
8. The ability to recognize a problem, i.e., Industry 

doesn’t want the design engineer waiting around for 
someone to bring them a problem to solve. 

9. The ability to define the problem. 
10. The ability to reflect on and evaluate the problem. 
11. To understand where the design solution is most likely 

to fail. 
12. To understand the high cost of failure. 
13. The ability to consider problem analysis within a time 

frame. 
14. Technical competence. 



   

15. The willingness to expose oneself to criticism. 

(III) When Industry Hires An Engineer: 
 They assume that graduates will have low technical 1.

skills; they don’t assume the graduate will have the 
skills needed for their Industry. 

 They look to hire team players rather than problem 2.
analyzers. 

 They’re more interested in professional practice 3.
(“soft”) skills, and not as concerned with problem 
analysis skills (an assumption that graduates will have 
the technical skills, but the professional skills will set 
them apart). 

(IV) Suggestions for Wording in the Rubrics: 
 Problem with the wording, “proposed solution off the 1.

shelf.” 
 Define “contextual factors.” 2.
 Use the word “articulate” or “decipher” instead of 3.

“construct a problem statement”; or use “decipher” 
with construct. 

 “Select” instead of “evaluate” potential solutions. 4.
 A single solution is not an engineering practice. It has 5.

to be evaluated. So in hypothesis, propose multiple 
solutions. 

 Reverse order: evaluation followed by proposal of 6.
solutions. 

 The word “practical” doesn’t appear enough in the 7.
rubrics. 

 What does “feasible” really mean? 8.
 “Defining the problem”: one of the more essential 9.

elements on the rubrics. 
 “Play” wasn’t touched on in the rubrics: play with 10.

problem solving. 

(V) Competency Levels: 
1. Level 1 is a completely unacceptable level for 

graduate hires across the board. 
2. Industry is getting level 2s and 3s in their graduate 

hires, which is what they want. 
3. Level 4 is unreasonable. 

 
3.2.2 Ethics and Equity: Attribute 10. As defined by CEAB, 
Ethics and Equity is “an ability to apply professional ethics, 
accountability and equity.” 

(I) General: 
1. Industry’s expectations for ethics and equity are very 

high. 
2. Industry is interested in having our students exposed to 

ethical case studies. 
3. Not interested in the University of Manitoba’s “code 

of conduct.” 
4. Industry interested in having our students exposed to 

ethical case studies and risk awareness case studies. 

(II) Industry Expectations of New Graduate Engineers: 
 Understand that there are 3 systems of ethics: personal, 1.

company, profession. 
 Understand the company’s ethics/values. 2.
 Ability to determine if the company’s values align 3.

with personal values. 
 Ability to explore contradictions between their own 4.

value system, the company’s values and/or 
professional standards. 

 Ability to recognize dilemmas within oneself. 5.
 Ability to perform due diligence. 6.
 Ability to negotiate unclear ethical situations where 7.

proper resolution is not clear-cut. 
 Ability to take personal responsibility for one’s 8.

actions. 
 Ability to give appropriate credit when and where 9.

credit is due. 
 To understand the concept of non-disclosure 10.

agreements. 
 To understand the concept of conflict of interest. 11.

(III) When Industry Hires An Engineer: 
 Looking for honesty. 1.

(IV) Suggestions for Wording in the Rubrics: 
 Remove University of Manitoba code of conduct: put 1.

in Industry code. 
 Remove “has been caught cheating.” 2.
 Add, “is aware of.” 3.
 Questioned “personal value systems”: Should we teach 4.

or discuss personal values? 
 A lot of redundancy in indicators. 5.
 Emphasize accountability. 6.
 Not inclusive enough. 7.
 Replace “race” with “ethnicity.” 8.
 Need more conciseness and clarity. 9.

(V) Competency Level: 
 Level 1 unacceptable across the board. 1.
 Level 2 should become level 1. 2.
 Highest level is 3. 3.

 
3.2.3 Use of Engineering Tools: Attribute 5. As defined by 
CEAB, Use of Engineering Tools is “an ability to create, select, 
apply, adapt, and extend appropriate techniques, resources, and 
modern engineering tools to a range of engineering activities, 
from simple to complex, with an understanding of the 
associated limitations.” 

(I) General: 
1. Industry finds a general lack of awareness of where 

Industry is in terms of engineering tools, which is 
understandable because Industry moves. Suggestion: 
Industry representative teaches an annual course on 
tools used in Industry. 

2. Wants Academia to train test engineers. 



   

3. This attribute tied to lifelong learning: Industry 
expects graduates to keep learning. 

4. Programming is a normal part of Industry’s practice. 
5. Industry questions whether there are common tools 

that all students should know and be able to use. 

(II) Industry Expectations of New Graduate Engineers: 
 Exposure to a variety of tools. 1.
 An understanding of quality of process tools and 2.

testing: (i) Software; (ii) Designing tests.  
 Understand the difference between verification and 3.

validation. 
 Understand standards. 4.
 Understand regulations, and regulatory bodies. 5.
 Understand the principles. 6.
 Know how to use the right tool for the job. 7.
 To keep learning. 8.

(III) When Industry Hires An Engineer: 
 Look for students who have been part of extra-1.

curricular team(s). Students with extra-curricular 
exposure can pull together their understanding of and 
exposure to different tools. 

 Look for exposure to as many tools as possible, so 2.
they can bring their experience to the company. 

(IV) Suggestions for Wording in the Rubrics: 
 Need definition of “tools.” 1.

(V) Competency Level:  

Understanding of the tools: competency level 2. Use of tools: 
competency level 3.  
 
3.2.4 Economics and Project Management: Attribute 11. As 
defined by CEAB, Economics and Project Management is “an 
ability to appropriately incorporate economics and business 
practices including project, risk, and change management into 
the practice of engineering and to understand their limitations.” 

(I) General: 
1. Did not read like a rubric; too many indicators; not 

feasible for new graduates. 
2. Risk management and mitigation are critical in 

Industry. A case study course on risk awareness would 
be beneficial for students. However, each company has 
its own procedure. Not something Industry would 
expect of a new graduate.  

3. If Industry wanted a project manager, they’d hire one. 
4. Teaching this attribute could take away from teaching 

other important skills. 

(II) Industry Expectations of New Graduate Engineers: 
 Awareness of risks, and ability to communicate them. 1.
 Exposure to the idea of quality process and meeting 2.

customers’ expectations. 
 Understanding of /exposure to change management. 3.

 Awareness of/ability to practice time management. 4.
 Ability to understand financial implications in terms of 5.

project management. 

(IV) Suggestions for Wording in the Rubrics: 
 No trouble with terminology, just far too many 1.

indicators: don’t need bidding, leading teams, or risk 
management. 

 Needs to be more learning-centered: did not read like a 2.
rubric. 

 Add workplace health and safety. 3.
 Separate project management into two levels: to 4.

oversee a group, and self-management of one’s own 
role/part. 

(V) Competency Level: 
 Expect level 2, but mostly see graduates with level 1. 1.
 Perhaps low competency is good enough. 2.

3.3 Survey Results 

As mentioned, the participants were asked to complete a 
given survey and return it to the facilitator on or before 
December 5. The survey was created in a clickable PDF format. 
(The results of survey may be obtained from the first author). 
Fig. 1 shows the competency levels selected for all four 
attributes. For the most part, Industry representatives chose 
competency Levels 2 or 3; comparatively few chose 1 or 4. 
Notably, Industry favored competency Level 2 over Level 3 by 
17%. These data differ from Academia’s preliminary response 
to expected competency levels: they favoured Level 3. This 
stresses the importance of obtaining a common understanding 
of engineering stakeholders’ perceptions and expectations, and 
creating a common language to assess engineering students and 
new graduates. 

 
Fig. 1 Results of the Industry survey for expected 

competency levels. 

3.4 Changes to the Rubrics 

Based on the suggestions made by Industry throughout the 
three phases of Industry Forum III, changes were made to the 
rubrics. This section details those changes. 
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3.4.1 Problem Analysis Rubric. 
1. Added, “Identify” to Identify/Define Problem. Used 

word “articulate” instead of “construct problem 
statement.” 

2. Added “Contextualize Problem: Ability to recognize 
the problem within a larger context (problem within a 
problem).” 

3. Added, “Create” to Propose/Create Multiple solutions. 
Changed performance level to “Ability to create/play 
with new solution” to add the concept of “play” to 
rubric. 

4. Expanded “Evaluate Solution Implementation” to 
include: performance, limitations, cost (time and 
money), consequences of failure, risk in order to 
include the concepts of failure, the high cost of failure 
and consider problem analysis within a time frame.  

5. Technical competence covered in Engineering Tools 
(Attribute 5)/Knowledge Base for Engineering 
(Attribute 1). 

6. Deleted: “proposed solution off the shelf” and 
“contextual factors” and “feasible.” 

7. Added, “Select” to “Analyze, Evaluate and Select 
Potential Solutions.” 

8. Highlighted proposing “multiple solutions.” 
9. Clarified order of Propose and Evaluate Solutions. 
10. Balanced competency levels. 
11. Time Management and Change Management covered 

in Economics and Project Management (Attribute 11). 
12. The ability to accept and use constructive criticism has 

been added as an indicator to Lifelong Learning 
(Attribute 12). 

13. Elements from Problem Analysis discussion found in 
Individual and Teamwork (Attribute 6): To be a team 
player; to understand how individual efforts affect the 
group; to appreciate others’ perspectives. 

14. Added “Ask Effective Questions” and “Handle 
Constructive Criticism” indicators to Lifelong 
Learning (Attribute 12). 

 
3.4.2 Ethics & Equity Rubric. 

1. Group Participation indicator changed to Ethical Issue 
Recognition and Behaviour indicator. Added reference 
to three systems of ethics: personal, company, and 
profession. 

2. Developed Equity as a separate indicator and 
emphasized inclusivity. 

3. Removed references to the University of Manitoba 
code of conduct. Moved references to codes to 
Professionalism (Attribute 8). 

4. Risk analysis found in Economics and Project 
Management (Attribute 11). 

5. Replaced Personal Value System indicator with 
Accountability indicator: to take personal 
responsibility’s for one’s own actions. 

6. Ability to give due credit added to Individual and 
Teamwork (Attribute 6). 

7. Removed references to cheating. 

8. Edited redundancy; emphasized parsimony, 
conciseness and clarity. Reduced number of 
indicators. 

9. Replaced “race” with “ethnicity.” 
10. Balanced competency levels. 
 

3.4.3 Use of Engineering Tools Rubric. 
1. Added types of tools to CEAB attribute definition in 

order to define tools. New definition: “An ability to 
select, apply, adapt, extend and create appropriate 
tools (resources, software, hardware, techniques) to 
a range of engineering activities, from simple to 
complex, with an understanding of the associated 
limitations.” 

2. Added understanding the principles and applicability 
of engineering tools. 

3. Added the ability to choose and use relevant tools for 
engineering activity (know how to use the right tool 
for the right job). 

4. To keep learning is covered in Lifelong Learning 
(Attribute 12). 

5. Reduced number of indicators. 
6. Balanced competency levels. 

 
3.4.4 Economics and Project Management Rubric. 

1. Changed language so that it reads like a rubric, and is 
learning-centered for students.  

2. Reduced number of indicators by 10. The whole rubric 
is now under one focus: Project Management and 
Engineering Economics (rather than four foci). 

3. Removed Risk Management focus, and added one 
indicator: Risk Analysis, emphasizing assessing and 
communicating risks.  

4. Removed Project Management as a separate focus, 
and worked elements into one focus. 

5. Edited redundancy; emphasized parsimony, 
conciseness and clarity. 

6. Added Quality Assurance/Standards and Client 
Expectations indicator for quality process and meeting 
customers’ expectations. 

7. Added Time and Change Management indicator. 
8. Added Financial Implications indicator. 
9. Removed references to bidding, leading teams and risk 

management. 
10. Personal and Workplace Health and Safety indicator 

added to Professionalism (Attribute 8). 
11. Focused on individual/self-management as defined by 

CEAB. Rubric could be applied to group. 
12. Balanced competency levels and lowered competency 

level expectations overall. 
 

4. CONCLUDING REMARKS 
 

This paper details the processes of and findings from the 
Industry Forum III, and the changes made to the University of 
Manitoba graduate attribute rubrics as a result. Industry 
members from 30 companies and 17 Academics met in 



   

December 2013 with the singular goal of improving 
engineering education, a testimony to the ongoing partnership 
between local Manitoba Industry and Academia from the 
Faculty of Engineering at the University of Manitoba. Findings 
underscored the diverse perspectives and expectations of 
Industry and Academia in regards to the indicators used to 
define the 12 CEAB graduate attributes, as well as to the 
competency levels targeted. Additionally, the language used by 
Academia was found to be different than the language used by 
Industry. This forum, the third in a sequence of Industry forums 
held so far, initiated work to establish a common language that 
both partners can agree upon to assess the knowledge, skills 
and behaviours of engineering students and new engineering 
graduates and hires from the University of Manitoba with the 
aim to create a common understanding and set of expectations. 
This process is a part of the faculty’s cycle of continual 
program improvement, and is a covenant between Academia 
and Industry to ultimately graduate more productive, efficient 
and competitive Industry-ready engineers.  
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APPENDIX A: Example Given To Participants Phase 2 

For each of the chosen CEAB attributes please identify 
several indicators. An indicator is a measurable descriptor of 
what new engineering graduates should be able to do, to be 
considered competent in an attribute. For example, the 
following (Problem Identification) is a measurable descriptor of 
the CEAB “Problem Analysis” attribute: 

CEAB Attribute: Problem Analysis 
Indicators (of Problem Analysis) 
1. Problem Identification: When presented with a 

complex ill-structured problem, new engineering 
graduates should be able to identify known and 
unknown information, uncertainties, and biases. 

2. Your next indicator 
In addition, for each indicator of an attribute, please identify 

four levels of competency for that indicator. The competency 
levels should be stated in terms of your expectations of a new 
engineering graduate. Continuing with the above example, 
examples of the four levels of competency can be stated as: 
Unacceptable, Marginal, Meets Expectations, and Exemplary. 
For each one of the competency levels you create, please 
provide a description. For example: 

Unacceptable: The graduate is not able to extract the known 
information from the given description of the problem. Also, 
the graduate is not able to identify the missing information. 
Also, the graduate is not able to able to recognize the 
uncertainty of the given problem. 

Marginal: The graduate can extract the known information 
from the given problem description, and identify some of the 
missing and uncertain information. 

Meets Expectations: etc. 
Exemplary: etc. 
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Abstract: 

 

          The paradox that exists between the necessity of 
testing physical prototypes to achieve as much design 
criteria as possible and the desire to minimize the 
number of iterations at the experimental validation stage 
to manage development time and cost, has led the 
authors to develop a detailed design methodology that 
guides the engineers and designers through the main 
activities of the product development process (PDP). 
          The numerical validation activities and the 
iterations performed at the detailed design phase of the 
PDP have become key in achieving a product that meets 
the client needs from a price/performance/reliability 
perspective. However, before starting the fabrication of 
a physical prototype, the multidisciplinary team must 
understand the issues linked to the material behavior 
under critical conditions of use and in relation with the 
range of selected processes. 
          In previous papers, a generic methodology that 
takes into account several design criteria was presented. 
This methodology was applied to the recreational 
product industry with the aim of reducing the weight of a 
roadster frame while controlling its production cost. 
Specific to vehicle, fatigue and rigidity are amongst the 
structural criteria that are central to the safety of the 
user and the handling of the vehicle.  
         The objectives of this paper are thus to outline the 
advantages of this methodology, show how it could be 
applied to the structural sub-systems and components of 
a vehicle, and how it could be integrated in an 
undergraduate project, taking into account all the design 
criteria established up-stream in the PDP.  
         As this approach has already been validated in the 
recreational product industry, it will allow students to 

converge toward creative, effective but realistic 
solutions while providing a comprehensive feedback on 
the client needs. 
 

1. INTRODUCTION 
Due to lack of experience in engineering design, 
students involved in both undergraduate and 
postgraduate projects often find it difficult to reach all 
product requirements related to the real-world context, 
leading to the development of designs which are not 
totally in line with the client needs and consequently, are 
not marketable.  
Teaching students through as much case-studies as 
possible during the engineering design courses thus 
becomes key in achieving competencies in several 
branches of engineering design: materials, structural 
statics, structural dynamics, numerical and experimental 
analysis, thermodynamics, economics, etc. [1 and 2]  

 
2. MECHANICAL DESIGN COURSES AT UdeS 
The teaching philosophy at Université de Sherbrooke is 
based on the concept of developing competencies, rather 
than on acquiring knowledge.  
This philosophy allows students to often put themselves 
in real world contexts and manage complex situations 
inspired from professional engineering practice [3]. 
 
2.1 ENGINEERING DESIGN COURSE AT UdeS: 

DESIGN METHODOLOGIES (IMC156) 
At the fifth session in Mechanical Engineering, students 
are confronted with their first project in which they have 
to develop a product which has to respect several design 
criteria, while having the generic guidelines needed to 
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reach the objectives of the preliminary stage of the 
design process [3].   
This course represents a preamble for the undergraduate 
capstone project and helps students adapt their knowhow 
to the main issues that are encountered in industry: cost, 
security, schedule, and quality.  
During this course students deal with several theoretical 
tools   to   identify   and   analyze   the   client’s   needs,   the 
product’s  functions,  and  product’s  specifications as well 
as the emergence and the convergence of the concepts [3 
and 4]. 
The workshops provided in parallel with the theoretical 
lessons allow students to properly apply various design 
tools and to understand the importance of each step of 
the product design process.   
Foremost, several teams of 5 or 6 students are formed 
and mini-projects are presented. The teams decide which 
theme is most appropriate for them.  
In the following lines, there are some examples of 
products proposed to be developed: 1) Bear Trap, 2) 
Wrench, 3) Stool, 4) Mouse Trap, 5) Glass Scraper, 6) 
Corkscrew, etc.  
Figure 1 illustrates a morphological matrix with several 
concepts, performed by students as the result of a brain 
storming step for the undergraduate project in which an 
electric motorcycle will be developed. 
Each deliverable of the mini-projects has to be evaluated 
before the beginning of the next step. The students will 
also evaluate themselves, this approach making them 
aware of their responsibility and giving them an 
experience of group project work and design [3]. 
 

 
Figure 1: Morphological matrix example from design 
methodology course IMC156 [3]   
 

After completing the first three assignments related to 
the mini-projects, the students receive the fourth 
assignment in which they have to use the knowledge 
acquired during the semester to provide a written and 
oral definition of their undergraduate capstone project.  
At the end of the semester, the assimilation of the 
theoretical approaches by each student is evaluated by an 
exam.   
 
2.2 MECHANICAL ENGINEERING PROJECT I 

(IMC900) 
This course covers the preliminary design phase of the 
undergraduate capstone projects. During this course 
students have to evaluate the feasibility of their projects 
from several perspectives: safety, functionality, costs, 
manufacturing, assembly, and other qualitative criteria.  
The weekly meetings with the professors help teams 
review each step of their product development process 
(PDP) and perform feedback on some activities up-
stream in the PDP.  
At this point of their academic path, the students should 
have the requisite knowledge to carry out: 
 Market segmentation,  
 Client needs identification,  
 Function and specification analysis, 
 Bench-marking analysis,   
 Failure mode and effects analysis, 
 Quality function deployment. 
In a concurrent engineering context, the control of these 
techniques is essential for the design of new products, 
processes or complex mechanical systems while 
respecting simultaneously several critical types of 
criteria (structural, economic, and qualitative) [2].  

At the end of this activity, the students must have a first 
look at the market segmentation, the design criteria, and  
the project deadlines.   
 
2.3 MECHANICAL ENGINEERING PROJECT II 

(IMC916) 
The course IMC916 represents the cornerstone of the 
undergraduate capstone projects. During this activity, 
students develop skills and competencies to design a 
new product or mechanical system, using a concurrent 
engineering approach [5]. 
To reach the objectives of the course, students have to 
control several design tools, such as CAD software as 
well as analytical and numerical methods to pre-validate 
their designs. 
Several concepts will be developed at this stage in 
accordance with all design criteria: quantitative and 
qualitative [6]. Afterward, the convergences of these 
concepts have to be performed so as to reach an 
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optimum design before starting the prototyping step of 
the PDP. 
Figure 2 illustrates the digital mockup (DMU) of four 
different structural concepts of an electric motorcycle 
developed by a multidisciplinary team of undergraduate 
students from both Electrical and Mechanical 
Engineering departments.  
 

 
Figure 2: DMU’s of an electric motorcycle [3] 
 
The professors and/or others industrial professionals 
participate as advisors and evaluators during this stage of 
the project to ensure that the design activities are 
performed according to the methodology established at 
the beginning of the project [3 and 6]. 
 
2.4 MECHANICAL ENGINEERING PROJECT 

III (IMC917) 
At this stage of the project students have acquired some 
knowledge and even skills regarding the process of 
product development, and therefore it is time to 
implement the theory in a functional prototype.  
During their last semester, the students have the 
opportunity to develop their manufacturing and 
validation skills. The course IMC917 is dedicated to: 
 the manufacturing and assembly of all the 

components and subsystems of the prototype; 
 the presentation of a validation plan and its 

implementation; 
 the final evaluation of the prototype and its public 

exhibition.  
As shown in figure 3, the physical prototyping phase of 
the undergraduate capstone project is one of the most 
exciting experiences for the students, whom are often 
facing a project of such scale for the first time. 
At this stage of their projects, the multidisciplinary 
teams must manage time and budget allocated to 
manufacturing and validation activities [7].    

 
Figure 3: The physical prototype of an electric 
motorcycle developed at the faculty of engineering at 
UdeS 
 
Major changes in the configuration of the prototype are 
very risky and they are not recommended at this stage of 
the project, because the physical and experimental 
validations could be compromised as a result [8 and 9].  
Finally, at the end of this course, the students will have, 
in addition to the necessary skills to start their 
professional career, an invaluable background regarding 
the many issues linked to a project inspired from the real 
world of engineering design.  
 

3. IMPROVING MECHANICAL DESIGN 
COURSES AT UdeS THROUGH PROBLEM-
BASED LEARNING (PBL) 

As seen in the above sections, competency based 
development is preferred over simple knowledge 
acquisition, an approach that is now well anchored into 
the philosophy of Université de Sherbrooke.  
However, in their undergraduate curricula, students are 
confronted with their first experience in terms of the 
product development process and they aren’t   yet aware 
about the real issues encountered in industry. Thus, the 
PBL experiences (such as the one briefly described in this 
section) inspired from industry could help students realize 
that all design criteria are important and the bypass of any 
criteria analysis step could lead to the setback of a 
project. 
Typically there are three types of design criteria that have 
to be analyzed as part of the product development process 
of a structural component or subsystem of a vehicle: 
 Structural criteria (1st rank, quantitative criteria); 
 Weight and cost criteria (2nd rank, quantitative 

criteria); 
 Qualitative criteria. 
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A. First rank, quantitative criteria analysis 
At this step of the PDP, the engineers are interested in 
analyzing all criteria which have an impact on the client 
safety or on the product functionality (ex.: ultimate 
tensile, creep reliability, yield limit, etc.).  
Figure 4 illustrates a generic methodology to design and 
validate a structural system of a recreational vehicle from 
a fatigue reliability perspective.  
 

 
Figure 4: Design and Validation methodology for the 
fatigue criteria [6] 
 
In the analysis of this type of criteria, several iterations 
are carried out in a numerical environment for each 
concept, to verify their behavior under the action of the 
service loads. This criterion (fatigue) has a direct impact 
on the vehicle functionality and also on the driver safety. 
 

B. Second rank quantitative criteria analysis  
This second step of quantitative criteria analysis is 
essential to verify and validate the concepts from other 
perspectives than those presented in the previous section. 
Thus, several criteria such as cost to weight ratio should 
be targeted and achieved by the future product, 
subsystem or its components.  
The geometry and the material have both an incidence 
on the achievement of these quantitative criteria and 
thus, back and forth iterations must be performed to 
optimize the existent concepts and/or to identify new 
concepts.   
The matrix illustrated in figure 5 allowed the team to 
make a decision regarding the optimum concept chosen 
for the prototyping stage and for the experimental tests. 
For confidentiality issues, the quantitative values for the 
reference column are not provided. 

 
Figure 5: Example of a convergence matrix from a 
weight/cost ratio perspective [10] 
 
The decision regarding the optimal design was made, 
based on the costs that covered all the activities related to 
the product: assembly, manufacturing, transportation, 
storage, maintenance, recycling, etc.  
The students should be aware that an inconclusive result 
for the analysis of this type of criteria could lead to a 
shut-down of the project or to other alternatives (shifting 
the manufacturing or the assembling chain, outsourcing 
tasks to suppliers, etc.). 
 
C. Qualitative criteria analysis 
In the abstract of this paper, the fatigue and the stiffness 
of the structural subsystem of a vehicle are presented as 
structural criteria and both seem to be treated on equal 
footage. In reality, the impact that each criterion has on 
the product is very different.  
Indeed, the fatigue criteria has a high impact on the safety 
of the user and on the functionality of the vehicle, while 
the stiffness criteria has a high impact on the customer’s  
perception, related to the vehicle handling. Consequently, 
the stiffness was rather analyzed as a qualitative criterion.     
Figure 6 illustrates the generic steps to be taken by 
engineers to design and validate a structural system of a 
recreational product from a stiffness perspective. 
There are also several customer profiles which have to be 
considered when the stiffness criterion is being analyzed. 
Hence, after performing the market segmentation, it was 
found that a good majority of recreational product owners 
prefers a sporty behavior of their vehicles, which results 
in the need to have the stiffest chassis possible. 
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Figure 6: Design and Validation methodology with the 
stiffness criteria 
 
Other qualitative criteria are explored at this step of the 
detailed design stage of the PDP, such as assembly, 
manufacturing, recycling, aesthetic, and so on. 
Again, the students should be aware that in the “real 
world”, a project could be stopped if the product does not 
respect all the design criteria which in turn are the 
reflection of the client needs.  
The point that should be emphasized is that all criteria are 
very important for the success of the product; the only 
difference between the three categories (see sections A, 
B, and C) would be their prioritization. 
 
D. Prototyping phase 
From the fatigue stand point, the second finite element 
simulation (FEA2) shown in Figure 6, serves to identify 
the validation parameters (actuator forces, clamping 
points, etc.).  
As shown in Figure 7, a digital mockup (DMU) of the 
structure fixed on the mounting jig was performed in the 
CATIA environment and then modeled in the ANSYS 
environment in order to simulate the structure behavior 
on the fatigue testing machine.  
 

 
Figure 7: The DMU of the assembly on the testing 
machine  
 

As shown in Figures 4 and 6 the jig configuration was 
established after several back and forth iterations at the 
second simulation step (FEA2). 
Following the verification of all design criteria, the team 
is allowed to start the fabrication of the physical 
prototype. Figure 8 illustrates the structural system of a 
recreational product, instrumented and ready for the 
experimental tests.  
 

 
Figure 8: Instrumented physical prototype, before its 
installation on the testing machine  
 
The e-DAQ acquisition system was employed to record 
the values of several validation parameters such as strain, 
stress, displacement and forces.  
To manage the recording of all required data and to 
monitor the behavior of the structure during the 
experimental test, two dedicated software were used: 
TCE_v3.15 and EASE 3. 
 
E. Experimental validation 
Generally, the experimental stage of the PDP should 
cover all the necessary tests in order to verify and 
validate the structural criteria of a concept. Thus, the 
fatigue test is performed to validate the product or the 
subsystem under conditions which are similar to the 
actual load cases, while the stiffness test is performed to 
validate the results of the numerical calculations provided 
earlier in the PDP. 
However, the driving feeling and handling of the vehicle 
are qualitative criteria that will be validated only after a 
road test. The stiffness represents just a design parameter 
that influences these qualitative criteria.  
The experimental tests (fatigue and stiffness) have 
therefore proven the theory that all design criteria 
(quantitative and qualitative) should be seen as having the 
same magnitude of importance so that only their 
prioritization within the PDP is different. 
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4. CONCLUSIONS 
The authors of this paper have studied the possibility of 
optimizing the design course in Mechanical Engineering 
at Université de Sherbrooke, by integrating into the 
existing development process, two generic 
methodologies applicable in both the automotive and 
recreational products industries. 
The integration of problem-based learning earlier into 
the engineering design course curriculum provides 
students competencies in addition to a realistic point of 
view regarding the product development process.  
Moreover, the design and validation methodologies 
proposed in the above section, provide useful guidelines 
for project planning by strategically allocating resources 
needed at the different stages of a project. 
The gap identified between the load cases identification 
stage and the experimental validation stage is fulfilled by 
the imposition of two finite element analyses (FEA1 and 
FEA2) which allow a better correlation between the 
results of each corresponding step of the PDP.  
The integration of the proposed generic methodologies 
in the Mechanical Engineering Department curricula at 
Université de Sherbrooke, encourages students to 
consider all the design criteria constraining a product 
and to make sound decisions regarding the issues 
encountered in both undergraduate and graduate design 
projects.  
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Abstract –The development of digital and simulation 
tools is a major challenge for the teaching of electro-
mechanics and related fields, as their suitability depends 
both on scientific and educational requirements.  In this 
regard, this paper presents a synchronous generator 
model, developed for the teaching and training in the 
hydroelectric field. The model developed with 
MATLAB/SIMULINK and having the characteristics of 
being dynamic, versatile, flexible and easily integrated in 
most electrical power generation system using 
synchronous generator, is made of a mechanical part, an 
electrical part, and an excitation circuit. It is a dynamic 
nonlinear model which can perform most of the 
simulations of real life situations by acting on the load 
and presenting the resulting curves. Moreover, it allows 
direct simulation without the need for initial conditions 
re-evaluation. In this paper, its stepwise system 
development is covered alongside its subsystems. Our 
results indicate a successful application of the developed 
model in a complete hydropower system production, and 
suggest the importance of such tool.  
 
Keywords: Synchronous generator model, flexible, 
versatile and non linear model, training and 
educational tool, Matlab/Simulink. 
 

1. INTRODUCTION 
 

Numerous references recognized the effort needed to 
motivate students in laboratory work, particularly in the 
fields of machines, drives and renewable energy [1-5]. 
More research has been carried out to include virtual 
laboratories that aim to enhance learning [6, 7] or as an 
alternative to real laboratories [8, 9]. The development of 
virtual laboratories requires the implementation of 
appropriate digital elements models that fulfill both 
scientific and educational requirements. Among the 
elements widely used in electrical and electromechanical 
engineering teaching, the synchronous generator (SG) 
plays a pivotal role. In fact, synchronous generators are 

used almost exclusively in power systems as source of 
electrical energy. The generator is supply with mechanic 
power from a prime mover, usually a turbine, whilst the 
excitation is provided by an excitation system [10]. 
Several works on SG modeling have been reported in the 
literature. In many cases as in hydropower plants, rotor 
dynamics are used for its implementation [11-13]. 
However, the theoretical or practical teaching on the SG, 
should also demonstrate the key role of excitation system 
and its automatic voltage regulator (AVR) as well as the 
electrical part. In most cases, when the full model is used 
[14-16], electrical equations are simply incorporated into 
Simulink’s blocks.  Although these models are mostly 
dedicated to the prediction, they are in general unable to 
be used in identification, optimisation and diagnosis 
programs. A large number of state-based SG models that 
contributes to solve these problems are presented in the 
literature. However, some improvement is still required. 
In fact, either the choice of the control variables of the 
model depends on the desired simulations [17] or it 
doesn’t   facilitate   a series of simulations replicating real 
life situations [18]. In both cases, it must be either 
incorporated the rotor dynamics, or improve it in order to 
obtain a model that is flexible and suitable for electrical 
energy generation systems using a SG. They are thus 
either not versatile or flexible.  Nevertheless Matlab 
became a standard tool for flexible technical computing 
and Simulink became an interactive tool for modeling, 
simulating, and analyzing dynamic systems. Simulink 
offers a set of tools that can be used to build complicated 
systems from a library of built-in blocks and allows the 
creation of custom blocks that incorporate C/C++, 
FORTRAN, or Matlab codes [11]. This features make 
MATLAB/Simulink a better choice for nonlinear 
dynamics models.  
In this paper, Matlab/Simulink program is used to propose 
a numerical model of a SG (Fig. 1), suitable for training 
and teaching. The proposed SG model in a nonlinear state 
form can be used to perform almost all simulations, for 
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parameter identification, optimization and diagnosis 
processes. The strategy used to include the mechanical 
power makes the model adequate for most electrical 
power generation systems using SG and training or 
didactical tools [19]. Operations are performed as in a real 
life situation.  
This paper is organized into four sections. The first part 
focuses on the overall model while highlighting the 
process of its integration into systems of electric power 
generation. The second part presents the process of 
modeling various subsystems. The third part focuses on 
the utilization and the final part presents some results with 
the model inserted in a complete system of hydropower 
production. 

 
2. PRESENTATION OF THE SYSTEM  

 
The full system of hydropower plant is depicted by Fig. 

1. It consists of the hydraulic circuit, the control circuit 
and the generator. The generator and the excitation system 
which are the focus this paper are limited by the dotted 
area. It consists of both electrical and mechanical parts, 
the excitation system and the islanded load. For its 
operation, the rotational speed is provided by the 
mechanical part. It is maintained constant by the speed 
controller through a balance between the mechanical and 
the active electrical power via a comparator. The 
mechanical power is generated by water energy due to the 
elevation and the active power is consumed by the load. 
The load also consumes the reactive power that is 
compensated by the excitation circuit through the field 
current. This helps to keep the voltage at the generator 
output constant. The presented model is able to produce 
all the desired curves. 

The features of Matlab/Simulink facilitate the use of 
exogenous variables to implement nonlinear state models 
of various sub-systems through S-functions. 

 

 
Fig. 1.  Presentation of the system 

 
 
 

3. THE MODELING PROCESS OF VARIOUS 
SUB-SYSTEMS 

 
This article is mainly focused on the SG model for the 

purposes of training and education. Therefore, this section 
describes the process of developing the model according 
to the desired objectives. The development of equations 
and the presentation of the results has been the object of a 
scientific article.  
 
3.1. The generator 
 

  Among training purposes, the model should be used 
to perform all simulations and to present the desired 
curves. Beyond the needs of prediction, it should be used 
by learners for parameters identification and diagnostics 
processes. Also, it must facilitate its insertion in power 
plants that use a SG. To achieve these objectives the 
modeling process of the generator consisted of modeling 
various parts and bound together as shown on Fig. Fig. 1. 

 
3.2. The electric part 
 

The classical well-known equivalent circuits of SG are 
given in Fig. 2 below.  

 

 
Fig. 2. d-q axis Equivalent circuits of a synchronous 

generator 
 

The voltages equations of SG can be organized into 
matrix form as presented in [20].  

A major asset of this model is the integration of the 
load in the state matrices [18]. However, the process of 
integration and computation of load impedance values is 
improved. In fact, the model of a local load for an 
islanded system given by equation (1) is depicted by Fig.3 
[21]. The impedance computing process includes the 
actual values of active and reactive power output. With 
this impedance value and considering the impedance of 
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the line zero, the   voltage equation of the load is brought 
in Park's reference and concatenated [22]. As the load is 
directly connected to the generator, the equality between 
the  SG  armature  and  the  load  voltages  in  Park’s  reference  
provides the state model of the electrical part of the SG of 
(2) [22]. 

 

 
Fig. 3.  Generator connected to and islanded load 

 
The load equivalent parameters can be formulated as 

follows: 

2 2

2 2andt l t l
l t l t

t t t t
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   (1) 

Where zl=rl+jxl is the per unit load equivalent 
impedance, Pt, Qt, vt, it are respectively the per unit active 
and reactive power, terminal voltage and current.  
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       (2) 

State variables are field currents, observed variables 
are all currents and voltages, and the control variable is 
the field voltage. The procedure of getting AC, BC, CC,  DC 

are given in [22].  
The ease of the use of exogenous variables in 

MATLAB/Simulink facilitates the integration of the 
saturation by re-evaluating the magnetizing reactance, 
using the saturation factor [17].  
 
3.3. The mechanical part 

 
For an isolated load, the dynamic process of the 

generator unit considering the load characteristic is given 
in [11]. The model facilitates the use of the speed 
controller. 
 
3.4. The excitation system 

 
The brushless excitation system [23] used in this paper 

and depicted by Fig. 4 consists of an amplifier, an 
excitatory, a compensator and a regulator. The procedure 
of getting its state model (3) is described in detail in [22]. 
State models offer for the learners, an easy stability study, 
poles placement, and other related advantages.  

 
Fig. 4.  The excitation system 
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Where 

2
t

r f t xe v v v v v       (4) 

Where the state variables are the amplifier output 
voltage vr, the field voltage vf, the armature voltage vt, the 
regulator output voltage v2  and  a transition variable vx. 
The control variable is the reference voltage vref. Other 
matrices are set to have the field voltage as observed 
variable. eA ; eB ; eC ; eD  are given in [22]. 

 
3.5. Binding of various part 
 

The process assembling different blocks is of 
paramount importance. It facilitates the implementation of 
the model in most plants using synchronous generators 
and dynamic simulations. The facilities offered by 
Simulink through exogenous variables and programs in S-
functions ease the implementation of model given in Fig. 
5. The model of the electrical part is nonlinear due to the 
change of d and q reactance while taking not only the 
saturation phenomenon into account, but also through the 
variation of the rotational speed due to the changes in 
load. The Fig. 5 presents the model as implemented in 
Matlab/Simulink.  

The values of impedances entered into the block of 
dynamic variation of the load are computed according to 
(1), based on both the active and reactive output power 
values. The changes in power are due to the corresponding 
test scenario. Various tests simulations can be carried out 
with the proposed model, including field short-circuit test. 
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Fig. 5.  The implementation structure of the SG in 

MATLAB/Simulink 
 

4. Utilization 
 

The pedagogical advantages of the model presented in 
this paper reside in the fact that, it can be used to carry out 
almost all simulations such as: load switching, load 
rejection, three phase short circuit, field short circuit. As 
in, real life situation, a series of successive simulations 
can be performed without the need of initial conditions re-
evaluation and presents all desired curves. It allows 
parameter identification, optimization and diagnosis 
processes.  

The process of simulation is performed as follow: The 
selection of the series of simulation, the computation of 
impedance values, the inserting of data into the dynamic 
model of impedance and finally the simulation. As its 
initial conditions are easy to compute, the simulations start 
at no load. Table 1 shows the impedance data for the 
simulations. 

 
Table 1: Impedance values for simulation 
Simulation Impedance values in p.u 
 xl rl observation 
No load 1000 1000 High values 
With load Computed 

as in (1) 
Computed 
as in (1) 

For Load 
rejection, or load 
switching 

Short 
circuit 

0 0  

 
5. RESULTS 

 
Operations representing real situations used to test the 

electrical part of the synchronous machine are shown in 
Fig. 6. The simulation data of the synchronous generator 
and the load are available in the table 2. It is a generator 
of 4-poles, 1.5-kVA, 60-Hz, and 208-V. 

 

 
Fig. 6.  Operations 

 
Table 2: Data of the synchronous generator and load 

Synchronous generator parameters (pu) 
ra = 

0.0203 
rf = 0.0116 rD1 = 

0.0120 
xmq=0.3707 

rQ= 0.0073 xa = 
0.0101 

xf= 0.0713 xkf1=-0.0081 

xD = 0.669 xQ1 = 
0.1352 

xmd=0.6541  

Saturation coefficients 
a1=-0.0036  a2=-0.0114  a3=0.0573 a4=-0.0645 

a5=0.0282 a6=-0.0057  a7=0.0004 
Initial conditions (pu) 

id0 = 
0.39986 

iq0 = 
0.54634 

if0 = 
0.84061 

vf0 = 
9.7511e-3 

iD=0 iQ=0   
Load values 

State rc (pu) xc(pu) 
No load 1000 1000 

Load 1+2 0.324 0.325 
Load 1 0.1 0.1 

Short circuit 0 0 
 

 
   a)         b) 

 

 
c) 

Fig. 7.  Some results of electrical part: a) d axis voltage 
and flux; b) d axis and field currents; c) xmd fluctuation 
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These results present the versatile, dynamic, flexible 
and non linear aspects of the SG. The series of successive 
operations starts from a single initial condition. The 
variation of the d and q axis reactances is presented by 
Fig. 7-c. They are adapted in real time in the state matrix 
of the equation (2). The instability of the curves after 
transient states is due to the absence of the excitation 
system and it AVR.  The rotation speed is considered 
constant at 1 pu.  These two situations are corrected while 
implementing the model in a hydroelectric plant of the 
Fig. 8. This structure strictly complies with all the 
explanations in the first part of this document. Primary 
energy here is provided by the hydroelectric dam. The 
sequence of operations performed as common in plants is 
shown on Fig. 6. The related values of equivalent 
impedances and of various parts used for simulation  are 
available in [22]. It is the full model of the SG of 231.6 
MW inserted in a hydroelectric power plant.  

 

 
Fig. 8.  Generator integrated in a hydro plant 

 

 
a) 

 

 
b)  

Fig. 9.  Results of the armature currents in abc reference 
when inserting the generator in and electrical generation 
system: a) All the simulation; b) Zoom at load switching 

 
 

These results illustrate the dynamic and versatile 
features of the SG model presented in this paper. Given 
the possibility of successive and progressive simulation, it 
is not necessary to repeatedly evaluate initial conditions. 
The simulation can therefore start at no load where the 
initial conditions are easy to compute and then evolve 
towards the desired state. The excitation system and its 
AVR are essential for maintaining the armature voltage 
constant after the transient states. However the overall 
system is kept in balance by a combined action between 
the excitation system and the speed controller. All desired 
curves can be observed. The model is suitable for 
electrical power generation systems using a SG. 

  
6. CONCLUSION 

 
This article presents a dynamic nonlinear model of the SG 
made of both an electrical and a mechanical part, and the 
excitation system with it regulator (AVR). The model that 
easily integrates the saturation, allows a succession of 
operation as in real life situation, without the need for 
initial conditions re-evaluation. The state model of the 
electrical part and the strengths of Matlab / Simulink 
software are combined for presenting all the desired 
curves. It is a suitable model for the determination of the 
parameters and other specific techniques used with state 
models. It fits easily into the system of production of 
electrical energy using synchronous generators such as 
hydroelectric plant presented in the last section. It is 
therefore, a versatile and flexible model, suitable for 
student in numerical laboratory works with a SG.  
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Abstract – This paper discusses the experiential teaching 
of innovation-based entrepreneurship through a Universal 
Innovation Framework. The framework clearly delineates 
the fundamental differences between invention as a 
technical event and innovation as a social event. It also 
offers a general and practical framework for the 
innovation student to test whether their new venture idea 
meets all the requirements of innovation. Finally, it offers 
a holistic and iterative approach to developing that 
innovation according to a stage-gate model that provides 
a structured methodology to successfully developing a new 
innovation-based enterprise. 
Keywords: Strategic Innovation, Entrepreneurship 
Education, Lean Startup Model, Universal Innovation 
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1. INTRODUCTION 
 

The Kauffman Foundation of entrepreneurship 
reported recently in an extensive study entitled 
“Entrepreneurship Education Comes of Age on Campus: 
The challenges and rewards of bringing entrepreneurship 
to higher education ” that in the last decade alone, 
entrepreneurship education has became “a staple of 
American higher education” [1]. The report mentions that 
the number of entrepreneurship courses offered by two-
year and four-year institutions in the United States 
exploded from about 250 in 1985 to more than 5,000 
courses in 2008. These courses involve over 400,000 
students per year and almost 9,000 faculty to teach them. 
Furthermore, universities are becoming increasingly aware 
of the importance of their role in building the nation’s 
entrepreneurship capability and infrastructure as a key 
enabler of economic competitiveness and job creation.  

Indeed, in yet another publication by the Kauffman 
Foundation, the report showed that 100% of all the net 

jobs created between 1977-2005 were created by startups, 
defined as a firm from zero to 1-year of age [2].  

On the other hand and unlike the teaching of the 
traditional disciplines, there seems to be no monolithic 
model for how to teach entrepreneurship in a university 
setting.  Some universities have opted to offer formal 
curriculums in the forms of certificate, minor, major or 
even a master’s degree; others have opted for a non-
curricular program instead through workshops and speaker 
series, while others have a combination of both.  

A common challenge among the curricular programs is 
how to teach technology-based entrepreneurship in a way 
that lends itself to an experiential, structured, repeatable 
and effective process. In recent years, the “Lean Startup 
Model”, by Stephen Blank and Eric Ries, has emerged as 
the model of choice to that end [3][4]. Nonetheless, many 
universities continue to teach entrepreneurship in the same 
way as they teach Accounting, Finance and Marketing, 
and where the main outcome of the course is the 
development of a Business Plan. As new research by 
Harvard Business School’s Shikhar Ghosh shows, 75% of 
all start-ups that start with a Business Plan fail [5][6].  

The key difference between the traditional model of 
teaching entrepreneurship and the Lean Startup Model 
(LSM) is that the former is a linear model that starts with 
an untested hypothesis, while the latter is a recursive one 
that tests and validates (or refutes) the initial foundational 
assumptions. The LSM proposes to approach the startup 
process as a discovery process that focuses on the 
customer discovery and customer development process 
and continuously iterates between the customer needs and 
the product requirements until there is a full alignment 
between the two. This process is reminiscent to some of 
the numerical methods used in converging to the solutions 
of non-linear problems. This process is explained in detail 
in Steve Blank’s book “The Four Steps to the 
Epiphany”[3]. The LSM however does not explicitly 
integrate or substitute for the Product Development 
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Process (PDP), but rather assumes that the PDP is a 
companion and parallel process to the LSM. 

In this paper, we present an integrated model for 
teaching technology-based entrepreneurship in a way that 
seamlessly integrates the LSM with PDP through a 
practical and Universal Innovation Framework (UIF). 

2. ANATOMY OF INNOVATION 
A most popular misconception, both conceptually and 

in practice, is that innovation is the successful 
commercialization of an invention, i.e. (innovation = 
invention + exploitation/commercialization) [7]. 
Companies around the world use routinely the number of 
patents (and/or publications in the case of research 
institutions) issued to them every year, and their R&D 
spend as proxy metrics of their level of innovation. Yet, 
our research shows that there is zero correlation between a 
company’s total issued patents or its R&D Spend with its 
level of innovation. For instance Figure 1 and 2 below 
show the “Top 10 Inventive Companies in the World” in 
2011/12 and the “Most Innovative Companies Ranking” in 
2013 respectively. For instance, Apple which ranked No. 1 
as the most innovative company in the World in the last 3 
years since 2010 spends less on R&D than any of the top 
Technology Spenders and received less patents than any of 
the top inventive companies. 
Figure 1: Top 10 Inventive Companies in the World in 2012-
2011 

 
The fundamental mistake that continues to be made is 

a lack of a defining distinction between the very different 
natures of invention and innovation, and hence the 
unchallenged assumption that innovation is always 
invention-driven. 

Invention is clearly defined by the development of a 
product idea or a process that meets three clear and 

objective criteria; namely: (i) novelty, (ii) usefulness and 
(iii) non-obviousness to the expert in the art [8]. These are 
the very criteria that are used by a patent examiner to 
decide on the patentability of a proposed invention. If the 
idea meets those requirements, then a patent is issued to 
the author of that idea, which makes him or her an 
“inventor”, and his idea becomes an “invention”. Because 
of these three criteria, an invention is essentially and 
primarily a technical event. Inventions require engineers 
and scientists to develop them, and hence a commensurate 
R&D investment is required as well. 

Figure 2: Most Innovative Companies Ranking (courtesy of 
strategy& - formerly known as Booz & co.) 

 
On the other hand, the innovation level of a company, 

as we’ve seen above, is anything but correlated to patents 
or R&D spending.  Apple ranks as the top innovator in the 
world, no thanks to their level of R&D spend or number of 
patents, but rather by paying close attention to the needs of 
the marketplace and by emancipating the pains, needs and 
wants of the user. The R&D investment that is made is 
needs-driven and laser-focused on developing the products 
that will uniquely meet those needs of their market 
audience and dedicated to producing the highest quality 
experience for their customers. It is not some certain 
percentage of sales that is left to some VP’s and their 
strategic staffers to allocate in order to keep their 
engineers employed.  

From that perspective, Apple does not allocate its R&D 
budget based on a percentage of sales like most companies 
do, but rather seems to allocate it based on their ability to 
identify hidden but large market opportunities on the one 
hand, and their ability to leverage their core competencies 
to develop the novel products that will fulfill that market 
opportunity, even if it’s outside their core business, e.g. 
music (iTunes) and telecom (the iPhone). We’ve also more 
recently seen Google develop similar innovation capability 
with the rapid success and market penetration of the 
Android OS. Apple is a master at not only developing the 
most useful, intuitive and addictive products in the IT 
world, but they’re also second to none at developing the 
business models that allow them to deliver those to the 
largest spectrum possible of users, while at the same time 
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extracting the highest per unit margins from their product 
sales.  From this vantage point, this approach to innovation 
makes the technical aspect of innovation, not only a 
relatively smaller part of the whole process, but also a 
subservient part that is motivated and driven by the 
societal needs of the market place and the added value that 
their products bring to a very large segment of the global 
society. This makes Innovation a primarily social event.  

When viewed from the perspective of being a social, 
rather than a technical event, one can take a radically fresh 
approach to innovation in a way that makes it more easily 
definable within a universal, practical and manageable 
framework, as shown in the following section. 

In this paper we define a practical and universal 
Innovation framework that defines innovation by its 
components and the dynamic and recursive 
interdependencies between those components, hence its 
practicality and usefulness in identifying, building and 
managing innovation in both an educational as well as 
research setting.  

In Figure 3 we illustrate our Universal Innovation 
Framework (UIF) as being composed of:  

Three major components:  

1) The Market need  

2) The product or service that uniquely meets this need; 
where product is taken in its most general sense.  

3) The Business Model that effectively delivers this 
product to that audience need 

And two attributes: 

4) A Novelty aspect that is related to either the 
product/service, the business model or the audience needs, 
and 

5) A Sustainable Competitive Advantage that ensures 
the longevity of the shared value creation to both the 
innovator and its market by effectively blocking the entry 
of potential competitors. 

Each major component of this innovation model has 
several essential elements that need to be addressed inter-
dependently of other essential elements of another 
component of the model. For example, the Value 
Proposition, which is an essential element of the Market 
Need, also depends on the product features as well as the 
competitive positioning of that product. Similarly, the 
Sales Channels element depends on the Market 
Segmentation, the Product Pricing and the Product Cost.   

 

The UIF framework differentiates in a fundamental 
way between innovation and invention. Within this 
framework, an invention or a patent is always attached to 
the product only, and is one, but not necessarily the only 
or even strongest source of a Sustainable Competitive 
Advantage (SCA). On the other hand, other sources of 
SCA may be identified alternatively or in addition to a 
patent, such as a defensible business model, or a customer 
lock-in, that offer a strong and sustainable competitive 
advantage.  

 
Figure 3: Universal Innovation Framework 

 
 

3. PROGRAM DESIGN 
 

Our Entrepreneurship program consists of a “Stage & 
Gate” model that essentially leads the student to the (i) 
discovery, (ii) the development and finally (iii) the 
deployment of their new enterprise according to the 
roadmap provided by the UIF. 

3.1 Stage & Gate Model  
 

Figure 4 illustrates our Entrepreneurship Program, 
which amounts essentially to a stage-gate adaptation of the 
LSM, and where our UIF provides a roadmap for the 
integration of the customer development, the product 
development process, as well as the business model 
development. Besides providing a generally applicable 
framework, this model lends itself to a methodical 
experiential curriculum that is coherent, structured and 
disciplined.  
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Figure 4: Enterpise Development Model - A stage-gate adaptation of the Lean Startup Model with the UIF as a roadmap 

 

3.2 Stage I: Opportunity Scanning/Customer 
Discovery 

 
 Stage I is called the “Opportunity Scanning” stage and 

is the equivalent of the “Customer Discovery” phase in 
the LSM. During that phase, the student takes a core 
course where he/she learns the basic “Entrepreneurial 
Skills and Processes”, and is led through the selection of a 
project and a team. In order to stimulate and facilitate the 
project and team selection, the class is first exposed to 
several student-led as well as external speakers short 
presentations of potential enterprise projects. Following 
the presentations, the students must attend a four-hour 
team forming session that is a combination of a 
brainstorming and a poster session. The objective of this 
session is to encourage the students to become familiar 
with all the potential projects that are looking for 
additional team members as well as identify additional 
members for their own project if they happen to have their 
own idea. The students are also encouraged to critique 
each other ideas and evaluate the potential projects using 
the UIF as a selection lens. Following this session, the 
students must submit an individual assignment within 3 
weeks that describes their team and project and the 
rational behind their selection. The rest of the course leads 
the students through the appropriate learning and 
assignments that lead the student to articulate the key 
components and attributes of the UIF for their Enterprise 
project, as well as the first level elements of the UIF as 
described by Figure 5 below. 

 

Figure 5: Stage I of the Enterprise Development process per 
the UIF Roadmap 

 
 

3.3 Stage II: Market & Technology 
Development / Customer Validation & Creation 

 
Stage II combines two phases of the LSM, namely the 

Customer Validation and Customer Creation into a single 
one, and represents the longest as well as the most critical 
stage of the program. During this stage, the student 
learning is supported by two separate core modules; i.e. 
“Breakthrough Technology Development” and “Shaping 
& Positioning the Enterprise”. The two courses equip the 
student with all the tools and learning they need to 
concurrently develop both their market and their product, 
taking into account their business model. The assignments 
of both courses are designed to lead the students to 
develop the essential elements of their Enterprise project 
according to the UIF roadmap as shown in Figure 6. 
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Figure 6: Illustration of Stage II of the UIF Roadmap. 

 
 

At the conclusion of Stage II, many teams would have 
pivoted at least once from their initial project. Some 
teams would have disbanded and reformed, or others 
would have either lost or gained an extra member. During 
Stage II, the students would have learned the House 
Quality tool on how to map market requirements into 
product features and applied it to their own project. They 
would also have learned how to make position their 
product more competitively by making their technology 
more disruptive, or shifted to a different market audience 
or a more disruptive business model. They also are led 
through key assignments to collect market information 
directly from their potential customers and end-users,  
learn the basics of managerial accounting and corporate 
finance, develop a clear understanding of the various 
kinds of financing capital and its associated cost, 
investment instruments and term-sheet negotiation skills 
with investors. Some of the key deliverables of this stage 
are (i) intellectual property protection strategy, (ii) a top-
down and bottom-up market research, (iii) a market-
validated proof of concept and (iv) a 5-year financial plan 
based on validated market, product and business-model 
assumptions.  

3.4 Stage III: Business Development / Company 
Building 
 

In this final stage, the student team starts developing 
the Business Strategy and the Marketing Plan for their 
company, again using the UIF as a roadmap, as shown in 
Figure 7. The student’s learning is supported by the last 
two core modules of our program, namely “New Venture 
Business Strategy” and “Taking the New Venture to 
Market”. Some of the key tools the student learns are the 

use of the Decision Matrix to select their best business 
strategy, writing and negotiation of sales and suppliers 
contracts, development of a marketing and launch plan, 
setting up of a supply chain and hiring and management 
of additional key resources.  

This represents the final stage by which the student 
team is finally ready to complete and present their final 
deliverable of the program, i.e. full Business Plan. Note 
that unlike the traditional model of teaching 
entrepreneurship where writing a Business Plan based on 
untested assumptions comes first, in our program, the 
Business Plan is the very last deliverable which represents 
the convergence of the market need, the product and the 
business model through a holistic and structured 
innovation model of new enterprise development.  

Figure 7: Final Stage III of the Enterprise Development 
process as illustrated by the UIF Roadmap. 

 
 

3.5 The Program at a Glance 
 
In Figure 8, we show an illustration of our full 

program as represented by its three stages, its five core 
modules and its typical timeline. Note that the completion 
of each stage by a student must go through a “tollgate” 
presentation by the student team to an Advisory 
Committee composed of the team’s faculty advisor, a 
technical and a business mentor and a business 
development manager. The successful completion of the 
Tollgate III and the approval of the Business Plan by the 
student’s Advisory Committee clears the student for 
graduation in their Master’s degree for Engineering, 
Entrepreneurship & Innovation (MEEI). 
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5. CONCLUSIONS 
 
Our contribution in this paper is two fold:  
(i) We have introduced a novel Universal Innovation 

Framework (UIF) that offers a general and practical 
roadmap for the discovery, development and 
deployment of technology-based new enterprises, 
and enables a structured and methodical teaching of 
innovation-based entrepreneurship. It also offers a 
very distinctive and holistic anatomy of innovation 
that exemplifies its social character in contrast with 
the concept of invention that is inherently technical 
in nature.  

(ii) We have presented how the UIF is currently being 
used at the Xerox Centre for Engineering, 
Entrepreneurship & Innovation (XCEEI) at 
McMaster University in the design and delivery of 
our experiential Entrepreneurship program, and the 
effective coaching of tomorrow’s entrepreneurs. 
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INTRODUCTION 
Conscientiousness, one of the “Big Five” personality factors, is 

theoretically and empirically related to academic achievement and 
encompasses attributes such as Achievement Striving and Self-
discipline[1][2]. The Self-Directed Learning Readiness Scale (SDLRS), 
which has been widely validated, is intended to measure a student’s 
learning readiness and attitude toward life-long learning[3]. Life-long 
learning is an important graduate attribute as stated by the Canadian 
Engineering Accreditation Board [4] and can be successfully assessed 
through use of the SDLRS [5]. The purpose of this research is to assess 
whether Consciousness, SDLRS, or their combination, are able to 
predict student outcomes in an experiential learning engineering course. 

Guglielmino defines a self-directed learner as someone who exhibits 
persistence in learning, makes plans to facilitate learning, and frames 
problems as learning opportunities rather than obstacles [3]. 
Interestingly, the trait definition of Conscientiousness is similar to that 
of the SDLRS in that it also encompasses attributes of diligence, 
achievement orientation, and self-discipline [2]. Conscientiousness is 
one of the strongest personality-related predictors of learning outcomes 
and academic achievement, a finding which is robust across numerous 
contexts [1]. Furthermore, the SDLRS is established as a reliable and 
valid measure of self-directed learning [3], and has been shown to 
correlate with GPA [6]. Given that Conscientiousness and the SDLRS 
share some conceptual overlap and are both related to student learning, it 
is important to determine which of these predictors accounts for the most 
variance in student outcomes.  
METHOD 

The sample consisted of 188 students from the Schulich School of 
Engineering at the University of Calgary. All students who participated 
in the study were enrolled in a first year experiential core course titled 
“Engineering Design and Communication”, which uses a sequence of 
team-based design projects. The data were collected in the middle of the 
Fall 2013 term though an online survey. The first 100 students to 
complete the survey received a $5 coffee card.  

We considered Conscientiousness and Self-Directed Learning 
Readiness as being predictors of student perceptions of learning, 
engagement, motivation, and satisfaction with team projects. As noted 
previously, we chose Conscientiousness as a predictor of student 
outcomes because it is empirically related to student academic 
achievement. Additionally, we chose the SDLRS as an additional 
predictor due its conceptual similarity with the trait of 
Conscientiousness and because of its theoretical relation to the outcomes 
of interest  (e.g., learning readiness should correlate with motivation and 
engagement).  

Regarding student outcomes, perception of learning was defined as 
the perceived learning experience associated with the projects [7]. 
Engagement was defined as the student’s involvement with and 
attachment to the project [8]. Motivation was defined as the student’s 
interest and drive associated with the project [9]. Lastly, satisfaction 
with the project was defined as the student’s attitude towards the project 
and the work environment [10].  
RESULTS 

Multiple regression analyses indicated that the SDLRS clearly 
outperformed a measure of Conscientiousness in the prediction of 
student outcomes. More specifically, although both Conscientiousness 
and SDLRS were significantly related to all four student outcomes, 
Conscientiousness did not explain additional variance beyond what was 
accounted for by the SDLRS. These findings support the use of SDLRS 
in predicting student outcomes as it accounted for significant variance in 
student perceptions of learning (24%), project engagement (25%), 

project motivation (18%), and satisfaction with learning (18%). In 
contrast, Contentiousness accounted for minimal variance in the student 
outcome measures (3- 5%). 
Table 1.Regression for predicting outcomes with Conscientiousness  

*p <.05, **p <.001 
 
Table 2.Regressions for predicting outcomes with SDLRS scores 

*p <.05, **p <.001 
 
DISCUSSION 

The research findings presented provide further support for the use 
of SDLRS in engineering classrooms above and beyond its value for 
assessing the graduate attribute of “life-long learning”. It extends to 
being a useful tool to be utilized by course instructors to assess and 
identify those students that may benefit from experiential engineering 
courses that are designed to enhance not only student readiness for life-
long learning but also engagement levels of students who struggle in this 
area. Evidence shows students scoring high on the SDLRS are more 
likely to learn from, be satisfied with, engaged in, and motivated by 
courses. Consequently, in the future, engineering courses may find it 
useful to incorporate self-directed learning projects [11] to improve both 
student outcomes and life-long learning [5] while using the SDLRS prior 
and post to assess the effectiveness of their efforts.  
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 Conscientiousness 

Outcomes b SE b β R2 

Learning  0.31* 0.14 0.16 .03* 

Engagement  0.04* 0.14 0.19 .04* 

Motivation  0.26* 0.12 0.16 .03* 

Satisfaction  0.41* 0.14 0.22 .05* 

 SDLRS 

Outcomes b SE b β R2 

Learning  1.19** 0.17 0.49 .24** 

Engagement  1.28** 0.18 0.50 .25** 

Motivation  0.87** 0.15 0.42 .18** 

Satisfaction  1.04** 0.18 0.43 .18** 
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Abstract – Post-secondary engineering students have 
difficulty with course concepts due to disconnect between 
theory and practice. Due to its co-op program, University 
of Waterloo students are at a unique position of being 
able to put course knowledge into practice shortly after 
classroom exposure. Through the hands-on experience 
gained from co-op, students are able to better understand 
course concepts. Case studies serve to replicate the 
practical context provided by co-op and work, giving 
students an opportunity to see the real-life utilization of 
the concepts learned from lectures. Our exposure to cases 
in class greatly increased understanding of course 
concepts among my peers. Cases helped us realize the 
real-life relevance of the theories learned in class, 
confusing information taught in class. As a case writer, I 
saw the painstaking effort put into case development, to 
ensure maximum effectiveness. Due to its ability to 
provide practical application of knowledge within a short 
amount of time, cases are an extremely valuable 
educational tool for engineering students.      
 
Keywords: education; cases; teaching; engineering; 
case study method 
 

1. INTRODUCTION 
 

For many students in North America, the transition to 
post-secondary education is not easy. The breadth and 
scope of course concepts can be very challenging, leading 
students to feel overwhelmed. This is especially true for 
engineering students, who are exposed to numerous 
subjects that seem to have little connection between each 
other, and only little relevance to what they wish to 
achieve. Some students may even find their courses 
“boring” or “unnecessary”, quickly memorizing large 
amounts of information for tests, and then promptly 
forgetting much of the concepts memorized. The reverse 
occurs upon entrance into the working world. Students 
suddenly find that the once “irrelevant” knowledge taught 
in class is extremely applicable to their duties at work. As 
well, the material from their seemingly disconnected 
courses suddenly ties together.   

 

Students often feel overwhelmed by the increased 
difficulty of course concepts, which seem irrelevant to 
their career interests. It is often upon entrance into the 
working world that they are able to make the connection 
between theory and practice. Furthermore, students that 
do not have prior experience in industry may be ill-
prepared and lacking critical interpersonal skills to be 
efficient workers [1]. 

Due to the coop program at the University of Waterloo 
(UW), this realization hits UW students sooner than those 
attending most other institutions. Although every course 
has a relevant real-world application, not every student 
has an opportunity to experience a relevant coop 
placement for every course. Case studies are effective in 
remedying this disconnects, by bringing practical 
applications of materials into the classroom. Through case 
studies, students are able to apply course concepts to 
practical contexts, and take education beyond the confines 
of the classroom walls. 
 

Many will refer back to their old lecture notes, and 
even beyond, now learning not to pass an evaluation, but 
for the purpose of understanding. Students only realize the 
importance of their courses when they are required to call 
upon them in the working world. Like many of my 
classmates, I have stumbled through course concepts 
during lectures, minimally comprehending them and 
finding them irrelevant to the real world. However, it was 
only when I experienced working in industry (through 
coop placements) that I realized the importance of what I 
was taught in class. I only wished that I could have such 
relevant practical experience for every course that I was 
taught. Although lectures provided a necessary theory 
background, the inflexible assignments and structured 
labs did not allow room for creativity or problem solving, 
poorly preparing university students for working in 
industry. Without practical contexts to connect theory 
with the real world, the concepts taught in lectures 
seemed of little importance to students unless they were 
able to find a coop placement in a relevant field. Most 
engineering students enter the program due to having a 
hands-on learning style; the traditional lecture-based 
teaching method does not benefit engineering students if 
not used in conjunction with elements that allow them to 
connect it with a relevant real-life problem. 
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2. LEARNING IN THE CLASSROOM 
 

2.1 Transitioning to University 
 

“The freshman 15” is a common phrase used to 
describe the 15-30 pound weight gain experienced by first 
year university students, who develop poor eating habits 
in the absence of parental guidance. For engineering 
students, this pertains to two phenomena: the 
aforementioned increase of girth, and the decrease in 
grade average due to poor study habits and difficulty 
adjusting to university.   

 
Many university students majoring in engineering 

were at the top of their class in high school: a proverbial 
“big fish in a small pond.” For many, they had never 
experienced academic struggle or failures until entering 
university. The transition out of their parents’ homes, to a 
life of semi-independence and self-reliance, is already 
emotionally difficult for students. For engineering 
students, they must deal with both the emotional difficulty 
of independence, as well as academic difficulties that are 
exponentially higher than concepts learned during high 
school. 

 
Engineering programs have a well-deserved reputation 

of being “difficult,” picking its students from among the 
brightest, most academically successful applicants. 
However, due to having strict standards stemming from a 
solid history of academic success, first year engineering 
students are unprepared for dealing with difficulty and 
failure. Even I fell victim; although I had been told that 
my average would drastically decrease upon entering 
university, I found this incomprehensible, as I regularly 
scored 90% and above on tests and projects, and I even 
considered 80% a “poor mark”. However, harsh reality hit 
my classmates and I when we completed our first set of 
university midterms. For many of us, the marks we 
received were much lower than anything we had ever 
achieved before, and we shamefully recounted the 
nostalgia of the days when we had considered 80% 
“poor.” Some accepted their failure, and strived to work 
harder, while others were unable to come to terms with 
the fact that their performance did not meet their own 
high standards, and gave up completely. Unfortunately, 
some of us were unable to pull our performance together 
in time to achieve a sufficient grade to advance into the 
next semester. After the first semester, a significant 10% 
to 30% of our classmates failed or transferred to other 
programs. The faces around us continuously changed 
during the next few semesters, as students continued to 
fail or transfer, and upper year students that were required 
to repeat a semester joined our class.  

 

By fourth year, university students seem to develop 
sufficient study habits such that failure is no longer likely. 
Their academic performance is also more reflective of the 
high marks achieved during high school. However, the 
evolution of these study skills seems almost fruitless 
when they are soon to enter a world that no longer 
emphasizes such skills. Very few engineering majors 
choose to pursue graduate degrees; most enter industry 
and begin working after graduation [4]. Although some 
universities – most notably, the University of Waterloo 
and University of Toronto – offer undergraduate students 
the opportunity to gain industry experience through coops 
and internships, job-seeking university students enter the 
working world without any relevant experience. Although 
these young workers may have sufficient technical 
background from their degrees, they are doomed to 
repeating the transition difficulties from high school to 
university if they are not given sufficient industry 
exposure prior to graduation.  

 
 

2.2 Entering the Working World 
 

Employers of engineering graduates must often deal 
with their new employees’ lack of analytical and critical 
thinking skills. Additionally, they complain that their new 
hires show poor communication and teamwork, and do 
not have adequate understanding of engineering and 
business practice [1]. In short, engineering graduates, 
despite being knowledgeable academics, lack ability to 
function in the real world. This is a product of traditional 
lecture-based instruction, which research has shown to be 
ineffective for development of high-level skill 
development [1].  

 
The heavy workload given to engineering students 

necessitates that their lives revolve around academia. In 
my third school term at UW (first semester of second 
year), my classmates and I were taking six courses, five of 
which included a lab component. For many students, this 
means that any semblance of a social life is destroyed, as 
they become submerged in an “engineering world” filled 
with course concepts and other engineering students. With 
emphasis placed on exam performance and assignment 
completion, engineering students are trained to value 
technical skills above interpersonal skills. I have observed 
this among my peers, some of which are brilliant scholars, 
but lack soft skills, and the willingness to develop them. 
This one-track, inflexible type of thinking is detrimental 
in the workplace. 

 
For busy engineering students, a life immersed in 

study is unavoidable. It is apparent that the traditional 
lecture-based method of education is not effective in 
producing well-rounded engineering graduates, who will 
one day be thrown into the world of employment. For 
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many of us, this move will be as harsh and abrupt as the 
transition from high school to university. While it may not 
be possible for students to mentally and emotionally leave 
the closed walls of academia during their time in school, it 
is possible to bring the real world to them. It is clear that 
educators must steer away from purely lecture-based 
teaching, in order for students to develop both the 
technical and soft skills needed to function in the real 
world.  

 
Academic experiences in university poses a challenge 

to most engineering students. For majority of the students, 
the course topics and lecture concepts are very difficult. 
These students mainly have a problem comprehending the 
challenging concepts because they are unable to make a 
connection between the seemingly arbitrary information 
with important real-life problems. Many of these students 
resort to rote memorization before tests with in an effort 
to salvage their marks. This is harmful, as rote 
memorization does not contribute to their active 
understanding of course concepts. Just as relying on rote 
memorization impairs vocabulary development when used 
for language studies [2], relying on rote memorization in 
engineering encourages students to parrot answers instead 
of understanding the theory behind these answers.  Rote 
memorization has very little value in the work 
environment, and employees raised on rote memorization 
instead of concept comprehension are undesirable in 
industry. For these students, hands-on learning and 
connecting the seemingly arbitrary course material with 
real life applications is greatly helpful in enriching 
comprehension. 

 
On the other end of the spectrum, some students find 

the structured, lecture-based engineering courses 
extremely easy. However, their affinity for such 
structured courses are also unhelpful in preparing them 
for industry, as problems in the real world are not like the 
neatly packaged courses that they excel at. Industry 
problems require content from various areas, and even 
multiple disciplines (including non-engineering concepts 
such as finances and human resources) to develop 
satisfying solutions. Unlike assignment problems offered 
in courses, real-life problems never occur in a perfectly 
controlled environment, and are open to effects from 
outside interaction. Attempting to contain problems 
within one discipline is unrealistic in practical contexts, 
and the structured, lecture-based engineering courses that 
most engineering disciplines offer, while helpful in 
training students in theory, detrimentally encourages “in 
the box” thinking in students. Therefore, it is becoming 
abundantly clear that structured, lecture-based courses are 
not beneficial for training effective engineers for the real 
world. Undergraduates would benefit greatly from 
exposure to real-world engineering situations, and 
practice in applying theory to practical contexts. 

3. CASE STUDIES 
 

The case study method of teaching is an educational 
approach that allows students to apply course concepts to 
relevant practical situations. Case studies are typically 
developed with reference to real-life scenarios, and due to 
this basis in reality, introduces factors that are often 
unaccounted for in the perfect “vacuum” settings used for 
problem solving in traditional lecture-based instruction. 
Case studies are meant to complement the material taught 
in lectures and classrooms by offering students an 
opportunity to demonstrate the application of classroom 
knowledge to practical contexts. Case studies reinforce 
the material that is taught in class, increasing student 
understanding and retention. 

Waterloo Cases in Design Engineering (WCDE) writes 
cases from co-op work term reports. Students and student 
resources are an integral part of WCDE’s activities; 
almost all of WCDE’s case studies are developed from 
student work term resorts, project papers, and other 
relevant documents. As these documents reflect on their 
authors’ progress of learning and development, they are 
useful in demonstrating concepts to the authors’ peers, 
who possess a similar level of knowledge. Apart from 
student work term reports, WCDE also employs co-op 
students for the development of case studies and 
promotion of WCDE activities. The co-op student is 
usually a senior year student majoring in engineering at 
the University of Waterloo; this provides them with the 
necessary background to knowledgeably create cases, 
while maintaining sympathy and understanding for their 
target audience. Co-op students have experienced a case 
study in their own courses, and can bring their own 
insights to case study writing. 

 

4. MAKING CONNECTIONS 
 

Case studies are significantly utilized in fields such as 
business, law, and psychology, used to “obtain a detailed 
description” and “yield a great deal of information” on a 
specific topic. Although the field of psychology considers 
case studies to be of great importance, professors in the 
field do not primarily depend on them in teaching, due to 
the fact that case studies limits study to a specific 
situation [3].  Instead, in psychology, case studies are 
used in conjunction with lecture-based teaching and 
theory, to aid in comprehension of theory and enrich the 
student’s learning experience with examples of real-life 
application. From personal experience, I have found that 
peers taking psychology electives have maintained higher 
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interest and excitement for their courses than my 
engineering classmates, citing case studies as a major 
reason for their enthusiasm. Therefore, engineering 
courses similarly benefit from the inclusion of case 
studies, which serve to “[humanize] data that might 
otherwise appear dry and lifeless,” [3] and allow students 
to see the topics presented in their courses as real 
problems involving engineers and engineering ethics, 
instead of mere numbers and equations. 

As mentioned previously, most of my classmates found 
our courses challenging because they were unable to find 
a connection between the numbers, equations, and 
technical terms in assignments and readings, and the real-
life, hands-on engineering problems that attracted them to 
the field in the first place. Assignments were rigid with 
little room for creativity, and textbook readings were 
often so long and dull that students either memorized 
seemingly important passages without context, or 
completely forwent assigned readings. Although labs 
helped in providing us with some hands-on experience 
and valuable time with equipment, they also occur in a 
closed environment. Labs and projects typically followed 
one “correct” path to a “correct” answer, providing little 
room for interpretation. For us, the most helpful method 
was seeking professors and teaching assistants (TA) for 
one-on-one sessions to discuss course concepts; however, 
the teaching staff was completely outnumbered by 
students (especially in lower years, when all students took 
the same courses), and would not have had time to 
schedule one-on-one sessions with all students. 

UW students are fortunate to be able to participate in its 
famed coop program, where they are able to experience 
the real world as a contributing member to a company in 
industry or academia. Students are then given the 
opportunity to apply the concepts they had previously 
learned in class to their duties at work. Through coop 
placements, many of my classmates became very 
proficient at concepts that they only adequately 
understood from lectures and assignments only; the 
hands-on experience from coop combined with the 
theoretical background from class to give students solid 
mastery of certain areas. In the real world, the solutions 
for problems are not neatly packaged like in assignments 
and labs. Although students were provided with a 
sufficiently rich and wide variety of foundation courses, 
only real-life experience putting theory into practice 
allowed the students to solidify their proficiency with the 
information gleaned from these courses.  

Unfortunately, it is not possible to provide students with a 
coop placement relevant to every course they learn. 

However, engineering case studies remedy this problem, 
by giving students a simulation of the real-world, multi-
discipline, open-ended problems they may encounter in 
industry. In addition to being able to experience real-life 
engineering problem solving hands-on, students must also 
conduct extra research and delve into sources outside of 
the information handed to them via lecture notes. Just like 
working in industry, case studies require students to be 
resourceful and creative. Case studies contain group work 
components that train students to work in teams and 
develop invaluable interpersonal and teamwork skills that 
are a necessity for industry. Discussion is helpful for 
students that are auditory learners, and enriches each 
individual by allowing them to benefit from the wisdom 
of the collective, resulting in much better formation of 
solutions than the straightforward, step-by-step problem 
solving provided by assignments. 

 

5. DISCUSSION 

The effectiveness of case studies can be shown by the 
results of its integration in engineering courses. Before 
my employment with WCDE, I had experienced several 
courses that incorporated the use of case studies. The 
most poignant experience comes from its inclusion as a 
part of ECE 224: Embedded Microprocessor Systems, a 
mandatory course that was infamously difficult and time-
consuming. Prior to my enrollment in the course, I had 
observed another class that contained several of my 
friends take the course. Due to the challenging concepts 
and lengthy, difficult assignments, the class’s midterm 
average was in the mid-30s. The final course average was 
also poor, and a significant portion of the students – many 
of which are outstanding students in other courses - did 
not pass the course. A case study, “Nuvation - Design of 
Power Supply” was included during my class’s time in the 
course. In this case study, our class was assigned to select 
a universal asynchronous receiver/transmitter (UART) for 
Texas Instruments, thus providing an opportunity to 
investigate and become familiar with RS-232, USBs, and 
other significant topics in the course. As a result, 
everyone in my class achieved a passing grade. Although 
my class’s more successful performance cannot be purely 
attributed to the inclusion of the case study, it undeniably 
aided us in the comprehension of course topics. 

In addition to experiencing case studies as a student, my 
time with WCDE allowed me to see case studies from the 
perspective of a case writer. If completing case studies 
had helped my understanding of engineering concepts, 
writing case studies was even more constructive to my 
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development as a well-rounded future engineer. Writing 
full case studies required consideration of factors other 
than technical problem solving; like in the real world, 
topics such as ethics and economics were also required 
when developing case studies. My WCDE coworkers and 
I frequently edited and proofread each other’s work, and 
met weekly to discuss case development, all to ensure that 
the highest quality of cases were being met. Developing 
case studies from work term reports ingeniously utilizes 
UW’s coop culture, which provides a supply of ready-
made summaries of real-world engineering problems in 
the form of work term reports. Although I did not have 
the background as the authors of these work term reports, 
the content of the work term reports provided succinct 
summaries that were easily translated into material for 
case studies. Authors of the case studies also enrich 
technical knowledge and sharpen their problem-solving 
skills.  

Engineering undergraduates in North American no longer 
seek graduate school immediately after graduation, if at 
all. Geils reported that in the United States, 23.5% less 
doctoral degrees were awarded in engineering in 1982 and 
1972, and the mentality that graduate school is 
unnecessary continues to persist among engineering 
undergraduates [4]. Thus, Universities must now focus on 
making their graduates employable, and to develop 
curriculums with such appropriate emphasis on the 
“transference of appropriate skills and attributes” for 
graduates to “succeed in the industry.” Newton and 
Delatte found case-based teaching as an effective form of 
inductive learning for civil engineering, to quickly 
develop skills that employers expect new graduates to 
have before hiring them. Furthermore, case studies have 
been praised in literature as a desirable student-centered 
approach to teaching [5][3]. Engineering students wish to 
pursue working in industry “passing up graduate school” 
for the glamour and “high salaries of industry” [4]. Most 
of my classmates dream of working for industry giants 
such as Apple, Facebook, and Microsoft. Due to 
Waterloo’s advantageous location, there are even many 
large corporations located locally, such as Christie 
Digital, Linamar, and Amec. WCDE’s collaboration with 
industry professionals, including the aforementioned local 
corporations, is extremely valuable in providing a link 
between students and employment. WCDE’s industry 
partners, who are extremely interested in developing 
skilled, well-rounded students that are potentially valuable 
additions to their respective corporations, are helpful in 
aiding WCDE in the development of efficient teaching 
tools to prepare students for working in industry. As 
technology becomes increasingly advanced, Felder 

predicts that traditional engineering jobs will be 
outsourced to “either computers or engineers in countries 
with low labour costs.” [1] If that is the case, it is now 
more important than ever for universities to develop 
future engineers with important interpersonal, critical 
thinking, and problem solving skills. Future engineers 
must therefore possess the humanizing skills that cannot 
be performed by a computer, and cannot be trained by 
straightforward, closed-ended, structured lectures and 
assignments.  

 
6. CONCLUSION 

 
This paper explored the challenges experienced by 
engineering students, with respect to challenges 
encountered by freshmen in the transition from high 
school to university. It was noted that students found 
difficulty with courses because they found course 
concepts to be irrelevant to their interests, and could not 
make the connection between lectures and the real world. 
Additionally, employers have found engineering students 
to lack in problem-solving and interpersonal skills, setting 
current university graduates to repeat their high school-to-
university transition difficulties when they progress to the 
working world. Tests, assignments, and labs are often too 
straightforward to develop sufficient problem-solving 
skills in students. Case studies provide the experience of a 
real-life engineering problem in a relatively short amount 
of time, giving students opportunities to solve open-ended 
problems, drawing knowledge from multiple courses and 
applying course concepts to practical contexts. Case 
studies, and university groups promoting their use, such 
as WCDE, work with industry professionals and 
professors to serve as a link between students and 
employment. Case studies are a valuable tool that works 
alongside traditional lecture-based teaching, to enrich 
student understanding and enjoyment of engineering 
courses. 
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Abstract – As industries increase their preference for 

hiring engineers with creativity and innovative problem-
solving, post-secondary institutions are developing their 
engineering program to incorporate an increased level of 
diversity among new students, widening their appeal to 
students of varied races, gender, talents, and skills. 

Studies show that grade school students are most 
interested in entering fields that involve creative and 
social aspects, however these are not characteristics that 
many students associate with engineering.  Girls in 
particular express a preference for careers that involve 
helping and working with people, and are less interested 
in science and technology careers due to their perceptions 
of those fields. 

Our research also shows that even students who 
choose to enter engineering prefer to pursue social and 
sports-related activities in their spare time, regardless of 
gender.  This paper demonstrates how engineering 
student hobbies and interests can be used to create 
engaging, cross-disciplinary projects for teaching first 
year design principles. 
 
Keywords: First-year design, creativity, engagement, 
diversity, cross-disciplinary. 
 
 

1. INTRODUCTION 
 

Engineering industry leaders, such as Intel and 
Imperial Oil, are investing resources into the development 
of diverse, well-rounded future engineers capable of 
designing innovative technologies and processes [1] [2].  
These companies are looking for new employees who 
exhibit not only the engineering graduate attributes, as 
outlined by Engineers Canada [3], but who are also 
capable of creative, independent thought, and the ability 
to work in multi-disciplinary, and cross-disciplinary, 
settings.  

This research work examines the use of cross-
disciplinary design projects for use in a first-year 
introductory engineering design course to encourage 
student engagement and interest.  These projects were 
intended to include real world design problems that cross 

over into other subject areas, such as political/societal 
issues, artistic design concerns, and creative innovations.  
The long-term hypothesized outcomes of this work 
include an increased level of engagement among first year 
engineering students, leading to a high rate of retention 
and a higher level of comprehension surrounding 
engineering design.  These outcomes will be tested using 
both qualitative and quantitative research methods. 

This paper examines the preliminary analysis and 
implementation of cross-disciplinary design projects for 
engaging first-year students in an introductory design 
course, and outlines suggested elements for future 
consideration when designing course projects. 
 

2. PROJECT DESIGN METHODOLOGY 
 
2.1. Introductory Design Course 
 

At the Schulich School of Engineering, all first-year 
students are required to take ENGG 200, an exploratory 
course that introduces students to engineering design 
principles, teamwork, and creative thinking.  In 2013, the 
course projects were designed around the theme of “No 
Impact Man”, based on the corresponding book studied as 
part of the university’s undergraduate common reading 
program.  The four laboratory projects were developed by 
interdisciplinary researchers familiar with engineering 
design and arts concepts, and tested by senior 
undergraduate students prior to the start of classes.  
Students were introduced to the engineering design 
process, and learned techniques for developing a complete 
design and product.  Cross-disciplinary principles were 
incorporated to encourage engagement from a diverse 
range of students with varied backgrounds, gender, 
ethnicities, and interests.  Engineering design techniques 
were combined with fine arts, social issues, mathematics, 
physics, research, technology and writing to encourage 
interdisciplinary connections and creative thinking. 
 
2.2. Project 1 – No Impact Orchestra 
 

For their first exposure to creative design thinking, 
students were given three hours to design and construct 
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two musical instruments capable of producing identifiable 
and repeatable frequencies.  This project was designed 
through collaboration with Beakerhead, a Calgary-wide 
festival for promoting the connections between 
engineering and the arts.  Students were required to create 
their instruments from materials considered eligible for 
the City of Calgary’s blue bin recycling program, and 
together the teams made up the Schulich No Impact 
Orchestra.  The project was also developed to include a 
review of high school technical concepts, including 
frequency measurements and calculations, and use of 
basic measurement tools.  After completion, student 
teams demonstrated their projects, and were also given 
the opportunity to create music videos.  Nearly 100% of 
the teams were completely successful in achieving the 
design objectives while being exposed to their first 
postsecondary teamwork experience. 
 
2.3. Project 2 – Target on Budget 

 
The second project introduced students to designing 

within a budget, where each team was given a finite 
amount of “money” to spend on their material.  The goal 
of the project was to build a structure capable of 
delivering a hockey ball from a specified starting height 
to a target on the floor below.  Each structure had to 
contain a horizontal span of a specified length, as well as 
a vertical drop or ramp.  Students were again limited to 
common materials that could be recycled, and worked 
within a three-hour time limit.  As with the first project, 
most teams were successful in completing the task, but 
with varying degrees of accuracy depending on where 
their hockey ball landed on the gradated target.  This 
project was also intended to be an introduction to the 
structural techniques required for the next project. 
 
2.4 Project 3 – No Impact Bridge 
 

In the spring of 2013, excessive flooding devastated 
regions of southern Alberta.  The backcountry areas were 
some of the hardest hit, with many trails and bridges 
being completely washed away.  The third design project 
was planned in conjunction with Parks Canada and 
required students to propose a sustainable bridge design 
that could be assembled in remote areas accessible only 
by helicopter.  Throughout the multi-week project, 
student teams were required to research, sketch, 
prototype, and construct their design ideas.  Their final 
designs, made again from recyclable materials, were 
subjected to both horizontal and vertical load testing 
based on scaled down measurements of real 
environmental stressors such as water and wind.  Team 
success varied depending on materials, methods of 
adhesion, and points of load bearing. 
 
 

2.5 Project 4 – Corner to Corner 
 

The final multi-week project was the only design task 
that allowed students to use non-recyclable materials, but 
within a $20 budget.  After being provided with an 
optional motor, some wheels, and a set of batteries, teams 
were asked to create a vehicle capable of navigating a 
large obstacle while moving from one corner of a table to 
the corner directly diagonal from the starting point.  
Vehicles were free to bypass the obstacle through a 
narrow gap on the side, or flip, move, climb, etc. past the 
obstacle itself.  Most teams were able to successfully 
navigate past the obstacle, and final scores were given 
based on the vehicle’s stopping proximity to the end 
point. 
 

3. TESTING AND FEEDBACK 
 

Following completion of the course, students were 
asked to provide quantitative and qualitative feedback 
about the projects, their interests, and their level of 
engagement in engineering design through an online 
survey.  45% of the survey respondents identified 
themselves as female, and 55% identified as male. 
 
3.1 Project Rankings 
 

Students were asked to rank the projects from their 
favourite (1) to their least favourite (4).  It was interesting 
to see that female and male students rated their favourite 
project very differently.  59% of the male students ranked 
Project #4 (vehicle/obstacle) as their favourite project, 
whereas female students ranked Project #3 (Parks 
Canada) as their favourite at 47%.  Female students were 
more split among their ranking of the other three projects, 
while 50% of the male students ranked Project #1 
(musical instruments) as their least favourite.  These 
results are shown in Figures 1 and 2. 
 

 
 
Fig. 1. Female students ranked the project relating to Park 

Canada rebuilding as their most favourite project. 
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Fig. 2. Male students ranked the vehicle/obstacle project 

as their most favourite. 
 
3.2 Student Engagement 
 

97% of all students agreed or strongly agreed that they 
care more about a project when it relates to their 
hobbies/interests, seen in Figure 3.  However, 72% of 
females agreed or strongly agreed that they care more 
about a project when it has real world applications, in 
comparison to 62% of the male students, shown in Figure 
4.  This is reinforced by the first ranked project of the 
female students, as the Parks Canada project had the most 
real world connections and applications.  

 

 
 
Fig. 3. The majority of students care more about a project 

when it relates to their hobbies or interests. 
 

 

 
 

Fig. 4. Female students are more likely to care about a 
project when it has real world applications. 

 
These percentages are reversed when it comes to 

challenge in a project.  Only 61% of females agreed or 
strongly agreed that they care more about a project when 
it challenges them, as opposed to 72% of males, as shown 
in Figure 5.  This is also reflected in the favourite project 
of the male students, Project #4 (vehicle/obstacle), which 
presented the most difficult and least constrained design 
challenge. 

 

 
 
Fig. 5. Male students are more likely to care about a 

project when it challenges them. 
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Figure 6 below shows that male students were also 
significantly more likely to care about a project when it is 
very technical, with 90% agreeing or strongly agreeing in 
comparison to 39% of female students. 

 

 
 

Fig. 6. Male students are more likely to care about a 
project when it is very technical. 

 
3.3 Additional Feedback 
 

Students were given the opportunity to suggest 
improvements or extensions to the projects presented in 
their classwork.  For the first three projects, students 
noted that being restricted to recyclable materials 
presented an additional level of challenge, and they would 
be interested in repeating the projects without material 
limitations.  Also, students felt that the first two projects 
were more frustrating due to the time constraints, in 
comparison to the longer multi-week projects that allowed 
more time for research and design changes.  Students 
noted that during the later projects they were more 
comfortable with working in their teams, though some 
mentioned that their experiences within a project were 
sometimes tainted by poor team performance or 
dynamics. 

This research study also asked the students to comment 
on their current interests and hobbies, partially to inform 
possible future design projects.   

 
 
 
 
 
 
 
 
 
 
 

Female students identified sports/athletics as their 
preferred hobby, while male students preferred computer 
games.  Social media and chess/puzzles/board games 
were also highly ranked by both genders. 
 

4. CONCLUSIONS 
 

In conclusion, this paper examines the way male and 
female students respond to various design projects, and 
evaluates the factors that increase a student’s level of 
engagement within a project.  Female students were found 
to prefer projects with real world application, while male 
students feel more engaged in very technical projects.  
Both genders expressed a high level of engagement in a 
project when it relates to their own hobbies and interests. 

Introducing cross-disciplinary elements and current 
social issues into engineering design theory can help to 
implement these factors and create engaging engineering 
projects that may appeal to both male and female 
students. 
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Abstract – This paper focuses on the process of 
incorporating the outcome-based accreditation system 
based on graduate attributes and the continual 
improvement process into the curricula of the engineering 
programs at UOIT. Periodic program restructuring 
cycles based on a sound reporting process have been 
established and implemented. Thereby, systematic 
measurement strategies of student competencies relative 
to each learning outcome have been facilitated while 
simultaneously ensuring timely curriculum improvements.  
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1. INTRODUCTION 
 

A basic feature of outcome-based education (OBE) is 
an assessment/reporting process and a perpetual 
curriculum improvement cycle [1]. To ensure better 
learning practices and to bridge the gap between the 
learning experiences of engineering graduates and the 
evolving 21st century job market, twelve graduate 
attributes have recently become an essential requirement 
for assessing and granting Canadian Engineering 
Accreditation Board (CEAB) accreditation to engineering 
programs in Canadian universities. In this context, since 
2014, it has become mandatory to deliberately cover the 
twelve graduate attributes in different courses at different 
levels of complexity throughout the engineering 
curriculum, as competencies related to these graduate 
attributes must be ensured by the end of a program of 
study by each engineering graduate as the desired and 
required outcome. In addition, a continual improvement 
process must be demonstrated for engineering programs 
to ensure that engineering programs evolve appropriately 
and mitigate weaknesses.  

The CEAB outcome-based method for the evaluation 
of engineering programs identifies 12 graduate attributes 
(GAs) as essential to any engineering program seeking 
CEAB accreditation [2]. Thus, the accreditation criteria 
for an engineering program require not only acceptable 
academic governance (program authority and 
responsibility) and acceptable qualitative and quantitative 
coverage of mathematics, natural sciences, engineering 

science, engineering design and complementary studies, 
but also the demonstration of the acquired competencies 
of engineering graduates as measured by a minimum 
number of academic units (AUs) in a broad set of 
graduate attributes. Fig. 1 illustrates the main pillars that 
must be demonstrated in any engineering accredited 
program. 
 

 
 

Fig. 1. Three of the main criteria for accreditation of 
engineering programs in Canada. 

 
The twelve graduate attributes of the CEAB [2], which 

are expected to be exhibited by graduates of accredited 
engineering programs at the time of graduation, include: 
1. A knowledge base for engineering (i.e., competence 

in mathematics, natural sciences, engineering 
fundamentals and specialized engineering knowledge 
appropriate to the program). 

2. Problem analysis (i.e., ability to address engineering 
problems using appropriate knowledge and skills).  

3. Investigation (i.e., ability to conduct investigations of 
complex problems with appropriate methods and to 
synthesize information).  

4. Design (i.e., ability to design solutions for 
engineering problems and to design systems, 
components or processes for specified needs, with 
appropriate attention to health and safety, standards, 
economics, environmental impact, and cultural and 
societal considerations). 

5. Use of engineering tools (i.e., ability to develop and 
apply engineering techniques, resources, and modern 
tools for engineering activities).  
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6. Individual and team work (i.e., ability to work 
effectively as a member and leader in teams).  

7. Communication skills (i.e., ability to communicate 
engineering concepts within the profession and with 
society at large).  

8. Professionalism (i.e., understanding of the roles and 
responsibilities of the professional engineer in 
society).  

9. Impact of engineering on society and the environment 
(i.e., ability to analyze and understand social and 
environmental aspects of engineering activities, 
including interactions of engineering with economic, 
social, health, safety, legal, and cultural aspects of 
society, and including sustainable design and 
development and environmental stewardship). 

10. Ethics and equity (i.e., ability to apply professional 
ethics, accountability and equity).   

11. Economics and project management (i.e., ability to 
incorporate economics and business practices in 
engineering practice).  

12. Life-long learning (i.e., ability to identify and address 
one’s educational needs in a changing world to 
maintain competence). 

 
2. LIFE-LONG LEARNING 

 
2.1. Importance and Definition 
 
In the past, the now mandatory twelve graduate attributes 
have been usually imparted, at least implicitly, in the 
traditionally offered engineering programs, particularly 
through capstone design experiences. However, it is now 
expected that each of the twelve graduate attributes be 
explicitly identified at different levels throughout a 
typical four-year engineering program. This requirement, 
along with the need for assessing student competences for 
each graduate attribute that would eventually reflect into 
the continual improvement process for each engineering 
program, necessitate a comprehensive and well developed 
system for program self-evaluation, including a 
systematic approach to detailed data collection and 
analysis/interpretation. A capstone design course is a 
particularly significant example of where the majority, if 
not all, of the twelve graduate attributes can be 
demonstrated at the advanced level. However, among 
engineering educators, life-long learning is often 
considered as the graduate attribute that is most difficult 
to “teach,” and consequently, most difficult to assess. 

The importance of identifying and measuring life-long 
learning abilities of future engineering employees, or 
future members of engineering associations, has been 
recognized for a long number of years; hence it has 
become an implicit part of the routine procedures for 
recruiting engineers. Life-long Learning (LL), or also 
referred to as Continuing Professional Development 
(CPD), has been defined in various ways in the open 

literature. For the purpose of this paper, the authors 
adapted a hybrid definition about LL: “The process by 
which professionals continuously invest in the 
maintenance and improvement of their knowledge, skills, 
and competence necessary for the enhancement of the 
execution of professional and technical duties throughout 
the practitioner’s working life that adds value to the 
resolution of clients’ needs” [3, 4]. Consequently, it is of 
no surprise that in 2008 the Canadian Engineering 
Accreditation Board (CEAB) published the new set of 
outcome-based accreditation criteria and procedures that 
listed LL as one of the 12 mandatory graduate attributes. 
This new CEAB approach to accrediting engineering 
programs comes into full force in the present year 2014. 
Similarly, the engineering educational model proposed by 
the CDIO™ Initiative (Conceive-Design-Implement-
Operate) presented in the CDIO™ Syllabus provides a 
comprehensive list of engineering skills, among which for 
“Curiosity and Lifelong Learning [i]” CDIO™ identified 
the following three principal indicators: (1) the motivation 
for continued self-education; (2) the skills of self-
education, and (3) one's own learning style [5]. Kirby et. 
al., developed a 14-item generic lifelong learning scale 
with reasonable reliability to measure students’ 
disposition to engage in life-long learning. Although the 
research study did not involve engineering students, it can 
help evaluate the effectiveness of educational 
interventions, or allow individual students to understand 
their learning strengths and weaknesses [6]. 

 
2.2. UOIT’s Best Practices for LL 

 
Entertaining individually CEAB graduate attributes in 

isolation from the others is quite difficult because they are 
so often interconnected and occur simultaneously. 
However, it is possible to put stronger emphasis on one 
versus the other. Lifelong Learning is, for example, 
entertained in the core design engineering course 
MECE2310U Concurrent Engineering and Design, 
offered in the fall term of the second year program at the 
Department of Automotive, Mechanical and 
Manufacturing Engineering (AMME) within the Faculty 
of Engineering and Applied Science (FEAS) at UOIT. 

It is well known that acquiring a thorough 
understanding of how existing bio-creatures of nature or 
manmade devices, processes, or systems actually function 
greatly facilitates the designer’s cognitive process taking 
place when creatively solving new problems of design 
engineering nature. This prior knowledge enables the 
making of the essential connections and crucial 
extensions as part of the thought process of the designer 
or a design team. In this context, students enrolled in 
MECE2310U are regularly challenged with multiple 
questions on “how things work” type of topics during 
lecture contact hours, for which no answers or further 
explanations are provided. However, students are 
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cautioned that related questions on these topics may be 
included in their midterm and/or final examinations. This 
provokes engineering curiosity at the individual’s level, 
and motivates the students to engage in self-education to 
prepare the best they can by studying and doing 
background information research on the indicated topics, 
which is one form of inducing individual lifelong learning 
abilities. For example, one such challenging question 
from past exams was: “Explain how railroad vehicles with 
wheels fixed on the same axis can maneuver a curve on 
the tracks without the use of a differential. How do they 
run stably on both straight and curved track?” At the team 
level, student groups are offered several topics to choose 
from at the beginning of the term to conduct “case 
studies” and prepare a written report as well as orally 
present their work to the class during the term.  
 

3. PROGRAM STAKEHOLDERS 
 

A five-step action plan approach being used 
successfully by some of the schools across Canada and 
the results of the Engineering Graduate Attribute 
Development (EGAD) Project [7] were carefully 
considered. The five-step review process highlights the 
key elements and stages involved when undertaking a 
systematic comprehensive program and/or curriculum 
review in terms of the following five steps:  1) Program 
evaluation; 2) Mapping the program; 3) Identifying and 
collecting data on student learning; 4) Analyzing and 
interpreting the data; and 5) Data-informed program 
and/or curriculum improvement [7]. 

The approach taken at UOIT for conducting a 
systematic review of curricular structure, content, 
processes, and learning outcomes for its engineering 
programs involves all five of the steps presented above, 
while utilizing the CEAB accreditation questionnaire as a 
guide [8]. To facilitate the process, we grouped courses 
into streams and for each course stream designated a 
faculty member to assume the role of a Stream Leader. 
For UOIT’s Mechanical Engineering program, for 
example, the defined course streams and types of 
designated course stream leaders are presented in Table 1.  
In each stream, the Stream Leader assumes responsibility 
to consult and to work with each course instructor in the 
stream and to report to the curriculum committee the 
appropriate graduate attributes (GAs) and the associated 
level at which it is covered for each course in the stream. 
This provide a description of the progress in terms of 
competence level (I: Introduced, D: Developed, A: 
Applied) for each attribute, while maintaining ownership 
of the courses with the instructors, who carry the full 
responsibility of delivering the courses and ensuring 
course outcomes are properly addressed. In order to 
generate a systematic process, each course instructor 
develops a course dossier, which includes the following 
main components: 

Table 1. Course streams and designated stream leaders  

 
1. Course-specific graduate attributes and level of 

coverage (I, D, A, or a combination) in the course, 
and their relation to the course-specific learning 
outcomes. 

2. Relation between course outcomes and the 
appropriate graduate attribute indicator. 

3. Definitions of performance level for each 
attribute/outcome (in terms of exceeds expectations, 
adequately meets expectations, minimally meets 
expectations and fails to meet expectations) and the 
method used to measurement the performance level 
(e.g., one or more questions in a final exam or 
assignment, laboratory report, group project). 

4. Performance level grading rubric for course 
outcomes (i.e., course GA indicators). 

5. End-of-year performance level breakdown for course 
outcomes (course GA indicators), and instructor 
comments on student performance relative to each 
course learning outcome recommendations regarding 
future changes (as part of the continual improvement 
process).   

Once the above steps are instituted for each course and 
approved by the program curriculum committee, steps 1 
to 4 tend to remain the same each year (except where 
major course changes occur). In most instances, only step 
5 needs to be updated with the new student performance 
results each year.   
 

4. PROGRAM REVIEW 
 

In order to obtain a reliable and meaningful estimate of 
the actual learning levels for each program outcome, three 
kinds of program and/or curriculum assessment and 
review cycles were instituted at UOIT: formal, normal, 
and emergency. The details on each assessment type are 
depicted in the schematic presented in Fig. 2. 
1. Formal three-year program curriculum review 

cycle (due June of the third year of the 6-year 
academic cycle): Formal reviews serve to evaluate 
the success of the implemented curricular changes 
within the last three years of offering the program, 

Course Stream 
Faculty Member 
Stream Leader 

UOIT 
Home Faculty 

Math and Science Science  Science 

Complementary studies Social Sciences Social Sciences  

Design Engineering Design Chair FEAS 

Materials & Manufacturing Manufacturing  FEAS 

Solid Mechanics Solid Mechanics  FEAS 

Thermofluids Thermofluids  FEAS 

Dynamics & Vibrations  Dynamics  FEAS 

Robotics & Mechatronics Robotics  FEAS 

Electrical & Software Electrical  FEAS 
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and thereby provide formative feedback to the 
program and the department/faculty in which it 
resides.  That is, within the assumed maximum six-
year long accreditation cycle of a program, by 
default, formal program reviews of a program occur 
once every three years (i.e., each outcome for each 
course is sampled every three years).  

2. Regular two-year course curriculum review cycle 
(due June of the second year of the 6-year academic 
cycle):  A two-year regular course curriculum review 
cycle is conducted for alternative (randomly selected) 
streams. 

3. Emergency course curriculum review cycle (due 
30 days after discovery of curriculum/delivery 
deficiencies):  This cycle is not time-prescribed, but 
rather is intended for “urgent” situations triggered by 
possible course curriculum and/or delivery problems 
that require immediate attention and resolution (e.g., 
poor teaching of a first-year course). This assessment 
type is necessary because, if left unresolved, such 
deficiencies can seriously affect program curriculum 
execution and thereby impede student performance in 
subsequent higher-level courses. 

 
5. CONTINUAL IMPROVEMENT PROCESS 

AND FEEDBACK LOOP 
 

A Parameter Diagram (P-Diagram) is utilized to 
describe the fundamental generic structure of the iterative 

continual program and/or curriculum improvement 
process and feedback loop for a program. As depicted by 
the schematic in Fig. 3, the generic process identifies 
several components and defines their assumed links and 
interactions. First, identified are three distinct groups of 
input variables that can have direct or indirect influence 
on the execution and performance of the Program 
Curriculum or Course Curriculum (i.e., the desired 
system), the resulting output of which is represented by a 
single component: the Completed CEAB Table 3.1.4 (i.e., 
the actual measured outcomes) in the context of the 12 
CEAB graduate attributes.  

The three input components of the program or course 
curriculum system include: Institutional Inputs 
(institutional academic policy-related inputs and 
institutional capital investment-related inputs), Noise 
Factors, and Updated Course Outline and Updated Course 
Dossier (i.e., the program or curriculum control factors 
and design parameters). Figure 3 provides a detailed list 
of the contents of each of the above input components. 
 
5.1 Principle of Operation 
 

At the time a course is offered to students, the 
outcomes of the course are being directly influenced by 
the institutional inputs, the noise factors and, most 
importantly, by its updated course outline and course 
dossier.  

 
 

 
Fig. 2. Schematic of the timelines of the generic six-year regular, formal, and emergency curriculum review cycles.
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A Course Evaluation Team is created (consisting of 
the Stream Leader, the Course Coordinator(s) / 
Instructor(s), and other faculty members associated with 
the academic stream) for each course, with a dedicated 
task to compare, evaluate and assess how well the actual 
measured outcomes of the course, expressed through a 
Completed CEAB Table 3.1.4, match the desired targeted 
outcomes of the course expressed through Completed 
CEAB Tables 3.1.2 and 3.1.3 (based on the defined 
graduate attribute indicators belonging to the course).  

If the course evaluation team finds that the results of 
the comparison of the assessed contents of CEAB Table 
3.1.4 with the assessed contents of CEAB Table 3.1.2 
reveal an ACCEPTABLE match, no further action is 
needed and the course continues to be offered to the 
students without essential changes to the Course Outline 
and Course Dossier until the next evaluation period.  

However, if the course evaluation team finds that the 
results of the comparison of the assessed contents of 
CEAB Table 3.1.4 with the assessed contents of CEAB 
Table 3.1.2 reveal a NOT ACCEPTABLE match, then the 
related findings are forwarded to the Program Curriculum 
Committee (PCC).  

As a consequence, detailed remedial measures are 
developed and recommended by the Program Curriculum 
Committee in a form of a Cumulative Course Assessment 
and Decision Log, which is further discussed and 

approved by the respective academic bodies (Department 
Council and the Engineering Curriculum Committee), and 
finally forwarded for approval to the Faculty Council.  

The course instructor is expected to update the course 
outline and course dossier and implement the changes 
during the next offering of the course. 
 
5.2 Data Collection and Analysis 
 

Course Evaluation Teams (CETs) conduct course 
assessments for each course offered in a program of 
study. The activities of the course evaluation team, in 
general, consist of monitoring the delivered instruction for 
agreement with planned content and course integration 
within the curriculum, and providing ongoing feedback 
for improving course content, course management, faculty 
teaching, and student learning experiences. Information 
collected should provide evidence of successes as well as 
suggest specific steps, resources and support needed for 
improvement. The plan for specific related actions 
includes the following nine steps: 

Step 1: Relevant Stream Leader (SL) establishes a 
Course Evaluation Team (CET) for Course “X” and 
informs the course’s Coordinator(s)/Instructor(s) to 
submit the Current Course Documents Package (CCDP) 
for Course “X” to the CET through the SL.  

 

 
Fig. 3. Schematic of the generic continual program and/or curriculum improvement process and feedback loop. 
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The CET is led by the SL in charge of the academic 
stream field to which the course belongs.  Also, team 
membership includes other faculty members associated 
with the academic stream and the relevant course 
coordinator(s) / instructor(s). In principle, the 
organization and scope of the team activities assumes a 
defined leadership structure, assessment elements 
(performance indicators, program and/or curriculum map, 
and assessment schedule), assessment design (assessed 
courses and assessment methods), assessment data and 
results, and preparing proposals for future program 
improvements. 

Step 2: Coordinator(s)/Instructor(s) of Course “X” 
submit the Current Course Documents Package (CCDP) 
for that course to the Course Evaluation Team (CET) for 
Course “X.”  

The Course Documents Package submitted as part of 
this step includes:  
• The current Course Outline prepared by the course 

coordinator/instructor. 
• The Current Course Dossier (i.e., Completed CEAB 

Tables 3.1.2 and 3.1.3) prepared by the course 
coordinator/instructor). 

• Current Course Coordinator/Instructor Self-
Assessment report (Completed CEAB Table 3.1.4) 
prepared by the course coordinator/instructor. 

• Current official Student Course Evaluations. 
Step 3: Course Evaluation Team for Course “X” 

meets, considers and analyses the Current Course 
Documents Package (CCDP) submitted by the Course 
Coordinator(s)/Instructor(s) and generates a Course 
Assessment Report (CAR) for Course “X” that is 
submitted to the relevant Program Curriculum Committee 
(PCC) for review and approval.  

The course evaluation teams are, in principle, charged 
with the following activities: 
• Collect, inspect, scan and file data each term (enter 

inspection results in a Data Collection Log; place 
scanned data online). 

• For each course outcome, extract relevant data from 
files, following the Program Outcome Assessment 
Schedule. 

• Process data to estimate actual learning level for each 
course outcome. 

• Identify the areas needing improvement and suggest 
appropriate changes.  

• Improvements should be achieved in course policy 
standardization, course integration within the 
curriculum, faculty teaching behaviors, and student 
experiences.  

• For each course outcome/graduate attribute, if the 
desired learning level is not achieved (e.g., lack of 

opportunities for student self-assessment and self-
regulated learning have resulted in only 42% of 
students reaching threshold levels in Lifelong 
Learning).  

• Analyze the explanation offered about the findings 
per course and per graduate attribute (provided by 
course instructors each time the course is offered). 

• Generate speculations about possible 
interrelationships with other courses (e.g., 
prerequisites or co-requisites). 

• Identify the probable causes and reasons for the 
findings and decide on a course of action (define the 
remedial measures).  

The Course Evaluation Team is in charge of generating 
and agreeing on the Course Assessment Report (CAR), 
which is then submitted to the Program Curriculum 
Committee for review and approval. 

Step 4: Program Curriculum Committee (PCC) 
Course Assessment Report (CAR) Review and Approval.  

Once the Program Curriculum Committee (PCC) 
receives and considers the Course Assessment Report 
(CAR) generated by the Course Evaluation Team (CET), 
the PCC converts its related and detailed decisions into a 
Modified Course Assessment Report (MCAR), which is 
then submitted to the Department Council (DC) for 
review and approval. 

Step 5: Department Council (DC) Modified Course 
Assessment Report Approval.  

The Department Council (DC) may approve or reject 
the Modified Course Assessment Report (MCAR). If the 
MCAR is approved, it is then submitted to the 
Engineering Curriculum Committee (ECC) for review and 
approval. 

Step 6: Engineering Curriculum Committee (ECC) 
Modified Course Assessment Report (MCAR) Review and 
Approval.  

Once the Engineering Curriculum Committee (ECC) 
receives and considers the Modified Course Assessment 
Report (MCAR) generated by the Program Curriculum 
Committee (PCC) and approved by the Department 
Council (DC), the ECC converts its related and detailed 
decisions into a Final Course Assessment Report (FCAR), 
which is then submitted to the Faculty Council (FC) for 
review and approval. 

Step 7: Faculty Council (FC) Final Course 
Assessment Report (FCAR) Approval.  

The Faculty Council (FC) may approve or reject the 
Final Course Assessment Report (FCAR). If the FCAR is 
approved, the FC formally charges the Course “X” 
Coordinator/ Instructor (CC/I) on behalf of the Dean to 
update the Current Course “X” Outline and Dossier 
according to the approved FCAR and to continue offering 
course “X” according to the updated documents. 
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Step 8: Stream Leader (SL) creates a Cumulative 
Course Assessment Report File (CCARF) for Course “X.”  

The Stream Leader (SL) adds the latest approved Final 
Course Assessment Report (FCAR) to the Cumulative 
Course Assessment Report File (CCARF), archives the 
CCARF in both electronic and hard copy format and 
formally provides a copy of the latest FCAR to the Dean 
for purpose of relevant faculty performance evaluation. 

Step 9: Course Coordinator/Instructor (CC/I) for 
Course “X” updates the Current Course Documents 
Package (CCDP) for Course “X.” 

The Coordinator/Instructor updates the current course 
outline for Course “X” and the Current Course “X” 
Dossier (i.e., Completed CEAB Tables 3.1.2 and 3.1.3) 
according to the approved FCAR. Also, the 
Coordinator/Instructor implements all the required and 
recommended changes during the next offering of the 
Course “X”. Finally, the Coordinator/Instructor collects, 
summarizes and analyses all outcome-based assessment 
data of the newly offered course related to the 12 CEAB 
Graduate Attributes and creates a new Current CEAB 
Table 3.1.4 to be used for the next review cycle. That may 
be a Formal 3-year Program Review, or a Regular 2-year 
Course Review, or an Emergency Course Review, as 
appropriate. 
 

6. CONCLUSIONS 
 

The recent experience at UOIT in demonstrating the 
competencies required for accreditation for engineering 
programs is considered. The process of incorporating the 
graduate attributes and the continual improvement process 
into the curricula of engineering programs at UOIT is 
presented, with the objective of describing one approach 
and seeking feedback and suggestions on possible 
enhancements. In particular, the process used to develop a 
systematic approach for measuring performance relative 
to graduate attributes and learning outcomes and the 
results of its application to the continual improvement 
cycle of UOIT’s engineering programs is demonstrated. 
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INTRODUCTION 
     A project is underway to develop valid analytic rubrics that can be 
used to assess learning outcomes related to the CEAB graduate attributes 
in several key areas:  investigation, design, problem solving, 
communication and teamwork.  This is part of a larger program funded 
by the Higher Education Quality Council of Ontario (HEQCO) to 
investigate valid methods for assessing learning outcomes.  As a first 
step in this project, a review of existing learning outcomes related to 
these areas has been conducted and rubrics for each indicator have been 
drafted. 
 
DEVELOPMENT PROCESS 
     There are many specific learning outcomes (i.e. indicators) that have 
been suggested for the attributes under investigation, or related global 
learning outcomes.  These come from sources such as the VALUE 
Program, the Tuning project, Canadian engineering institutions and 
others.1-6 In the first phase of this project indicators from these and other 
sources have been compiled and organized into a comprehensive list. 
      One of the first obstacles that became apparent was the differences in 
the terminology used in this field.  The use of terms such as competency, 
indicator, skill, outcome, criteria and global outcome was inconsistent.  
We found that to create a clear coherent integrated system required 
defining learning outcome levels and translating the different systems 
into a single hierarchy.  We settled on the use of a three level system 
where “indicator” is used to describe the most specific learning 
outcomes which are measurable at the assignment or exam level;  
“Global outcome” to describe learning outcomes that best describe 
learning at the course level or through a set of courses; and finally, at the 
top level, we used “competency” which translates to “attribute” in the 
CEAB terminology.   
     One of the other important complexities we had to resolve was the 
relationship between problem analysis (or problem solving) and design 
outcomes.  There is no clear boundary between open-ended problems 
that are often addressed as design problems and purely close-ended 
problems characteristically addressed through problem solving 
methodologies.  A substantially constrained design problem can become 
virtually close-ended.  Similarly, a problem that is close-ended in ideal 
circumstances can become open-ended when it is under-defined or when 
circumstances do not allow the application of a routine solution. Adding 
to this complexity, many of the existing learning outcome systems do 
not explicitly recognize “design” as a separate entity, but instead include 
problem analysis and critical thinking categories.  Many of the critical 
thinking indicators in these systems, we, as engineers, recognize as 
design outcomes.  We carefully examined the lists of indicators, and 
based on the CEAB attribute definitions assigned the indicators to either 
the “problem analysis” or “design” category.  However, we recognize 
that this is somewhat arbitrary and open to reinterpretation. 
     In examining the list of indicators that resulted from this process, we 
discovered that many of the systems did not include outcomes related to 
reflection.  There is research to suggest that reflection is important to 
effective learning.7,8  So in this instance, and where we observed other 
obvious gaps, we added indicators to make the list more complete. 
 
RESULTS 
    This phase of the project resulted in a comprehensive list of learning 
outcomes (indicators) in communication, teamwork, investigation, 
design, and problem analysis.  Duplicate or redundant indicators were 
removed from the list to keep it as concise as possible.  In addition, the 
indicators were organized into global outcome categories.  Some of the 
systems reviewed already had global outcome categories, but for the 
purposes of creating a comprehensive, but well organized, list we 
identified common global categories and reorganized the indicators into 
these categories.  The global outcomes evident from the indicator list are 
useful because they help to define the high level attributes (or 
competencies) more clearly.  
     One of the interesting observations from this list is the number of 
different global outcomes that are evident from the comprehensive 

indicator list.  In problem solving alone, we compiled 29 unique 
indicators in eight different global outcome areas:  The student 
demonstrates the ability to 

x … define the problem 
x … identify strategies or solution processes 
x … propose a solution process 
x … implement a solution process 
x … evaluate the results 
x … reflect on the solution 
x … reflect on the problem-solving process 
x … use advanced problem-solving skills 

      
     Similar lists were developed for the 4 other attribute areas.  Together 
these organized lists give a comprehensive view of our collective 
understanding of competency in these areas. 
   
CURRENT AND FUTURE WORK 
     After completing the organized lists, draft analytic rubrics were 
developed.  This entailed creating sets of descriptors for each indicator.  
The first drafts have four levels: fails, below expectation, meets 
expectation, and exceeds expectation.  However, we recognize that a 
performance that meets expectation at a first year level may fail to meet 
expectation at the fourth year level.  For this reason we are now working 
to create a graduated system of rubrics that describe expectations from 
the first year through to fourth year.  We will be consulting with 
instructors to ensure that the levels are appropriate. 
     Next the rubrics will be implemented into courses.  We expect the 
instructors to modify the indicators to some degree and the descriptors to 
fit the assessments in their course.  However, the rubrics we have 
created will serve as a starting point.  The rubrics will be evaluated for 
inter-rater reliability and validity during the following years of this 
project.  The goal is to provide the community with resources they can 
adapt to their own institutional needs. 
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INTRODUCTION 
     The Faculty of Applied Science and Engineering at the University of 
Toronto has undertaken a variety of online teaching projects over the 
past year.  Our Instructional Technology Office has supported the 
development and delivery of a MOOC (massive open online course) 
delivered on the EdX platform; the development and delivery of two 
first year engineering calculus courses; and several projects aimed at 
developing reusable digital learning objects (usually referred to as 
RLO’s or DLO’s).  The development of DLO’s is leading to an 
increasing use of inverted classroom teaching, and other non-traditional 
approaches.   
     We generally select highly experienced instructors who have been 
successful in their teaching for these types of projects.  Prior to 
launching into their respective projects, the instructors involved in these 
projects received training and support based on the current 
understanding of best practices in the delivery of online learning.  This 
included attending programs such as the University of Toronto Course 
Design Institute which has a significant component dedicated to the 
design of online learning experiences.  The instructors also regularly 
consulted with the Director of Online Strategy for the University and 
worked closely with personnel in the Instructional Technology Office. 
     While this preparation was certainly helpful, it did not fully prepare 
the instructors for the differences between in-person and on-line 
teaching. This paper discusses two projects in particular:  a MOOC 
called “Our Energetic Earth” which was delivered in the fall of 2013; 
and a set of two first year engineering calculus courses that were 
available to our students for credit during the 2013/14 academic year. 

MOOC PROJECT 
     In the Fall of 2013 we developed and delivered our first Massive 
Open Online Course (MOOC).  A MOOC is free to anyone in the world 
who wants to sign up, there is no enrolment limit, and we do not grant 
credit for the course.  If a participant completes the course they get a 
certificate of completion.  The “Our Energetic Earth” MOOC took about 
6 months to prepare and was delivered over a 6 week period.  The 
instructor (B. Karney) was supported by two teaching assistants and the 
Instructional Technology Office.  The course had 10,857 registrants of 
whom 458 completed the course for the certificate.  Interestingly there 
were 1789 people who completed the week 6 quiz, but most of these 
participants did not complete enough other work to earn the certificate.  
Also 2827 new people have viewed the course materials in the time 
since the course was ended (people who were not originally registered 
for the course).  This is typical of a MOOC and suggests people are 
engaging with the material beyond a traditional course paradigm.  
     Since the “recognition value” of the certificate was low (in our view) 
we thought the majority of people participating would be interested in 
learning and not so interested in the evaluation through certificate and 
quizzes.  However, we were surprised at how many of the complaints 
were about the quizzes being too hard.  Surprisingly, a number of 
students were doing the quizzes within an hour of the week’s material 
being posted.    In other words, they were quite ready to challenge the 
quiz before the learning exercises, which might at least partly explain 
why they found the quizzes challenging.      
     We were disappointed to what extent “evaluation” played a big role 
in people’s minds, although this may have been the vocal minority rather 
than the silent majority.   Our initial impression was that people would 
be engaging in a MOOC purely for the learning outcomes.  Though in 
retrospect we might have expected evaluation would be highly valued 
given the emphasis this has in most educational systems.  It is interesting 
to note that research at UofT and elsewhere suggests that 80 to 85% of 
MOOC participants have an undergraduate degree [1], suggesting that 
the majority of participants have been successful learners in higher 
education where assessment is usually the key indicator of success. 
     The videos for this project were 15 to 20 minutes in length. Some 
people loved the videos but fewer people watched the videos than did 
the quizzes, so that was a surprise and a bit of disappointment.  Again, it 
appeared that there was more interest in completing the evaluation than 
engaging in the material. 

     The other surprise came from our own students some of whom were 
encouraged to do the MOOC alongside the in-person version of the 
course.    One of our hopes for the course is that we could encourage 
more direct experimentation and observation of the world and that partly 
happened.  Many participants seemed to enjoy sharing their pictures of 
environmental phenomena and other interactive aspects of the course. 
However there was push-back in the local student group, a number of 
whom identified that the thing that could best be dropped was the hands-
on component!    This did not support the spirit of science nor the spirit 
of exploration we were hoping to instill, at least for a subset of the total 
group. 
    Our key motivations for engaging in this project was the opportunity 
to create high quality learning materials that we can reuse to enrich the 
learning experience for our students; and the opportunity to engage a 
broader community of learners with our students in the learning process.  
Both of these aspects of the MOOC were at least partly realized.  In the 
future we are going to be utilizing the materials developed for the 
MOOC in our courses more broadly.  The experience of learning in an 
open environment holds a fascinating potential for enhancing the 
experience for our students.   

SCOC PROJECT 
     At the same time as we were developing the MOOC, we were also 
developing two small closed online courses (SCOC’s) which are 
accessible only to our own students and are taken for credit.  The 
courses are alternatives to the traditional calculus courses required for 
most first year engineering students.  The preparation for these courses 
took approximately 6 months and included development of videos, 
assessments, and an online interaction strategy.  The instructor (S. 
Cohen) was supported by one teaching assistant and the Instructional 
Technology Office.  Approximately 500 videos were produced in total 
for the two courses.  Some are very short, but on average these run about 
7 to 10 minutes each.  The videos include typical “lectures” on concepts, 
example problem solving, and videos “on location” showing 
applications of math and mathematical thinking.  The “on location” 
videos showing the application of engineering math to architecture, or a 
kinesiology lab were especially popular.  To enhance interaction, a 
Piazza discussion board was used. 
     We actually found very little difference between the expectations and 
the result.  We knew that this project will require a lot of work.  It 
certainly did.  We expected that it would attract a reasonably small 
number of students and that the course would not match everyone's 
expectations.  That seemed to be the case.  One of the primary reasons 
students gave for choosing not to enroll in the online section was that 
they prefer to be in class with their friends.  
     The only thing that the instructor found odd was his reaction to the 
camera.  He adapted to the styles of three different types of videos - 
mini-lectures, examples, and long demonstrations - very quickly and 
found that it was easy to find opportunities where these provided 
freedom he did not have in a traditional class.  On the other hand, he still 
fumbled greatly with anything formal – completely pre-scripted videos 
were the most difficult. 
    The greatest difficulties with teaching online were the lack of 
immediacy and (related to this) the lack of humour.   Although he had no 
problems doing the lectures, he found himself wishing for some call-
and-response.  The lectures often felt quite dry without the brief, light 
interaction he was used to with the class.  However a number of students 
commented positively on the humour they found in the lecture videos.  
    In summary, both projects have produced high quality DLO’s that we 
will be using in traditional, blended, or inverted teaching in the future.  
However, the experience of teaching in these ways is different and 
presents a wide variety of both challenges and opportunities. 
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Abstract – Sustainability entrepreneurship is the use of 
innovative enterprise in a strategic manner to address a 
sustainability-related issue.  By its operation, the process 
of sustainability entrepreneurship adds to the 
improvement of social, economic, and environmental 
concerns related to human quality of life.  This work 
proposes that the distinction of sustainability 
entrepreneurship is having the business activity a 
characteristic of the innovation and making engineering 
or technology a critical component of the business 
solution.  This work discusses how sustainability 
entrepreneurship can be introduced in undergraduate and 
graduate engineering curriculum, specifically through a 
materials science laboratory, engineering 
entrepreneurship, and engineering management 
experiences.   Examples in this work demonstrate that 
sustainability entrepreneurship is a progression that 
begins with an understanding of the technical issues of 
sustainability as an engineering student, moves to the 
motivation, drive and identification of an opportunity that 
creates of a product or service valuable to an identified 
market, and finally creates a business that adds to the 
sustainability of life-supporting systems in the process. 
 
Keywords: innovation, life cycle assessment, new product 
development, management. 
 
 

1. INTRODUCTION 
 

The topic of sustainability is a broadly defined one 
that spans many academic disciplines, from business, 
economics, and the social sciences, to science and 
engineering.  This work focuses on applying integrated 
knowledge and interest in Materials Science and 
Engineering (MSE) and Engineering Management (EM) 
to inspire, define, and create innovation for sustainability 
in engineering students.   

The paradigm of Materials Science and Engineering is 
inherently focused on sustainability, as opportunity for 
innovation and design is possible at each step of the 
Performance, Processing, Properties, and Microstructure 
cycle, shown in Figure 1.  Synthetic fibers, the decreasing 
size of microchips, as examples, and mechanization, 

automation, and standardization have certainly changed 
the process yields and quality of manufactured products. 
 

 
 

Fig. 1. Materials Paradigm 
 

The forms that opportunities take are often specifically 
materials-related [6]:  

x Use of raw materials 
x Altering product dimensions 
x Improving physical properties of products 
x Improving product performance 
x New production processes 
x Scale and form of production 

 
The forms that these opportunities take to impact 
sustainability can also be depicted by a life cycle 
assessment (LCA), in which technology innovation and 
engineering design is possible at each step, shown in 
Figure 2.   

x Materials 
x Manufacture 
x Transport  
x Use 
x Disposal 
x End of Life Potential 
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The selection of materials, the manufacturing, assembly, 
and product design of these materials for applications 
(e.g. in energy, construction, defense, transportation, and 
communication/information), their transport, and their 
disposal, can be considered in which sustainability is not 
only a business objective but a way of doing business.  
Environmental impact as measured by energy costs, 
carbon dioxide CO2 footprint, and end-of-life potential 
(EoL) at each step can be optimized in new product 
development and as a vital component of entrepreneurial 
strategy. 

 
 

Fig. 2. Life Cycle Assessment 
 

2. SUSTAINABILITY FOR ENGINEERING 
MANAGERS 

 
The Master of Engineering Management (MEM) 

program in the Faculty of Engineering and Applied 
Science (FEAS) at Memorial University of Newfoundland 
(MUN) offers three graduate-level courses in which the 
topic of sustainability for technology and 
entrepreneurship are presented:  (1) Engineering 
Management Topics and (2) Advanced Modeling and 
Quality Management, and (3) one course in which the 
topic can be applied or explored as a two-semester, two-
credit MEM Research Project.  Over the last four years, 
approximately a quarter of the MEM projects have 
focused on sustainability entrepreneurship in engineering. 

 
2.1 New Product Development 
 

One example from an MEM project focused on the 
evaluation of how the automotive industry in North 
America defined and conducted self-assessments on their 
sustainability.   In this project, a novel sustainability 
indicators matrix, similar to a key performance matrix, 
was proposed by the MEM student, after collecting 

feedback from production line managers, on what 
components of sustainability were important to operations 
and business management.   

Another MEM project researched the new venture 
feasibility of collecting and recycling stockpiles of old 
tires into construction-pavement materials in 
Newfoundland.  The innovation in this case was not only 
the end-product but the strategy of addressing a location-
based opportunity that considered each step of the LCA 
and altered the end-of-life potential of automobile tires, as 
shown in Figure 3 [5]. 

 
 

Fig. 3. Life Cycle Assessment of New Product from 
Reuse/Recycle of Car Tires Increasing End-of-Life 

Potential 
 
Other similar examples of MEM projects have included 
the processing of biomass into fuels and the new venture 
creation of a plastics recycling entity in an 
underdeveloped country, using the model of the “CurbIt 
Curbside Recycling and Waste Management” Campaign 
in St. John’s. 
 
2.2 Strategy 

 
The integration of the materials paradigm and the 

LCA model shown in Figures 1 and 2 can be compared 
with strategic business models and considered in what is 
defined as “strategic positioning” by M.E. Porter, i.e. 
“performing different activities from rivals' or performing 
similar activities in different ways” [5].   In addition, the 
engineering-entrepreneurial approach should in fact 
include sustainability in as many components of the 
business model of a technology-based enterprise, as 
shown in Figure 4.  For example, a firm’s mission, or 
mission statement, describes why it exists and what its 
business model is supposed to accomplish.  If 
sustainability is a focused objective, then all following 
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decisions will either reinforce or optimize this strategic 
differentiation.  Similarly, a core competency is a 
resource or capability that serves as a source of a firm’s 
competitive advantage, and if sustainability is 
incorporated as part of the venture’s core competency, 
then all strategic decisions pertaining to assets, 
partnerships, pricing and customer engagement will either 
reinforce or optimize this [2].  These concepts are 
discussed in the MEM program and at the undergraduate 
level in an elective called Engineering Entrepreneurship. 
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Fig. 4. Components of a Business Model [3] 

 
3. IDENTIFYING NEW VENTURE 

OPPORTUNITIES FOR SUSTAINABILITY 
 

It can be argued that emphasis on sustainability in 
entrepreneurship has been implicitly communicated over 
the last few years but not specifically made a focus in 
undergraduate curriculum.  Sustainability has been 
discussed in the context of observing trends and external 
factors (economic, social, regulatory, technological, 
political and legal) for identifying new venture 
opportunities.  In engineering curriculum, it is sometimes 
implied in design courses.  In this work, a review of the 
undergraduate business ventures that have been 
researched and pursued by students over the last four 
years in the course Engineering Entrepreneurship in the 
FEAS at MUN reflect this “implied focus” in three areas: 

x Sustainability as an opportunity 
x Sustainability as a business model component  
x Sustainability as a business objective, i.e. for a  

product or service 
 
Figure 5 shows that approximately a quarter of these 
business ideas are related to one of the three points above.  
When categorized into the Ansoff Matrix of potential 
product-market growth, it can be seen that the majority of 
these new ventures ideas are new products in existing 
markets, or focused on new product development [1]. 
 

Product Development (new product or service in 
existing market) 

x Small-scale, hydro-based energy generator 
x Bluetooth technology to track people during 

evacuation or emergency 
x Cursor manipulation via eye movement 
x Home energy monitoring system 
x Collapsible lobster trap  
x Electric motorcycle 
x Organic fertilizer (from chicken farm) 
x Downtown transport 
x Laundry service 

Market development (present product/service in 
new market 

x “Green” construction waste management in NL 
and removal from NL  

Diversification (new product or service in new 
market) 

x Home energy audits 
 

Fig.5. Business Feasibility Ideas Focusing on 
Sustainability  

 
For the focus on sustainability entrepreneurship to be 
more specifically emphasized in engineering curriculum, 
an increase in student exposure to sustainability as a 
theme or component in design, materials selection, and 
manufacturing would be significant. 
 

4. MATERIALS SUSTAINABILITY AND 
SUSTAINABILITY ENTREPRENEURSHIP 

 
In the Winter 2014 semester of Chemistry and Physics 

of Materials II, a new lab was implemented using 
materials selection software in which Term 8 Mechanical 
and Process Engineering students considered the issue of 
materials sustainability.  The lab session introduced the 
students to the “Eco-Audit” element of the CES Edu-Pak 
package developed by Michael Ashby and his company, 
Granta Materials Inspiration and Design [4].  Students 
were then asked to take on the scenario of engineering-
entrepreneurs who wanted to consider sustainability in the 
production of their products.  The students were asked to 
prepare a technical memorandum discussing the life cycle 
assessment of a product of their choice.  Students were to 
indicate four parameters to vary in the input (raw 
materials, manufacturing processes), transport, use, and 
disposal stages of the LCA.  They were to consider the 
significance of each stage and the reuse-recycle-recover 
potential at end-of-life.  The collection of selected 
products was: 

x Kayak 
x Bike helmet 
x Bike frame 
x Snowboard 
x Hockey rink glass 
x Bulletproof vest 
x Keurig K-cups 
x Wetsuit 
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x Tennis racket 
x Wind turbine 
x Guitar strings 
x Eyeglass frames 
x Egg cartons 

 
Figures 6 and 7 display abridged examples of students’ 
reflection on the LCA parameters to evaluate materials 
sustainability.   
 
“This memorandum is written to relay the findings of a 
product eco-design technique study. Research was done to 
find appropriate materials for a wetsuit, as well as realistic 
means of manufacture, transport and disposal.  
 
For the basis of this study, an Eco-Audit report was 
conducted for wetsuits that could be utilized in 
Newfoundland waters, therefore the design needed to include 
thick materials, durable seals, and long sleeve and pant legs. 
The basis of this suit would need to be made of a material 
that can sustain extremely cold, salt-water conditions. 
Parameters including materials, manufacturing, 
transportation, and end-of-life processes were researched, 
and a wetsuit base-case model was created.  
 
The base-case model of the wetsuit was fabricated from 5 
mm thick neoprene for the body, with an estimated weight of 
4 lbs. Silicon cuffs were then added with an estimated weight 
of 0.5 lbs. Other materials include a zipper made of 
polyoxymethylene  (POM), liquid taping for seams made of 
natural rubber, and nylon lining for the inside of the suit. 
The total weight of material was estimated to be 5 lbs. The 
life span of the wetsuit was estimated to be 5 years and the 
end-of-life disposal for all components was landfill. It was 
assumed that the materials would be shipped by plane from 
Beijing to Vancouver. After being manufactured in 
Vancouver the wetsuits would be transported to Sydney, 
Nova Scotia by truck, and then taken by ferry from Sydney to 
Port Aux Basque.”   
 

Fig.6. Example Sustainability Parameters for a Wetsuit 
 
 
“Through research, the essential materials of a standard 
snowboard were determined to be its core, two fiberglass 
sheets, top and bottom sheets and its edges.  These 
components resemble a structural composite or more 
specifically, a sandwich panel. For the purposes of this 
memo, the core piece was the only material altered. This is 
consistent with the marketplace, where the other materials 
remain relatively consistent from manufacturer to 
manufacturer. Three materials for the products core were 
analyzed: Carbon-Fiber-Reinforced Polymer (CFRP), pine 
wood and oak wood. It should be noted that the materials 
used for the fiberglass sheets, top and bottom sheets and 
edges were Glass-Fiber-Reinforced Polymer (GFRP), 
polyethylene and stainless steel. 
 
One goal during the audit was to keep the process and 
product as local as possible, for this reason transportation 

was chosen as the next parameter. With exception to the 
polyethylene, used for the top and bottom sheets, all 
materials were sourced from vendors in Newfoundland and 
would be transported to the plant in Corner Brook via truck. 
The polyethylene would be transported from the closest 
manufacturer, based out of Lachine, Quebec. Two 
transportation methods are evaluated later in the report. The 
first method consists of the polyethylene being transported 
via ground and ferry while the other consists of 
predominantly airfreight” 
 
Fig.7. Example Sustainability Parameters for a Snowboard 
 
Figure 8 shows example work from students considering 
the CO2 footprint of a one-serving disposable coffee cup 
design using different cup materials and transport 
combinations.  The students analyzed the most significant 
stages of the LCA for 100,000 non-recyclable, one-serve 
cups to be shipped from Massachusetts to St. John’s  
(truck and sea) and showed that with a change in 
materials selection and type of processing, a significant 
reduction in the CO2 footprint of the product could be 
made.   
 

 
 

Fig.8. Comparison of CO2 Output in Kg by Different One-
Serving Cup Materials and Processing.  

 
5. DISCUSSION 

 
5.1 Assessment of Impact and Effectiveness 
 

It can be argued that understanding and applying 
sustainability in engineering and entrepreneurship has 
more qualitative measures and a longer-term impact.  In 
the projects discussed in this work, the quality of the 
outcomes was evaluated as ranging from satisfactory to 
excellent.  In all cases, it was significantly clear that 
undergraduate students are interested in learning how to 

12,800 

8,610 8,620 

3,040 2,610 2,490 

Regular
Cups

Regular
Cups

Recycle
Lid and
Paper

BioPlastic
Cups

BioPlastic
Cups

Recycled

BioPlastic
Cups and

Lids
Recycled

BioPlastic
Cups and

Lids
Recycled
and SEA

FREIGHT



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 47 
Canmore, AB; June 8-11, 2014 –  5 of 5  – 

evaluate and apply sustainability and would like to see it 
as a theme or component in their engineering course.  In 
terms of the Canadian Engineering Graduate Attributes, 
almost all of the attributes were addressed with the 
projects described in this work [3]: 

x Problem analysis 
x Investigation 
x Design 
x Use of Engineering Tools 
x Teamwork 
x Communication skills 
x Professionalism 
x Impact of Engineering on Society and the 

Environment 
x Ethics and Equity 
x Economics and Project Management 
x Life-long learning 

 
In addition, the author welcomes ideas and suggestions of 
assessment techniques that have been effective in 
quantifying and qualifying sustainability in engineering 
entrepreneurship. 
 
5.2 Sustainability in Service  
 

In this work, sustainability is discussed only in the 
sense of engineered materials and products.  There are 
considerations for sustainability with service-based 
applications and new ventures, and these may be aligned 
with lean operations, optimization, and quality 
management.  In the realm of this work, while not 
discussed, service-based sustainability is being further 
developed for the MEM course Advanced Modeling and 
Quality Management and has been the topic of a few 
MEM projects. 

 
5.3 Champion for Sustainability  
 

The dynamics and structure of an entrepreneurial 
endeavor are usually enforced and exemplified by the 
organization’s champions.  These champions may include 
the venture’s founders, and just as it is important to have 
champions for organizational culture, knowledge sharing 
and management, and empowering leadership, it is 
critically important for entrepreneurial firms, as well as 
undergraduate and graduate Engineering departments, to 
have champions for sustainability.  These champions 
practice “motivating and managing by walking around 
(MBWA)” and are ready to discuss the important aspects 
of sustainability. 
 

6. CONCLUSION 
 
This work presented sustainability entrepreneurship 

through the models of Materials Science and Engineering 
for engineered materials and engineered products, 
Engineering Management, Life Cycle Assessments, and 
Strategic Management.  The educational activities to 
incorporate the topic of sustainability in engineering 
curriculum is just beginning, and sustainability 
entrepreneurship will be better defined and demonstrated 
in years to come.   Sustainability entrepreneurship is a 
progression that begins with:  

x an understanding of the technical issues of 
sustainability  

x a motivation, drive and identification of an 
opportunity 

x the creation of a product or service valuable to an 
identified market 

x the formation of a business entity that aids in the 
preservation of life-supporting systems and the 
environment 

The use of innovative enterprise in a strategic manner 
to address a sustainability-related issue, while 
contributing to the improvement of social, economic, and 
environmental concerns related to human quality of life, 
is certainly a concept for future engineers to embrace and 
consider.  This work proposes that the essence of 
sustainability entrepreneurship is having the business 
activity a characteristic of the technology innovation and 
making engineering design a critical component of the 
business solution.   
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Abstract  Modelling, visualization, and simulation 

can be important aspects of a research project. For 
students and faculty outside the game development 
industry, understanding what is required can be a serious 
hurdle.  

The purpose of this paper is to give non-programmers 
an overview of the skill sets, software tools, and resources 
required to begin 3D simulation and game development. 
Because they are easily acquired tools that cover source 
control, asset creation, and game design; Git, Blender, 
and Unity® be examined 
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Development tools 
 

1. INTRODUCTION 

This paper is aimed at students who are interested in 
using 3d game techniques in their research and the 
advisors who support them.  This paper gives an overview 
of the skill sets required for 3d simulation and game 
development, one set of tools available, and a selection of 
resources that support those tools. 

An interactive game environment, which features 
animated characters, dialog, and scenes, is going to 
require a lot of work.  Modern video games have teams of 
developers, graphic artists, and business people to support 
their development.  As a student it is very important that 
you have a well defined project and focus on the design 
aspects that reinforce the core concept of your game [1].  

For this paper, Git, Blender, and Unity® will be the 
tools examined. This is because both Git and Blender are 
free open source programs, while Unity® has indie(free), 
student ($159), and pro ($5000) price points (as of 
January, 14, 2014).  Focusing on Unity and open source 
software allows students to acquire the software for 
themselves and continue to use it after graduation.   

1.1 Prerequisite Skills 

The underlying skills required for developing a 3d 
application are visualization, design, and problem solving.  

You will need to be able to create a unique idea, flush it 
out, and create the design specifications. From there the 
implementation will require programming, graphic arts, 
animation, narration, and game theory.  Finally with all 
these pieces in place, you will need to troubleshoot your 
project until it is complete. 

1.2 Three General Suggestions For Students   

Here are three suggestions that will help you with the 
whole design process: 

 Work through several small projects from start to 
finish. That way you learn about all aspects of 
the design process from creation, to release of a 
finished project.  

 Be very specific about what you are creating and 
why.  Find the minimum features you need to 
implement to make your game or simulation 
work.  Once these are built and positively 
received you can build on them. 

 Test out your ideas on others often.  Get 
feedback from your users about what is working 
and what is not.    

1.3 Three General Suggestions For Advisors 

Game development is a broad area to which many 
students will find themselves swimming in unfamiliar 
waters.  Your students will probably need help with the 
planning, technical, or legal aspects of their design: 

 Focus on the project management techniques that 
result in finished projects.  Things like, creating 
a clear design document, limiting the scope of 
deliverables.  And good coding practices.  

  Develop a training and resource library. 
  Coach your students on how to document their 

sources and manage copyright issues 

2. DEVELOPMENT PIPELINE 

The remainder of this document looks at the source 
control, asset creation, and game engine elements of 
putting a 3d simulation or game together.  Version control 
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is examined first, because it lays a foundation for easier 
development in the asset creation and game engine stages.  
Asset creation (modelling, skinning, rigging, and 
animating) are considered second because they are the 
tools required to make animated 3d objects that will be 
used by the game engine.  Finally, the game engine will 
be considered, because it is here that you program how 
the game objects interact to create your simulation or 3d 
world.  

2.1 Technical Skills - Source Control 

Version control is an important aspect of software 
development.  It makes your project more robust in three 
critical ways. 1) It allows for restoring files that have been 
deleted or changed beyond recognition. 2) It facilitates 
working in parallel either with other people, or on 
multiple computers. And 3) It allows you to branch off 
your project and focus on solving one problem at a time. 

Version control is essential for Unity® projects 
because the projects are quite complex and easy to break 
by: 

 Accidentally deleting a required asset or 
component. 

 Updating a source file or importing assets that 
have compilation errors. 

 Changing a prefab without consideration for how 
the child instances are used.  

Version control is also very valuable in maintaining 
and versioning assets downloaded from the Unity Asset 
Store.  Apps in this store are maintained by hundreds of 
independent developers and sometimes packages develop 
problems or even get pulled from the store.  Downloaded 
assets are stored locally on Windows systems in the 
hidden folder %appdata%\Unity\Asset Store.   

Simply put, having the ability to roll back a project, 
undo an import, or just plain see the differences between 
versions of your project will save you time and 
frustration.   

3. GIT 

Git is a popular open source distributed version control 
software that allows each user to keep a full version of the 
project and its history.  Git uses a two stage commit 
process in which the user scans for changes in the file 
structure, chooses which files to stage, and then commits 
them to the repository.  This allows the user greater 
control by allowing comments to be targeted to specific 
files and allowing changes to be spread over multiple 
commits.  Git is very easy to use and well worth the 
effort.   

The three images of Git BASH, Git GUI, and GitK 
comprise the "msysGit" interface for Windows.  

Git BASH is the command line environment for GIT, 
and allows users full control of the GIT system.  It uses a 
Linux style syntax and is easily recognizable in 
documentation because all the commands start with a 
dollar sign $ prompt.  This is important because much of 
the documentation on GIT assumes a command line 
interface.  

 "Git GUI" is a graphical add on which makes 
interfacing and using Git intuitively easy.  Major GIT 
functions are listed in the menus, while the main window 
allows you to easily understand which files have been 
changed, which files are being committed, and what 
comments you are associating with your commit.  

 "GitK" is a graphical history viewer which allows you 
to easily see how the project has been branched. It also 
includes an inspector which makes it easy to see the 
differences between files.  For stability reasons, do not 
branch the project in GitK, while controlling the 
repository in Git-GUI.    

 

 
Figure 1: Git BASH is the command line editor for msysGit 

 
Figure 2: Git GUI is the graphical interface for msysGit 
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Figure 3: GitK is the graphical history viewer for msysGit 

3.1 Three Things Students Should Know About 
Git 

 Git allows the user to selectively back up 
(commit) every file in the project folder that has 
changed since the last commit.   

 Because you maintain a copy of each file 
revision, repositories can easily become several 
times your project size.  Using a .gitignore file is 
an effective way to avoid backing up temporary 
files that are easily reconstructed.  

 Although it is easy to store (push) your project 
onto a USB drive or online repository.  You need 
to be careful about where you store your work.  
USB drives are easily stolen, and storing 
information on a public server could result in 
you violating licence agreements, intellectual 
property, or privacy laws, thus putting you and 
your intellectual property at risk.  

3.2 Three Things Advisors Should Know About 
Git 

 Git is an industry standard distributed source 
control program.  It allows you to take snapshots 
of your project over time and restore them easily. 

 Git facilitates team work and prevents students 
from  writing  over  each  other’s  work.  Each GIT 
repository is a full copy of its parent. 

 Git repositories can be stored both locally and on 
a server.  

3.3  Resources 

 Git is available for free at:  
git-scm.com 

 Easy to understand resources: 
http://www.gitguys.com/ 
http://www-cs-students.stanford.edu/~blynn/gitmagic/ 
http://stackoverflow.com/questions/tagged/git 

3.4 Using GIT With Unity® 

Unity   offers   a   “Unity   Asset   Server” to people with 
team licences.  Alternatively, Unity® 4 also supports 
external version control in both its pro and indie licences'.  

To have GIT work properly with Unity® 4, each 
project must be configured such that the meta files used to 
track changes within Unity are stored as text files in the 
same folders as the assets they are monitoring.  This is 
done by adjusting the project settings as follows[2]:  

 
Edit -> Project Settings -> Editor 
    mode -> visible meta files 
    asset serialization mode -> force text 

 
Since GIT is designed to detect differences in files 

from one version to the next, even very small changes to 
the source or meta files will cause a new backup copy to 
be created during a commit.  In order to minimize the 
amount of data that is being backed up, a .gitignore file is 
used to exclude binary files whose contents frequently 
change   and   are   easily   reconstructed.     Only   the   “Assets”  
and   “ProjectSettings”   folders   need   to   be   kept.   Table 1 
shows a “.gitignore” file that eliminates many of the 
common temporary files found during development[3][4]. 

4. TECHNICAL SKILLS - ASSET CREATION 

The Unity® interface allows you to draw basic shapes 
like cubes, spheres, capsules and particle effects.  
However making more complicated shapes like buildings 
or characters requires a 3d modelling package like those 
listed in table 2.  Once created, the contents of a Maya, 
3DS Max, or Blender file can be easily added to any 
project[5][6].   

As image processing, normal maps, and ambient 
occlusion maps are critical to asset development, you 
should also consider investing in a good image editor 
such as Substance Designer, Photoshop, or Gimp listed in 
table 3.  

4.1 Blender [7] 

Blender is an open source, full featured program with 
tools for modelling, animation, and motion capture.  It is 
designed to support a fast workflow over many diverse 
aspects of 3d modelling.  But unfortunately for new users, 
the sheer amount of information available on screen, the 
number of tools and keyboard driven design, can be 
overwhelming.  However, once mastered, Blender is a 
fast and powerful 3d modelling tool.  
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4.2 Three Things Students Should Know About 
Blender 

 Start with modelling tutorials from Andrew 
Price, CGCookie, and CGBoorman. 

 Memorizing the hot keys is critical. 
http://waldobronchart.be/blenderkeyboard/ 
http://www.blenderguru.com/wp-
content/uploads/Exclusive/Blender_Cheat_Sheet.pdf  

 Try learning Blender in these stages, box 
modelling, modifiers, UV mapping, and rigging. 

4.3 Three Things Advisors Should Know About 
Blender 

 Blender has a challenging interface.  
Professionals often choose Maya over Blender. 

 An Nvidia graphics card and multi-core system 
is recommended for rendering[8] [9]. 

 Building a library of well done training materials 
will really help your students.  Training DVD's 
from Blender.org [10] [11] and CGCookie.com 
[12] are quite good. 

4.4 Blender Resources 

 Online manual, wiki, and tutorials 
http://wiki.blender.org/ 
http://www.blender.org/support/tutorials/ 

 High quality training materials 
http://www.cgmasters.net/category/free-tutorials/ 
http://www.blendtuts.com/blender_tutorials  
http://cgcookie.com/blender/ 
http://www.blenderguru.com/ 

 Millions of  videos on Vimeo and You-Tube 
http://www.youtube.com/user/tutor4u 
http://www.youtube.com/user/AndrewPPrice 
http://www.youtube.com/user/blendercookie 
http://www.youtube.com/user/BlenderFoundation 
http://www.youtube.com/user/cgboorman 

Table 3: Image Processing Programs  

Substance Designer  ($590) 
http://www.allegorithmic.com 
 
Bitmap2Material  ($149) 
http://www.allegorithmic.com 
 
Photoshop  ($79.99/month) 
http://www.adobe.com/ca/downloads.html 
 
Gimp  (Free) 
http://www.gimp.org/downloads 
 

Table 2: 3d modelling programs 

Maya  ($3675) 
http://www.autodesk.com/products/autodesk-maya 
 
3ds Max  ($3675) 
http://www.autodesk.com/store/3ds-max 
 
Blender  (Free) 
http://www.blender.org/download 
 

Table 1: A .gitignore file for use with Unity 

# Adapted from www.gitignore.io 
# # signs are comments 
# * are wildcards 
# / denotes a folder 
# [ ] accepts any one character within the brackets   
 
### MonoDevelop ### 
#User Specific 
*.userprefs 
*.usertasks 
#Mono Project Files 
*.pidb 
*.resources 
test-results/ 
 
### Unity ### 
[Ll]ibrary/ 
[Tt]emp/ 
[Oo]bj/ 
# Autogenerated Visual Studio and MonoDevelop files 
/*.csproj 
/*.unityproj 
/*.sln 
/*.suo 
/*.user 
/*.pidb 
 
### Windows ### 
Thumbs.db 
ehthumbs.db 
Desktop.ini 
$RECYCLE.BIN/ 
*.cab 
*.msi 
*.msm 
*.msp 
 
### Blender ### 
*.blend[0-9] 
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4.5 Using Blender With Unity® 

Unity supports blender files "natively" within its 
project structure but handles these files through Blender's 
fbx exporter.  When using Blender 2.69 and Unity 4, the 
following points should be considered:  

 Blender files have to be saved in object mode for 
the fbx exporter to work properly.  Otherwise 
Unity thinks the files are broken. 

 Blender automatically creates backup files 
".blendx" where x is a number that gets 
incremented.  These automatic backups cannot 
be used by Unity (or Blender) unless their 
filenames are changed back to .blend.  However, 
with version control, this could result in a lot of 
unnecessary files being saved. 

 Material assignments are not preserved between 
Blender and Unity.  UV maps should be clearly 
named and stored with the project so that they 
can be reassigned inside Unity. 

 Shaders are slightly different between Blender 
and Unity.   

 Depending on the target platform[13], you can 
be seriously constrained by the number of 
triangles being rendered or the number of draw 
calls being made.  Keep your models simple.  
Reuse texture maps and atlases wherever 
possible.  

 Investigate using linked and appended files 
within Blender to construct models.  These 
features allow Blender to bring merge assets 
from other files and allow you a greater ability to 
modify and reuse design components.  

5. GAME ENGINE 

Game engines manage the transformations, collisions, 
animations, and triggering of events for all the game 
objects in your scene.  And it is at this stage, where you 
enable the user to control what is happening in the game.  

5.1 Unity® [14] 

Although many game engines do exist, Unity® was 
selected because it has a reasonable student price, 
supports c# code, contains a comprehensive game engine, 
and has extensive documentation.  

Unity® projects can be developed on Windows and 
Mac environments, for multiple platforms.  Once written, 
Unity® allows you to configure the game controls to 
match the target platform.  Thus allowing you to deliver 
applications to desktop, console, mobile and web based 
platforms.  

5.2 Unity® Licensing 

Unity Technologies has released the Unity® engine at 
several different price points.  The commercial 
“Unity®Pro  with  mobile   support”   set   development   tools 
retails for $6500 USD[15].  With upgrades costing half as 
much.  Academic pricing is available either through the 
Studica website or contacting Unity directly.  Further, 
students can purchase one year commercial and non-
commercial student licences from Studica as well [16].   

Although students and faculty are required to use the 
pro version, Unity Technologies also offers a free version  
available to independent developers [17].  This free 
version is most noticeably limited in the areas of inverse 
kinematics, navigation, and advanced shading. 

5.3 Unity® Packages And The Asset Store 

Unity® has an exceptionally flexible framework that 
allows the development community to create 
development tools and asset packages that can be used to 
enhance the editor or as content within your own games.  
This community support is handled through the Unity 
Asset Store [18] which has a searchable database of 
thousands of licensed assets which can be purchased.  

5.4 Three Things To Know About The Asset 
Store. 

 Assets may be removed at any time. 
 Purchased assets are tied to individual licences. 
 Before purchasing, review the developer’s 

website to ensure the asset is being actively 
supported and meets your needs.  

5.5 Three Useful Assets To Acquire 

NGUI [19]: NGUI allows developers to more 
intuitively create graphical user interfaces.  It also 
optimizes the GUI to reduce draw calls and thereby 
increase the frame rate. 

Props Animation [20]: Props animation is a library of 
animation sequences to get a game developer started.  
With over 590 retargetable humanoid animation 
sequences, this product is excellent for learning the 
"Mecanim" animation controller or developing a proof of 
concept.  In addition to the animations, it also includes 
working Mecanim animation controllers to demonstrate 
how the animation sequences should be controlled.  Of 
particular note is the excellent technical support this 
developer is putting into this asset.  Upon request, this 
developer added custom animations to the package free of 
charge based on videos I took.  

UMA [21]: The Unity Multipurpose Avatar is a freely 
available package that lets developers create humanoid 
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characters for crowds easily.  The humanoids are 
configured with a second rig that controls the aspect ratio 
of body parts, allowing each generated character to have a 
distinct appearance.  UMA also uses texture atlas's to 
minimize processor loading and allowing for crowds to be 
easily created and managed.  

5.6 Three Things Students Should Know About 
Unity 

 The Mecanim portion of Unity® allows you to 
retarget animations from one avatar to another.  
It also features an easy to understand controller 
for managing the transitions between animation 
states.  

 Certain assets cause compiler errors because they 
are constructed using the .NET 4.0 Framework 
while the Unity® project settings force 
MonoDevelop to use the .NET 3.5 Framework.  
A work around is located on the Unity 
forum[22]. 

 Unity requires all the code within the project 
folder to compile, even if it not being called.  
Thus, it is easy to put your project in an 
uncompilable state. Use backups or different file 
extensions to your advantage.   

5.7 Three Things Advisors Should Know About 
Unity 

 Unity® requires a Unity®Pro licence for 
academic work.   

 Unity® has a full set of development tools 
capable of creating AAA games. 

 Assets undergo continual development and may 
be removed from the Asset store or significantly 
changed over time. Consider routinely backing 
up assets that you have purchased. 

5.8 Unity® Resources 

 Online manual, forum, and tutorials 
http://docs.unity3d.com/Documentation/Manual 
http://answers.unity3d.com/index.html 
http://unity3d.com/learn/tutorials/modules 

 3rd party training materials 
http://www.unity3dstudent.com/category/modules/ 

 You-Tube Channels 
http://www.youtube.com/user/Unity3D 
http://www.youtube.com/user/TornadoTwins 
http://www.youtube.com/user/4GameFree 
http://www.youtube.com/user/Brackeys 
http://www.youtube.com/user/BurgZergArcade 

 C# programming 
http://www.dotnetperls.com/ 
http://en.wikibooks.org/wiki/C_Sharp_Programming 
http://www.csharp-station.com/tutorial.aspx 

http://csharp.net-tutorials.com/ 
http://www.learncs.org/ 
http://stackoverflow.com/questions/tagged/c%23 

 Free textures available for commercial use 
http://www.cgtextures.com/ 
http://www.mayang.com/textures/ 
http://freestocktextures.com/ 
http://www.texturemate.com/ 

6. CONCLUSION  

Unity® is a good engine for doing games and 
visualization.  However it does take some time to learn 
and develop expertise.  To be effective in this process, a 
student should have a reasonable understanding of object 
orientated programming and 3d graphics.  Given the 
overall complexities of these programs, mastery will take 
some time and effort.  This paper has provided a rough 
overview of three areas needed to start game development 
using Unity®, along with useful websites that will serve 
as resources along the way. 

 

7. BIBLIOGRAPHY 

 
[1]  J. Schell, The art of game design: A book of lenses, 

Amsterdam: Morgan Kaufmann Publishers, 2008.  
[2]  S. Pierre, "Some Git and some Unity," OriGaminc, 21 

March 2012. [Online]. Available: 
http://www.shawn.origaminc.com/blog/?p=357. [Accessed 
24 May 2014]. 

[3]  "nik.shornikov", ".gitignore for Visual Studio Projects and 
Solutions," Stack Overflow, 27 October 2013. [Online]. 
Available: 
http://stackoverflow.com/questions/2143956/gitignore-for-
visual-studio-projects-and-solutions. [Accessed 24 May 
2014]. 

[4]  C. McKnight, "gitignore file syntax," Stack Overflow, 15 
December 2011. [Online]. Available: 
http://stackoverflow.com/questions/8527597/gitignore-file-
syntax. [Accessed 24 May 2014]. 

[5]  Brackeys, "Best Modeling Software for Unity," Brackeys, 
[Online]. Available: 
http://www.youtube.com/watch?v=r1BRTNqCJ1A. 
[Accessed 24 May 2014]. 

[6]  Unity Technologies, "The market-leading import pipeline," 
Unity Technologies, [Online]. Available: 
http://unity3d.com/unity/workflow/asset-workflow. 
[Accessed 24 May 2014]. 

[7]  Blender Foundation, "Blender," Blender Foundation, 
[Online]. Available: http://www.blender.org/. [Accessed 24 
May 2014]. 

[8]  Blender Foundation, "Requirements," Blender Foundation, 
[Online]. Available: 
http://www.blender.org/download/requirements/. 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

 
CEEA14; Paper 48 
Canmore, AB; June 8-11, 2014 –  7 of 7  – 
 

[Accessed 24 May 2014]. 
[9]  A. Price, "The Ultimate Guide to Buying a Computer for 

Blender," Blender Guru, 13 January 2013. [Online]. 
Available: http://www.blenderguru.com/the-ultimate-
guide-to-buying-a-computer-for-blender/. [Accessed 24 
May 2014]. 

[10]  N. Vegdahl, "DVD training 8: Humane Rigging," Blender 
Open Movie Workshop, [Online]. Available: 
http://www.blender3d.org/e-
shop/product_info_n.php?products_id=146. [Accessed 24 
May 2014]. 

[11]  blender Foundation, "DVDs," Blender Foundation/Institute, 
[Online]. Available: http://www.blender3d.org/e-
shop/default_dvds.php. [Accessed 24 May 2014]. 

[12]  CG Cookie, "CG COOKIE Education Hub Site," CG 
Cookie, Inc., [Online]. Available: http://cgcookie.com/. 
[Accessed 24 May 2014]. 

[13]  "Chris 2", "How many polygons is too much?," Unity 
Technologies, 12 June 10. [Online]. Available: 
http://answers.unity3d.com/questions/19379/how-many-
polygons-is-too-much.html. [Accessed 24 May 2014]. 

[14]  Unity Technologies, "Create the games you love with 
Unity," Unity Technologies, [Online]. Available: 
http://unity3d.com/unity. [Accessed 24 May 2014]. 

[15]  Unity Technologies, "Pricing," Unity Technologies, 
[Online]. Available: 
https://store.unity3d.com/products/pricing. [Accessed 1 
March 2014]. 

[16]  Studica, "Students & Faculty: Create Amazing Games with 
Unity," Studica, [Online]. Available: 
http://www.studica.com/unity. [Accessed 24 May 2014]. 

[17]  U. Technologies, "License Comparisons," Unity 

Technologies, [Online]. Available: 
http://unity3d.com/unity/licenses. [Accessed 24 May 2014]. 

[18]  Unity Technologies, "Unity Asset Store," Unity 
Technologies, [Online]. Available: 
https://www.assetstore.unity3d.com. [Accessed 24 May 
2014]. 

[19]  Tasharen Entertainment, "NGUI: Next-Gen UI," Tasharen 
Entertainment, [Online]. Available: 
https://www.assetstore.unity3d.com/#/content/2413. 
[Accessed 24 May 2014]. 

[20]  Proportional Studios, "Props Animations," Proportional 
Studios, [Online]. Available: 
https://www.assetstore.unity3d.com/en/#!/content/10214. 
[Accessed 24 May 2014]. 

[21]  UMA Steering Group, "UMA - Unity Multipurpose 
Avatar," UMA Steering Group, [Online]. Available: 
https://www.assetstore.unity3d.com/en/#!/content/13930. 
[Accessed 24 May 2014]. 

[22]  "MattRix", "Unity is overwriting my MonoDevelop target 
framework setting every time it syncs.," Unity 
Technologies, 25 July 2012. [Online]. Available: 
http://forum.unity3d.com/threads/145027-Unity-is-
overwriting-my-MonoDevelop-target-framework-setting-
every-time-it-syncs. [Accessed 24 May 2014]. 

 
 

 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

 
CEEA14; Paper 49 
Canmore, AB; June 8-11, 2014 –  1 of 6  – 
 

 
RATIONALE AND TEACHING OBJECTIVES FOR A CANADIAN 

ENGINEERING ETHICS GAME 
 

Andrew Roncin, P. Eng. 
Red River College 

aroncin@rrc.ca 
 
 
Abstract  This   paper   uses   Tyler’s   rationale as a 
framework for analyzing the teaching objectives 
surrounding the design of a video game to teach 
Canadian engineering ethics. 

The two keys challenges in this area are defining what 
should be taught in engineering ethics and then how it is 
evaluated in order to demonstrate improved 
understanding. Traditionally, engineering ethics courses 
are taught as either codes of conduct, or based on case 
studies with very constrained courses. The evaluation that 
follows then uses the Defining Issues Test (DIT) or an 
instructor’s  evaluation. 

However, the above methods could be improved by 
focusing on engineering ethics as a situated, embedded, 
and applied discipline. That is, one in which decisions are 
made as part of a team, embedded in a workplace whose 
goals will likely be in conflict with the engineers, and 
whose outcomes are unknown at the time decisions are 
made. 

By using a serious game in which the players are 
protagonists affords us the opportunity to present thick 
cases with multiple decision points and opportunities for 
players to demonstrate their ethical bias. Additionally, the 
progress of players and their interactions with non-
playing characters can reveal information on their 
assumptions and ethical bias. 

 
Keywords: Engineering, Ethics, Education, Canada, 

Serious Games 
 

1. INTRODUCTION 

When I decided to develop a video game to teach 
engineering ethics, two questions were quickly posed -- 
“What are you teaching?” and “How are you going to 
demonstrate   you   have   been   successful?”  This paper 
examines these questions through the lens of Tyler's 
Rationale and literature around engineering ethics 
education. 
 

2. BACKGROUND 

2.1 Engineering Ethics 

In Canada, the Canadian Engineering Accreditation 
Board (CEAB) requires that all graduates have the 
“ability  to  apply  professional  ethics” [1].   

Engineering Ethics are those codes of conduct that 
apply to engineers and no one else by virtue of their 
specialized knowledge.  In their Guideline on the Code of 
Ethics, Engineers Canada writes: 

A code of professional ethics is more than a minimum 
standard of conduct; rather, it is a set of principles 
which should guide professionals in their daily work. 
[2] 

This can be interpreted to mean teaching students to 
behave, think, and act within the special moral standards 
of the engineering profession. 

The Code is based on broad principles of truth, 
honesty, and trustworthiness, respect for human life 
and welfare, fairness, openness, competence, and 
accountability. [2] 

Engineering ethics is different from general morality, 
because it doesn't focus on what is right or wrong, rather 
it focuses on how member should behave given the 
elevated standard of conduct and expectations of society 
upon them [3] [4] [5]. 

Society in general tends to hold the professions, 
especially the engineering profession, to a elevated 
standard, and expects practicing engineers to perform 
on an higher ethical plane. [6] 

2.2 Tyler's Rationale  

Tyler's Rationale is set of foundational questions for 
curriculum development.  Originally developed in the 
1940's it is still in use today.  Tyler's Rationale gets users 
to clarify what is important about the material they are 
teaching and how it should be implemented, organized, 
and evaluated.  
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Table 1:Tyler's Rationale [7] 

1. What educational purposes should the school seek to 
attain? 

2. What educational experiences can be provided that 
are likely to attain these purposes? 

3. How can these educational experiences be effectively 
organized?  

4. How can we determine whether these purposes are 
being attained? 

 

3. DESIGNING AN ETHICS GAME 

The Canadian Engineering Ethics game described in 
this section is a work in progress.  And it is in this context 
that Tyler's Rationale will be used to take a structured 
look at what is involved.  

Michael Davis [8], Deborah Long [9], the Royal 
Academy of Engineering [10] and others [11] [12] [13] 
[14] [15] offer insights about how ethics should be taught.  
Using these insights as a basis for how ethics should be 
taught, the content of this paper will focus on creating 
developing a framework for teaching engineering ethics 
using a an educational experience that makes sense 
computer based role playing game.   

3.1 What educational purposes should the school 
seek to attain? 

The educational purpose of this project is to help 
young engineers, recognize situations of professional 
ethics and take meaningful action within the context of 
legal and professional aspects of engineering.   

To achieve this, engineering students need to 
understand what the legal and social expectations are and 
develop the attitude that engineering ethics as an integral 
part of the engineering profession. 

1) Understand the legal framework of engineering in 
Canada.  

2) Be aware of the consequences of unprofessional/ 
unethical behaviour on an engineer's career. 

3) Develop a personal sense of the expectations of 
professionalism and ethical behaviours that exist 
within the engineering community.  

4) Recognize situations around them in which 
unethical and unprofessional conduct exists.   

3.2 What educational experiences can be 
provided that are likely to attain these purposes? 

In order for students to have the "ability to apply 
professional ethics, accountability, and equity" [1], they 

must have ways of evaluating the situation, and models of 
good and ethical behaviour that they can emulate.  Ethics 
courses that focus on big media, bad news cases, can 
cause students to disassociate [16, p. 401], believing that 
ethical challenges are uncommon events, and only 
affecting senior engineers.  To be most effective students 
need to:  

1) See models of good behaviour in which resisting 
social pressures and taking an ethical stance is 
beneficial to the engineer and the profession. 

2) Encounter both "big media, bad news cases" and 
smaller ethical situations that are more 
representative of an engineer in training's 
situation [8, pp. 148-158] [16, p. 401].   

3) See engineering cases as being embedded in real 
environments with multiple people decision 
points and involved in the scenario [5, p. 199] 

To embrace the ideas of good behaviour, 
representative cases, and embedded environments, this 
game is being developed around the idea of a new 
graduate being asked to serve on a professional practice 
investigation committee.  In this role, the player will 
interview the parties affected, interface with the 
investigations committee, and ultimately recommend a 
course of action based on their interpretation of the facts.  

Doing this allows the player to have positive role 
models from the investigation committee, see how a lack 
of ethics and professionalism can tarnish an engineer's 
reputation and potentially cost them their career, and have 
an opportunity to explore how group dynamics and non-
technical elements affect an ethics story. To be successful 
though, students will also need to be trained in: 

1) Interpreting (stylized) versions of the act, bylaws, 
and code of ethics relevant to professional 
practice. 

2) Recognizing Kantian, Utilitarian, and virtue based 
ethical standpoints. 

3) Using legal and an ethical framework for 
resolving ethical issues. 

3.3 How can these educational experiences be 
effectively organized?  

Although video games support non-linear play, a good 
story line in important to the overall development of a 
game [17].  For this game, the traditional five act story arc 
of introduction, rising action, climax, falling action, and 
resolution [18] will be followed.  

 
3.3.1 Act 1: Introduction.  The opening sequence of a 
game serves to hook the players in, teach the game 
mechanics, introduce the story, and establish the role of 
the player within the game.  For this game, the 
introduction will consist of meeting the engineering 
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association registrar and investigation committee.  During 
this time, players will be asked to investigate a case of 
professional misconduct (role), meet with the committee 
members (thematic elements), and take a brief ethics test 
(mechanics).  The ethics test will also serve as a brief pre-
test of the player’s attitudes to establish a baseline for 
moral reasoning.   

 
3.3.2 Act 2: Rising Action.  Once the players have had 
their role in the story established, the learning and story 
elements will be introduced for the players to consider. 
One of the first challenges for the players will be be in 
understanding what the committee members think is 
ethically important.  As the player arrives, the members 
will be at an impasse because of differences in their 
individual ethical stances and personal opinions of the 
parties involved.  As a trio, the committee will embody 
Kantian, Utilitarian, and Virtue ethical stances.  They will 
also have predetermined biases about the guilt and 
innocence of the parties involved based on prior 
interactions with the plaintiff and defendant.  

As the free agent, the player will act as the 
intermediary between the committee, plaintiff and 
defendant.  Thereby being exposed to the case from 
multiple angles, and developing an understanding of what 
is going on.   

As play evolves, and the player meets the plaintiff and 
defendant, they will also be introduced to the how 
business ethics and goals differ from those of engineering.  
The plaintiff will demonstrate a means-end mentality, 
while the engineer is trying to do his best to balance the 
needs of his client against those of his own firm.  What 
should strike the players most in this portion of the story 
is that the plaintiff will try to manipulate and use the 
players, while the defendant is need to have the players 
explain while technical competence alone is not sufficient 
for dealing with this situation.  

Throughout this act, the players will have to deal with 
conflicting ethical positions, biases, and expectations.  By 
doing so, the players will have to investigate what the 
associations expectations for professional practice are, 
determine what aspects of the case are important, and 
understand what is required to create ethical arguments 
that make sense to each of the committee member 
viewpoints.   

Overall, this portion of the of the story arc is where the 
players are discovering the details and complexity of the 
story, being drawn in, and set up for the climax.  From a 
testing and evaluation standpoint, this is the formative 
stage where players are given guidance and 
encouragement as they build and test their knowledge. 

  
3.3.3 Act 3: Climax.  During the climax of the story, the 
players will be faced with a dilemma over their own 
expectations of engineers in practice.   

During the climax, it will be revealed that The plaintiff 
has been manipulating the player and withholding 
information regarding how the contract specifications 
were written.  And that the specifications purposefully 
neglected mentioning the issue for which the plaintiff is 
now claiming the defendant was negligent.   

Unfortunately, it will also turn out that the defendant 
may in fact be guilty of unprofessional practice because 
their company only has limited expertise in this area of 
design.  Further, the defendant assigned the work to an 
Engineer in Training, who was minimally supervised and 
who was trained in this area as the project evolved.  

So, the questions facing the player are who do they 
believe, and what do they think should happen?  Should  
the charges be dropped?  Should the engineer receive a 
warning and a fine?  Or should the defendant have their 
engineering licence removed?  Everyone around them is 
pulling for their own choices, now the player must decide 
for themselves who to trust and what course of action 
they will take. 

 
3.3.4 Act 4: Falling Action.  In this act, the player will 
work to influence the story to the outcome they desire.  
They will use their understanding of professional ethics, 
the   committee  member’s   ethical   biases,   and   the   facts   of  
the case to create the ending they desire.  Through dialog, 
players will convince the investigation committee 
members to take a common stance.  And in doing so, the 
players will have to synthesise their positions into logical 
arguments and appreciate how different people might 
perceive the same situation.   
 
3.3.5 Act 5: Resolution.  In the closing of the story, the 
player’s   actions,   level   of   inquiry,   and   recommendations  
will result in one of several endings being played.  If the 
player fails to acquire enough of the facts, the decision 
could be contested or appealed.  If the player favours the 
plaintiff, then the engineering firm is closed and its 
employees are put out of work.  And if the player favours 
the defendant, then further cases of professional 
misconduct ensue.  At the end of the day, these outcomes 
serve to demonstrate that the players actions will have 
unseen consequences that impact the lives of others 
within their professional community.  

3.4 How can we determine whether these 
purposes are being attained? 

When justifying a curriculum we should be prepared to 
answer  “have we achieved what we set out to do?”.  But 
answering this question not only implies clear purpose, it 
also implies having objective evidence about our success 
or failure.  Because we are embedding this evaluation into 
a video game, the factors affecting assessment are:  
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1) It should be automated and able to generate easy 
to interpret results.  

2) It satisfies a sponsoring or accreditation body that 
the skills have actually been learned.  

3) It is transparent to the player, either by being 
hidden in the game engine, or included as a 
logical game element. 

Traditionally, assessment has been done using either 
instructor assessment or the Defining Issues Test (DIT 
and DIT-2) [15, pp. 29-37] [19].   

With instructor based assessment, the instructor 
evaluates the students understanding of ethics, how well 
developed the student's arguments are, and to what depth 
he or she have examined the problem.  The challenge with 
instructor assessment is instructor bias and the inability to 
scale up this method easily. 

The Defining Issues Test [20] (DIT and DIT-2), use a 
Likert-style test to assess moral judgement.  Respondents 
review five case studies and identify the moral 
considerations they consider important in each.  Then 
they rank the considerations to reveal which issues were 
most important to them.  The advantages of this test are 
that it is well established and uses automated evaluation.    
This makes it scalable for large audiences and easy to use 
for pre and post testing.  The problem with the DIT is that 
it measures morality, and not engineering ethics.   

Recently, the University of Georgia has been working 
on creating the "Test of Ethical Sensitivity in Science and 

Engineering (TESSE)" [21].  This test is a derivative of 
the DIT whose cases are more representative of 
engineering ethics.   

Using these two methods as inspiration, assessment, a 
Likert style test could be used for ongoing evaluation 
during the game, by incorporating it into the players 
method of selecting what actions are taken next.  Thus, 
ongoing assessment is available, and play can be blocked 
until either a number of ethical positions have been 
considered, or the player understands the underlying 
issues in each scene.   

In addition to this visible testing methodology, players 
can be evaluated based on how they construct arguments 
and the information they choose to act upon in the game.  
During the falling action stage of the game, players will 
have to demonstrate their understanding by synthesizing 
what they have learned in order to bring the investigation 
committee to a consensus about how the case should be 
resolved. 

3.5 Implementation  

A key element of this project is developing a dialog tree 
that allows players to interact with the committee 
members and the affected parties.  The following two 
screen captures are of the test environment being used 
during development, and the opening dialog tree between 
the player and the lead member of the investigations 
committee.  

 

 
Figure 1: Unity® graphical development environment 
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Figure 2: Sample of the introductory game dialog 

 
 

4. CONCLUSION 

Serious game design is much like any other design 
project, before you can develop the product, you need to 
clearly articulate what you are trying to achieve and how 
you will evaluate your success.  To this end, I have used 
Tyler's rationale as a framework for developing the 

learning objectives, supporting story, and assessment 
methodology for an engineering ethics based role playing 
game.   

The major challenges in this process were resolving 
what is meant by engineering ethics and how could it be 
evaluated as a logical component of game play.  Once 
these were determined, the structure of the story emerged.  
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Abstract The two-year experience of teaching 
and redesigning a probability and statistics for 
engineers course at the Schulich School of 
Engineering will be discussed through the lens 
of (i) writing and using a custom textbook for 
the course and (ii) refocusing lectures on 
applying concepts to solving problems. The 
course redesign, for example, allows students to 
develop conceptual and practical understanding 
on selecting the most appropriate probability 
distribution for a given problem. The refocusing 
of lectures to problem solving proves very useful 
for students. Further textbook development is 
briefly discussed. 
 

1. INTRODUCTION 
 
   Second-year Probability and Statistics for 
Engineers ENGG 319 course at the Schulich 
School of Engineering is a common core course 
and taught to engineering students at the School 
with the exception of students from Electrical 
Engineering and Computer Engineering, who 
take a similar course from their programs. 
ENGG 319 is offered in Fall term and has about 
540 students split into 4 sections. Students in 
each section are from different programs except 
the two program mentioned.  
 
   I started teaching ENGG 319 in Fall 2012 and 
had a desire to teach it by explaining concepts in 
details and providing a sufficient number of 
class examples. I have never taught a probability 
and statistics for engineers before, but my 
research area is statistical mechanics and phase 
transitions, so that at the very least I understand 
the connections among probability distribution 

functions, combinatorics, and their applications. 
I have taught several courses previously, from 
dynamics to materials engineering, which 
allowed me to compare the Probability and 
Statistics for Engineers (PSE) with with other 
courses.  
 
   The PSE course is more straightforward than 
an engineering dynamics course that has to 
apply governing equations of motion with 
various geometrical constraints and initial 
conditions from different problems.  The PSE 
course does not have to combine several ideas 
and physical considerations as required when 
selecting optimum materials or heat treatment 
using iron-carbon phase diagrams in a materials 
engineering course. The PSE course is 
essentially an applied mathematics course with 
clear connections sequentially from theorems of 
probability to combinatorics to probability 
distribution functions. When these connections 
become clear to students, it should be relatively 
easy for the students to apply the PSE concepts 
to solving problems. 
 
   The standard PSE textbooks [1-3] start with 
roles of statistics in engineering, data collecting, 
and data presentation. These introductory topics 
occupy 5% of the textbook. By the time random 
variables and probability theorems are discussed 
students have to read about 60 pages of text. 
The first glimpse of probability distribution 
functions doesn't arrive until around page 80. 
Such standard textbook has many tables and 
figures and a typical student is estimated to 
spend 5 minutes/page of focused reading time. 



A student has to spend about 8 focused reading 
hours to be introduced to probability distribution 
functions. Including exercise problems, it is 
reasonable to expect 12 study hours to reach the 
probability distribution function chapter. It takes 
about 6 lecture hours in 2 weeks to reach the 
chapter; thus, a student has to spend roughly 6 
study hours per week. 
 
   From the standpoint of student's study load, 
the ratio of 1:2 for the lecture to the study time 
is very heavy if we extrapolate it to 5 courses 
per term. Excluding lab and tutorial schedule, a 
student has to spend about 15 lecture hours and 
30 study hours per week. I thus started the 
course redesign project with one initial goal: To 
teach an applied probability and statistics course 
in a way so that students can learn the course 
material efficiently.  
 
   The PSE textbooks [1-3] have an unenviable 
task of explaining mathematical probability 
concepts and applying them to engineering 
problems. In contrast, the standard mathematical 
probability and statistics textbooks [4-6] can 
afford to focus on the concepts and can cover 
more materials with fewer pages. The 
mathematical textbooks, however, are written 
for upper-year or graduate students, so that 
interpolating between these two exteremes is 
required to allow the students to learn course 
materials efficiently. 
 

2. COURSE REDESIGN METHOD 
 
   From my experience working as a manager in 
a small oil and gas service company with a 
manufacturing shop, I found probability and 
statistics concepts useful for explaining sales 
data, assessing financial and safety risks, 
quantifying manufacturing data, predicting 
component failures, and negotiating prices with 
suppliers. This experience serves as a reminder 
for the problem solving and analysis skills 
students have to cultivate from the course. For 
instance, students should be able to select on 
their own the most appropriate probability 

distribution functions based on the data given 
for different problems posed in quizzes and 
exams. To cultivate these skills, students have to 
understand well the concepts and to train 
solving exercise problems. 
 
   My main goal of teaching the course therefore 
becomes twofold: (i) students learn the course 
material efficiently and (ii) students understand 
the concepts and develop problem solving skills 
by applying the concepts widely and flexibly. 
 
    I performed a comparison study of the six 
textbooks [1-6]. The standard PSE textbooks [1-
3] were not economical nor clear in explaining 
concepts. Statistical independence and mutual 
exclusivity are not explained early in the 
probability chapter [1], or both concepts are not 
exploited in order to clarify presentations of the 
related concepts: probability distribution, 
conditional probability, combinatorics [2-3]. 
The standard PSE textbooks present the 
concepts not as a good story, but rather as a 
manual to be memorized. The manual approach 
was also adopted when discussing discrete and 
continuous distribution functions, by 
emphasizing their separate applications but not 
their connections to each other. The need to 
understand how these distribution functions are 
related to each other is crucial for students to 
correctly select the most appropriate function 
for a given problem. The intricate structures of 
the standard PSE textbooks, with many equation 
boxes, figures, and examples, seem to make the 
learning process for most students inefficient. 
 
   The standard mathematical probability and 
statistics (PS) textbooks [4-6], in contrast, 
describe the concepts much more clearly and 
efficiently. These textbooks give a clear and 
often thorough sequential explanation of the 
concepts. It is what I imagine the PSE course 
instructors prefer to read while assigning the 
standard PSE textbooks to their students. The 
mathematical rigor of these PS textbooks, 
however, prevents them from being used as PSE 



course textbooks. These PS textbooks do not 
offer many examples to solve as well. 
 
   Problem solving requires knowledge and 
creativity. A student with good knowledge of 
probability and statistics concepts will recognize 
relevant combinatoric features of a problem and 
impose constraints when needed to search for a 
solution. Solving such problem requires careful 
interpretations of sentences for clues. Although 
it's not realistic for the student to develop an 
expert knowledge on the course material within 
one term, the problem solving skills above are 
similar to what we expect from an expert [7]. 
 
   When I first taught ENGG 319 in Fall 2012 
with two other course instructors, we used the 
Montgomery and Runger textbook [1]. I made 
my own lecture slides for the two sections I 
taught to explain the equations listed in the 
textbook. The two instructors used chalk and 
blackboard. The average midterm exam marks 
for each four sections were equal at 67% and the 
average final exam marks for the four sections 
were between 49 and 51%. Both midterm and 
final exam were open textbook and open notes. 
The other assessment methods were take-home 
assignments in which students could collaborate 
and hence were not compared.  
 
   While the textbook used has a wealth of 
exercise problems, it is taking too many pages to 
explain a concept. Its pedagogical approach is 
prescriptive and creates reading duplication for 
students who have to understand lecture slides 
that attempt to teach problem solving skills by 
mastering the concepts. The textbook used 
motivates the students to memorize the textbook 
formulas and as much as possible to perform 
pattern-matching with solved exercise and class 
problems when writing their midterm and final 
exam.  
 
   Through class discussions I had with the 
students from my sections, it was apparent that 
they wanted to understand the concepts well so 

that they could solve different problems. They 
often asked conceptual questions during class, 
such as the meaning of degrees of freedom in 
chi-square and Student's t distribution. One way 
to teach conceptual understanding and problem 
solving skills is to solve class examples as a 
bridge to discuss the concepts. The lecture 
materials are sequenced solved problems with 
increasing levels of difficulty. Based on my 
experience of teaching seven undergraduate 
courses, the example-driven teaching style is in 
fact ideal as most engineering students prefer 
class examples over mathematical derivations, 
especially for probability and statistics where 
students have to deal with uncertainties when 
solving problems even at its early stage of  
problem sentence interpretations [8]. 
 
   I came to the conclusion that the reading 
duplication can only be removed when the 
textbook is synchronized with the lecture slides. 
The course redesign required a custom textbook 
that contains (i) derivations I have in the lecture 
slides when using the Montgomery and Runger 
textbook and (ii) explanations on concepts that 
are stitched together as a good story as 
exemplified by the PS textbooks [4-6]. The 
mathematical rigor had to be reduced, however, 
and presented more intuitively.  
 

3. CUSTOM TEXTBOOK 
 
   The custom textbook is designed to be 
concise, has no example problems, and doesn't 
have many figures and tables. There are 10-25 
problems at the end of each chapter. It is printed 
single-sided so that it can be stored with the 
corresponding lecture notes in a binder.  
 
   The writing process took 6 months (January-
June 2013). The textbook has 6 chapters in 161 
pages covering concepts of probability, such as 
statistical independence, mutual exclusivity, 
conditional probability; discrete probability 
distribution functions; continuous probability 
distribution functions; confidence intervals; 
hypothesis tests; and parameter estimators. The 



probability distribution functions start with 
binomial distribution and end with Weibull 
distribution in one continuous story. The 
confidence intervals are essentially a story about 
joint probability distribution functions, and 
normal, chi-square, and Student's t distribution; 
the hypothesis tests chapter further uses these 
distributions. The parameter estimators chapter 
explains the maximum likelihood function. The 
most difficult chapter to write is the first chapter 
which introduces the concepts without excessive 
formality. The first chapter is being revised to 
have a better story on mutual exclusivity, 
combinatorics, statistical independence, and 
conditional probability.  
 
   The other challenge is to create a sufficient 
number of exercise problems for students to 
work on. Each of 36 lectures has on average 2 
class problems and the 6 chapters have a total of 
72 exercise problems to be solved in weekly 
tutorials by teaching assistants. Students have a 
huge appetite in collecting solved problems and 
some of them communicated to me that these 
144 problems were not sufficient. Exercise 
problems will be added to the revised edition to 
be released for the Fall 2014 term. 
 

4. COURSE DELIVERY 
 
   On average each chapter needs 2 weeks of 
lectures so that the 6 chapters are completed in 
one term when used in Summer and Fall 2013 
term. Each lecture focuses on solving two 
problems to illustrate a concept introduced. 
Each problem takes 10-15 minutes to solve. The 
remaining 20 minutes in a lecture is used to 
discuss theoretical aspects or derivations of a 
concept.  
 
   The online survey conducted in Summer 2013 
term had a 78% participation rate (32 out of 41 
students). Figure 1 shows an almost 2:1 margin 
on whether the textbook explains the concepts 
well. 
 

 
Figure 1. On whether the textbook explains the 
concepts well (Summer 2013 term). 
 
   Figure 2 shows an almost 8:1 ratio on whether 
the lectures apply the concepts well through 
class examples. It confirms my expectation that 
students prefer solved examples over concept 
derivation and overview to learn the course 
material. 
 

 
Figure 2. On whether the lectures apply the 
concepts well through (class) examples 
(Summer 2013). 
 
   Figure 3 shows a 2:1 margin on whether the 
students find the textbook and the problem-
focused lectures work well.  
 

 
Figure 3. On whether the textbook and the 
lectures work together well (Summer 2013). 
   Figure 4 shows an almost 1:2 margin on 
whether the textbook explains the concepts well 
in Fall 2013 term, almost opposite result to 



Figure 1. There were no changes made to the 
textbook nor the lecture notes. All Fall sections 
used the same textbook and lecture notes. Figure 
5 shows that the 8:1 margin in Summer 2013 
was maintained in Fall 2013 on whether the 
lectures apply the concepts well through class 
examples. 
 

 
Figure 4. On whether the textbook explains the 
concepts well (Fall 2013 term). 
 

 
Figure 5. On whether the lectures apply the 
concepts well through (class) examples (Fall 
2013). 
 
   Figure 6 shows an almost 1:1 ratio on whether 
the students find the textbook and the problem-
focused lectures work well.  
 
   Even though students in both terms regard the 
lectures can explain the concepts well, the 
satisfaction level of the textbook decreases 
significantly in Fall 2013. From the survey 
comments students gave in Fall 2013, I found 
students wanted many more exercise problems 
and even less derivations during class. These 
concerns were voiced as well in Summer 2013. 
What was different in Fall 2013 from Summer 
2013 is the class size. The Summer class had 41 
students, while the Fall class had 135 students.  
 

 
Figure 6. On whether the textbook and the 
lectures work together well (Fall 2013). 
 
   One reason why I believe the class size plays a 
dominant role in changing the student's attitude 
toward the textbook is that students actually 
regard the course to be useful for their future 
career as shown in Figure 7. Students paid 
attention to the course material in both terms. 
However, I was able to interact with students 
much better in the Summer term due to the 
much smaller class size. The frustration due to 
not many exercise problems was balanced by 
more class interactions in the Summer term. 
 

 
Figure 7. On whether ENGG 319 course will be 
useful for engineering career (Fall 2013). 
 
   The Summer term's average midterm and final 
exam marks were respectively 80% and 53%, 
while the Fall marks were 77% and 52%. There 
is a 10% midterm mark improvement between 
Fall 2012 and Fall 2013. The most difficult Fall 
2012 midterm question was 
"A joint density function is given as !(!,!) =
6(1− !) for 0 < ! < ! < 1. Find ![!]," 
 
while the most difficult Fall 2013 midterm 
question was 
"The two chemical engineers are evaluating the 
probability of localized corrosion which will 



create a small hole of several millimeters in 
diameter and will cause an oil leakage.  Given 
that there is a 4% probability of one-corrosion 
induced hole formation per 5 km due to 
metallurgical and electrochemical factors, how 
long should the pipeline be before there is a 
99% probability that there is one hole?" 
 
   The most difficult Fall 2012 final exam 
question was 
"A learning experiment requires a rat to run a 
maze (a network of pathways) until it locates 
one of 3 possible exits. Let !! denote the number 
of times exit i is chosen in successive runnings. 
Assume that the rat chooses an exit at random 
on each run. For general n, find !"#(!!,!!)," 
while the most difficult Fall 2013 final exam 
question was 
"Electrical components have failure statistics 
that obeys Weibull distribution. Tests indicate 
that 5% of the electrical components fail within 
the first 2 years of continuous use and that 5% 
are still functioning after 10 years of continuous 
use. Assuming that inspected components were 
installed at the same time, determine the 
probability that during an inspection at 5 years 
of continuous use there are at most 4 
components that must be tested before one 
failed component is found." 
 
   The exam questions become more application-
oriented after the custom textbook was adopted. 
Fall 2013 students had to also determine on their 
own the most appropriate probability 
distribution function. 
 

5. FUTURE WORK AND CONCLUSIONS 
 
   In the next edition to be released for Fall 2014, 
the textbook will have a revised probability 
concepts chapter and more exercise problems. 
At least 20 exercise problems per chapter seems 
a good target to motivate students to develop 
problem solving skills. I plan to include 
engineering economic topics that require 
probability and statistics. Lastly, I plan to 
incorporate group projects where students work 

together to perform probability or statistics 
experiments.  The engineering economic chapter 
and the group project addition are in the design 
stage. 
 
   In conclusion, the custom textbook is required 
to make students learn more efficiently and 
develop problem solving skills. Focusing 
lectures on solving problems helps students 
learn both the concepts and the skills. 
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Abstract –Regular courses in engineering center around 
the inputs the students receive: engineering knowledge 
that we assume will be enough for our students to tackle 
all the real life problems they will face. Nonetheless, 
engineering education is shifting to the outcome-based 
approach. Suddenly, faculties around the world need to 
find new ways to develop graduate attributes in 
engineering students within "old-school" courses and 
methodologies in which the same professors were taught 
years ago. In our Department of Electrical Engineering, 
we have been pursuing another approach to this 
challenge: we use an extracurricular activity named            
ElectrizArte to develop these critical graduate attributes 
that our future engineers need as much as the engineering 
knowledge we have been worrying about for all these 
decades. 
   ElectrizArte gives students the resources to develop 
projects where engineering and arts are combined. These 
projects are built mainly by students, with guidance from 
professors, and are later shown in public in artistic 
performances (mainly musical ones). Traditional projects 
include new musical instruments or interfaces, and visual 
effects for traditional musical instruments. In this project-
based learning approach, students develop graduate 
attributes such as: design, use of engineering tools, 
teamwork, communication skills, economics and project 
management, problem analysis, among others. 
   ElectrizArte has proven to be a very attractive activity 
for some students and faculty, since for 3 years, more 
than 50 students have built projects, performed musical 
acts and worked outside their courses, building a more 
broad engineering knowledge base, and developing other 
graduate attributes not normally developed in our regular 
curricula. 
 
Keywords: Arts and Engineering, Graduate attributes, 
Learning outcomes, Extracurricular 
 
 

1. INTRODUCTION 
 

The concepts of learning outcomes or graduate 
attributes are increasingly discussed among the faculty of 
our engineering department and yet, not always fully 
understood. The Electrical Engineering program of the 
University of Costa Rica is accredited, and as part of this 
status the faculty is gradually moving towards this 
outcome-based approach. Outcome based education 
means focusing and organizing everything in an 
educational system around what is essential for all 
students to be able to do successfully at the end of their 
learning experience [1]. The urgency to go beyond a 
“chalk and talk” class and to privilege a competence-
based education has been broadly discussed around the 
globe [4][5].  

This work is a practical, engaging and effective way to 
move towards that purpose. In many cases that concept 
causes a sort of confusion among the “old-school 
engineering formed” professorship. They have suddenly 
had to swap over a new paradigm of education on which 
they have never been trained. But the lack of training is 
not the exclusive problem professors have to deal with 
when talking about learning outcomes-based education.         
Foundations of the educational system itself are not 
precisely compatible with this new approach of education.             

The current curricula,  as it is proposed in the majority 
of courses, is not designed to develop clear-cut  attributes 
on the students and lacks of effective evaluation 
mechanisms for those attributes. Besides, the memorizing 
and fully-guided method used in many of our courses 
creates a certain apathy among the students that entails to 
a difficulty on the comprehension and deep understanding 
of the important engineering concepts.  

It could be asserted that the major aim for an important 
amount of students is not exactly to learn but to pass the 
courses and get their diploma. This is a major obstacle if 
we want to create an educational environment where 
students develop and acquire, by their own interest, 
important technical and complementary attributes by the 
end of their majors. Motivation plays a preponderant role 
on this matter.  
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The ElectrizArte project presents an extracurricular 
alternative to tackle that problem. It aims to give students 
an opportunity to develop open, comprehensive 
engineering projects in a field that enhances their 
motivation: art. Different fields of art, including musical, 
graphical and performing arts, have shown to be of 
interest among many of our electrical engineering 
students, as will be discussed later. By matching a 
student’s interests (in art) with his skills (in engineering), 
ElectrizArte provides a learning environment that is 
highly technical and self-motivated in which the 
development of graduate attributes is greatly facilitated 
and encouraged. 

This paper describes the concept, objectives and 
methodology of the ElectrizArte project in Section 2, and 
explains its development and results obtained 
(competences observed and projects) in Section 3. The 
conclusions of this work are presented in Section 4. 

 
2. THE ELECTRIZARTE PROJECT 

 
2.1. Concept and Objectives 
 
   Studies show that engineers need to develop basic skills 
to thrive in a new job environment and demands [4]. The 
ElectrizArte project was conceived as a space that allows 
electrical engineering undergraduate students to develop 
technical-engineering and complementary skills or 
graduate attributes. This is achieved through projects that 
combine engineering with art. 
   For an electrical engineering undergraduate student with 
interest in art, this combination links his abilities with his 
interests, giving space to his creativity and imagination to 
be used in the conception, design and manufacture of the 
projects, enhancing considerably the acquisition of new 
skills, knowledge and abilities. This also increases the 
motivation of the students on the technical subjects of the 
engineering program, creating an environment of self-
motivated learning where several graduate attributes are 
covered at the same time, as discussed later. 
   For an electrical engineering undergraduate student with 
interest in art, this combination links his abilities with his 
interests, enhancing considerably his learning process. For 
example, a first-year student with strong artistic abilities 
can play and learn from a new electronic instrument 
developed and built by a last-year student that is interested 
in music but doesn’t know how to play an instrument. 
Figure 1 shows the conceptual match between personal 
interests, abilities and graduate attributes. 
 

 
Figure 1. Conceptual match of interests, skills and 

graduate attributes in ElectrizArte. 
 

   A particular aspect of the ElectrizArte project is that 
was conceived as an extra-curricular activity, with the 
objective of providing an space for students to work in an 
open project without the thematic, technique and time 
constraints that the projects in ordinary curricular courses 
present. With this approach, students can reinforce the 
knowledge they have obtained from their courses, as well 
as obtain new skills that are not currently obtained in their 
curriculum. Moreover, students can develop competencies 
that may not be normally addressed in ordinary courses. 
These attributes not only are as valuable in the labor 
world as technical skills, but also have become an 
important requirement by several accreditation bodies 
included the one in charge of the Electrical Engineering 
School of the University of Costa Rica [2]. 
   Besides, the working environment that graduate students 
will have to face when finishing their major, presents a lot 
of similarities with this open-creative space that the 
project offers, in terms of conceptualization of ideas, 
problem solving, leadership, project planning, design and 
execution, self learning, responsibility, among others.      
   The current guided-environment of a normal masterly 
engineering course could be a little far from the real 
working-professional world. 
   Another goal of ElectrizArte is that, through the use of 
engineered art projects, the perception of art can be 
magnified in a performance and conversely, by means of 
using arts, the capabilities and scope of engineering can 
be better conveyed to the general public. 
   Finally, it is important to mention that the learning 
process is especially fruitful when the learner is 
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consciously involved in the design and implementation of 
a project that can be exhibited, tested, discussed, 
examined or admired [3]. ElectrizArte aims to provide a 
flexible and comprehensive environment that involves 
students in these kinds of projects. 
 
2.2. Methodology 
 
2.2.1  Project Based Learning. Scientific and 
engineering labors involve an intrinsic component of 
experimentation and laboratory work. It is known that 
many of the great inventions of human kind have occurred 
in laboratory experiments, some of them unintentionally; 
and new theoretical knowledge have arisen from those 
experiments.  
   In ElectrizArte, it is given the opportunity to the 
students to learn based on experimental projects they 
propose themselves, and each student is responsible for 
his-her project in the different stages. The tutorship of a 
professor is part of the project but the level on which the 
student is guided is up to his-her decision. This means, if 
there is a first year student who wants to develop a certain 
electronic  device, he would have a strong guidance by the 
tutor (who can also be an advanced student) in every stage 
of the project´s development. It would take the student 
probably a longer time to accomplish the task, but the 
learning would be outsized.  Conversely, a last year 
student probably will not need a significant tutoring by a 
professor and he/she would carry out the project mostly 
by himself/herself. 
   An important aspect is that, both of those students will 
have to go through all the stages of a project: conception 
of the idea, evaluation of the technical and economical 
feasibility, design and simulation, execution and testing. 
   Aside from the graduation project, students rarely have 
the opportunity in the regular curricular courses of 
developing a  project passing through all these mentioned 
stages. 
   It is probable that some of the graduated students will 
have to deal with project development and management 
during their professional careers where they have to be 
responsible for a specific project and have to make 
decisions themselves about the best practice to solve a 
particular problem. Several competences can be 
developed in this process i.e: leadership, responsibility, 
project management, creative thinking, problem solving 
and analysis, teamwork, acquisition of a solid knowledge 

base,  among others.   That is one of the aims of the 
project-based methodology proposed in ElectrizArte. 
 
2.2.2  Self Motivated Learning. In the regular curricula, 
there are clear cut topics, projects, methods to be covered 
through all the career with the view to develop the 
competences and skills considered as required by all the 
graduate students. It is not unfamiliar that many learners 
do not find those methods thrilling and may not be the 
most suitable for them.  This clearly undermines their 
motivation on the learning process with the adverse result 
of not accomplishing a fully acquisition of the graduate 
attributes previously mentioned. It is hard, with a 
structured and rigid curricula, to match the likes and 
personal learning preferences of a vast number of 
students. Instead, in the ElectrizArte project this problem 
is addressed from a wider approach. There are two 
possibilities: students are attracted and decide to involve 
in a project currently being carried out by other student or 
group of students; or they propose an idea of a project 
they personally wish to accomplish, and start a new 
project. In some cases they have had an idea on their 
minds for several years and they finally find in 
ElectrizArte  the space, knowledge and financial support 
to materialize it. 
   In both cases, there is a common point: students get 
involved in a project by their own decision.  The feel 
attracted to a specific topic, project or idea, then they 
decide to be part of it. Another key fact on the 
achievement of this self motivated environment is that 
students feel compromised with their own projects 
because they have a certain pressure by knowing the 
project is going to be played, exposed or shown on an 
artistic performance. That works as a passive evaluating 
method where students do the best effort to accomplish a 
project that captures the attention and pleasure of the 
audience because they feel rewarded when they receive 
the gratification from the public. It could be compared 
with a written examination where the students study for 
the test because they want to be rewarded with a good 
grade afterwards. 
   Motivation could be considered as the driving force to 
perform well not only in the studies, but in every 
enterprise a person undertakes. 
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Figure 2. Students Working on different Projects. 

 
3. EXECUTION AND RESULTS 

 
   Since its creation in 2011, more than 50 undergraduate 
electrical engineering students have been involved in 
some way with the project. Even when a detailed record 
has not been kept, most of them have claimed to have 
learned something they did not learn in any other regular 
course. They also claim they had never had a space where 
their ideas and imagination were not constrained, but 
supported and encouraged to be materialized with the 
feedback of other fellows and professors.  
   As the result of this creative learning by doing process 
many competences have been observed to be instinctively 
put into practice by the students during the execution of 
the project or during the shows.  
 
3.1 Significantly Addressed Competencies and 
Attributes  
 
3.1.1  Leadership. In many cases, projects are developed 
in pairs or groups. In these cases, it is common that a 
member of the group naturally takes the lead of the 
project. This person distributes the work among the other 
members and organizes the project´s execution. 
Additionally, it has been observed in some work teams, 
that all the members have a similar leadership capability 
and they organize and distribute the work at the same 
level. In both situations, the leadership competence is 
being reinforced. 
 
3.1.2 Individual and Teamwork. In a group project, 
members have to deal with decision making, work 
distribution, listening abilities and agreement making, 

among others. Sometimes discrepancies occur in an 
specific aspect of a project where a decision has to be 
made about how to proceed with this specific point. In this 
extent, students try to convince the rest of the team that 
his/her idea is the best but at the same time have to give 
way to the proposals of the other partners with the view of 
achieving the group´s goal that is to accomplish the 
project objectives. This is indeed, what the teamwork 
competence is meant to enhance on the students. On the 
other hand, some students develop their projects 
individually. That is also valid and important since many 
of the duties graduates will have to perform in their 
professional career will be individual tasks. Students have 
shown to become highly compromised with the attainment 
of the project when they know themselves as the unique 
responsible for it. 
3.1.3 Creativity. Among the most significant 
competences addressed in this project is the creative 
thinking. Since the conception of the idea, through the 
conceptualization of the solution, execution and building 
process; creativity is always present. Because of the nature 
of ElectrizArte as an art-engineering mix conception; the 
freedom of mind to let imagination fly to conceive 
extravagant ideas about new sonorous, luminous or visual 
devices that can accompany the musical show, is the 
spearheading of the project. It is impressive to observe 
how creative students are and how excited they turn when 
a space with little constraints is given to them, just to 
produce ideas of inventions they would like to build. 
 
3.1.4 Communication Skills. An important component of 
the projects developed in ElectrizArte is the presentation 
in a performance. Students play different roles in these 
performances, from playing a traditional musical 
instrument to operating or playing their own-built devices 
or instruments. The fact of being on a stage performing a 
show for an audience is not only a unique experience for 
many of the members, but it also helps to do away with 
the shame of being in front of a group of people 
communicating something. This shame is not only very 
frequent among the undergraduate students, especially 
those in their first years, but is also responsible for the 
poor capability of many students to handle properly in a 
regular presentation of a research project or assignment. 
   It has been observed in some particular students that, 
after some public performances with ElectrizArte, their 
ability to express themselves properly in front of an 
audience shows an interesting improvement. This is 
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reflected and verified in their performance during regular 
course-projects presentations. 
 
3.1.5 Problem Analysis and Solving. Every project 
begins with the conception of an idea. After this higher 
abstraction level stage, a project derives into the 
materialization  phase. In order to achieve it, students 
have to give a feasible technical solution to a given issue 
after doing a comprehensive analysis of the possible 
solutions. They have to make a decision about the best 
setting, design and method of solving and executing the 
project at stake. Even when they have the guidance of a 
tutor, the open-creative nature of the project demand a 
higher responsibility and participation of the students on 
the analysis and decision making stages. Additionally, this 
results in the reinforcement of secondary competences 
such as research ability. After the completion of the 
different stages of the project, students have overcome a 
deep analysis phase of their proposal for a specific project 
and have found and executed a feasible solution that can 
be evaluated during the performances. Then, the 
conception of ElectrizArte based upon the problem based 
learning implies an important component of problem 
breakdown, analysis and solution. 
 
3.1.6 Engineering Design and Use of Engineering 
Tools. Even when the aim of ElectrizArte is to provide a 
low restricted environment where students develop their 
ideas; another important objective is to encourage students 
to follow some basic aspects of a scientific-engineering 
method throughout the development of their projects.  
After the conceptualization of the basic idea, they have to 
make use of several engineering tools i.e. electronic 
circuits simulation software, in order to test and feedback 
their initial design, made normally by hand, using the 
theory acquired in the regular courses.  
   This allows students to polish their proposal to an extent 
where they have sufficient certainty that the design is 
going to work as expected. For the first year students this 
could represent their first approach to an engineering 
design, testing and simulation process, and for the 
intermediate-advanced students it reinforces this important 
competence. This is a valuable occasion for the 
participants of developing a prototype from start to finish 
putting into practice several engineering design  tools. 
Even when the idea, for any reason, does not come to the 
building stage, engineering design and tools have already 

been put into practice. 
 
3.2  Projects 
 
   Several electronic devices sensitive to music or musical 
instruments have been and are being developed by several 
generations of students, some of them are described 
below. 

 
Figure 3. Leds Cube. 

 
3.2.1  Completed Projects. Tesla Coil: Is an interesting 
device known by most of electrical engineers and yet, not 
very well understood by most of the students. It implies a 
series of concepts in high voltage, electromagnetic 
induction, resonance, electric passive circuits, high power 
circuits, among others. All those topics are comprised in a 
single project in a manner maybe never addressed in any 
other course. They achieved a resonant high voltage 
device that release sparks to the air surrounding causing a 
very striking show. Students involved in this project 
learned all the above mentioned background in an 
enjoyable way what sometimes, help the knowledge 
acquired to permeate deeper, so students hold it for a 
longer time. 
   This project have suffered some modifications 
throughout the years and now, a group of students are 
working on an improvement to make the coil  reproduce 
musical notes via controlling the frequency of the sparks.    
   The reinvention of existing devices is also considered as 
important for the development of competences and 
therefore, has been encouraged among students. 
   Lumint:  This musical interface evolved from the 
photonic harp, where the artist touches laser beams to 
create a musical tone. Lumint is the acronym for “Laser of 
the University of Costa Rica for Musical INTerface". Two 
students implemented the latest version of this project 
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using a laptop, a 200mW green laser and a diffraction 
grating.     
   The project included both, software and hardware 
components. The hardware involved implementing a 
power supply for the lasers. The software part was the 
biggest component, where they implemented computer 
vision algorithms to detect the light reflected by the artist's 
hand when it was struck by the laser beam. This software 
was implemented in C++ using the OpenCV libraries, and 
was successfully published as our department's first open 
source project.  
   This project drove the students to learn C++ 
programming (they had no experience prior this), optics 
and analog electronics. The interaction and discussion 
with the performer derived on a tailoring of the software 
to bring on a better musical interface and effect. This 
meant a new dimension on the design experience. 
These projects have been shown in several public 
performances such as Expo UCR 2010, TEDx Education 
2012, and several performances within the campus (see 
figure 4). 

 
Figure 4. Performance of ElectrizArte in ExpoUCR 2011. 

 
3.2.2 Ongoing Projects. Electronic Drums: A 
programmable drums kit prototype, based upon arduino 
platform and open source software is almost ready to be 
tested. The flexibility of the software allow a wide variety 
of programmable sounds using the same platform. Piezo-
electric sensors can be attached to almost any rigid surface 
to create the signals that are later processed and converted 
into sounds. As many piezo-sensors can be added as 
inputs the arduino has, which implies that the versatility of 
the instrument is large. In this project, students have been 
dealing with arduino and open source programming - for 
most of the students it was their first experience using an 
arduino-, using of MIDI sounds  libraries, basic piezo 

electric transductors theory, among others. It is also 
planned to include some visual effects to the drums such 
as lights that flash when a specific drum is struck 
according to the intensity of the strike. These students, 
know now how to build and customize an electronic 
drums kit such as the ones sold on any music store. 
   Flyback piano: With the new plasma and led flat screens 
technology, the old cathode rays tube screens are being 
dumped.  Particularly in our school there are many of 
these old screens with no use at all. Some students came 
up with the idea of taking away the flybacks dc-dc 
converters of those screens and do something with them.    
   In the regular curricula, there is a power electronics 
course but has no laboratory associated, so students know 
theoretically what a flyback dc-dc converter is but they 
never get in touch with a real one. Hence, this appeared as 
a great initiative of this group of students who wanted to 
have a hands on experience with power electronics, 
particularly with flybacks dc-dc converters. 
   After some time assessing what could be done with the 
devices, they decided to create a sort of high voltage 
electric piano, where instead of the normal strings that 
produces the sound in a traditional piano, there were 
sparks produced by the secondary of the flyback, excited 
at a particular frequency that matches an specific musical 
note. In this way, when a key on the keyboard is pressed, a 
spark is produced and emits a particular musical note with 
this characteristic sparkling sound. It is not only a musical 
show but also a visual one, because audience could see the 
sparks flashing at the same time musical notes are 
listened. 
   These projects are expected to be shown to the public in 
the shows planned for this year in several precincts of 
public universities throughout the country and also some 
high schools in rural zones as a plan to extend the 
understanding and motivation about engineering in these 
zones where the admission to engineering careers is 
comparatively small. 
 

4. CONCLUSIONS 
 
   ElectrizArte explored the potential of extracurricular 
activities as a complement to enhance the understanding 
of and motivation towards the career. 
 
   We strongly believe that this project helps the students 
in developing some of these skills, such as problem 
solving, leadership, interdisciplinary work, social abilities 
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and the ability to apply knowledge in practice, among 
others. 
 
   The development of the mentioned graduate attributes 
was achieved in a self-motivated environment while 
implementing a project, even if it did not imply any 
academic credit. 
 
   In this environment, professor-student relationships can 
improve much more than with regular class work, and the 
perception of the professor by the students switch into 
someone truly devoted to their learning experience. 
 
   Learning outside the classroom without strict evaluation 
methods is possible, and rather improves the academic 
performance on the long run, as well as the overall college 
experience. 
 
   Bringing together engineering and arts proved to be a 
powerful motivator for students. 
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Abstract The influence of team function on design 
project outcomes was examined in this study.  Team 
function was considered across six key dimensions, 
including unity, communication, distribution of 
responsibility, problem solving, conflict management, and 
team self-evaluation.  Three different methods were used 
to quantify team function: a survey in which students self-
rated their team’s function, a comparison of performance 
on quizzes first performed individually and then as a team 
(as a measure of the degree of communication, problem 
solving, and unity), and an analysis of the differentiation 
in inter-team peer evaluation scores (as a measure of 
distribution of responsibility, conflict management, and 
unity).  Design project outcomes were measured as a 
composite of grades from competition prototypes, written 
reports, oral and poster presentations, and several other 
deliverables.  These scores were normalized to remove 
year-to-year variability.  Statistically significant 
relationships between each measure of team function and 
design project outcomes were observed.   

For each dimension of team function, teams with high 
average self-rating on the survey also had 4% to 6% 
higher normalized design project scores compared to 
those with low self-ratings.  On the quizzes, teams that 
were more likely to answer a question incorrectly when 
one or more members knew the correct answer 
(suggesting a lack of communication, unequal input to 
problem solving, or reduced team unity) also received 
lower normalized design project scores by as much as 
4%.  The full relationship between this metric and project 
outcome was more complicated though, as the teams least 
likely to answer incorrectly when some members had the 
correct answer performed below average on the projects.  
Lastly, a trend of decreasing composite project score was 
correlated with increasing inter-team differences in peer 
evaluation scores (suggesting unequal distribution of 
responsibility, increased conflict, or reduced team unity).  
Interestingly, teams that did not differentiate peer 
evaluation scores at all (i.e. each team member received 
the same peer evaluation score ‘no matter what’) had 
project scores 7% lower on average than teams with a 
small non-zero differentiation in peer evaluation scores.  
Taken together, the results of this study support the 

hypothesis that team function plays an important role in 
project outcomes, contributing better than half a letter 
grade difference.  

 
Keywords: Team dynamics, measuring team function, 
peer evaluation, Team-Based Learning, TBL, design 
project outcomes. 

1. INTRODUCTION 

Team work is an essential element of engineering and 
is increasingly expected in higher education by students, 
employers, and accrediting bodies [1],[3].  In the course 
considered in this study, extensive effort has gone into 
promoting effective team function, including through 
careful team formation by the instructors; required (and 
tested) readings on team development, personality type, 
and conflict management; team dynamics workshops run 
by trained facilitators; ongoing teaching assistant 
oversight of team function; and regular peer evaluation.  
This raises the following question: does improved team 
function translate into improved design project outcomes? 
And if so, to what degree? 

This study examines team function on six general 
criteria: unity, communication, distribution of 
responsibility, problem solving, conflict management, and 
self-evaluation of the team’s performance.  Three 
approaches are used in an attempt to quantify the criteria 
for teams in a second year mechanical engineering design 
project course.  In total, cohorts from nine academic 
years, 2005W to 2013W, with over 1000 students and 180 
project teams are considered in this study.  Design project 
deliverables – including graded performance in course 
design competitions, written reports, oral and poster 
presentations, and other deliverables – are used as a 
composite measure of project outcomes.  

The objective of this study was to determine if a 
relationship between team function and design project 
outcomes could be observed.  It was expected that 
improved team function would correlate with improved 
design project outcomes.  This builds in part on previous 
studies that examined student personality type influences 
on team function [13] and peer evaluation [12]. 
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The sections below first outline the course context for 
the study, with details on course format, team formation, 
peer evaluation, and team dynamics instruction.  The 
methodology for the study is then presented, outlining the 
assessment of team function by three different methods 
and the relationship to design project outcomes.  The 
results and discussion section presents the data collected 
and their interpretation, and is followed by conclusions 
that summarize the work highlight implications for teams 
in design engineering education.  

2. COURSE CONTEXT 

This study was conducted in the Department of 
Mechanical Engineering at the University of British 
Columbia (UBC) in a second-year mechanical design 
course (MECH 223).  The course is part of the integrated 
Mech 2 Program introduced in 2004 [8].  The typical 
course enrollment is 115-125 students and nine cohorts 
from 2005W to 2013W were considered.   The course is 
delivered using the Team-Based Learning (TBL) 
approach [7] (details on the course-specific TBL 
implementation can be found in [5],[6], and [9]).  All 
students attend a common lecture section (i.e. there are 
approximately 120 students in the classroom at one time) 
and they are split into four sections for other activities, 
such as tutorials, team meetings with a teaching assistant, 
computer labs, and so on.  The MECH 223 course is 
atypical in several respects: first, it is a full-time course 
that runs for seven weeks (students do not take other 
courses at the same time); second, the course is split into 
two parts (four weeks in January and three weeks in 
April, each with a separate major design project); and, 
third, the course is large in scope at seven credits (a 
typical course at UBC is three credits). 

Following recommended practice, teams of six to 
seven students (20 teams in the course) were instructor-
formed [2] in order to maximize diversity [4],[15] and to 
minimize previously established subgroups [7].  Prior to 
the course, students completed an abbreviated version of 
the Myers-Briggs Type Indicator (MBTI) online through 
the TypeFocus tool (http://www.typefocus.com).  A 
mandatory course intake questionnaire then collected each 
student’s MBTI preferences as well as self-reported 
ability with hand skills, software skills, communication 
skills, and team skills.  The above information was 
combined with GPA from previous courses to form teams 
that were heterogeneous across all personality, skill, and 
GPA criteria.  Each team possessed at least two members 
with each MBTI preference with the exception of the 
Feeling preference; in most years there were not enough 
students reporting a preference for Feeling to uniformly 
distribute them across all teams in light of other team 
formation constraints.  The same project teams were 
maintained for the course duration, including the January 
and April sessions. 

As part of course requirements, students completed six 
mandatory peer evaluations using the iPeer online 
software tool (http://ipeer.ctlt.ubc.ca).  Three evaluations 
were completed using a point-based evaluation in which 
each student distributed an average of 100 points per 
other team member (students could reward above average 
performance with a score above 100, but that required 
lowering the evaluation scores, on average, for other team 
members).  The other three evaluations were completed 
using a rubric-based approach in which students evaluated 
their teammates on four criteria (communication, 
initiative, responsibility, and professional behaviour) 
across four levels of mastery (below expectations, 
marginal, meets expectations, and exceeds expectations).  
The raw numerical scores for the rubric-based evaluation 
were normalized on an evaluator-by-evaluator basis to an 
average of 100 to match the point-based evaluations.  
Both forms of evaluation required the students to provide 
comments to justify the scores they assigned.  A 
comparison of each of the two methods was previously 
reported in [12].  Half of the teams used the point-based 
evaluation for the first project and rubric-based for the 
second, and the other half of the teams used the same 
evaluations in reverse order.  After each evaluation, 
students received aggregate scores and anonymous, 
randomly ordered comments from their teammates.  The 
average peer evaluation score for each student at the end 
of the term was multiplied against their team’s net grade 
in order to determine the individual portion of the team 
grade recorded for that student. 

Lastly, as part of the design course, students were 
introduced to team dynamics in multiple ways.  Students 
completed a short textbook reading (8 pages from [11]) at 
the start of the course.  The reading covered the stages of 
team development, the MBTI and its implications for 
team work, and strategies for conflict management.  At 
the start of each project they also participated in a team 
dynamics workshop (one in January and one in April).  
The first workshop focused on understanding the MBTI  
and developing strategies for working as a team based on 
the distribution of types on each team.  The second 
workshop focused on debriefing the experiences from the 
first project and then developing strategies for giving and 
receiving feedback and managing conflict.  Further 
information on the team dynamics workshops is available 
in [10]. 

3. METHODOLOGY 

Team function was measured in three different ways.  
First, a compulsory project exit survey that asked students 
to rate their own and their team’s performance in six 
criteria was administered each year.  Second, responses 
on identical quizzes completed first individually and then 
teams were compared to measure the degree to which 
team decision making was based on the knowledge 
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possessed by the individual team members.  Third, 
average deviations in peer evaluation score across the 
team were considered as a measure of the teams’ 
tendencies to acknowledge and reward/penalize 
differences in contribution.  All three measures of team 
function were compared against a composite grade of 
deliverables for two projects.  The graded deliverables 
changed slightly over the nine years of the course 
considered in this study, but nominally were as shown in 
Table 1 for each project (i.e. two of each item per year).  
The percentages shown at the end of each description 
represent the approximate grade weighting towards the 
composite project grade.  The composite project grade 
represented 35% of the total course grade. 

 
Table 1: Graded Design Project Deliverables 
Item Description 

Written reports 

Formal written recommendation reports 
outlining the design process and decision 
making for the competition prototypes 
(37%) 

Competition 
prototypes 

Comprehensive physical prototypes used 
for course-wide design competition (29%) 

Oral 
presentations 

Formal oral presentations outlining the 
detailed process and decision making for 
the competition prototypes (17%) 

Poster 
presentations 

Formal poster presentations outlining 
team strategy and general process for the 
competition prototypes (11%) 

Prototype 
demonstrations 

Mid-project focused, physical prototypes 
demonstrating progress in a particular 
aspect of the project (3%) 

Logbooks Team logbooks documenting work 
through project (3%) 

 
The methodology to measure team function in each of 

the three approaches (exit survey, quiz performance, and 
peer evaluations) are described further in the next section. 

3.1. Exit Survey to Measure Team Function 

At the end of the first project, in January, students 
were given a compulsory project exit survey to be 
completed online.  The survey start date was roughly one 
week after the project completion, and the end date was 
roughly two weeks later.  Completion of the survey 
carried the grade weight of one tutorial exercise 
(approximately 0.5% of the course grade).  The survey 
results formed the basis of the second team dynamics 
workshop in April, at the start of the second half of the 
course and second project.  Survey results were 
anonymous, and only aggregate results and representative, 
anonymous comments were shared with the class.  
Among other things, the survey asked students to rate 
their team’s performance in six criteria using a 10-point 
rating scale (1 = very poor to 10 = very good).  The six 

criteria were adapted from [14] and are included below, as 
worded in the survey: 

x Unity:  Unity exists when the team creates a 
strong common purpose, sticks together, and 
people support one another. 

x Communication:  Effective communication is 
open and two-way, with discussions that are in-
depth with careful listening. 

x Distribution of responsibility:  Effective 
distribution of responsibility occurs when all 
members have equal say and tasks are fairly 
distributed and carried out by all members. 

x Problem solving:  For effective problem solving, 
everyone's ideas are used to solve problems and 
contribute to the project's final plan. 

x Conflict management:  In effective conflict 
management, differences in opinion are 
acknowledged and a sound and fair resolution is 
reached through discussion. 

x Group self-evaluation:  Effective group self-
evaluation occurs when the group periodically 
takes time to critique, discuss, and improve its 
performance. 
 

It was hypothesized that teams with a higher average team 
rating would produce superior results and would receive 
higher grades on the project deliverables. 

3.2. Quiz Performance to Measure Team 
Function 

As part of the TBL teaching approach, students 
complete a set of assigned readings for each course 
module and then take an in-class quiz on those readings.  
The reading quiz is completed prior to any classes, 
tutorials, or other teaching activities on the reading topics.  
The reading quiz consists usually of 20 questions, all 
multiple choice.  Of particular importance in the current 
context, students first complete the reading quiz 
individually by marking their responses on a computer 
score card, and then they complete the quiz a second time 
in their teams.  The team quiz questions are identical to 
those on the individual test, but responses are recorded 
using an Immediate Feedback Assessment Technique (IF-
AT) scratch card, as shown in Fig. 1.   

On the IF-AT card questions are numbered as rows 
down the left side and answer choices are labelled as 
columns across the top of the card.  Teams discuss the 
question and scratch the box corresponding to their 
response.  If they are correct they reveal a star symbol 
(�), such as for Question 1, C, in the figure.  If teams are 
incorrect, no star is revealed (such as Question 2, B, in the 
figure), and then teams discuss the question further and 
try again until they reveal the correct answer (Question 2, 
A).  The score per question is based on the number of 
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scratches to reveal the star.  (In MECH 223 1 try = 4 
points; 2 tries = 2 points; 3 tries = 1 point; and 4 or 5 tries 
= 0 points.) 

 
Fig. 1. IF-AT card for the team reading quiz 

 
Having both individual and team responses to the exact 

same questions on tests taken immediately after one 
another allows comparison of how team decision making 
relates to decision making of the individual team 
members.  Specifically, the IF-AT card reveals cases 
where the team is incorrect (such as Question 2, answer 
B, in Fig. 1) and the computer-scored individual tests, 
taken prior to the team test, reveal how each person 
responded to the same question without the influence of 
the other team members.   

In total, over 11,000 question events were analyzed 
from the 2008 to 2012 offerings of the course.  These 
were based on 30 quizzes, 10-20 questions per quiz, and 
20 teams per year.  A total of 1,143 incorrect team 
responses to questions were identified. 

The metric used to quantify team function in this case 
was the number of instances per team where individual 
members had a question correct in the individual test but 
then the team picked a different answer in the team test.  
It is suggested a high value of this metric in general 
corresponds to lower team function in communication, 
problem solving, and unity, as described in the previous 
section (e.g. teams that base decisions on ‘majority rule’ 
or the ‘loudest voice’).  It is further hypothesized that 
teams with a low value of this metric will tend to have 
improved project outcomes. 

3.3. Peer Evaluation Scores Received 

The peer evaluation scores received were examined in 
terms of the distribution of scores in each team.  As 
described in Section 2, each student completed a total of 
six peer evaluations in which they evaluated each other 
member on their team.  The metric of team function 

considered was the degree of differentiation between peer 
evaluation scores measured in terms of the standard 
deviation of scores received across all team members for 
all six evaluations (nominally 36 individual scores per 
team). 

It is suggested that teams with less variation between 
peer evaluation score will tend to have improved 
distribution of responsibility, conflict management, and 
unity function, as defined in Section 3.1.  Furthermore, it 
is hypothesized that improvement in these areas of team 
function will also tend to result in better project outcomes. 

4. RESULTS AND DISCUSSION 

The sections below present the results and discussion 
for the comparison of project outcomes to team function, 
measured using the three methods in Section 3: student 
self-rating of team function, comparison of individual and 
team quiz performance, and variation in peer evaluation 
scores.   

4.1. How Measured Team Function Relates to 
Student Ratings of Team Function 

The comparison of student self-rating of team 
performance with composite project score is shown in 
Fig. 2.  Independently for each of the six team function 
criteria, the 25% of the class that gave their team the 
highest rating in the survey for that criterion (‘higher team 
function score) are compared to the 25% that gave their 
team the lowest rating (‘lower team function score’).  The 
project scores for each year have been normalized to an 
average of 1.00 to remove year-to-year variability in 
project difficulty, grading practices, and cohorts.  Error 
bars represent 95% confidence intervals based on the 
measured data. 

 

 
Fig. 2. Normalized project score versus student self-rating 

of team function 
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In each measure of team function, the students who 
rated their team’s function as high had a higher composite 
project score on average compared to those who rated 
their team’s function as low.  The gaps between the two 
groups were statistically significant (p < 0.001) in every 
case.  The difference in project score ranged from 
approximately 4% (communication and conflict 
management) to approximately 6% (unity and distribution 
of responsibility).  Overall, the results suggest there is a 
very strong correlation between student perception of 
team function and the design outcomes the team 
produces.  Put another way, it appears student assessment 
of team performance is valid. 

4.2. How Team Function Relates to Decision 
Making on Team Quizzes 

The results comparing normalized project score to 
decision making on team quizzes is shown in Fig. 3.  
Several items in this chart warrant description.  First, the 
four quartiles are based on the number of instances where 
an individual had the correct answer on the individual 
quiz but the team chose a different (incorrect) answer on 
the team quiz.  The quartiles were determined across 
combined data from the 2008W to 2012W cohorts and 
were based on average instances per team per quiz: 

 
x Q1 = 0 to 5.7 instances 
x Q2 = 5.7 to 9.2 
x Q3 = 9.2 to 12.5 
x Q4 = 12.5 to 22.0 

 
Second, the p-values shown between the bars in the 

chart are results of the two-tail T-test for difference in 
means between the two adjacent quartiles (i.e. the 
difference in project scores for the Q1 and Q2 groups are 
statistically significant with a p-value of 0.008). 

 

 
Fig. 3. Normalized project score versus quiz response 

quartile 
 
The general trend observed above from Q2 to Q4 

followed expectations: the more likely teams were to 

choose an answer on a team quiz that was incorrect in 
spite of the fact that one of the team members actually 
knew the correct answer was correlated with decreasing 
score on team design project outcomes.  What was not 
expected was that the students in Q1, where there were 
the fewest cases of teams going against correct team 
members in quizzes, actually showed a reduction in team 
design project outcomes.  The low p-values associated 
with the comparison of Q1 and Q2 suggest this result is 
statistically significant, as is the comparison of Q3 and 
Q4.  The scale of impact on team project outcomes was 
4% between best and worst performing quartiles.  It is 
important to note that the team quiz scores followed 
expectations: Q1 was the top performer (1.015), followed 
by Q2 and Q3 (both at 1.002), and Q4 was the bottom 
performer (0.981).   

Overall, these results suggest that not listening to and 
not considering all team members’ input is undesirable 
(i.e. Q2-Q4 above).  In considering the results for Q1, this 
may be suggesting that, in the quiz setting, the team can 
rely on the ‘one smart individual’ who has the bandwidth 
to know all the quiz answers, but lacks the bandwidth to 
maintain such performance on the project.  Another 
possible explanation for the Q1 result is that a high degree 
of focus on equal and democratic input on all decisions 
(even trivial ones) might benefit quiz performance but 
slow a team down on a large, open-ended design project.  

4.3. How Team Function Relates to Peer 
Evaluation Score Differentiation 

The relationship between normalized project score and 
peer evaluation score differentiation is shown in Fig. 4.  
The peer evaluation differentiation was quantified for 
each team by, first, computing the standard deviation of 
peer evaluation scores received by every teammate on 
their six evaluations, and, second, averaging these 
standard deviations across all members on a team.  The 
normalized project scores were then averaged based on 
peer evaluation scores binned in 5% intervals, with the 
special case of no differentiation (0%) grouped separately. 

 

 
Fig. 4. Normalized project score versus peer evaluation 
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Teams with the smallest non-zero degree of 
differentiation tended to perform well on the projects, as 
was expected, and there was a general decrease in project 
performance as the peer evaluation score differentiation 
increased.  The error bars in the charts represent 95% 
confidence intervals.  Teams with a very large degree of 
differentiation (the >15% category) also had the highest 
project scores; however, there were only 5 of 180 teams 
in this category so it would be premature to suggest this 
finding represents a broader trend.  It has been coloured 
differently in the chart for this reason. 

A second interesting and arguably more important 
finding was that teams with no peer evaluation 
differentiation – teams where each member always 
received the same score as each other member, no matter 
what – had the lowest average project performance.  
Anecdotally, we have been aware that teams who enter 
into these types of agreements tend to have 
disproportionately more conflict and infighting when 
there no longer is a meaningful recourse to individuals 
who stop pulling their weight or begin to dominate team 
decisions.  If nothing else, these results show that not 
utilizing the peer evaluation process as intended is a 
marker for poor project success. 

Overall, the results suggest that teams with a high 
degree of unity, distribution of responsibility, and conflict 
management, as measured by low peer evaluation 
differentiation, tend to produce better design project 
outcomes.  The scale of the effect, not including the five 
teams at the upper end of the scale of differentiation, was 
approximately 7% in terms of normalized project score. 

5. CONCLUSIONS 

The influence of team function on design project 
outcomes was examined in this study.  Team function was 
interpreted in terms of six key dimensions: team unity, 
team communication, distribution of responsibility, 
problem solving, conflict management, and team self-
evaluation.  Three different methods were used to assess 
team function: 

x A survey in which students self-assessed their 
team’s performance in each of the above 
dimensions of team function 

x A comparison of individual and team performance 
on identical quizzes as a pseudo-measure for 
communication, problem solving, and unity (based 
on how often teams chose incorrect answers when 
one of the team members knew the correct 
answer) 

x A measurement of the differentiation in peer 
evaluation scores as a pseudo-measure for 
distribution of responsibility, conflict 
management, and unity 

Design project outcomes were measured using a 
composite of several distinct, graded second year design 
project deliverables, including comprehensive prototypes 
for design competitions, formal written reports, oral 
presentations, poster presentations, focused prototype 
demonstrations, and logbooks.   

With all three measures of team function, statistically 
significant relationships to design project outcomes were 
observed.  Teams that self-rated as performing well in the 
different dimensions of team function scored 4 to 6% 
higher on normalized project scores compared to those 
that self-rated as performing less well.  There was a 
general trend that teams with a greater tendency to answer 
team quizzes incorrectly when some members had the 
correct answer (i.e. not listening to the wisdom within the 
team) were also likely to receive lower composite design 
project scores by as much as 4%.  The teams least likely 
to answer incorrectly when some members had the correct 
answer performed below average, perhaps due to a lack of 
firm leadership or an overreliance on democratic decision 
making approaches during the projects.  Lastly, there was 
a general decrease in composite project scores as the 
differences between peer evaluation scores increased on a 
team.  Similar peer evaluation scores between members of 
a team is suggestive of equal distribution of 
responsibility, less conflict, and strong unity for that team.  
The exception was teams that did not differentiate peer 
evaluation scores at all had average normalized project 
scores 7% lower than teams with a small non-zero 
differentiation in peer evaluations. 
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Abstract – It is no wonder that communication skills are 
among the twelve attributes required by the Canadian 
Engineering Accreditation Board, since engineers must 
possess strong oral and written communication skills. At 
Polytechnique Montréal, all undergraduate students have 
been required to take a mandatory credit for this specific 
“soft-skill” since 2006. 

As an alternative to the classical one-term class, this 
three-year long innovative educational strategy is based 
on a personalized approach. The first year, after taking 
diagnostic tests in written and oral communication, 
students attend communication workshops. They then 
perform realistic communication tasks in engineering-
related situations, both at school and during an 
internship. Each year, they complete an e-portfolio and 
reflect on the development of their communication skills. 

This method demonstrates the academic and 
professional transversality of a program-based approach. 
It also allows for practical assessment of complex 
engineering concepts reflecting the underlying philosophy 
of the twelve attributes. 
 
Keywords: oral and written communication, program-
based approach, descriptive analytic grid, e-portfolio, 
communication workshops, transversal competences, 
innovation, twelve attributes, metacognition. 
 
 

1. INTRODUCTION 
 

Polytechnique Montréal is Québec’s largest 
francophone engineering school with over 7000 students, 
approximately 5000 of whom are enrolled in an 
undergraduate program. The school is renowned for its 
wide range of engineering specialties. It is also known as 
a teaching and research leader. 

While technical communication has been taught since 
1984 at Polytechnique Montréal as part of a three-credit 
methodology class, the need for improved communication 
skills became more acute following concerns expressed 
by the school’s professional and industrial partners. The 
Canadian Engineering Accreditation Board also 

underscored the importance of achieving a better balance 
between non-technical skills, academic training and 
genuine industrial needs. 

In 2004, a review of the undergraduate programs led to 
the addition of compulsory credits for the so-called “soft 
skills”. Starting in 2006, each program included two new 
credits for interpersonal relations and teamwork skills and 
one new credit for oral and written communication. 

In line with the program-based approach, oral and 
written communication was developed with an innovative 
pedagogical focus. This was done to promote a student-
centred practice and create strategic links between the 
academic and professional training. Almost a decade 
later, a large number of engineering students have 
benefited from this method and faculty is progressively 
becoming more involved. 
 

2. AN INNOVATIVE PEDAGOGICAL 
STRATEGY 

 
2.1. Developing communication skills 
 

In the early 2000s, there was a wide consensus 
between Polytechnique’s management, faculty, industrial 
partners and graduates for improved communication skills 
training and education. This was deemed essential to 
good engineering practice. 

Apparently this was not an isolated situation. In the 
United States, many schools and universities recently 
added oral and written communication to their degree 
courses in order to meet expanding challenges [1]. The 
increasing responsibilities of our modern engineers and 
the part they play in multidisciplinary teams require a 
wide range of effective communication abilities.  

In the past, dedicated courses were an obvious and 
often valued approach to improve students’ 
communication skills. However a lack of learner interest 
and motivation, heavy course loads and a limited 
pedagogical timeframe at the beginning of undergraduate 
studies were detrimental to learning these soft skills. A 
robust pedagogical strategy was therefore put in place for 
the 1300 students entering Polytechnique each year. 
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2.2. A personalized approach 
 

Since very few students believe they need to improve 
their communication skills, some basic written and oral 
diagnostic testing is required from the time they enter the 
institution. Referring to a diagnostic is also consistent 
with the cognitive psychology tenet that learning builds 
on prior knowledge [2].   

After being given a reference document that they read 
in advance, students are asked to write a short text of 450 
words in response to simple instructions. These tests are 
presently conducted in computer laboratories and the 
results are directly transferred to the Moodle platform for 
assessment. Unlike handwritten tests, these essays are 
prepared using online tools such as a dictionary and the 
revision guide. In previous years, students had requested 
access to the usual language tools to write their test. The 
computerized version of the diagnostic written test 
reflects the effective use of French-language skills - 
grammar, spelling, style -, and the related tools. 

Students are then asked to prepare and give a short 
talk on a technical subject (8-10 minutes) using an 
appropriate visual aid (PowerPoint, Prezi).  

Descriptive analytic rubrics are made available in 
advance and used by communication tutors to assess 
specific outcomes. Assessment codes and grids 
harmonize evaluation and students quickly become 
familiar with the terms and objectives. Personalized 
comments made by tutors accompany each assessment to 
provide constructive feedback and encourage student’ 
progress. All results are entered into the “ÉvalCÉO” 
dynamic communication database. 

Students who do not achieve the level of “good” are 
assigned to specific communication workshops. This 
approach responds to individual needs and promotes 
greater homogeneity in the classrooms. Appendix A 
presents the written and oral process outline. 

The three-year process requires a coordination team 
for communication, workshops and e-portfolio support. 
Three part-time employees are supervised by a permanent 
professional and manage a team of approximately 15 
communication tutors and workshop instructors. Costs are 
therefore slightly higher than for a single-term specialty 
course, but results show higher achievement and 
significant added value for the program-based approach.  
 
2.3. A progressive assessment sequence 
 

After students receive their diagnostic assessment in 
oral and written communication, they are asked to meet 
their workshop requirement by the end of the following 
term. A formative sequence immediately follows 
diagnostic evaluation and fosters prompt potential output 
in other course-related communication situations. 

Workshops target declarative and procedural 
knowledge in a dynamic and interactive 90-minute 
classroom session. After each workshop, students are 
required to write an assignment that must be submitted 
via Moodle within 10 school days. The instructor then 
sends feedback to all participants and completes the 
evaluation process, before putting an answer key online. 

Students register for the workshops online, via 
Moodle.  
In the 2014 winter term, a total of 104 workshops were 
given on a variety of topics, in oral and written 
communication. Table 1 lists the workshops. 

 
Since 2013, four specific workshops are compulsory 

for all civil engineering students. They are led by 
specialty professors to meet that department’s needs for 
better technical writing skills. It also demonstrates 
faculty’s real interest for communication issues. This 
valuable professional assistance reinforces the need for 
effective communication in engineering programs, and 
more such opportunities would help spread discipline-
specific communication knowledge.  

Once they have completed all of their communication 
workshops, students are ready to use their knowledge in 
new communication situations. Nevertheless, they are 
also asked to complete an annual e-portfolio that includes 
their communication productions and workshop 

Table 1: Communication workshops (winter 2014)

Workshops (50 students/session) 
 

Number 

Written communication 
 

Text organization 9 
Grammar  8 

Quotations and references 7 

Tables and figures 6 

Vocabulary and style 5 

Résumé writing 20 

CIV – Writing methods 4 

CIV – Structuring a report 4 

CIV – Tables, figures and graphs 4 

CIV – Writing aids 4 

 
Oral communication 

 

Visual aids 4 

General communication skills 4 

Presentation preparation 5 

Job interview 20 
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assignments.  As a collection of selected works [3], the e-
portfolio represents the students’ communication skills 
achievements over time. The portfolio also contains an 
assessment completed once a year in which students 
reflect on their skills development. This reflective 
exercise helps consolidate new knowledge. It also draws 
on metacognition and regulation, which are directly 
linked to judgement and autonomy [4], two desired 
qualities for future engineers. 

Final assessments are related to third-year projects and 
work placements in order to create connections between 
academic and professional knowledge. These learning 
situations are particularly relevant in terms of conditional 
knowledge. Communication tutors use the same 
descriptive analytic grids in order to determine progress 
and to assess if the competence has been reached.  

This evaluation sequence (diagnostic, formative and 
summative) is an effective method to measure progress 
over time. Communication skills require authentic 
practice and feedback from engineering faculty and 
communication professionals. 
 
2.4. Better learning through an experiential 
approach 

 
The communication course is staggered over a three-

year period, because the types of skills it teaches need to 
be practiced at school and in a professional training 
context. What students learn in one class can be 
experienced or reproduced in another as well as in the 
workplace. Authentic tasks in discipline-related situations 
increase students’ motivation by enhancing the perceived 
task value, its feasibility and the students’ ownership on 
the task [5]. 

This long-term and somewhat constructivist approach 
focuses on revealing significant changes and outcomes 
with respect to learning and practice. It strengthens 
procedural knowledge and prepares students for more 
complex situations. As students become familiar with the 
communication culture of their discipline, they also 
engage in its maturing, becoming actively involved in 
their learning process.  

It is therefore only natural that the final exams in oral 
and written communication are highly contextualized. 
They are related to third-year project courses and 
professional training, where higher taxonomic stages can 
be observed (Bloom’s analysis, synthesis and evaluation). 
These authentic situations come under the basic 
comprehension of what a competence is: a complex 
“knowing-how-to-act” that draws on a combination of 
resources. Through progressive practice, this competence 
has a better chance of becoming permanent [2].  

 
 

2.5. A program-based approach and an 
interesting link with the twelve attributes 

 
The program-based approach is a teaching model that 

focuses on students’ engagement and the instructors’ 
global knowledge of the program components. As 
opposed to the single-class approach, the program-based 
approach is defined by a specific training project and the 
synergy aimed at achieving this goal by all leading 
participants [6]. Interestingly, the single-credit oral and 
written communication course incorporates the skill 
development concept, given that students are directly 
involved in the learning process for three years.  

Furthermore, students get to practise their 
communication abilities in engineering-related situations 
at school and during their work placement. This long-
term strategy enhances contextualized tasks. It is aligned 
with engineers’ specific role in complex professional 
situations. It also promotes academic and professional 
transversality of the program-based approach. These 
naturally authentic situations foster “know-how” that 
activates different kinds of knowledge: theory, 
experiential, procedural, relational and cognitive skills. 
This knowledge determines the essence of a competence 
[7]. 

Matching oral and written communication with third-
year projects and work training strengthens the 
connection with programs and placement services. This 
optimizes an educational project in which there is a clear 
idea of the value, attitudes and competences students need 
to develop. It also enhances the pedagogical measures 
used to achieve this aim [6]. Among the developed 
values, the communication course stimulates autonomy, 
responsibility and personal involvement in the learning 
process.  

The program-based approach strives for continuous 
improvement as does the vision of the twelve attributes. 
Like ABET [8], both generate an exit profile and measure 
various knowledge elements. The oral and written 
communication instruction at Polytechnique Montréal is 
completely aligned with the seventh attribute 
(communication skills):  

- Descriptive analytic rubrics focus on the 
appropriate demonstration of quality by measuring 
the degree of autonomy, work performed and 
complexity/infrequency of  the situation; 

- The progressive assessment sequence allows for 
structured and practical learning with constructive 
feedback in tandem with the programs’ aims; 

- Assessments allow for documented student 
outcomes and program improvement via the e-
portfolio; and, 

- Continuity and connection with programs and 
services are enhanced. 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 53 
Canmore, AB; June 8-11, 2014 –  4 of 4  – 

For optimal functioning of the communication course, 
a coordination team provides support and guidance for 
students and communication tutors. 
 

3. CONCLUSIONS 
 
At Polytechnique Montréal, the personalized and 

highly contextualized approach to oral and written 
communication prepares students for real-life complex 
engineering-related situations where they will be required 
to use coherent recipient-oriented communication 
strategies. The aim is to hone specific language use as 
well as information and technologies communication 
abilities.  

This process also demonstrates obvious links with the 
twelve attributes, since outcomes can be compared at the 
beginning (diagnostic tests) and end (final exams) of the 
process. The progressive assessment sequence is useful 
for personal as well as program purposes. Transversality 
optimizes knowledge mobilization and ensures higher 
student learning outcomes due to realistic discipline-
specific tasks. These results are in line with the engineer’s 
role on a professional multidisciplinary team often 
associated with contemporary participative management.  

The personalized approach stimulates motivation and 
encourages autonomy since this three-year process is a 
clean break from the traditional one-term courses. Some 
students appreciate the fact that the diagnostic and 
communication situations enhance their abilities. Others 
find themselves challenged by some of the organization 
requirements (attending workshops, filling out an e-
portfolio) and by assessing their long-term improvement. 

The course outline given in Appendix A shows that 
further improvement could be made to the formative 
sequence. One potential enhancement involves offering 
practical communication coaching in second-year project 
courses to support students and engineering faculty. 

To reinforce and adjust to the vision of the twelve 
attributes, a new school portfolio similar to an e-portfolio 
is in the works (Polyfolio). The communication e-
portfolio will thus soon merge with the Polyfolio to 
simplify overall assessment and improvement.  

The written and oral communication course clearly 
meets academic and professional expectations. The 
individualized and highly contextualized long-term 
approach associated with self-reflective practice yields 
higher learning achievement and may well drive the idea 
of continuing education that is so fundamental to 
engineers. 
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Abstract – Design is one of twelve graduate attributes 
that needs to be assessed as part of the accreditation 
process for engineering programs in Canada, as required 
by the Canadian Engineering Accreditation Board 
(CEAB). However, assessment of design competence is a 
complex task due to the fact design process is non-linear 
and depends on many factors including communication 
skills, teamwork skills, individual knowledge and skills, 
and project complexity. This study aims to capture 
undergraduate   students’   design  and   teamwork   skills   and  
the challenges they face in their design projects. To this 
end, a low-cost assessment tool which can be 
implemented and analyzed relatively fast is presented.  
The   tool   is   a   new   survey   which   assesses   students’   self-
reported intentions and skills for four key dimensions of 
team-based engineering design:  (a) design process, (b) 
design communication, (c) teamwork, (d) regulation of 
teamwork. The survey was administered to the first year 
students  enrolled  in  “Design  and  Communication  I”  after 
completion of a final design project.  In this paper, the 
survey development and key findings from the collected 
data are discussed in detail.  

Keywords: Engineering Design, Assessment, Teamwork 
 

1. INTRODUCTION 
 Design is a central activity to all types of Engineering. 

According to the Canadian Engineering Accreditation 
Board  (CEAB),  an  accredited  program  must  “culminate  in  
significant design experience”   [1]. Thus, engineering 
design is a fundamental learning objective for engineering 
students in Canadian universities [2]. In response to this 
need, many cornerstone and capstone design courses have 
been integrated into engineering curriculum. Rigorous 
assessment   of   students’   design   knowledge   is   crucial   to  
create effective learning environments that facilitate 
development of design knowledge [2]. Assessment 
provides students with valuable feedback regarding their 
progress with respect to the intended learning outcomes as 
well as areas in which they may need to improve. 
Assessment further helps educators improve the 
curriculum and address public concerns about the quality 
of educational programs [3].  

However, assessment of design competence is a 
complex task [10]. Engineering design consists of 
multiple skills and competencies such as communication 
and teamwork as well as individual knowledge. 
Assessment tools that are systematic, flexible, and time 
and cost efficient are needed if we wish to adequately 
gauge   students’   design   competencies   as   they   progress  
through university programs [10]. As such, in the current 
study we aimed to develop a questionnaire that 
systematically targets fundamental aspects of engineering 
design. The survey along with the findings from the 
collected data is discussed in detail. 

2. PROPOSED SURVEY 
 
2.1. Purpose and Objectives 

     The proposed survey is a part of an ongoing design 
assessment project which aims to: 

 Capture how undergraduate Engineering students 
develop design knowledge and expertise 

 Capture the challenges students face in their 
undergraduate design work 

 Inform evidence-based decision making about 
design instruction and program development 

 Inform theory and research about engineering 
design and effective teamwork 

2.2. Survey Overview  

The survey assesses four key components of 
Engineering Design informed   by  Hyman’s  model   of the 
engineering design process [9], Davis et al. [3] and 
models of regulated collaboration [8]. These included: (a) 
design process (following a plan to build a product which 
satisfies the client needs) (b) design communication 
(documenting and presenting information needed to 
implement desired design solutions), (c) teamwork 
(fulfilling roles & responsibilities, climate, time/task 
management, team communication), and (d) regulating 
teamwork (planning teamwork, strategically enacting the 
tasks, monitoring and evaluating progress and products, 
and making changes to  optimize collaboration when 
needed). 
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The current survey contains three main sections: (a) 
Section 1 assesses the extent to which students intended 
to engage in each component of design during a recent 
project (b) Section 2 assesses how challenging students 
found each component of engineering design during the 
project; and (c) Section 3 asks students to reflect on the 
most significant challenge they encountered and the most 
important thing they learned during the project. As such, 
the survey examines students design intentions and skills 
as they relate to a specific task in one undergraduate 
course.  That   is,   the   task  provides  a  snapshot  of  students’  
design skills at the current point of progression through 
the program. Design components and sub-components for 
each section are summarized in Table 1. The survey is 
provided in the Appendix. 

3. CONDUCTING THE PILOT SURVEY 

3.1. Selected Course for the First Set of Data Collection 

     To evaluate the pilot survey and analyze the 
appropriateness of its questions, we conducted the survey 
in a mandatory first-year design course, Design and 
Communication I (ENGR 110/112), offered in Fall 2013 
in the undergraduate Engineering program at the 
University of Victoria. The course consisted of two main 
parts, “Design”  and  “Communication” which were taught 
by in close cooperation between Faculty of Engineering 
and English Department. This course exposes students to 
the introductory principles of engineering design process 
through practical projects defined by clients. Further, it 
provides students with opportunities to improve their 
presentation and research skills at the University level.  
The survey was conducted at the end of the term when the 
students finished their design project for the Capital 
Region District (CRD), a regional government and service 
provider on Southern Vancouver Island.  

The objective of the design project was to improve 
cycling modal share in the Capital Region by designing a 
new or enhancing an existing infrastructure solution, 
product or system that will inspire and motivate more 
residents and visitors to cycle. The students worked on the 
project as fixed groups of four/five for about two months. 
The final deliverables were posters and oral presentations. 
Students were encouraged to make functional/non-
functional prototypes to illustrate their solution(s).   

3.2. Participants 
Participants in the first pilot implementation were 53 

consenting students enrolled in ENGR 110/112. 
Participant demographics are summarized in Table 2. All 
students enrolled in ENGR 110/112 were invited to 
complete the survey and participate in the research (400 
students).  Two invitations to participate were distributed 

via online course announcement by the lab instructor. 
Students wishing to participate in the research completed 
the survey online using FluidSurveys. Survey response 
rate was low (13.75%, n = 55). Two respondents declined 
to participate in the research and were excluded from 
analysis. 

Table 2. Participant Demographics 
  Proportion N 
Gender Male 66.0% 35 
 Female 34.0% 18 
Age 17 to 20 75.5% 40 
 21 to 30 22.6% 12 
 31 to 40 1.9% 1 
Year of Program 1st year 94.3% 50 

 2nd year 5.7% 3 

3.3. Survey Completion 

 Only 61.81% of all students completed all three 
sections of the survey (n =34).  

 Mean time to complete the pilot survey was 
21.10 minutes (SD = 10.67). 

 There is a jump in survey attrition after Section 1 
(Figure 1). 

 
Figure 1. Number of Responses across Survey Sections 1- 3 by 

Consenting Students 

     The above findings suggest the students may have 
found the current survey to be too lengthy. One 
explanation for the steep jump in attrition after Section 1 
could be that the items for Sections 2 were much longer 
and may have been tedious or difficult to answer. 

3.4. Design Priorities  
Results indicated students rated most aspects of the design 
process, design communication, and teamwork as a high 
or very high priority for the project (Figure 2), and rarely 
indicated that items were not applicable for the project.  
Mean priority ratings for each item are displayed in 
Figure 2. 
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 Teamwork appeared to be the highest priority for 
students (M=3.47, SD=0.72) which was expected 
due to the major emphasis on teamwork in the 
class and lab activities.  

 Testing/Validating appeared to be the lowest 
priority for students (M=2.92, SD=0.85) which 
was not surprising since the required deliverables 
for the course were posters and presentations.   

Table 1. Sections and Categories included in Each Section of the Survey 

Section                                  Categories and Items 

Design Priorities 
Extent to which students 
intended to make use of 
components of Engineering 
Design during a project 
 
 
Rate each item from 1 (not at 
all a priority for me) to 4 
(high priority for me) or 5 
(not applicable to this 
project). 
 
 

Need Identification (Recognizing the need) 
Problem Formulation (Defining the problem) 
Planning the project  
Gathering information 
Generating Solutions 
Evaluating Alternatives  
Selecting the Preferred Design 
Implementing the Design 
Testing/Validating the Design  
Documenting and Presenting the design (Communication) 
Working as a team 
Other 

Design and Teamwork 
Challenges 
How challenging students 
found enacting key 
components of Engineering 
Design in a recent project 

Rate each item from 1 (Very 
easy for me) to 4 (Very 
challenging  for  me)  or  “Did  
not do this/Not Applicable to 
my  Project” 

Design Process  
             Need identification/ Problem Formulation 
             Planning the Project 
             Gathering Information 
             Generating Solutions 
             Evaluating Alternatives / Selecting Design 
             Implementing/ Testing / Validating 
             Taking an Iterative Approach 
Design Communication 
              Documenting / Presenting 
Teamwork 
              Roles & Responsibilities 
              Team Climate 
              Task/Time Management 
              Communication 
Team Regulation 
              Planning 
              Monitoring/Evaluating 
              Working Strategically 
              Adapting 

Project Outcomes 
Reflections on the biggest 
challenge encountered in the 
project and the biggest thing 
learned 
 
 

What was the biggest challenge you encountered in this design project? (Choose 1) 
             Need Identification 
             Problem Formulation 
             Planning the project  
             Gathering information 
             Generating Solutions 
             Evaluating Alternatives  
             Selecting the Preferred Design 
             Implementing the Design 
             Testing/Validating the Design  
             Documenting and Presenting the design 
             Working as a team 
             Other 
Describe why this was the biggest challenge - what happened? 
What is the most important thing you learned about Engineering Design in this project? 
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Figure 2. Mean priority ratings for each design project item 

These results suggest students may have had difficulty 
distinguishing design skills that were important for the 
project from those that were not. For example, 
implementation was not a focus for the ENGR110/112 
project. However, on average, students rated this as being 
a high priority (M=3.09, SD=0.86), and 0% of students 
indicated it was not applicable for the project.  

 
3.5. Design and Teamwork Challenges  

In Section 2 of the questionnaire, students rated the 
extent to which they found design process, design 
communication, teamwork, and regulating teamwork easy 
or challenging in the project. We examined   students’  
scores for each category (design process, design 
communication, teamwork, and regulating teamwork) as 
well as scores for sub-components that make up each 
category (e.g. roles & responsibilities, team climate). 
Category scores were computed by taking the mean of 
items that make up that category. For example, Design 
Process score was calculated by summing ratings on all 
design process items and computing the mean. Scores for 
each sub-component were computed by taking the mean 
of the items that make up the sub-component. The results 
are summarized in Figure 3 and Table 3. 

Students reported few difficulties with design process, 
design communication, teamwork, or regulating 
teamwork in the project (Figure 3).  

 At the category level, teamwork was rated as the 
least challenging aspect of the project (M=1.84, 

SD = 0.49) and design process was rated as most 
challenging (M=2.34, SD=0.35).  

 At the sub-component level, Implementing & 
Testing the design was rated as most challenging 
(M=2.40, SD=0.55) while Team communication 
was rated as least challenging (M=1.69, 
SD=0.47). 

These findings are unexpected as students are in the 
first year of their program and likely do not possess well 
developed skills for design. There are number of possible 
explanations for these results: 

 The ENGR110/112 Project may not have 
required extensive use of these types of skills. 

 Due to inexperience and novice level knowledge 
of design, students may have had difficulty 
distinguishing what design skills were used in 
the project from those that were not and may 
have had difficulty accurately self-assessing the 
extent to which they effectively used these 
design skills.  

 Students may have felt pressure to demonstrate 
their expertise in design by rating themselves 
highly.  

     Students infrequently reported items as not 
applicable/did not do this (Figure 4). Three exceptions 
were Implementing & Testing/Validating (26.0% of 
responses), documenting/presenting design (11.78%), and 
adapting teamwork (11.78%).  

3.6. Key Challenges 

Students most often reported that working as a team 
was the most significant challenge they encountered 
during the design project (29.41%, f= 10), followed by 
Gathering Information (11.8%, f=4) and Planning the 
Project (11.8%, f=4) (Figure 5).  

These results were unexpected considering that 
students   generally   reported   teamwork   to   be   ‘easy   for  
them’   in   Section   2. One possible explanation for this 
finding is that teamwork items asked students about their 
own teamwork skills (easy vs. challenging for me) while 
this item asked about teamwork in general (working as a 
team). This explanation is corroborated by preliminary 
analysis   of   students’   explanations  of   ‘what  happened’   in  
which one emerging theme was difficulty dealing with 
others’   working   schedules, unequal participation from 
others in the group, etc. Few of these responses 
referenced   students’      own   shortcomings   in   teamwork  
skills.   
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Figure 3. Mean challenge ratings for Design Process, Design Communication, Teamwork, and Regulating Teamwork  
 

 
Table 3. Challenge ratings for Design Process, Design Communication, Teamwork, and Regulating Teamwork 

Category Sub-Component Mean SD N 
Design Process Needs Identification/Problem Definition 2.38 0.41 39 
 Planning the Project 2.36 0.57 38 
 Gathering Information 2.37 0.46 38 
 Generating different solutions 2.26 0.51 35 
 Evaluating solutions/ Selecting design 2.36 0.41 35 
 Implementing & Testing/Validating 2.40 0.55 35 
 Taking an Iterative Approach 2.20 0.59 35 
 All process items 2.34 0.35 39 
Design Communication Documenting/ Presenting 2.13 0.53 35 

Teamwork Roles & Responsibilities 1.87 0.68 32 
 Climate 1.92 0.68 32 
 Task/Time Management 2.06 0.81 32 
 Communication 1.69 0.47 32 
 All teamwork items 1.83 0.49 32 
Regulating Teamwork Planning Teamwork 2.11 0.64 32 
 Regulating Monitoring & Evaluating 2.10 0.68 32 
 Adapting Teamwork 2.10 0.84 31 
 Working Strategically 1.92 0.70 32 
 All regulating teamwork items 2.07 0.60 32 
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Figure 4. Proportion  of  “not  applicable/did  not  do  this”  responses   
for each sub-component of Design Process, Design Communication, 
Teamwork, and Regulating Teamwork. 

 
 

Figure 5. Proportion of items indicated as the most significant 
challenge identified during the Design Project 

 

4. CONCLUSIONS & NEXT STEPS 

Results of the pilot survey indicated that students felt 
all aspects of engineering design were important for the 
project, and reported few difficulties in enacting design 
skills. While these results might seem positive, 
participants were first year students in an introductory 
engineering course, and not all components of 
engineering design were required in the project.  As such, 
students appeared to have difficulty distinguishing design 
skills that were relevant for the project from those that 
were not and assessing their own skills. Furthermore, the 
response rate and completion rate for the survey was 
lower than expected. There are a number of possible 
explanations for these results: 

1- The likely inflated self-ratings and little variability 
suggest the response scale (e.g. easy for me vs. 
challenging for me) appears to be introducing some social 
desirability bias. In other words, students may feel 
pressure to evaluate themselves highly in order to present 
themselves in a positive light. 

 

2- The 4-point bipolar Likert scale may have contributed 
to this issue. For example, when deciding between the 
middle   points   of   the   scale   “somewhat   easy   for  me”   and  
“somewhat   challenging   for   me,”   students   may   have   felt  
more comfortable selecting the higher of the two middle 
points. 

3- Some items were long and complex. It is possible that 
students had difficulty interpreting them and they may 
have contributed to the low completion rate for the 
questionnaire. 

4- Since projects have different requirements across years, 
item wording requires a not applicable option. Not 
applicable options may make it difficult to distinguish 
gains in engineering design competencies across 1st to 4th 
year and these preliminary results suggest students have 
difficulty distinguishing which are applicable and which 
are not. 
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Recommendations for next steps: 

1- Wording of items could be revised to ask students to 
rate their agreement about whether the project helps them 
to develop design process skills, design communication 
skills, teamwork skills, and regulating teamwork skills 
required of a professional engineer.    

2- Agreement could be rated on a 5 point Likert scale 
from   “Strongly disagree (did not   do   this)”   to   “Strongly  
agree”. 

3- Wording of each item could be simplified to increase 
students’   ability   to   answer   the   questions   accurately   (e.g.  
refine items with long and complex with multiple 
dependencies in wording).  

4- Administering the questionnaire after students have 
received their design project grades may help them to 
more accurately self-assess their skills and feel less 
pressure to evaluate themselves positively. 

5- Response and completion rates could be boosted by 
using alternative modes of delivery (e.g. in class) and 
using results to eliminate redundant items. 

6- Decisions about questionnaire scoring (one overall 
score; factor score?) 

7- Validity of the questionnaire could be explored by (a) 
examining how scores correlate   with   students’   project  
grade, course grade, GPA (Institutional Data), (b) 
consultation with subject matter experts (both instruction 
and industry).  

8- A second pilot phase would be useful to increase 
sample size. This would enable use of statistical tests to 
determine the reliability and validity of the instrument 
(e.g.   Cronbach’s   alpha   for   internal   consistency,  
confirmatory factor analyses to quantitatively test 
questionnaire factors)  
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!

!

!

Name!and!briefly!describe!the!most!recent!Design!Project!you!completed!in!this!course!
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Very!Low!
Priority!For!Me!

Somewhat!Low!
Priority!For!Me!

Somewhat!High!
Priority!For!Me!
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Priority!For!Me!

Not!Applicable!
To!This!Project!

!
Recognizing!the!need!for!the!design!project! 1! 2! 3! 4! 5!

Defining!the!problem!including!design!goals,!objectives!and!constraints! 1! 2! 3! 4! 5!

Planning!the!project!! 1! 2! 3! 4! 5!

Gathering!information! 1! 2! 3! 4! 5!

Generating!different!design!solutions! 1! 2! 3! 4! 5!

Evaluating!alternative!design!solutions!! 1! 2! 3! 4! 5!

Selecting!the!preferred!design!based!on!the!appropriate!evidence! 1! 2! 3! 4! 5!

Implementing!the!preferred!design! 1! 2! 3! 4! 5!

Testing/Validating!the!performance!of!the!implemented!design!! 1! 2! 3! 4! 5!

Documenting!and!presenting!the!design! 1! 2! 3! 4! 5!

Working!as!a!team! 1! 2! 3! 4! 5!

Other!! 1! 2! 3! 4! 5!
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!

! ! ! ! !



Design!Challenges!

Think!about!how!things!went!in!the!design!project.!What!was!easy!and!what!was!challenging!

for!you?!Rate!each!item!below!from!1!(Very!easy!for!me)!to!4!(Very!challenging!for!me)!or!“Did!not!do!this/Not!
Applicable!to!my!project”!

1! 2! 3! 4! 5!

Very!Easy!!
For!Me!

Somewhat!Easy!!
For!Me!

Somewhat!Challenging!
For!Me!

Very!Challenging!!
For!Me!

Did!not!do!this!!/!
Not!applicable!to!

my!project!
!
Fully!identifying!the!client’s!need!(which!implies!that!you!know!who!the!client!is!and!the!
client!knows!what!their!need!is)!

1! 2! 3! 4! 5!

Describing!an!appropriate!design!goal!(e.g.,!brief,!general,!and!ideal!response!to!need!
statement)!

1! 2! 3! 4! 5!

Defining!measurable!objectives!to!help!decide!how!well!the!design!meets!the!clients’!
expectations!

1! 2! 3! 4! 5!

Describing!the!conditions!under!which!the!design!must!perform! 1! 2! 3! 4! 5!

Making!sure!the!design!objectives!were!well!aligned!with!the!project!needs! 1! 2! 3! 4! 5!

Identifying!the!constraints!(go/noPgo!conditions)!the!design!must!satisfy!in!order!to!be!
eligible!for!consideration!

1! 2! 3! 4! 5!

Allocating!adequate!time!for!problem!formulation!in!the!design!process! 1! 2! 3! 4! 5!

Listing!the!tasks!needed!to!complete!the!design!project! 1! 2! 3! 4! 5!

Estimating!the!duration!of!each!task! 1! 2! 3! 4! 5!

Ordering!the!tasks!in!a!sequential!manner!based!on!their!logical!relationships!to!each!
other!

1! 2! 3! 4! 5!

Estimating!the!cost!for!each!task! 1! 2! 3! 4! 5!

Determining!personal!assignments!for!each!task! 1! 2! 3! 4! 5!

Identifying!what!information!is!needed!to!carry!out!design!activities! 1! 2! 3! 4! 5!

Identifying!appropriate!sources!for!required!information!(e.g.,!industrial!standards,!
handbooks,!textbooks,!user!surveys,!technical!magazines,!conference!papers!and!
journals,!technical!reports,!company!catalog!and!brochures)!

1! 2! 3! 4! 5!

Gathering!information!to!help!stimulate!creativity!(e.g.,!patent!literature!on!the!related!
topics)!

1! 2! 3! 4! 5!

Gathering!economic!information!(e.g.,!to!evaluate!the!market!prospect!and!estimate!
cost)!

1! 2! 3! 4! 5!

Determining!how!reliable!and!credible!the!information!is! 1! 2! 3! 4! 5!

Figuring!out!how!gathered!information!applies!to!the!problem!at!hand! 1! 2! 3! 4! 5!

Using!effective!techniques!to!actively!gather!information!(e.g.,!questioning,!talking!to!a!
colleague!or!professor!about!the!information!you!are!seeking)!

1! 2! 3! 4! 5!

Deciding!when!to!stop!looking!for!more!information! 1! 2! 3! 4! 5!

Generating!alternative!solutions!for!the!design!problem!! 1! 2! 3! 4! 5!

Thinking!outside!the!box!(e.g.,!going!beyond!existing!patterns!and!boundaries)! 1! 2! 3! 4! 5!

Securing!an!appropriate!work!space!for!concept!generation!(e.g.,!appropriate!lighting,!
comfortable!work!area,!etc.)!!

1! 2! 3! 4! 5!

Using!effective!techniques!for!generating!ideas!! 1! 2! 3! 4! 5!

Generating!design!alternatives!as!an!individual!! 1! 2! 3! 4! 5!

Generating!design!alternatives!as!a!group!(e.g.,!brainstorming)! 1! 2! 3! 4! 5!

Identifying!appropriate!criteria!for!evaluating!alternative!solutions! 1! 2! 3! 4! 5!

!
!



1! 2! 3! 4! 5!

Very!Easy!!
For!Me!

Somewhat!Easy!!
For!Me!

Somewhat!Challenging!
For!Me!

Very!Challenging!!
For!Me!

Did!not!do!this!!/!
Not!applicable!to!

my!project!
!
Estimating!the!performance!of!each!alternative!solution!from!technical!point!of!view!by!
means!of!appropriate!techniques!(e.g.,!analyzing!underlying!theories!,!running!computer!
simulations!or!doing!practical!experiments)!

1! 2! 3! 4! 5!

Evaluating!the!initial!and!lifePcycle!cost!for!each!alternative!solution!(e.g.,!maintenance!
cost)!

1! 2! 3! 4! 5!

Fully!assessing!the!social!impact!of!each!solution! 1! 2! 3! 4! 5!

Evaluating!the!environmental!impact!of!each!solution! 1! 2! 3! 4! 5!

Using!effective!techniques!for!choosing!the!preferred!design!(e.g.,!weighted!objective!
chart)!

1! 2! 3! 4! 5!

Fully!assessing!appropriate!evidence/issues!to!make!decisions! 1! 2! 3! 4! 5!

Rationally!justifying!design!decisions!as!valuable!to!customer! 1! 2! 3! 4! 5!

Elaborating!on!the!selected!design!in!greater!detail!(e.g.,!determining!exact!sizes,!
required!materials,!cost!estimate,!fabrication!requirement,!etc.)!!

1! 2! 3! 4! 5!

Creating!detailed!engineering!drawings!for!each!component!(hard!copy!or!computer!
files)!!

1! 2! 3! 4! 5!

Anticipating!the!interaction!between!different!components! 1! 2! 3! 4! 5!

Providing!an!assembly!drawing!to!display!how!the!components!fit!together! 1! 2! 3! 4! 5!

Constructing!a!scale!model!or!a!fullPscale!prototype!! 1! 2! 3! 4! 5!

Using!sophisticated!computerPbased!drawing!software!for!modeling!(e.g.,!Solidwork)! 1! 2! 3! 4! 5!

Implementing!the!design!to!create!a!product! 1! 2! 3! 4! 5!

Analyzing!performance!using!appropriate!tests!and!scenarios! 1! 2! 3! 4! 5!

Implementing!a!design!that!meets!requirements! 1! 2! 3! 4! 5!

Refining!or!changing!the!problem!definition!when!necessary!(e.g.,!the!client’s!perception!
of!the!need!changed,!and!you!were!forced!to!rePexamine!the!need)!!

1! 2! 3! 4! 5!

Adjusting!or!changing!the!goal!when!needed!(e.g.,!broadening!or!narrowing!the!project!
scope)!

1! 2! 3! 4! 5!

Refining!or!changing!design!objectives!and!constraints!when!needed!! 1! 2! 3! 4! 5!

Continuously!gathering!information!when!needed!during!the!design!process! 1! 2! 3! 4! 5!

Generating!new!concepts!and!ideas!when!needed! 1! 2! 3! 4! 5!

Adjusting!or!changing!decisions!when!needed! 1! 2! 3! 4! 5!

Adjusting!or!changing!implementation!when!needed!based!on!test!results! 1! 2! 3! 4! 5!

Approaching!the!design!project!in!an!iterative!/!nonPlinear!way! 1! 2! 3! 4! 5!

Writing!technical!reports!in!a!clear!and!concise!style!! 1! 2! 3! 4! 5!

Including!all!key!elements!in!technical!reports!(e.g.,!title!page,!abstract,!table!of!contents,!
introduction,!results!and!discussion,!conclusions,!recommendations,!references,!and!
appendices)!

1! 2! 3! 4! 5!

Using!diagrams,!tables,!graphs,!and!examples!where!appropriate! 1! 2! 3! 4! 5!

Carefully!proofreading!the!report!before!final!submission! 1! 2! 3! 4! 5!

Effectively!presenting!the!design!orally!(e.g.,!clear,!audible,!wellPpaced,!natural)! 1! 2! 3! 4! 5!

Including!an!appropriate!amount!of!data/words!in!the!formal!presentation! 1! 2! 3! 4! 5!

Finishing!the!technical!report!or!oral!presentation!within!the!allotted!time! 1! 2! 3! 4! 5!

Presenting!information!in!a!logical!and!organized!way!! 1! 2! 3! 4! 5!

Tailoring!technical!reports/presentations!to!the!target!audience! 1! 2! 3! 4! 5!

Using!graphical!techniques!such!as!drawing!or!sketches!when!needed!(e.g.,!formulating!a!
design!problem,!clarifying!design!ideas,!explaining!the!design!to!others,!etc.)!

1! 2! 3! 4! 5!



Teamwork!Challenges!

Think!about!how!your!team!worked!together!in!this!project.!What!was!easy!and!what!was!

challenging!for!you?!Rate!each!item!below!from!1!(Very!easy!for!me)!to!4!(Very!challenging!for!me)!or!5!(Did!
not!do!this).!

1! 2! 3! 4! 5!

Very!Easy!!
For!Me!

Somewhat!Easy!!
For!Me!

Somewhat!Challenging!
For!Me!

Very!Challenging!
For!Me!

Did!Not!
Do!This!!

!
!
Knowing!what!my!role/responsibilities!were!in!the!team! 1! 2! 3! 4! 5!

Carrying!out!my!roles!and!responsibilities!in!my!team! 1! 2! 3! 4! 5!

Equally!participating/contributing!to!my!team's!design!project! 1! 2! 3! 4! 5!

Being!supportive!of!my!team!members! 1! 2! 3! 4! 5!

Being!accepting!of!personal!differences!in!the!team! 1! 2! 3! 4! 5!

Dealing!with!team!members’!different!working!styles!! 1! 2! 3! 4! 5!

Respecting!others!in!the!team!! 1! 2! 3! 4! 5!

Trusting!other!team!members!! 1! 2! 3! 4! 5!

Helping!to!establish!mutual!respect!in!the!team! 1! 2! 3! 4! 5!

Helping!my!team!to!achieve!a!positive!team!attitude! 1! 2! 3! 4! 5!

Using!time!effectively!in!my!team! 1! 2! 3! 4! 5!

Achieving!our!team!goals!on!time! 1! 2! 3! 4! 5!

Working!productively!in!my!team! 1! 2! 3! 4! 5!

Listening!when!my!other!team!members!talked! 1! 2! 3! 4! 5!

Listening!to!others!without!interrupting! 1! 2! 3! 4! 5!

Practicing!good!nonPverbal!communication!(e.g.,!eye!contact,!body!language)! 1! 2! 3! 4! 5!

Sharing!my!ideas!with!my!team!members! 1! 2! 3! 4! 5!

Encouraging!team!members!to!share!their!ideas! 1! 2! 3! 4! 5!

Being!open!to!my!team!members'!ideas!! 1! 2! 3! 4! 5!

Understanding!what!my!team!members!had!to!say! 1! 2! 3! 4! 5!

Clarifying!what!others!have!said! 1! 2! 3! 4! 5!

Giving!/!receiving!constructive!feedback!in!my!team!! 1! 2! 3! 4! 5!

Maintaining!constant!communication!between!team!members!in!the!project! 1! 2! 3! 4! 5!

Making!sure!everyone!had!the!same!understanding!about!what!our!job!was!on!this!
project!

1! 2! 3! 4! 5!

Making!sure!everyone!was!working!towards!the!same!objectives!! 1! 2! 3! 4! 5!

Establishing!common!goals!for!the!team! 1! 2! 3! 4! 5!

Agreeing!on!common!standards!for!work!between!all!team!members! 1! 2! 3! 4! 5!

Establishing!expected!levels!of!commitment/contribution!in!my!team! 1! 2! 3! 4! 5!

Deciding!on!an!action!plan!for!working!together!with!my!team! 1! 2! 3! 4! 5!

Working!with!my!team!to!establishing!a!clear!focus!for!our!design!efforts! 1! 2! 3! 4! 5!

Deciding!on!what!each!team!member!would!be!accountable!for!! 1! 2! 3! 4! 5!

Assigning!team!member!roles!and!responsibilities! 1! 2! 3! 4! 5!

Checking!on!how!well!our!project!was!going!with!my!team! 1! 2! 3! 4! 5!

Deciding!on!whether!our!project!was!going!well!or!not!! 1! 2! 3! 4! 5!

Figuring!out!how!to!check!on!our!project!progress!as!a!team! 1! 2! 3! 4! 5!

Figuring!out!when!to!check!on!our!project!progress!as!a!team! 1! 2! 3! 4! 5!

Making!changes!when!we!weren't!working!well!together! 1! 2! 3! 4! 5!

Making!changes!when!things!weren't!going!well!in!the!project! 1! 2! 3! 4! 5!

Doing!something!to!help!if/when!team!conflict!occurred! 1! 2! 3! 4! 5!



1! 2! 3! 4! 5!

Very!Easy!!
For!Me!

Somewhat!Easy!!
For!Me!

Somewhat!Challenging!
For!Me!

Very!Challenging!
For!Me!

Did!Not!
Do!This!!!

!
 
Figuring!out!what!each!team!member!was!good!at!! 1! 2! 3! 4! 5!

Making!use!of!different!team!members'!skills/knowledge!to!achieve!our!goals! 1! 2! 3! 4! 5!

Using!team!members'!individual!strengths!to!achieve!our!goals! 1! 2! 3! 4! 5!

Working!together!strategically!to!succeed!in!the!project! 1! 2! 3! 4! 5!

 
Project!Outcomes 

What!was!the!biggest!challenge!you!encountered!in!this!design!project?!!!

Choose!1!

! Recognizing!the!need!for!the!design!project!
! Defining!the!problem!including!design!goals,!objectives!and!constraints!
! Planning!the!project!
! Gathering!information!
! Generating!different!design!solutions!
! Evaluating!alternative!design!solutions!
! Selecting!the!preferred!design!based!on!the!appropriate!evidence!
! Implementing!the!preferred!design!
! Testing/Validating!the!performance!of!the!implemented!design!
! Documenting!and!presenting!the!design!
! Working!as!a!team!
! Other!(please!specify):!_________________________________________________!

!

Describe!why!this!was!the!biggest!challenge!Y!what!happened?!

!

!

!

!

!

!

!

!

!

!

Overall,!what!is!the!most!important!thing!you!learned!about!Engineering!Design!in!this!project?!
!

!

!

!

!

!

!

!
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Abstract –Embedded systems courses are typically 
taught with a heavy emphasis on laboratory experience 
using sophisticated software development tools.  There is 
a considerable mismatch between practical and 
theoretical knowledge associated with a steep initial 
learning curve, leading to an initial bi-modal grade 
distribution.  We introduce a self-assessment philosophy 
to enable the students to use a process improvement 
technique in order to better understand how to connect 
their theoretical and applied knowledge, and identify 
areas for improvement.  Students were found to over-
estimate their performance early in the semester; a 
tendency that was considerably corrected by the term’s 
end.  We evaluate student performance on a number of 
course components using student self-analysis during 
final exam questions, as well as progress throughout the 
term exams.  
 
Keywords: self-assessment, undergraduate, engineering, 
embedded systems, performance 
 
 

1. INTRODUCTION 
 

Embedded systems courses are not typically taught in 
the same manner as most other undergraduate courses. 
There is a much heavier emphasis on laboratory 
experience using an integrated development environment 
(IDE) as that is the best way to reinforce concepts [6]. For 
some students, there will a steep learning curve associated 
with their first exposure to the complexities of an IDE, 
where practical understanding of the concepts of registers, 
interrupts and assembly language programming is needed. 
On the other hand, others will already have become 
experienced in IDE usage from previous exposure to 
microcontrollers through hobbies or University Clubs [1].   

As a result of such wide range of prior experience, it 
can be anticipated that many students will be initially 
discouraged when they find themselves in the bottom 
node of a bi-modal grade distribution. This is in complete 
contrast to the instructor’s expectations based on previous 
experience of teaching such courses. Smith [6] reported 
that the hands-on aspects of embedded systems courses 
invoke a high level of interest amongst engineering 

students. This typically leads to a convergence to a 
normal distribution, with a high mean, by the course end.   

Smith proposed to overcome the initial student 
discouragement through the use of an earned mark 
analysis (EMA) spreadsheet [6]. This is a modification of 
the earned value analysis (EVA) process management 
tool used within Humphrey’s Personal Software Process 
(PSP) [3].  EMA is designed to allow the students to track 
their performance and provide a final mark prediction 
through a combination of data based on the student’s own 
experience in previous courses not related to embedded 
systems and the instructor’s knowledge of student 
performance in the current course.  Smith [6] provided 
anecdotal evidence on the success of the EMA approach 
to encourage students while they overcome the initial 
steep learning curve associated with senior year 
embedded systems courses.  

Other authors have provided quantitative results on the 
benefits of self-estimation (even when not directly related 
to the recorded grade via bonus points). Self-assessed 
performance is intended to provide deeper understanding 
of the student’s own strengths, progress in the course and 
identify possible knowledge gaps. Sadler and Good [4] 
saw that self-estimation improved student learning in their 
study of grade 7 students. Falchikov and Boud [2] have 
created an overview study of various approaches to self-
assessment and related outcomes for university students. 
The study incorporated the results of previously published 
papers and led to important observations. Most studies 
involved in the overview found that students tend to 
overestimate their own performance, although 
experienced students in more advanced courses provided 
more accurate grade estimates [2, 4].  

This paper is organized as follows: first, the 
philosophy, methodology and the proposed metrics for 
evaluation of the accuracy of self-assessment within an 
embedded systems’ course are described. This section 
also discusses the trends and relationship we anticipated 
seeing in the data. The combined results and discussions 
section follows, presenting data gathered from two years 
of embedded systems’ classes (referred to as Year 1 and 
Year 2). The section is split into subsections based on the 
proposed metrics. Finally we conclude with some general 
observations and suggestions for future work.
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2. METHODOLOGY 
 

In this paper we examine the use of self-assessment in a 
technical course, Assembly Code and Interfacing [8]. This 
is a required third year course for students in our software 
engineering degree or computer engineering minor 
program. It also serves as a technical elective for fourth 
year students undertaking an electrical engineering 
degree. Students use knowledge from the course for many 
Canadian Engineering Accreditation Board (CEAB) final 
year design projects (Capstone) and in elective courses 
involving embedded system concepts. 

The course philosophy is to use self-assessment as the 
first stage in providing a process improvement overcome 
in what we believe to be the three types of knowledge 
gaps present in a university-level technical course: 
• What the students do not know; 
• What the students believe they understand, but don’t. 

This possibly generates overconfidence, leading to 
less review, damage of equipment and the potential 
of personal harm in a laboratory environment. 

• What the students believe they don’t know, but do. 
This leads to unnecessary relearning of knowledge 
and under-confidence in the use of tools designed to 
decrease design and development time. 
 

The following summarizes the different approaches 
used to permit student assessment in ENCM511.  
• Earned mark analysis (EMA): At the start of the 

term, students generate an instructor prediction of 
their final grade based on their performance in 
laboratories and exams relative to the class averages 
in other course [6]. This prediction is updated by the 
students as their actual performance in laboratories, 
quizzes and exams becomes known. 

• In-Exam Estimation: Students get the opportunity to 
estimate their grade for questions during the exam.  

• Post-Exam Estimation: Students submit their grade 
estimate after receiving the instructor’s solutions to 
the problems on leaving the exam room.  

    In order to improve the motivation to participate in 
grade estimation during the exams and reduce blind 
guessing, bonus points were provided if the student 
provided an estimate that was accurate to within 10% of 
the instructor’s mark. The bonus constituted 
approximately 10% of a short in-term quiz / exam mark 
and 5% of a longer final exam.   
    The students were encouraged to make changes in their 
personal development practices on the basis of certain 
observations that can be made based on the estimation 
outcomes: 
• Over-estimation might indicate that they did not 

understand the concepts as much as they had thought.   
• Under-estimation might indicate they were spending 

more time relearning material they actually knew. 

2.1 Proposed metrics 
 
Overall midterm examination metrics: The midterm, 
being typically the first major exam during the semester. 
It can be a good indication of what the student 
expectations are, and whether they are realistic given their 
current knowledge of the material. The initial quizzes and 
midterm were deliberately delayed until later in the term 
compared to other courses to overcome issues of a steep 
initial learning curve associated with embedded systems. 
 
Overall final examination metrics: Final examinations 
typically consist of a variety of questions covering areas 
ranging from basic knowledge to fairly open-ended 
design questions. The estimation is done in-exam.   
 
Individual final examination question metrics: Given 
the sheer scope that a cumulative final examination has to 
cover, it is possible that certain questions will be done 
better than others. Likewise, certain questions will create 
the distinction between the stronger students and the rest 
of the class. The students’ performance relative to their 
estimations can provide a valuable outlook of the question 
difficulty and appropriateness.  Student self-assessment 
has repeatedly proved a useful cross-check for instructor 
marking of individual open ended questions. 
 
Midterm and final exam relationships: It should not be 
unexpected that the individual’s response to their 
performance on a midterm exam can govern their future 
grade estimations in the class. With this in mind, we 
quantitatively investigate the relationships between 
performance on the midterm and the final. 

 
 

3. RESULTS AND DISCUSSION 
 

Due to space limitations, only select data from two 
different ENCM511 classes are presented. This secondary 
use of anonymized data was made under the University of 
Calgary Conjoint Faculties Research Ethics Board 
approved protocol. All data has been normalized to show 
percentages. The bubble plot circles are proportional in 
size to the number of students in the group. As discussed 
in [6], it is important for students to understand the 
instructor’s planned relationship between scores and 
GPA, especially when that relationship differs from that 
in other courses. For ENCM511, the score / GPA 
relationship was fixed at the beginning of the term as   
 

A+ > 87 > A > 83 > A- > 80  
80 > B+ > 76 > B > 73 > B- > 69  
69 > C+ > 65 > C > 60 > C- > 55  
55 > D+ > 50 > D > 45 > F. 
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3.1 Overall comparison between midterm and 
final exam estimation accuracy  
 
Figure 1 shows the histogram representation of the Year 2 
class grade distribution, At this point in the term, the 
students have only engaged in laboratories (in which most 
will have been interested enough to put in the necessary 
effort to complete and score full marks) and a single quiz. 
The actual midterm mark distribution, Fig. 1A, shows two 
distinct peaks at 50-55% and 70-75% with no student 
mark above 90%. This reflects the bimodal distribution 
seen in past years [6]. Figure 1B shows students’ 
estimations significantly skewed towards higher grades.  
   The final exam takes place after all laboratories and 
shorter exams (midterms and quizzes) have been 
completed. At this point, the students should be more 
aware of their relative strengths and weakness. It can be 
anticipated that the students will be able to play to their 
own strengths given that the final exam is longer than the 
midterm, and provides question choices. This is born out 
in Figs 1C and 1D, actual and estimated final exam marks 
respectively, with distributions occupying nearly the same 
region with approximately the same distribution shape. 
There still appears a small peak around the 50% point, but 
the majority of students are now situated between 65% 
and 85%, with some even reaching as high as 95%.  
    Figure 2 provides a more detailed comparison of actual 
and estimated marks for the midterm and final 
examinations for Year 1 and Year 2.  Here, groups  
appearing below the diagonal represent overestimation, 
and those above are underestimation. 
   Students had a tendency to overestimate their own 
midterm performance in both analyzed years. In Year 1 
(Fig 2A) more students estimated grades in the region 80-

100% than in Year 2 (Fig 2B), which could be a sign of 
an easier quiz that year created a skewed comparison. In 
Year 1 (Fig. 2C) as many students overestimated their 
final exam marks as overestimated their midterm marks. 
In Year 2 students made a far better job at estimating their 
final marks than their midterm marks, Fig. 2D.  This may 
be a reflection of the difficulties both the students and the 
instructor experienced in a year where a transition was 
made to a new embedded system IDE, leading to a lower, 
more realistic student evaluation of their performance.  

                              

                             
Figure 2. Relationships between estimated and actual grades. The diagonal lines indicate the split  

over-estimation and under-estimation. 
                          

Year 1 

Year 1 Year 2 

D C 

A B 

Year 2 

 

 
Figure 1. (A) Actual Year 2 midterm exam marks are 
bi-modal with peaks around 50% and 75% and are 

significantly lower than (B) the midterm marks 
estimated by students. In contrast, the actual (C) and 

estimated (D) final exam marks have more similar 
distributions. 

 

A B 

C D 
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3.2. Detailed Analysis of Estimation Accuracy 

across Final Examination Questions  
 
The final exam consists of different questions which 

aim to test various aspects of the students’ knowledge. 
The first question (grades for which are shown in Fig 3A) 
was intended to test the basic knowledge acquired in the 
course. The answer required some logical thinking and 
written answers, but not knowledge of obscure or detailed 
content. As such, it would be expected that the class 

would do well. However, we see that most students’ 
expectations varied from reality by a fair margin. For 
instance, majority of those who expected to get grades 
between 90% and 100% in reality scored below 70%.  
   Possible conclusions drawn from this observation are: 
• Part of the question (not all, as most students still 

achieved >50%) could have in fact covered material 
more obscure than had been intended by the 
instructor who composed the exam e.g.. based on an 
important part of the lectures that was only briefly 
addressed and not reinforced; 

 

 

  
 

Figure 3: Individual final exam questions predictions and actual grades (Year 2). Diagonal lines represent the split 
between overestimation and underestimation. (A) Question 1 – Basic Knowledge, (B) Question 2 – Lab Experience,  

(C) Question 3 – Testing, (D) Question 4 – Extended Concepts, (E) Question 5 – Mandatory Design Question,  
with (F) shading information to allow comparison to high (dark) or low (light)  final course grades.. 

A B 

C D 

E F 
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• The question component contexts were interpreted 
differently from that intended; 

• The (graduate) markers assigned to mark these short 
exam question components were unclear on how to 
award fractional marks for the wide range of partially 
correct answers; 

• The students did not consider these basic concepts 
important (examinable) when preparing for the exam. 

With the second question (Fig 3B) we see a good 
agreement between estimates and actual grades. There is 
an almost equal split between underestimation and 
overestimation, even for weaker students. This question 
was based on laboratory sessions, where the problems 
required the students to effectively identify their 
weakness and gaps in knowledge in order to find a 
solution. As such it is logical to expect that the student 
would likely be aware of his / her abilities in that area, 
and be capable of generating a reasonable mark estimate.  

The third question (Fig 3C) addressed embedded Agile 
testing, a software engineering concept that the instructor 
had adapted and adopted for both research and teaching 
purposes in a computer engineering, embedded system 
environment [5, 7]. The performance in terms of 
estimated/actual grades isn’t nearly as focused around the 
line splitting underestimation and overestimation as it was 
for question two.  At the same time, there doesn’t appear 
to be any distinct grouping of students in one region or 
another – rather the population is scattered. For instance, 
students who estimated their performance to fall into the 
range between 70% and 80% in reality were between 40% 
and 100%. Since this question addresses the more 
complicated topic of software testing in an embedded 
system context, and because the concept was required for 
several laboratories, we would have expected to see better 
estimation quality from the class as a whole. The results 
for this question are also different from question one (Fig 
3A) in that there isn’t a clear trend to under- or 
overestimation, in fact it appears more as guessing. The 
possible reasons here include: 
• Unfamiliar context – the students might simply not 

have known how to approach the problem in the 
given setting, resulting in blatant guessing of their 
own performance; 

• Lack of the experience that was expected to have 
been acquired. Perhaps the in-laboratory experiences 
required only very basic knowledge of preparing 
software tests, and few students went above to learn 
more. There would then be students who missed key 
points, damaging their overall performance. 

In question four (Fig 3D), we see a similar behavior as 
in question three. Here the spread between predicted and 
actual grades is fairly large. However, extended concepts 
(some of the more obscure / complex embedded systems 
topics) were tested here, and thus we would expect 
variations in terms of student confidence and their 
predictions (stronger vs weaker students in particular). 

The fifth question (Fig 3E) was a design question, 
testing the understanding of the “big picture” required in 
embedded systems. For the first time, we see a focused 
population appear near the top right of the plot (80-100% 
range). Figure 3F is a re-interpretation of Figure 3E using 
the x-y coordinates to show actual and estimated 
performance for individual students on this question. The 
shading represents a third axis indicating the student’s 
overall final exam performance – heavy and light shading 
representing high and lower final exam performance 
respectively.  The concentration of dark shading in the top 
right corner is taken as representing the fact that strong 
students in the class can be expected to do well on design 
specific and general topics in the course. There is far 
more scattering of the student population in terms of 
estimated and actual performance in the region of 30%-
70%, for students in almost all grade brackets (again, see 
Fig 3F).  

 
3.3. Comparison of Estimation Performance 
during Midterm and Final Examinations 
 

Figure 4A shows that students in the Year 2 class of 
this embedded systems’ course estimated their midterm 
grades higher than the final. This, of course, makes sense 
since we discussed in Section 3.1 the overall 
overestimation that was evident in the midterm.  Figure 
4B looks at the effect of the actual midterm grade (which 
most students overestimated) on the estimation during the 

 

 
 

Figure 4: Progression from midterm to final. 
(A) Relationship between estimated midterm and 

estimated final, (B) Relationship between actual 
midterm and estimated final exam mark. 

 

A 

B 
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final exam.  There is a slight trend towards students 
generally estimating their final exam performance to be 
worse than the actual midterm grades.  This could be 
interpreted as most students perceiving final exams to be 
more difficult (due to the increased scope, length and 
complexity of questions) than midterms, and hence 
assuming worse performance.  We could also link this to 
students overcompensating for their initial overconfidence 
in their own performance during the midterm. 
 

 
4. CONCLUSION AND FUTURE WORK 

 
The presented work demonstrated and discussed data 

gathered over two years from a third year (senior) 
introductory course to embedded system interfacing.  The 
goal was to analyze the effects of student self-estimation 
in examinations on the overall class performance and 
progress.  We investigated trends and relationships 
between student self-assessment during midterm and final 
exams and on different course components.  

The investigated metrics were intended to provide an 
outlook on the relative difficulty of the exams and 
questions to each other, and the students’ sense of 
preparedness.  We observed the commonly reported 
tendency of students to overestimate their grades, in 
particular early on in the semester (i.e. midterm exams in 
this study).  We also saw that students self-assessed their 
final exam grade to be lower than their actual midterm 
grade, perhaps speaking of overcompensation for their 
overconfidence of their midterm mark.  

In general, the actual student grades converged to a 
skewed normal-like distribution in the final exam, as 
compared to the fairly bimodal one appearing in the 
midterm.  This convergence was quantified by an increase 
in the mean, meaning that the weaker students improved 
during the semester. 

Analysis of individual final exam questions showed 
that the class not only performed relatively poorly on a 
straightforward question – but also that the students 
thought they did well.  On the other hand, it provided 
good feedback for gained lab experience, though not 
necessarily the more complex aspects of it (Agile 
development).  We also saw that stronger students 
performed better at the design questions, which could be 
related to them being more willing to invest more time 
into preparation and understanding of the lab exercises. 
Certain questions, on the other hand, offered no particular 
pattern or distribution, leading to a conclusion that 
students were guessing their performance. 

Some future work can be done to investigate gender 
difference in terms of estimation quality and abilities. 
However, the vast majority of students in electrical 
engineering are traditionally male, which means that 
performing gender-dependent studies would not 

necessarily yield statistically significant results. There 
exists potential to extend the study into lower years or 
even other engineering departments in order to gather 
gender-related data on self-assessment during heavily 
laboratory oriented classes.  
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Abstract – This paper presents methods, pros and cons 
of using a letter grading system versus a percentage 
grading system, in engineering course component 
evaluations.  In making evaluation criteria across 
deliverables qualitatively similar, letter grading shows 
performance equivalency across courses and subject 
areas, as well as departments, faculties and universities.  
What   is   worth   an   ‘A’ is not always a trivial discussion.  
But it is an easier discussion than what is worth 83% 
versus 85%.  How to letter grade various types of 
deliverables in a valid and equivalent fashion can still be 
challenging.  But with thoughtful marking rubrics, many 
deliverables can be evaluated using letter grades.  These 
can be combined to produce valid final letter grades.  
Overall, there are advantages to taking such an approach 
to evaluation, and these are discussed in the paper. 
 
Keywords: design, calculus, grading, engineering 
 

1. INTRODUCTION 
 

Mount Royal University (MRU) recently implemented 
a change in the mapping from percentage grades to letter 
grades,  making  it  easier  to  get  A’s  and  B’s.    In  an  effort  to  
maintain consistency with letter grades of previous years, 
some instructors in the Engineering program attempted a 
novel subversion.  They marked all Calculus and Design 
course components with letter grading, directly.  This 
paper describes the lessons learned from this approach. 
 

2. IMPLEMENTATION 
 

For the Calculus course, every single question was 
marked using letter grades.  Each question had a 
weighting.  The final grade for a test was determined by 
summing the weighted GPA valuations for the letter 
grades.  The meanings of the letter grades corresponded to 
MRU’s  Calendar  i.e.  A  =  Excellent,  B  =  Very  Good,  C  =  
Satisfactory, D = Minimal Pass, and F = Fail.  At the end 
of the term, all evaluations were combined and normalized 
to a (GPA) score.  That value was then translated back to 
a final course letter grade.  Since an ‘A’ is very hard to 
achieve in this system, final grades were rounded up. 

In the Engineering Design course, a very similar 
approach was used, with a few differences.  A variety of 

types of assignments was used in this course, including a 
short-answer quiz, a “feasible   solutions”  assignment, two 
presentations, a recommendation report, two short essays, 
a log, a proposal memo and a participation mark.  In each 
case, a rubric was provided to students that described 
what   constituted   an   “excellent”   performance   for   an  A,   a  
“very  good”  performance  for  a  “B”,  etc.     Aside from not 
applying a final grade bump at the end of term, the 
approach used was the same as for the Calculus course. 
 

3. DISCUSSION 
 

The authors/instructors noted several advantages in 
using the direct letter grading approach.  It is more 
transparent than percentages.  Dialogue shifts from the 
mark to the qualities of the work completed.  As it is a 
more granular system (‘A’ versus ‘B’, as opposed to 68% 
versus 69%), it is subject to less inconsistency and 
contention.  Indeed, there is evidence in the literature 
suggesting that inter-rater reliability of letter grading is 
higher [1].  Students also seem to understand the meaning 
of their marks better.  And the meaning of the marks is 
translatable across types of assignments, as well as across 
different disciplines of study.  On the other hand, if one 
does not implement an “A+ = 4.3” grading level, then 
getting an ‘A’ is virtually impossible.  There also tends to 
be some extra work for the instructor in developing 
different/careful rubrics for each type of assignment. 

In terms of implementation tips, the authors found that 
one should avoid an even number of evenly weighted 
questions on an evaluation.  This can lead to scores that 
fall exactly in the middle between two letter grades. 
 

4. CONCLUSIONS 
 

This   informal   “experiment”   proved worthwhile and 
both authors felt that there was merit in piloting this 
grading scheme again in a range of different courses. 
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Abstract – In the Fall of 2013, first-year Mount Royal 
University engineering design students completed a 5-
week long team-based project with the objective of 
producing a cardboard bed for emergency/refugee 
situations.  The project was a success and this paper 
details how it was run, what lessons were learned, and the 
nature of the outcomes.  For those considering a similar 
type of project in the future, resources and client groups 
are described.  Ultimately, the student groups were able 
to design a variety of cardboard beds that supported at 
least one adult, comfortably.  Variations included beds 
for African cholera outbreaks, Syrian and African refugee 
camps, and Canadian emergency shelters. 
 
Keywords: design, cardboard, refugee, humanitarian, first-
year, engineering 
 

1. INTRODUCTION 
 

In first-year engineering design courses, a perennial 
challenge is the determination of design project topics.  At 
Mount Royal University, in the Fall of 2013, an additional 
challenge was the imminent closing of the program and 
the lack of funds and shop access for the design classes.  
A project was sought that was feasible, fun, interesting, 
and meaningful.  As a material constraint, stock cardboard 
was chosen since it is inexpensive, recyclable, easy to 
work with, and readily available.  Also, there  isn’t  a  steep  
learning curve associated with its use, and it can be 
constructed into many different forms. 
 

2. PROJECT DESIGN TASK 
 

In refugee camps around the world, food, water and 
shelter are the top three concerns.  Beyond those needs, 
refugees often end up in camps for long periods of time.  
Comfort then becomes relevant.  The instructor for this 
course therefore tasked the students with designing an 
inexpensive cardboard bed for use in emergency/refugee 
situations.  Student knowledge of basic statics and the 
accessibility of cardboard construction techniques made 
this a tractable task in the short time available.  In groups 
of 3-5, students had 5 weeks in which to design a bed, 
prototype it (full scale), and then present it in an oral 
presentation and in a recommendation report.  Students 

had one 3 hr design lab per week, which usually included 
a lecture component tied to a text [1], a directed activity 
component, and undirected project work.  Students also 
attended 1.5 hrs/week of drawing and 1.5 hrs/week of 
technical writing instruction.  In all, the course consisted 
of two sections of 25 students.  For this Build-a-Bed 
project, students were evaluated through a presentation, a 
prototype demo, a recommendation report, a log, a 
feasible solutions assignment, and a self-reflection essay. 
 

3. DISCUSSION 
 

The designs produced by the students were all 
successful such that they all supported at least one adult, 
and were relatively comfortable.  The solution space was 
varied and rich, drawing upon different extents of 
portability, ease and speed of assembly, cost, strength, 
comfort, size, multi-functionality, accessorization, and 
cardboard types.  Some groups developed their design 
very quickly, while others evolved their designs over the 
full project period as they considered design criteria based 
on research, and optimization based on prototyping. 
 

4. CONCLUSIONS AND FUTURE WORK 
 

The Build-a-Bed project engaged most of the students.  
They interacted with potentially real clients such as the 
Calgary Drop-in Center, the City of Calgary, the UNHCR, 
and Doctors without Borders (MSF).  They produced 
designs that were very functional.  Given the logistical 
advantages of working with cardboard, further projects of 
this type will be tried by this author in the future, at the 
University of Saskatchewan. 
 

Acknowledgements 
 

The author thanks all of the students in the two ENGR 
1271 classes, as well as Instabox Calgary for providing 
the cardboard used in the project. 
 

References 
 
[1] McCahan, Anderson, Kortschot, Weiss and Woodhouse, 

Designing Engineers: An Introductory Text, Mount Royal 
University ENGR 1271 Edition, John Wiley & Sons, 2013 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 001 
Canmore, AB; June 8-11, 2014 –  1 of 4  – 

USING THE HONOURS PROJECT COURSE TO ENHANCE  
ENGAGEMENT ACROSS ALL STAKEHOLDERS 

 
Zebb Prime, Will Robertson, Ben Cazzolato, Dorothy Missingham, & Colin Kestell 

School of Mechanical Engineering 
The University of Adelaide 

Adelaide, 
Corresponding Author: dorothy.missingham@adelaide.edu.au 

 
 

Abstract – Prior to 2009 students in the School of 
Mechanical Engineering at the University of Adelaide 
developed their management and professional practice 
skills in an unpopular stand-alone   course   “Engineering  
Management and Professional Practice   (EMPP)”.   The  
intended learning outcomes of this course were, however,   
synergistic with  those  of  the  final  year  “Honours  Project”  
and so the two courses were strategically combined. This 
amalgamation  (which  is  still  referred  to  as  the  “Honours  
Project”)   has developed into a successful scaffolded, 
authentic, engineering problem based learning course 
that: motivates and engages over 200 participating 
students; effectively outreaches to both primary and 
secondary schools; attracts vibrant and enthusiastic 
industry interaction; draws significant news and media 
coverage as the University showcases and creates a nexus 
between the research and the professional communities. It 
represents the coordinated sustained efforts by a team of 
over 50 academic and professional staff within the School 
of Mechanical Engineering, the Faculty of Engineering 
Computer and Mathematical Sciences and the University 
administrative services; which include the Media and 
Strategic Communications office, and the offices of the 
Vice Chancellor (VC) and the Deputy Vice Chancellor-
Academic (DVCA). This paper discusses the background 
and evolution of the integrated Honours Project (Mech. 
Eng. 4143). Importantly, responses of key stakeholders, to 
the course work and outcomes are examined. These 
stakeholders include current students, industry, 
community members and academics. Suggestions for 
continued evolution and improvements will also be 
discussed.  
 
Keywords:  integrated PBL and management; 
professional practice; stakeholders; engagement; capstone 
project.  
 

1. INTRODUCTION 
 

1.1. Background 
 

     The Honours Project in the School of Mechanical 
Engineering at The University of Adelaide is now the 

most significant part of the final year in all of the 
School’s   five   degree   programs.   It   homogeneously 
amalgamates the technical, communication and team 
skills of the students in an a learning environment linked 
to authentic engineering problems. The Honours Project 
spans two semesters and accounts for nine out of a total of 
either 21 or 24 course units (depending on individual 
degree or double degree structure) across one year. 
Students form small groups (of up to ten students), 
receiving individual supervision and close mentorship by 
academic staff and workshop staff, while they work on 
their topic of investigation that was chosen prior to the 
beginning of the academic year. Chosen projects range 
from design and build to theoretical research topics, and 
many projects are often cross-disciplinary, open-ended 
and industry sponsored. In addition to the project, the 
course also comprises structured workshops and a series 
of support lectures covering areas such as project and risk 
management, human resources, project finance and 
engineering law.  
     Coursework assessment is broken into two main 
components: project assessment (67%) and management 
and professional practice assessment (33%). In addition to 
the tangible research and design solutions, the project also 
requires: a project charter in which the students 
themselves define the scope of their project and the 
measureable goals (which they are assessed against at the 
end of the year); a preliminary report mid-year; a 
professional conference style seminar presentation 
(within two parallel sessions over three days open to the 
public); a final report and most notably a public 
exhibition called   “MechExpo”, at which students must 
present, demonstrate and explain their work to a broad, 
public audience.  
     In many cases, students will also prepare a conference 
or journal publication based on their research during the 
year. The workshops and lectures (once part of EMPP) 
are presented by professional industry leaders, lawyers 
and accountants, with a curriculum that scaffolds the 
professional practice elements of the authentic problem 
based learning project. This revised combined approach 
has led to significant improvements to the learning 
outcomes and student engagement for both the Honours 
Project as well as embracing management practices. 
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1.2. Literature 

 
Final year, or capstone, projects in engineering degree 
progams are common in higher education institutions in 
many countries.  The importance that these projects play 
in both preparing students for industry, and preparing 
students for research careers is recognised by professional 
and accreditation bodies alike. Nationally,  Engineers 
Australia (EA), lists the “Application   of   established  
engineering methods to complex engineering problem 
solving” [1] as a key professional expectation of the Stage 
One Competency Standards (nd), while the Australian 
Qualifications Framework (AQF)  [2] list expectations of 
students ” to plan and execute project work and/or a piece 
of research and scholarship with some independence”. 
These expectations are in keeping with with those of the 
Canadian Engineering Accreditation Board (CEAB),  
Accreditation Board for Engineering and Technology 
(ABET), and the large trans-national  European 
Accreditation of  Engineering (EUR-ACE)  organization 
which states that graduates “should be able to use 
appropriate methods to pursue research or other detailed 
investigations of technical issues”   and   that   these  
investigations “may involve literature searches, the design 
and execution of experiments, the interpretation of data, 
and computer simulation.” [3] 
     However, the approach taken and the requirements of 
the capstone project in engineering can vary greatly 
between different HE institutions. For example, in 
contrast to the  Honours Project  presented here, which 
comprises 38% to 43% of the final year of study, in 
Quebec Province only 12% of the final year of study is 
required for the capstone project [4] .  At Stevens Institute 
of  Technology [5] in New Jersey, New York, courses in 
engineering professional practice are linked to the 
capstone design project. This linking is somewhat similar 
to the Adelaide approach, but varies in the nature of the 
underlying philosophy; the Stevens program uses EMPP 
modules developed by the American Society of 
Mechanical Engineers, whereas Adelaide has developed a 
‘bespoke’  curriculum approach.  
     This paper presents a short case study of the 
integrated, level four Honours Project course (Mech. 
Eng.4143), in the School of Mechanical Engineering   
The motivation behind this case study is to discuss the 
evolution of the course with particular emphasis on 
increasing student engagement in all aspects of the 
learning, as well on the leadership structure that is in 
place to support the learning. A brief overview of 
responses of key stakeholders, including students, 
industry and community members, and academics is also 
provided. It is intended that this examination will serve as 
the basis for developing a more intensive longitudinal 
study. 

3. ENGAGEMENT 
 

     In a typical year, approximately 200 students across 65 
projects will undertake the Honours Project, in which the 
School invests over $1,000,000 p.a. in its delivery; 
including a 40hr per student electrical and mechanical 
workshop support allowance, plus a minimum budget of 
$200 per student. Industry sponsorship and mentoring of 
students is strongly encouraged, with approximately one 
third of projects directly proposed by industry, research 
partners or NGOs. Yet, despite strong engagement in the 
project, student engagement in EMPP increased only after 
the amalgamation made clear the links to authentic 
engineering practice; in this case the showcasing of the 
project  products  and  outcomes  through  the  “MechExpo”. 
 
While engineering junior students, academics, industry 
advisors   and   the   public   at   large   all   attend   the   students’  
(conference style) seminar presentations, it is the 
“MechExpo”   that   is   the   culmination  of   a   year  of   project  
work. This highly attended event (held off-campus on 
4000m2 of the Adelaide Event & Exhibition Centre) costs 
over $200k (>$100k cap. ex.) to stage, but offers 
tremendous value for money in terms of the educational 
experience as well as engagement with schools across the 
state, industry, sponsors, the research community and 
public at large, via direct attendance and through 
television news and features on children’s   science  
programs. The schematic below (Figure 1) shows the 
variety of groups or stakeholders engaged in the School of 
Mechanical  Engineering,  Honours  Project  “MechExpo”. 
 

 
 

Figure 1: The variety of stakeholder engagement with the 
“MechExpo” 

 
     Such engagement has led to significant beneficial 
outcomes for all stakeholders, well beyond the immediate 
financial support and mentorship; for the Honours Project 
students themselves these have included employment, 
patents and research linkages.   
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     The two day public event of MechExpo includes 
professional level booths  of   students’  exhibits,  electronic  
multi-media, hands-on displays and poster displays. The 
student teams and projects are assessed by a panel of 30 
industry judges. The ECMS Faculty Outreach officers 
provide information sessions for the 600+ primary and 
secondary school students and their teachers in 
attendance.      MechExpo   is   undoubtedly   the   School’s  
flagship event, providing a mechanism by which current 
students can demonstrate to the broader community their 
skills and to promote science, technology, mathematics 
and engineering. 
 

2. LEADERSHIP 
  

The immense scale of the collective components of the 
Honours Project, requires a cohesive central team to 
ensure the quality of educational outcomes and the 
smooth running of the events and meeting deadlines. 
Figure 2 shows the outline of the leadership team that 
includes the overall Coordinator, whose complex role 
ensures the smooth running the full year of Honours 
Project. The Project Events and Resource Coordinator 
organises the project events and resource requirements, 
which also involves coordinating a small army of helpers 
around the time of both the Seminar Presentations and 
MechExpo. The EMPP Lecturer and Tutor Coordinator 
coordinates the learning and teaching aspects of the 
EMPP course, as well as coordinating the industry expert 
lecturers, and the tutors who assist in the workshops and 
assignment exercises. The Curriculum Advisor and 
Liason member of the central team has helped to evolve 
the curricula of the course, working closely with the 
Honours Project coordinator to ensure that the students 
are engaged in an holistic learning experience that brings 
together their technical knowledge and professional 
practice skills.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The leadership structure of the combined 
Honours Project and EMPP course. 

 

Communication is an overarching issue, in terms of 
seminar presentations, poster presentation, exhibitions 
and most notably the final written report (thesis). The 
Communication Skills Coordinator works closely with all 
of the teams throughout the year on these issues to help 
ensure an excellent quality of communication from all 
students. An additional dimension of the communication 
framework is provided by exposing the junior 
undergraduates to the Honours Project, which motivates 
their learning with an exciting objective for final year. 
Formal   integration   of   learning   as   part   of   a   “spiral  
curriculum”   [6] approach has also been introduced to 
Mechanical Engineering students. For example, students 
in both level 1 and level 3 design and communication 
courses, across all five degree programs,   are tasked with 
completing assessments based around attendance at and 
analysis of the Honours level Seminars.   
 

4. RESULTS 
 

Amalgamating EMPP with the Honours Project, as well 
as the evolved scale of the combined course, has produced 
significant positive results in terms of student experience, 
engagement and outreach. Prior to 2009 the student 
evaluations of EMPP were (without understatement) 
terrible. One student   (typical   of   many)   commented   “I 
cannot see the point of this course when I want to be an 
engineer. How is this relevant to me”.  At  its  lowest  point,  
there  was   less   than  40%  broad  agreement   that   “overall I 
am satisfied with the quality of this course”.   In   contrast 
the project had an 86% broad agreement. However two 
years later (in 2011) 91% of students expressed that they 
were satisfied with the amalgamated evolution of the 
Honours   Project.   Written   responses   included:   “This 
project is great! It finally made me start to feel like a real 
engineer”;;  “The financial lectures really helped with our 
budgeting and cost control”;;  “Applying engineering skills 
to something real in a great team”;;  “Spending time with 
my supervisor really helped provide the confidence I 
needed”;;   “The exposure to industry was fantastic, I 
secured an interview!”.  
     Additionally, in a typical year the Honours Project  
leads to 6-12 journal papers and 10-20 conference papers, 
presented at both national and international conferences. 
Many of these papers have won student prizes and some 
the best overall paper.  
     In 2013 approximately 2000 people attended the 
MechExpo, almost half of whom were school students.  
Typical comments from school students include “I  didn’t  
know engineers did such cool  things.”  (Kendall,  aged  13)  
and “…every  year   I  ask  my  parents   to  go   to  MechExpo,  
even   when   my   School   does   not   go.” (Sarina, aged 16). 
Industry judges from previous years have again asked to 
take part in   MechExpo for the current year. Dr Andrew 
Thomas   (Australia’s   first   astronaut)   said   that   “I went to 
the [Mech]Expo to see these student projects and they 
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were phenomenal. It’s just mind blowing what these kids 
are doing.”  (see for example Figure 3, below).  
 

 
 

Figure 3: Poster for MechExpo 2012 showing a  previous best 
project winner, being viewed in action by industry and 

community members.  

Many engaging projects end up in print and electronic 
media, including Channel 7, 10 and ABC News; Scope 
TV, BTN, Totally Wild and the Discovery Channel, and 
are promoted through the MechExpo website. Honours 
Projects have featured on the cover of several 
international magazines including Matlab Magazine. One 
YouTube posting of the Honours Project has received 
over 800,000 views. The Honours Project Coordinator has 
delivered keynote talks on the Honours Projects for major 
national and international companies, including National 
Instruments and Mathworks. In addition to these speaking 
engagements, the Project Coordinator was invited to 
exhibit at Techfest 2012 in Bombay, India.  
 

5. CONCLUDING REFLECTIONS 
 

     A responsive flexible approach to the needs of 4th year 
students undertaking a demanding year-long Honours 
Project, in the School of Mechanical Engineering at the 
University of Adelaide, has resulted in its amalgamation 
with Engineering Management and Professional Practice. 
This amalgamation has both strengthened the Honours 
Project as well as engaging students more fully in the 
required professional practice learning thereby ensuring 
graduates are better prepared for the engineering industry. 
The recent restructuring together with the long running 
MechExpo has led to significant gains in industry and 
community involvement as well as promoting science, 
technology, engineering and mathematics to younger  
generations of students. 
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Abstract –! In 2010, the Canadian Engineering 
Accreditation Board (CEAB) began reviewing programs 
for progress toward assessment of graduate attributes.  
This represented a significant change from traditional 
inputs-based to outcomes-based accreditation. The 
Faculty of Engineering and Applied Science at Memorial 
University responded by linking course-based learning 
outcomes to graduate attributes and assessments in a live, 
online curriculum map.  This paper provides an overview 
of the curriculum mapping approach taken by the Faculty 
of Engineering and Applied Science at Memorial 
University. 
 
Keywords: Curriculum Mapping, Engineering Education, 
Graduate Attributes 
 
 

1. INTRODUCTION 
 

The development of comprehensive learning outcomes 
for all core courses in the engineering program is the 
foundation for Memorial University’s approach to the 
Canadian Engineering Accreditation Board’s (CEAB) 
outputs-based accreditation [1]. The graduate attributes as 
defined by the CEAB are our program outcomes; the 
assessment of these program outcomes is achieved 
through the assessment of course-based learning 
outcomes that contribute to attribute development. 

Graduate attributes are a composite of the knowledge, 
skills and attitudes that are developed and demonstrated 
throughout the engineering program [2].  Measureable 
learning outcomes allow for the assessment of graduate 
attributes as they develop and they are an important 
component of the quality assurance and continual 
improvement process.  Using a complete and 
comprehensive set of learning outcomes, deficiencies in 
acquiring graduate attributes can be identified and 
problems can be addressed in a timely way.  A set of 
comprehensive learning outcomes are the foundation of 
curriculum maps that provide the detail required to 
identify areas for improvement in the program. 

Curriculum mapping is effective in operationalizing 
outcome-based education and they play an important role 
in determining whether the curriculum meets specified 
standards and is aligned with expected learning outcomes 
[3]. 
 

2. CURRICULUM MAPPING SOFTWARE 
 

Faculty, staff and students work collaboratively to 
develop learning outcomes, assessment techniques and 
curriculum maps.  In an effort to draw useful information 
from our data, we are working collaboratively with a 
software developer to build a customizable curriculum- 
mapping program.  Features include the ability to identify 
where each graduate attribute is being taught and how it is 
being assessed.  

The database, and the curriculum map it informs, is 
searchable by graduate attribute.  A search for a specific 
graduate attribute tells the user the courses in which that 
attribute is being developed, the specific learning 
outcomes or indicators associated with that graduate 
attribute, and how those outcomes, and therefore the 
graduate attribute, are being measured. 

This bottom-up approach ensures that a comprehensive 
curriculum map is created, and we are able to track 
graduate attributes as they develop, and measure that 
development as it occurs.  It allows for quality assurance 
of the program, and facilitates continuous improvement. 
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Abstract –Engineering courses present many challenges 
and opportunities for Instructional Designers.  
Communicating technical content in an online 
environment while encouraging and maintaining student 
engagement is an area of particular interest in 
instructional design.  This paper will examine some of the 
challenges posed by technical courses and how the 
instructional design team in the Distance Education 
Learning and Teaching Support division of Memorial 
University meets these challenges.   
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1. INTRODUCTION 
 

The number of online or blended courses is increasing, 
with 46% of university graduates having completed at 
least one online course [1]. At Memorial University, there 
has been an increase in the number of courses offered 
entirely online, or with online components, in the Faculty 
of Engineering and Applied Science.  

Blended learning, or b-learning, uses a combination of 
e-communication and face-to-face interactions.  B-
learning combines classes and online activities, often 
incorporating a Learning Management System (LMS) like 
Desire2Learn and Web 2.0 applications for the use of 
both students and teachers [2.3]. 

B-learning provides students with a flexible learning 
environment that allows them to learn outside of the 
traditional classroom or lab setting [4]. B-learning is a 
mixture of independent learning, online learning, and 
face-to-face activities [4].  ENGI 1030 uses a blend of 
traditional face-to-face lectures, labs, and online resources 
including instructional screencasts and self-assessment 
quizzes in its Desire2Learn course shell.  Creating 
additional screencasts will expand on this b-learning 
approach. 

Studies of b-learning show that students demonstrate 
higher levels of engagement, and they study more 
frequently. B-learning can be effective in encouraging 
students to study outside of class time [5]. Using online 
videos, tutorial and other resources as part of a b-learning 
approach encourages ENGI 1010 and ENGI 1030 
students to take responsibility for their own learning, 
helping them to develop lifelong learning skills.  B-

learning facilitates a greater share of responsibility from 
the student in the learning process, a greater motivation, 
and a more satisfactory outcome [2]. The role of the 
instructor is to motivate the students while showing them 
the value of what they are learning [3]. 

ENGI 8151 is taught entirely online to allow students 
who are working internationally to participate in the 
course as they are gaining practical experience. Video, 
text, discussion groups and teamwork are used to build a 
sense of community.  

The Canadian Engineering Accreditation Board 
(CEAB) requires that graduates possess attributes that 
include lifelong learning skills so they will have the skills 
they need to become competent professionals.   They 
require the “ability to identify and to address their own 
educational needs in a changing world, sufficiently to 
maintain their competence and contribute to the 
advancement of knowledge” [6]. Studies suggest that the 
introduction of alternative methods or pedagogical 
approaches such as blended and online learning in the 
engineering teaching-learning process can help to shape 
the professionals currently demanded by society [3]. 

 
 

2. ENGINEERING 1010: ENGINEERING 
STATICS 

 
2.1. Course Description 
 

Engineering 1010 is the first course that students in 
Memorial University’s Faculty of Engineering and 
Applied Science take in mechanics. Forces and moments 
are described with vector algebra, leading to a description 
of the equilibrium conditions for particles and solid 
bodies. Students learn about the use of free body diagrams  
and their knowledge is applied to the analysis of trusses, 
frames and machines. Additional topics include friction, 
centre of force, centroids and second moments of area. 
 
 
2.2. Online Resources 
 

Engineering 1010 is taught as an on-campus course, 
however, significant online content has been developed to 
complement the traditional face-to-face delivery.  
Students are provided with blank work sheets to solve 
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problems on their own, along with a worked out solution.  
In addition, video problem narrations are supplied.  
Students are able to follow along as the instructor works 
through the problem. 

Lectures are available for review of fundamental 
concepts.  Lecture notes are also delivered, along with 
blank handouts that can be completed by the student as 
they listen to the narration. 
 

3. ENGINEERING 1030: ENGINEERING 
GRAPHICS AND DESIGN 

 
3.1. Course Description 
 

Engineering 1030 provides an introduction to the 
fundamentals of graphic communication, including 
orthographic projections, three-dimensional pictorials, 
sectioning and dimensioning using both sketching and 
Computer Aided Design (CAD). The course also 
introduces students to standard design methodologies. 
Both the graphics and design competencies are reinforced 
through lab and project exercises.  
 
3.2. Online Resources 
 

Engineering 1030 is an on-campus course, taught 
mainly through a combination of face-to-face lectures and 
labs.  The instructor, having identified a need to improve 
the instruction of the CAD software portion of the course. 
applied for, and received, an Instructional Design Grant 
(IDG) of $5000 

The primary objective of this project was to enhance 
and innovate teaching tools available to students, while 
improving the learning experience and advancing 
curriculum outcomes. Learning software in a group 
setting can be challenging. Student enrolment in ENGI 
1030 averages approximately 350 students per year. The 
traditional approach sees the instructor leading a large 
group through complex multi-step activities, within a set 
time period. The challenges to the instructor and student 
include multiple learning styles, large class size, English 
as a second language, international students’ learning 
requirements, and the limitations of the physical lab 
layout & ancillary equipment. Real-time lab 
demonstrations offer students little opportunity to 
“rewind” if critical steps are missed.  

While it is necessary to support student learning in a 
face-to-face environment, online screencasts offer a self-
paced approach and address many of the above 
challenges. Screencasts support student learning by 
clearly outlining learning objectives and are readily 
available, outside of the lab slot, online.  They are useful 
when reviewing a task or preparing for tests, helpful to 
ESL students, and consistent in quality. As students 
learned online, the instructor was able to direct special 

attention to support learning, while it was in progress in 
the lab. Screencasts allowed students to independently 
develop their CAD skills and their ability to use 
engineering tools to communicate technical information, 
while developing life-long learning skills and becoming 
self-educators.  This is of particular importance, as 
professional engineers require the ability to self-educate 
with respect to engineering-related software in order to 
remain current with industry trends and software 
upgrades.  

An Engineering work term student, experienced with 
CAD, was hired to deliver a suite of screencasts. The 
screencasts were designed and developed by the lab 
instructor and the engineering work term student scripted, 
narrated and recorded them using Adobe Captivate 6. 
Based on preliminary surveys conducted with previous 
ENGI 1030 students in March 2012, students were asked 
to topics they felt required additional support. Survey 
results provided initial direction on key areas for 
development of the screencasts.  
 
3.3. Survey Results 
 

In December 2013 an anonymous online survey was 
conducted to assess the impacts of the screencasts on 
learning. The survey had a 91% participation rate 
representing 175 participants of a possible 192.  89% of 
students responded positively when asked to describe how 
the videos helped them to teach themselves CAD. The 
survey also evaluated the achievement of student learning 
outcomes by category:  3D Modelling, Detail Drawing, 
Assembly, and Assembly Drawing. Within each category, 
at least 85% of students either agreed or strongly agreed 
that they achieved the learning outcomes, and that the 
screencasts helped them in doing so.  

Two screencasts were specifically developed to 
highlight how CAD is used as a communication tool in 
hands-on workshop activities. Students were asked to rate 
how effective these screencasts were in helping them 
achieve the learning outcomes. In both cases, over 90% of 
students agreed that the videos helped them understand 
that CAD is an important communication tool for 
engineers. 

Students were asked to rank the three types of teaching 
techniques used in the ENGI 1030 Lab: Live 
demonstrations, written tutorials, and screencast learning 
videos.  78% of students ranked the screencasts as their 
preferred choice of teaching technique. 

Students made many positive comments about the 
videos in the survey such as: 

 
“The videos were the best part of the course. You 
could pause if you got lost, rewind, or even skip 
ahead if you wanted to take something on 
yourself…it let you learn at your own pace, and 
it definitely was the most constructive for me. 
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The videos were absolutely awesome. I 
especially loved when it showed more than one 
way to do things, this way you could explore and 
see what you found best, and what works best 
with what you are doing…” 
 
“They let me pause and rewind so that I could 
follow every step at my own pace.” 

 
“For tutorials, I followed more blindly but for 
the videos, I felt more engaged.” 

 
3.4. Project Outcomes 

 
As a result of the project and the Instruction Design 

Grant, 27 screencasts are now housed in a ENGI 1030 
online perpetual lab. A library of all the screencasts is 
also available through the Cahill Engineering One Help 
Centre to support students of all disciplines in the 
engineering program.  Student can access the videos at 
any point during their program, be it on a work term, or 
for their senior design project.  The videos are also 
available for repurposing through Memorial University’s 
STOR  (learning object repository for digital learning 
objects). 

This type of blended learning can be applied well 
beyond the ENGI 1030 lab environment and can be broad 
reaching in engineering lab learning. Screencasts can be 
created for a variety of lab environments offering students 
self paced, internet accessible, reviewable material tied to 
learning objectives and rubrics, D2L quizzes and self 
assessment tools. For example, screencasts for a multi- 
step complex demonstration, such as the operation of 
machine shop equipment, can be made available prior to 
entering a lab. This builds confidence, clarifies learning 
outcomes and addresses safety concerns before the 
student steps into the lab environment. This is one 
example of the many applications that we foresee in 
Engineering and Applied Science labs.  
 

4. ENGINEERING 8151: TECHNOLOGY, 
SUSTAINABLE SOCIETY AND 

INTERNATIONAL DEVELOPMENT 
 
4.1 Course Description 
 
This course examines multidisciplinary planning on 
technical international development projects through the 
conceptual frameworks of international development and 
project implementation theory. Emphasis is placed on 
analysis of the complex relationships between society, 
culture, economic, environmental and political factors, 
and technology to achieve sustainable international 
development objectives. 
 

 
4.2 Learning Outcomes 
 
Upon successful completion of Engineering 8151, 
students will be able to: 
 

1. describe the historical experience of foreign 
aid, and the role of the international 
community in international development, 

2. analyze the impact of social, cultural, 
political and environmental factors on 
international development project 
implementation and sustainability, 

3. describe socio-cultural and environmental 
community-based planning methodologies, 

4. discuss the importance of multi-disciplinary 
collaboration for design and implementation 
of appropriate, sustainable international 
development projects, 

5. apply the Harvard Analytical Framework for 
socio-cultural and gender analysis, 

6. apply professional ethics to the practice of 
international development. 

 
4.3 Online Resources 
 

ENGI 8151 uses online videos to introduce students to 
course topics and build a sense of connection with the 
instructor.  Notes are provided as text in the online course 
shell, supplemented with video lectures by the instructor 
and Skype interviews with leading experts in international 
development.  Short documentary videos are also 
included to highlight special course topics. Graphics, 
including interactive maps and diagrams, supplement 
course notes, readings and online lectures.   

Discussion groups are a key element of ENGI 8151.  
Students are divided into groups of 4 or 5 students and 
they are introduced to topics in the course that are 
intended to encourage discussion and debate.  Each group 
is comprised of students from a variety of engineering 
disciplines. The learning outcomes for this course require 
students to describe, discuss, analyze and apply various 
concepts related to technology, sustainable society and 
international development.  Discussion groups with 
assigned topics are conducted each week of the course.  
These topics include scenarios and ethical dilemmas.  
Students are assessed based on their contributions the 
discussion, including: 

1. the extent to which their contributions reflect 
preparedness with respect to the assigned 
readings, 

2. contributions to the agenda of clarifications 
and discussion questions,  

3. contributions to the social dynamic of the 
discussion, including listening to others and 
respecting their right of expression. 
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As students progress through discussion topics and 
scenarios, they are building a sense of community within 
their interdisciplinary group.  This group then works 
together to complete a group project and research paper. 
 
4.4 Survey Results 
 

An online survey is conducted at the beginning and 
end of each offering of ENGI 81651 to measure the 
interest level of students in various topics.  The Winter 
2013 offering saw an increase in a desire for 
interdisciplinary collaboration.  In the baseline survey, 
15% of students ranked interdisciplinary collaboration as 
a priority.  At the end of the course, 100% of survey 
respondents agreed or strongly agreed that they were 
interested in working collaboratively with other 
disciplines.  At the beginning of the course, 19% of 
students ranked Gender Issues in the Global South as an 
area of interest, with 0% selecting it as their top choice.  
At the end of the course, 77% of students ranked it as 
their top or second choice.  Similar results applied to 
Environmentalism and Sustainability in the Global South.  
The level of interest in this topic as a first or second 
choice rose from 45% to 100%. 
 

5. CONCLUSION 
 

Developing online or blended courses in engineering 
can be challenging, but the use of technology can be used 
to create rich and engaging environments for students.  In 
technical courses like ENGI 1010 and ENGI 1030, online 
resources can be used to support on-campus learning.  
Students can view lectures several times to review 
material, watch videos to learn new skills, and rewind and 
repeat as necessary.  Students can follow along as their 
instructors solve problems, and review the material again 
on their own.  They are able to establish lifelong learning 
skills as they work independently. 

In courses like ENGI 8151, learning communities are 
established online linking students around the world and 
across engineering disciplines to engage in active 
discussion and debate.  As they do, they are developing 
graduate attributes such as lifelong learning, ethics and 
equity, teamwork, professionalism and sustainability. 
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Abstract –!Engineers and tradespeople have a long 
history of working together in a variety of industries.  At 
Memorial University, we are building that relationship 
through service learning.  In partnership with Together 
by Design, engineering students have the opportunity to 
work on community service projects with students, 
apprentices and journey persons from a variety of trades.  
Engineering students are able to learn from their fellow 
team members, as well as share some of their own areas 
of expertise and skill.  Through this collective learning 
process, relationships are established along with a mutual 
understanding of the value of teamwork. 
 
Keywords: Service-Learning, Experiential Learning, 
Teamwork, Community Service  
 
 

1. INTRODUCTION 
 

Service-learning is a pedagogical strategy that sees 
learning and service objectives combined to the mutual 
benefit of both the student and the community.  Service-
learning can also be described as volunteerism, 
community-based learning, experiential education, etc.  
No matter how it is described, service-learning is 
fundamentally based on offering meaningful service to 
the community while engaged in active learning [5].   

Service-learning can be informal, or it can be formally 
integrated into the curriculum [4].  In either case, the goal 
is for students to connect what they have learned in the 
classroom to the impact this learning can have on the 
community at large. Service-learning grows responsible 
citizens who understand that through their professions, 
they can contribute to their communities in meaningful 
ways.  Service learning activities have the potential to 
effect positive change on a personal and societal level [4].  
In addition, Service-learning has positive impacts on 
individual student learning.  It has been shown to have a 
positive impact on academic learning and student grades 
[8]. 

By being part of an interdisciplinary team, students are 
learning to work together, take on leadership roles, learn 
new skills and develop respect for other trades and 
professions.  Interdisciplinary teams have many benefits 

for students.  It builds respect for other fields of endeavor, 
and it deepens the understanding students have for their 
own area study, requiring them to think through their own 
area of expertise as they share their knowledge and teach 
others [2]. It requires that students think about the project 
from another point of view.  Trust and respect are 
foundational to true interdisciplinary collaboration and 
research shows that collaborating with non-engineers 
builds trust in other experts [2]. 

Working as a team requires students to interact with 
others under continuously changing circumstances.  It 
requires them to be responsive to a dynamic situation 
where teaching and learning are happening 
simultaneously. Skills can often be best acquired in a 
group setting, with experiential activities that allow for 
each individual to participate, give and receive feedback, 
and observe others learning the same skill [10]. 
 
 
2. RECONSTRUCTION AND RECOVERY: AN 
INTERDISCIPLINARY SERVICE-LEARNING 

PROJECT 
 
2.1. Together by Design 
 

Motivated by a desire to help the people of New 
Orleans recover from the devastating effects of Hurricane 
Katrina and to provide service-learning opportunities for 
students, Together by Design (TBD) was established in 
2007.  The organization was founded to develop 
interdisciplinary service-learning projects for post-
secondary students studying in Newfoundland and 
Labrador.  Since its inception, TBD has been working to 
rebuild the neighbourhood of Broadmoor, New Orleans. 
100% of all properties in Broadmoor suffered between 
approximately 6 and 10 feet of flooding following the 
hurricane [12].  

TBD has brought together teams of student volunteers 
from the following programs: 

• civil engineering,  
• civil engineering technology, 
• architectural engineering technology, 
• geomatics engineering technology,  
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• construction/industrial electrician, 
• plumbing, 
• carpentry, 
• journalism. 

 
Students from these programs have engaged in cross-
disciplinary service-learning projects in the 
neighbourhood.  They apply their academic knowledge 
and skills whilst learning from each other. 2013 and 2104 
TBD student volunteers are drawn from post-secondary 
institutions in Newfoundland and Labrador including 
Memorial University, Local UA 740 Plumbers and 
Pipefitters Training School and the Carpentry Millwright 
College. Students are studying civil engineering, 
plumbing and carpentry and are accompanied by mentors 
who are fully qualified journeypersons and a professional 
engineer. 
 
2.2. Project History 
 

Even though Hurricane Katrina struck New Orleans 
back in 2005, and the neighbourhood has made significant 
strides toward recovery, much work remains to be done.  
Broadmoor is working to improve their Educational 
Corridor, (see Figure 1), an area in the heart of the 
neighbourhood that includes the Andrew Wilson Charter 
School, the Rosa Keller Library, a community center, 
churches and playgrounds.  Through redeveloping the 
Educational Corridor and its services that families require, 
Broadmoor is attracting residents back to the 
neighbourhood and it serves as a model of recovery to 
other New Orleans neighbourhoods. [1]. 

 

 
Fig. 1. Map of Broadmoor 

 
From 2007 to 2012, students and their mentors from 

Newfoundland and Labrador worked on various projects 
for the Broadmoor neighbourhood ranging from design 
work to construction projects.  Some of these projects 
include: 

 
• Designing a roundabout to slow traffic around 

the library and improve safety for pedestrians.   
• Improving green space around the Andrew 

Wilson Charter School so that neighbourhood 
children would have an inviting and safe place to 
play.   

• Rebuilding numerous sidewalks and wheelchair 
ramps. 

• Repairing the community center.   
• Completing residential construction projects, 

including carpentry, plumbing and electrical 
work. 

• Constructing a structural foundation and fire 
escape for the neighbourhood preschool. 

• Repairing foundations. 
• Constructing benches, fences and making 

playground improvements throughout the 
neighbourhood. 
 

As evidenced by these projects, the TBD 
interdisciplinary student team is able to contribute to the 
rebuilding of New Orleans in a very tangible way.  They 
are able to apply their theoretical studies to hands-on, 
practical work that leaves real benefits in Broadmoor and 
a sense of accomplishment in the students.    

For students from Newfoundland and Labrador, this 
international service-learning experience has profound 
impacts.  The process of creating global citizens can 
benefit from service-learning pedagogy by exploring the 
concrete implications of theoretical concepts in local as 
well as transnational contexts [6]. In addition to the 
concrete impact that these projects have had in 
Broadmoor, the service-learning work in New Orleans has 
had lasting impacts upon our students and in the 
communities they call home.  The student volunteers 
come from all parts of the province and upon returning to 
Newfoundland and Labrador, they have continued to 
volunteer in their communities.  They are serving as 
municipal councilors, volunteer firefighters and search 
and rescue workers.  They are redesigning school parking 
lots to improve safety and accessibility.  They are 
working with their communities to design playgrounds 
and recreational facilities. They are working with 
elementary schools to construct wheelchair ramps [13].   
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Fig. 2. Hometowns of TBD Students Team Members, 

2008-2013) 
 
 
2.3. Reconstruction and Recovery: New Orleans 
2013 Projects 
 

The TBD Reconstruction and Recovery: New Orleans 
2013 team traveled to New Orleans from October 26th – 
November 11th, 2013. The team stayed at a hostel, sharing 
accommodations and working together on construction 
projects for a two-week period. The team was comprised 
of: 

• two civil engineering students, 
• two plumbing students, 
• four carpentry students, 
• one journeyperson plumber, 
• one journeyperson carpenter, 
• one professional engineer. 

 
The neighbourhood of Broadmoor has come a long 

way since Hurricane Katrina and the flooding that 
followed.  The neighbourhood’s residential reconstruction 
rate has reached 87%[1], however there is still work to be 
done.  In particular, Broadmoor is working to ensure that 
the neighbourhood’s redevelopment is sustainable, and 
the community is even better than it was before the 
flooding[1]. Broadmoor is also reaching out to 
surrounding neighbourhoods to share their model of 
recovery.  TBD is working with Broadmoor as it reaches 
out and in 2013, the inter-disciplinary team completed 
projects in and around the neighbourhood, as well as in 
the Upper Ninth Ward, Center City and St. Bernard Parish 
[13]. 

 
 
 

Reconstruction and Recovery: New Orleans 2013 
projects included: 

• reconstruction of sidewalks, 
• reconstruction of a concrete entrance at the 

Church of the Annunciation, 
• residential reconstruction projects, including 

plumbing, drywall, plastering and general 
carpentry, 

• plumbing and ventilation repairs at a 
neighbourhood church and preschool [13]. 

 
 
2.4. Project Impacts 
 

Living and working together as an interdisciplinary 
service-learning team allowed students to learn from each 
other, learn more about their own disciplines and provide 
meaningful service. Service-learning can be a bridge 
between engineering and the trades. In fact, service 
learning can be a teaching tool that enables students to 
recognize the interrelated aspects of all learning and life 
experiences [7].  The engineering students that 
participated in Reconstruction and Recovery: New 
Orleans 2013 noted that they learned a great deal from the 
trades students, and they were able to gain a deeper 
understanding of their own skills as they taught other 
team members. 

 
“When I was first picked for the team, I felt a 

combination of emotions – excitement packed with a 
lot of nerves. I couldn’t wait for the opportunity to 
travel to an amazing place like New Orleans and do 
my small part in helping to restore the city. As the date 
came closer to leave, I questioned whether I would be 
able to help at all. I had no hands-on experience using 
tools and no idea how to fix or build anything. Within 
the very first day of arriving in New Orleans and 
meeting the team, I realized how skilled the 
tradespeople on the team were, and more importantly, 
how willing they were to teach their trade. Before I 
knew it, I was using a jackhammer, climbing up on 
scaffolds and cutting rebar. The small scope of work 
that I helped with, gave me so much respect for my 
fellow teammates and the time they put into their 
profession.” - Amanda Ryan, Term 5 Civil 
Engineering Student, Memorial University 

 
“One of the most valuable things I learned while 
working with the other team members is the value a 
person with field experience can have on any project. 
Sometimes, what our books may tell us is the best 
solution to a problem can often be much more 
complicated to implement than necessary, and merely 
asking someone who has worked in this area for a 
while can simplify things drastically. Even simply 
knowing the importance of their expertise and 
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respecting that can create a much more productive 
work environment. The hands-on skills that were 
taught to me by my teammates, and now friends, were 
also invaluable. I enjoy independence and a hands-on 
approach, which I can now enjoy even more as a result 
of their assistance and teaching.”  - April Smith, Term 
5 Civil Engineering Student, Memorial University 

 
Service-learning also has an impact on self-efficacy.  

As students apply their skills in a meaningful way, they 
begin to feel more confident about their abilities to 
contribute to their professions and their communities.  
Service learning enhances students’ self-concepts by 
allowing them to make an impact through active and 
meaningful contributions to communities [7].  A team that 
draws on students from a variety of programs enhances 
this increase in self-efficacy.  Working together, students 
realize what they are able to accomplish and the goals 
they can achieve. Research shows that self-efficacy is 
increased in cross-disciplinary teams working on service-
learning projects [9].  

 
“My time in New Orleans not only provided me with 
the chance to learn, but also the chance to apply and 
teach. I had never realized how much I learned in my 
studies until I saw how it was applied in a hands-on 
situation. Service-learning provided me with tangible 
experience to go along with the lectures I’d listened to 
and the books I’d read. As well, I got to pass on some 
of my knowledge to other teammates. Through school, 
I had become familiar with surveying equipment and in 
New Orleans, I was able to show one of the plumbing 
students how to level. This alone solidified in my mind 
that I added value to the team and could really help in 
the reconstruction effort.” - Amanda Ryan, Term 5 
Civil Engineering Student, Memorial University 
 
“Being able to apply some aspects of our schooling to 
a tangible real life situation is very satisfying. Not only 
can we look at the problem and help come up with a 
solution, we also get to help implement it and see it all 
come together. This is why service-learning can have 
such a huge impact, and is so rewarding and 
satisfying. It allows you to use your skills, along with 
your teammates’ skills, to solve problems and complete 
projects from start to finish. This can be much more 
satisfying and liberating than merely being involved in 
the design portion, etc. I believe the experience and 
opportunity to volunteer that service-learning provides 
is invaluable to a professional engineer’s growth, or 
even growth as a person.” - April Smith, Term 5 Civil 
Engineering Student, 
 
 
 

 

3. CONCLUSION 
 

Rarely do we read complaints about the technical 
performance of engineering students. However, the lack 
of people skills among scientists, engineers, computer 
specialists, and other problem solvers is notorious [10]. 
The Canadian Engineering Accreditation Board (CEAB) 
has recognized the need for students to receive a well-
rounded education so that they are prepared to become 
responsible professionals. The CEAB has established 
accreditation requirements for engineering graduates to 
possess series attributes.  These attributes include 
technical knowledge and problem solving skills, but they 
go on to address the fundamentals of professionalism.  
They require students to have: 

• An ability to work as an effective team member, 
preferably in a multi-disciplinary setting. 

• An understanding of the roles and responsibilities 
of the professional engineer in society. 

• An ability to analyze social and environmental 
aspects of engineering activities. Such ability 
includes an understanding of the complex 
interactions that engineering has with the 
economic, social, health, safety, legal, and cultural 
aspects of society. 

• An ability to apply professional ethics, 
accountability, and equity [3]. 

In working with Together By Design, engineering 
students were part of a team of volunteers that included 
students and mentors from both engineering and the 
trades.   With a team that included plumbing, carpentry 
and engineering students, they learned to work in a multi-
disciplinary team, preparing them for real world working 
situations, gaining more understanding of the trades in the 
process.  They learned about the benefits of volunteerism 
and the social and economic impacts of engineering.  
They acted as both leaders and team members as they 
alternated roles and responsibilities. This experience in 
interdisciplinary service-learning contributed to their 
development of the CEAB graduate attributes for 
engineers. 
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Abstract –!The Faculty of Engineering and Applied 
Science at Memorial University has a long and rich 
history of cooperative education.  Our students have 
benefited from this type of experiential learning and the 
skills they acquire contribute to the development of 
graduate attributes.  To support this process and 
document it for the purposes of accreditation, Memorial 
University is embarking on a technology-based approach 
to support students as they develop and apply 
professionalism, teamwork and communication skills in a 
workplace setting.   This approach is based on sound 
teaching and learning practice, including a just-in-time 
approach to the delivery of instruction and using 
formative and summative assessment techniques. 
 
INTRODUCTION 
 

In 2010, the Canadian Engineering Accreditation 
Board (CEAB) began reviewing programs for progress 
toward assessment of graduate attributes [1]. This 
represented a significant change from traditional inputs-
based to outcomes-based accreditation.  Work terms play 
an essential role in demonstrating that students at 
Memorial University have acquired the specified skills 
and attitudes required to practice as a professional 
engineer in Canada.  

Graduate attributes are program outcomes.  They 
represent what a student will know, be able to do and the 
attitudes they will possess upon graduation.  Program 
outcomes are a compilation of learning outcomes; 
therefore, the graduate attributes are built upon a 
foundation of learning outcomes from both academic and 
work terms.  Through the assessment of these outcomes, 
graduate attributes are assessed.   
 
TEACHING, LEARNING AND ASSESSMENT 
USING ONLINE TOOLS 
 

With the rich learning environment that work terms 
provide, it is important to capture the learning outcomes 
through authentic assessment.  At Memorial University, 
the Faculty of Engineering and Applied Science has been 
collaborating with the Distance Education, Learning and 
Teaching Support (DELTS) division to develop learning 
outcomes and assessments, and linking them to the 

graduate attributes in order to demonstrate that students 
have acquired these essential skills and attitudes.   

While many of the graduate attributes are assessed in 
academic courses, work terms are also essential in their 
development, including communication, teamwork and 
leadership, professionalism, ethics and equity and lifelong 
learning.  New approaches to teaching and assessment are 
being developed for work terms to measure identified 
learning outcomes associated with these graduate 
attributes.  These assessment techniques include 
structured reflection, ePortfolios, and cross-discipline 
debriefing sessions, supported by online professional 
development modules.  

The Faculty has been working with DELTS to pilot an 
e-portfolio approach to managing a long-term view of 
each student’s progress in achieving the desired graduate 
attributes. By identifying clear rubrics to measure 
progress, combined with periodic review and coaching, 
students will be responsible for demonstrating their own 
‘professionalization’. Work terms are an essential 
component of the ePortfolio – they provide an opportunity 
for students to have experiences to reflect upon and 
opportunities to grow as a result of the reflective process.  
Their structured reflections will be drawn into the 
ePortfolio to demonstrate the growth of their graduate 
attributes, particularly those that require an experiential 
and reflective approach for meaningful learning to occur.   

Student learning over four work terms, as identified 
through stated work term learning outcomes, will be 
enhanced by the completion of required online 
professional development modules. These modules will 
focus on teaching and developing graduate attributes as 
required by the Canadian Engineering Accreditation 
Board.  These modules will be tied to the ePortfolio, 
allowing students to present their work, the associated 
assessment and their reflections.  
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Abstract  
Design for Manufacturing and Assembly (DFMA) is an 
integral methodology for product development that aims 
to simplify the manufacturing process, increase 
productivity, and minimize costs while maintaining 
product quality. DFMA is often difficult since significant 
manufacturing knowledge is required. The importance of 
DFMA is underlined by the fact that a large portion of 
product manufacturing costs (materials, processing, 
assembly and indirect costs) is determined by early design 
decisions. Therefore, it is important for engineering 
students to understand the limiting factors and practices 
relevant to the application of DFMA. Although DFMA 
concepts can be taught through conventional lecture 
methods, true understanding of this multi-faceted and 
highly integrated strategy requires real-world practice. 
The case method provides an effective pedagogical 
approach to help students understand and fully 
appreciate the complexity of engineering practice, gain 
experience and develop the skills necessary to deal with 
this complexity, and make connections between various 
topics in their undergraduate curriculum. In this paper 
we describe the effort taken in Mechanical Engineering at 
the University of Waterloo (UW) to develop and 
implement case studies to address this gap.  
 
Keywords: Design for Manufacturing (DFM); Product 
cost; Design for Assembly (DFA); Case method; Design 
case study; Design education 
 

1. INTRODUCTION 
 

Product Design for Manufacturing and Assembly 
(DFMA) is widely understood to be critical for improving 
productivity and competitiveness in industry. DFMA is an 
engineering methodology that bases its principles in 
designing products in such a way that they can be 
manufactured with the machines available and at 
minimum cost and time. This methodology is already well 
developed in the literature [1-2], which provides 
information and guidelines for individual manufacturing 
process, but not for production systems that combine 
several different components in the flow of operations [1]. 
Therefore, engineering education, particularly mechanical 
engineering education, should foster DFMA skills 

development using both theoretical and practical 
approaches to prepare students for opportunities and 
challenges when they enter the workforce.  

 
The case method creates a practical classroom 

environment in which students absorb facts and theories, 
but also exercise fundamental engineering skills using 
real world examples. Cases are also an ideal mechanism 
for teaching specialized topics, such as DFMA, and the 
importance of cost considerations in engineering design 
[3]. 
 

The Waterloo Cases in Design Engineering (WCDE) 
group at the University of Waterloo was established to 
promote and implement the case study teaching method in 
the Faculty of Engineering; first by generating cases and 
then by pervasively implementing them throughout the 
engineering curriculum. To date, WCDE has developed 
over 133 engineering cases that illustrate real-world 
engineering design and demonstrate practical applications 
of engineering science. WCDE cases have been used in 
various forms to add new dimensions to the learning 
process. Where and how cases are used depends on the 
course objectives, the nature of the class and the 
instructor. WCDE cases have been incorporated into new 
courses at an average rate of 15 cases per term.  
 

The primary objective of this paper is to present the 
use of an engineering case study to facilitate learning of 
DFMA and estimating product cost. A case was 
developed from a student work term report, which 
documented an improved design for a digital camera 
body. Students used this case study along with a rapid 
prototype sample of the final product in a third year 
Mechanical Engineering Design Workshop course (ME 
380) during the fall 2013 academic term.  As part of small 
group discussions, a number of different designs for the 
case problem were suggested and discussed in class. The 
results of a student survey indicate that the case study was 
an engaging application and that group discussion and 
interaction helped to enhance understanding of DFMA 
and the specific design challenge described in the case.  
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2. Design for Manufacturing and Assembly  
 
Manufacturing can be defined as a sequence of processes 
that transform raw or partially processed material into a 
final product that has value for the customer [4]. These 
manufacturing processes are chosen during the conceptual 
design of the product, which means it is necessary for the 
designers to have a solid understanding of them. The 
design must meet all pre-defined design constraints, 
including the manufacturability of the part using the 
company’s  or  suppliers existing machines and processes. 
Also, production cost must be minimized in order to 
achieve the highest profit. These issues underscore the 
need to implement the DFMA methodology early in the 
design process.  

 
DFMA is a philosophy and mind-set in which 

manufacturing input is used at the earliest stages of design 
to develop parts and products that can be produced easily 
and economically [5]. DFMA spans every aspect of the 
design process in which the issues involved in 
manufacturing a designed object are considered explicitly 
with a view to influencing product design. Examples 
include examining tooling costs or time required, 
processing costs or controllability, assembly time or costs, 
human concerns during manufacturing (e.g., worker 
safety or quality of work required) and availability of 
materials or equipment. Design for Manufacturing 
occurs—or should occur—throughout the design process. 
Detailed Design for Assembly Guidelines recommends 
[6]:  
 

 Simplifying the design and reduce the number of 
parts 

 Standardizing and use of common parts 
 Designing for ease of fabrication 
 Mistake-proof product design and assembly  
 Designing for parts orientation and handling  
 Minimizing flexible parts and interconnections 
 Designing for ease of assembly 
 Designing for efficient joining and fastening 
 Designing modular products to facilitate assembly 
 Designing for automated production 

 
3. FOSTERING DFMA SKILLS USING THE 

CASE METHOD   
 
Many Engineering schools, Mechanical Departments 

in particular, teach students about DFMA and 
manufacturing concepts through hands-on activities in the 
student shop. However, this approach lacks academic 
content and, with rapidly evolving manufacturing and 
product technologies, cannot remain current. By focusing 

on one or two core examples, this approach also fails to 
address the full spectrum of DFMA topics. Fourth year 
design projects are commonly used in post-secondary 
institutions to cultivate DFMA skills. While providing 
solid opportunities for practical skills development, this 
method is limited in scope and may not effectively 
address real-world issues faced by industry. At the 
University of Waterloo (UW), student competition teams, 
such as Formula SAE, Baja, Solar Vehicle and EcoCar, 
offer DFMA learning experience to those students who 
participate directly. The team environment offers realistic 
engineering challenges where technical skills including 
design, manufacturing and performance skills are 
developed and tested. However, a limited number of 
students participate in these extra-curricular activities, 
which limits the impact of this approach for the majority 
of students.  In addition, this type of low-volume design 
application does not fully allow DFMA to be realized as 
important. 
 

The case method allows students to see the complexity 
of everyday practical challenges in context, appreciate 
this complexity and develop techniques and judgment to 
deal with it while at the same time raising their level of 
engagement in the learning process. The case method 
creates a classroom environment in which students must 
not only gain theoretical understanding, but also employ 
leadership and teamwork skills to address real problems.  
 

Using the case method to achieve specified outcomes 
requires effort in three domains, as shown in Figure 1. 
These domains are: development, implementation and 
assessment. Development entails creating cases and 
defining measurable learning objectives for these cases. 
Implementation is the selection and utilization of cases 
that will be used to deliver the specified content, thus 
facilitating student achievement of the objectives.  

 

 
Figure 1:  Elements of the case method 
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Assessment encompasses selecting and implementing 
methods that will be used to determine if (and how well) 
the objectives have been achieved.  In order to effectively 
use the case method, WCDE has built a strong foundation 
through the development of a comprehensive, diverse and 
sustainable supply of engineering cases for use 
throughout the curriculum. WCDE is currently working 
on more assertive ways to promote implementation. 
Furthermore, evaluating and assessing the use of the case 
method in engineering courses is vital for improving case 
method activities. The evaluation process is directed at 
maintaining and improving the quality of the program, as 
well as assessing the benefits of case-based learning for 
improving student design and non-technical skills.  

 
4. CASE IMPLEMENTATION  
 

WCDE cases provide complete details of an 
engineering problem as well as instructor modules which 
outline the entire process undertaken by the principal 
engineer to solve such a problem. Consequently, an 
engineering case is different from a problem that might be 
presented in an engineering textbook. Typical WCDE 
case implementation activities include professor planning, 
individual preparation by students (assignments), small 
group (team) discussion, classroom discussion and 
perhaps a team assignment.  

 
The Dalsa Harmony Camera Body Part Design Case 

Study was developed in 2013 and intended for use in 
Mechanical Engineering and System Design courses 
covering topics such as design, manufacturing and heat 
transfer. The scope and specific topics covered by the 
case study are broader than the base material taught in the 
targeted courses. The case documents the design of a 
camera cover, the parts fabrication process, and a heat 
sink thermal analysis by a co-op student working for 
Teledyne Dalsa.  

 
The student used DFMA methodology to simplify 

Harmony camera mechanical parts in terms of minimizing 
the number of parts, and minimizing the time and 
therefore costs of the assembly process. The case solution 
modules also cover topics in material selection and cost 
estimation, presenting trade-off decisions for alternate 
designs. Case materials include the case study itself, 
solution modules, teaching note and presentations. 
Appendix A provides a synopsis of this particular case.  
 

The Harmony   design   is   based   on   Dalsa’s   existing  
camera and specifically targets reduced production costs 
with comparable performance, scalable component 
architecture and lower bill of materials (BOM) costs. The 
project design focuses on the camera assembly, 
specifically reducing fabrication costs of the Harmony 
camera body components (H-Section, a 3D printed model 

of which is shown in Figure 2) while maintaining 
adequate heat transfer performance. The H-section is the 
structural housing to which key electronic components are 
attached, and it transfers heat away from these 
components via an internal heat sink bridge. In the 
existing camera, the H-section is manufactured from billet 
aluminum. A more cost-effective solution was desired for 
the Harmony camera.  
 

 
Figure 2: 3D printed version of H-Section 

 
The case was used in the mechanical engineering 

design course (ME 380 - Engineering Design Workshop) 
in fall 2013 to instruct 87 students. The course consisted 
of both lectures and other case study analyses. During the 
lectures, the topics in the competency material were 
discussed. That formed the basis for the discussion of the 
case studies by student teams during case delivery.  

 
The course (ME380) is a third year design project core 

course. The Dalsa case was used to emphasize design for 
manufacturing concepts and provide a real-world 
application of manufacturing process analysis and cost 
estimation during product design. Students were provided 
with a sample 3D printed version of the mechanical part, 
Figure 2. The Dalsa Harmony Camera Design case study 
was assigned during the last week of the term after 
covering the needed theoretical concepts in the course.  

 
The case and individual assignments were provided to 

the students one week in advance of the implementation 
date, after an introductory lecture on DFMA. During the 
individual assignment phase, questions were designed 
mainly  to  demonstrate  students’  ability  to  use  appropriate  
knowledge and skills to: identify, formulate, analyze and 
develop substantiated solutions to a real-world problem. 
The students worked individually and in teams to analyze 
the problem and come up with their own 
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recommendations about the manufacturing process and 
estimated cost. Often, individual study and preparation 
are followed by small group discussions, either in or 
outside of class. In this implementation, the class 
instructor (Nespoli) presented the case.  

 
The class presentation focused on addressing most of 

the questions given to the students as part of their 
individual preparation assignments. Students were 
assigned to a team of 4 people and asked to discuss their 
individual answers in these teams in class, spending 
roughly 10 minutes on each question. The small group 
discussions facilitated the development of the students’  
ability to verbally communicate complex engineering 
concepts to group members. As part of the small group 
discussions, a number of different manufacturing methods 
for the H-section were suggested and discussed in class.  

 
5. STUDENT REACTION  

 
At the end of the case study in ME 380, students were 

asked to complete a feedback survey; 81 of 87 students 
responded. They were asked to respond to 5 questions on 
a Likert scale, from 1 (strongly disagree) to 5 (strongly 
agree).  Figure 3 shows the student response to question 
1: This case study was an engaging application of these 
specific course topics. The majority of students either 
agreed or strongly agreed with this statement. 
Engagement is a strong prerequisite for learning, and case 
studies provide a real-world application of course topics 
which students respond to. When asked to expand on their 
responses, students most often cited the strong fit between 
the case study and the course material. The numerical 
average of the student responses for this question was 4.3. 
  

 
 Figure 3: Student response to question 1: This case study 

was an engaging application of these course topics.  
 

Question 2 further explored the connection between 
the case and the course material: This case study 
improved my appreciation for the relevance of these 
specific course topics. Similar results were obtained, with 
a numerical average of 4.2. Students highlighted the 
strong connection between the theoretical concepts 
discussed in class and the real-world practical example in 
the case.   

 
Question 3 addressed student perception of their 

understanding of the material: This case study helped me 
understand these specific course topics. The numerical 
average of these responses was a little lower, 3.7. While 
students appreciated the application of course material, 
and one student commented on the increased perspective 
the case provided, a closer connection was desired. Two 
interesting   responses   were   that   a   “high   level   [treatment]  
does   not   help   understand   low   level   concepts”   and   that  
while  this  was  related  to  course  content,  “it  feels  unrelated  
since   we   don’t   have   design   questions outside of this.”  
This hints that more time spent on the case and/or a 
design approach may help. 

 
Question 4 addressed the perceived value of small 

group discussions: Small group discussions of the case 
helped me understand the specific course topics. Figure 4 
shows the distribution of responses for this question. The 
numerical average of these responses was 3.6. Positive 
responses   included   the   fact   that   the   discussions   “created  
an   interactive  environment  with  classmates”  and  “helped  
to clear the doubt and solved problems   that   couldn’t   be  
solved sitting alone.”   The   primary reason for neutral or 
negative responses was the lack of time for these 
discussions.  

 
This is an important point. To get the most out of this 

learning approach, more time is required for discussion. 
In business school applications, students are more familiar 
with the case approach and are trained to have these small 
group discussions before class, so that class time can be 
devoted to full class discussions. This is not feasible for 
the present situation, where only one or two cases are 
used in a class. This means that more class time should be 
set aside for small group discussions, which would 
require removal of some course content. A trade-off is 
necessary between content and case learning objectives. 
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Figure 4: Student response to question 4: Small group 
discussions of the case helped me understand the specific 

course topics.  
 
Students were also asked to provide general feedback 

for improvement of the case study and case activities. 
About half of the respondents suggested different time 
allocations. The amount of time available to present the 
case and the logistics should be cut back, including the 
presentation of background material, and the case should 
be introduced earlier in the term to allow for more 
guidance on what was expected. This would make the 
discussions more efficient. Some requested a more 
challenging problem, while others suggested a more open-
ended topic, with less detail provided, might provide more 
scope for discussion.  

 
6. CONCLUSIONS 

 
Case studies offer a rich context to engage students in 

the development of engineering knowledge, skills and 
attitudes. We used WCDE case in the mechanical 
engineering design course (ME 380 - Engineering Design 
Workshop) in fall 2013. The results of the first 
implementation of this case study are encouraging.  The 
students appreciated the added learning provided by this 

approximation to practice to lectures and examples 
provided by the instructor. 
 
The 3D printed artifact was an important focus of the 
group discussions as confirmed by observations by the 
instructor. One of the 13 groups working on the case 
study arrived at the design solution adopted by Dalsa. 
 
 
A possible extension of the case study would be to have 
groups estimate the manufacturing cost of the new 
process and materials. 
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Abstract -Industry is progressively moving at a faster 
pace with complicated problems and projects that require 
increasingly rapid turn-around. Newly graduated 
engineers are often required to work on projects having, 
in many cases, poorly defined scope, constraints and 
outcomes. In addition to their technical knowledge, 
employers expect enhanced communication, 
entrepreneurial and managerial skills.  

Project-based learning (PBL) enhances engineering 
education, providing students with a setting that closely 
simulates their post-graduation work environment. The 
addition of projects into the engineering curriculum 
creates avenues towards improving communication, 
individual growth, life-long learning and team-work; 
skills that industry desires. The key has always been to 
present students with problems and projects that are as 
open-ended and realistic as possible, creating situations 
that closely resemble those encountered in industrial 
settings, such as: project requirements that are not well 
structured, changes to project scope and timelines and the 
need   to   address   a   customer’s   changing   needs   or  
expectations.  

The addition of a real project in cooperation with an 
industry partner may be the ultimate method of achieving 
these goals. The development and management of the 
project is complex involving students, faculty, and the 
industry partner, but generates tangible advantages for all 
three parties. This paper will discuss the many benefits 
and challenges of incorporating a real industrial project 
into the educational environment. 
 
Keywords: Project-Based Learning, Engineering 
Education, Industry Partner, Project, Benefits, Aptitudes 
 
 

1. INTRODUCTION 
 
Project-based learning (PBL) is an established 

teaching philosophy that combines theory and practical 
application though the use of projects embedded in the 
curriculum. It is an active form of learning where students 
“learn  by  doing” [1]. It develops big picture thinkers with 
the hard and soft skills that engineers need to be 
successful in industry [2-6]. Industry wants graduate 
engineers with the following qualities: ability to work in a 
group, superior critical thinking skills, ability to deal with 
ill-defined and complex problems, and an entrepreneurial 

attitude [7]. Project-based learning is well situated to 
provide students with these skills. 

Models for PBL exist within a continuum, ranging 
from a single capstone project at the end of a program to 
projects linking learning outcomes within a course, a 
semester or a year; to a curriculum consisting entirely of 
projects where all learning, both theoretical and practical, 
occurs within the framework of the projects [8]. The 
undergraduate program outlined in this paper, 
Conestoga’s   Mechanical   Systems   Engineering   (MSE), 
uses a hybrid PBL model where traditional courses and a 
project course are delivered side-by-side in each year, 
integrating theoretical learning with practical applications 
and allowing students to integrate ideas across 
engineering disciplines. Often, certain course topics are 
delivered in a just-in-time method to facilitate project 
deliverables. Other times, project activities reveal new 
concepts, not covered in class.  This results in graduate 
engineers who are big picture thinkers and practically 
minded. 

PBL has a way of mimicking the real world of a 
graduate engineer, with students working in diverse 
groups to solve a problem e.g. building a machine. 
Projects  can  be  either   ‘build’  projects  where the machine 
is designed and then physically manufactured or paper-
based with the design aspect only. Modelling and/or 
virtual simulations are also possible. Build projects lead to 
increased technical skills and allow for trouble-shooting 
of the final product, but they have the downside of 
requiring more time and additional funding. 

The best type of project is one that is open-ended and 
closely resembles real life, using many project constraints 
and the need to satisfy customer needs and wants in a 
timely and economically-conscious fashion [9]. Many 
academic projects are well-structured and take place in a 
‘sterile’   academic   environment.   These   projects,   although  
still better than no project at all, are much too simplified 
to fully form the skills that students will require in an 
industrial setting. These projects do not have ever-
changing needs and goals, nor do they have varying 
obstacles [7]. One solution is to include an industrial 
project within the curriculum. An industrial project can 
fill all of these roles and has the advantage of being win-
win-win. The students, the faculty, and the industry all 
benefit. Of course this does not mean this type of project 
is easy, either in its implementation or in its delivery. 
There are challenges that go along with the many benefits. 
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This paper will introduce the MSE third year industrial 
project; the set up process, the day-to-day management 
and evaluation methods. It will also bring to light the 
benefits and challenges to the three main stakeholders: the 
students, the faculty member and the industry partner. 

 
2. PROJECT–BASED LEARNING IN MSE 

 
In the MSE third year project, up to 20 students work 

organized in groups of four or five to design and build a 
prototype or proof of concept for various automated 
manufacturing and / or assembly applications. Each group 
is responsible for the design and build of a sub-system or 
component of the final project solution.  Students will 
need to work closely with the industrial company to assess 
their needs and define the project constraints. They will 
have to communicate effectively with external suppliers, 
as manufacturing will usually be outsourced. Students 
must also effectively manage their project group with 
formal delineation of duties and responsibilities.  

The project covers two academic terms and includes: 
Semester 1 – Phase A Design (4 months) 
Project description and constraints 
Preliminary design ideas presented to the industry 
customer 
Finalization of design solution 
Mechanical analysis studies for design validation 
Assembly and detail drawings, material flow plans, 
sourcing of components 
Semester 2 – Phase B Build and Present (4 months) 
Outsourcing of machined components and project build 
Design of system controls 
Troubleshooting 
Final demonstration 
Completing project documentation 

The previous steps are taken by the students and are 
shown in Fig. 1 as steps 7 to 12. Of course, there is much 
work to be done before a project arrives at the stage where 
it is ready to be presented to students. The preparation for 
an industrial project requires the project coordinator to 
source industry partners with unique projects and to work 
with them to establish a project description and scope. 
This is outlined in Fig. 1, steps 1 to 6. 

 
3. PROCESS SETUP AND DEPLOYMENT 

 
3.1 Preliminary setup activities 
 

Industrial project opportunities exist in abundance as 
various real-life problems in need of solutions. Small and 
medium size companies seldom have the necessary 
resources to perform the research and development work 
required to solve these problems. Engineering programs 
designed around the project-based learning principles can 
offer valuable solutions to many of these challenges. 

Many companies have realised that a team of students can 
do a great job trying to find a good solution to one of their 
problems even though the goal for the students is to learn 
and the problem is just a tool [7]. 

Fig. 1. Project deployment 
 

3.1.1 Problem analysis and definition. The very first 
step is the identification of the industry originated 
problem that later becomes the project scope. Either the 
industry partner or the education institution can initiate 
this first contact through networking and using contacts 
shared among program faculty members. 

One or more meetings involving the two parties 
follow, creating the initial link between the problem 
specifics (complexity and expected deliverables) and the 
particular constraints of the current student cohort 
(number of students), faculty and the institution/program 
resources availability. An important parameter is the time 
constraint   associated   with   both   the   industry   partner’s  
needs and the rather rigid academic semester the project 
occupies in the program. Often, the needed solution is 
required faster than academia can deliver it. Traditionally 
the ideal match results when the company can afford to 
wait, usually from eight months to a year. This translates 
into the possibility to setup the project over two academic 
terms. Particularly for MSE, the third year project runs 
over the winter and summer terms, for a total of eight 
months. This timing has proved to be generally sufficient 
to obtain the desired project results. 

The most important step of the preliminary setup 
process involves the translation of the real-life problem, as 
presented by the industry partner, into a properly defined 
problem, in engineering terms. Real-life problems are not 
defined in engineering terms. Therefore, problem analysis, 
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definition and formulation in engineering terms are very 
important, before starting with the problem solving [7]. 
Often, partners from industry specify their desired 
outcome, generally without the knowledge of its 
implications or the implementation complexity and other 
various constraints. A thorough analysis is performed 
using, when applicable, optimization tools as Quality 
Function Deployment and House of Quality. The goal is 
to establish concrete engineering solutions to the industry 
partner’s  needs  as projected by the identified problem. 
 
3.1.2 Establishing the Project Scope. The properly 
defined engineering problem that accurately encompasses 
industry   partners’   needs   and   criteria provides clear 
direction for organizing the project in discrete milestones 
and their deliverables. The MSE third year project is 
organized in the program curriculum as two courses, 
occupying two consecutive terms. In order to properly 
integrate these courses with the supporting curriculum, a 
generic sequence of high-level milestones was developed 
to fit most of the industry generated project themes. 
However, after the specific problem is defined, with each 
project occurrence these milestones and deliverables are 
re-visited and customized accordingly. For example, 
certain projects can have a heavy mechanical design 
component while others, a complex automation control 
setup. At this point, project funding decisions are made; 
preliminary cost estimation is generated and based on the 
cost magnitude certain funding channels are explored. 
Traditionally, the MSE third year project funding is 
supported by: 

1. The MSE program budget allocated for this 
project 

2. Various government funding programmes from 
agencies as NSERC, FedDev, OCE, CONNI, etc. 

3. Industry  partner’s  in-kind and cash contributions 
Funding sources are identified prior to the project’s 

start and actual arrangements are secured prior to or 
during the first two months of Phase A (see Fig. 1). 

The project preparation phase concludes with the 
generation of project description document presented to 
the students at the beginning of Phase A in January. 
 
3.2 Project Phase A - Design  
 

As part of the first phase of the project deployment to 
students (see Fig. 1), students receive the project 
description document and organize themselves into groups 
of 4 or 5. The first four weeks are dedicated to research of 
the specific problem and constraints, followed by 
preparation of   preliminary high-level conceptual designs 
for the envisioned solution. A unique element is that each 
group of students will work independently to produce an 
original solution regardless of which sub-group they may 
eventually be a member of. This model expands the 
quality of the generated ideas through competition. At the 

end of the first month each group presents their 
preliminary design to a panel including, the industry 
partner, faculty project coordinator and other program 
faculty. Written proposals are also prepared and 
evaluated. Once these concept proposals are presented and 
defended, feedback is given, and a unique preliminary 
design and set of directions are established.   

A re-distribution of resources takes place, new student 
teams are formed, each responsible for newly identified, 
specific tasks. Student groups can be selected by the 
coordinator or by the students themselves. Based on the 
MSE experience, the self-selection process has always 
worked better. By third year, students have had many 
opportunities to work in teams on PBL projects, and as a 
result, self-selected teams have been very successful. 
Third year students recognize the benefits of diversity of 
knowledge and skills sets and will most often select 
teammates that have complementary talents. Interventions 
by the coordinator to correct group dysfunctions are 
seldom needed. Self-selection also transfers some of the 
responsibility team management to the students [9].  

Phase A continues with the mechanical design and 
required analysis of the identified project solution. During 
the contact time with the students, the faculty coordinator 
provides guidance and oversees the process. Individual 
log books are kept and revised by the students and weekly 
progress notes are recorded for the individual performance 
evaluation. Concluding this first phase, a first iteration of 
manufacturing drawings is prepared including a complete 
Bill of Materials for purchased and custom manufactured 
components.  
 
3.3 Project Phase B – Build and Demonstrate 
 

The first priority of this second term is editing and 
feedback of mechanical drawings. This documentation is 
used for manufacturing custom mechanical components 
outsourced to third party suppliers, with students being 
responsible for communication and follow up with these 
suppliers. Typical purchasing documentation is generated 
following the College’s   practices.   Custom   designed  
components are usually not cost-recoverable and are 
usually considered a yearly program expense. Industrial 
partners help cover these costs through cash or in-kind 
contributions and often partnering companies will retrieve 
the equipment they invested in for after the project build.  

A preliminary report is now generated by the students, 
containing the automation controls design with a complete 
list of automation controls components and parameters. At 
this point, students form new groups, for the electrical and 
automation controls systems design.  

While custom mechanical components are purchased 
and manufactured, another group of students create the 
assembly documentation for the entire project. In addition, 
students also develop a project management document 
based on the activities from previous term and projections 
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of remaining tasks and milestones. This document must be 
updated on an ongoing basis.  

The integration of mechanical, electrical and adjacent 
systems is now undertaken, bringing the entire group 
together, involving the participation of all. It is important 
to note that task-specific student leaders almost always 
surface, playing an active role in the project advancement. 
Leadership tasks throughout the entire project are often 
rotated with students alternately sharing leading and 
following roles, based on their own skills and abilities. 

Testing and troubleshooting operations are performed 
next, representing excellent active learning activities. 
Students may learn just as much, or more, from making 
mistakes as from getting it right [9]. 

After all the encountered problems are resolved to the 
teams’  best  abilities, the final project step is preparation of 
the final report. It is important to note that this is not a 
gargantuan task left to the end of the project, as students 
have the opportunity to produce, collect and organize 
most of the final report content throughout project 
deployment. Rather, this task focuses on organizing and 
completing the documentation. A final report section on 
lessons learned and suggestions for improvement, 
exercises   the   students’   critical   thinking   abilities and 
allows for reflective practice. Students proudly 
demonstrate their hard work during a project showcase 
attended by members of industry and the public. Merit 
awards are also acknowledged at this event.  

It is very important to note that many project activities 
are supported by courses previously completed or 
concurrently attended by the students. They use acquired 
knowledge on technical communications, mechanical 
design, automation controls and financial / project 
management to complete various project tasks. 
Conversely, students use the project deliverables and 
activities as subjects of discussion in other courses within 
the curriculum. Students are also expected to perform 
significant self-learning and research tasks under the 
guidance of the project coordinator and faculty group. 
 
4. BENEFITS AND CHALLENGES OF 
INDUSTRIAL PROJECTS ACTIVITIES 

Before the distinct benefits and challenges industrial 
projects are addressed, it is obvious that real–life 
problems, as well as real industrial projects, are a much 
more effective  catalyst for active learning compared with 
well planned, simulated and carefully polished project 
themes designed by faculty. Controlled and highly 
integrated academic projects are quite beneficial during 
the early, fundamental years of study. Although these 
“designed in  house”  projects  are carefully integrated with 
the supporting curriculum by applying appropriate topics 
and outcomes, they lack the motivating factors, 
authenticity and energizing challenges associated with 

genuine problems originating from industry. As students 
do not wish to end up with a bad solution, they work very 
hard on their project [7]. The knowledge that they gain 
working on a real problem brought in by industry, creates 
a very strong motivating agent. During the third year of 
study in the MSE program, industrial projects are an 
excellent opportunity for students to master solid 
problem-solving capabilities.  

The following is one student’s remark:  
 
“For  RIM  to  come  to  us  and  tell  us  what  they  wanted,  and  
for us to go ahead and design it and actually manufacture 
it  and  see  it  work  now,  is  quite  amazing”. 
 

What could better illustrate the satisfaction and sense 
of achievement of a group of students during the 
successful demonstration of their eight months of hard 
work? 

This leads very well into discussing the benefits of 
industrial projects for students: 

1. Exposure to the additional learning opportunities 
generated by design corrections throughout the 
build phase. This represents a core value of PBL. 

2. Development of superior analytical ability. 
Students must research problems and identify 
solutions that need assessment and often 
testing/simulation. Opportunities exist for 
reflection, discussion and interpretation of 
numerous and varied topics from an engineering 
perspective. 

3. Growth of teamwork skills. Students are 
organized in medium size groups and must 
develop appropriate project management and 
group dynamic skills. 

4. Improvement of presentation skills. There are 
many opportunities to present concepts and ideas, 
including defending project proposals in front of 
the industry partner. 

5. Exposure to collaboration and communication 
with third party suppliers and the accompanying 
project planning and scheduling tasks. 

6. Expansion of knowledge through brainstorming 
meetings and improvement of communication 
skills.  

7. Exposure to financial management tasks, such as 
budget control. 

8. The accolades of industry as shown through 
industrially sponsored awards for best project 
performance. 

9. Tangible experience that students may record in 
their résumés. 

10. Networking opportunities and possible new 
contacts for future jobs within the industry. 

Faculty also benefit from coordinating and 
participating as advisors in an industry based project in 
the following ways: 
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1. Remain current with the latest industry trends in 
their fields of expertise. 

2. Exposure to domains within and outside of their 
main area of expertise, for continuous learning 
and expansion of abilities. 

3. Opportunity to practice and master management 
skills and develop enhanced leadership qualities. 

4. Expansion of their professional network. 
5. Creates many possibilities to engage in and 

expand scholarly activities. 
6. Excellent applied research opportunities. 
The industry stakeholder experiences tangible benefits 

from having some of their current problems or concerns 
solved by academia. The MSE third year project always 
produces as final deliverable some form of prototype or 
proof of concept. Even if this result will not solve all 
problems, it will provide answers to many uncertainties. 
In summary, through these kinds of projects the industrial 
partner will: 

1. Outsource the research and development activity.  
2. Keep the prototype or proof of concept for 

further testing and experimentation. 
3. Obtain valuable results and information from the 

final documentation accompanying the project. 
4. Have access to un-biased   “out-of-the-box”  

thinking models, differing from the   company’s  
established patterns. 

5. Have the opportunity to engage in a dynamic 
dialogue with faculty and students that usually 
ends up revealing unexpected new ideas or 
outcomes, not anticipated at the beginning or 
planning stages of the project. 

We have seen how projects involving industrial 
partners clearly bring numerous clear advantages to all 
three parties involved: students, faculty and the industry 
partner. There is, however, one other side of the coin: 
industrial projects contain additional level of complexity 
to the already challenging PBL environment. There is no 
shortage of obstacles and difficult tasks throughout the 
project setup and deployment. Open-ended group projects 
can be less useful for developing and reinforcing some of 
the individual skills [9]. Students are simultaneously 
engaged in traditional learning within other courses in 
their engineering program and the additional strain of a 
project such as this can be particularly demanding and 
requires a lot of determination and passionate, hard work.  
Faculty and supporting staff must fully commit to these 
projects’   objectives   and   closely   monitor   students’  
activities. It is a key requirement to maintain an open and 
continuous communication with students and the industry 
partner. The project coordinators’  role  becomes  critical,  as  
this position demands considerable additional time and 
effort.  

Some of the demonstrated challenges of industrial 
projects in the academic environment are: 

1. Industry   partner’s   expectations   can go beyond 
the practical educational environment 
capabilities. A careful and true analysis of the 
project scope is critical to avoid this. 

2. Project funding difficulties. Often small 
companies cannot participate financially towards 
the project and other funding opportunities might 
not be readily available. 

3. Problem definition difficulties; lack of clarity 
form   the   industry   partner’s   side   regarding   the  
desired outcome or true need. Long negotiations 
and false expectations can easily surface. 

4. Cooperation difficulties with third party 
suppliers. These projects require extensive 
collaboration with many third party entities. 
Usually the educational institution has limited 
support staff resources to facilitate these 
interactions.  

5. The project time frame lacks flexibility due to the 
specific academic terms starting and ending 
dates.  

6. When the project involves the execution of a 
prototype, the acquisition of equipment and 
components often must take place in a just-in-
time manner. Design iterations and changes can 
occur at anytime, requiring immediate reaction 
and support.  

7. The industry partner can modify the project 
scope or change the expected deliverables, 
demanding immediate executive decisions that 
must  maintain   the   project’s   academic   value   and  
practical relevance. 

In addition to these generic shortcomings, there are 
also obstacles originating from specific project setup or 
deployment phases: 

As mentioned, Phase A starts with the generation of 
the initial concepts as proposed by each of the student 
groups. One challenge is to ensure that each group will 
have their most valuable contribution captured in the final 
solution. Each group of students will defend their ideas 
and   sometimes   industry   partner’s   feedback   is   not  
accepted. At times several hours of discussions and 
brainstorming are required to reach this final decision. 
This experience   alone   enhances   students’   ability   to  
provide and accept constructive criticism. It is the role of 
the project coordinator to moderate discussions and to 
facilitate the implementation of mutually acceptable 
outcomes. This is not an easy task. 

Evaluation   of   students’   individual and group work 
represents another challenge.  Group work evaluation is 
simpler to perform as the main project deliverables are 
produced in this fashion. Individual student participation, 
on the other hand, relies on several parameters: 

1. Records in student’s  personal project logbook. 
2. Group peer and self-evaluation data (each team 

member evaluates the others and themselves). 
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3. Project coordinator’s   notes   of   each   group  
member’s  participation 

Based on the MSE experience, it is very helpful to 
develop detailed marking rubrics, having specific criteria 
with carefully chosen weightings in order to assess each 
major milestone or deliverable. 

During the building Phase B portion of the project, 
students engage in tasks based on individual skills and 
abilities and evaluations based on a structured approach 
can no longer be used. Creative evaluation methods must 
be developed such as the one used in MSE, which 
includes the allocation of ‘points’ proportional with 
students’   ability   and   participation   levels   in tasks and 
milestones they were involved in. There is a tendency for 
the group to specialize within the task and the person who 
is most skilled, or most willing, is likely to do the majority 
of work [9]. 

In addition, the industrial project will often reveal 
concrete, direct applications of various theoretical topics 
learned in other classes. These opportunities have a major 
impact   on   students’   experience,   providing   the   best   link  
between learned abstract concepts and their practical, real 
use. This represents active learning in its purest form. 
 

4. CONCLUSIONS 
 

Engineering degree programs are incontestably 
enriched by project–based learning models. Living proof 
exists through numerous examples of students having 
enhanced their readiness and preparation for professional 
life. Learning by applying and actively experiencing is 
more effective by engaging students from the early stages 
of engineering education and connecting them to the 
realities of their future profession. Industrial projects 
create and enhance this connection, exposing faculty, 
students and the industry partner to all of the many 
challenges and rewards of this sometimes difficult but 
ultimately satisfying PBL process of solving real 
problems by ingenuity and determination.  
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Abstract – It is well known that female students are 
underrepresented in several engineering disciplines, for 
example, in mechanical and manufacturing engineering. 

These disciplines are not benefitting as much as 
otherwise possible through the increase of student 
diversity and higher participation rates by women. For 
example, engineered products designed by men may have 
a bias towards features that are potentially more 
attractive and valued by males. With more female input 
into an engineering design, products can better represent 
a wider proportion of the population with improved sales 
as a result. Better gender diversity in the workplace also 
brings benefits to the work environment. 

This paper discusses a number of concepts in 
materials and manufacturing related courses at Memorial 
University which aim to improve student diversity, 
retention and interest among women in engineering. 
 
Keywords: Female students; gears; image; logo; 
mechanical engineering.  
 

1. INTRODUCTION 
 

Recent data indicates that the Faculty of Engineering 
and Applied Science at Memorial University has, at 29%, 
the highest proportion of female first-year undergraduate 
students   among   Canada’s   major   engineering   schools.   In  
total among all engineering schools in Canada, the 
absolute numbers of female engineering students have 
dropped by 7% over the past five years, while those of 
their male peers have increased by 14.6% [1]. Since 2001, 
the proportion of female engineering students has dropped 
nearly every year, for example, to 17.3% in 2007, and to 
17.1% in 2008 [1].  

Over the past five or more years, female students have 
been consistently better represented in four engineering 
disciplines: chemical, biosystems, environmental, and 
geological engineering. Female enrolment has been the 
highest in environmental engineering (36.7%) and 
chemical engineering (36.2%) [2]. Females also made up 
nearly one-third of enrolment in biosystems engineering 
(32.9%) and geological engineering (31.7%). The lowest 
concentrations of female students in past years were in 

software engineering (9.6% female), computer 
engineering (9.7%), and mechanical engineering (10.3%) 
[2]. 

At the graduate level, the percentage of female students 
in engineering has increased from 20.7% in 2006 to 
21.1% in 2007 [2]. This small increase in the number of 
female graduate students occurred at the same time as a 
small decrease in male graduate students. 

Engineering faculties in Canada recognize the 
importance of attracting more females to faculty positions 
and there have been increases there. However, as noted 
above, female enrolments at the undergraduate level has 
generally been steady or trending downward. 

The Faculty of Engineering and Applied Science at 
Memorial University has developed a 5-year strategic plan 
to attract and encourage more women to study 
engineering. If products and technological innovations are 
designed and undertaken with the input of more female 
engineers, the products would better represent a broader 
cross-section of society, and likely improve sales. More 
female   engineers’   perspectives   are   therefore   sought,  
together with those of male engineers, in designing and 
manufacturing of products, among other engineering 
activities. 

Design input from a greater diversity of engineers in 
design groups, manufacturing processes, and strategic 
planning for design and manufacturing will lead to greater 
diversity of product manufacturing.  

This paper discusses a number of concepts in materials 
and manufacturing related courses at Memorial University 
which aim to improve student diversity, retention and 
interest among females in engineering and, over time, for 
these areas to become a more traditional career option for 
females. 
 

2. FEMALE STUDENT PREFERENCES 
 

One question that is often asked is, “Why is there a 
higher percentage of female students in the medical 
professions (medicine, pharmacy, dentistry, nursing) 
social sciences (social work) and education (teachers) 
than engineering?” This situation applies to many 
countries regardless of the traditions and cultures. As 
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noted above, female students in engineering generally 
comprise much less than 50% of the total student body, 
regardless of the country, culture and traditions. 

These careers are seen to have a larger component 
requiring communication and interpersonal interactions 
both during the degree programs and subsequent careers. 
For example, the physician has to communicate frequently 
with patients both while studying and when in the 
profession. The same holds true for school teachers. 
Human interaction is clearly seen by society as very 
important in these careers. 

In engineering programs and the engineering 
profession, tasks are often perceived by the general public 
as math and science-based with specific design projects 
employing this knowledge. Many of these design tasks are 
often accomplished by working with computers 
(numerical models, drawings) or by using other machines 
and tools. 

Of course, there are frequent communications aspects 
involving others people in the engineering profession, 
however these elements may not be the image of 
engineering from the perspective of the general public. 

The communications are often predominantly between 
engineers in the design phase. In particular, engineering 
students are seen to be largely communicating within their 
own student groups and not to the same extent with clients 
in the general public in a way that is found in medical, 
nursing, social work or other professions. But such 
interactions are not absent and should be given more 
emphasis in promoting engineering to females, e.g. design 
projects involving input from industry and solving 
community-based problems. 

 
3. ENCOURAGEMENT TO STUDY 

ENGINEERING 
 

Families with engineers often provide awareness 
and encouragement to their children to consider 
engineering. For females in engineering, in particular, 
family support is important from the pre-university level 
onward. Parents provide their daughters with an 
awareness of engineering as a good career choice and this 
encouragement is important. 

A past study has reported that female students in 
engineering receive more parental support than their peers 
in  any  other  discipline  [3].  Parents’  expectations  for  their  
daughters’  values,  grades,  and  work  ethic  are  higher  when  
their daughters choose engineering [4]. The parents of 
female engineers found that their mothers are more highly 
educated than parents of male engineers or parents of 
female professionals in other fields [5]. Girls are more 
likely to maintain their science and math studies as they 
grow older during their education than girls whose 

families adhere more closely to traditional gender roles 
[6]. 

Many high school students have no idea what an 
engineer is or does. Some high school girls think of 
engineers (in particular mechanical and manufacturing 
engineers) are labourers or technicians and believe that 
much physical strength is required to handle the tools and 
machines. There is also a common misconception of dirty 
and dangerous working conditions. 

Female students who choose to study engineering 
during high school often do so because of some family 
members, relatives, or friends who are in engineering or 
are successful engineers. But for those who do not have 
any engineering relatives or any connection to engineers, 
their understanding about engineering may be very 
stereotyped. These misconceptions of engineering need to 
be corrected for more successful recruitment of women to 
engineering. 

So it is important to raise awareness of 
engineering among high school students and students of 
even a younger age. High school administrators can take 
the initiative and provide opportunities for teachers in 
their schools to learn more about engineering and to talk 
to their classes about famous female engineers. For 
instance, Stephanie Louise Kwolek discovered Kevlar and 
used it to make bulletproof vests, radial tires, airplane 
fuselages and fibre optic cables. Lillian Gilbreth invented 
human factors engineering and ergonomic design and she 
is known as the “mother   of   modern   management” [7]. 
There are countless other examples. 
 Changing the cultural norms in high schools is 
not a “quick   fix” and will take time. At Memorial 
University, innovative ways of attracting more female 
students to engineering include several engineering 
scholarships and initiatives at the undergraduate level for 
female students.  

In order to prepare our incoming students for the 
engineering profession, we require them to participate in a 
number of introductory hands-on design courses. In 
particular, this includes our introductory Graphics and 
Design ENGI-1030 and Production Technology ENGI-
3941 courses. These courses, in particular, provide 
students with the necessary design skills to begin 
fundamental engineering and manufacturing courses. In 
addition, they serve as motivation for the rigorous 
upcoming mechanical and manufacturing courses to come.  

Mechanical and manufacturing engineering 
disciplines have many sub-areas that overlap with other 
engineering disciplines. They have elements that are 
combinations of other engineering disciplines. For 
example, mechanical and manufacturing engineering 
courses have topics found in other engineering fields such 
as chemical, biotechnology, civil, and electrical and 
computer engineering. Examples are robotics (electrical 
and computer engineering), corrosion and materials 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 66 
Canmore, AB; June 8-11, 2014 –  3 of 4  – 

(chemical engineering), strength and fracture of metallic 
structures (civil engineering), design manufacturing 
(design engineering), engineering economics (engineering 
management), biomaterial, biomedical, and tissue 
engineering (bioengineering / biomedical engineering), 
and mechatronics (involving both mechanical and 
electronical engineering). Mechanical and manufacturing 
engineering provides a broad engineering background and 
opens up a wide range of engineering careers. 

The idea of working in what may be perceived to 
be a predominantly male work environment is not 
appealing to many women. Unfortunately, some women 
who have graduated from engineering and went into the 
engineering profession have found their workplaces sexist. 
This experience may be passed on to younger girls who 
might be thinking about engineering. The way in which 
females are treated in a male-dominated industry can have 
a significant impact in discouraging young women to 
consider engineering. When one asks female students why 
they chose engineering, they often refer to the challenge 
and the opportunity to be a pioneer, the challenge of 
mastering difficult and complex issues, solving practical 
problems, and creating things that work [8].  

Talented women who pursue engineering are 
often at or near the top of their class and rise to the 
challenge, sometimes despite sexist comments and 
attitudes, and salary discrepancies that together have, in 
some instances, made the working environment more 
difficult for women [8]. 

A woman engineer is often underestimated by 
her male colleagues. It is important to create, promote and 
ensure a positive and inclusive environment for women 
engineers. Female engineers must be given all of the equal 
opportunities at work such as training and assignments as 
their male counterparts. Even when the atmosphere for 
females in high schools and universities is non-
discriminatory and a level playing field, it will still be 
challenging to attract female students into mechanical 
engineering unless industry also improves the 
environment for female engineers. 

Industry-university engineering partnerships have 
been developed extensively at Memorial University. For 
example, Memorial University has a unique co-operative 
engineering program that not only provides students with 
engineering training and experience but also enables 
female engineering students to overcome attitudes that 
have made the working environment, in some instances, 
difficult for them. 

The 4-6 work terms in the co-operative education 
program are an opportunity for female engineering 
students to not only practice  engineering while pursuing 
their university program but also to interact with male 
engineers and reach a more representative decision or 
direction than would be otherwise reached in a male 
environment alone. 

The Faculty of Engineering and Applied Science 
at Memorial University continues to recruit and retain 
more female engineering students and to inform them of 
the rapid changes in engineering and technology and the 
opportunities in design and manufacturing engineering for 
an exciting, rewarding and fulfilling career. Mechanical 
engineering and manufacturing are often represented by 
images of gears and other devices that represent strength, 
speed, and power to move objects or to transfer or 
generate power. Such images may be perceived as 
unattractive to females and they stand in contrast to the 
“angel  of  mercy”  image  of  a  nurse.   

In general, females are often attracted to the 
“human  side” of their work and programs and careers that 
involve client communication rather than spending time 
alone with computers and machinery [9]. The logos and 
graphics that have traditionally been used to represent and 
promote mechanical engineering can be changed to reflect 
and appeal to a broader constituency. 

It is well known that “the   medium   is   the  
message” and so the logo image, displays and advertising 
can be more made more attractive and appealing to female 
students. The images of gears, power, and strength of 
mechanical systems often do not contain a human as part 
of the image. These logo styles may provoke an image of 
muscular strength and overcoming the brute forces of 
nature. Such subconscious messages can mislead young 
girls to think that engineering is primarily for strong men. 
There are many engineering schools that use gears as a 
logo for mechanical and manufacturing engineering 
disciplines. 

Images and graphics that could convey a human 
face of mechanical and manufacturing engineering are 
plentiful. For example, mechanical engineers are involved 
in the manufacture of artificial implants like composite 
materials used for heart valves, titanium alloys are used 
for hip joints, dental implants, or rescue vehicles. Among 
the reasons why females are attracted to biomedical 
engineering, is that a girl can imagine herself at some 
point in life being a patient  losing one of his/her human 
organs and needing an artificial hip joint or skin 
replacement (tissue engineering). Such engineering 
applications address the quality of life following major 
life-changing injuries through better design and 
manufacturing of various assisting devices.  

Mechanical and manufacturing engineering 
disciplines are a good focal point of other engineering 
discipline due to a wide range of sub disciplines as 
described earlier. Such varieties and a broad range of 
courses will encourage female students to enrol in 
mechanical and manufacturing engineering for various 
opportunities in an engineering career. 

Hiring more female faculty members as role 
models is another important element to female recruitment 
and retention. It is very valuable for female students to 
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have other women to whom they can relate and talk to 
about the challenges of being female in the engineering 
profession. 

Regular visits to high schools by female faculty 
and students to encourage young girls to consider 
engineering and the opportunity to win engineering 
scholarships targeted to young female students are other 
positive steps that can be taken. It is encouraging and 
informative for female students to hear female engineers 
talk about their engineering work, especially those whose 
work has a clear human-to-human interaction (e.g. 
medical device industry, designing and manufacturing 
artificial implants, health and safety design for aerospace 
and automotive industries, etc.).  
 

4. MEMORIAL UNIVERSITY INITIATIVES 
 

Memorial’s   initiatives   are   focused  on   four  main   areas  
of a 5-year strategic plan to make engineering programs 
more attractive to a greater diversity of students and 
women in particular. These include: 1) recruitment and 
retention; 2) curriculum; 3) outreach activities; and 4) a 
supportive and respectful environment. For recruitment 
and retention, the plan entails personal letters from the 
Dean to young women who participate in summer 
programs so as to encourage them to consider engineering 
as a career. The Faculty is also collecting retention data by 
gender from First Year to Term 3, then analyzing this data 
to develop methods that improve student retention. With 
respect to curriculum, the plan includes studies of how the 
curriculum can be made more attractive to women. This 
involves increasing the exposure of students to social 
context, real-world problems, benefits to the community, 
and impact on society, particularly in First Year.  

Outreach activities include an expanded effort to 
pursue high school outreach activities with the recruitment 
office and events with high school teachers. The plan aims 
to increase our participation in high school events 
involving math and science and work collaboratively with 
other groups including WISE (Women In Science and 
Engineering), GirlQuest and EWB (Engineers Without 
Borders). 

A supportive and respectful environment is also a key 
element in retaining women in engineering programs. 
Female mentors will provided by pairing upper-class and 
graduate students with first year female students. The 
Faculty will also strive to ensure at least one female 
instructor in First Year courses. Efforts are also underway 
to build camaraderie and maximize chances for women to 
work together, for example, by having at least two females 
in a lab or project group and women engineering students 
together in residence. Finally, initiatives will raise 
awareness among all students to promote women and men 
working together in a professional environment to achieve 
better outcomes. 

5. CONCLUSIONS AND SUGGESTIONS 
 

Significant efforts have been invested at 
Memorial University in activities, programs, and 
scholarships to attract female students into engineering 
programs. There has been some progress but still work is 
needed to improve female enrolment. Focus areas to 
improve the recruitment and retention of women in 
engineering have been identified  

The imagery used by engineering schools for 
mechanical engineering have not traditionally represented 
elements which attract women such as human 
communication and the positive impact of engineering on 
communities and society. To often the profession 
represents itself by images of computers, machines, and 
the devices that engineers produce (machines, power 
generation, and so forth). 

With more female input into an engineering 
design, products can better represent and reflect the 
broader needs of society. 
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Abstract – This paper examines misconceptions and 
misinterpretations concerning the common assertion in 
textbooks that stainless steels has excellent corrosion 
resistance due to the addition of alloying elements such as 
nickel (Ni), chromium (Cr), and molybdenum (Mo).  

A closer look at this claim reveals underlying 
assumptions that lead to this imprecise statement. 
Corrosion experiments have been established in a course 
in engineering materials that expose these assumptions. 

Following a discussion of the tests and their 
results, it is suggested that statements in textbooks that 
stainless steel has excellent corrosion resistance should 
be qualified. It is hoped that by bringing this shortcoming 
to the attention of engineering educators, the 
misconceptions and misinterpretations can be corrected. 
 
Keywords: Corrosion resistance, misconceptions, 
misinterpretations, stainless steel, students, textbook. 
 
  

1. INTRODUCTION 
 

 
During   the   writer’s   years   of   teaching an introductory 

course in materials science and other materials-related 
engineering courses in Memorial University and 
University of Manitoba, curious freshmen have questioned 
the statement commonly found in textbooks that stainless 
steels has excellent corrosion resistance [1].  

Such a misconception occurs particularly when teacher 
present courses on materials properties or on the 
classification of metals and their alloys such as stainless 
steels, such courses include materials selection, materials 
physics, materials chemistry, materials, manufacturing 
processes, and fracture of materials. These courses, one 
way or the other, introduce various engineering alloys 
suitable for corrosive environments with stainless steel 
alloys being the most common.  

Freshmen often ask the question why, stainless steel, 
since it is largely steel, has such excellent corrosion 
resistance in comparison to pure steel. Teachers often 

respond that its superior corrosion properties are due to 
the addition of 12%Cr or more, and that the addition of Ni 
and Mo will provide further resistance to corrosion in 
severe environments. 

Students can come to the misleading conclusion that 
stainless steel and related alloys are the ultimate solution 
for any corrosion problem.  

This   paper’s   subject   matter   is   based   on   the   author’s  
personal experience and observations that many textbooks 
used by engineering freshmen commonly classify stainless 
steel as having excellent corrosion resistance. To bring 
this misconception to students attention, the author 
developed simple corrosion experiments to demonstrate 
that under some conditions even stainless steel can suffer 
corrosion.  

The test and typical results are presented here for the 
benefit of teachers (as well as researchers) and, of course, 
students.  
 

 
2. METHODOLOGY 

 
Twelve samples of aluminum (Al), steel (Fe) and 

stainless steel (S.S) (36 in total) are prepared by 
sectioning and each sample ground and polished with 600 
grit sand paper, degreased in a detergent solution, and 
dried. The 36 samples are evaluated for the occurrence of 
crevice corrosion after experiencing different levels of and 
different durations in corrosive environments. It is 
important to note that the dimensions of the test samples 
are not critical in the development of crevice corrosion. 

The critical factor is that elastic bands placed around 
each sample are tightly held again the sample at its centre 
so that crevice corrosion can form underneath the band. 
Typically, tighter elastic bands promote greater localized 
corrosive attack. 

Elastic bands was used for reproducibility of results 
and  to  simulate  “real  world”  crevice  corrosion  that  occurs  
when, for example, two strips of sheet metals are held 
together by a nut and bolt or a screw. Crevice corrosion 
developed underneath washers often remains hidden and 
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is not discovered in its early stages. This form of simple 
but undetected crevice corrosion can lead to catastrophic 
disaster (e.g. Aloha Airlines Boeing 737 in1988). The 
severity of the crevice environment increases over time, 
such that the local attack rate can accelerate with time.  

In the tests, the elastic bands are used to suspend the 
sample in the beaker containing the solutions. Two 
samples of each material are suspended in each beaker. 
Three solution concentrations of NaCl and FeCl3 were 
prepared - 0.1%, 1% and 10%. One sample of the two in 
each beaker was removed after 3 days and the other 
sample after 7 days (See Fig. 1).  

 

 
Fig. 1. Samples immersed in NaCl solution (first row), 

and in  FeCl3 solutions (second row). 
 

For consistency of description, students were 
required to record the level of crevice corrosion in one of 
the following four categories: none observed; slight; 
moderate; severe. Also, pH values were measured and 
recorded before samples were immersed. For the NaCl 
solutions with concentrations of 0.1%, 1% and 10% the 
pH values were 9, 9.2, and 9.7, respectively, and for FeCl3 
solutions with concentrations of 0.1%, 1% and 10% the 
respective   pH’s   were   2.9,   2.8   and   2.0.   On Day 03, one 
sample was extracted from each beaker and the elastic 
bands carefully removed. Samples were then evaluated for 
the degree of crevice corrosion (if any) beneath each 
elastic band.  

This procedure was repeated for the second set of 
samples immersed until Day 07.  

 
 

3. RESULTS AND DISCUSSIONS 
 

Students found that the NaCl solutions in three 
different concentrations did not produce any visible 
effects on Al, Fe, and S.S, samples even when the 
exposure time increased to 7 days (see Fig. 2 and Fig. 3), 
i.e. no crevice corrosion was observed. 

 

 
Fig. 2. No crevice observed in Al, Fe, S.S samples 

immersed in NaCl solution on Day 03. 
 

 
Fig. 3. No crevice corrosion observed for Al, Fe, S.S 

samples in NaCl solutions on Day 07. 
 

For the three FeCl3 solutions no crevice corrosion 
was observed on Al after 3 days, whereas for higher 
concentrations of 1% and 10% FeCl3 slight and moderate 
visible corrosion was observed on Fe samples. For 
stainless steel (S.S) moderate and severe corrosion 
occurred with concentrations of 1% and 10% FeCl3 (see 
Fig. 4).  
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Fig. 4.  Moderate crevice for Fe, severe crevice for S.S 

sample in FeCl3 solution on Day 03. 

 
It can be clearly seen that as solution 

concentration increases so does the severity of crevice 
corrosion. Furthermore, the three materials exposed for 7 
days in FeCl3 solutions showed different levels of 
corrosion. In Al samples, no crevice corrosion was 
observed (Fig. 5), but the Fe samples had evidence of 
slight to moderate corrosion at 1% and 10% respectively. 
The S.S samples exhibited crevice corrosion even at the 
lowest concentration of 0.1%, and moderate to severe 
crevice corrosion at 1% and 10% respectively (Fig. 5).  
 

 
Fig. 5. Moderate crevice corrosion observed in Fe and 

severe in S.S.in FeCl3 solution on Day 07. 

Al samples immersed in NaCl solutions and 
those immersed in FeCl3 solutions exhibited no crevice 
corrosion in any of the three concentrations (0.1%, 1% 
and 10%NaCl) after 3 and after 7 days of exposure. The 
Fe samples experienced moderate crevice corrosion only 
with the highest FeCl3 solution concentration (10%FeCl3). 
S.S in 10%FeCl3 solution exhibited the most severe 
crevice corrosion of  any of the materials. Severe crevice 
corrosion was noted from Day 03 and many of these 
samples were dissolved and depleted after 7 days. 

After students have evaluated their data they can 
be   asked,   “What   would   happen   if   S.S   samples   were  
immersed in FeCl3 solution for a month? Why did 
additions of alloying elements Ni, Cr, and Mo not prevent 
corrosion as presented in textbook? Why did the Fe 
samples  exhibit  better  resistance  to  corrosion  than  S.S?” 

The test results expose some misconceptions that 
students can have concerning stainless steels. Teachers 
should address these misconceptions where the course 
textbook has not made some qualifications on the 
generally excellent corrosion resistance of S.S. in many 
environments.  

Students should be taught that under certain 
environments stainless steel has the potential for greater 
crevice corrosion than steel itself.  

Another area requiring explanation for students is 
the effect of the addition of alloying elements in 
superalloys and the corrosion resistance relative to 
stainless steel. It is known that the addition of Mo to 
superalloy (Ni-Cr) will further increase resistance to 
corrosion as compared to the Mo free alloy. However, the 
addition of Mo to stainless steels does not increase 
resistance to corrosion and the Mo-bearing stainless steel 
remains susceptible to corrosion [2, 3].  

Why do additions of Mo to superalloy (Ni-Cr) 
increase resistance to corrosion, whereas additions of Mo 
to stainless steels do not remain a puzzle that is not yet 
understand? Students should be aware of this fact so as 
not to have the misconception that Mo additions always 
increase corrosion resistance.  
 

 
4. STUDENTS REACTIONS 

 
For students, the experimental work described in this 

paper proved very effective in qualifying and drawing 
attention to the general statement commonly found in 
textbooks that stainless steel has excellent corrosion 
resistance.  

Some typical student comments regarding the 
corrosion experiment are as follows. (1) Prior to the 
completion of the experiment students expected and 
believed steel samples would suffer most crevice 
corrosion and stainless steel samples would be the most 
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resistant. (2) The corrosion experiment is very simple in 
principle and set up yet critical and interesting, but more 
time was needed for observation to witness how stainless 
steel samples will dissolve in 10%FeCl3 solution. (3) 
Stainless steel showed good corrosion resistance in the 
sodium chloride solution. (4) The experiment provided an 
excellent example of the corrosion process. (5) Learning 
from observing is more convincing that book learning. 

In   general,   the   students’   responses   to   the   lab  
experiment were overwhelmingly positive. Though the 
work load is small, the lab is effective because it involves 
active learning and allows students to use their powers of 
observations to validate for themselves the misinformation 
commonly found in textbooks that stainless steel has 
excellent corrosion   resistance.   Students’   positive  
comments indicate that the lab experiment was general 
well received and of value. 

 
 

5. CONCLUSIONS AND SUGGESTIONS 
 

The author recommends that textbooks in which 
qualifications about the excellent corrosion resistance of 
stainless steel alloys have not been made should be 
corrected so as to avoid misunderstanding by engineering 
educators and the general public. 
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Abstract 
When teaching digital control course, it s found that 
students are often struggling with understanding the 
connection between the underlying mathematics for 
various control algorithms and their implementation.   In 
particular, the effect of the control algorithm on system 
seems to be a mystery.  Matlab simulation is able to help 
students better understanding the control system and 
building up confidence in the effectiveness of the 
controller.  However, simulation alone is not able to get 
rid  of  questions  such  as  “is  it  really  going  to  work  on real 
system?”  or  “how  is  it  going  to  work  in  real-life?”.    This 
paper describes the integration of real-time experiment 
solutions into the digital control course offered in the 
School of Engineering at University of British Columbia 
Okanagan and gives detailed presentations on real-time 
implementation of digital control algorithms.  In 
particular, implementation of LQG will be demonstrated.  
The impact on teaching and learning will also be 
discussed.   
 
Keywords: Digital controller design, simplified 
implementation,  motivated learning. 
 
 

1. Introduction 
 

Design of digital control systems are often based on 
abstract mathematical concepts and complex dynamic 
modeling.  It is always desired by students to go beyond 
tedious mathematical equations and see the actual 
functioning the control algorithms.  Simulations using 
Matlab/Simulink are able to help students better 
understand the control system and building up confidence 
in the effectiveness of the controller.  However, the most 
critical needs for control engineers are to be able to 
integrate control algorithms and implement in practical 
applications [3].  Complete satisfaction comes from the 

smile when seeing real system turning or moving as 
commanded by the controller.   

There are many commercially available educational 
control system products, among which Quanser SRV02 
rotary workstation as shown in Fig. 1 is an ideal platform 
to teach control concepts.  It includes the SRV02 plant, 
amplifier, data acquisition card, and control design 
software QuaRC [5].  The SRV02 plant provides three 
sensory information of the motor shaft.  Potentiometer 
and Encoder give analog and digital position signal.  A 
Tachometer gives shaft velocity.  One can mount 
additional modules to the workstation, such as flexible 
link or flexible joint arm.  Many researchers have used 
Quanser’s  SRV02  set-up [1, 6]. 

When installed, QuaRC is integrated with Matlab 
Simulink [6].  A set of Simulink library block can be used 
for building control system.  One can simply drag and 
drop corresponding blocks from the library to Simulink 
diagram.  Figure 2 shows the QuaRC library and Figure 3 
illustrates a simple example of making use of the HIL 
Write block for moving the motor and the HIL Read 
block to display the current position of the motor shaft.  
 

 
Fig. 1. SRV02 rotary workstation. 
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Fig. 2.  QuaRC Configuration folder in the Simulink 
Library Browser window 

 

 

 
 

Fig. 3. Example of driving the motor and reading 
position information. 

 
QuaRC provides a single PC solution for rapid control 

prototyping.  It works with Matlab Real-Time workshop 
to generate real-time code directly from Simulink-
designed controllers.  In practice, one can replace the 
signal generator in Fig. 3 with designed controller.  This 
hardware-in-the-loop (HIL) solution avoids the steep 
curve of learning programming language and significantly 
accelerates control design and implementation.  It also 
helps students focus on the important aspects of the 
control design process and complete project-based 
assignments successfully.   

This paper will describe the integration of the real-time 
experiment solutions into the digital control course 
offered in the School of Engineering at University of 
British Columbia Okanagan and gives detailed 
presentations on the frame work of how various digital 
control algorithms can be implemented in real-time. 

 
2. Structure of the Course 

 
“Digital   Control”   course   (ENGR487) is a selective 

course offered to 4th year mechanical and electrical 
engineering students in the School of Engineering at 
University of British Columbia Okanagan.  The 
philosophy of emphasizing on real-time implementation 
of control system is reflected in the curriculum.  Students 
are required to work in group of mixed mechanical and 
electrical engineering students to finish a term project on 
implementing a designed digital controller onto the 
Quanser Rotary experiment set-up.  Students are can 
choose to implement various digital control schemes 
including discrete PID, pole placement, discrete Linear 
Quadratic Regulator (LQR), discrete Linear Quadratic 
Gaussian (LQG) and Recursive Least Square (RLS) for 
system identification.   
 
2.1 Pre-experiment work-Modeling and 

Simulation 
 

Students are required to model the SRV02 rotary high 
gear set-up and derive the transfer function between 
voltage input and position output.  The transfer function 
between the position of load shaft and the input voltage 
can be found that 

Θ (𝑠)
𝑉 (𝑠) =

𝐾
𝑠(𝜏𝑠 + 1) 

where the Θ (𝑠) is the Laplace transform of the load shaft 
position 𝜃 (𝑡), 𝑉 (𝑠)  is the Laplace transform of motor 
input voltage 𝑣 (𝑡) , 𝐾  is the steady-state gain, 𝜏  is the 
time constant.  It can be found that 

𝐾 = 1.53   rads  V               𝜏 = 0.0253  𝑠 
Based on the derived model, students do the following 

simulations using Matlab synchronized with the lectures. 
(1) Obtain a ZOH equivalent discrete model for the 

plant with a sampling time 𝑇 = 0.01. 
(2) Design a discrete PID controller and tune the 

gains to observe system response. 
(3) Design a discrete optimal LQR based on the 

discrete model.  Simulate using Matlab m-file. 
(4) Design a discrete Kalman filter based on the 

discrete model.  You can assume variance 
matrices for the process and sensor noise.  
Simulate using Matlab Simulink. 

(5) Least square and Recursive least square system 
identification using m-file.  

The complexness of the controller design gradually 
increases.  Starting from simple PID controller gives 
students confidence and a chance of getting familiar with 
Matlab.   
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2.2 Real-time Implementation 
 

Real-time implementation goes parallel with the 
simulation steps described in section 2.1.  Once 
simulation runs satisfactorily, students are ready to 
implement on the SRV02 set-up.  To facilitate the 
implementation, the following Simulink block 
representing the SRV02 model is provided (Fig. 4).  
Details of this masked block can be found in [6].   
 

   

 
Fig. 4. Masked Simulink block for the SRV02 model. 

 
With the provided SRV02 Simulink block, students are 

able to focus on implementing their controllers knowing 
where to get the feedback of the plant and where to send 
control signal.  The Simulink diagram shown in Figure 5 
illustrates the implementation of discrete LQG controller 
by a group of students.  LQG control provides optimal 
control (LQR) and optimal estimation (Kalman filter) of 
the system.  Kalman filter is designed to estimate both 
position and velocity assuming white noise in the 
measurement from sensors.  The LQR reference tracking 
control and Kalman filter algorithms [4] are simulated 
prior to implementation. 

When the reference input is a sinusoidal signal, the 
response of the system is shown in Fig. 6 and Fig. 7.  
Simulation results verified the performance of the control 
algorithm and students can change gains to observe the 
change of response. 
 

 
Fig. 5. Sample LQG controller implemented by students. 
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Fig. 6. System response (angular position) given sinusoidal input

 

 
Fig. 7. Angular velocity from sensor and estimated one from Kalman filter. 

 
 
 

3. Observations, Lesson Learned and Future 
Improvement 

 
It is noticed that some students lack basic knowledge 

of Matlab/Simulink programming. To facilitate students 
learning Matlab and getting familiar with the project, 
assignments were designed to complement the purpose.  
From modeling to simulation of the experiment set-up, 
students gain experience in controller implementation.  
Real-time implementation is new to most of the students.  
Overall, students have shown strong interest in real-time 
experiment.  Starting with discrete PID familiarizes 

them with the experiment set-up.  Gradually increasing 
the difficulty of controller design meets different level 
of students learning.   

The addition of the real-time implementation does 
add challenge to both teaching and learning.  However, 
the success from simulation to real-time implementation 
gives students complete satisfaction and appreciation of 
the control algorithm.  One of the most frequent phrases 
I  hear  when  talking  to  students  is  “Amazing, that really 
works!” With the confidence and better understanding 
of LQR control, some groups of students even went 
beyond the project requirement and implemented swing-
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up and balancing controller for the rotary inverted 
pendulum system.  

No formal surveys were conducted regarding 
students experience of learning digital control through 
experiment.  However, due to the small class size, close 
monitoring and frequent communications with the 
students were maintained throughout the term.  Students 
progresses were kept in pace with this phased project.  
No one is left behind with help from instructor; no 
matter it is programming, modeling, or algorithm 
implementation. 

It   is  observed  that  students’  frustrations  mainly  arise  
from tuning or debugging their Matlab program.  Proper 
tuning and logical debugging are based on 
understanding of the control theories.  In the end, the 
process of tuning and debugging helps student gain in-
depth understanding of theories.   

Students are able to learn because they think they are 
having fun.  For future improvement, classroom 
lecturing can be moved into the lab.  Traditional lecture 
can be replaced with on-site demonstrations or practices.   
 
 

4. Conclusions 
 

Digital control is a challenge subject involving 
intensive mathematics, modeling, design and 
programming.  Tradition method of teaching tends to 
cause frustration among students.  Although Matlab 
simulation provides help in understanding the abstract 
theories, engineering students need to see it to believe it.  
Integrating real-time implementation into the current 
digital control course proves to be effective in 
motivating students.  Real-time implementation 
provides students hands-on experience and proves to be 
a great aid for teaching and learning the principles of 
digital control.  Through the experience of experiment, 
students were also prompted to notice the similarities 
and differences between mathematical simulation results 
and response from actual system.  The outcome of this 
approach is well accepted and highly rated by students.   
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Abstract – A student response system (SRS) is an 
adaptation of audience response system technology 
for the educational environment, designed 
specifically to enhance interaction and active 
participation in class. During the fall 2013 term, an 
open-ended student response system was used in an 
undergraduate engineering statistics course. 
Twenty-eight students (57%) completed an online 
survey at the end of term. Results suggest that the 
use of questions with an open response system had a 
positive impact on student engagement and 
motivation.  The results also provide insights for the 
implementation of student response systems as a 
way to prompt student/instructor interaction, 
students’   active   participation, peer instruction and 
group work during class time.  
 
Keywords: Active Learning, Student Response Systems, 
Student engagement, Peer-Instruction 
 

1. INTRODUCTION 
 

The principles that guide learning, as proposed by 
Bransford et al. [2] are, among others, metacognition, self-
monitoring, self-regulation, conceptual change, transfer of 
learning, and feedback. These principles have been used 
as the foundation for the design of the pedagogical 
approach followed in a statistics course for undergraduate 
engineering students. The course introduced Peer-
Instruction guidelines and used an open-ended student 
response system (OESRS) to engage and motivate 
students in their learning process.  Peer-Instruction has 
been defined as an instructional method that engages 
students in deep learning as well as subject-matter 
understanding.  This study addresses the use of the 
OESRS,   students’   engagement,   feedback   and   satisfaction  
with this pedagogical approach, and lessons learned by the 
instructor. Recommendations for future use will also be 
introduced.  

Student Response Systems (SRS), sometimes known as 
clickers,   have   been   found   to   increase   students’  
engagement during class time, especially in large courses, 
where participation is limited. Studies such as Han and 
Finkelstein [4], Brady et al. [1], and Chui et al. [3] have 
reported the benefits of using SRS at the university level. 
Chui et al. [3] conducted a study, where they looked at the 
use   of   clickers   and   student’s   confidence   levels.   The  
researchers found  that   the  use  of  SRS  increased  students’  
confidence in their course competences. Brady et al. [1] 
studied,   whether   the   use   of   clickers   influenced   students’  
metacognitive skills. Results of this study found positive 
relations between the use of SRS and the development of 
metacognitive competences among undergraduate 
students. Han and Finkelstein [4] found in their study 
positive impact of the use of SRS in undergraduate 
student’s  engagement  and  learning.      

In the current study, a survey design method was used 
to   learn   about   students’   engagement  when   using  OESRS  
during class time. This study differs from previous studies 
in the nature of the tool used during class time. Previous 
studies reported using SRS that only allowed multi-choice 
questions. The SRS used in the current study allowed the 
use of open-ended questions as well as other type of 
questions as explained below. Results of the study suggest 
a positive response from students in their engagement and 
motivation towards the course when using OESRS. This 
study also found interesting shifts in student’s  perceptions  
about   their   role   as   learners’   as   well   as   their   instructor’s  
role in the classroom. Results of this study will help 
inform professors about the benefits and difficulties when 
using this teaching strategy in their courses. 
Recommendations will provide instructors with guidance 
in the transition process from a traditional teaching 
method to a more student-centered active approach.   
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Fig.  1 Instructor’s interface of the open-ended student response system 
 
 

2. COURSE DESCRIPTION 
 
The course described in this paper is at its base a 300 

level engineering statistics course, where data collected 
from a laboratory exercise is used throughout the term as a 
data basis for various statistical calculations. In fall 2013, 
50 students were registered to the course. The course 
consisted of three 50 minute lectures and two 50 minute 
tutorials per week. At the beginning of the term the 
students were given the course notes, composed of all 
presentation slides for all topics. Readings were assigned 
to individual lectures or lecture topics. These readings 
were   communicated   via   the   university’s   course  
management system calendar and given before the topic 
or lecture was covered in class. The idea was to lecture in 
the traditional way as little as possible but focus more on 
problem solving, which was demanded in previous course 
evaluations. Students were required to bring a wi-fi device 
(laptop, smartphone, tablet, kindle) to all classes. 
Attendance was tracked via the use of the OESRS and 
independent of right or wrong answers, 5 % of the final 
course mark were attainable through attendance. 
 

 
 
 
 
2.1. Use of the OESRS 
 

Student response systems invite learners to actively 
engage during class time. The OESRS technology used in 
this study allows instructors to choose from a variety of 
types of questions. About half of these were actually used 
in the context of this engineering statistics course. The 
OESRS allowed multiple choice and many choice type of 
questions in the same fashion as clicker questions. The 
question type data collection polls students for an answer 
(e.g. age), and the software provides the instructor mean, 
standard deviation, median and quartiles from student 
responses. Word cloud similarly polls students and the 
type and frequency of their answers is displayed in a word 
cloud. Numerical questions require the input of a 
numerical answer and the software will compare the input 
to the correct answer and grade accordingly as right or 
wrong. Similarly, the region question functions on a 
graphical basis. Students indicate a certain point or region 
on an image and the software will compare the answers to 
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a given acceptance region. Question types that do not 
allow for an easy comparison or grading are the following 
more open-ended question types: Image upload allows the 
submission of photos, graphic files or alike for review by 
the instructor and peers. Sketch questions similarly permit 
graphical answers to specific questions submitted by the 
instructor (e.g. draw the axis for a plot). Finally, short and 
long answer questions (Fig. 1) permit the students to write 
an answer in a few words or several sentences, 
respectively.   

 
2.2 Group work as an instructional approach 
 
Group work in class was introduced as an instructional 

approach. Students were confronted with practice 
problems to be solved in groups and not in the traditional 
way, where the instructor presents the solution on the 
blackboard to the entire class. Students were given time in 
class to go over their course notes, discuss with their peers 
and come up with a solution approach on their own. 
During this time the instructor walked through class, 
overheard conversations and on a need basis explained 
certain aspects to the entire class. In addition, students of 
a group that had already finished the task were assigned to 
explain a subject matter to another group that was still 
struggling.  
 

3. RESEARCH QUESTIONS 
 

The research questions that guided this study were the 
following: 

3.1. How does the use of an open-ended student 
response   system   influence   students’   motivation   and  
engagement towards the course? 

3.2 How does the use of an open-ended student 
response   system   affect   students’   perceptions   of   teaching  
and learning processes?  

 
4. METHODS 

 
4.1 Data collection  
 

Two different online platforms were used as sources to 
collect data for the current study. The first platform was 
an online survey (using the Survey Monkey platform, 
https://www.surveymonkey.com/). A link to this survey 
was posted on the course management system at the end 
of the term. In order to make the survey anonymous the 
platform was not able to collect student’s email or IP 
addresses. The first screen of the survey explained the 
goal of the study and served also as the consent form. By 
submitting the survey students were giving consent to use 
their responses in the current study. The second platform 
used in  this  study  was  the  university’s  end  of  term  course  

evaluations. Three questions about the experience of using 
the tool were included in the evaluation. Questions used in 
the current survey have been used and validated in 
previous studies and research conducted university-wide.   
 
 
 
4.2 Data analysis 
 

Means and standard deviation from each multiple 
choice question were computed and graphed in order to 
analyze   participants’   responses.  Open ended question 
responses were analyzed following a grounded theory 
approach, where categories were created based on 
students answers.  

5. RESULTS 
 
5.1. Multiple-choice responses 
 

Fig. 2 summarizes the answers to the multiple choice 
questions, where 5 corresponds to strongly agree and 0 
stands for strongly disagree. Overall, OESRS, peer 
instruction approach, and group work was positively 
received by the group (Fig.2). 
 
5.2 Open-ended responses 

 
A total of five open-ended questions were included in 

the surveys. Based on these responses a total of six 
categories were created. These categories are: (a) 
technical difficulties; (b) engagement; (c) learning; (d) 
students’   overall   reactions   to   innovation;;   (e)   shift   in 
professors   and   students’   roles;;   and,   (f)   recommendations  
for future use.  

 
Technical difficulties were defined as problems with 

the device, software or wi-fi  connection  (e.g.,  “maybe less 
drawing questions. It is difficult to do it on a smartphone, 
which is what most students used”).   Engagement  
encompassed responses that highlighted attendance, 
attention and involvement during class time (e.g., “I  really  
liked how she would talk to us during the class lecture 
instead of just going through slides the whole time. It 
made it much easier to understand and I felt like we could 
engage   in   what   she   was   saying”). Learning covered all 
those responses where understanding on the content, self-
regulation and metacognitive skills was mentioned (e.g., 
“helped me a lot in understanding the concepts in more 
details”). 
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Fig.  2  Average  of  student’s  responses  to  multiple-choice responses 
 

The   category   students’   overall   reactions   to   innovation  
contained general comments raised by students in relation 
to the pedagogical approach (e.g., “I  would   prefer  more  
theory in class”,   “I  didn’t  like  that  we  had  to  read  before,   
that   confused  me”,   “the teacher would be able to assess 
how much of the class understood what was just 
explained. And then be able to show students immediately  
 

 
where   they   are   going   wrong”). Shift in professors and 
students’   roles   referred   to   comments,   where   students  
reflected on their role in the class as agents of their 
learning and the instructor as a moderator (e.g. “Very well 
organized and the focus was more on where the students 
decided we needed more explaining. It was a very 
interactive class”).The last category created was 
recommendations for future use. Students mentioned 
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interest in using the tool in other courses and were specific 
on the type of questions that would allow the best use of 
the software (e.g., “Any  class  that  has  a  lot  of  theory  and 
concepts. Wouldn't be ideal for classes with a lot of 
calculations and tedious problems”).    

 
6. CONCLUSIONS 

 
Overall, students valued the use of this technology in 

their learning process. The experience was also positively 
perceived by the instructor. The tool allowed the 
instructor to get a real time perception of the 
understanding of the class as a whole and to identify   
problems of individual students. It allowed, as well, 
students to reflect on their role in the class as agents of 
their own learning and the instructor as a moderator of this 
process. Group work was extremely rewarding both for 
the students as well as the instructor. The main difficulty 
perceived with this type of pedagogical approach was 
having students read before class. Taking together, 
findings of this study suggest that the use of OESRS has a 
positive   impact   on   students’   engagement,  motivation  and 
learning in an undergraduate level course.   
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Abstract – Peer-review of writing is an instructional 
strategy  used   to  develop  students’  critical  thinking  skills,  
writing competence and as a way of engaging students as 
active agents in their learning process [1,3,4]. In the Fall 
2013 semester, two peer-review assignments were 
introduced in a compulsory first year engineering course, 
Introduction to the Engineering Profession, taken by 
nearly 500 students (in two sections). The objectives of 
the peer-review assignments were two-fold: (1) to help 
improve   students’   writing   by   providing   them   with  
constructive criticism and feedback and (2) to develop 
students’   critical   thinking   and   editing   skills.   Using   a  
rubric provided by the instructor, students were asked to 
evaluate   their   peers’   written   assignments   in   three  
categories: overall presentation, clarity and coherence 
(organization), and justification/explanation of the topic 
being discussed/analyzed.  One assignment addressed the 
inter-disciplinary nature of the engineering profession 
while the second focused on making ethical decisions. 
Evaluators were required to justify the score given in 
each category, as well as to provide a short written 
comment on the paper as a whole. At the end of term, a 
class survey was conducted where students reflected on 
the peer review assignment from a learning perspective. 
This study presents the results of an analysis of those 
reflections. Overall, students and the instructor valued 
this instructional approach. Implications of this type of 
instructional strategy for undergraduate engineering 
education are also discussed. 
 
Keywords: Peer Review, Critical Thinking, Writing 
Competences, Constructive Criticism and Feedback, 
Editing Skills 
 
 
 
 
 

1. INTRODUCTION 
 

The objective of this paper is to summarize our 
experience of using peer review of writing assignments 
given in a first-year engineering course. The principles 
used to design the instructional strategy were based on 
Topping’s   [6] definition of peer-assessment where 
“learners consider and specify the level, value, or quality 
of a product or performance of other equal-status learners 
(…) Peer assessment can be summative or formative”. In 
this specific engineering experience, peer-assessment was 
used for summative evaluation purposes. Lessons learned 
during the pilot project suggest the use of the strategy not 
only for summative but also formative evaluation 
methods.  

The motivations behind the use of this strategy were 
two-fold: (1)   to   help   improve   students’   writing   by  
providing them with constructive criticism and feedback 
and (2) to develop   students’   critical   thinking   and   editing  
skills. However, the use of this strategy can have other 
benefits that, even though not planned, occurred during 
the experience.  

Some benefits that researchers [1,3,4,5] have found 
when using peer-review as a teaching and learning 
strategy include the following:  
 Reflection  on  one’s  own  thinking  and  learning, 
 Awareness   of   one’s   biases   and   how   they   affect   review  

processes, 
 Ability to evaluate following standards (e.g., rubrics) 

and not personal or affective judgments, and 
 Development of skills to provide constructive feedback 

as well as how to receive/accept it. 
However, concerns have also been raised in the use of 

peer-review as an assessment strategy [1,3,4,5]. These 
concerns can be summarized as follows:  
 Lack of honesty on comments to avoid hurting peers’  

feelings, 
 Humiliation throughout the feedback process, 
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 Increased anxiety among students, and 
 Bias in feedback.  

These benefits and concerns are in line with those 
expressed by students as well as by the instructor in this 
exercise. These benefits will be introduced and discussed 
in the following sections.  Lessons learned and 
recommendations for designing and implementing this 
type of strategy in an undergraduate engineering course 
will also be provided. 

   
2. COURSE DETAILS 

 
FACC 100 Introduction to the Engineering Profession 

is the first of two compulsory courses taken by all students 
in the Faculty of Engineering at McGill University.  The 
course provides students with a general overview of the 
engineering profession as well as exposes them to 
different engineering disciplines.  The course is normally 
taken during the first year.  It is followed by FACC 400 
Engineering Professional Practice, which deals with issues 
(e.g., codes, legislation) related to professional 
engineering practices (e.g., liability, project organization 
and management, client relations).   

The following topics are covered in FACC 100: 
introduction to engineering practice; rights and code of 
conduct for students; professional conduct and ethics; 
engineer's duty to society and the environment; 
sustainable development; and occupational health and 
safety.  By the end of the course, students should be able 
to do the following:   
 Formulate an opinion on the necessary skills and 

competencies to be successful as an engineer, 
 Understand engineering professional values and ethics; 

apply knowledge of these values to address issues in 
professional practice, 

 Explain how the field of engineering is inter-
disciplinary, 

 Assess critical issues in engineering using concepts 
related to sustainability and global engineering, 

 Apply design and management processes to engineering 
projects, and 

 Understand basic technical concepts from various 
engineering disciplines. 

In terms of graduating student attributes, FACC 100 
covers Professionalism, Impact of Engineering on 
Society, and Ethics and Equity.  In most cases, students 
were introduced to the topics and corresponding issues, 
though some of the course activities (referred to below) 
provided students with opportunities to develop and apply 
competencies associated with these attributes. 

FACC 100 is offered twice per year (i.e., in both the 
Fall and Winter semesters) and is taken typically by more 
than 800 students:  there are approximately 450 students, 
mostly out-of-province (designated as U0 students), in the 

Fall semester while 350 students, mostly from Quebec 
(i.e., the CEGEP system), take the course in the Winter 
semester. 

Creating course activities that are interesting and that 
engage the students in the learning process is challenging, 
especially given the class size.  Over the years, 
assignments and activities have included the following: 
(1) the use of a student response system (clickers), (2) an 
organized debate between teams of students on specified 
topics (only some of the students can participate in these), 
and (3) a written assignment involving some form of peer 
review.   
 

3. PEER REVIEW ASSIGNMENTS 
 

During the Fall 2013 semester, there were two peer 
review assignments.   

The first assignment was a reflective exercise to 
increase   students’   appreciation   of   the   inter-disciplinary 
nature of the engineering profession. Students were asked 
to choose three branches of engineering and provide one 
example of an engineering project in which engineers 
from these three disciplines need to work collaboratively. 
They had to justify their response and could make use of 
references, figures, tables, etc. The second assignment 
focused on making ethical decisions.  Students had to pick 
one of two given scenarios and describe possible actions 
that they would take.  They had to justify their actions, 
making use of ethical theories, the 6-step approach to 
addressing complex ethical issues introduced in class, 
and/or the 3-tests for an ethical decision. 

The length of each assignment was constrained to a 
maximum of one page.  In both cases, while students 
needed to justify their response in a clear and organized 
manner, there was no right nor wrong answer. We believe 
that this type of open-ended question is more suited to 
peer review as students cannot   evaluate   ‘incorrectly’.     A  
reviewer   did   not   need   to   agree  with   an   author’s  point   of  
view; rather, they had to judge whether or not the author 
was clear in providing their response.   

Grades for each assignment were determined as 
follows:  50% of the mark was based on the average score 
given by a maximum of 3 peer reviews and the remaining 
50%   was   based   on   a   student’s   participation   in   the   peer  
review process.  The peer review process was double-
blind.   The instructors and TAs did not review the papers; 
however, they reviewed the peer reviews to assess the 
quality of the feedback provided.  If scores were assigned 
without appropriate justification and feedback, students 
did not receive maximum marks.  

To assist the students in grading the papers, a rubric 
was provided.  The papers were evaluated according to 
the categories and rubrics provided in Table 1 and 2 for 
the first and second peer review assignments, respectively.   
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Table 1: Categories and rubrics for grading peer review 
assignment 1. 

Category Rubric 

The paper describes the topic 
in a clear manner, i.e., the 
choice of three engineering 
disciplines and engineering 
project 

Fully satisfied: 2.5 
Mostly satisfied: 2 
Partially satisfied: 1.5 
Not satisfied:  0 

The need for engineers from 
the three disciplines to work 
collaboratively on the project 
is clearly justified and the 
discussion is well-organized 
(i.e., the arguments as well as 
their flow is clear) 

Fully satisfied: 6 
Mostly satisfied: 4 
Partially satisfied: 2 
Not satisfied:  0 

The overall presentation is 
professional (free of spelling 
mistakes, high quality of 
writing, etc.) 

Fully satisfied: 1.5 
Mostly satisfied: 1 
Partially satisfied: 0.5 
Not satisfied:  0 

 
Table 2: Categories and rubrics for grading peer review 
assignment 2. 

Category Rubric 

The paper describes clearly 
the actions that will be taken 
in view of the situation 

Fully satisfied: 3 
Mostly satisfied: 2 
Partially satisfied: 1 
Not satisfied:  0 

The actions taken are 
justified with reference to 
appropriate ethical theories, 
the 6-step process to dealing 
with ethical issues, and/or the 
3-tests for an ethical decision 

Fully satisfied: 5 
Mostly satisfied: 4 
Partially satisfied: 2 
Not satisfied:  0 

The overall presentation is 
professional (free of spelling 
mistakes, high quality of 
writing, etc.) 

Fully satisfied: 2 
Mostly satisfied: 1.5 
Partially satisfied: 1 
Not satisfied:  0 

 
4. FEEDBACK OBTAINED 

 
At the end of the semester, students were asked during 

class time to respond to the following questions and 
comment on the following: 
1. Did you enjoy reading other students’  papers? 
2. Did knowing that your paper would undergo peer 

review change the way that you approached your 
writing? 

3. Is this a useful exercise? 
4. Ways to improve? 

A total of 314 students responded and submitted this 
paper-and-pencil survey. Due to the nature of the data, 
35% of these responses were selected and analyzed using 
a random sampling procedure. In relation to the first 

question, 82% of the sample responded positively to the 
strategy; 6% did not enjoy the exercise; 7% were 
indifferent to it; and 5% did not answer the question.   
From the sample analyzed, 50% of participants changed 
their approach to writing when knowing that they were 
being peer reviewed; 39% of the sample expressed that 
they did not change their writing style; 2% reported 
changing their writing style somehow; and, 9% did not 
respond the question. A total of 77% of the sample found 
this exercise useful while 9% of the respondents did not.   

Answers to the questions were classified using a 
grounded theory approach [2], in the following categories: 
(a) bias  in  peer’s  grading, (b) acquisition of new skills, (c) 
grading scheme, (d) rubrics, (e) roles of the TAs and 
course instructor, and (f) quality of writing. 

Bias   in  peer’s   grading   refer   to   those  comments  where  
students perceived that their peers (graders) did not follow 
the use of the rubric to assess their work but were mainly 
driven by personal preferences or affective appeals.  Some 
students mentioned that because grades and grade points 
averages (GPA)s are competitive, they thought their peers 
had the option of acting maliciously.  

Acquisition of new skills refer mainly to metacognitive 
skills that students reported they started to develop. By 
reviewing   others’   papers, they had the opportunity to 
reflect on their own writing process. Also, students 
reported using peers’   comments   and   feedback   from the 
first assignment as a way of improving their writing in the 
second assignment.  This category refers also to comments 
raised by students on how they were able to reflect on new 
ideas and learn new concepts by reading other’s  papers.   

Responses in the grading scheme category are defined 
as comments that concern the fairness of grades given by 
peers, insecurity on their ability and expertise to 
determine  peer’s  grades,   and   the  need  of  more   reviewers 
in the process.  A suggestion mentioned by a large number 
of students was not having their peers give the final grade. 
Most   student’s   valued   and   appreciated   peer’s   feedback, 
but preferred not to be graded by them.  

In relation to the category rubrics, most comments 
addressed having more numerical options as well as 
providing more details on the grading scheme. Such 
comments are important in view of the fact that these are 
first year students who are not likely familiar with this 
instructional strategy.  

Comments in the category on the roles of TAs and the 
course instructor focus largely on having the TAs or 
course instructor being responsible for giving the final 
grade. Students also suggest receiving feedback to their 
written assignment by TAs or the instructor. Another 
comment highlighted was having the TAs or the instructor 
review the comments provided by the grader in the peer-
review form and deciding on the fairness and accuracy of 
the grade assigned (as described in Section 3, this was 
done).  
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The category quality of writing encompasses 
interesting comments that evidenced dynamics present in 
this type of educational setting. Even though a large 
number of students reported not changing their writing 
style despite their paper being reviewed by their peers, 
those who were more careful in their writing described 
doing so because of social pressure. As mentioned before, 
anonymity was an important feature in the process, but 
even so, this type of assignment allows for social 
comparison among peers (i.e., comparing one’s   own 
writing to that of their peers). Comments where written 
style changed due to the peer review process tended to 
described how students were more careful about writing 
and not the other way around. Finally, a large number of 
students reported improving their writing for the current 
assignments by using the rubrics as useful guidelines.  

 
5. LESSONS LEARNED 

 
Based on the feedback obtained from the student 

survey, as well as our personal experience, we plan to 
continue including peer review exercises in the future.  
While the overall experience was positive, there are 
several changes that should be considered to improve the 
exercise and process further.    

First, there should be a better communication of the 
objectives and outcomes of the exercise.  While the 
general objectives and intended outcomes of the peer-
review exercises are stated on the assignments, these were 
generally  written  from  the  perspective  of  the  student’s  role  
as a reviewer, i.e., to develop the ability for critical 
assessment and providing constructive feedback.  On the 
other   hand,   the   outcomes   from   the   student’s   role   as   an  
author are perhaps less clear.  Indeed, one obvious 
outcome is that a student should be able to use the 
feedback to help improve writing in the future. However, 
an equally important outcome is that a student (in the role 
of an author) be able to accept feedback—whether 
positive or negative.  In particular, negative comments 
should   not   be   treated   as   an   ‘attack’   on   one’s   work   and  
trigger a sense of defence and an immediate criticism or 
complaint on the process (which did occur in a few 
isolated incidences).  Rather, the author should be able to 
review their paper in light of the negative comments and 
then decide whether or not any are relevant and 
applicable, before finally deciding if this will impact 
future work.   

Second, while students received feedback on their 
paper, they were not able to incorporate comments to 
improve their writing in the specific exercise, though they 
were able to apply some general guidance to improve their 
second written assignment.  In this context, it would be 
more useful to provide the students with an opportunity to 
revise their paper according to the feedback, and then 
resubmit (of course, students can still exercise their right 

not to implement any changes or make use of the feedback 
provided). 

Third, a few students raised issues with regards to 
grading.  There was concern that the grading could be too 
subjective  (e.g.,  biased  by  a  student’s  on  writing)  and  the  
TA/course instructor should play a greater role in the 
actual grading process.  Others indicated a desire to have 
increased flexibility in assigning grades.  With regards to 
the roles of the TA/course instructor, we believe that in 
ensuring the peer reviews are fair, providing 
useful/thoughtful feedback is as important as reviewing 
the paper itself.  It is important to note that only half the 
weight of an assignment was based on the grades from 
peers while the other half was based on the participation 
in the peer review process (which was reviewed by the 
TA/course instructor).  In terms of increased flexibility 
with grading, an improvement in the rubrics can be made; 
however, the rubrics should not allow for such fine 
grading resolution (e.g., 0.5 marks). Nevertheless, the 
rubrics can be improved to provide more explicit 
descriptions of what is expected in each assessment 
category.  

In view of the above, a future peer review exercise 
might involve the following processes: 
1. The student writes a paper. 
2. The paper is peer reviewed with feedback and 

comments being provided; no grade is given at this 
time. 

3. The paper is returned to the student along with the 
peer reviews. 

4. The student can revise her/his paper, taking into 
account the comments/feedback provided. 

5. The paper is peer reviewed again, by the same 
reviewers.  Feedback and comments are provided, 
along with a grade (i.e., the grade must be justified as 
in the past). 

6. As   before,   a   student’s   mark   on   the   assignment   is  
determined by the average grade obtained from the 
peer reviews and by their participation in the peer-
review process (the TA/course instructor will continue 
to monitor the peer review process). 

7. The number of peer reviewers should increase from 
three to five.  The lowest and highest grades can be 
disregarded, and the average of the 3 remaining grades 
will be used. 
Given the increase in scope of the peer-review 

assignment, we would only conduct one such exercise in 
the class.  Moreover, we would reduce number of 
exercises from two to one.   

Finally, it is extremely important to mention that a 
suitable online system is necessary to handle such a 
double-blind peer review process.   
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6. CONCLUSIONS 
 

Overall, students and the instructor valued this 
instructional approach. The assignments allowed students 
to reflect on their writing and communication skills. Even 
though   students’   valued   their   peers’   feedback,   they  
preferred receiving a mark from the TA or instructor.  The 
main difficulty perceived with this type of pedagogical 
approach was having an appropriate suitable online 
system that allows a double-blinded peer review process.  
Taking together, this was a positive experience that we 
plan to include in the future.  
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Abstract - Due to the comprehensive nature of the two-
semester Capstone Design course for fourth-year 
students, many of the Canadian Engineering 
Accreditation Board (CEAB) Graduate Attributes 
(GrAtts), and associated learning outcomes (LOs), are 
present within the course. As  the  term  ‘graduate  attribute’  
implies, students should exhibit specific attributes upon 
graduation. Thus, assessing these attributes in the 
students’   final   year   enables   the   faculty   and   students   to  
verify that the goal of achieving these attributes has been 
accomplished. However, it is also necessary to examine 
the results of the assessments to make any downstream 
adjustments to the curriculum, to address any weaknesses 
in specific attributes. 

The undergraduate course calendar provides the 
following course description for the Capstone Design 
course: 

Student design teams, operating within 
a "company" environment, utilize the 
broad range of their undergraduate 
experience in interdisciplinary projects 
selected to promote interaction between 
the mechanical, automotive, and 
materials programs. Design 
methodologies and team interaction 
simulate future professional practice. 
Project milestones include: a design 
proposal with cost analysis and 
scheduling, construction and 
commissioning of the designed 
apparatus, and a final report and 
presentation having both global and 
detail completeness [1]. 
One can see that the course is comprehensive; 

however, it is also quite unique for each design team as it 
pertains to each specific project. The uniqueness of 
projects, along with the fact that there are multiple 
advisors and assessors of projects, provides challenges to 
ensuring accurate and consistent assessments. 

This paper will describe what the department of 
Mechanical, Automotive & Materials Engineering 
(MAME) at the University of Windsor has incorporated 
into the Capstone Design course to assess many of the 

CEAB GrAtts and LOs, and implement a continuous 
improvement program for the department. 
 
Keywords: 
CEAB Accreditation; Outcomes Assessment; Capstone 
Design Course 
 

1. INTRODUCTION 
 

The assessment of learning outcomes in higher 
education is performed in varying degrees around the 
world [2]. The general principle behind outcomes-based 
education is that it shifts the focus of curricula from an 
instructor-centred (e.g., the topics that will be covered) to 
a student-centred (e.g., what students should know, 
understand, perform, etc. by the end) domain. From the 
perspective of engineering accreditation in Canada, 
outcomes-based education ensures that undergraduate 
engineering programs provide the required education for 
licensure as a professional engineer in Canada [3].  

One of the requirements for CEAB accreditation, 
starting with the 2014-2015 Accreditation Visit Cycle, 
includes demonstrating that graduates from undergraduate 
engineering programs possess twelve GrAtts [4]. The 
twelve attributes include; a knowledge base for 
engineering, problem analysis, investigation, design, use 
of engineering tools, individual and team work, 
communication skills, professionalism, impact of 
engineering on society and the environment, ethics and 
equity, economics and project management, and life-long 
learning. The learning outcomes associated with each 
course map to these twelve graduate attributes, ensuring a 
comprehensive education for every student. Assessment 
of learning outcomes enables instructors and departments 
to measure the effectiveness of individual courses and/or 
programs in achieving the necessary outcomes for future 
professional engineers. Improvements can then be made 
based on both student performance and the tools used to 
measure the performance [5]. This forms a framework for 
a continuous improvements process within the program. 

In preparing for the new outcomes-based 
reporting of GrAtts for Canadian Engineering 
Accreditation Board (CEAB) accreditation at the 
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University of Windsor, it became evident that many of the 
GrAtts are applied and assessed within the Capstone 
Design course in Mechanical, Automotive & Materials 
Engineering. For this reason, detailed rubrics were 
developed for many of the assessment tasks required of 
the students. As well, these rubrics were used to track the 
students’   achievement   of   the   GrAtts.   This   paper   will  
describe the process that was followed in undertaking the 
task of moving towards an outcomes-based course design, 
as  well  as  the  ‘Lessons  Learned’  from  this  process. 
 
2. METHODOLOGY 
 

Students in their fourth year of study in MAME 
at the University of Windsor are required to complete a 
two-semester, Capstone Design course. The course starts 
during the Winter semester and finishes during the 
Summer semester. For the 2014 offering of the course, the 
course LOs were developed, the assessments that would 
demonstrate that students have achieved the LOs were 
identified, and these assessments were developed, along 
with the rubric for each assessment. A list of the LOs and 
associated modes of assessment are shown in Table 1. 
One can see that each of the course LOs focuses on a 
specific CEAB GrAtt and, consequently, eight GrAtts are 
being assessed through course activities, assignments, and 
projects. 

As a result of the course assessing many of the 
GrAtts, easy-to-use grading rubrics were developed for 

each assessment task (i.e., letter of intent, progress report, 
presentation, etc.). These grading rubrics were designed to 
focus on the specific requirements of each task while also 
evaluating   the   students’   ability   to   demonstrate   their  
achievement of the associated LOs. 

In developing the rubrics, an important 
consideration was that the rubrics would be used by the 
course coordinator, as well as the faculty advisors for the 
individual student project teams. The rubrics must provide 
enough description for each criteria and level of 
achievement that different evaluators would provide 
similar evaluations for the same assessment task. As well, 
the amount of detail should not be too great, as to be too 
time-consuming for evaluators to use and complete the 
assessment. As an example, the rubric for the Progress 
Poster Presentation assessment task is shown in Table 2.  
Evaluators were asked to circle one of the four ratings for 
each line item to indicate if they felt that the group failed, 
performed marginally, met, or exceeded the learning 
outcomes in each of the three assessed categories for this 
deliverable: design, individual and team work, and 
communication skills. It should be noted that the rubric 
indicators in Table 2 were taken from the University of 
Toronto attribute tables posted on the EGAD website, 
http://egad.engineering.queensu.ca/?page_id=1207 [6]. 
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Table 1. MAME Capstone Design learning outcomes. 

Course 
Learning 
Outcome 

Description 
 
Mode of Assessment 

1 

Problem analysis: The Capstone project process helps in training the 
students on how to identify and characterize an engineering problem, 
formulate a solution plan (methodology) for an engineering problem 
and execute a solution process for an engineering problem. 

Letter of Intent, Group Written 
Final Report 

2 

Investigation: While completing a Capstone project, students will learn 
how to define a problem, devise and execute a plan to solve a problem. 
To this end, critical analyses are used to reach valid conclusions 
supported by the results of the plan. 

Group Written Final Report 

3 

Design: Since the Capstone projects consist of complex open ended 
problems in engineering terms, the students will generate a diverse set 
of candidate engineering design solutions, select the candidate 
engineering solutions for further development, and then advance an 
engineering design to a defined end state. 

Progress Poster Presentation, 
Group Written Progress 
Report, Group Written Final 
Report 

4 

Individual and team work: The Capstone design process requires 
contribution from the team members both as individuals and at the team 
level. On their way to the design final goal, the students will learn first-
hand about the mechanisms necessary to establish and monitor their 
team’s  organizational  structure.  They will learn how to promote team 
effectiveness through individual action and to complete the team-based 
project successfully. 

Letter of Intent, Progress Poster 
Presentation, Final Team 
Project Presentation 

5 

Communication skills: One of the most important phases of Capstone 
projects is communication. Students will be identifying ways and 
means to communicate engineering knowledge in the form of written 
documentation and oral presentations, using iteration to emphasize key 
points of learning, and reflection through effective use of log books. 

Letter of Intent, Progress Poster 
Presentation, Final Team 
Project Presentation, Group 
Written Final Report, 
Individual Professional 
Conduct and Productivity 

6 

Professionalism: The Capstone project process requires everyone to 
behave in a professional manner. While progressing through the 
exercise, students will learn to describe engineering roles in a broader 
context (e.g., as they pertain to the environment health, safety and 
public welfare) and recognize the impacts of engineering within a 
global society (i.e. the broader public interest). 

Group Written Final Report, 
Peer Evaluation, Individual 
Professional Conduct and 
Productivity 

7 

Project management: Project management and economics are very 
important part of engineering projects. While choosing the final design 
from a set of candidate options, the students will learn to plan and 
manage engineering activities within time and budget constraints. 

Letter of Intent, Group Written 
Final Report 

8 

Lifelong learning: In addition to the knowledge gained through 
completed course work, the students will learn to utilize research 
resources (i.e. use of proper research databases to locate supporting 
literature and cite these references in presentations and reports). They 
will learn to independently summarize, analyze, synthesize, and 
evaluate information from a wide variety of sources (learning 
independently) and develop strategies to identify and address gaps in 
knowledge (becoming a self-directed learner). 

Letter of Intent, Class/lecture 
participation, Group Written 
Progress Report, Group 
Written Final Report 
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Table 2. Grading rubric for Progress Poster Presentation. 
 Assess the group's ability to:   FAILS MARGINAL MEETS EXCEEDS 
DESIGN 4a) Frame a complex, open-ended problem in 

engineering terms. 
    

DESIGN 4b) Generate a diverse set of candidate 
engineering design solutions. 

    

DESIGN 4c) Select candidate engineering design 
solutions for further development. 

    

DESIGN 4d) Make it clear that they are poised to 
advance an engineering design to a defined 
end state. 

    

INIDIVIDUAL AND 
TEAM WORK 

6a) Establish and monitor team 
organizational structure. 

    

INIDIVIDUAL AND 
TEAM WORK 

6b) Promote team effectiveness through 
individual action. 

    

INIDIVIDUAL AND 
TEAM WORK 

6c)  Make it clear that they will be able to 
successfully complete a team-based project. 

    

COMMUNICATION 
SKILLS 

7a) Identify and credibly communicate 
engineering knowledge. 

    

COMMUNICATION 
SKILLS 

7b) Demonstrate the ability to use different 
modes of communication. 

    

COMMUNICATION 
SKILLS 

7c) Develop communication through an 
iterative process that involves reflection and 
self-guided learning. 

    

Notes: 1. The rubric indicators in Table 2 were taken from the University of Toronto attribute tables posted on the EGAD 
website, http://egad.engineering.queensu.ca/?page_id=1207 [6]. 
2. The assessment criteria are as follows: FAILS -Not clear or concise -Much applicable information is missing; 
MARGINAL -Somewhat clear and concise -Some applicable information is missing; MEETS -Somewhat clear and 
concise -All applicable information is present; and EXCEEDS -Clear and concise -All applicable information is present. 
 
 

3. RESULTS 
 

At the time of writing of this paper, the Winter 
2014 offering of the MAME Capstone Design course was 
in session. The following data were compiled for the first 
two assessment tasks of the semester: the Letter of Intent 
and the Progress Poster Presentation. 

With regard to the Letter of Intent task, each 
design team submitted a Letter of Intent for its project that 

included the project objectives, a list of team members 
and their assigned duties, anticipated deliverables, 
anticipated challenges, and a summary of the project 
budget. 

The Letter of Intent assignment was chosen as 
the first task for the design teams because it requires 
teams to start planning not just what their final design will 
be, but also how they will organize their activities, time, 
and money to accomplish their goals. 

Considering the CEAB GrAtts, the Letter of 
Intent   assignment   demonstrates   the   students’   abilities   in  
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problem analysis, individual and team work, 
communication skills, economics and project 
management, and life-long learning. Using the Letter of 
Intent rubric, grades for these five GrAtts were assessed 
for each team. On   average,   each   team’s   submission  was  
graded by 4 evaluators made up of faculty and graduate 
assistants. A summary of the assessment results is shown 
in Fig. 1. 
 

 
Fig. 1. LO achievement for the Letter of Intent assignment, for 
the following GrAtts: a) problem analysis, b) individual and 
team work, c) communication skills, d) economics and project 
management, and e) life-long learning. Numbers on the graph 
indicate how many of the student project groups were in each 
category. 
 

With regard to the Progress Poster Presentation 
task, each design team designed and displayed a poster 
that described their progress at the end of the first 
semester, corresponding to the mid-way point of the 
course.  On their poster, they were asked to include an 
introduction, project objectives, a description of their 
approach or methods, progress to date, and next steps 
toward completion of the project. 

The posters were displayed in a common area of 
the Ed Lumley Centre for Engineering Innovation at the 
University of Windsor where departmental faculty, 
technologists, and graduate assistants viewed the posters 
and spoke to the project teams in order to complete the 
assessment. 

Considering the CEAB GrAtts, the Progress 
Poster Presentation demonstrates  the  students’  abilities  in  
design, individual and team work, and communication 
skills. On  average,  each  team’s  submission  was  graded  by  
10 evaluators made up of faculty, Mechanical 
Engineering technologists, and graduate assistants. Using 
the Letter of Intent grading rubric, grades for these three 
GrAtts were assessed for each team. A summary of the 
assessment results is shown in Fig. 2. 
 

 
Fig. 2. LO achievement for the Progress Poster Presentation, for 
the following GrAtts: a) design, b) individual and team work, 
and c) communication skills. Numbers on the graph indicate 
how many of the student project groups were in each category. 
 

4. DISCUSSION 
 

In studying the Letter of Intent assessment data, 
it was observed that all teams met or exceeded 
expectations for all five of the measured GrAtts: problem 
analysis, individual and team work, communication skills, 
economics and project management, with all teams 
exceeding expectations for life-long learning.  In 
summary, the class responded well to the challenge of 
explaining their Capstone Design projects at the outset of 
the course and presented a cohesive view of the 
expectations and challenges of the projects.  In addition, 
each   team’s   submission   was   clear   about   the   extent to 
which they realize the necessity of continually learning 
beyond the curriculum to ensure the success of their work.   

The results of the Progress Poster Presentation 
show a more modest result with all teams meeting or 
exceeding expectations for the three measured GrAtts: 
design, individual and team work, and communication 
skills.  For this assessment, fewer teams exceeded 
expectations for the two GrAtts shared with the Letter of 
Intent submission (individual and team work, and 
communication skills).  With the added ability to 
interview the students while reviewing their posters, it 
was likely that the assessment of these two GrAtts was 
more critical when the students were challenged to answer 
questions from such a wide variety of evaluators.  It was 
apparent in some cases that the workload sharing in the 
team project may not have been as well-executed as 
initially planned in the Letter of Intent (as illustrated by 
the dominance of some of the team members in fielding 
questions).  In general, the class is on track for achieving 
the course LOs as of the mid-point of the course, with no 
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teams failing to at least meet the criteria for the measured 
GrAtts. 

Feedback from the evaluators included the 
appropriateness of some of the sub-categories of the 
assessment rubric and quality of grammar in the 
documents. To address weaknesses in the ability of the 
rubric to capture the performance of each team on the 
task, the form will be revised before the next offering of 
the course to help streamline the process. Indeed, the 
rubric complexity was reduced from the first Letter of 
Intent assessment to the Progress Poster Presentation 
form.  Weekly Capstone lecture schedules will be 
reviewed and modified to include timely material to 
support achievement of the Learning Outcomes in the 
future offerings of the course. 

As was stated previously, the Winter 2014 offering of 
this course was in session at the time of writing of this 
paper. Initial feedback from the course coordinator 
regarding the usefulness and ease of assessing the LOs 
and GrAtts with the rubrics that were developed showed 
the following insights: 

 Faculty are challenged to participate in assessing 
teams if they are not currently advising a team of 
their own, so ease in use of the forms is essential 
to increasing participation in the assessment 
processes.  

 The time commitment of the coordinator is key 
to developing a seamless and simple process to 
managing the assessment data.  As such, support 
from the faculty to assist in developing 
appropriate faculty-wide protocol and forms is 
necessary. 

 The ability to determine a grade that is an 
accurate reflection of the quality of the work 
submitted must be kept at the forefront of the 
assessment to ensure that the processes 
developed are not applied without consideration 
of the nuance of individual project objectives. 

 Inclusion of industry feedback on Capstone 
Design assessment is highly important, but 
because of differences in perspective on the 
importance of various project objectives, rubrics 
might have to be redesigned to ensure the 
appropriate metrics are in place. 

 
5. CONCLUSIONS 

 
Ensuring  that  students’  performance in Capstone 

Design projects can be evaluated objectively and 
consistently is challenging due to factors such as 
industrial sponsorship (or lack thereof) and competition 

details and constraints.  With twelve projects available to 
the current senior Mechanical Engineering students at the 
University of Windsor, we have created a common 
syllabus detailing common deliverables with common 
rubrics for assessment.  This is the first year that the 
rubrics are being made available to all those willing and 
able to evaluate  the  students’  performance.    From  the  first  
two  deliverables   that  we’ve   examined   in   this   paper,   it   is  
apparent that continuous improvement is a necessary part 
of the course curriculum development and the assessment 
methods employed to measure LO achievement. 
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Abstract – The importance of a liberal arts education 
for engineers is articulated in both the CEAB and ABET 
accreditation criteria, but while these stipulate minimum 
complementary studies requirements, the degree to which 
faculties provide opportunities for immersion in the 
liberal arts varies across institutions.  An understanding 
of the types of approaches that various faculties are 
taking to facilitate this immersion can provide useful 
models for successful integration of liberal arts 
opportunities. This paper will provide a survey of the 
intersection of arts and engineering across faculties in 
Canada and the US, in order to gain an understanding of 
both the methods of liberal arts integration and its 
perceived value. 

Keywords: liberal arts, complementary studies, 
interdisciplinary, collaboration  
 
 

1. INTRODUCTION 
 

Arguments for a liberal education for engineers 
identify a number of positive outcomes stemming from 
required courses in the Humanities and Social Sciences: 
through immersion in the liberal arts students become 
more culturally aware, are capable of inter- and cross-
disciplinary collaboration, have stronger communication 
skills, and are capable of learning outside of their 
discipline even after leaving the academic environment [1, 
3, 4, 5, 6, 9, 12]. These benefits are underscored by 
CEAB  and  ABET’s  accreditation  criteria,  which  stipulate  
minimum complementary studies requirements for the 
completion of an engineering degree. 
 Yet while the value of liberal arts is acknowledged 
within the discourse of engineering education and 
reiterated through the requirements of our accreditation 
boards, the logistics of integrating these educational 
opportunities remains complex. Challenges to successful 
integration include the competing demands of a heavy 
core curriculum, the availability of elective courses to 
non-arts and science students, and faculty and student 
buy-in. Faculties across North America have undertaken 

various initiatives to overcome these challenges, which 
range on the one hand from substantial liberal arts 
requirements and the fostering of interdisciplinary 
collaboration, to on the other, minimal mandatory 
electives outside of the engineering discipline. The extent 
to which institutions foster collaboration between 
engineering and the liberal arts is reflective of the value 
they place on this type of education for their engineering 
students, as well as the ease of integrating 
interdisciplinary opportunities within their academic 
structure. This paper will provide a preliminary survey of 
approaches in the field to gain an understanding of how 
some schools within North America are promoting liberal 
arts engagement within the engineering discipline.  

For the purposes of this study institutions have been 
classified into three general types: technical schools that 
offer a holistic education through liberal arts departments 
serving engineering majors; private liberal arts colleges 
offering engineering programs with significant arts and 
humanities requirements; and larger universities offering a 
range of degrees from multiple departments, in which 
alternative interdisciplinary collaborations may take place. 
At this preliminary stage information has been gathered 
through online content from these institutions. At a future 
stage this initial information will be expanded though 
interaction with members of these institutional 
communities.  

2. RETHINKING A TECHNICAL EDUCATION 
 

 A number of private technical colleges within the US 
have responded in recent years to calls for a holistic 
engineering education. These schools are characterized by 
investment in people-centred engineering, hands-on 
learning and an understanding of the societal implications 
and opportunities of the discipline. Three colleges that are 
representative of this approach are Olin College, Harvey 
Mudd and Rose-Hulman, and all three place a similar 
importance on a broader curriculum facilitated by access 
to arts and science course offerings.   
 With its official opening in 2002, Olin College could 
define itself as “a new kind of engineering college” 
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offering a curriculum that, from its outset, acknowledged 
the value of a broad, socially conscious education. As 
such, alongside hands-on project experience and 
opportunities for close collaboration with educators and 
industry, students are required to engage with disciplines 
outside the engineering field. Students must complete 
twenty-eight Arts, Humanities and Social Sciences or 
Entrepreneurship credits in addition to their engineering 
curriculum. Of these twenty-eight credits twelve must be 
completed in a declared concentration, typically 
characterized by three related courses (or two courses and 
a  capstone)  approved  by  their  department.  Many  of  Olin’s  
in-house Arts, Humanities and Social Science courses 
underscore the value of intersections between disciplines, 
reflected   in   courses   like   “The   Intersection   of   Art   and  
Science”  and  “The  Stuff  of  History:  Materials  and  Culture  
in   Ancient,   Revolutionary   and  Contemporary   Times.”   In  
addition to courses offered within Olin, students can elect 
to complete transfer credits at its affiliated colleges, 
Babson and Wellesley. [13] 
 Harvey Mudd’s investment in the liberal arts for 
engineers is evident in the school’s website description, 
which acknowledges the institution’s STEM focus while 
underscoring the importance of engagement with subjects 
outside of these fields. The site reads: 

Mudd offers nine engineering, science and mathematics-
based majors, all grounded in a solid core curriculum that 
includes a healthy dose of humanities and social science 
courses.   Why?   Because   we   know   that   you   don’t   have   to  
sacrifice your interest in music or art (or anything else) to be 
good scientists. And because an understanding of history 
and politics will make us more effective engineers, chemists, 
lawyers, doctors and human beings. [7] 

This understanding of history and politics as well as other 
liberal arts disciplines is offered through courses ranging 
from the visual arts to religion, philosophy and literature. 
The integrative nature of humanities and social science 
courses at Harvey Mudd is evidenced by the sharing of 
faculty members between departments; while a core 
faculty of arts and science professors lead the majority of 
course offerings, a small number of arts-focused courses 
are taught by professors housed in technical departments 
like computer science and physics. Students are required 
to take ten courses from the Humanities and Arts and 
Science listings in addition to a common foundations 
course.  [8]  
 While Rose-Hulman’s mission focuses on technical 
and engineering excellence, its website also lists 
opportunities for artistic and cultural immersion within the 
university and surrounding area. Engineering students are 
required to complete nine Humanities and Social Science 
electives for graduation. In addition to this requirement, 
interested students have the opportunity to minor in their 
choice of fourteen different liberal arts disciplines, 
including Anthropology, Art, East Asian Studies, 
Economics, European Studies, Geography, German, 

History, Japanese, Language and Literature, Latin 
American Studies, Music, Political Science, Philosophy 
and Religion, Psychology and Spanish. [18] 
  These three schools provide positive models for the 
integration of liberal arts into an engineering education. 
While the importance of the liberal arts as articulated in 
the school’s mandates and reflected in their range of 
course offerings varies between each institution, their 
significant liberal arts requirements points to the practical 
value of connecting students to disciplines and knowledge 
outside of their technical field. 
 

3. EXPLOITING OPPORTUNITIES IN 
LIBERAL ARTS COLLEGES 

 
In  her  article,  “Liberal  Arts  and  Education”  Catherine 

Koshland, Vice Provost and Engineering Professor at UC 
Berkeley relays her own unusual trajectory from an 
undergraduate degree in art history to a PhD in 
engineering while discussing the value of a liberal arts 
education for engineers.  Koshland identifies a number of 
liberal arts schools currently offering engineering degrees 
that encourage greater immersion in artistic and 
humanities disciplines in addition to the technical degree 
requirements. While her list of notable institutions 
includes Swarthmore and Lehigh, as well as Smith 
College (where the introduction of an engineering degree 
in 1999 was an important milestone for increased female 
representation within the STEM disciplines) Koshland’s  
description  of  Union  College’s  program  provides  the  most  
novel intersection points for the focus of this study. A 
2005 strategic plan at Union led administrators to 
reconsider the traditional engineering/arts divide and to 
find ways that both faculties could benefit from cross-
disciplinary collaboration; arts and humanities could learn 
from the type of scientific rigor and methods practiced 
within the applied sciences, while at the same time the 
liberal arts could work to provide a social context for 
engineering disciplines. Koshland explains: 

It became clear that an educated person in the 21st century 
needed to understand science and technology and the 
intellectual process of discovery and design that is 
fundamental to engineering practice. One could equally 
make the case, that for engineering solutions to be 
successful in the 21st century, they must respond to social, 
cultural, and economic conditions of the communities that 
embrace the solution. [11] 

What emerged was a strategic plan that sought 
opportunities for cross-faculty research and collaboration, 
including cross-appointed courses in the humanities and 
engineering, like one in which students study The Odyssey 
from a literary perspective while simultaneously 
investigating technical challenges that Odysseus 
encountered during his quest [11].   

Union   College’s   approach   is   particularly   unique   for  
the lack of hierarchy suggested by its model—neither 
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faculty is seen as serving the other, instead, the pursuit of 
liberal arts and engineering disciplines are seen as 
integrally linked and mutually beneficial.   

Rensselaer Polytechnic has extended its 
interdisciplinary approach to the degree granting level, 
with a number of programs existing at the intersection of 
multiple disciplines. Notably, their Design, Innovation 
and Society program requires students to complete design 
courses from the Humanities and Social Sciences 
alongside their technical specialization, which might 
include engineering. Similarly, the Mind and Machines 
program allows students to partner a psychology degree 
with a degree in mechanical, computer or systems 
engineering. [14] While the largely technical focus of 
these program offerings is not surprising, given that 
Rensselaer is a polytechnic institute, they once again 
speak to the value of interdisciplinary collaboration in 
illustrating the practical relevance of traditional 
engineering fields.   

The comparatively small size and centralized 
administrative structure of these schools is arguably quite 
important to their success in conceiving of and integrating 
a shared interdisciplinary vision across faculties. 
Nevertheless, the importance placed on dialogue across 
disciplinary boundaries in these schools can provide 
important examples for much larger and administratively 
complex institutions. 

 
4. FINDING ALTERNATE PATHWAYS 
WITHIN A TRADITIONAL SETTING 

 
Cross-disciplinary initiatives are admittedly more difficult 
in larger institutions, where humanities and social science 
departments and engineering departments may be working 
on the same campus with very little direct communication 
or shared planning. Nevertheless, a few large institutions 
within Canada and the United States are finding novel 
ways to integrate the arts into engineering and the sciences 
without overhauling curriculum at the institutional level. 
These initiatives are often extracurricular in nature, and 
provide students with an opportunity to work in a new 
artistic environment without necessarily earning credit. 
 The University of Virginia’s Engineering in Context 
projects group students into multidisciplinary project 
design teams for their capstone credit. Teams may consist 
of engineering students working together with colleagues 
from commerce, architecture, nursing and education or 
arts and science [17]. Given that the projects are devised 
and planned by the student participants, they are reflective 
of the diverse interests of these student teams. One 
carefully documented project, “Inside   the   Box”   is 
noteworthy for its departure from conventional 
engineering streams. This particular project brought 
together students in a first year engineering class, a 
playwrighting class and a directing class to create scene 

performances utilizing their respective area of expertise. 
The student engineers, working within the parameters of a 
prescribed stage space and apparatus, provided the visual 
and sound effects for the student written and directed 
works [17].  
 Similar intersections of engineering and the visual and 
performed arts is evident at the University of Waterloo, 
where the Canadian Centre of Arts and Technology 
supports research initiatives that bring together artists and 
technology specialists from within the university and the 
larger community [16]. While the centre’s full time staff is 
made up of faculty from the university’s Digital Arts 
Communication Program and Department of Speech and 
Drama [17], their collaborations strike partnerships with a 
range of local tech companies and academics from outside 
of the centre. A 2009 project for example, saw members 
of the centre work alongside a colleague from the 
Business Entrepreneurship and Technology Centre within 
the   University   of   Waterloo’s   Faculty   of   Engineering to 
introduce a new digital display technology to Toronto’s 
theatre community. Projects like this encourage students 
from both the liberal arts and STEM disciplines to 
consider the opportunities for entrepreneurial 
development between the two fields. 
 The Collaborative Catalyst @ MIT, while not strictly 
for engineers, brings the arts community on to campus and 
into a largely technical university. The partnership 
between MIT and two community theatre companies 
produces plays on scientific topics performed at the 
Central Square Theatre. These performances are 
complimented by a speaker series to discuss the scientific 
content of the works. The theatre’s proximity to and 
affiliation with MIT facilitates the exchange of ideas 
between the artistic and scientific communities to enrich 
the theatrical experience. [2] 
 The study of science through theatre is similarly 
facilitated by one of the University of Toronto’s five 
electives for engineers, Representing Science on Stage. 
These electives, offered by faculty from the Engineering 
Communication Program, provide students with the 
opportunity to complete their humanities and social 
sciences requirements within a classroom populated 
exclusively by their engineering peers. The curriculum for 
these courses encourages students to approach a 
traditional arts topic—the visual and plastic arts, 
linguistics, rhetoric, or science writing—while drawing on 
their unique subject-knowledge. 
 The University of Michigan’s Renaissance Project 
tears down disciplinary silos within and outside the arts 
and science and engineering classrooms by working to 
reimagine campus geography. Students from different 
disciplines are no longer ghettoized to a particular area of 
campus, but must interact with colleagues from multiple 
disciplines in shared building spaces. [4] 
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 While these various initiatives represent formal 
projects undertaken by university administrators and 
faculty, numerous other student-led organizations speak to 
student engagement in liberal arts subjects. Within the 
University of Toronto for example, a range of clubs cater 
to performing and fine arts interests; the student society or 
Skule’s club page lists five musical societies, a fine arts 
club, a talent show and improv club, in addition to its 
annual musical revue, Skule Night. While the University 
of Toronto is admittedly a limited sample, the significant 
number of organizations within this highly academic and 
rigorous program may reflect similar strengths in other 
institutions. 
 While the activities undertaken by these centres and 
clubs are not always associated with academic credit, they 
nevertheless provide important opportunities to extend 
academic knowledge through collaboration with 
individuals and subjects outside the typical engineering 
field. In this way they present another important paradigm 
for liberal arts immersion for engineers.  
 

5. CONCLUSION 
 

 While this paper began by characterizing liberal art 
integration around three institutional models: liberal arts 
colleges, institutions with an engineering focus, and larger 
universities offering multiple degrees across large diverse 
faculties, we can also understand these projects based on 
their institutional scope; while some projects are reflective 
of a college or university’s central mandate, others are 
made possible through the individual interests of a 
department, centre or affiliate organization. These 
multiple entrance points for collaboration are closely 
linked to differences to institutional and administrative 
structures, which may present particular challenges to 
successful liberal arts integration. 
 A next step in this ongoing study will be to contact 
representatives from the programs discussed here in order 
to develop greater familiarity with their programs and a 
more thorough understanding of how groups, individuals 
and institutions can work to find fruitful intersections 
between the liberal arts and engineering. 
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Abstract – An   engineer’s   paramount   duty   is   to  
protect the welfare of the public. This duty includes 
ensuring that technical systems are designed and 
operated as safely as possible. This is achieved by 
minimizing the risk of injury or harm to people, property 
and the environment. Process Safety Management (PSM) 
is a framework for managing process risks associated 
with the storage, handling and manufacturing of 
hazardous substances, but the general principles are not 
industry-specific. The ultimate goal of PSM is to prevent 
the occurrence of major hazard incidents for the lifetime 
of the process, regardless of changes in personnel, 
organization, or environment.  In PSM, a hazard incident 
is the unintended release of harmful substances or energy 
from equipment that is meant to contain it. PSM requires 
organizational commitment, and active participation of 
all stakeholders. PSM is based on process knowledge 
combined with systematic hazard identification and risk 
analysis. Risk is a measure of the probability and severity 
of a hazard incident. While risk is never zero, it can be 
minimized by taking measures to reduce the probability of 
occurrence, and to limit the severity of the consequences. 
Measures to reduce risk include inherently safer design, 
improving operating procedures, safer work practices, 
improving maintenance procedures and process 
documentation, improving management of change, and 
planning for responding to incidents. PSM systems 
undergo continuous improvement by incorporating 
lessons from hazard incidents, measuring and auditing 
performance, and generally learning from experience. 
Western University has developed a learning module on 
Process Safety Management to introduce engineering 
students to these important concepts. The module has 
been developed using PowerPoint, and is fully editable by 
instructors to suit specific learning objectives. The 
module includes numerous case studies to illustrate 
important PSM concepts, and a library of sample quiz 
questions is also included. 

 
Keywords: safety education, process safety 

management, learning module 
 

 

1 INTRODUCTION 

Professional Engineering is a regulated profession, and 
“professional engineers have a clearly defined duty to 
society, which is to regard the duty to public welfare as 
paramount, above their duties to clients or employers [1]”. 
In fulfilling this duty, Professional Engineers must ensure 
that technical systems are as safe as possible, minimizing 
the risk of injury or harm to people, property and the 
environment.  Despite its central importance, it is difficult 
to find an overarching definition or framework for safety 
engineering. Existing safety frameworks are typically 
restricted to specific domains, like workplace safety, 
transportation safety, process safety, etc. These 
frameworks contain common elements and methods that 
can be generalized to all domains, and the elements are 
described in a number of texts, e.g. [2,3,4]. Every 
framework includes the following aspects: defining and 
identifying hazards; determining risks as the product of 
the probability of a hazard event and the consequences of 
the event; and taking measures to reduce risk by reducing 
probabilities and consequences. 

The CEAB graduate attributes also emphasize the 
engineer’s   responsibility   to   protect the public welfare, 
including health and safety [5]. Education and training in 
these topics must be a fundamental part of the engineering 
curriculum. In response to this need, Minerva Canada has 
led and coordinated the development of a set of learning 
modules in health and safety. The modules were 
developed by student interns at 7 partner universities, as 
part of a Mitacs Accelerate Cluster entitled “Bridging  the  
Gap – Health and Safety Engineering Student Teaching 
Modules”. These modules included several core modules, 
along with discipline specific modules. The modules are 
complementary, and are meant to be used together.  

Western’s   contribution   was   to   develop   a   module  
covering Process Safety Management (PSM), described in 
this paper. 
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2 PROCESS SAFETY MANAGEMENT 

Process Safety Management (PSM) is a term applied to 
a systematic, proactive safety management system to 
manage and reduce risks associated with loss of 
containment events.  

 
Table 1. Proactive versus reactive approaches to safety. 

Proactive  Reactive  

 Implementing 
countermeasures to 
prevent an incident  

 Implementing 
countermeasures after 
an incident has 
occurred  

 Perform hazard 
analysis and risk 
assessment  

 Perform incident 
investigation and 
determine root cause 

 Practice inherently 
safer design  

 Design & install 
additional layers of 
protection after an 
incident  

 
A loss of containment incident (LoC) occurs when a 

hazardous substance or energy is released outside of the 
equipment which is meant to contain it. In some countries 
the amount of substance released dictates whether the 
incident is reportable to the government. Also, in some 
countries, the amount of hazardous material contained in 
either equipment or at a facility can determine if 
implementation of PSM systems is required; e.g., 
Environment Canada Environmental Regulations, US 
OSHA PSM Rule 1910.119 [6]. Hazardous substances are 
defined by their reactivity, toxicity, flammability, or other 
dangerous properties by the Canadian Environmental 
Protection Act Part 8 Section 200 [7]. 

PSM was developed in response to several major loss 
of containment incidents that resulted in significant loss 
of life, as well as extensive property and environmental 
damage. PSM systems are important tools for dealing 
with the complexity of a process facility. Several major 
catastrophes demonstrate the importance of PSM and the 
potential consequences of dysfunctional systems.  

PSM is meant to provide a systematic method of 
dealing with process warning signs and is not meant to 
replace traditional process safety elements. A properly 
functioning PSM system should consistently and 
effectively manage the process hazards throughout the 
entire process lifetime. Particular care must be taken for 
the management of change as well as developing an 
appropriate workforce culture. A well designed and 
implemented system can prevent the system from being 

circumvented or used in a perfunctory manner which may 
lull management into a sense of complacency [8].  
Therefore, it must work in conjunction with existing 
standards of process safety, environmental compliance, 
product quality, Responsible Care commitments [11], as 
well as occupational health and safety (OH&S) 
requirements [9]. Table 2 clarifies the differences between 
OH&S and process safety. 

 
Table 2. Process safety compared to occupational health 
and safety. 

OCCUPATIONAL 
HEALTH & SAFETY 

PROCESS SAFETY  

 Individual-oriented & 
controlled 

 Focused on direct 
interaction between 
individual and 
equipment or 
structures  

 Specific impact 
 Work place rules & 

safety equipment 
 Worker training & 

supervision 

 Cooperative  
 Broad impact 
 Systems 
 Little individual control 

Examples of Possible 
Incidents  

Examples of Possible 
Incidents  

• Fall 
• Spill 
• Electrocution 
• Asphyxiation 
• Hearing Impairment 

and other chronic 
injuries 

• Minor injuries (pinch, 
banged knee, etc.)  

• Explosion 
• Release of hazardous 

chemical 
• Fire 
• Release of hazardous 

energy  

Examples of Safeguards Examples of Safeguards  

• Hazardous Work 
Permits  

• Personal Protective 
Equipment 

• Ventilation systems, 
confined space entry  

• Guardrails, equipment 
guards  

Design 
• Pressure Safety Valves 
• Inherently Safer Design 
• Equipment Interlocks 
• Process Alarms 
Operations 
• Maintenance 
• Inspections 
• Training 
• Procedures  

 
PSM covers the entire lifetime of the process, not just 

the operational lifetime. The key process lifecycle stages 
include: process development; detailed design; 
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construction; start-up; operation; extended shut-downs; 
and decommissioning. PSM scope will change during the 
lifetime of the process. During process development, 
operational procedures will not be written yet, etc.  
Accidents can happen at any time and adequate care 
should be taken to prevent them at all stages. 

While many of the core principles of PSM are general, 
the scope is clearly defined. PSM is primarily intended for 
the process industries but is applicable to any site storing 
and handling hazardous chemicals or energy. PSM is not 
specifically intended to address other forms of risk in 
other domains. 

3 HAZARDS AND RISKS 

Risk is defined as the probability of a hazard event 
multiplied by the severity of the consequences.  In PSM, 
the risks are associated with loss of containment of 
hazardous substances. PSM recognizes several categories 
of risk: 

3.1 Risks to the worker 

Risks to the worker are the usual focus of occupational 
health and safety. These include: 

 Injury or death in the workplace 
 Long term health effects for workers 
 Loss of employment due to disabilities 

3.2 Risks to the public 

Risks to the public are beyond the scope of 
occupational health and safety since they occur outside 
the workplace. These risks include: 

 Injury or death of members of the public 
 Long term health effects on the community 
 Economic effects including loss of jobs in the 

community 
 Reduced standard of living 

3.3 Risks to the environment 

Harm to the environment is often not considered a 
safety issue. However, environmental degradation will 
have adverse affects on the welfare of the public. These 
risks include: 

 Air pollution 
 Greenhouse gas emissions 
 Property damage 
 Water pollution 
 Harm to fish and wildlife 
 Contamination of land 

3.4 Risks to the company 

There are direct financial risks to the company as the 
result of an incident. However, risk management must not 
be based on financial costs alone. The risks include: 

 Cleanup costs 
 Insurance costs 
 Loss of reputation 
 Lost production 
 Property damage 
 Lawsuits and legal costs 
 Fines and penalties 

4 THE ELEMENTS OF PSM 

PSM systems are typically organized into four pillars 
[8]:  

1. Commitment of management and corporate 
objectives to PSM. 

2. Hazard assessment, including process knowledge 
and hazard identification. 

3. Risk management such as managing change in the 
process and change in personnel. 

4. Continuous enhancement such as furthering 
employee education and enhancing process 
knowledge.  

Two of the most important features of a PSM system 
are participation and communication.  Although PSM 
systems are typically designed by management, they 
require input from operators and commitment from 
corporate executives to be implemented properly 

PSM systems are non-prescriptive [10].  They must be 
based on performance indicators to measure the success 
of the PSM system. Guidelines can be implemented in 
many ways as long as the objectives are met. 

PSM systems are not created once and implemented 
once. They are an on-going process that involves auditing 
and revaluation of the management system to continually 
enhance the effectiveness of the PSM system.  

A strong safety culture establishes a strong intolerance 
for any violations of safe practice in order to reinforce 
safety as a core value.  This is achieved by providing 
strong leadership and direction, prioritizing process 
safety, providing sufficient resources, and establishing 
performance standards and enforcing them.  Engineers 
should   always   be   reinforcing   the   organizations’  
commitment to safety throughout their professional 
activities. 

5 PSM IN CANADA 

While no specific regulations to implement PSM in 
process facilities in Canada currently exist, most 
companies are choosing to do so as industry best practice 
and as more data supporting the business case for PSM 
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become available. The Chemistry Industry Association of 
Canada (CIAC) promotes PSM as part of their 
Responsible Care program for their members [11].  

Many companies may possess facilities in the United 
States that are required by law since 1994 to have a 
functioning PSM system, and are therefore experienced 
with the development and implementation of these 
systems. While no fines will be levied for failure to 
possess a functional PSM system in Canada, there are still 
legal requirements for all people directing work to take 
reasonable steps to ensure worker and public safety. In the 
event of a loss of containment, the criminal code of 
Canada states that there will be severe penalties for failing 
to ensure the safe operation of facilities and ensure 
operational integrity.   

The Westray Mine Explosion in Nova Scotia in 1992 
killed 26 workers who were underground at the time [12].  
A public inquiry found that the mine was poorly 
managed, worker safety was ignored, and poor oversight 
by the government regulators were the causes of the 
worse mining disaster in Canada.  A criminal case was 
pursued against two managers but was dropped when it 
became unlikely they would be convicted. This case lead 
to legislation making negligence leading to an incident a 
criminal offence.   

The Bill C-45 amendment to the Criminal Code of 
Canada states: 

217.1 Every one who undertakes, or has the authority, to 
direct how another person does work or performs a task is 
under a legal duty to take reasonable steps to prevent bodily 
harm to that person, or any other person, arising from that 
work or task. [13] 

6 THE PSM LEARNING MODULE  

The PSM learning module is meant to provide an 
introduction to process safety management (PSM).  In a 
very simple sense, PSM is a framework for identifying 
and managing process risks. It is a type of safety 
management system that is specific to the process 
industries. The principles are relevant to all disciplines of 
engineering involved in a process facility and are also 
broadly applicable to other manufacturing industries. The 
ultimate goal of PSM is to prevent the occurrence of 
major loss of containment incidents that are not 
appropriately addressed through traditional occupational 
health and safety procedures. This is due to the fact that 
many serious incidents are not simply attributable to any 
individual operator error. PSM strives to ensure all 
hazards of a process are identified and effectively 
managed for the lifetime of the process, regardless of 
changes in personnel, organization, or environment.  The 
principles of PSM as taught in this module are based on a 
particular reference from the American Institute of 
Chemical Engineers Center for Chemical Process Safety 
(AIChE CCPS) [14].  

The PSM learning module is a nearly 200-slide 
PowerPoint file, supplemented by case studies, instructor 
notes, and quiz questions. The module is intended to 
introduce the principles of process safety management to 
undergraduate engineering students in Canada. After 
completing the module, students should be able to: 

 Describe the principles underlying each element 
of PSM. 

 Recall major events which lead to the 
development of PSM. 

 Discuss   their   personal   responses   about   “grey-
areas”  in  risk  management. 

 Apply PSM principles to any process or facility. 

7 MODULE OUTLINE 

The PSM module consists of the sections or chapters 
described below. 

7.1 Introduction 

The introductory section provides an overview of 
PSM, and clarifies the scope. Important topics include: 

 The importance of PSM in the prevention of 
major hazard incidents. 

 Brief history and recent examples and case 
studies. 

 Rules and regulations for PSM in Canada. 
 Survey of PSM systems. 

7.2 Commitment to PSM 

PSM is a safety management system, not simply a set 
of tools or techniques. To be effective, all stakeholders 
including management and workers must be fully 
committed to PSM. The topics covered in this section 
include: 

 Process safety culture 
 Compliance 
 Competence 
 Workforce involvement 
 Stakeholder outreach 

7.3 Hazard Identification and Risk Assessment 

Hazard identification and risk assessment are of central 
importance in PSM. They are reviewed in this section, but 
in-depth coverage is left to complementary learning 
modules 

 
 Hazard identification & risk management 
 Knowledge management 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 76  
Canmore, AB; June 8-11, 2014 –  5 of 7  – 

7.4 Risk Management 

General principles of risk management are also 
covered thoroughly in a complementary learning module. 
This section focuses on risk management as it applies 
specifically to PSM. Specific topics include:  

 Operating procedures 
 Training & performance 
 Safe work practices 
 Asset integrity & reliability 
 Contractor management 
 Management of change 
 Operational readiness 
 Conduct of operations 
 Emergency preparedness 

7.5 Enhancing PSM 

An essential element of PSM is continuous 
improvement of the system. Continuous improvement 
methods discussed in this section include: 

 Incident investigation 
 Auditing 
 Metrics & measurements 
 Management review 

8 CASE STUDIES 

The module includes detailed discussion of several 
important case studies, including: 

 Methyl Isocyanate Release, Union Carbide, 
Bhopal India, 1984 [15,16].  This accident 
resulted in more than 3800 fatalities, more than 
100,000 injuries, severe damage to area livestock 
and crops, long term health effects, $470 Million 
compensation. Several related factors lead to this 
disaster. 

 Hydroxylamine explosion, Concept Sciences 
Inc., Hanover Township, Pennsylvania, 1999 
[17]. This explosion resulted in 5 deaths and 14 
injuries. The main contributing factor was poor 
management of process knowledge. 

 American Airlines Flight 191 crash, 1979 [18]. 
The crash resulted in 273 fatalities, and was 
caused by a faulty maintenance procedure. While 
this is not within the scope of PSM, the Safety 
Management Systems used to ensure safety of 
civilian aviation have many elements in common 
with PSM. 

 Piper Alpha oil platform explosion, Occidental 
Petroleum Ltd., North Sea, 1988 [19]. This 
accident resulted in 167 deaths and $1.7 Billion 
in property damage. The cause was a faulty 
maintenance procedure. Inadequate emergency 

response training contributed to the severity of 
the accident. 

 Cyclohexane explosion, Napro UK, Flixborough 
UK, 1974 [20]. This explosion killed 28 people 
and damaged or destroyed 1800 buildings in the 
surrounding area. The cause was an unsafe 
modification to existing equipment.  This could 
have been prevented by an effective change 
management system. 

 Hot work explosion, Motiva Enterprises 
Refinery, Delaware, 2001 [21]. Welding sparks 
ignited flammable vapors, killing one worker 
and injuring eight others. In addition, a 
significant amount of sulfuric acid was released 
to the atmosphere. The accident was a result of 
several breakdowns of the process safety 
management system. 

9 TEST QUESTIONS AND 
INSTRUCTOR NOTES 

A bank of potential exam questions based on the 
material presented was compiled to aid instructors in the 
facilitation of their course. A variety of short answer, 
multiple choice types of questions were provided along 
with an example of a critical thinking exercise based on 
the Motiva Enterprises hot work explosion case study 
from the U.S. Chemical Safety and Hazard Investigation 
Board [21]. The case study information (without the 
analysis) is given to the students and a list of discussion 
questions is provided. Instructor notes are included in the 
power point presentation to provide additional details and 
to direct instructor towards further resources and 
information. 

10 COPYRIGHT 

Most images used in the module development were 
taken from royalty free sources such as Microsoft Clip art 
or freedigitalphotos.net. Other options include creative 
commons search on google images.  Depending on how 
the information is being disseminated, it may be allowed 
under  the  “Educational  Exception”.   

11 INDUSTRY INVOLVEMENT 

The module was reviewed by several industry experts, 
primarily from the chemical process industry. Their 
valuable feedback has been incorporated into the module. 
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12 EVALUATION OF LEARNING 
OUTCOMES 

Preliminary feedback from Minerva and industry 
experts has been positive. The module has not yet been 
used in teaching, so no student feedback is available.  
Discussions are underway to implement consistent 
evaluation methods for all of the modules developed 
under this project. 

13 RECOMMENDATIONS 

At the beginning of this project, each participating 
university developed its own module format.  There was 
limited collaboration between the Interns involved in 
module development, so several different formats 
emerged. It would be very helpful to merge the best ideas 
and develop a common module template to be used for 
future modules.  The template should clearly define the 
module contents, including lecture slides, exam questions, 
discussion points, assignments, online quizzes, 
multimedia content, etc. 

There should be closer collaboration between the 
students developing modules. In particular, module 
content needs to be shared at the early stages so that 
linkages between modules can be made clear, and so that 
duplication can be avoided. 
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Abstract – Professional Engineers are ethically 
bound to regard public welfare as paramount, above all 
other considerations. Public welfare encompasses health, 
safety, economics, environmental and other 
considerations. These considerations are stressed 
throughout the CEAB graduate attributes. However, 
issues around public welfare are often absent from 
student learning experiences, particularly capstone 
design. This paper describes a capstone project motivated 
by the Lac- Mégantic train disaster. The students involved 
in this project researched the background of the accident, 
identified the contributing factors, and developed a 
problem definition to develop an improved braking system 
to prevent runaway trains. The proposed solution was a 
simple pneumatic drive connected to the handwheels of 
the manual brakes to reduce the time and effort involved 
in setting the brakes. This design could be retrofitted to 
existing rail cars at a cost of about $10,000 per car. 
Future improvements include implementation of a 
wireless control system to actuate and monitor the brakes 
from the locomotive cab. 
 

Keywords: safety education, capstone design, railway 
safety, CEAB Graduate Attributes 

1 INTRODUCTION 

1.1 The Engineer’s Duty to Protect the Public 
Welfare 

Engineers have a duty to protect the welfare of the 
public by ensuring that technical systems are as safe as 
possible, and minimizing the risk of injury or harm to 
people, property and the environment. The central role of 
Professional Engineers in protecting the public welfare is 
often not fully appreciated by the public, and by 
engineering students themselves. 

Professional Engineering is a regulated profession. 
Professional Engineers licensed by Professional 
Engineers Ontario are bound by a code of ethics that 
states that “professional engineers have a clearly defined 
duty to society, which is to regard the duty to public 

welfare as paramount, above their duties to clients or 
employers [1]”. Engineers Canada defines engineering as 
follows [2

Professional engineers design products, processes 
and systems that protect the environment, and/or 
enhance the quality of life, health, safety and well-
being of Canadians. They also manage world-leading 
companies at the forefront of emerging technologies. 

]: 

This definition also highlights the paramount 
importance of protecting the public welfare.  

1.2 CEAB Graduate Attributes 

The CEAB graduate attributes also emphasize the 
engineer’s responsibility to protect the public welfare. 
The theme appears repeatedly in the attributes, as 
summarized below [3

3.1.4  Design: An ability to design solutions for 
complex, open-ended engineering problems and to 
design systems, components or processes that meet 
specified needs with appropriate attention to health 
and safety risks, applicable standards, and economic, 
environmental, cultural and societal considerations. 

]. Emphasis has been added to 
highlight the theme. 

3.1.8 Professionalism: An understanding of the roles 
and responsibilities of the professional engineer in 
society, especially the primary role of protection of 
the public and the public interest. 

3.1.9 Impact of engineering on society and the 
environment: An ability to analyze social and 
environmental aspects of engineering activities. Such 
ability includes an understanding of the interactions 
that engineering has with the economic, social, 
health, safety, legal, and cultural aspects of society, 
the uncertainties in the prediction of such 
interactions; and the concepts of sustainable design 
and development and environmental stewardship. 

3.1.10 Ethics and equity: An ability to apply 
professional ethics, accountability, and equity. 
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2 DEFINITION OF SAFETY 

Despite its central importance, it is difficult to find an 
overarching definition or framework to guide engineers in 
protecting the welfare of the public. Existing safety 
frameworks are typically restricted to specific domains, 
like workplace safety, transportation safety, process 
safety, etc. These frameworks contain common elements 
and methods that can be generalized to all domains, and 
the elements are described in a number of texts, e.g. [4, 5, 
6

2.1 Hazards, Risks and Safety Engineering 

]. 

A hazard can be broadly defined as a potential source 
of harm. Risk is a measure of the combination of the 
likelihood of a hazard event, and the consequences or 
severity of the event. The goal of safety engineering is to 
design products, processes and systems in a way that 
reduces risks to acceptable levels. This is done by 
identifying and quantifying risks, and mitigating them by 
reducing the probability and/or consequences through a 
variety of measures. Zero risk is impossible to achieve, so 
it is important to establish the degree of risk that is 
acceptable. Value judgments are required to trade-off 
risks against benefits. 

2.2 Harm 

Most safety frameworks define harm quite narrowly, 
or leave it undefined. For example, in the area of 
workplace safety (occupational health and safety), harm is 
typically limited to injury and health effects for workers. 

A broader view of harm would encompass anything 
that adversely affects the welfare of the public, which 
includes quality of life, health, safety and well-being. The 
issues become much more complex, and a holistic, 
systems view is required. A particular action or 
circumstance might result in short term benefit but long 
term harm, or might benefit one population but harm 
another. Difficult trade-offs are required, for example 
between environmental sustainability and economic 
growth. 

2.3 Safety Management Systems 

A comprehensive systems approach is needed to 
protect the welfare of the public by minimizing harm of 
different kinds, over different timescales and populations. 
Existing safety management systems encompass most of 
the required elements, but are generally discipline 
specific. Safety in the broad sense of minimizing harm 
needs to be a central consideration at every stage of the 
lifecycle of a system, from planning and conception to 
implementation to operation to end-of-life.  

3 SAFETY EDUCATION 

Professional engineers must weigh the benefits against 
the potential harm in the design of processes, products 
and systems. However, most engineering curricula, 
including design, focus on benefits and generally 
overlook harm. It is difficult to find mechanical 
engineering capstone design projects that require students 
to address issues of safety and public welfare.   

4 A CAPSTONE PROJECT INVOLVING 
RAILWAY SAFETY 

The recent train disaster in Lac-Mégantic provided 
motivation for a capstone project with an emphasis on 
public safety. The goals of the project were to understand 
the causes of the accident, and to design a system to 
prevent it from happening again. 

4.1 The Lac- Mégantic Train Disaster 

On July 6, 2013, a fully loaded train with 74 tanker 
cars containing highly volatile Bakken crude oil was 
parked unattended at the top of a hill outside the town of 
Lac-Mégantic. The unattended train rolled into Lac-
Mégantic at high speed, derailing in the downtown core. 
The tanker cars ruptured, and the highly volatile oil 
produced an explosion and fireball that destroyed much of 
the downtown, and claimed 47 lives.  

Officially the Transportation Safety Board of Canada 
(TSB) has established the following timeline and facts in 
railway investigation R13D0054 [7

x At about 23:00 on 5 July 2013, the train stopped at 
Nantes, Quebec. 

]: 

x At 23:50, the fire was reported to the rail traffic 
controller. 

x At about midnight, the engine was shut down, and 
the fire was extinguished. 

x An MMA employee arrived on site to assist the 
fire department. 

x At approximately 00:56 on 6 July 2013, the train 
started to move, after the fire department and 
MMA had left. 

x The train rolled down the approximately 1.2% 
grade into the centre of Lac-Mégantic. 

x The train derailed at approximately 01:14 on 6 
July 2013. 

x The locomotives detached from the rest of the 
train. 

x There were no signals or track circuits, so the rail 
traffic controller would have no indication of a 
runaway train. 

In addition, the media has reported the following 
information: 
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x The train was parked on the main-line instead of 
the siding because the siding is usually used for 
un-used train cars (even though the siding had a 
derailer device).  The engineer left one out of five 
locomotives running [8

x The engineer claims to have set manual brakes on 
5 locomotives and 10 cars [

] 

9
x Once the locomotive was shut down, it is likely 

that the reservoirs of air on each tank car leaked 
over time, releasing the brakes [

]. 

10
x The train derailed at a speed of about 101 km/h 

[

] 

11
As with many accidents, the contributing factors 

included a combination of inadequate operating 
procedures, ignorance of hazards and risks, human error, 
equipment failure, and inadequate design. 

] 

4.2 Other Railway Accidents 

Many of the risk factors contributing to the Lac-
Mégantic disaster have been observed in other accidents, 
and the probabilities of these events is unacceptably high 
considering the severity of the consequences.  There were 
121 runaway rolling stock occurrences in Canada between 
2003 and 2012 that did not result in a serious accident. In 
addition, 63 main track derailments were reported in 2012 
[12

Shipments of crude oil by rail have increased from 500 
to 140,000 carloads per year between 2008 and 2013 [

].  

13]. 
Furthermore, it has been discovered that much of this 
crude oil is more flammable than previously believed 
[14

5 THE PROBLEM DEFINITION 

]. In addition to Lac-Mégantic, derailments resulting 
in explosions have also occurred in Alabama and North 
Dakota. 

After analyzing the causes of the Lac-Megantic 
accident, the student design team identified the braking 
system as a key contributing factor. The brakes on trains 
are not intrinsically failsafe. The air brakes will release 
after a short time if the air supply is interrupted, and 
failure to set a sufficient number of manual brakes can 
result in a runaway train.  

The problem was defined as follows: To design a 
system that will prevent a parked freight train from 
moving. 

 
The design requirements were: 
x Must be failsafe – failure of any component must 

not result in the train moving 
x Must be compatible with the most common types 

of freight car types 
x Must be intrinsically safe as per OSHA 1910.399 

[15

combustible goods, different classifications based 
on material being transported) 

] (Class I, Div I during loading/unloading of 

x Must not require illegal modifications of train car 
x Must comply with Canadian Rail Operating Rules 

(CROR) [16] 
x Must comply with Association of American 

Railroads (AAR) Standards [17] 
x Should improve worker safety and working 

conditions 
x Should be economically feasible to retrofit 

existing train cars 
x Should use standard, well tested components 

5.1 Current Brake System Design and 
Operation 

Each car has a tank of pressurized air which is used to 
apply the brakes when the locomotive engine is not 
running.  These tanks inevitably lose pressure over time 
due to air leakage but the locomotive engine/compressor 
system, when running, will supply these tanks with 
enough pressurized air that the leakage is negligible. 

These air tanks ensure that each car has the ability to 
apply air brakes.  Because of this, the brakes are 
essentially always on and an engineer has to pump 
pressurized air to a “brake line” which switches a valve to 
separate the cars air tank from the brakes, effectively 
disengaging the brakes.  As soon as this “brake line” stops 
supplying air pressure the valve automatically switches to 
reconnect the air tanks and the air brakes are applied.  
Over time if the engine is not running and not supplying 
air pressure to the tanks, air leakage can occur to make the 
air brakes ineffective [10]. 

The Canadian Rail Operating Rules TC O 0-167 [16

The current handbrake system has been in place for 
almost a century and is likely not to change. It consists of 
a vertical handwheel that is rotated to apply the brakes. 
The vertical wheel turns a drive shaft with simple gear 
reduction to pull a chain. When the wheel is turned the 
chain is pulled up and the wheel is locked using a ratchet 
mechanism that can be released manually. 

] 
require the train operator to engage a “sufficient number” 
of manual brakes to prevent the train from moving when 
parked for more than two hours.  Each rail company has 
its own requirements for the number of hand brakes to 
apply based on the number of cars and the grade of the 
rail.  Setting the brakes requires an operator to walk to 
each car, and manually rotate a handwheel to specified 
minimum torque. Several dozen brakes may need to be 
set, and this is time consuming and exhausting work.  In 
the case of the Lac-Mégantic accident, this was the 
responsibility of a single engineer to complete this 
difficult task at the end of a long day. There is some 
uncertainty about the number of handbrakes that were set, 
but clearly the number was not sufficient.  
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Industry standards for the design of train car 
handbrakes are published by the American Association of 
Railroads, Standard S-475 [17

6 THE PROPOSED DESIGN SOLUTION 

]. The standard outlines 
everything from chain take up to handwheel diameter and 
mounting bolt hole patterns.   

After considering many alternatives, the team decided 
that the best approach would be to design a device that 
could be added to existing handbrakes to improve their 
effectiveness and safety.  It is not feasible to replace or 
extensively modify existing rolling stock, so the solution 
should be easy to retrofit to existing rail cars. 

The final design concept (Figure 1) is described below. 
x A drive sprocket is mounted to the handwheel 

shaft using a custom mounting collar. The collar 
and sprocket do not interfere with normal manual 
operation of the handwheel. 

x A pneumatic motor and chain drive are used to 
rotate the shaft of the manual brake. 

x The brake is locked by the existing ratchet 
mechanism. 

x The motor is powered by the existing air tank on 
the car. 

x The motor is controlled by a manual valve 
mounted on each car. 

This solution will still require the operator to walk to 
each car to set the brakes. However, the physically 
demanding work of manually turning many handwheels 
will be eliminated. This will improve working conditions 
and worker safety, and reduce the probability that an 
insufficient number of brakes will be set. The design 
interfaces with existing equipment, and is inexpensive and 
easy to retrofit to existing cars. 

The team selected and sized all components based on 
engineering analysis, and prepared a complete set of 
engineering documentation including drawings and parts 
list. The design includes full guarding of all moving parts. 
The estimated cost to build a prototype was about 
$12,000, including purchased components, material and 
fabrication costs. However, a prototype was not built. 

 

 
 

Figure 1. Final design layout. 

 

 
 

Figure 2. Details of pneumatic chain drive. 

6.1 Economic Analysis 

The final design is likely to cost less than the prototype 
cost of $12,000. The cost to retrofit one car with this 
system will likely be about $10,000. CN Rail operates 
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about 30,000 tank cars, so the total retrofit cost would be 
about $300 million. If this was done over 10 years, the 
cost would be $30 million/year. This is about 1% of CN’s 
net income. The cost for other rail companies would be 
similar. 

6.2 Risk Analysis 

The proposed design aims to reduce risk of an accident 
by reducing the probability of a runaway train due to 
brake failure. While it is difficult to establish accurate 
values for probabilities, it is possible to argue that 
probability is significantly reduced due to the following 
reasons: 

x The time and effort required to set the manual 
brakes will be significantly reduced. This will 
reduce the probability that an insufficient number 
of brakes will be set due to operator error or 
negligence. 

x There is a large degree of redundancy. The manual 
brake system on each car is independent of other 
brakes. If a single brake fails, it will not result in 
an accident. 

x The design operates an existing hand brake, so 
most of the system is unchanged. The existing 
system is well proven. 

x If a failure occurs to the pneumatic drive, the 
brakes can still be set manually. 

6.3 Occupational Health and Safety 

In addition to improving rail safety, the proposed 
design will also provide health and safety benefits for rail 
workers by reducing the opportunities for accidents and 
repetitive strain injuries resulting from manually setting 
the handbrakes on many cars on a regular basis. 

7 FURTHER IMPROVEMENTS 

Ideally it should be possible to set the brakes from the 
locomotive, and to receive feedback that they have been 
set. Currently freight trains have no electrical connections 
between cars, so systems requiring wiring for either 
electrical power or signaling are not economically 
feasible. However, wireless battery-powered systems are 
available commercially. A suitable system would consist 
of an HMI and PLC located in the locomotive, interfaced 
wirelessly to a control node on each car. The control 
nodes would provide control signals to operate solenoid 
valves, and would collect inputs from sensors to confirm 
that brakes are set. Figure 3 shows a conceptual schematic 
of a wireless control system using commercially available 
DX80 Flex Power Nodes from Banner Engineering. 

 
 

 
Figure 3. Schematic of wireless control system. 

 

8 DISCUSSION AND CONCLUSIONS 

Safety and protection of the public are key concerns of 
the Professional Engineer, and are required elements of an 
engineering education. This paper describes a capstone 
design project with a very strong emphasis on safety.  It is 
desirable to incorporate safety considerations in most if 
not all capstone projects. In most cases this can be 
accomplished by identifying and addressing issues around 
safety and public welfare that would normally be 
overlooked or ignored.  Perhaps every project should be 
required to answer the following questions: 

x Is this design safe? 
x What are the potential hazards? 
x What are the risks? 
x How does this project protect the welfare of 

the public? 
x What are the long-term risks? 
x What kinds of harm might result from this 

project? 
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This should be supported by broad education in the 
key topics of safety.  
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Abstract — Using the insights of Situated Learning 
Theory, Genre Theory, Learning Transfer Theory, and 
Activity Theory, the authors of this paper reflect on the 
challenges of offering a professional communication 
programme to students from different colleges and 
different disciplines within each college, and examine 
how grounding their programme within the tradition of 
rhetoric, and creating a community of practice in which 
students are apprenticed as rhetoricians, is a potential 
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1. INTRODUCTION 
 

One of the greatest and most widely 
acknowledged problems with teaching professional 
communication is the difficulty of designing courses that 
adequately prepare students for the many different types 
of communication they will be expected to engage in 
regularly when they enter the professional workplace. As 
Aviva Freedman and Christine Adam found in their study 
of the teaching of communication in professional 
programmes, “Even in courses where the instructor is 
directly simulating a workplace task through a factually 
based case study, the nature of writing is fundamentally 
different because of the radical differences between the 
two rhetorical contexts” [1]. This challenge is 
compounded in programs like the one offered by the 
Graham School of Professional Development in the 
University of Saskatchewan’s College of Engineering, in 
which faculty teach professional communication not only 
to all of the disciplines in the College of Engineering, but 
also those in the College of Agriculture as well. Using 
scholarship by theorists such as Carolyn Miller, Jean 
Lave, Etienne Wenger, Aviva Freedman, Christine Adam, 
Natasha Artemeva, and Doug Brent, that unifies the 
diverse, yet closely related critical frameworks provided 
by Activity Theory, Genre Theory, Situated Learning 
Theory, and Learning Transfer Theory, the authors of this 
paper reflect on how the Graham School is able to 
contribute to the professionalization of our students 
through the creation of a united community of practice. In 
particular, we explore how apprenticing our students as 
practitioners of rhetoric, a discipline that offers a 
reflective discourse for assessing and engaging in 

professional communication, creates identities as 
individuals within a cohesive group that prepares them to 
adapt to their specific professional community after 
graduation, and gives them a critical tool for designing 
their own persuasive messages as well as assessing the 
persuasive messages of others. This community of 
practice is effectively reinforced through our community 
of scholars within the School, all of whom are actively 
and diversely engaged in the study of the rhetoric, as well 
as our extracurricular events, such as our public speaking 
competition, and, perhaps most of all, through our 
Professional Communication Option (PCO), a programme 
that requires students to take six half-credit courses in 
addition to their regular engineering curriculum. 
 

2. RESULTS AND DISCUSSION 
 
2.1 The community of rhetoric practitioners 

Our professional communication programme is 
delivered by a group of scholars who collectively form a 
community of practice. According to Etienne Wenger, a 
common practice unites three dimensions of such a 
community: joint enterprise, mutual engagement, and 
shared repertoire [2]. Our obvious joint enterprise is to 
teach our courses as effectively as possible, given our 
institutional constraints; however, we are also committed 
to the study of rhetoric. Thus, we experience mutual 
engagement through both our collective contributions to 
the content of Rhetorical Communication 300, our 
introductory course, as well as through our regular 
research meetings, in which we discuss the development 
of our conference papers and articles. Our shared 
repertoire comes not only from our study and teaching of 
a discipline known as new rhetorics, a revision of 
classical rhetoric initiated by such theorists as Kenneth 
Burke, Wayne Booth, and Lloyd Bitzer, but also through 
the experience that many of us share of being founding 
members of an academic programme at the University of 
Saskatchewan—four out of six of our permanent faculty 
members saw the birth of the Rhetorical Communication 
programme, and the other two came along shortly after. 
Thus, our professional communication programme is built 
on a community of mutually-engaged scholars, all of 
whom are committed to teaching and researching 
professional communication from a rhetorical perspective. 
 The discipline of Rhetoric is a useful one for 
teaching professional communication, because it provides 
students with a paradigm and corresponding discourse 



that enables them to assess the professionalism of others 
and cultivate their own professionalism. Joining the 
community of rhetoricians at the School of Professional 
Development not only facilitates the transfer of 
professional communication skills, but it also provides 
them with theoretical tools that will enable them to 
become reflective practitioners, that is, professionals who 
are able to reflect carefully on their own professionalism.1 

 
2.2 Developing identity as a rhetorician 

According to Etienne Wenger’s theory of social 
learning, participation ultimately confers identity: 
“Participation here refers not just to local events of 
engagement in certain activities with people, but to a 
more encompassing process of being active participants in 
the practices of social communities and constructing 
identities in relation to these communities” [2]. The 
central practice of our community consists of teaching 
Rhetorical Communication (RCM) 300, in which we 
invite students to join our community of practice, at least 
in a peripheral manner, by introducing them to rhetorical 
terminology that enables them to reflect on their own 
communication, as well as that of others.2 Terms such as 
ethos, pathos, logos, rhetorical exigence, rhetorical 
audience, and constraints, as well as footing and face, 
provide students with a toolkit for becoming more 
effective communicators, and they also encourage 
students to identify themselves as members of a group of 
communication practitioners, of rhetoricians, who, no 
matter what their profession, are united by their common 
purpose—to become effective professionals by 
developing and practicing the skills of effective rhetorical 
persuasion. 

RCM 300 culminates in nearly three weeks of 
speech rounds, during which the students’ understanding 
of the application of the rhetorical theory they learn is 
continuously developed and reinforced. During these 
rounds, the students use the theory both to compose their 
own persuasive speech and to reflect on the success of 
others. In essence, they assess the success of others in 
forming a professional identity—they take the role of the 
community into which they will shortly be entering as 
neophyte professionals and assess the skills and strategies 
that their peers are cultivating. 

As Doug Brent observes, Activity Theory, a 
social theory that investigates how individuals produce 
social action, posits that different motivations can make 
the “similarities  between … activities … superficial at 
best”; thus, while it can “give us a richer way of 
describing rhetorical exigencies as arising from activities 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 On the concept of the reflective practitioner, see Donald Schön [3]. 
2 On peripheral participation, see Lave and Wenger [4]. While most 
students will probably never reach the full participation of the faculty 
members, since they are ultimately pursuing employment in different 
professions, many still become rhetorical scholars by practising the 
study of rhetoric beyond their university studies. 

and activity systems, and from the social motives behind 
them[,] it only deepens the problem of transfer” [5]. 
Motivation can be a key determinant in the success of 
transferring skills from one context to another. For 
instance, in RCM 300, students presumably complete the 
various assignments such as the formal report and the 
extemporaneous speech with the primary goal of 
achieving a decent grade. Their potential for transferring 
the skills they learn in the class could be limited by their 
desire simply to learn only what’s necessary to succeed in 
the particular situation of the classroom.  

In our programme, however, we attempt to 
further facilitate learning transfer by holding such events 
as the Graham School Public Speaking Competition. The 
students who enter the competition are now eligible for a 
substantial cash prize, but such a motivating factor was 
introduced only recently, and has not increased the 
number of competitors. Traditionally, students who have 
completed RCM 300 have competed in order to perfect 
their skills, and current RCM 300 students have attended 
to better understand the extemporaneous speaking 
assignment they would soon be completing. 

In essence, the public speaking competition 
reinforces the community of rhetoric practitioners by 
further conferring the identity of rhetorician upon the 
students. The audience members attend the competition 
equipped with the rhetorical terminology that we teach 
them in RCM 300, and they use that terminology to 
evaluate the speeches. In the following class, we discuss 
the merits and difficulties of each speech using such 
concepts as ethos, pathos, and logos. The motivation for 
attending or competing in the competition goes beyond 
the desire to achieve a good mark in the class, since doing 
so has little, if any, direct academic benefit. Instead, such 
an event reinforces identity through group participation in 
a rhetorical extracurricular activity, and this identity can 
transcend the traditional rivalry between the rival colleges 
of Agriculture and Engineering. 

 
2.3 Full participation and mentorship 

While the rhetorical theory, extemporaneous 
speech, and public speaking competition all represent 
progressive stages in our attempt to enculturate our 
students into our community of rhetoric practitioners, the 
Professional Communication Option (PCO) ultimately 
completes this process of identity formation, and ensures 
that students who complete the programme will carry 
their identity as rhetoricians beyond their university 
experience. Students take six half-credit courses, which 
may include rhetorical theory, public speaking, 
interpersonal communication, document design and 
editing, leadership, communication ethics, language 
structure, rhetorical composition, negotiation, as well as a 
practicum involving peer mentorship. All of these courses 
are informed by a common body of theory, and in each 
course, the students’ understanding of the theory is 



enhanced through their opportunity to apply it in diverse 
communication situations. The various contexts in which 
they apply the theory increase the likelihood that the 
students will be able to successfully apply the theory in 
any professional environment. While taking our 400 level 
classes, students gradually evolve from being newcomers 
to becoming old-timers, to use the terminology of Jean 
Lave and Etienne Wenger [4], and, as they become more 
experienced, they have the opportunity to become 
involved in mentoring RCM 300 students who are 
preparing to write reports and deliver speeches. 
 

3. CONCLUSIONS 
 
While the professional communication programme in the 
College of Engineering at the University of Saskatchewan 
is young and, naturally, a work in progress, it attempts to 
enculturate students into a community of rhetoric 
practitioners. Our goal of enculturating students into our 
community of practice is to help improve their ability to 
adapt to whatever professional community of practice 
they find themselves in throughout their careers.3 Such 
enculturation occurs not only through the common 
theoretical approach we teach our students in RCM 300, 
but also through our community-building events, such as 
our public speaking competition, our Professional 
Communication Option, and, of course, our own practice 
as a community of rhetorical scholars, all of whom are 
engaged in the study and teaching of the discipline of 
rhetoric. 
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Abstract –It is possible to engage first year students to 
learn the history and applications of electrical systems in 
various disciplines from power systems, wireless systems, 
control, digital systems, biomedical, and micro-sensors 
though laboratories that emphasize design and expect 
professionalism. Teaching electrical systems starting with 
the traditional electric circuits first approach provides 
little motivation for first year engineering students.  Our 
approach has been to complement lectures in electrical 
theory with a sequence of laboratories that focus on 
upper level electrical systems specialties.  Laboratory 
design projects start with a discussion of historical and 
modern application of the presented technologies.  This 
paper discusses some of the challenges faced and 
solutions implemented to enable the application of the 
broad-disciplinary laboratories.  Professional lab 
practices have been introduced with the qualitative 
assessment of student designs and the expectation that 
they maintain cleanliness of the laboratory and supply 
inventory.  We have found that TAs are more comfortable 
(and more critical) in their critique of student designs 
when assessment is done using verbal quality indicators 
in place of simple numerical assignment. Accordingly, 
students make greater effort towards quality lab 
practices, as opposed to only finding the numerical 
solutions.  We have further observed that students will 
meticulously return the laboratory to its initial state, if 
they were required at the outset to source supplies 
themselves, as opposed being given them. 
 
 
Keywords: electric circuit, electronic device, laboratory-
centered, discovery based learning, group learning, 
professional practices. 
 
 

1. INTRODUCTION 
 

The teaching of electrical systems to engineering 
students traditionally is done by first giving instruction in 
the subject of electric circuits.  This involves rigorous 

problem solving and laboratories that focus on the various 
analysis theorems.  This education is followed by 
exposure to electrical systems in later courses.  However, 
this approach is unsuitable for programs where students 
are in a common first year Engineering core where only 
one course is assigned to the electrical subject area. 
Students often lack motivation, particularly students 
focused on a non-electrical or computer engineering 
pathway.  In addition, this approach faces considerable 
challenges when teaching to first year students, due to 
their weak mathematics skills and immaturity in 
visualizing the abstract topology of circuit problems. 

The difficulty in teaching circuit theory, with its 
mathematical abstractions, to beginning engineering 
students has been recognized by many.  In [1], several 
factors were discussed that caused difficulty to 
engineering students from outside electrical and computer 
engineering (ECE).  These included lack of interest, a 
high level of abstract thinking required, and the many 
varied topics covered. 

In [2], we presented a laboratory-centered approach to 
introduce engineering students to electric circuits and 
devices.  This was undertaken in the first year, common 
Engineering core, course ENG 1450 Introduction to 
Electrical and Computer Engineering at the University of 
Manitoba.  In ENG 1450 we implemented a hands-on 
approach to electrical systems education.  Laboratories 
projects were developed, with many offering open-ended 
designs.  The design projects required students to explore 
and construct different types of electrical systems, 
including motors, communication systems, medical 
instrumentation, digital systems, and electrical systems 
using MEMS based sensors.  This approach was selected 
following the efforts of others who have shown that an 
interactive approach to learning can benefit student 
retention and understanding [3,4]. 

This approach has complemented lectures in electrical 
theory with the design project laboratories.  By focusing 
laboratories projects on upper level electrical systems 
specialties (cell phone communication, power systems, 
biomedical circuits, etc.), student motivation is kept high.  
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In addition, laboratory design projects start with a 
discussion of historical and modern application of the 
presented technologies.  We have found that this approach 
provides a strong motivational component to students, 
especially those who are not inclined to continue in the 
ECE subject area.  This has been observed through 
increased student engagement and inquiry about advanced 
concepts presented, as well as a significant increase in 
ECE enrollment. 

Our efforts have shown that it is possible to engage 
first year students to learn the history and modern 
applications of disciplines from power systems, wireless 
systems, control, digital systems, biomedical, and MEMS 
though labs that emphasize design and expect 
professionalism.  Over the past two years we have 
expanded our efforts to introduce professional lab 
practices and qualitative assessment of student design 
work.  This paper will discuss these efforts and the 
resulting benefits to student education. 

 
2. QUALATIVE DESIGN ASSESSMENT 

 
A challenged in the implementation of design project 

laboratories is in their assessment.  Grading often 
involves assessing more than simply numerical results.  
Additional factors to be considered by professors and 
instructors are often non-quantitative such as teamwork, 
quality of construction, and planning. 

In the implementation of ENG 1450, professors are 
required to provide the laboratory historical and scientific 
introductions.  However, laboratory grading is undertaken 
by graduate student teaching assistants (TAs).  TAs do not 
possess the depth of experience of professors, and very 
often many TAs are new to the course each term.  
Accordingly, TAs have difficulty in non-quantitative 
assessment of student design work. 

An example of a design effort in the ENG 1450 course 
is the construction of a self-leveling platform (Fig. 1.) 
using MEMS inertial sensors.  As can be seen from the 
figure, students must spend considerable effort in 
constructing a structural frame from cardboard using tape, 
which then holds the electronic components together. TAs 
can easily assess the ability of the platform to prevent an 
object on it from falling when the platform is tilted, 
however, they have difficulty assigning a grade to the 
construction of the platform itself.  More often than not, 
TAs have the tendency to give a high numerical grade to 
any design that works. 

The solution that was found was to have the TAs give 
a verbal grade to the work.  That is to say, assign an 
adjective to assess the quality of the construction of the 
design, the quality of the wiring in the circuit, as well as 
the teamwork between group members.  The adjectives 
selected were:  Functional – Well Built – Outstanding.  
Additional grades assigned to the lab report grade for 
these terms were:  Functional 0% increase to lab grade, 

Well Built 17% increase to lab grade, Outstanding 33% 
increase to lab grade. 

 

 
 

Fig. 1. Student built self-leveling platform. 
 
It was found that TA application of this verbal 

assessment allowed them to be more critical than if they 
used standard numerical assessment grading.  Table 1 
shows a comparison of the TA assigned grades for select 
laboratories when only numerical assessment is given, vs. 
verbal assessment.  We can see that verbal assignment of 
grades resulted in the TAs being more critical in their 
assessment of student work.  This achieved the desired 
effect of reducing the average grade for this set of 
successful labs from an average of 87% to 74%. 
 
Table 1: Grade assessment – numerical vs. verbal. 

Lab # % 
Functional 

% Well 
Built 

% 
Outstanding 

Final 
Grade 

Lab 3 - 
numerical    89% 

Lab 4 - 
numerical    92% 

Lab 5 - 
numerical    75% 

Lab 7 - 
numerical    94% 

Lab 9 - 
numerical    86% 

Average    87% 
Lab 3 - 
verbal 9.55% 44.09% 34.55% 74.76% 

Lab 4 - 
verbal 12.27% 38.18% 37.73% 78.02% 

Lab 5 - 
verbal 10.91% 32.73% 43.18% 66.11% 

Lab 7 - 
verbal 9.09% 30.91% 45.91% 79.74% 

Lab 9 - 
verbal 21.82% 28.18% 35.45% 70.08% 

Average 13% 35% 39% 74% 
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3. PROFESSIONAL LAB PRACTICES 

 
The undergraduate laboratory experience is essential to 

the training of engineering students.  Laboratories provide 
students with hands-on experience in the construction of 
apparatus, and importantly in the use of instrumentation.  
Commonly group work is a component of laboratory 
education, with many undergraduate labs undertaken in 
groups of 2 or 3, and sometimes more for in the case of 
Design courses. 

The laboratory is also where students learn and 
practice professional practice skills, which they will take 
into the workplace after their engineering education.  It is 
then important that attention is paid to the development of 
professional practice skills during undergraduate 
laboratories. 

Depending on the course, professional practice skills 
maybe emphasized specifically, and/or the exposure may 
be gained by a subtle approach.  The latter case, that of a 
subtle approach, is repeated in a majority of 
undergraduate laboratories to develop professional 
practice skills.  Some examples of individual and group 
professional practice skills include (many of these skills 
are interrelated): 
 
Individual skills: 
• Stress management 

o Developing a positive focus to solve complex 
and new tasks 

o Stress reduction via time management 
• Time management 

o Sub-dividing complex tasks 
o Avoid distractions 

• Development of work ethic 
o Organizational skills 
o Take initiative for sub-tasks 
o Take pride in your work 

• Confidence 
o Gained through familiarity with common tasks 

and instrumentation 
o Completion of sub-tasks builds confidence 

• Safety 
o Knowledge of dangers and their avoidance 
o Cleanliness/organization of workplace 

• Inventory skills 
o Sourcing and returning of supplies 

 
Group skills: 
• Teamwork 

o Divide tasks amongst other group members 
• Conflict management 

o Different group members may offer differing 
approaches 

• Giving feedback to colleagues 
o Teaching group members and critiquing work 

• Gender equality 
o Working with members of the opposite sex, 

respect of opinions and knowledge 
• Integration of others 

o Based on culture, manner of dress, opinions, 
language skills, age, etc.. 

o Build respect, patience, rapport with others, 
learn the importance of humor, etc. 

• Workplace etiquette 
o Respectful language, respect of personal 

space, etc. 
 
The laboratories are undertaken by students formed in 

groups of 4, and are designed to develop many of the 
various professional practice skills.  With the course taken 
in 1st year, students bring a variety of interests to the 
group based on their future interest in engineering 
discipline (civil, electrical, computer, mechanical, 
biosystems).  Accordingly, students bring a variety of 
skills and background interests into the group.  This fact 
builds many group professional practice skills. 

Over the past two years, emphasis has been on two 
methodologies for developing professional practice. 
 
3.1. Division of Work 

 
Many laboratories now include independent sub-tasks.  

If attempted together by 1 student, the laboratory would 
be difficult to complete in the allowed time.  Rather, 
students must divide the sub-tasks amongst each other.  
This division is decided by the group members 
themselves.  At various times during the lab, some labs 
require merging of two or more, sub-tasks.  This requires 
coordination of completion time between sub-groups, as 
well as discussion and pre-planning of construction of 
each sub-task to allow for their mutual integration. 

For example, the self-leveling platform of Fig. 1. 
requires students to divide themselves into sub-groups.  
One group determines how to construct the electronic 
control circuit for the platform.  The other group 
constructs the platform itself.  After completion of both 
tasks separately, they are assembled together for final 
testing. 

Another example is laboratory 10 of the ENG 1450 
course, which requires the construction of two 
independent circuit types.  First, an 8-bit shift register fed 
by an optical input and with optical display of the register 
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8-bit output.  Second, two 4-bit combinational logic 
circuits must be constructed to turn on a light if their 
output is true.  These two sub-tasks are independently 
built by the students, who divide themselves into two sub-
groups of 2 students each.  After completion of each task, 
the two separate sub-tasks are joined together so that each 
4-bit combination logic circuit interrogates 4 of the 8 bits 
of the shift register (4 low bits, and 4 high bits). 

 
3.2. Inventory and Workplace Cleanliness 

 
This year effort was placed to develop skills in 

workplace cleanliness and inventory. 
 

Pre-locating lab supplies: 

It was initially hypothesized that these skills would be 
best developed by localizing all equipment needed for that 
day’s lab in a specific area of the room.  This was done by 
having the TAs gather needed supplies (electronic 
components such as resistors, lights, IC chips, etc.) from 
the main inventory cabinets, and place them on a table in 
a specific location in the room.  Additionally, to 
“encourage” students to clean up, a mark was given for 
proper return of supplies to this table. 

Over the course of a 6 labs, it was found that while 
students returned the supplies to this table, they were 
haphazardly discarded onto this table.  Typically, at the 
completion of the lab the table looked like a garbage pile, 
covered with randomly placed electronic components, 
wires and garbage (pieces of cardboard, tape, etc.) 
remaining after they constructed their projects.  A new 
strategy was clearly needed. 

 
No effort taken to pre-locate lab supplies: 

It was then decided to try to not help the students by 
pre-selecting inventory.  Rather all supplies were kept in 
the main inventory cabinets in the room, which were 
carefully labeled (i.e. a separate bin was available for 
each type of resistor or IC chip).  This required students to 
spend considerable time at the start of each lab to 
carefully find and source supplies from many separate 
individual storage bins.  We had initially hypothesized 
that this would lead to a possible disaster, resulting in our 
main inventory bins being messed up. 

As it turned out, however, this was a great success.  By 
requiring the students to painstakingly source each and 
every electronic component, they consequently leant the 
correct location of every electronic component.  They 
then commonly returned each component into their proper 
location after each laboratory. 

In addition, this accelerated student work slightly in 
subsequent labs. Since they knew where every component 
was located, they could more quickly source supplies 
when needed. 

 

Cleaning the work area: 

An accidental discovery occurred when the janitors 
cleaned the floors one day.  The janitors carefully placed 
all chairs onto the tables.  It seems the students thought 
this was what was expected of them.  And so instead of 
chairs randomly strewn around after each lab, students 
started carefully placing their chairs onto the tables after 
lab clean-up. 

The conclusion that can be taken from this accidental 
discovery was that if a laboratory starts in a properly 
maintained manner, students are more inclined to clean 
their space back to the initial condition.  This is 
something we knew as professors already, however, we 
were surprised how strong and immediate the effect was 
on students. 
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INTRODUCTION 

Higher education institutions are awarding an increasing number of 
degrees in engineering every year. The result is an increased supply of 
new entrants to the engineering labour market. At the same time, the 
civil engineering profession is in a state of flux as industries are 
transitioning towards more sustainability-focused operations (ASCE, 
2007). Engineering roles have traditionally focused on applied science 
projects, with little regard for stakeholder involvement, and cross-
disciplinary collaboration (Adams, Beltz, Mann, & Wilson, 2010). This 
historical baseline has now shifted toward trends that are more closely 
aligned with sustainable development goals (Kunberger, Burian, Lutey, 
Morse, & Sanford Bernhardt, 2011). The engineering profession must 
now operate within an updated code of ethics, discipline-specific codes 
and standards, and policy directives that are derived with sustainable 
development goals in mind. 

The overarching goal of the research study was to examine the 
existing body of knowledge and capture the civil engineering 
perspective of sustainable development. The preliminary stage involved 
identifying technical and non-technical sustainability practitioner roles 
with particular attention to a Canadian work setting. This included 
government labour projects and labour market reports specific to green 
industries and careers, as well as trends in existing engineering 
industries. For the purposes of the study, any role that required an 
engineering degree and included the terms “green”, “triple bottom line” 
or “sustainability” was considered. Initial findings were then refined to 
exclude industries that did not employ civil engineers. Defining 
sustainable development for civil engineers could then be applied to the 
identification of sustainable development competence. 
METHODS 

The selection of a research methodology is largely guided by the 
type of questions being researched (Creswell, 2014). Figure 1 is an 
illustration of the research design with a focus on research questions. 
The exploratory sequential mixed method design shown below begins 
"with a primary qualitative phase, then the findings are validated or 
otherwise informed by quantitative results" (Borrego et al., 2009, p. 59). 
Exploratory sequential mixed method design is also beneficial for 
creating a robust survey instrument. This aligns with the two-pronged 
approach of the research study (i.e. qualitative and quantitative results), 
and creates a flow for exploring sustainable development from multiple 
perspectives. The combined use of both interviews and an industry 
survey has been used to qualify and quantify industry expectations in 
past research studies (Hanning et al., 2012). 

Semi-structured interviews were used to gather an understanding of 
sustainable development from the perspective of the civil engineering 
community. The interviewees were asked open-ended questions 
regarding engineering practice, sustainable development in their industry 
sector, and attributes that are relevant for engineering competence. 
Probing questions were also used to enhance the prepared interview 
manuscript in an attempt to develop a refined list of competency items 
for the final survey instrument. The interview participants also provided 
commentary on their interpretation of terms, depth of content and overall 
survey coverage according to procedures in the literature. Transcripts 
were coded according to major and minor themes that emerged from the 
interviews. Themes were referenced against the existing survey 
questions, and additional items were added to form the industry survey.      

Following on from the qualitative semi-structured interviews, an 
industry survey was chosen as the quantitative research method. Several 
engineering education authors have used industry surveys for 
competency research studies. The final survey closely resembled the 
International Society of Sustainability Professionals study (Willard et 
al., 2010) with a few modifications for the engineering audience. The 
survey was refined according to development procedures outlined by 
Fowler (2009). The final Web-based survey instrument was hosted on 
FluidSurveys, an online survey administration website. The survey was 
available from November to December 2013 for participants.  

 

 
Figure 1: Exploratory sequential mixed methods research design 

RESULTS 
     Several themes emerged from the semi-structured interviews, 
including engineering competency, disciplinarity, perceptions of 
sustainable development, and the engineering profession (current and 
future). Participants broadly summarized sustainable development as the 
use of reductionist and innovative design strategies to lessen the impact 
of engineering projects and activities. These strategies are informed by 
professional and regulatory mandates, and involve the application of 
technical engineering knowledge, systems thinking approaches and 
interdisciplinary teamwork. Figure 2 represents a combination of the 
semi-structured interview results with the highest ranking knowledge, 
skills and attitudes identified in the industry survey. 

 
Figure 2: Proposed sustainable development competence 

DISCUSSION 
     Canadian civil engineering is undergoing a significant transformation 
as new engineering roles are being created. There are internal and 
external pressures to change the way engineers practice. Results from 
both the semi-structured interviews and the industry survey point to 
disciplinary knowledge and skills that are not being reinforced in the 
current civil engineering curriculum. There is a need to identify the 
necessary knowledge, skills and attitudes that are required of employers 
to accurately train civil engineering undergraduates. 
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INTRODUCTION 
     This paper highlights some preliminary results from a large, multi-
institutional survey/interview study on the teaching practices and beliefs 
of engineering undergraduate instructors, more specifically with respect 
to STSE (Science, Technology, Society and the Environment). STSE is 
an educational framework, developed over the last 40 years in science 
education, which represents a broad range of perspectives and teaching 
activities designed to connect science, engineering and technology with 
society and the environment [1,2]. Universities and engineering 
undergraduate programs are expected – by governing agencies, 
accreditation bodies and society at large - to explore the complex 
relationships between technology and society, encourage citizenship and 
action on critical social issues, and consider the impact of engineering’s 
work on society – the hallmarks of STSE education. However, STSE, as 
an educational framework, has sat primarily in the realm of K-12 
education. This research seeks to determine and describe the relevance 
of STSE to the undergraduate engineering curriculum.  
METHODS 
     The online survey, which was developed and modified with the input 
of engineering instructors through a pilot deployment process, included: 
1) Demographic items; 2) Items seeking information about the 
instructors’ general teaching and learning goals and activities; and 3) 
Items designed to measure instructors’ views and practices with respect 
to a number of STSE-related activities and approaches.  In particular, a 
recent STSE synthesis paper by Pedretti and Nazir [1] that identifies 6 
“currents” in the STSE literature (Application/Design, Historical, 
Logical Reasoning, Value Centered, Sociocultural and Socio-ecojustice) 
was used as a theoretical foundation for survey questions about the 
various teaching and learning practices associated with STSE, 
employing a quasi-deductive approach [3].    
     The survey was sent to undergraduate engineering instructors at four 
Canadian institutions. The survey’s 180 participants appropriately 
represent the population under study, given the diverse range of 
experience levels (range of 1-45, with a mean of ~15 years), instructor 
position types, departmental affiliations, and industry experiences.  21% 
of the survey respondents were female and 78% were male (1% did not 
indicate). Survey analysis conducted so far has included primarily 
descriptive statistical analysis, with thematic coding employed to 
analyze the open-ended survey items.  
RESULTS 
     While results are preliminary, and full results and analysis of the 
entire study will be presented at a future conference, the analysis 
conducted thus far uncovers some interesting themes in the population 
under study with respect to teaching beliefs and practices both generally 
and in relation to STSE. First, there is a significant divide in beliefs 
about who, in an undergraduate engineering program, should be 
responsible for examining the relationship between engineering, society 
and the environment. When asked who should hold responsibility for 
examining these relationships, most notably 49.1% agreed that it is the 
responsibility of instructors of courses in which content is primarily 
mathematics, science or engineering science, while 50.9% disagreed that 
it is the responsibility of those instructors. This indirectly suggests a 
difference in opinion across the population of whether STSE-related 
content can and should be integrated throughout the curriculum, or sit in 
a particular sub-section of courses.  
     In examining STSE-related practices specifically, it was found that in 
the vast majority of cases, the ranking of importance was significantly 
higher than the ranking of happenstance. When instructors were asked 
how often they encouraged students to consider the potential 
environmental impact of technology, only 2.6% said this was “not 
important” in the engineering curriculum as a whole. However, 18.1% 
stated they “never” did this in their own teaching. When instructors were 
asked about sharing a recognition with students that some individuals 
and groups are under-represented in engineering, 24.7% stated this 
wasn’t important, but 55.4% stated they never did this in their own 
teaching. In the vast majority of the 41 survey items representing 
teaching and learning activities associated with STSE, there was higher 

support for the activity than likelihood of the activity actually taking 
place.  
     The instructors described a number of challenges with respect to 
exploring the relationships between engineering, society and the 
environment in their teaching, including their own knowledge and 
experience (or rather, lack thereof), departmental culture, their 
perception of students’ interests and the perceived risk involved in 
imposing personal opinions on their students. Interestingly, the 
responses of instructors, in most cases, did not show a lack of interest or 
belief in the importance of STSE-related activities and approaches; they 
were genuine concerns that could be positively impacted by professional 
development and perhaps moderate curriculum reform. Also interesting 
are the commonalities with K-12 science teachers, who express concerns 
about STSE related to the loss of content control, a need for support and 
belonging from their peers and department, a lack of expertise, and the 
potential for politicization and bias [4].  
     There is a very strong diversity of teaching and learning goals 
indicated by instructors. Instructors were asked to describe their most 
important teaching and learning goals, and the results are primarily 
clustered around three major themes: 1) Subject matter expertise; 2) 
Engineering skills and tools; and 3) Making connections. Subject matter 
expertise varied, as one would expect, based on the courses taught. 
Engineering skills and tools refer to a wide variety of capabilities 
described by the instructors, such as critical thinking, problem solving, 
quantitative analysis, creativity, design skills, open-mindedness and 
intellectual fearlessness. Making connections is a broader category, 
linking their curriculum to entities beyond the course. Some instructors 
prioritize students making connections to other courses, to the students’ 
career plans or the needs of the profession. Others hope to see students 
apply their course-based knowledge to real world applications. Of 
course, there are also instructors who suggest that goals from all three 
categories are important. It is interesting to consider how such a variety 
of priorities resonate with the students; are these goals shared with 
them? How do they interpret such a diverse range of goals?  
     Finally, specific aspects of STSE, such as the analysis of the 
environmental impact of an engineering design, are considered a 
significantly higher priority than other aspects, such as the application of 
engineering products and processes to social justice issues. Given the 
relevance of design in the engineering curriculum and the profession at 
large, this isn’t necessarily surprising, but should all of the STSE themes 
(or “currents”) be of importance to the engineering curriculum, and if so, 
how could they be meaningfully integrated?  
DISCUSSION 
     The survey results have provided rich data for examining both the 
general and STSE-related teaching beliefs and practices of engineering 
instructors in Canada. The results, so far, demonstrate both support for 
STSE, but also tensions and challenges in considering its relevance and 
implementation. Further to the survey, a subset of survey participants 
were also interviewed, providing a more in-depth exploration of the 
research questions. It is hoped that this research will provide a better 
understanding of how engineering instructors can be supported, and 
whether STSE is a curriculum model deserving of consideration for the 
undergraduate engineering curriculum.  
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Abstract – This paper will focus on Attribute 7, 
“Communication Skills” – and, specifically, on written 
assignments. This paper has grown out of two 
initiatives, one at my institution and one undertaken 
independently as part of a national study. For the 
faculty-wide initiative, we are preparing rubrics that 
can be used throughout the faculty as guidelines for 
attribute assessment in undergraduate Engineering 
courses. However, we have little information on 
Attribute 7; which courses, for example, target Attribute 
7 and how is it assessed? What kinds of assignments are 
students being asked to complete? More broadly, what 
should we be teaching and assessing if we choose to 
target Attribute 7 in our outlines?  

Interestingly, it is the independent national 
study that may help us in this endeavor. After collecting 
course outlines from all the Engineering departments, 
we can first determine which courses target Attribute 7 
and then analyze the written course assignments 
according to 20 identifiable variables, such as length, 
genre and grading criteria. The challenge will be in 
calibrating Attribute 7 and our undergraduate program, 
including the undergraduate communication courses in 
our school that instantiate Attribute 7. In this paper, we 
will report on our progress thus far, both in the process 
of identifying the written assignments our students are 
being asked to do and in the development of faculty-
wide rubrics.  

Finally, although linking attributes to learning 
objectives and determining the levels of communicative 
competence can be very challenging, we hope to show 
that these two initiatives may help to make the tasks less 
daunting and more manageable for all the stakeholders 
in the education of our Engineering students. 

 
Keywords: Attribute 7, communication skills, written 
assignments, rubrics, Engineering education 
 
 
 

1.0 INTRODUCTION 
 

 The Canadian Engineering Accreditation Board 
(C.E.A.B.) introduced attributes and outcomes as 
standards to be met, not merely to standardize the 
curricula of the various Engineering schools, but also to 
encourage these schools to take a step back and reflect 

on the quality of the students we were graduating.  Were 
these new graduates able to transition successfully to the 
world of the professional engineer, where the work can 
be multi-faceted and complex, and where the 
concomitant demands on the engineer can be equally 
challenging? Our industry partners would often say “no” 
– which was worrisome, to be sure – but the discussion 
would be anecdotal.  Consequently, our Engineering 
school was one of many who decided that we needed 
some way to gauge just how design-ready our graduates 
were; we thought they were, but we lacked the evidence. 
Nor did we have any idea as to how proficient our 
graduates were in the communication of that engineering 
work.  

As M. Davis has already noted, these “soft 
skills” are difficult to define and their success – or 
failure – is even harder to measure [1]. However, 
integrating communication into courses and into a 
program means it has the “same weight and attention” as 
any other outcome. Contrary to the “add-on” model – 
where, for example, instructors from “English” are 
parachuted in as communication instructors – this 
practice-based model ensures a stronger performance 
(pp.42-43). Just as important, if not more so, “students 
perceive that professional communication is woven into 
their jobs and their employers’ expectations” (43); they 
come to appreciate that communication is “equally 
important to engineering practice” [2, p. 1]. Such 
conclusions may all be true, but the possibility still 
exists, as Ford and Riley caution, that students continue 
to view the technical work as the “real” work [3, p. 80]. 

After our 2012 accreditation visit, the 
University of Manitoba set out to discover what the 
proficiency levels of our graduates might be. This initial 
drive for that information prompted us to develop a plan 
whereby we could continue to gather the data and 
successfully integrate these 12 C.E.A.B. attributes into 
the fabric of our Engineering education. At the same 
time, we wanted feedback from two important 
stakeholders: industry, as to how “ready” our graduates 
were, and the students themselves. The series of 
industry forums are helping us to gauge the first [4] 
while the faculty-wide initiative is helping us to 
determine the second [5].  
 This faculty-wide initiative has been engaged 
in developing rubrics that will help us to fulfill our 
pedagogical and professional goals; to define our 
expectations; to help us think about our performance in 
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meeting these expectations; and to help us think about 
the performance levels of our students. Ultimately, these 
rubrics may well be the tools that we can use to 
communicate with all of our stakeholders, including 
students, alumni and industry partners. Thus, in the long 
term, we are trying to use these rubrics as 
“benchmark[s] for institutional improvement” and as 
tools to inform our pedagogy [6]. As Anson et al point 
out, “generic rubrics are said to unite faculty around 
common goals, terminology, and rhetorical 
perspectives” (p. 1).  

We must, however, be cautious in applying 
them as standards that are not situated within the context 
of a particular discipline or even a particular course; 
otherwise, their usefulness may be compromised. Each 
rubric must be flexible enough for individual instructors 
to use effectively; in other words, to adapt it to the 
context in which it is to be used. That context will 
include the outcomes and attributes and expected 
competency levels envisioned by that individual 
instructor. In this important way, then, this first iteration 
is really a building block that we can use to develop 
future assessment tools that each of us can adapt to our 
needs. 
 To that end, the findings from another 
initiative, a national study that is investigating the kinds 
of written assignments our undergraduate students are 
being asked to write in a variety of contexts – including 
engineering ones – may offer some insight into what we 
need to be targeting in our rubrics. We can analyze these 
assignments according to 20 variables, including length, 
feedback provided, genre and grading criteria. In the 
case of our specific faculty, we can also tabulate how 
many courses target Attribute 7, “Communication 
Skills,” and collate that information with the kinds of 
assignments these students write and the kinds of 
feedback they receive. One measure of a student’s 
communicative competence, for example, will be 
reflected in the expected competency level for a 
particular written assignment, and this level can then be 
matched with the competency level defined in the 
rubric.  In this important way, based on what each of 
these initiatives has to tell us about communicative 
competence and assessment, we may then begin to see 
what kinds of things we should be teaching and 
assessing if we target Attribute 7 in our outlines, 
including those for the undergraduate communication 
courses. 
 

2.0 THE WRITING ASSIGNMENT   
INITIATIVE 

 
 As part of a larger, national study that is 
looking at the different kinds of writing assignments that 
students are being asked to write in a variety of 
undergraduate programs, this initiative has so far 

collected data from all the Engineering departments at 
the University of Manitoba: Civil, Electrical and 
Computer, Mechanical, Biosystems and Design 
Engineering. The study examines criteria such as 
assignment length; time to complete the assignment; the 
type of assignment (genre); feedback provisions within 
the assignment; and the frequency of assignments 
according to program year. Our objective is to promote 
discussion at the department and the faculty levels so 
that we can continue to fulfill our ongoing commitment 
to develop and improve our faculty’s curriculum. On the 
one hand, this study will help us to tailor assignments 
that will help students learn how best to shape their 
writing so that it does indeed support the engineering 
work [7]. On the other hand, this kind of analysis can 
help us in our ongoing drive to meet the demands of the 
profession. 
 To date, we have analyzed 102 assignments 
given in 35 courses in the Department of Mechanical 
Engineering in the fall of 2012.  Interestingly, most 
syllabi did not specify the requirements for each 
assignment, nor did the syllabi indicate whether the 
assignment even had a written component. Many of the 
assignments have been listed as “unclear” simply 
because no description of the assignment was included 
on the course syllabi. In those cases where “assignment” 
was listed, but without any further information, the 
assignments were coded as a written assignment only if 
the instructor identified A7 under learning outcomes.  

While course length was mostly given as 13 
weeks in length, no information as to how long students 
had to complete assignments was given; the completion 
dates for the written assignments were rarely, if ever, 
specified. Syllabi were likewise often unclear regarding 
the required length of an assignment, the content to be 
included (and evaluated) and the formatting 
requirements. Few specified which citation style (such 
as IEEE) was to be followed. 
 Almost half of the assignments listed in the 
syllabi gave no information about the genre of writing 
that students were being asked to produce; they were 
simply labeled as “assignments” (48/102 or 47%). 
However, the most frequent genre that was listed was 
the “report,” followed by “proposals” (22/102 or 22%) 
and “lab reports” (16/102 or  16%). Taken together, 
these various reports represent over half of all 
assignments.  It’s also worth noting that, in the 
Department of Mechanical Engineering, students must 
write at least one assignment for their courses while, on 
average, these students write three writing assignments 
per course throughout their undergraduate degree. In 3rd 
year, however, students average fewer than two 
assignments per course, a significant change from what 
we see in 2nd and 4th years. 
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Table I: Average Number of Written Assignments in 
Each Program Year 

 Year 
2 

Year 
3 

Year 
4 

Total  

# of courses in 
sample 

4 10 22 36 

Total # of written 
assignments 

16 18 68 102 

Average # of 
written 
assignments per 
course 

4 1.8 3.1 2.8 

 
Most assignments (60/76 or 79%) asked students to 
comprehend (rephrase information) or apply knowledge 
(combine separate elements into a whole). The 
following table shows the competency level expected 
and the number of assignments that required it. 
 
Table II: Expected Competency Level (A7) 

Level # of assignments 
1 (knowledge) 0 
2 (comprehension) 16 
3 (application) 44 
4 (analysis) 10 
5 (synthesis) 6 
6 (evaluation) 0 

  
Therefore, any additional information was 

difficult to find because so few details would be given in 
the course syllabus. For example, we could not 
determine the relative length of any of the written 
assignments, nor was the audience specified – with the 
notable exception of one assignment that specified that 
the audience was not the instructor or students in the 
class. Very few syllabi mentioned how feedback would 
be provided; only lab reports did. Finally, only one 
course syllabus indicated the criteria that would be used 
to evaluate the assignment. These findings suggest a real 
need for course syllabi to clarify the course 
requirements in terms of the assignments. That is, we 
need to be as clear with respect to the kinds of 
assignments, what their requirements are and how they 
will be evaluated as we are when we delineate the 
attributes, outcomes and competency levels that we are 
targeting in our courses and in our programs.  
 
3.0 THE FACULTY-WIDE INITIATIVE: THE 

RUBRICS 
 

 The Faculty of Engineering at the University of 
Manitoba opted to create rubrics for all the attributes so 
that, among other things, every instructor could use 
them as measures of student performance in a course 
and as indicators of content mastery. For each attribute, 

the benchmark – the level that we expect our students to 
achieve – is “competent.”  According to what we 
learned at the series of industry forums that we held, 
industry’s expectations are similar [4]. However, 
although each focus area includes a series of indicators 
that can then be assessed according to whether the trait 
is “strong,” “competent,” “developing” or “needing 
work,” the rubrics are descriptive; they offer a common 
ground for assessing these traits as they apply to a 
variety of scenarios.  Even so, the value of these rubrics 
can be far-reaching. 

For the instructor, as Boettger notes, the rubric 
counters the commonly held notion that students need 
only provide “what she likes” or “what he wants” in 
their papers; the rubrics clearly outline exactly what the 
expectations are and, at the same time, “educate students 
on how to meet those expectations” [8, p. 4]. As well, 
the various levels can be translated into numerical 
equivalents, a practice we follow in the technical 
communication rubrics as a way to silence the plaintive 
cries of “subjective” marking [9]. Indeed, this practice 
may be even more important in a communication course 
because numerical equivalents ensure that students see 
the “mark” for a trait, something they will ask for 
regardless. In this way, students can measure their 
progress in a course, but they also receive qualitative 
feedback that is useful for improving that particular 
characteristic [8, pp. 4-5].  

But this initiative ultimately goes far beyond an 
exercise that tries to define competence. What this 
activity has forced us to do is consider all the things we 
as educators expect our students to be able to do, both as 
undergraduates and as future engineers. As well, we 
have had to consider our roles as educators, both in what 
we teach and how we teach it. Ultimately, as Anson and 
Dannels suggest, it is this kind of reflective thinking that 
is demanded by any program profile, such as the one the 
national study on written assignments is presently 
compiling [10]. In essence, the rubrics demand that we 
know exactly which topics should be covered in a 
course and, secondly, exactly what topic traits we intend 
to measure. 

Two brief examples from the faculty-wide 
rubrics will have to suffice. For the “Attribute 7” rubric, 
“communication skills,” we first outlined what we 
meant. Attribute 7 includes reading, writing, speaking 
and listening skills, all skills that competent engineers 
should be able to use when they must communicate 
complex concepts both to members of the profession 
and to the general public. Writing effective reports and 
effectively responding to instructions are also part of 
what we mean by “communication skills.”  

We began by first separating communication 
into written, oral and graphic communication, and then 
proceeded to establish some of the indicators that would 
help us to define what these entailed. For oral reports, 
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for example, we (of course) included delivery, where we 
would measure such things as a speaker’s tone, diction, 
volume, pacing and enunciation. But delivery also 
includes a “non-verbal” element; namely, the evidence 
of preparation that will be evinced by a speaker’s 
reliance on prompts like slides or note cards; the control 
of posture and gestures; the speaker’s body positioning 
in relation to the audience, such as behind a podium; the 
use of “stall” words like “um”; and the level of 
sustained eye contact that the speaker demonstrates as 
he or she gains a rapport with the audience. 

As we determined the various levels, we first 
focused on what we would consider the “competent” 
level; that is, the level we expected our students to attain 
as they progress through the program and prepare for 
entry into the profession. For the “non-verbal delivery” 
indicator, for example, a “competent” speaker would do 
the following: 

! Make eye contact 
! Be easily heard 
! Speak comfortably with some prompts (like 

note cards or slides) 
! Move far enough away from the screen so that 

slides could be seen easily 
! Appear comfortable 

Alternatively, a “developing” speaker would have minor 
difficulties with the non-verbal delivery of a speech, 
while a presentation that “needed work” would have 
major difficulties with such things. Clearly, a “strong” 
non-verbal delivery of a talk would include sustained 
eye contact and show real polish.  
 In the case of written communication, one of 
the indicators is “genre and disciplinary conventions,” 
an indicator that ties in with one of the variables being 
studied in the writing assignment initiative. In the 
rubric, we define this indicator as “familiarity with, 
understanding of, and use of the conventions,” such as 
organization, formatting or even style choices, that are 
inherent within engineering genres and disciplines. 
Engineering genres would include proposals, progress 
reports, formal and informal reports, lab reports, and so 
on. 
 To be “competent,” the student will 
demonstrate this kind of understanding, while a 
developing writer would only show “some” of this 
familiarity. In both these cases, the students would at 
least use – or attempt to use – these conventions. 
Alternatively, a report that “needed work” would show 
little or no understanding of this indicator while the 
“strong” writer shows a “sophisticated” understanding 
of issues related to genre and disciplinary conventions. 

 
4.0 CONCLUSION 

 
Thus, our goals in constructing the rubric were 

straightforward. At the faculty level, these rubrics 

indicate what is being measured. At the accreditation 
level, they give us an insight into whether – and how 
well – our students have been prepared for their 
profession. At the professorial level, they help us to 
gauge a student’s progress and, ultimately, competency 
in the subject area. At a pedagogical level, however, this 
faculty-wide initiative is even more significant in that it 
has forced us to think deeply about what we teach in our 
courses as well as how we teach it. Implicit in this kind 
of activity is the need for us to consider what constitutes 
a “good engineer,” on one level, and, on another level, 
to define several things associated with being a “good” 
or “competent” engineer, communicative competence 
among them. 

However, as we all know, Attribute 7 can be an 
especially difficult attribute to define and measure.  
Even within the technical communication course, which 
is part of a relatively “young” field, this kind of 
definition is difficult. At the University of Manitoba, our 
Advisory Board for the course (comprised of E.I.T.s, 
young engineers and established professionals in 
industry) has helped us to determine those elements that 
need more emphasis, especially as to the genres we need 
to include, such as the briefing note. Nevertheless, as the 
national study of undergraduate writing assignments has 
illustrated, for our faculty-wide rubrics to work 
effectively, we need to spend more time outlining our 
expectations and defining such things as the length of 
our assignments, feedback provided, genre, and so on 
[11], [12], [13], [14].  

In this important way, based on what each of 
these initiatives has to tell us about communicative 
competence and assessment, we may finally begin to see 
what kinds of things we should be teaching and 
assessing if we target Attribute 7 in our outlines, 
including those for the undergraduate communication 
courses. As we move forward, we can use the rubrics as 
guides to help us tailor our course assignments and 
syllabi to help us create a new paradigm of success. 
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Abstract - A third year one-semester design project in 
electronic engineering has required students to 
individually keep a reflection journal and submit entries 
weekly. Previously, to encourage the writing of such a 
journal any form of submission was accepted, whether in 
a notebook, individual sheets of paper, document files or 
even emails. Such a varied form can become a logistical 
problem and with the class increasing to above 70 
students this became difficult to organize and even 
physically carry (in the case of notebooks) for marking. It 
was decided to move to an electronic format for writing 
and submitting journal entries, using a learning 
management system (LMS). This use of a standard form of 
electronic submission could potentially inhibit the writing 
of reflection journal entries and consequently detract 
from the goal of developing metacognitive skills in 
students. This paper considers the challenges and degree 
of success in using an LMS based reflection journal 
system. It was seen that the response rate of the 
reflections was good and little difference was seen in the 
quality of reflections from the previous year with the 
paper based system. Sketches and circuits were 
infrequently seen, but the electronic medium did allow 
photographs to be included in the reflections. A survey 
was conducted for the student opinion on the reflection 
journals. From the 30% of the class response, 58% 
agreed that the journal use helped with their reflection 
but  59% viewed the process of producing the journals a 
burden. The benefit to the instructor of using the LMS was 
significant, allowing security, legibility plus easy access 
and marking. The type of journal entries seen were 
similar to previous years with some good reflections by a 
few and many providing weak reflections and just 
describing what was done. It appears the LMS is a valid 
route to use for reflection journaling in this type of 
project course. Future focus may be on ways of 
encouraging and developing the reflection process. 
 
 
Keywords: Reflection journal, metacognition, deep 
learning, engineering project. 

 
 

1. INTRODUCTION 
 
1.1. Motivation 
 

In 2013 a new third year project was introduced into 
the Electrical Engineering program at Carleton 
University. This is a mandatory course that was included 
to be, in part, a preparation for the final year project as 
well as developing and consolidating technical and 
presentation skills. Student projects are done in groups 
and the projects are conceived by the students after some 
basic introduction to micro-controllers. In the first year of 
running the course a mostly paper-based system was used 
with the reflection journals (some submissions were 
emailed in). The collection and marking of 47 paper-
based journals proved to be cumbersome. It was decided 
to standardize and simplify the collection of the journals 
by using the learning management system (LMS). This 
had the added benefit of simplifying the marking to the 
rubric and collation of the marks. 

 
1.2. Literature review 
 

In 1910 John Dewey [4] published his book “How We 
Think”, which introduced a powerful notion of reflection 
as a “meaning-making process, which moves a learner 
from one experience into the next with deeper 
understanding of its relationships with and connections to 
other experiences and ideas, and which makes continuity 
of learning possible” [11]. Since then many educators 
introduced reflective writing as a necessary requirement 
in their classrooms in order to help students achieve a 
higher level of knowledge and sharpen their critical 
thinking skills. Many authors [2, 3, 12] see reflection as a 
process in which deep level learning and thinking takes 
place and which is a necessary ingredient for becoming an 
active and critical learner. According to Mezirow [7], 
Schon [12], and Brookfield [2], reflective writing helps 
students develop and clarify connections between their 
prior and new knowledge. It also helps them become 
reflective practitioners once they begin their professional 
life. As Jarvis [5] points out: 
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“Reflective practice is something more than thoughtful 
practice. It is that form of practice that seeks to 
problematize many situations of professional performance 
so that they can become potential learning situations and 
so the practitioners can continue to learn, grow and 
develop in and through practice” (p.180). [5] 

Reidsema, Goldsmith and Mort [10] investigated 
reflective writing of the final year engineering students as 
the way of formation of their professional identities and 
their preparedness for lifelong learning and concluded 
that reflective writing “allows the student to engage with 
their beliefs, values, uncertainties, desires and questions 
and to clarify what they know and more importantly, do 
not know about a situation” (p. 4).  These authors also 
argue that: “in relation to Blooms Taxonomy of Cognitive 
Skills, written reflection asks students to display higher 
order skills of evaluation (logical consistency) and 
synthesis (structuring)” (Ibid.), which is a necessary 
factor in the formation of their professional identity 
(Ibid.). [10] 

While many authors talk about benefits of reflective 
journal writing in different disciplines, some challenges 
have also been described. In 2007 Brodie [1] conducted a 
study with the goal to examine benefits of the reflective 
writing exercise for distance engineering students at the 
University of Southern Queensland. The results showed 
that the “reflective writing and the reflection process are 
not easy skills to acquire” and that “guidance, feedback 
and continuous monitoring for students and teaching staff 
is required” (p. 7). Brodie’s study [1] also showed that 
about 10% of students were successful in achieving a high 
level of reflection; the rest of them was not comfortable 
with reflective writing and restricted their written journals 
to a simple retelling of events and or facts. The author 
concludes that “additional guidance was required for 
developing students’ competences in reflective writing (p. 
5) [1]. 

Jennifer Moon [8] argues that there are many purposes 
of reflective journals, such as:  recording experience, 
facilitating learning, developing critical thinking, 
increasing ownership of learning, and encouraging 
metacognition, among others (p. 4). She also argues that 
“a two-stage guidance process to reflection may be 
helpful to students” and that “multiple approaches 
providing different ideas and activities around reflection 
seem to be more successful than attempts at verbal 
instruction” (p. 6) [8]. 

While there is a vast amount of literature exploring 
benefits of a hardcopy of reflective journals in different 
disciplines, very few authors explored possible benefits 
and challenges of online reflective journals. Palmer, Holt 
and Bray [9] conducted a study, which investigated 
student perception of online journals in a fourth-year 
engineering management course. The findings showed 
that students felt that “‘most useful’ aspects of online 
journal were the ‘enforced’ continued revisions of course 

material” (p. 730); however, students reported problems 
related to the use of LMS as ‘least useful’ aspect of 
reflective journaling activity (Ibid.).  Similarly, Smith, 
Mills and Myers [13] found some weaknesses of the 
online tools used for reflective journaling in a first year 
large engineering course, specifically in terms of logistics, 
both for students and course facilitators. While blogs, 
which were used as reflective journals, were 
straightforward to use, they were not adaptable for 
organizing sections of guided students’ responses, and 
course instructors found it difficult to access multiple 
pages for each student, which resulted in an inadequate 
feedback provided to students (p. 8) [13].                                                    

 
1.3. Research questions 

 
This study aims to contribute to the under-researched 

field of online reflective journaling explores possible 
challenges and degree of success in using an LMS based 
reflection journal system. Some of the research questions 
can be stated as follows: does online mode of reflective 
journaling affect the student response rate? How easy or 
challenging is for both students and instructors to use the 
online system? Is the quality of students’ reflection 
affected by the medium? Is the inclusion of diagrams and 
sketches, which are so easily done by hand, pen and 
paper, limited with the use of an electronic format?  Are 
there restrictions with the electronic form that counters 
the organizational benefit of using this format? 
Conversely and more philosophically, as engineering 
students will through their future careers move more 
completely to a universal paperless working environment, 
is the learning and development of an electronic 
journaling process a beneficial and necessary skill to learn 
and adopt? 

 
2. METHODOLOGY 

 
2.1. The course 
 

The course within which the study was conducted is a 
one term, group project in the third year of an Electrical 
Engineering program. The course is mandatory and had 
prior to this study been run only once before under a very 
similar format.  

Students in groups determine their own projects, 
having been introduced to a simple microcontroller. They 
spend six hours per week in the laboratory with two hours 
per week in a classroom. The assessment is split across a 
number of reports, presentations to the full class, the 
technical achievements of the project, and also a 
reflection journal. 

 
2.2. The reflection journal 
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Because the students are often embarking on their first 
group project and learning about project and time 
management, the reflection journal was introduced. This 
was to encourage reflection on their project and to attempt 
to develop metacognition when undertaking work in their 
program area. For most, if not all, this was the first time 
for keeping a reflection journal. 

In the first and previous running of the course to 
encourage the keeping of a reflection journal any format 
of a journal was accepted, such notebooks, loose leaf 
paper or even emails. This did prove to be cumbersome 
with the number of books and papers submitted. In that 
first year there were 47 students. Reading and 
commenting on the reflections took time and the journal 
collection had to be moved and stored safely. Delaying in 
the assessment of an entry and consequently not returning 
the journal could result in a delayed subsequent reflection. 
With an anticipated growth in the class number an 
alternative method of reflection journal management was 
sought. This led to the use of the LMS, for online 
submission, marking and storage. 
 
2.3. The learning management system 

 
In 2013 the transition to a new (LMS) was completed 

at Carleton University. The new LMS is Moodle and it 
has many features found in other LMS including the 
ability to submit and grade students work. Using a weekly 
format for the main course LMS webpage all relevant 
course materials were added there. No other website was 
used. Besides course documents and assignments, the 
LMS page also had extra material such as relevant news 
articles or videos relating to electronics and circuit design. 

A reflection journal entry was added to each week of 
the LMS page, except for the reading week, when no 
journal was required. Students were given an extra week 
to enter their journal. The LMS provides a WYSIWIG 
type editor for writing, with the ability to add image files. 
This flexibility did offset the concern that moving away 
from paper could restrict the use of sketches or diagrams 
in the journal entries.  

To assist the students in using the LMS, instruction on 
using the journal entry was given in in an early class. 
Attention was paid on using the tool to write an entry, 
draft saving and submission, as well as how to insert 
images.  
 

3. RESULTS 
 

3.1. Reflection entries and marking  
 
Reflections were required weekly and they varied in 

length from 100 words to a few over 1000 words, with the  
 
 

Figure 1: Grade distribution for reflections over four weeks, 1, 
3, 5 and 7. 
 
average length for the first reflection journal being 409 
words. The content of these were mostly focused on 
describing the technical work done, similar to the findings 
of Brodie [1].  However, there were also discussions of 
group dynamics, interpersonal details, time management 
and how other courses had assisted with knowledge to 
help complete the project work. From the perspective of 
the instructor it was informative to read the reflections. 
Details that could otherwise remain hidden were learned 
about, including details of group meetings and the level of 
work outside of the scheduled course hours, frustrations 
and even interpersonal issues, the latter area being 
something that may not have been easy to discuss in face- 
to-face contact. It should be noted that there were a small 
number of private discussions about group members that 
occurred between students and instructor.  

The marking of the reflections was done online as well 
with a marking rubric being included as a guide. Here is 
one way the use of the LMS was helpful to the instructor 
grading the reflections. The LMS could present the 
reflection and then the instructor could select through a 
mouse click one of four options scale for the quality of 
the reflection and another four point scale for the 
presentation. Besides each of the two sections (reflection 
and presentation) a text box was available to include 
additional instructor’s comments.  

Because of the number of students, 79, and the time to 
read and mark each week, comments and feedback were 
brief, often pointing out that the student was not reflecting 
but instead factually describing what was done. The 
presentation feedback often contained an indication of 
spelling or grammatical mistakes. Here a ‘cut and paste’ 
approach was useful as the students entry could not be 
directly marked up. The effect of the marking and 
feedback was to see a move in the overall marking to 
higher grades over the weeks of the course, as shown in 
Fig. 1.    
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The contribution of the reflection journal to the final 
grade was 15%, This was a sufficient enough incentive to 
ensure there was a high number of submissions each 
week. The highest submission was 76 and the lowest 
(over the first nine weeks) was 69. Drafting of the 
reflection could be done in the LMS and the student had 
to submit the journal. Occasionally there were some 
students who drafted an entry and who did not submit, 
usually by oversight or mistake. 

 
 3.2.  Survey of opinions 

 
To gain a better understanding of how the reflection 

journal was perceived by the students undertaking the 
course a survey was administered after the final 
laboratory session but before the examination. The 
administrator of the survey was one of the authors D P-V., 
who was not an instructor and had no input on the 
marking. The response to the survey was 30%, so the 
results are only an indication of what the whole student 
group thought of the reflection journal. Finally in the 
survey there was an open-ended commentary question, 
which received nine responses, some of which are 
included in this section. All survey items and response 
distribution for quantitative questions are presented in 
Appendix A. 

None of the students reported problems with the 
electronic tool used inside LMS for the submission of 
journals. The students preferred, however, to draft their 
journals on their computers first, and only one student 
typed his or her entries directly into Moodle. This 
combined with the fact that none of the respondents used 
paper to draft her/his responses, shows students’ 
familiarity with electronic means of communication. 

It is encouraging that the majority of respondents (58 
%) reported that regular journaling improved their 
reflection skills. Still, when evaluating the effectiveness 
of the journals in improving their writing skills, their 
learning of course material, and the journals’ helpfulness 
with the final project, our respondents were divided. 
Thus, 33% of respondents felt that reflective journals 
improved their writing skills, while 25% thought that 
journals helped with the final course project and 
contributed to learning of the course material.  

This is strongly expressed in the open-ended 
commentary question: 

“I do have to say that by doing the reflection journal I 
have a chance to think deeply into what occurred during 
the week, and sometimes it helped to let out some 
complains I had, as well as forced me to try to think in 
different perspectives.” 

“For people who lack the ability to prioritize 
themselves, to make good decision, and/or to think 
critically, I believe this to be a good exercise IF they 
actually put in the effort to do it.” 

“It was a good experience writing reflection journal for 
the first time, and it was good to remember weekly task 
we did in the lab. Also it makes you to keep the work 
done every week rather than leaving it towards to end of 
semester.” 

It is interesting to note that almost 21% of respondents 
could not decide whether reflective journals were 
important for their learning, or whether the journals 
should be used in similar courses. One way to explain 
these data may be that Engineering students at Carleton 
University are more projects oriented and are not 
accustomed to the reflective type of exercise. As some of 
the respondents noted in the open-ended question:  

“Most of the time I don't know what to write, which 
makes it a burden, because if you don't write anything, 
you don't get marks.”  

“The idea that a reflection journal will help us learn 
about the course is also inaccurate. We have 6 hours a 
week of labs to analyze what we should be doing with the 
project and an extra hour to write down our thoughts is 
not necessary. At that point we are simply regurgitating 
our thoughts or even simply writing down what the 
profession wants to see.” 

The majority of students (59%) feel that weekly 
reflective journaling was a burden and required too much 
of their time, and 67% per cent of them would not like to 
see them introduced in other Engineering courses. As 
summarized by one of the respondents: “Reflection is 
good, but doing engineering courses is itself time-
consuming. Sometimes it just feels like extra works that 
adds onto the anxiety brought by all other homework 
assignments and test preparations.” 

Some of the students voiced their dissatisfaction with 
the amount of feedback they received for their writing, 
which is surprising since the detailed grading rubric was 
used for marking students’ journals.  

Some of our findings have implications for future 
teaching practices. In the future, the nature and objectives 
of reflective journaling need to be made more explicit 
because students’ perceptions of the effectiveness of any 
of the journaling are important factors that may enhance 
or inhibit the development of their reflections.  

 
3.3. Instructor’s opinion 
 

From an instructor’s perspective the LMS provided 
practical benefits over a paper based system. First there 
was no need to collect and move 79 books or collections 
of paper. Being able to access the journal entries through 
LMS via the Internet provided increased flexibility in 
marking the journals and also provided a degree of 
security too. The LMS also calculated and compiled the 
marks automatically, which was another timesaver. 

The use of the online rubric helped with the marking. 
Given the size of the class and the weekly entries, for 13 
weeks, the total volume of marking was over 900 entries 
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and close to 1000. Comments from students about the 
brevity of the feedback comments are understandable, but 
as mentioned the rubric too was to provide comment. As 
well the instructor did not want to be overly guiding with 
these personal reflections.  

The use of a typed entry did help with legibility. One 
challenge encountered in the previous year with the paper 
entries is that the handwritten entries sometimes were 
difficult to read. This was eliminated with the typed 
format and the legibility did significantly help with the 
time it took to read, as well as concentrating on the 
content. There was a reduction in sketches being included 
with only a few each week having any diagrams included. 
The electronic format did help with including 
photographs and a few submissions included photographs 
to show parts of their projects.   

The quality of the reflections did not appear to suffer 
with the move from paper to the LMS. Like the previous 
year there was a range of quality with some good 
reflections and many that were attempting to reflect but 
were mostly just recounting what was done during that 
week on the project. This difficulty in reflecting may need 
to be examined, perhaps with more resources being 
provided to illustrate reflection processes.  
 
 

4. CONCLUSIONS 
 

Overall this study shows that the use of a LMS for 
reflection journals is possible. Indeed there are some 
practical benefits to the use of the LMS, mostly from the 
perspective of the instructor. These include easy access, 
legibility, security, mark calculation and compilation and 
the easy inclusion of photographs. 

The study also shows the perceived burden on the 
students. This perception may be increased due to the 
challenge some students may have in understanding the    
purpose of the reflection. Many of these reflections did 
not extend beyond descriptions of the work done on the 
project during the week. A few students did understand 
the potential of reflection and some entries provided some 
good insight into their experiences and understanding of 
their work. 

The finding from this course is that next year the use 
of the LMS for reflection journals can be used. The 
burden of the workload, both for the student and 
instructor, could be mitigated by moving to a two weekly 
submission requirement rather than one. However, that 
slows down feedback and makes each entry more 
significant in the overall marking scheme. As well, this 
could also reduce the reflection cycle of the student. This 
will need to be considered, but the benefits may outweigh 
the delayed cycle. 
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APPENDIX A: REFLECTION SURVEY 

RESPONSES 
 

A 5 level Likert scale was used for most questions, 
with the levels being, strongly agree (SA), agree (A), 
undecided (U), disagree (D) and strongly disagree (SD). 
The questions and results (rounded to the nearest 
percentage so the total may not exactly equal 100%) were 
as follows. Of the 79 students in the course 24 responded, 
a 30% response rate. 

 
Weekly reflective journals in this course helped with 

the course final project: SA 4%, A 21%, U 21%, D 33%, 
SD 21%. 

 
Writing reflective journal every week was a burden 

and took too much of my time: SA 17%, A 42%, U 21%, 
D 21%, SD 0%. 

 
Weekly reflective journals helped improve my writing 

skills: SA 4%, A 29%, U 29%, D 29%, SD 8%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Weekly reflective journals helped improve my 

reflections: SA 8%, A 50%, U 0%, D 25%, SD 13%. 
(One student did not respond). 

 
Weekly reflective journals contributed to my learning 

of the course material: SA 0%, A 25%, U 21%, D 46%, 
SD 8%. 

 
It would be useful; if other Engineering courses also 

require regular writing of reflective journal: SA 0%, A 
13%, U 21%, D 42%, SD 25%. 

 
Another question did not use the Likert scale and 

instead enquired about the approach of writing the 
journal. 

How did you MOSTLY write your reflection journals?  
Directly into the LMS without drafting 4% 
Drafting and submitting after rereading and possible 

revisions 0% 
Writing in a separate application like a word processor 

or text editor 96% 
Drafting out on paper and then typing into the LMS 

0% 
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INTRODUCTION 
     Problem analysis and problem solving, are frequently cited as integral 
to the skill set of engineering students and future engineers1. In 
engineering education, frameworks and strategies for problem solving 
are often misunderstood2 or poorly received by students. For this work, a 
framework or strategy is a defined process that is used to solve 
problems. To develop better instructional approaches for problem 
analysis and problem solving, particularly for application to open-ended 
or ill-structured problems, an awareness of the current practice in these 
strategies is necessary.  
     The focus of many problem solving frameworks is on cognition and 
not affect. Cognition refers to the storage and use of information by the 
learner. Cognitive considerations include providing clear steps to follow 
and enabling information creation through active learning. Affect refers 
to the attitudes and emotions experienced by the learner. Affective 
factors include student motivation to solve problems, tolerance for 
ambiguity, stress, and self-confidence. Psychological evidence on 
affective factors suggests strong impacts on the ability of students to 
solve problems3,4,5. This paper identifies a gap in the literature on the 
integration of affective factors into formal open-ended problem solving 
frameworks.  
 
PROBLEM PRESENTATION: PROBLEM-BASED LEARNING 
     A common approach used in the current engineering pedagogy for 
open-ended or ill-structured problems is Problem-Based Learning 
(PBL). Although not a strategy for problem-solving in and of itself, 
PBL, and particularly a variant known as Project-Based Learning, have 
been widely used in engineering design courses. Both rely on the need 
for students to “pull” required information to solve a problem from the 
instructor or other sources rather than being given the information 
needed upfront6. This reflects both variants’ use of a constructivist 
framework whereby students accrue the information and mental models 
that they need from multiple sources. Issues arise when students access 
the wrong information for the project at hand or develop unchallenged 
misconceptions. This is related to the ambiguity of both the problem 
framing and solution space. By comparison with well-structured 
problems that students are more familiar with, this ambiguity can cause 
confusion and frustration, decreasing motivation. The dissatisfaction and 
inability to deal with ambiguity in PBL and Project-Based Learning 
highlights a gap in students’ affective training and mitigation abilities.   
     In Project-Based Learning, in addition to being assigned a self-
directed exploratory task, students may also be expected to balance 
aspects of project management including budgeting, scheduling, and 
team dynamics. The problems that are presented with this framing are 
often more authentic to the engineering design process, accentuating the 
benefits of situated learning theory. This realism is one way in which 
motivation (related to affect) is actually positively influenced by this 
approach3, 5. However, the heavy student workload often associated with 
PBL and its variants7,8 can potentially be a negative motivator against 
student engagement with the problem. Overall, as approaches, PBL and 
Project-Based Learning do create impacts on student affect, but neither 
is structured specifically to maximize it in a positive manner. 
 
INCREASING COMPLEXITY: DESIGN PROBLEMS 
     Solving a design problem is often the problem solving component of 
Project-Based Learning approaches. Design problems are considered 
some of the most ill-structured amongst all problem types9, but given the 
requirements of the engineering profession, are critically important1. 
     In general, the overarching normative theories of design involve 
problem definition, specification definition, conceptual design, and 
detailed design stages3. None of these phases include directions or 
mitigation factors for student affect and focus purely on cognition.  
     These design strategy phases are often non-linear and iterative in 
nature as specifications change or new concepts are generated. Beyond 
the basic strategy, more complex problems are generally solved by 
“nesting” the basic problem solving process into a larger version of 
itself, effectively creating a number of smaller design problems3,10. With  
 

 
no affective mitigation, this complexity can create dissatisfaction in 
students who are used to a more linear work process.  
     Given the assertion that design problems are representative of open-
ended cases in general, this process represents current state of ill-
structured problem solving within the engineering classroom where 
affective factors are not generally considered in the problem solving 
process.  

AFFECT AND MOTIVATION IN PROBLEM SOLVING 
     Research has documented that aside from cognitive ability, affect 
plays a key role in solving problems. For example, the ability for 
students to contemplate the relevance of a problem to their broader 
academic careers or into their professional lives may be a good primer 
for committing to an otherwise daunting project5. Factors outside of 
cognitive skill alone are especially important in open-ended problems3,11.  
     There are some assertions that by alleviating cognitive load and 
providing students with a clear method to follow, that many of these 
traits (such as the initial distress of  approaching an open-ended problem 
and lack of confidence in problem solving ability) are mitigated or 
accounted for3,4. Various programs, however, have implemented 
techniques to address them separately, outside of the problem solving 
tasks themselves10. This supplementary approach may help to deal with 
affective factors generally but may not address them directly during the 
problem solving process. 
     The most established example in engineering education of a problem 
solving methodology that incorporates affective factors is the McMaster 
Problem Solving strategy. It discretely parses the traditional first phase 
of “understanding/defining the problem” into three parts, one of which is 
used to mentally and emotionally prepare a student for the remainder of 
the process10. Outside of this, the majority of frameworks follow the 
aforementioned design strategy focusing only on cognitive function. 
     The intentional consideration of affective factors in the design of 
problem solving strategies is a gap, that once filled, may help to advance 
the teaching in engineering education in a direction to enable students to 
better cope with the complexity and frustration that open-ended 
problems present. 
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Abstract – This paper presents the most important 
aspects of the first-year project for students in computer 
and software engineering at Polytechnique Montréal.  A 
small robot is used to introduce students to hardware and 
software concepts of a complete and autonomous small 
computer. A custom robot was designed for this course 
and this gives the flexibility to introduce some concepts in 
a specific way.  The fact that both software and hardware 
are considered makes it particularly challenging for the 
students but also for the teaching team. The robot itself is 
described but also the project structure and how students 
can progress in this context.  The evaluation and the 
support offered to the students are also explained. 
 
Keywords: first year, computer, software, integrative 
project, course structure, robot. 
 

1. INTRODUCTION 
 

The first-year project in computer and software 
engineering at Polytechnique Montréal has been a great 
success and students really appreciate it. Therefore, this 
paper describes how it has been developed and the context 
surrounding it.  It underlines how details are important to 
provide a good learning environment to the students. 
 

In the present case, the biggest problem was the fact 
that students must start a project with very limited 
technical background.  Another problem was to propose a 
project course which would take key concepts from 
various other courses in the curriculum during this same 
first year and include them in the project.  Consequently, 
this integrative approach would require students to pass 
valuable time in a laboratory where they would 
experiment with knowledge they have learned or are 
learning while the project progresses. 

 
During this first year, students follow two courses on 

hardware, the first on basic digital design and the second 
on computer architecture.  Two courses on programming 
are also scheduled, the first on procedural programming 

and the second on object-oriented programming (both 
with C++).  Two other courses are also proposed on 
methodology.  The first one is a general introduction to 
computer engineering and the second is specifically on 
fundamental software engineering. Some mathematical 
courses complete the first-year program.   
 

Therefore, we were looking for a project in which 
students could program a hardware device they have to 
understand.  They would work in teams and they would 
follow a specific methodology.  This course would be 
placed during the second semester of the first year.  
Beyond  this,  very  little  was  assumed.    However,  we  didn’t  
want to make some kind of “big   homework”   but   a  
complete project where, at the end, students would have a 
complete hardware system, with all its programming 
aspects and complex input/output relationship.  Therefore, 
at the end of their first year, they would be in a position to 
understand  a  little  computer  system.    We  didn’t  go  as  far  
as  the  “From  NAND  to  Tetris”  course  [9] but we certainly 
share some objectives with this approach. 

 
Using robotics to teach programming concepts is a 

method that has gained momentum [6] and can be 
quantified [4,7].  It was decided that our programming 
base would be a small mobile robot.  This robot would be 
designed specifically for this project course as opposed to 
the E-Puck robot which is designed to be used in a large 
spectrum of teaching activities [8].  The robot would have 
to be easily assembled by students (including soldering of 
electronic parts) and would move around trying to interact 
with other robots and/or objects in its environment at the 
end of the semester. The capacity to install many different 
sensors and to use the robot in various situations was also 
important.  Approaches that use Lego Mindstorms [5] or 
some kind of robot kit were excluded as a robot base 
because we wanted our students to grasp the hardware and 
understand the fundamentals without usage of high-level 
libraries or preprogrammed pieces of code. 
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2. THE ROBOT 
 

Humans are fascinated by moving objects.  It is 
something we can appreciate with our eyes naturally.  
Programming computer is seen as hard and not intuitive.  
Movement in a system can increase motivation and 
understanding of programming [1].  Having a robot would 
give us an interesting base to teach programming, digital 
design and computer architecture.  Something as complex 
as a robot, even a very simple one, would be challenging 
enough, to the point that methodology and team work 
would be necessary and applied in an interesting context.  
Thus, a small robot became at the heart of our first-year 
project. 

 

 
 

Figure 1. The robot 
 

Great care was taken in the design of the robot. The 
goal was to come up with a mobile that could be easily 
assembled and repaired when necessary.  Standard and 
highly available electronic parts would have to be 
soldered.  A low cost was also a priority.  It was also 
considered important to easily connect the robot to a PC 
to quickly download programs to the microcontroller. 
Modularity was desirable.  The main sections of the 
robots are as independent as possible one from another.  
We ended up with a robot design (figure 1) that fulfilled 
all our criteria after a few iterations. 
 

The base of the robot is made of simple PVC plastic to 
which various other main components are fastened.  Some 
off-the-shelf wheels and electric motors take place 
underneath this plastic base.  A classic H-Bridge electric 
motor drive is located at the rear.  Towards the front, 
many holes in the PVC base are used to install various 
sensors.  On top, a custom motherboard is the most 
important part.  Two Atmel AVR microcontrollers are at 
the center of the system.  The first is an ATmega324PA 
for general purpose usage.  The second is an ATmega8 

and is used to program the first one easily and   it’s   also,  
with its special firmware, a USB peripheral.  Thus, this 
motherboard can be easily programmed and powered by a 
USB cable.  This architecture is close to the Arduino 
architecture but without the programming framework.  
The Arduino framework is excellent for the beginners but 
it hides all the lower level details that are exactly the ones 
we want our students to understand. 
 

Right from the beginning, we wanted the robot design 
to be completely open source.  This means that we publish 
on the course web site [2] what it takes to produce a robot.  
We even give the instructions to install the compiler on 
the PC for students who begin with Linux.  This makes it 
possible to program the robot on a laptop or on a desktop 
at home without proprietary software licenses.  The robot 
costs about $200.00 Canadian dollars.  It comes in a 
plastic box and it has to be assembled.  Over 500 have 
been produced since 2006 and more than 1000 students 
have assembled one by team of two during a project 
course. 
 

3. HARWARE AND SOFTWARE 
 

The first thing students will have to do is to assemble 
to robot, especially to solder the electronic components.  
This is a manual activity, obviously.  Some have exposed 
the values of manual work [3].  We consider that first-year 
students benefit from this experience and they enjoy it. 

 
However,   it   is  also  true  that  students  don’t  design  real  

hardware because we give them a robot that is already 
designed.   With the limited background they have, and 
also because they are not studying in electrical 
engineering, we consider that this is acceptable.  On the 
other end, this is a great opportunity to study an existing 
design and learn from it.  In any case, the main hardware 
concepts of the course will be found inside the main 
microcontroller.  This is where we find what we want the 
students to learn: a CPU, timers, UARTs, interrupt 
controllers, I/O lines, memories, buses, registers, and so 
on.  How all these digital components work is taught in 
another course that students follow during the same 
semester.      

 
This project-based course remains focused on 

programming in C/C++.  No assembly language is used on 
the robot.  To make links with the hardware structure, 
students start by writing short programs.  Most of them 
will make use of precise and limited hardware resources at 
the beginning.  Therefore, it is almost impossible for 
students to separate hardware and software when they 
write these programs.  Doing so, they also have to mix 
concepts they have learned in other courses during this 
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first year.  This is where this project becomes integrative 
in its nature.  Understanding the dataflow between 
registers in the microcontroller and the interaction with 
variables and C procedures is critical. These concepts are 
the fundamental principles of any computer system.  
These programs are short but it takes time to write and to 
understand them. 

 
To complete the software picture, we introduce Linux 

as a programming platform, including the basic shell 
commands.  The emphasis is also placed on usage of a 
version control system, SVN.  Moreover, we want 
students to be able to form a simple static library with a 
Makefile at some point in the project.  This structure will 
introduce a basic software engineering methodology as 
well. 

 
On the hardware side, we have to explain principles 

that students don’t   know   about.      PWM   to   drive   DC  
electric motors with an H-Bridge is one of them.  A basic 
review of electric circuit is also necessary when it is time 
to put electronic parts on a breadboard at the front of the 
robot.  Obviously, how to solder and how to crimp 
connectors are also complementary notions that we give, 
sometimes using videos on the course web site. 
 

4. THE COURSE, WEEK BY WEEK 
 

Because this is a first-year project, students work by 
team of two at the beginning and they receive assignments 
on a weekly basis.  The real final project will only begin 
around week number 10.  This gives time to other courses 
of the same semester to progress and to introduce 
fundamental concepts that will be reused in the project 
course. 

 
 This also gives 8 weeks to a psychologist to teach 

interpersonal and team interaction skills.  This part of the 
project introduces students to subjects like: leadership, 
teamwork dynamic, teamwork models and cohesion.  How 
to organize efficient meetings and to define roles in a team 
are also discussed.  The project will offer a real situation 
to students to demonstrate this know-how later in the 
project.  The psychologist will continue to follow every 
team during the project after these 8 first weeks. 

 
On the technical side, assembling the robot is the first 

assignment in  this  project.    However,  this  usually  doesn’t  
take more than 7 to 10 days to finish.  It is interesting to 
observe how much rhythm it gives to the course early in 
the semester.  It can almost be viewed as a team building 
exercise as well because the degree of interaction is high. 
In a first-year project, students know very little each other 
sometimes and this helps even the communication 
between teams.  Teaching assistants and staff members are 

also involved to help students and this increases 
interaction as well. 

 
A team of two students can now begin the second 

assignment of the semester, the introduction to the 
motherboard.  The first exercise will be to install a 
program that is on the course web site as an example and 
that is about only 10 lines of code.  This program exposes 
how the input/output ports work.  The first program we 
ask students to write will be to control a simple LED and 
the second one will be to read the output of a simple tact 
switch on the motherboard. 

 
By the beginning of the third week of the course, we 

prepare students to write a software finite state machine 
(FSM), a concept they have learned a semester before but 
in the context of a digital design course.  FSM are 
important to eventually develop a robot with automated 
behaviors.   

 
The fourth week is when students start using the 

motherboard to control the wheels.  Explanations about 
the H-Bridge circuit and Pulse Width Modulation (PWM) 
are also provided.  Usually, some debugging with multi-
meters and oscilloscopes are necessary and students are 
encouraged by the teaching assistants to use laboratory 
equipment. 

 
The fifth week is an important turning point of the 

semester because students will be introduced to the 
internals of the main microcontroller and its architecture.  
It’s  time  for  the  more  complex  notions:  interrupts, timers, 
configuration registers, etc.  These concepts are difficult 
to   understand.      That’s   why   we   propose   to students to 
rewrite some short programs that have produced 
previously but instead of just using I/O ports to achieve 
the correct results, they have to use internal peripherals of 
the microcontroller.  For example, using interrupts to read 
the output of a tact switch instead of using a polling 
method.  Another example is how to use a timer to 
generate PWM to control the motor speed and to avoid a 
busy-wait programming structure to get the same results.  
This approach is interesting because it shows an important 
distinction between concepts even if the behavior of the 
microcontroller, from an external point of view, is the 
same.  However, internally, the program and the electronic 
modules used are different.  Students can also quickly 
reprogram their microcontroller with a program they 
wrote just a few weeks ago and realize that nothing has 
changed externally but the efficiency has increase when 
proper electronic modules are used. 

 
Usually, by the sixth and seventh weeks of the 

semester, students are busy and the amount of work in 
other courses has grown.  Some midterm exams are 
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scheduled in these courses and students feel they have to 
pass less time on the project.  To give a chance to 
students, the pace is reduced in the project.  Easier 
assignments are proposed during these two weeks.  The 
overview of hardware resources continues with the UART 
(to communicate back some values to the PC), the 
Analogue to Digital Converter (ADC) and an external I2C 
serial memory.  Usually, these assignments are 
straightforward for most students, especially if they have 
understood correctly the details of the previous week. 

 
Another turning point occurs again around week 

number eight.  First, we regroup two teams of two to form 
one team of four.  This will force students to develop code 
in a bigger group, something they have never done before.  
What we propose is also completely different.  We want 
students to compare code they have written and that is 
currently in their SVN repositories.  We want them to 
evaluate what is good and not so good.  With what they 
want to keep, we ask them to form a static library of code 
that they can reuse for the remaining weeks of the 
semester.  Obviously, this assignment forces them to talk 
and interact.  This work is more software engineering 
oriented than what was covered during the past few 
weeks.  This is also time to reorganize what was 
developed separately since the beginning. 

 
During the ninth week, students have to write a much 

longer program.  They reuse their library written the week 
before and they have to distribute between team members 
the responsibilities to develop pieces of code.  This last 
assignment before the final project is an opportunity to 
watch teams that can do it with a relative easiness and the 
ones we will have to follow closely because they have 
problems to bring all their parts together.  Usually, it is 
asked to make sure their robot can execute a little dance 
by reading specific instructions in an external memory.  
Their basic execution and code structure is somewhat 
similar to a Java Virtual Machine.  This is also an 
example of software architecture. Students should now 
realize that this course follows a bottom-up approach.  
The control of each individual hardware element is 
encapsulated in C++ class or function in a library and we 
can reuse code to fulfill more complex needs. 
 

5. THE CHALLENGE AT THE END 
 

Up until this point in the semester, assignment on a 
weekly basis has been the operating mode.  For the 
remaining weeks (about four), the course will turn into a 
real project.  Students will receive a much longer 
description of what the robot is expected to do.  They will 
also get sensors to install on the robot.  Teams will have to 
understand this challenge, evaluate how they can bring an 

appropriate solution, make a plan to develop the code, 
manage the unexpected problems and test the solution.  In 
other words, a real short project.  Naturally, most of the 
concepts covered previously will have to be reused but in 
complex situations this time. 

 
The robot has to follow a special kind of race.  To 

design this course, a table   (4’X8’)   made   of   white  
melamine on top (figure 2) is used. We add black tape to 
mark this course and we complete with various obstacles: 
aluminum posts, acrylic walls, magnetic or light sources, 
etc.  This robot race changes every semester. One, two or 
three robots can be on the table at the same time 
depending on the challenge and what is the desired robot 
interaction.  Usually, if more than one robot are on the 
table at the same moment, they have to communicate 
using IR emitters/receivers similar to those found in TV 
remote controls. 
 

The challenge is to be able to guide the robot to follow 
a certain path using a line tracker which can distinguish 
the black and the white of the surface while other sensors 
are used to identify objects in the surroundings.  Students 
have to analyze how various sensors work and which 
electronic resources inside the microcontroller should be 
used at the precise moment.  Obviously, once the robot is 
put on the table and is moving, most teams have to re-
evaluate their strategy based on the results they observe.  
This challenge offers an opportunity for students to 
develop their conception and creativity skills, even in a 
first-year project where computer and software 
technologies are part of a complex system. 
 

 
 

Figure 2. Example of a robot course 
 
The last day is reserved for a public presentation.  The 

table used by students will be moved in the middle of a 
large public area.  The robot performances will be 
evaluated by judges. Students will prepare a poster session 
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at their kiosk as well.  Judges will also evaluate this oral 
test.  Visitors like to pass and to watch what the robots 
have to do so the interaction with people is interesting 
(figure 3).  To conclude, we present a trophy to the best 
teams.  It represents an additional source of motivation for 
students. 
 

 
 

Figure 3. Public presentation 
 

6. EVALUATION 
 

This project course is formed around many different 
activities.  Thus, the diversity is also found in the 
evaluation.  First, the robot assembly is not evaluated.  
Students know that they need this platform for the 
duration of the semester so we prefer to give a general 
assessment on the general quality for this activity, 
especially on the soldering aspects.   
 

Students will also have to submit three shorts programs 
during the semester for evaluation.  They also receive a 
written report regarding the general quality of their code 
by the teaching assistants.  Submission is done through 
SVN. To get a correct submission can be a problem at the 
beginning but it also helps students to work with the 
system. Even in a project, it still makes sense to have an 
exam to measure each student to make sure everybody is 
capable of some contribution to the teamwork and 
understands the key concepts.  Their library (week #8) is 
also evaluated and a report has to explain how they have 
made it.   
 

At week number 9, teams have an interview with the 
teacher where different questions will be asked.  The code 
they have written will be reviewed and technical questions 
will be asked about what the code does.  Usually, these 
questions are addressed to one student at a time.  Some 
non-technical questions will also be asked about the team 
it-self: how the team members communicate, how they 
organize their work sessions, how they view the project 

course so far, etc.  Thus, this turns into an assessment by 
the teacher.  He can give feedbacks to the members based 
on his observations and answers from the team.  The 
teacher usually has a good idea after an interview if a team 
will need more attention during the remaining weeks or if 
it is in a good position to succeed. 
 

The challenge is evaluated by the teaching assistants 
during the public presentation with a scoring rubric and it 
is based strictly on the behavior of the robot and its 
capacity to perform well during the robot race.  The poster 
session is also evaluated with a scoring rubric. 
 

7. SUPPORT 
 

A first-year project including hardware assembly and 
low-level programming requires a lot of direct support to 
students and good equipment in a well-organized 
laboratory to be successful.  Early investments in quality 
hand tools, multi-meters, oscilloscopes and soldering irons 
are very important.  Even small lockers for robots or for 
the   teaching   assistant’s   special   tools   have   to   be  
considered.  The design and the refinement of the robot 
over the years are even more important to reduce the 
number of repeated minor problems.  Otherwise, students 
pass more time on these little problems and less on the 
important concepts.  First-year students will mature in 
their debugging skills over the next few years but they are 
limited at the beginning. 

 
A carefully structured course web site is also very 

important.  The site for this project is maintained 
continuously. It includes pictures, videos, assembly 
instructions, references to various external sites, 
datasheets, step-by-step debugging procedures, advices, 
and many more. Presented at the right moment and 
gradually during the semester, their impact is important 
and they give confidence to students that they have the 
first line of support they need. 

 
Recruiting the best students to become teaching 

assistants is a good strategy. These assistants become the 
second direct line of support when students have 
questions.  A part-time engineer, member of the technical 
staff, helps a lot in the preparation of this course: parts 
orders for the robot kits, equipment in the lab, questions 
from students, long term improvements, etc.  The teacher 
has to play his role as well.  He will spend less time in 
front of the class on PowerPoint presentations and more 
helping students with their robots.  However, his direct 
support will make a difference for the success of his 
students. 
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8. RESULTS 
 

This project course was evaluated by 43 out of the 51 
registered students of the fall semester of 2013 with the 
standard project evaluation form used at Polytechnique 
Montréal.  This semester was particularly important to us 
because some significant modifications to the course web 
site and to the robot it-self were completed in August of 
the same year. Table 1 presents the results to some 
questions pertaining to the course structure and indirectly 
to the support offered to students.  These results 
demonstrate a very good appreciation by the students.  
Results for previous semesters were similar. 

 
Table 1: Project course evaluation results – fall of 2013. 

 Perception Results 
 Disagree Agree 

Evaluation questions - - - + + + 
The teacher has paid 
attention to team aspects 1 2 8 32 

The skills development was 
in accordance with the 
project objectives 

0 1 4 38 

Workload is well distributed 
throughout the semester 0 3 11 29 

Final mark was based on 
various aspects 0 1 8 34 

The level of difficulty is 
appropriate for this project  1 2 14 26 

The project is well organised 0 1 7 35 

 
9. CONCLUSION 

 
After many readjustments over the years, this first-year 

project has stabilized.  Many early problems were about 
the support and the minor details that, when all added 
together, were too time consuming.  However, we 
conclude that it was worth fixing all these problems.  The 
impression is that we now spend more time on important 
learning and team experiences.   

 
Starting with sort programs and using them as bricks to 

build a complete system is also seen by students as 
valuable experience.  It shows how small details add up 
and how team members have to interact to develop a 
complete solution to complex problems.  The variety of 
activities proposed by this first project-based course gives 
a good foundation for the next three project based courses 
at Polytechnique. 
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Abstract – The recent Canadian Engineering 
Accreditation Board (CEAB) requirements mandating a 
graduate attributes (GA) assessment and continuous 
improvement process present a potentially huge burden 
for assessment, analysis and data management.  
Designing a robust GA management system and scaling 
to a large multi-program engineering faculty represents a 
significant challenge.  This paper presents a hierarchical 
approach developed at the University of Alberta to 
address these challenges for one of the largest programs 
in Canada.  A set of specific overarching principles has 
allowed us to significantly reduce the overall task.  Key 
aspects include the exploitation of common indicators 
and measures where possible.  The system currently 
employs 451 measures and 93,240 individual student 
assessments vs potentially about 1000 measures and 106 
student assessments for a similar, but naïve, approach.  A 
multiyear strategy is described to monitor progress and 
demonstrate a continuous improvement system. 
 
Keywords: graduate attributes, accreditation, workload, 
continuous improvement, scalability, data management 
 

1. INTRODUCTION 
 

Ensuring quality of educational programs is of 
paramount importance in self-regulated professions such 
as engineering.  This function is met in Canada by the 
Canadian Engineering Accreditation Board (CEAB), 
which operates from within Engineers Canada [1].  As 
part of recently adopted new accreditation guidelines [2], 
CEAB has stipulated twelve so-called “graduate 
attributes” (GAs) that engineering programs must 
demonstrate their students have achieved.  Furthermore, 
engineering schools must demonstrate that they have in 
place a continuous improvement process to ensure that 
programs reach progressively higher standards of 
achievement against those graduate attributes.  The GA 
requirements are fully rolled in as of 2014. The twelve 
CEAB attributes are as listed in Table 1. 

 

Table 1: CEAB Graduate Attributes [2]. 
Knowledge base Communications skills 
Problem analysis Professionalism 
Investigation Impact of engineering on 

society and environment 
Design Ethics and equity 
Use of engineering tools Economics and project 

management 
Individual and team work Life-long learning 

 
The challenge of scale becomes apparent from a simple 

calculation of the requirements for evaluation implied by 
these CEAB criteria.  The University of Alberta (UofA) 
represents a typical large engineering school with its nine 
programs [3], each of which is separately accredited.  
Each of the twelve GAs represents a complex quality that 
cannot be evaluated with a single metric, so typically 4-6 
subattributes (aspects) must be assessed to ensure 
achievement of that GA.  Using fewer than this leaves 
open the possibility that important components of the 
attribute are not being assessed.  (For example, oral and 
written communication are two independent aspects of the 
communication skills graduate attribute and both must be 
assessed to ensure attainment of that GA.)  Simply 
multiplying 9 programs by 12 attributes and 6 aspects 
leads to 648 distinct assessments required for 
demonstrating compliance with the basic CEAB directive.  
However, given the distinct characteristics of some 
program options, a desire to establish some entry 
baselines, and the need for some redundancy in 
evaluation, the total number of distinct assessments could 
be much higher.  In fact, at the UofA, we average just over 
9 distinct assessments per attribute across our nine 
programs.  This suggests the need for almost 1000 
different assessments. 

If one further presumes that each assessment must be 
performed for each student (in the spirit of CEAB’s 
historical minimum path approach) the numbers quickly 
become frightful.  The UofA graduates almost 1000 
students per year, so this potentially translates into close 
to one million new data entries each and every year.  
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Orchestrating the assessments and collecting, analyzing 
and managing the data become truly daunting tasks.  If the 
accreditation system in Canada is not to collapse under its 
own weight, practical strategies are required to mitigate 
the challenge of the GA criteria.  This premise has guided 
the development of the UofA GA management system. 

Fortunately, our cousins in the United States under 
ABET [4] have been dealing with their own set of GAs 
for a number of years, and there are lessons there to be 
learned.  One of the key messages of the ABET IDEAL 
workshops[5] is to manage ambitions when designing a 
GA system to avoid overloading faculty and staff. 

 
2. UOFA GRADUATE ATTRIBUTES SYSTEM 

 
2.1. Hierarchical Structure 
 

A common hierarchical structure has been adopted for 
all programs at the UofA.  For each graduate attribute, 
there are a handful of aspects that articulate the essential 
components of that GA.  These aspects (subattributes) are 
captured in a short phrase.  Table 2 describes the aspects 
we have identified, some of which vary by program. 

 
Table 2: Aspects identified for each GA.  Those in italics 
are specific to the program (e.g. mechanical engineering) 

GA Aspects 

Knowledge base mathematics, chemistry, physics, engineering 
fundamentals, thermal sciences, solid 
mechanics, fluid mechanics, mechanics, 
dynamics and control 

Problem 
analysis 

understands the problem, assembles 
knowledge, applies models, evaluates result 

Investigation recognizes unknowns, measures data, 
analyzes data, reaches conclusions 

Design requirements, creativity, analysis, iteration, 
assessment 

Engineering 
tools 

computation, system description, system 
modeling, analysis, measurement 

Individual & 
team work 

time management, team work (understands 
roles, meets responsibilities, actively 
contributes, respects others, leadership) 

Communication organized message, writing, reading, 
speaking, use of graphics 

Professionalism legal responsibilities, licensure requirements, 
safety, due diligence 

Impact on 
society 

aware of impacts on society, impact 
assessment, sustainable design, assessment of 
the impacts 

Ethics & equity aware of ethical issues, makes ethical choices, 
aware of equity issues, ethics in writing, 
appreciation of socio-economic context 

Economics & 
project mgt. 

engineering economics, economic assessment, 
project management 

Lifelong 
learning 

curious, able to assess needs, resourceful, 
discriminating 

For each aspect, there are one or more indicators, 
which are structured as tasks that students can carry out to 
demonstrate that the aspect has been achieved and at 
which their performance can be assessed objectively.  
Indicators must be chosen with care and comply with the 
SMART criteria (specific, measurable, attainable, 
relevant, timely [6]). For each indicator, there is at least 
one measure — that is, a context in which the indicator 
can be assessed effectively.  For example, this could be a 
targeted final exam question within a specified course.  
We have separated indicators and measures because the 
same indicator is applied in multiple programs, each of 
which has a unique context. The intent is that measures 
will be repeated over time under equivalent conditions, 
allowing longitudinal tracking of performance.  Finally, 
each measure has a rubric that allows standardized and 
objective determination of the students’ performance 
levels.  We use four levels corresponding to 
unsatisfactory, developing, satisfactory and excellent. 

The result of data collection is a distribution of the 
population attaining each of the four performance levels. 
To simplify interpretation at a high program-assessment 
level, this is reduced to a single value which is the fraction 
of students who meet at least a satisfactory performance 
level.  This can be compared to a target value to identify 
GA aspects that need more immediate attention.   

For example, consider the Problem Analysis GA for 
which we have selected the following aspects: 
x Understanding the problem (What quantities or 

criteria are unknown? What are the objectives?) 
x Assembling the relevant knowledge (What principles 

and data are needed?) 
x Applying appropriate models (Select and apply the 

correct equations and methods) 
x Evaluating the results (Is the problem solved? Do the 

values/outcomes obtained make sense?) 
Figure 1 provides an example of the resulting indicators, 
measures and rubrics for the first two of these aspects. 

 

 
Fig. 1. Portion of the assessment hierarchy for the 

Problem Analysis GA. 
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2.2. Basic Principles for Indicators 
 

In developing the necessary indicators, the following 
principles were adopted: 
x As much as possible common indicators and 

measures should be used across programs.  This 
reduces the number of distinct measures required 
overall.  Some indicators are inherently discipline-
specific, but most are equally applicable to all 
programs. 

x If common measures are not possible, common 
indicators should still be used when feasible.  The 
same tasks will be performed with the same rubrics, 
but just in a different context (course).  This still 
allows best practices to be shared and allows better 
comparisons among programs. 

x Where practical, existing activities and data should be 
used and the data collection process should have little 
direct impact on the students. 

x In general, final student grades are not used as they 
aggregate multiple GAs and provide little specific 
information about what might not be working well. 

x Where feasible, include both objective (instructor 
evaluated) and subjective (student evaluated) 
measures.  The former are essential, while the latter 
are desired as they provide an alternative viewpoint. 

x Where multiple measures for an indicator are 
possible, choose the one latest in the program. 

x Measures should be concentrated in a small number 
of courses if possible.  Capstone design courses are 
particularly relevant.  This minimizes instructor 
training and assessment variability. 

x As much as possible, measures are kept within the 
Faculty of Engineering.  Other faculties are less 
motivated to learn and diligently execute the process. 

x Measures need not be made for every student in a 
program provided that the sample remains large 
enough to be statistically representative.  If there are 
multiple sections of a course, perhaps only one need 
be sampled. 

x Measures need not be taken every year if historical 
performance has been acceptable. 

x Individuals must be identified in advance to be 
responsible for collecting each measure. 

x A strong baseline of data is needed at the initial 
implementation stage to facilitate meaningful 
comparisons in future years.  As such, at the UofA 
three years of collecting data for all indicators in all 
nine programs was carried out. 

 
2.3. Curriculum Map 

 
In order to identify courses and activities that are 

candidates for GA measures, a curriculum map was 

developed that plots each course in a program against 
each of the graduate attributes in terms of where growth 
towards these attributes is most likely obtained.  Figure 2 
shows such a map for the Mechanical Engineering 
program.  The values shown in each column correspond to 
the amount of development of that attribute that occurs 
within that course on a scale of 0 (none) to 3 (high).  For 
simplicity, zero values are not shown in the figure.  In 
general, measures are taken in the highest level course 
with a significant level of development (2-3), chosen 
primarily from program-compulsory or option-compulsory 
courses. 

 

 
Fig. 2. Excerpt of a curriculum map showing GA 

development on a scale of 0-3 per course. 
 

An additional value of the curriculum map is that it 
provides academic planners with a better perspective of 
the development emphasis for each of the GAs.  This may 
reveal the need for, and subsequently facilitate, 
reallocation of material and strategy within the curriculum 
to improve balance and sequencing to, in turn, improve 
student learning outcomes. 
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2.4 Indicator and Measure Analysis 
 
Table 3 summarizes the number of measures used 

across all UofA programs for each of the twelve GAs.  
Where a measure is used by all programs, it is identified 
as ‘common’.  If the same indicator but a different 
measure is used, it is listed as ‘similar’.  If two or more 
programs share a measure by virtue of a common course, 
it is listed as ‘shared’.  ‘Distinct’ measures are specific to 
a single program.  

Also shown in Table 3 is the average number of 
measures per attribute.  This value ranges from just under 
six (Impact on society and environment) to over nineteen 
(Knowledge base).  This latter result is not surprising 
given that the GA explicitly refers to “mathematics, 
natural sciences, engineering fundamentals and 
specialized engineering knowledge appropriate to the 
program”[2].  Hence, a large number of measures are 
needed to cover the wide variety of relevant topics.  
Knowledge base and Engineering tools also involve the 
most distinct measures, reflecting the discipline-specific 
nature of the knowledge and tools employed. 

 
Table 3: Summary of the number of measures for each 
attribute for all programs. 
Attribute Total Common Similar Shared Distinct Average
Knowledge base 79 12 0 31 36 19.4
Problem analysis 44 8 36 0 0 12.0
Investigation 47 2 45 0 0 7.0
Design 67 2 63 0 2 9.2
Engineering tools 33 3 0 16 14 6.3
Team work 69 6 63 0 0 13.0
Communication 50 2 48 0 0 7.3
Professionalism 7 6 0 0 1 6.1
Impact on society 11 5 0 0 6 5.7
Ethics & equity 10 8 0 0 2 8.2
Economics & PM 18 5 13 0 0 6.4
Lifelong learning 16 8 8 0 0 8.9
Total 451 67 276 47 61 9.1  
 

As can be seen from Table 3, there are a total of 451 
measures used at the UofA.  This is significantly better 
than the worst case scenario explored above (almost 1000) 
due to heavy use of common and shared measures.  Even 
when common measures are not possible, the extensive 
use of similar measures (common indicators) does present 
some workload advantages. 

 
Table 4: Total measures weighted by number of students 

 by count weighted by 
student 

Common 67 14.9% 56012 60.1% 
Similar 276 61.2% 25874 27.7% 
Shared 47 10.4% 3638 3.9% 
Distinct 61 13.5% 7716 8.3% 
Total 451 100% 93240 100% 

 

Table 4 summarizes these results by measure category, 
but also factors in the number of students involved.  Here 
is where the advantage of deploying common measures 
becomes most clear as 60.1% of the individual evaluations 
of student performance are able to be shared across all 
programs.  This brings the number of student measures to 
93,240 — considerably fewer than the ~1 million 
contemplated above under the worst case scenario.  
Further reductions are possible by sampling only a 
fraction of the students in these common measures.  Since 
the total population is large, using a subset will still permit 
an adequate sample size to be maintained.  In our case, we 
have not yet employed reduced-sampling of the common 
data; instead, we have focused on automation.  Most of 
the common measures data are either entered by students 
directly into a web-based database as part of their exams 
or assignments, or it can be extracted from existing 
university information systems. 
 

3. ANALYZING DATA 
 
3.1 Data Synthesis and Presentation 
 

Once data from the various measures has been 
collected, it remains to analyze it.  For each program, data 
is presented by GA.  For example, Figure 3 shows the 
breakdown into the four performance levels of a 
program’s students across each aspect of the Investigation 
GA.  This makes it straightforward to identify the aspects 
that are well developed and those that may require 
remedial efforts. 

 

 
Fig. 3. Distribution of student performance for the set 
of aspects corresponding to the Investigation GA. 

 
We have developed a formalized process for data 

analysis.  Observations, recommendations and outcomes 
are recorded on a standardized form that tracks progress 
through a sequence of individuals and bodies that are 
responsible for reviewing and approving the GA reports.  
Typically, that chain involves: 
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x Associate Chair or Program Director (Associate Dean 
for common measures) 

x Department Academic Planning Committee 
x Faculty Academic Planning Committee 
x Executive Coordinating Committee (acting on behalf 

of the Engineering Faculty Council) 
CEAB requires the demonstration of a quality 
management system, so this formal process is important to 
demonstrating that the program quality is not just 
acceptable, but also under  continuous improvement. 

It is useful to have a snapshot report of the program’s 
GA health.  Figure 4 shows a summary report of 
performance against target values for each indicator.  It 
must be noted that we have not yet set carefully 
considered targets and all values are nominally set to 80% 
of students achieving at least the satisfactory performance 
level.  Our plan is to analyze and set appropriate targets 
on a per-measure basis once we have collected three full 
years of baseline data.  Cells in Figure 4 are coloured 
green if data meets the (nominal) target, red if they do not, 
or yellow if the data is absent.  Indicators without targets 
are for baseline (first year) measures. 

 

 
Fig. 4. Summary sheet of performance against 

(nominal) targets for each measure and all GAs. 
 

An invaluable tool for managing this data has been an 
Excel spreadsheet that automatically generates the figures, 
performance metrics and summary sheets from the raw 
data.  The same spreadsheet is also used to record the 
interpretation and outcomes progress. 
 
3.2 Year-Over-Year Measurement and Analysis 
 

CEAB expects a continuous improvement process that 
clearly requires data collection and analysis on a regular 
and ongoing basis.  Given academic cycles, an annual 
frequency makes the most sense for this process.  
However, in steady state, we do not expect that every 
measure need be assessed every year.  For aspects which 
appear to be comfortably meeting targets, we are planning 
on a three year cycle so that two complete iterations of the 

GA collection cycle are completed for each six year 
CEAB visit.  In the first year of the cycle, data for one 
third of the GAs are collected.  In the second year, that 
data is evaluated and an action plan is developed, while 
the next third of the data is collected.  In the third year, 
changes are implemented as per the action plan for the 
first third, while the remaining fractions proceed through 
the same steps but offset in one year intervals.  This plan 
is laid out in Table 5. 

 
Table 5: GA roll-in and three year management cycle. 

Year Measure 
and assess 

Evaluate and 
plan 

Implement 
changes 

2011-12 All GAs   
2012-13 All GAs All GAs  
2013-14 All GAs All GAs All GAs 
2014-15 1, 4, 7, 10 3, 6, 9, 12 2, 5, 8, 11 
2015-16 2, 5, 8, 11 1, 4, 7, 10 3, 6, 9, 12 
2016-17 3, 6, 9, 12 2, 5, 8, 11 1, 4, 7, 10 
2017-18 1, 4, 7, 10 3, 6, 9, 12 2, 5, 8, 11 

 
So far, we only have two complete years of data.  

Figure 5 presents the performance for one of our programs 
in the Investigation GA in Year 1 (red) and Year 2 (blue) 
compared with the nominal target (green).  Some degree 
of variability can be seen in the year-over-year behaviour, 
but further data will be required before conclusions about 
trends can be made. 
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Fig. 5. Multiyear trend in performance for  

the Investigation GA. 
 

We expect development of the GA management system 
to be an iterative process, and a comprehensive review is 
planned after the completion of Year 3.  Some measures 
have proven to be impractical and will have to be 
adjusted.  However, a high degree of consistency and 
discipline is required to make valid year-over-year 
comparisons, so continual adjustments to the process 
should be avoided. 
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4. CONCLUSIONS 
 

Implementation of a CEAB-compliant graduate 
attributes measurement and continuous improvement 
system involves a huge undertaking in  the collection, 
analysis, and management of data.  A set of principles 
have been established that have allowed the University of 
Alberta to significantly reduce that undertaking.  Our 
approach involves a hierarchical structure of graduate 
attributes, aspects, indicators, measures and rubrics.  By 
using common and shared measures whenever possible, 
total assessment load is reduced.  Sharing indicators, when 
sharing measures is not feasible, still allows benefits. 

A multiyear strategy is required to further reduce the 
assessment burden and to provide a mechanism to track 
and document a continuous improvement process. 
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INTRODUCTION 
This paper outlines the design and use of a new on-line Team-

effectiveness Learning System (TELS) at the University of 
Toronto that supports student learning of individual team-
effectiveness competencies in their team-based projects. Within 
the first year engineering design courses at the University of 
Toronto, students work in teams of 3-7 students to address real-
world problems that are provided to them by stakeholders. In 
these courses, students historically were provided with lectures 
and models of effective teamwork and were then expected to 
determine how to work effectively as a team on their own. 
Course assessments of student teamwork consisted of 
determining the percent work contribution to final deliverables 
of each student. While this allowed instructors to determine if 
grade modifications were necessary, it did not provide the 
students any assessment or support of how they were developing 
as team members. Ultimately, no intentional, experiential 
learning opportunity existed around developing the skills 
necessary to be an effective team member. 

To address this need, the TELS was developed as a 
complementary tool for integration in team-based project 
courses as a means of developing individual team-effectiveness 
competencies in students.  
 
THE TEAM-EFFECTIVNESS LEARNING SYSTEM 

The TELS was designed to be a fully-integrated learning 
space which could be dropped into any engineering team-based 
project in which the students work on a shared deliverable for 
more than 4 weeks together. The objectives of integrating this 
system into student teams were twofold. First, we endeavoured 
to move students away from a work-only focus in their teams, 
and to begin thinking about the other components of teamwork 
that are necessary to create an effective environment. Second, 
we wanted to develop individual, transferable teamwork 
behaviours in the students that would extend beyond the project 
team in which they used the TELS. 

The TELS comprises four components which integrate 
together to form a personalized learning experience that supports 
student development in their areas of weakness. The TELS 
provides lessons and exercises on effective teamwork at the 
team and individual levels. Students first complete self- and 
peer-assessments in their project teams using the Team-
effectiveness Inventory presented in Table 1.  The Team-
effectiveness Inventory outlines 12 behavioural competencies 
across three aspects of team-effectiveness (organisational, 
relational and communication aspects) that are necessary to be 
an effective team member. Based on anonymized feedback they 
receive from their peers, students are guided toward lessons and 
strategies on the on-line system to help them develop their 
weakest competencies. Individual-level lessons describe the 
competencies in the team-effectiveness inventory, and team-
level instruction provides students with tools to make their 
teams function more cohesively and to prevent dysfunction. 

 
STUDENT USE OF THE SYSTEM 

Launched in Fall 2013, the TELS has been used in two first-
year engineering design courses at the University of Toronto of 
250 and 1000 students. In each semester-long course, students 
were asked to complete a self- and peer-assessment using the 

team-effectiveness inventory at the mid-point and end of their 
design project work. After completing each assessment, students 
were provided anonymized feedback from their team members 
and were directed towards the lessons on the system that would 
best address their areas of weakness.  
 
Table 1: Team-effectiveness inventory competencies grouped by 
their aspect of individual team-effectiveness. 

Organisational Aspect 
Attend team meetings prepared 

Help to plan and organize workflow  
Do their fair share of the work 

Deliver their  work on time 
Relational Aspect 

Show respect for team members 
Seek and include input from team members 
Listen and pay attention to team members 

Demonstrate accountability 
Communication Aspect 

Openly express ideas and opinions  
Promote productive discussion 

Exchange information in a timely manner  
Raise contentious issues in a constructive way 

 
Preliminary analysis of the effectiveness of the system has 

investigated student use of the system in terms of what they 
access and when they access it. Eighty-five percent (85%) of 
students across both courses completed the mid-point 
evaluation, and seventy-three percent (73%) logged on to the 
system to review their feedback from their peers. Sixteen 
percent (16%) of students reviewed lessons on the TELS after 
having received their feedback. Of the students that did review 
lessons, on average each student accessed 2-4 lessons on 
individual team-effectiveness competencies, with all lessons 
being accessed by at least one student. Lessons corresponding to 
competencies cited by students as creating team dysfunction 
when lacking from a team (competencies 1-7 of Table 2) were 
accessed more frequently than other competencies. 
 
Table 2: Individual team-effectiveness competencies ranked in order 
from most accessed to least accessed on the TELS. 

Help to plan and organize workflow 
Exchange information in a timely manner 

Attend team meetings prepared 
Raise contentious issues in a constructive way 

Demonstrate accountability 
Do their fair share of the work 

Deliver their work on time 
Openly express ideas and opinions 

Listen and pay attention to other team members 
Promote productive discussion 

Show respect to other team members 
Seek and include input from team members 

 
CONCLUSION 

Preliminary findings indicate that students use the Team-
effectiveness learning system for feedback on their team work. 
However, further research needs to take place to determine how 
the lessons on the TELS can better support student development 
of effective teamwork behaviours.  
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Abstract – Traditional classrooms encourage surface 

and strategic learning instead of the deep learning 
required for true mastery of one’s discipline.  By 
challenging beliefs in the tried-and-true roles of professor 
and student, a flipped classroom can increase student 
accountability, engage them in a dynamic learning 
environment, and improve their depth of learning. 
 
Keywords: flipped learning, student engagement, 
authentic learning, peer supported learning, graduate 
attributes, deep learning, active learning, retention of 
knowledge. 
 
 

1. INTRODUCTION 
 

Traditional teacher-centered, lecture-based delivery 
encourages surface and strategic learning instead of the 
deep learning required for true mastery of one’s 
discipline. One alternative to this approach is flipped 
learning, a methodology that is rapidly finding its way into 
higher education. Many academics differentiate traditional 
and flipped classrooms by when and where instruction is 
delivered, with traditional delivery presenting content in 
the classroom with assigned work done at home, whereas 
flipped delivery has content available digitally for 
students to view outside the classroom, and assigned work 
being done during scheduled class time. But simply 
flipping the where and when of delivery and homework 
does little to address the problems associated with deep 
learning and mastery. This paper discusses the findings of 
a preliminary study in flipped learning that demonstrates 
increased student engagement, improved student 
accountability, and improved depth of learning. 

 

2. BACKGROUND 
 

2.1. Student Engagement 
 
Student engagement is generally accepted to be the 

degree to which students participate, are interested in, and 
are motivated by their learning or instruction. Washer and 
Mojkowski, as shown in Fig. 1, identify ten expectations 

that students have of school, each of which helps form the 
basis of a student-centered and engaging learning 
environment.  

 

 
Fig. 1. Student Expectations of School 

 
The results of a 2010 survey of more than 42,000 high 

school students[11] confirm these expectations showing 
that only 25% were engaged when listening to a lecture, 
compared to almost 60% who indicated that they are 
engaged when doing projects or participating in 
discussion or debate. It is apparent that students will, 
when appropriately challenged with authentic and relevant 
applications, be active and engaged in their own learning.  

 

2.2. Deep Learning 
 
In his guide Learning and Teaching Theory for 

Engineering Academics, Houghton defines deep learning 
as “the critical analysis of new ideas, linking them to 
already known concepts and principles, and leads to 
understanding and long-term retention of concepts so that 
they can be used for problem solving in unfamiliar 
contexts.”[5] He continues, “over reliance on traditional 
lectures, where students are passively taking notes and not 
being required to engage actively with material, will not 
encourage a deep approach.” On the other hand, 
structuring the learning environment so that students 
explore and link key concepts to solve authentic problems 
produces graduates who truly understand the discipline vs. 
those who cannot differentiate the principles and 
processes from the examples. 
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2.3. Flipped Learning 
 
Although flipped learning has been a part of the 

educational system for decades, Aaron Sams and Jonathan 
Bergmann[1], two high school chemistry teachers from 
Colorado, are considered to be the pioneers of the modern 
movement. Starting in 2007 with what they call Flipped 
Class 101, students watched content-specific videos at 
home and used what had previously been lecture time for 
doing homework. Sams and Bergmann’s goal was to 
maximize face to face time in the classroom. This process 
evolved into what is now known as Flipped Mastery 201 
where the focus is on deeper learning strategies and 
mastery of the discipline, and where students are 
accountable for their own learning. Sams and Bennett[8] 
said it best: "Ultimately, flipped learning is not about 
flipping the "when and where" instruction is delivered; it's 
about flipping the attention away from the teacher and 
toward the learner." 

There are two main flipped learning models, the first of 
which is loosely based on Karplus’ learning cycle of  
exploration, concept development, and application as 
described in Sunal’s The Learning Cycle[9]. The Explore-
Explain-Apply (EEA) model provides students with their 
first exposure to content during guided exploration in 
class. This is followed by an explanation of key concepts 
outside of class, and finally the interactive application of 
concepts in class. The second flipped learning model, 
Prepare-Apply-Confirm (PAC), is a slight variation where 
students have their first exposure to content outside of 
class. Class time involves an interactive application of 
concepts, followed by a review and confirmation of the 
new knowledge and skills outside of class. In both models 
the learning outside of class is supported by learning 
resources such as video (instructor generated or existing), 
interactive modules, Massively Open Online Course 
(MOOC) materials,  text books, or journal articles. 

 

3. PROCESS 
 

A study of flipped learning was conducted by the 
author over two academic year 2012-13 and 2013-14 
involving two cohorts of first year Electronic Systems 
engineering (ESE) students at Conestoga College Institute 
of Technology and Advanced Learning. The ESE program 
uses a Project-Based Learning (PBL) model with projects 
designed to cross course and discipline boundaries.[6] 
Students complete two to three authentic, level-
appropriate projects each term. The specific course for the 
flipped learning study is a two part introductory Digital 
Electronics class delivered over the fall and winter terms.  

The study set out to determine whether flipped learning 
would: 

i. improve student engagement by using a dynamic, 

interactive learning environment 
ii. increase students’ accountability for their own 

learning by using peer-supported learning 
iii. improve students’ depth of learning by using 

authentic and relevant applications 
 

3.1 Learning Environment 
 

This two part digital electronics course covered the 
standard topics including combinational and sequential 
logic, MSI level building blocks as well as an introduction 
to microprocessor systems. Similar to the ideas presented 
by Nisan and Schockenin in The Elements of Computing 
Systems[7], authenticity was provided by focusing the 
topics on the progression from NAND gate to 
microprocessor, with each component explored and built 
upon. 

 The PAC model of flipped learning was chosen for 
this study. Prior to each class session, students were 
required to watch two to four short, focused videos 
prepared by the professor. Each video, five to fifteen 
minutes long, either summarized a key concept or 
provided worked examples. Each set of videos covered 
the material that was previously delivered by lecture. 
Slides and/or scaffolding sheets were provided to help 
guide and focus the students’ learning as they viewed each 
video. 

Class time was scheduled in three hour blocks. Each 
block began with an entry activity that cognitively 
prepared each individual student for the day’s application 
of the key concepts. This entry activity generally took the 
form of a self-marked quiz that captured the essence of the 
content presented in the videos. Students were encouraged 
to attempt the problems without using any resources, but 
were free to access them as required. Upon completion, 
randomly selected students presented their solutions to the 
class for discussion. This was followed by a peer-
supported exploration or application of the key concepts. 
Students were placed in randomly selected groups 
(different each class) of three to four students and 
challenged to investigate, analyze, or design various 
digital elements related to the session’s focus. Once or 
twice during the session, groups were randomly selected 
to present their work to the class for discussion. Each 
class finished with a graded exit activity, normally an 
analysis or design problem where individual students were 
required to demonstrate their level of mastery of the 
session’s content. 

Students confirm that they have acquired these new 
concepts by applying them in one of the semester’s 
integrated projects such as investigating the health effects 
of magnetic fields using a self-designed field meter. 
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3.3 Procedure 
 
For the purposes of this flipped learning study, student 

engagement was measured using an online student survey 
administered at the beginning of the second part of the 
digital electronics course. Students were asked to respond 
to four questions: 

i. What could the teacher have done differently or 
better? 

ii. What would you like the teacher to do more of? 
iii. What would you like the teacher to do less of? 
iv. What could you have done differently or better? 

Student accountability was measured informally by the 
level of in-class participation and the quality of the 
material presented for classroom discussion. Process was 
emphasized, with students required to fully document their 
solution, enunciate their thinking, justify their choices, 
and respond to clarification questions. 

Emphasis of this study was placed on measuring the 
change in students’ depth of learning by tracking grades 
on midterms, final exams, and the semester’s integrated 
project.  

Questions on midterms and final exams were classified 
according to the levels of Bloom’s cognitive domain  
taxonomy. Each was identified as falling into one of the 
following categories: 

i. Knowledge and Comprehension (K&C)  
ii. Application and Analysis (A&A) 

iii. Integration and Synthesis (I&S)  
The average raw grades were collected for each category 
over a two year period. The first year was a traditional 
delivery, while the second was flipped. It was assumed 
that in the flipped learning cohort, there would be an 
increase in the average grades in the I&S category. 
 

4. RESULTS 
 

4.1 Student Engagement 
 

Feedback from the online student survey indicates that 
they appreciate and are engaged by flipped learning. 
Responses such as “I prefer this style of class to 
traditional lectures. I find that I am getting more out of 
these classes.”, “I would like the teacher to continue 
splitting us up in groups and after the ‘investigation’ is 
over, the class comes to a consensus of the topics being 
taught”, and “I like how the teach [sic] is getting us more 
involved, it make [sic] the class understand better, and if 
any questions arise they can be answered easier.” indicate 
they feel they are learning from the interactive peer-
supported environment. There was not a single response 
that suggested a return to the traditional way of delivery. 

Students also seem to appreciate the accessibility and 
usefulness of the videos. Comments like “I also like how 

the videos are in depth, and the fact that the lessons are 
easy to access. That means if a student misses class, they 
can easily understand the topic of study. The student can 
also repeat the video for better clearification [sic] and 
reminders.”, “continue on at the same pace and method of 
instruction”, and “the way the lessons cater to multiple 
learning styles is impressive.” indicate a willingness to 
learn outside of a traditional classroom. 

 
4.2 Student Accountability 
 

Students actively participated in each class. It is 
expected that this is because of two things: the time 
available to complete the task did not provide opportunity 
for much diversion, and groups were randomly selected to 
present their solution. In many cases, students voluntarily 
continued their work on the task well past the end of the 
scheduled class. 

Flipped learning also allowed more reserved students 
an opportunity to be equal participants in the class. 
Responses are no longer dominated by a few keen 
students, but equally shared across the student group. 

Students indicated they were comfortable asking for 
assistance as they worked through the assigned task in 
class. “... and if any questions arise they can be answered 
easier.” Knowing they may be selected to present their 
work helped ensure that they clearly documented their 
thought process as they worked through the task. They 
regularly questioned each other as they worked toward a 
solution so that each student in the group could respond to 
questions from their peers during the classroom 
discussion. 

Students also seem to recognize the value of the peer 
discussion that followed the investigation, analysis, or 
design activity,  stating “When the groups were presenting 
at the front of the class, I could have taken notes about 
more complex things that I am not likely to remember in 
the future.”  

 
4.2 Depth of Learning 
 

The average midterm and final exam grades in each of 
the Knowledge and Comprehension, Application and 
Analysis, and Integration and Synthesis categories were 
analyzed. 

Table 1, with results from the fall term, shows that the 
average raw scores on midterms and final exams increased 
anywhere from 7% to 22% in all categories except A&A 
which decreased by 10%. Overall though, in the two 
categories that involve the higher order cognitive skills 
(A&A and I&S) that correspond directly to an increased 
depth of learning, average raw skills rose 3%.  
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Table 1: Average Fall Exam Scores categorized by 
Cognitive Level of Assessment 

 
 
Table 2 shows the results for exams in the winter term 

that were available up to the date of publication. Average 
raw scores on the midterm rose anywhere from 6% to 
23%, with an overall increase of 28% in the two 
categories (A&A and I&S) related to an increased depth 
of learning. This significant change in results from the fall 
to the winter of the course may be a result of increased 
comfort level with the flipped learning methodology. 

 
Table 2: Average Winter Exam Scores categorized by 
Cognitive Level of Assessment 

 
 
The change in distribution of grades from traditional 

delivery to flipped learning was also analyzed. A 
comparison of results from the fall midterms is shown in 
Table 3 where flipped learning produced a more 
normalized grade distribution.  

 
Table 3: Distribution of Grades – Fall Midterm 

 
 
Table 4 compares the distribution of final exam grades. 

While a higher percentage of students did very well, the 
students who achieved grades around 50%,  did not show 

immediate improvement from the flipped learning 
environment.  

 
Table 4: Distribution of Grades – Fall Final 

 
 

Table 5 shows the midterm results for the winter term. 
Average grades shifted significantly as students became 
more familiar and comfortable with the flipped learning 
environment. 

 
Table 5: Distribution of Grades – Winter Midterm 

 
 
Within the program’s PBL environment, students are 

expected to transfer and apply the knowledge and skills 
learned in courses to following projects. Table 6 shows a 
significant improvement in the application of this 
knowledge from the traditional implementation to flipped 
learning.  

 
Table 6: Distribution of Grades – Field Meter Project 

 
 

5. DISCUSSION 
 

The results of this study appear to confirm that flipped 
learning improves student engagement and increases 
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student accountability. Students actively participate in 
each class, contribute to the learning of their peers, and 
appear to be more focused in their learning. Their 
comments indicate that they appreciate the opportunity to 
take control of their own learning, and prefer flipped 
learning to the traditional classroom. 

As students become more comfortable with the flipped 
methodology, their depth of learning appears to improve. 
More students achieve higher grades in the categories 
associated with the higher order cognitive skills of 
application, analysis, integration and synthesis. Their 
overall performance also improves in their ability to 
integrate content-specific knowledge and skills into cross 
course and discipline projects.  

While a traditional classroom centers around the 
required knowledge base, flipped learning provides an 
opportunity to focus on the process required to analyze, 
investigate, design, demonstrate, and communicate that 
knowledge within a guided environment. Students also  
learn to explain and defend their thinking process. Very 
early on they grasp the concept of metalearning. They 
realize that being aware of what they know and how they 
learn, means that they can take control of their own 
learning. 

  

6. FUTURE WORK 
 

Evaluation of this flipped learning model will continue. 
Next steps include an evaluation of whether the increased 
depth of knowledge translates to better retention of 
knowledge. The current model will also undergo further 
assessment to assure that its effectiveness is independent 
of the students in the specific cohorts used in this study.  
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Abstract – Projects are an ideal way to prepare 

students for the practice of professional engineering and 
to allow faculty to assess graduate attributes. Until now, 
the assessment of engineering knowledge has been 
sufficient for determining qualification for professional 
status, but recent changes now require consideration of 
engineering practice as well. Unfortunately many projects 
do not account for these additional competencies. This 
paper presents a method of mapping project deliverables 
to graduate attributes that ensures both technical 
relevance and coverage, and breadth of competencies. 
 
Keywords: project-based learning, graduate attributes, 
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1. INTRODUCTION 
 

Engineers Canada, the national organization of the 
provincial and territorial associations that regulate the 
practice of engineering in Canada, recently expanded the 
requirements for accrediting engineering programs to 
include graduate attributes. Accreditation review teams 
are requesting clear, detailed and objective tracking of 
these attributes. Academic institutions are introducing 
projects as one way to demonstrate that their graduates are 
both competent in engineering and understand the effects 
of engineering on society. This paper describes a process 
that maps project deliverables to graduate attributes, 
ensuring that projects have both technical relevance and 
coverage, and breadth of competencies.   

 

2. BACKGROUND 
 

Engineers Canada,  defines the practice of professional 
engineering as “any act of planning, designing, 
composing, evaluating, advising, reporting, directing or 
supervising, or managing any of the foregoing, that 
requires the application of engineering principles, and that 
concerns the safeguarding of life, health, property, 
economic interests, the public welfare or the 

environment.”[4] Accredited engineering programs have 
always had to demonstrate that their curriculum provides 
“a foundation in mathematics and natural sciences, a 
broad preparation in engineering sciences and engineering 
design, and an exposure to non-technical subjects that 
supplement the technical aspects of the curriculum.”[2] As 
of June 2015, each accredited engineering program in 
Canada has to demonstrate that their graduates possess a 
set of attributes that ensure an “understanding of the 
effects of engineering on society” as well as “competence 
in engineering”.[3]  

 

2.1. Graduate Attributes 
 
Twelve graduate attributes, as defined by Engineering 

Canada, have been established to help assure that 
graduating engineers are prepared to practice professional 
engineering in this country. Engineering programs have 
always ensured that graduates possess the more traditional 
attributes of (1) a knowledge base for engineering, 

(2) problem analysis, (3) investigation, (4) design, and 

(5) use of engineering tools. Together these ensure 
competency in engineering.  

However, a 2010 study of over 5,500 engineering 
students and recent graduates found that many of them did 
not feel that they had a real understanding of what it 
means to be an engineer, or what their professional careers 
would actually involve.[1] These students identified three 
main areas they felt that they were lacking: 
(i) communication, interpersonal and professional skills, 
(ii) teamwork, and (iii) the ability to solve the more 
ambiguous, complex, and multi-faceted problems 
presented in the workplace.  

To ensure that engineering students who graduate from 
accredited programs are prepared to practice professional 
engineering, seven additional graduate attributes were 
specified including: (6) individual and team work, (7) 
communication skills, (8) professionalism, (9) impact of 
engineering on society and the environment, (10) ethics 
and equality, (11) economics and project management, 
and (12) life-long learning.  
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2.2 Project-Based Learning 
 

Historically, projects have played a very minor role in 
engineering programs. Curriculum essentially focused on 
the  mathematics, natural sciences, engineering 
fundamentals, and specialized engineering knowledge 
appropriate for the discipline. Engineering design 
experience came solely in the form of a culminating or 
capstone project where the graduating student focused on 
solving a technical problem. As part of this course, 
students were required to present their work both orally 
and as a formal document. There was little, if any, 
emphasis beyond the traditional graduate attributes.  

In order to graduate students who are better prepared to 
practice professional engineering, many engineering 
programs have recently added elements of project-based 
learning to their curriculum. 

Project-Based Learning (PBL) has myriad definitions 
and is implemented in many different forms. There are 
however four main characteristics that differentiate a 
project from a conventional learning activity.[2] First 
there must be significant content where students apply 
and integrate key knowledge and skills. Secondly, there 
must be an appropriate level of rigour and complexity. A 
project must be open-ended, allowing students to develop 
more than one reasonable answer, and providing them 
with autonomy and choice as they work toward a solution. 
Finally, a project must be explorative where students are 
motivated to identify, research, and learn concepts and 
skills required to reach a solution. 

In engineering education PBL is typically implemented 
using one of three models (see Figure 1):  

i) project-centric – projects form the central and 
dominant component of the curriculum; the subject 
material studied is determined by the demands of 
the project[6] and emphasis is placed on process 

ii) project-supported – projects focus on application of 
material studied in one or more separate courses 
delivered in a particular academic term 

iii) project-spline – projects focus on the acquisition 
and development of project-related knowledge and 
skills and is delivered as a separate project course 

The value of PBL is shown in the results of a 2010 
student engagement survey of more than 42,000 high 
school students.[8] Almost 60% of learners indicated that 
they are engaged when doing projects compared to only 
25% who are engaged when listening to a lecture.  

By actively engaging students with authentic and 
relevant projects, it is possible to identify and track key 
indicators of graduate attributes.  
 

3. PROCESS 
 

Since its first offering in 2004, the  Electronic Systems 
Engineering (ESE) program (and its predecessor applied 
technology program - Integrated Telecommunication and 
Computer Technologies) at Conestoga College Institute of 
Technology and Advanced Learning has used a project-
centric model of PBL with projects designed to cross 
course and discipline boundaries.[5] Students complete 
two or three authentic, level-appropriate projects each 
academic term in addition to a capstone project. This type 
of  learning forces students to constantly think and work 
like engineers, using standard techniques and practices for 
solving technical problems. It makes students highly 
employable when seeking co-op positions and establishing 
careers. Feedback from employers indicates students and 
graduates have the technical knowledge and skills, the 
ability to actively contribute to engineering teams and 
their on-going projects, and an awareness of the business 
needs necessary to make a product viable in today’s 
competitive marketplace. 

In 2013, as part of the preparation for an accreditation 
review by the Canadian Engineering Accreditation Board 
(CEAB), the ESE program began a comprehensive review 
of each project to ensure compliance with the graduate 
attributes requirement. Each project was measured against 
three criteria: 

i) adherence to PBL characteristics 
ii) technical relevance  
iii) breadth of competencies related to the practice of 

professional engineering 
 

Figure 1: PBL in engineering 
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3.1 Adherence to PBL Characteristics 
 

Before starting the review it was important to have a 
clear picture of how projects are to be configured. 
Figure 2 shows that the foundation of each ESE project is 
based on at least one of the three pillars of engineering:  
(i) design, (ii) problem analysis, or (iii) investigation, as 
governed by the overarching knowledge base. This is 
supported by the use of applicable engineering tools and 
methods. The project must follow proper project 
management techniques and apply appropriate business 
and economic principles. In addition, elements of 
professional engineering practice such as team work, 
effective communication of ideas and findings, and 
adherence to professional, ethical, and legal 
responsibilities must be incorporated where appropriate. 
 

 
Figure 2: PBL model for ESE program 

 
The mathematics, natural science and engineering 

science content of each project is then mapped to the 
curricular objectives for the academic term. The project 
must integrate a significant number of new concepts and 
skills to be learned with the students’ prior knowledge.  

The next stage is to evaluate the project’s problem 
statement or driving question against the following 
criteria:  

i) provides clear direction for the students - helps 
steer students in the desired direction while still 
allowing them some freedom of choice 

ii) encapsulates the project idea within the context of 
the curriculum and is both authentic and realizable 

iii) forces students to explore and learn key knowledge, 
skills, and processes in order to reach a viable 
solution 

iv) poses a level-appropriate challenge to the students 
A well-defined project enables all students, even those 
with different abilities, to be successful while still 
demonstrating the required level of mastery.  
 

3.2 Technical Relevance 
 

It is important that every project demonstrate technical 
relevance. Authentic student engagement, as defined by 
Schlechty, occurs when students are challenged by work 
that has “clear meaning and relatively immediate 
value”.[7] Students actively participate in projects that are 
perceived to be technically relevant. 

A yearly scan of national and local industry trends 
provides the program with up-to-date data regarding the 
employment and economic impact of the electronics, 
software, and telecommunications sectors. In addition, 
ESE’s Program Advisory Committee (PAC) provides 
semi-annual reports on the state of the electronics industry 
and the technological implications of any changes or 
trends. This data is used to ensure that all projects are 
technically relevant. 

 

3.3 Professional Engineering Competencies 
 

The final stage in the review of a project is to ensure 
that elements of professional engineering practice such as 
team work, effective communication of ideas and findings, 
and adherence to professional, ethical, and legal 
responsibilities are incorporated where appropriate.  

A review of the project’s deliverables identifies 
precisely which professional engineering practice 
competencies are currently evaluated. Mapping each 
deliverable to a graduate attribute key indicators table, 
helps highlight where, and to what level of mastery, 
professional practice competencies are assessed.  

As maps are completed for each project in the ESE 
program it becomes possible to identify and correct gaps 
and deficiencies in demonstrating compliance with each of 
the professional engineering graduate attributes. 
 

4. SAMPLE REVIEW 
 

The first project reviewed was a Field Meter Project 
(FMP). The original task was two-fold: (i) design, 
program, and test a microcontroller-based magnetic field 
measurement device, and (ii) design, layout, fabricate and 
test an external printed circuit board (PCB) based seven-
segment display for the meter.  

 
4.1 FMP Review 
 

A mapping of the FMP outcomes to the mathematics, 
natural science, and engineering science curricular 
objectives showed significant coverage of the concepts 
and skills to be learned. It also built on the students’ prior 
knowledge and skills acquired during prior projects. 

An examination of the FMP’s problem statement 
revealed that over the years, it had evolved from an open-
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ended task to one that was quite prescriptive. While the 
context remained authentic, the complexity had increased 
such that it was very challenging for many students. 

The potential harmful effects of electro-magnetic fields 
(EMF) on human physiology remains a hot topic in the 
media. With more and more wearable consumer electronic 
devices hitting the market every day, the FMP still 
remains technically relevant. 

An examination of the FMP deliverables identified a 
clear focus on the technical design and implementation 
aspects of the project. Other than a formal report that 
documented the design process, there were no other 
professional engineering competencies assessed. Clearly 
the outcomes of  the FMP needed to be revised. 

 

4.2 FMP Revision 
 

The first stage in revising the FMP was to ensure that it 
adhered to the characteristics of PBL. Noting the 
newsworthiness of the effects of EMF on humans, the 
problem statement was revised to “an investigation into 
the effect that the magnetic field generated by common 
household appliances has on the human body. A student-
designed magnetic field measuring device allows the 
capture of a series of x, y, z field strength readings. This 
data is analyzed to determine whether exposure to the 
electro-magnetic fields (EMFs) causes electric currents or 
fields in the body that are stronger than the ones produced 
naturally by the brain, nerves and heart”.  

Using this revised problem statement, Figure 3 shows 
the stages required to successfully complete the project. 

 
Figure 3: Stages of revised FMP 

 
This revised problem statement was then measured 

against each of the four characteristics of an effective 
project. New project deliverables were identified and 
mapped to the curriculum to ensure significant coverage. 
This map, a portion of which is shown in Figure 4, shows 
that while there was significant technical coverage, the 
only deliverables related to engineering practice 
competencies were communication related. If desired, this 
would be the time to broaden the project deliverables. 

This mapping analysis showed that the revised FMP 
met the characteristics of a good PBL project by 
(i) covering significant content, (ii)  offering a level-
appropriate challenge for all students, (iii) providing an 
open-ended challenge, and (iv) requiring students to 
research, design, experiment, and analyze in the process 
of reaching a solution. 

Figure 4: Mapping Deliverables to Curriculum 
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The initial review of the FMP showed that it did meet 
the technical relevancy requirement, so no revision was 
required in this area. 

The last phase of the review was to map each project 
deliverable to graduate attributes. As seen in Figure 5, 
each graduate attribute has a number of indicators (ex. 
IV1–IV3, ED1-ED2), each of which has a set of specific 
performance indicators. These performance indicators 
range from Lower Order Thinking Skills (LOTS) such as

 Knowledge and Comprehension through to Higher Order 
Thinking Skills (HOTS) such as Integration and 
Evaluation. Each project deliverable was mapped to as 
many performance indicators as were applicable. 

Data from this attribute map automatically populates a 
summary chart of graduate attributes (see Fig. 6). This 
summary chart provides a quick reference of the graduate 
attributes supported by the project.  

 
 

 

 
 
 

 

Figure 5: Mapping deliverables to attributes 
 

 

Figure 6: Section of graduate attributes summary chart 

I = Introduced 
D = Developed 
A = Applied 
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Data from the graduate attribute map (see Fig. 5) is 

also used to automatically generate evaluation rubrics. A 
sample rubric (see Fig. 7) shows a graduated measurement 
scale ranging from Emerging, through Competency, to 
achieving Mastery. Each project deliverable corresponds 
to one or more rubric item and a specific graduate 
attribute key indicator. Together this information provides 
the student with a comprehensive look at how well the 
deliverable meets the project requirement, and which 
graduate attribute is being measured. 

This review process was repeated for each project in 
the program ensuring that each met the three criteria 
established for a well-defined project. An analysis of the 
complete set of graduate attribute summary charts 
identified any gaps in achieving compliance with CEAB’s 
requirement for graduate attributes. Gaps were corrected 
by adding appropriate deliverables to selected projects. 

 

5. SUMMARY 
 

Projects are an ideal way to help students prepare for 
the practice of professional engineering and to 
demonstrate compliance with CEAB’s requirement for 
graduate attributes. The process described in this paper 
establishes that mapping project deliverables to graduate 
attributes ensures technical relevance and coverage, as 
well as breadth of competencies.   
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Abstract – Professional Engineers are generally 
accountable for the construction of a physical artifact. 
Therefore, an important outcome of an engineering 
education is to appreciate this accountability within the 
context of engineering design classes. To this end, the 
second year mechanical engineering design class at the 
University of Saskatchewan was modified to emphasize 
accountability through physical prototyping.  Significant 
changes to the structure and facilities used in the course 
were required to implement this new teaching method.  
These included schedule changes, faculty advisor 
orientation, and the establishment of a five-workstation 
fabrication/prototyping lab.  Anecdotal and survey 
evidence over the first three years suggests the change was 
a success.  
 
Keywords: Engineering Education, Accountability, 
Prototypes, Fabrication, Design 

 
1. INTRODUCTION 

 
Our second year mechanical engineering design class – 

ME229 – is a 3 credit, single term, project based class that 
builds on elements of the basic design process that students 
learn in our first year Introduction to Engineering Design 
class – GE121. The basic design process taught is shown 
in Figure 1. 

 
 

 
 

Figure 1 – The Design Process 

 Traditionally, our ME229 class was split into four 
groups, each of which was mentored by a faculty member 
who guided the group through the design process, rather 
than acting as a technical advisor. Each quarter of the class 
was assigned a project that was provided by a client. 
Clients ranged from large companies, to entrepreneurs, to 
faculty members in other university departments who were 
looking for solutions to problems they encountered in their 
practice (e.g., surgical tools), research or other activities 
(e.g., winter bicycles with improved stability). Students 
assigned to one of the four projects were split into groups 
of up to five students. Each group was responsible for 
interim and final reports, and made a presentation to the 
client, ME229 faculty members, local professional 
engineers and faculty members from the College of 
Engineering’s   Graham   Centre (who teach our 
communication course).  
 

Projects ranged in complexity and relied on theory from 
different areas within mechanical engineering.  At this 
point in their program students had one year of general 
engineering and essentially one term of mechanical 
engineering experience. Although only four faculty were 
formally involved in the course in any year, students often 
consulted other ME faculty members on technical issues 
which in essence meant that most of the Department 
members were involved in the course in some form or the 
other.  

 
The vast majority of designs were paper designs, with a 

small number of projects suitable for the development of 
prototypes. Typically, prototypes were only produced by 
some of the groups who had access to a shop. Some efforts 
were made to introduce prototyping using LEGO bricks or 
similar tools for appropriate projects.  
  

ME229 was successful at presenting and teaching the 
first part of this design process. Everything up to, but not 
including development and verification was taught quite 
effectively. 

 
Based on feedback from industry and students, as well 

as a review of accreditation requirements, it was decided in 
the fall of 2011 to try to close this design loop. The closing 
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of this loop speaks specifically to “accountability in 
engineering design”. 

 
Accountability is a foundational principle of 

professional engineering.   In this context, accountability is 
defined as the process of following through a design to the 
prototyping and testing stage to ensure the requirements of 
the problem statement are fulfilled. All through their 
education, students are continually reminded of the 
responsibility that they will need to take for their work 
when they move into industry after graduation.  The typical 
completion of a design project class, including capstone 
courses, is a report and presentation, which is given to the 
industrial client, who may or may not try to implement the 
findings. Even if a client does implement a particular 
design, the students who worked on this design (or even the 
supervising faculty) typically are not made aware of this 
implementation unless they work for the company after the 
course ends. While there is some level of accountability in 
the overall process it is not the same as the expectations 
that will be placed on students when they move to industry, 
where a paper design will be manufactured or 
implemented.  

 
In order to introduce this accountability within the 

context of this mechanical engineering design class, it was 
decided that the introduction of the production of a 
physical prototype, which would be tested and verified 
against project objectives, would be  critical in establishing 
this accountability. 

 
Physical prototyping can take on many forms. A simple 

demonstration model may be constructed to demonstrate 
the overall look and feel of a design. A proof of concept 
prototype can be made to demonstrate a small subset of the 
functionality of a design. Or, a fully working prototype can 
represent the total functionality of a proposed device. 
Within the context of this class, the prototypes developed 
fall into the latter category – a working model achieving all 
of the functions of the desired solution.   

 
In summary, a change was needed in the way we teach 

design to close the design loop and thereby teaching 
accountability in design. It should be noted that our 
department is not alone in making this change to design 
courses. In recent years there has been a trend to return to 
hands-on education and physical prototyping in 
engineering design and manufacturing courses. One only 
has to walk through any engineering building constructed 
or renovated in the past decade to see that there has been 
an increased emphasis on providing space and facilities for 
students to work on prototypes and to gain hands-on 
experience.  
 

 
 

2. ACCREDITATION ISSUES 
 

The development of the ME229 course has utilized the 
philosophy of feedback and development which is essential 
in the new Canadian Engineering Accreditation Board 
(CEAB) outcomes approach to engineering education.    
Although this class has relevance for many CEAB 
attributes, there are two in particular that apply to 
accountability in engineering [1]. These are: 

 
Attribute 10: Ethics and Equity "An ability to apply 

professional ethics, accountability, and equity."  
 
We developed Program Indicator (10c),  “Demonstrates 

accountability to stakeholders (co-workers, clients, 
supervisors,  etc.).” This is relevant to the accountability in 
design that we try to teach in this class. 

 
Attribute 5: Use of Engineering Tools "An ability to 

create, select, apply, adapt, and extend appropriate 
techniques, resources, and modern engineering tools to a 
range of engineering activities, from simple to complex, 
with an understanding of the associated limitations."   

 
We  developed  Program  Indicator   (5d),   “Evaluates   the  

limitations of an engineering technique, resource or tool 
and then judges validity of the results.  Fabricating and 
testing prototypes is an ideal method to teach the limitation 
of engineering analysis. 

 
 

3. THE NEW CURRICULUM 
 

The theme for the new curriculum for ME229 can be 
summarized in a single phrase:  

 
"build what you design and test what you built"  
 
This phrase embodies the idea of accountability in 

engineering. The students would be required to be 
accountable for their design, drawings, construction and 
testing. 

 
The most important curriculum change was to 

implement a series of "gates" monitored and controlled (via 
an approval process) by our faculty advisors at certain 
stages of the design process. These gates included: 

 
 problem definition statement,  
 alternative designs and selection, 
 working drawing preparation, 
 initial testing 
 revisions, and 
 final performance testing. 
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The faculty approval of the students' working drawings 
was a significant milestone. These hand-drawn, sketched 
working drawings were required to be of a quality suitable 
for submission to a machine shop for fabrication. Often, 
passing through this gate required multiple attempts. 
 

Another significant milestone was the initial test.  The 
faculty advisor would witness the first test of their 
fabricated prototype, witnessing the performance and 
making note of any changes that were required during the 
fabrication process. 

 
After this first test, the students were then free to make 

any changes and modifications as required to improve the 
performance of the design. 

 
This workflow was intended to mimic that present in a 

professional design office. 
 

Significant changes were required to the structure and 
schedule of our class.  First, a single common project was 
given to the students (as opposed to four in the past). This 
project was carefully chosen to be: 

 
 open-ended, encouraging broad thinking, 
 socially relevant, and 
 conducive to building the prototype given the 

tools and material limitations within our lab. 
 

Having students work on a single project also helped to 
address concerns over the range of background preparation 
that students had for the four projects the class worked on 
over a particular year. It also provided a larger variety of 
potential options to the client. 

 
The schedule required changes to allow time in the 

laboratory for prototype construction. Lectures pertinent to 
the design process (sketching and drafting, tolerancing and 
dimensioning, codes and standards etc.) were frontloaded 
into the term to provide the needed tools for the students. 
More general lectures (professional practice, project 
management, etc.) were moved to the back of the term. 

 
Obviously, adding this prototype requirement to the 

class would require borrowing time and effort from 
something else. In this case, the length and content of the 
report were reduced somewhat. Certainly, all required 
elements of a good engineering report were retained; 
however, conciseness and brevity were enforced. Actual 
fabrication time in the laboratory was done outside of class 
and tutorial hours. This did increase the student workload 
somewhat. However, most students found that it was a nice 
alternative to the more academic activities found in the rest 
of their classes. 

 
 

4. IMPLEMENTATION 
 

This new curriculum was implemented in January, 
2012. One of the first tasks was to engage our faculty 
advisors. The role of these advisors changed somewhat – 
in addition to helping the groups through the paper design 
process, they would also be observing and evaluating the 
students working in the fabrication lab. This was a concern 
because some of the advisors were involved in advanced 
academic research, with little experience in basic shop 
practice. This required some mentoring and orientation to 
make sure they could advise effectively. 

 
Additionally, support from our laboratory technicians 

was required to set up and maintain the lab.  As there is 
currently no dedicated space for student design projects in 
our current building (a building expansion is in the 
planning stage), space in our laboratories is always at a 
premium, and a lot of juggling was required to ensure the 
right space was available at the right time. As well, 
cooperation was required to deal with the inevitable mess 
and disruption of this type of the lab. 

 
Safety is always a concern with students working in a 

lab. In our case, the students worked unsupervised during 
designated times (afternoon and evening sessions). A 
lecture in shop safety was given, and each student was 
required to sign a waiver indicating that they understand 
the safety implications and agree to the rules of the shop. 
Additionally, a "Safety Monitor" was assigned to each 
work session whose responsibility included opening up and 
locking down the lab, cleanup, and general oversight of the 
work going on. Generally, this system has worked very 
well. Work sessions were safe, the lab was clean and neat 
at the end of each session and the students had a lot of 
flexibility in terms of access to the lab. 

 
 
The fabrication lab itself is fairly basic and 

straightforward. As seen in Figures 2 and 3, it consists of: 
 

 five rolling student workstations, (each with a 
set of basic fabrication – oriented hand tools), 

 a common cabinet containing some more 
sophisticated hand power tools, hardware and 
miscellaneous materials, 

 sheet material racks, 
 stick material racks, 
 woodcutting bandsaw, 
 stationary disk sander, and most recently, 
 32 inch laser cutter for wood and plastic. 
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Figure 2 - Common Tool Cabinet and Material Rack 
   

 
 

Figure 3 - Student Workstation and Storage 
 

Due to space limitations of our existing 60's era 
building, the entire laboratory is mobile to make best use 
of the flexible space available to us. It is deployed for the 
three or four weeks required in February/March, and stored 
for the rest of the year. We were fortunate enough to have 
local sponsors provide much of the tools and materials as a 
donation. These sponsors are acknowledged at the end of 
the paper. 
 

The materials stocked in the laboratory varies from year 
to year depending upon the project. For example, in 2014, 
many different types of sheet materials were included for 
use with our laser cutter. As well, specific hardware 
anticipated to be useful was stocked. 

 
Students often complain about the limitations imposed 

by this set of tools. However, no matter what the 
sophistication of the tools available, a limitation will be 
imposed. In the case of our lab, the limitation is a little bit 

more strict than those with access to a well-equipped 
machine shop. However, as the emphasis in this course is 
to introduce the students to the concepts of prototyping and 
accountability in design, rather than to teach specific 
manufacturing techniques (which is formally introduced in 
upper year courses) it is felt that these tools are adequate 
for this purpose. It should also be noted that students come 
into this course with a wide variety of hands-on experience 
and while some would welcome more advanced tools, 
other students are challenged by the current set of tools and 
materials. It was observed that students with advanced 
fabrication capabilities tended to assist others with less 
experience. 

 
5. TYPICAL PROJECTS 

 
Suitable projects are crucial to the success of this kind 

of the project class. Projects must be at the correct technical 
level for a second-year class, require suitable analysis, and 
be buildable within the context of the tools and materials 
available in the lab. 

 
In the first year (2012), a level control system for water 

in a tank was assigned. This project involved fluids, 
applied mechanics, material selection and basic controls 
and did require prototyping for testing purposes. The 
project,  however,  did  not  involve  a  “client”  and  so  a  change  
in direction was pursued in the following years. For the last 
two years, we have worked in partnership with the Tetra 
Society of North America [2]. This is an organization that 
links disabled people with very specific requirements not 
serviced by commercial devices with builders and 
engineers willing to volunteer to design and fabricate these 
devices. 

 
One of the biggest advantages of working with this 

organization is the social awareness it brings to the projects 
as well as the ability to work directly with an end-user 
client. Typically, the client helps to introduce and set up 
the problem, act as a resource during the development of a 
solution, and attend and evaluate our final presentations. 

 
Our first Tetra project, in 2013, was a backpack retrieval 

device for a client located in Vancouver. This client uses a 
motorized wheel chair and is not able to reach around to 
the back of his chair to retrieve his backpack without first 
moving out of his chair and then using the controls to move 
his chair so that he can reach his backpack.  The client met 
with the class via a videoconference link at the beginning 
of the project, and visited Saskatoon for the final 
presentation. This project included consideration of 
ergonomics, kinematics, and material selection. 

 
In 2014 the project consisted of a page turning machine 

for a Tetra client in Regina. This was a device intended to 
turn the pages of a book (based on a provided gear motor 
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drive unit) autonomously. Our client was a woman with 
multiple sclerosis who helped us introduce the project and 
eagerly sat through six hours of presentations at the end of 
the project. This project included consideration of power 
and torque, kinematics, and material selection. 

 
A key step in developing a prototype is also identifying 

the relevant codes and standards that the design would have 
to meet. Groups were required to submit this list to their 
faculty advisor, along with a plan for testing, based on 
these codes and standards. While the available materials 
for prototypes would not be the same as materials that 
would be used in a final design (e.g., some student groups 
used wood for prototypes of the backpack retrieval 
system), the prototypes did allow them to demonstrate their 
conceptual design to the client. Recommended materials 
selected for the final design could be identified in the final 
report, which also included analyses to size and select 
components of the final design.     

 
The advisors and students have given very positive 

feedback on these type of projects. One particularly well-
received part of this course was the final presentations 
where students demonstrated their prototype designs to the 
client, who provided immediate feedback. This introduced 
an extra level of accountability beyond the grade they 
obtained for the course. There was also increased interest 
in these presentations from local media and stories on the 
project presentation night were featured during the week in 
the local newspaper and on local newscasts. 

 
The success of these client based projects has meant that 

future projects will also follow this type of approach.    We 
will continue with these in the near future. 

 
 

6. THE RESULTS 
 

Two ways to evaluate the success of this 
implementation are to analyze our year-end class 
evaluations for the years previous and after 
implementation, as well as the collection of anecdotal 
evidence. 

 
At the end of each year's class, an online evaluation is 

completed by the students using  the  university’s  standard  
course evaluation process [3]. There are two questions in 
particular that are relevant to the theme of this paper: 

 
Question 1 -- "I have learned something which I 

consider valuable" 
 
Question 2 -- "My interest in the subject has 

increased as a consequence of this course" 
 

The students would provide an answer from 0 to 5, 5 
being the best. The score for the year previous to the 
implementation (2011), as well as the subsequent three 
years, is provided in Table 1. Note that previous to 2011, 
surveys were not completed for this class. 

 
Table 1 - Class Survey Results 

Year 2011 2012 2013 2014 
Question 1 4.0 3.8 4.2 4.4 
Question 2 3.3 3.7 3.9 4.1 
Average 3.7 3.8 4.1 4.3 

 
These results show a marked improvement in the 

perceived value and interest in the class.  Although this 
improvement might be due to a number of factors, 
including the nature of the projects or the number of 
projects included in the class, based on talking to the 
students, we believe that a lot of this is attributable to the 
inclusion of a prototyping requirement.   

 
In the past three years, there were no negative comments 

provided in the student written feedback regarding the 
requirement for prototyping. There were many positive 
comments, the following being somewhat typical: 

 
"The design project was a challenge that came with its 

ups and downs but it was the most rewarding experience of 
my university career so far.  To be able to design, draw, 
and build a real device for a real person with a real 
problem to be solved was an absolutely incredible 
experience." 

 
In addition to this survey data, there is a wealth of 

anecdotal data directly observed during the time spent 
working with students in our prototyping lab. Very 
common quotations are: 

 
"We never thought of that" 
"We thought this would work, but it doesn't" 
"We really didn't think this part through very well" 
 
All of these comments indicate enhanced learning of the 

consequences of design decisions that are never obvious 
until actual fabrication is done. 

 
Although these results, both numerical and anecdotal, 

are certainly not scientifically rigorous, we believe that 
implementation of our prototyping lab has benefited the 
students sense of value of the class, as well as their sense 
of professional accountability. 
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7. CONTINUING DEVELOPMENT 
 

We believe, in conclusion, that the introduction of  
hands-on prototyping in ME229 has indeed added 
accountability to the students' design experience. We 
expect over the years to increase our tools and materials 
selection and as such the variety and complexity of the 
projects can expand. In particular, a laser cutter was added 
to the lab this year. This was extensively used by the 
students, with thousands of wooden and plastic parts 
fabricated on this machine. 

 
It must be emphasized that this is a second year project 

in  which  their  “academic  tools”  are  limited.      A new third 
year design class is currently being planned that will 
incorporate our existing machine and manufacturing 
curriculum into a single project-based class with a design 
context. This course will provide an important bridge 
between this introductory second-year course and our 
fourth year capstone design project course, to carry 
forward the philosophy of accountability in design. 

 
As well, the new CEAB outcomes approach has 

facilitated the development of the course. The use of 
attributes and indicators has facilitated assessment of group 
members and the use of feedback has allowed a continuous 
means of evaluating if the course has met its objective of 
 providing accountability. 
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Workshop Title:  Introducing and Teaching Mobile Application Design and Development 
 
Presenter: 
 
Qusay H. Mahmoud, Ph.D. 
Professor and Chair 
Department of Electrical Computer and Software Engineering 
University of Ontario Institute of Technology 
Oshawa, ON, Canada 
Email: Qusay.mahmoud@uoit.ca 
Web: http://faculty.uoit.ca/mahmoud 
 
Abstract: The diversity of mobile hardware and software platforms is one of the major challenges 
in developing applications for smartphones. Such applications are developed on one platform such 
as Microsoft Windows, Apple Mac OS X, or Linux, and deployed on a totally different platform 
such as a smartphone or a tablet computer. Integrating mobile application development into 
computing education can raise the level of excitement and satisfaction among students, however, 
the variety of mobile platforms and cross-platform development tools available today may lead to 
confusion and frustration among instructors and students. This workshop will help participants 
understand the opportunities, challenges, and the different technologies that can be used to develop 
mobile applications for a variety of platforms, including: iOS, Android, BlackBerry, and Windows 
Phone Mobile, with a particular focus on using HTML5/JavaScript/CSS and cross-platform 
development tools to develop highly interactive mobile apps. This workshop will be of particular 
interest to faculty interested in integrating smartphones and mobile application design and 
development into their courses. 
 
Intended audience: Software engineering educators who are new to mobile application design and 
development and interested in integrating smartphones, tablet computers, and mobile application 
design and development, into their courses and research. 
 
Presenter Biography: 
Qusay H. Mahmoud is a Professor of Software Engineering and Chair of the Department of 
Electrical, Computer and Software Engineering at the University of Ontario Institute of 
Technology. He holds a Ph.D. in Computer Science from Middlesex University (UK), and an M.Sc. 
in Computer Science and a B.Sc. in Data Analysis, both from the University of New Brunswick in 
Canada. Qusay is the author of two books: Distributed Programming with Java (Manning 
Publications,   1999)   and   Learning   Wireless   Java   (O’Reilly,   2002). He a licensed Professional 
Engineer (P.Eng.) in Ontario, and a Senior Member of the IEEE. Qusay has presented numerous 
workshops and tutorials on mobile application development. 
 
Qusay has led the development of the CMER Academic Kit (http://www.cmer.ca/kit.html) that 
contains instructor and student resources for developing state-of-the-art mobile applications for a 
variety of mobile devices. CMER apps are available for free download from various app stores (see 
above Website). 
 
Materials provided: Each participant will be provided with access to online support material 
including a copy of the workshop slides a roadmap on how to make effective use of it. Smartpones 
will be available for participants to experiment with downloading and running sample applications 
developed during the workshop. 



 
Audio/Visual and Computer requirements: A digital data projector for the presentation as well as 
to demo various mobile applications during the workshop. 
 
Laptop Required: Recommended. 
 
Space and Enrollment restrictions: A meeting room to accommodate 20 - 30 participants. 
 
Other critical information: Earlier versions of this workshop have been presented at international 
conferences worldwide, including IFIP World Computer Congress (Montreal), HICSS (Hawaii), 
and SIGCSE 2008 & 2010. The number of participants has been between 13 – 55.  The content has 
been revised based on participants feedback as well as trends in mobile technology. 
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INTRODUCTION 
     Many undergraduate programs include one or more significant 
“capstone” experiences, designed to integrate knowledge from across the 
degree. This paper explores some pedagogical innovations that are 
currently being applied to a fourth year engineering thesis course, in 
which students conduct research independently, under the supervision of 
a faculty member. The thesis course is vital for the development of 
strong research, critical thinking and problem solving skills, but student 
experiences in independent study scenarios are extremely uneven, with 
huge variances in expectations, contact time, and project scopes. In the 
particular course under study, up to 200 students conduct research with 
over 100 supervisors across 20 academic departments, and across 
theoretical, clinical, design and laboratory settings. The key goals of our 
four pedagogical innovations are: 1) to improve both student and 
supervisor experience; 2) to improve our ability to meet thesis learning 
objectives; and 3) to explore new educational possibilities for 
independent study courses as well as undergraduate research programs.  
METHODS 
     The project is currently in its early stages, with some work completed 
on initiatives #1 and #2 outlined below (primarily#1); further work will 
include the full roll-out of four pedagogical innovations and a 
comprehensive measure of impact of all aspects of the project. More 
specifically, the pedagogical innovations are:  

1. Online support for students, including the development of 
reusable learning objects (RLOs) as short videos, each 
outlining a very specific element of the research process. 
Further details and initial results are provided below.   

2. A series of rubrics have been developed to apply some 
degree of uniformity to the thesis course, and to support the 
students in meeting a specific set of learning objectives. 
However, the rubrics have yet to be properly validated or 
tested for inter-rater reliability or usability. In performing a 
more formal analysis on the rubrics, using both statistical 
analysis and user interviews, we hope to further refine and 
develop the rubrics to make them more usable and functional.  

3. A training program will be established for graduate students, 
focusing on mentorship. Graduate students play a significant 
role in the undergraduate research experience, often serving 
as mentors for the undergraduate student. However, graduate 
students seldom have the opportunity to receive training in 
research leadership and teaching, and especially training that 
focuses on mentoring junior researchers. A pilot program will 
include a weekly discussion group for 10 graduate students. 
The group will act as a support mechanism for graduate 
students involved in supervising undergraduate thesis 
students, and will develop ideas for a more formal 
mentorship program to be run in the future. The program will 
involve theory and role play based sessions, along with 
reflections on real interactions with supervisees.  

4. A collaborative learning initiative will be established for 
students, encouraging peer mentorship and group research 
practices throughout the school year. Students will share 
progress, ask questions and provide feedback on problems, 
accomplishments and approaches, supported by online 
collaborative and peer feedback tools.  

     These innovations support two key beliefs about learning in the thesis 
context: first, that the thesis should support the development of self-
regulated learning, that is, learning in which the student is able to 
identify and generate thoughts, feelings and behaviors that allow them to 
attain specific learning goals [1]. Through the first and second described 
pedagogical innovations, we are seeking to determine best practices in 
assessment and content delivery in independent, self-directed learning 
experiences. Secondly, learning is social (Social Cognitive Learning 
Theory [2]); people learn from observing and interacting with others, 
and by doing so learners acquire knowledge, skills, strategies, beliefs 
and attitudes. Through training graduate students in mentorship and 

supporting student collaborative learning (innovations 3&4), we will test 
specific strategies designed to enhance the learning that takes place 
given the relationships between undergraduate students, and between the 
undergraduate students and the graduate student and faculty members 
involved in the thesis experience. 
     In the first year of the project, the focus has been on rolling out the 
first innovation, the creation of online support and more specifically, the 
development of RLOs. In the past, a number of full-length lectures have 
been posted online for students. These lectures, typically 30-45 minutes 
in length, have failed to take advantage of the possibilities of the 
medium. Well produced, shorter videos outlining a more specific 
message allow more flexible, reusable learning units that the student can 
put together in a way that meets their own needs.  The first set of videos 
produced are geared towards incoming fourth year students, who are in 
the process of finding a supervisor and developing a set of research 
goals. Using videotaped interviews with supervisors, 5-8 minute videos 
were created with “pop-ups” emphasizing important aspects of the 
faculty member’s response. Each video is themed with a sub-topic, more 
specifically: 1) Finding and approaching a thesis supervisor; 2) A brief 
overview of the thesis experience; 3) What to expect from the thesis 
experience; 4) Final advice and 5) Biggest pitfalls. Given the nature of 
the thesis course, it was important to create a series of short videos that 
focus on a very specific element of the process, allowing students to 
easily access information as they need it and as many times as they need 
it, encouraging both self-regulated and just-in-time learning. In addition 
to the new RLOs geared towards incoming students, existing online 
lectures were reconfigured into shorter (3-8 minutes) RLOs, targeting 
specific topics. For example, the online lecture on the Literature Review 
was divided into four videos on purpose, organization, rhetorical 
strategies and checklist.   
RESULTS 
     Our experience so far in developing RLOs has helped to shape our 
understanding of the process and constraints involved in delivering 
effective RLOs. Appropriate preparation of interviewees, the selection 
of good questions that will elicit information useful to students, 
considering different platforms for video creation, and identifying and/or 
“chunking” key information for short videos are all important aspects in 
creating good RLOs for the undergraduate thesis course. After the RLOs 
were published in winter 2014, total views, according to Youtube 
analytics, ranged from 62-187 per video, in a class size of ~160, 
indicating relatively strong uptake from the students. Future evaluation 
of the RLOs will include a student survey to measure effectiveness.  
DISCUSSION 
     The thesis experience is an important, but traditionally under-
supported learning experience in the undergraduate engineering 
program. Through a variety of pedagogical innovations, we hope to 
improve the quality of the experience for both students and supervisors, 
and encourage all students to meet the stated learning objectives of the 
independent research experience. At this time, we have started to 
implement our first innovation, online support for students, with plans in 
place to implement other initiatives to support the thesis course. It is our 
hope that once innovations have been piloted and evaluated, they may 
serve as models for other programs and institutions, and that there may 
be opportunities for collaboration with other programs offering an 
undergraduate research experience. Some of the proposed innovations 
could also be applied to summer research experiences and potentially 
capstone design courses.  
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Abstract – Approximately 1.23 billion people play 
video games. Gamification is the study of what motivates 
gamers to invest thousands of hours into these games, 
and more importantly attempts to derive principles of 
gamification that can be applied to motivate people to 
participate in non-video game tasks with equal zeal. 
Education is one area where gamification is being 
explored.  

One gamification principle is to give participants a 
clear indication of their progress. In video games this is 
often depicted as ‘points’. The typical grade system 
could be interpreted as a type of point system, but one 
without much flexibility. Implementation of a bonus point 
system as an overlay to the standard grade system may 
allow for more flexibility.  

In this study this gamification principle was used to 
motivate students in a first year design course to 
participate in optional professional development 
activities and to foster an active online peer feedback 
and instruction community. With relatively minor 
modifications and repackaging of an existing evaluation 
methods students were motivated to give optional oral 
presentations, attend optional skill development 
workshops, and to contribute extensively to an online 
learning community.  

This implementation of gamification was found to 
have a net positive effect on student participation in 
Professional Development activities. Where it succeeded 
and where it failed will be explored.  
 
Keywords: Gamification, professionalism, motivation, 
first year engineering. 
 
 

1. BACKGROUND ON GAMERS AND 
GAMING 

 
Games, of all kinds but most specifically video games, 

have had a place in my heart since I was a child. My first 
video gaming experience outside of an arcade, to which I 

was not supposed to frequent by parental decree, was in 
the classroom in the mid 1980’s. I remember racing 
through my math assignment in order to earn the 
privilege of 15 minutes on the classroom computer (an 
Apple IIe I think) to play Oregon Trail [1]. I would 
strategize my way around broken wagon wheels, 
dysentery, and the recess bell which was my signal to 
“turn off that machine,”  in order to cross America in the 
1800’s. It was a positive learning experience for me, both 
motivating me to do my math assignments and to learn a 
little about history. Unfortunately it was a rare experience 
due to splitting one computer between an entire 
classroom. It got slightly better when my elementary 
school purchased a whole computer lab and my 
geography skills were challenged by Where in the World 
is Carmen Sandiego? [2]. 

The value of Oregon Trail and other edu-games in the 
classroom was widely explored even back then and for 
many of us who grew up during that time these games 
are an indelible memory. What is less commonly known 
is that pioneers (of the computer scientist type, not the 
Oregon Trail type) such as Bowman were already 
exploring the psychology of what motivated video game 
players like me to attack my math assignment with such 
zeal in order to hunt monochrome animals using a four 
arrow keyboard.  

Bowman studied the “addictiveness” of the Pac-Man 
arcade game and concluded that was due to: 

 
“…an action system where skills and challenges are 

progressively balanced, goals are clear, feedback is 
immediate and unambiguous, and relevant stimuli can be 
differentiated from irrelevant stimuli.” (p. 15) [3]. 

 
Fast forward 25+ years and video games have 

developed into the dominate entertainment media 
industry. Globally in 2013 1.23 billion people are gamers 
and will spend over $70 billion on their games [4]. 
Compare this to the $15 billion revenue generated by the 
entire global recorded music industry in 2013 [5]. The 
rise of the casual gamer brought on by the expansion of 
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Facebook and mobile games, means that gamers are no 
longer a niche demographic. Gaming is reaching more 
and more people with my 72 year old mother bordering 
on addicted to her Facebook games and Canada being the 
first country in the world to have more female mobile 
gamers than male [6]. 

The more recently the term gamification has come 
into usage. Pre-2004 there was no term gamification, but 
by 2010 it was a common term in business, marketing, 
and education. Its meteoric rise has led to some 
disagreement on the definition of the term, but a 
generally definitions revolve around: 

 
Gamification: use of motivational factors that drive 

people to play games to motivate people to do non-
gaming tasks. 

 
However as with any trendy term it is being used in 

other ways. As Landers points out in the education world 
when someone says,  

 
I would like to “gamify” my course, they might be 

thinking: 
1) I’d like to add some games to my course. 
2) I’d like to teach my students using games. 
3) I’d like to make assignments more fun. 
4) I’d like to motivate my students to do more 

work. [7] 
 
The edu-games discussed earlier were an 

implementation of items 1) and 2) and are not a new 
development. However more recent definitions of 
gamification focus on 3) and 4). At this level it is not 
about actual games, but rather the psychological 
understanding of what motivates people to game and can 
we transfer this understanding to manipulate people into 
doing what you want them to do. 

Modern day gamification pioneers like Tom Chatfield 
have focused on these transferable motivational factors. 
He has identified seven of them.   

 
1) Experience bars measure progress 
2) Multiple short and long term goals 
3) Rewards for efforts 
4) Rapid, frequent and clear feedback 
5) Element of uncertainty 
6) Windows of enhanced engagement 
7) Other people [8] 

 
In an extensive literature review on gamification 

Hamari et al. concluded that generally gamification was 
found to have positive effects, but the degree of those 
positive effects depends on both the context and the 
characteristics of the users. For instance he found that 

education was the most common context, at least in peer 
reviewed literature, and also had the most positive effects 
when used to motivate students. He does qualify this with 
the fact that the vast majority of these studies used 
descriptive statistics and therefore cannot be extended to 
other student bodies.  

There were some negative effects evident, two 
prominent ones were increased competitiveness between 
the students and a potential counter explanation that the 
positive effects may be due to a short term novelty factor 
[9]. 

Like Chatfield, Hamari also identifies a list of 
motivational factors which he names affordances. They 
are different then Chatfields, but there is definitely 
overlap. 

 
1) Points 
2) Leaderboards 
3) Achievements/Badges 
4) Levels 
5) Story/Theme 
6) Clear Goals 
7) Feedback 
8) Rewards 
9) Progress 
10) Challenge [9] 
 
In a study that parallels the one to be discussed here in 

many ways, Denny found generally positive results in the 
gamification of the online community for a class of 
approximately 1000 students [10].  

Though Chatfield, Hamari and Denny are all positive 
about the potential of gamification, Margaret Robertson 
and others would argue that the term has begun to be 
abused, particularly in business applications. Initiatives 
that only superficially address these motivational factors 
are being deemed as “innovative” gamification 
initiatives. 

 
[T]hose who are trying to spice up their businesses 

with badges and levels don't actually understand how a 
game works. Rather than adding levels of engagement 
that make something fun, some of these applications 
simply add tracking systems…"pointsification" [11] 
 

2. GAMIFICATION OF A LARGE FIRST 
YEAR ENGINEERING DESIGN COURSE 

 
My goal with this study was to re-think, re-brand and re-
implement an existing evaluation component of a first 
year design course to leverage some of these gamification 
motivational factors / affordances to subtly encourage 
more professional behaviour in the student body without 
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a major resource investment. Pre-study 5% of the student 
grade was determined using a classroom response 
system. Initially we used iClickers [12], but recently 
moved to Top Hat [13] and cell phones. Students were 
given marks for each correct answer to in-lecture 
questions. Other than having to curb some cheating 
behaviour the systems worked well for their purpose, but 
I wanted to try to get more out them. 

For this study, I first I increased the stakes to get 
students’ attention, raising it from 5% to 10%. Next I 
rebranded it. Rather than being called “iClicker grade” or 
“Top Hat grade” it was now in the syllabus as their 
“Professional Development grade.” I kept the basic 
mechanic the same by saying that the Professional 
Development grade was based on the number of correct 
answers to in-lecture questions. For instance in the 
winter 2014 there were 42 in-lecture questions so a 
student who answered 30 of these correction would get 
7.1 / 10 for their Professional Development grade.  

The most significant change however came from the 
gamification of this grade. I identified a list of optional 
events which I felt contributed to the students’ 
professional development. I then offered Bonus PD 
Points (see Table 1) for taking part in these events. 
Students who earned these bonus points could use them 
to “offset” any incorrect answers that may have lost them 
Professional Development grades. Bonus PD point events 
for both the Fall and Winter term include: 

 
Table 1: Bonus PD Points for the Fall and Winter 2013-
14 
Event Bonus PD 

Points 
Workshop on Google Sketchup +3 
Optional oral presentation +10 
Complete a personal leadership style 
inventory 

+10 

In-person ask an Engineering Librarian 
a project-related research question 

+2 

Seminar on Intellectual Property +2 
Online evaluations of members of the 
teaching team 

+1 / 
evaluation 

Hands-On Skills development workshop 
run by a student design team. 

+2 

Contributions to the online course 
discussion forum (Top student 
contributors; Top endorsed “good 
questions”; Top Endorsed “Good 
Answer”; Top 10 listeners) 

+2 to +10 

Ministry of Labour – Worker Health and 
Safety online training 

+5 

Ontario Centre for Engineering and 
Public Policy -  Student Essay contest 

+10 (+10 if 
they won) 

 
Fig. 1. The logistics of crediting students with their bonus 
PD points varied. For digital surveys the credit was 
recorded digitally by our Learning Management Software. 
For other activities such as visiting an engineering 
librarian we armed the librarians with this humorous 
cards modeled after Canadian Tire money. Students use 
the code on the back to claim their bonus points online. 
 

3. RESULTS 
 

The new gamified system definitely had an effect, 
mostly positive but with some negatives. The net effect 
was positive enough to warrant using a similar system 
next year, perhaps with some tweaks to address issues 
that will be discussed. The specifics of each gamified 
event are discussed below. 

 
Google Sketchup Workshop 
+3 Bonus PD points 

This optional evening workshop was always popular 
with the students, but this year there was standing room 
only. Anecdotally there were more students this year, but 
no previous attendance data exists to confirm this.  

 
Engineering Librarian Visit 
+2 Bonus PD points 

In the previous year the engineering librarians 
couldn’t remember more than a handful of students who 
actually came into the library and asked for help with 
their project research. This year we had 153 students 
(17%) claim their PD bonus points earned by asking a 
project-related research questions of one of the librarians. 

 
Ontario Centre for Engineering and Public Policy 
Student Essay contest 
+10 Bonus PD points (additional +10 if they won) 

14 students who entered this contest constitute only 1-
2% of our student body, but I’m convinced we would 
have had zero entries otherwise. 

 
Ministry of Labour – Worker Health & Safety online 
training 
+5 Bonus PD points 
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The Ministry of Labour is driving to reduce work 
place accidents. One method is to better educate workers, 
particularly high risk workers, like our young, 
inexperienced students. 520 students (58%) passed the 
online training found on the Ministry’s website and 
earned their bonus points. 

 
Intellectual Property Seminar by the Canadian 
Intellectual Property Office 
+3 Bonus PD points 

Intellectual property and patents is part of our course 
curriculum, but many students want more. We arrange an 
additional seminar for those students and managed to 
convince 166 students (19%) to come out late one Friday 
afternoon. 

 
Hands-On Skills workshop 
+3 Bonus PD points 

Seven students (<1%) attended a day long workshop 
run by SPARK, one of our student design teams, to 
enhance their basic hands-on build skills (power tools, 
soldering, etc). 

 
End-of-Term Survey 
+1 Bonus PD point 

Each term we ask students to complete an optional 
end-of-term survey. This is in addition to the official 
course evaluations. We do this to collect more detailed 
feedback. In the Fall term we offered a lottery prize with 
a $100 Amazon gift card being given to one person who 
completed the survey. With the previous system we got 
209 responses (23%). In the winter term we offered 1 
bonus PD point for completing it and got 701 (79%) 
responses.  

 
Teaching Assistants (TA’s) and Communication 
Instructor (CI’s) Feedback 
+1 Bonus PD point / evaluation 

Each term we ask students to complete an optional 
survey to give feedback to their TA and CI. In the fall we 
offered no direct incentive and received a low response 
rate of 245 (27%) for TA’s and 175 (20%) for CI’s. This 
term we offered 1 bonus PD point for completing each 
survey. We received 737 responses (83% response rate) 
for the TA evaluations and 721 responses (81% response 
rate) for CI evaluations. 

 
Bolton Leadership Style Inventory 
+10 Bonus PD points 

We instructed the students on the Bolton and Bolton 
leadership style inventory, but we wanted to have them 
complete the inventory and then report their style to us 
for use in team formation. 761 students (85%) responded 
to our call in order to earn the bonus PD points. 

Fig. 2. In the fall we didn’t offer any direct incentives for 
the TA and CI feedback survey and offered a lottery for a 
single $100 gift card for the End-of-Term survey. In the 
winter we offered 1 bonus PD point for each survey and 
yet saw a drastic increase in response rate. 
 
TED Talk Oral Presentation 
+10 Bonus PD points 

Students were asked (optional) to find and watch a 
TED talk video presentation [14] and then present to 
their peers in tutorial on that video. 159 students (18%) 
found time at a busy time of the year to practice their oral 
presentation skills.  
 
Online Discussion Forum 
+2 to +10 Bonus PD points 

Piazza [16] is another new tool introduced this year 
that has been a huge success. In the fall term we had a 
total of 3022 contributions from an active student 
population of 808 (91%). In the winter we saw a little 
drop off, but still respectable with 2705 unique 
contributions from an active 556 students (62%). The 
only issue, from the perspective of this course, is that we 
are unsure if our success with our online forum stems 
from the new online forum tool itself or from our offering 
bonus PD points to leaders in the online community. 
 

4. DISCUSSION 
 

The power of the bonus PD points to motivate students 
to undertake tasks deemed by the teaching team to be 
beneficial was a runaway success. Quadrupling response 
rates in key information gathering tasks was beyond what 
we had hoped for, however after that initial glow wore off 
there were some issues we faced. 

A major incident occurred with the optional 
Intellectual Property seminar. The seminar was 
scheduled primarily for an upper year course and so the 
timing was not ideal for a number of our first year 
students. This resulted in a large number of student 
complaints that it wasn’t fair that the seminar conflicted 
with their lab or other mandatory activity. The general 
feeling from a significant number of the student body was 
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that these were not “bonus points” and instead that they 
were entitled to them.  

This sense of entitlement continued to the event when 
approximately 50 students who had arrived just as the 
seminar was completing were turned away from the door 
while I was still collecting attendance. The entitlement 
was so strong that students were extremely upset that 
they were being prevented from falsely claiming 
attendance at the event. This led to some additional 
unprofessional behaviour including cursing at a teaching 
team member. 

We had underestimated the strong motivation these 
points had for the students, but also that students who 
wouldn’t have cheated on an exam felt alright cheating 
for PD points. We speculate that part of this was due to 
the status of “points” buffering them from grades and so 
students felt more comfortable ignoring their ethical 
considerations. This meshes with Dan Ariely’s study that 
showed people are more willing to cheat for tokens that 
can be converted into money than they are willing to 
cheat directly for money [15]. 

Another major limitation that has yet to be explored is 
the difference between quantity and quality. For instance 
with student feedback does the quadrupled number of 
responses actually net us more useful data. This is a 
question for a follow up study.  

A decision I made in real time during an online help 
session was that students could get more than 100% on 
their PD grade. This simple decision may be responsible 
for some of the extreme results. Upon hearing this there 
was a significant number of students trying desperately to 
grab as many bonus PD points as possible regardless of 
any learning. The student at the optional Google 
Sketchup workshop who asked me, “what is this lecture 
about again?” falls in this category. 
 

5. REACTIONS 
 

Student responses have yet to be processed, but will be 
presented at the conference. Anecdotally the students 
neither loved nor hated the system, but did buy into it.  

Members of the teaching team didn’t have strong feels 
toward the system. Many did express concerns over their 
ability to improve as an instructor if they are getting little 
to no constructive student feedback. Though they have 
yet to see the actual feedback they were pleased to hear 
that the response rates are much higher. 
 

6 CONCLUSION 
 

In the goal to encourage students to participate in 
optional professional development activities we have 
succeeded with this implementation of a single gamified 

component. Minimal resources were spent, primarily 
administrative time to input the data into the grades 
management system, and yet we were able to drastically 
change student behaviour. 

 
7 FUTURE WORK 

 
The positive effect on student participation is too great 

to dismiss and so we will be implementing a similar 
system next year. We will tweak a few things to avoid 
issues. For instance we will try to eliminate as many 
avenues of cheating as possible. We will increase the 
number of Top Hat questions in order to dilute the value 
of the bonus PD points slightly. Finally we will better 
advertise the initiative to the students early in the term so 
that everyone has equal opportunity to participate.   
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VXFK�DV� OHDGHUVKLS��FXOWXUDO�DQG�VRFLDO�DZDUHQHVV��DQG�EXVLQHVV�RU� OHJDO�
PDWWHUV�� 6XFK� JDSV� KDYH� EHHQ� IODJJHG� DV� DUHDV� WKDW� QHHG� DWWHQWLRQ� LQ�
YDULRXV�VWXGLHV��H�J��>�@��
�
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(QJLQHHULQJ� SURJUDPV� FDQ� UHFWLI\� WKH� VLWXDWLRQ� GLVFXVVHG� LQ� WKH�

,QWURGXFWLRQ�E\�FRQVLGHULQJ�D�VXLWH�RI�DFWLYLWLHV�WKDW�LI�SURSHUO\�GHVLJQHG��
ZLOO�QRW�DGG�QRWLFHDEO\�WR�WKH�ORDG�RI�D�W\SLFDO�HQJLQHHULQJ�SURJUDP��,Q�
WKLV� SDSHU�� WKUHH� VWUDWHJLHV� RI� XVLQJ� VWXGHQW� FOXEV�� H[FKDQJH� SURJUDPV��
DQG�VSHFLDO�FRXUVHV�ZLWK�VLJQLILFDQW�RXW�RI�FODVV�OHDUQLQJ�FRQWHQW��RU�DQ�
LQWHUGLVFLSOLQDU\�GHOLYHU\�DQG�SDUWLFLSDWLRQ�ZLOO�EH�SUHVHQWHG�DV�DYHQXHV�
IRU�EULGJLQJ�WKH�JDSV�LGHQWLILHG�DERYH��

7KH� DXWKRU� KDV� EHHQ� LQYROYHG� LQ� DQ\� FRPELQDWLRQV� RI� FRQFHLYLQJ��
GHVLJQLQJ�� LPSOHPHQWLQJ�� RU� HQFRXUDJLQJ�RI� WKH� LGHDV�GLVFXVVHG� LQ� WKLV�
SDSHU�� 7KHUH� KDV� QRW� EHHQ� DQ� DWWHPSW� WR� V\VWHPDWLFDOO\� FRQGXFW� D�
VFKRODUO\�UHVHDUFK�RQ�WKH�WRSLFV�GLVFXVVHG�KHUH��EXW�LQVWHDG�WKLV�SDSHU�LV�
PHDQW� WR� EH� D� VXPPDU\� RI� H[SHULHQFHV� DQG� REVHUYDWLRQV�PDGH� E\� WKH�
DXWKRU�DERXW�WKH�SUHVHQWHG�LGHDV��L�H��D�UHIOHFWLYH�ZRUN����
�

Student Clubs 
����6WXGHQW� FOXEV� DUH� XVXDOO\� IDOO� ZLWKLQ� FDWHJRULHV� RI� VSHFLDOLVW� �H�J��
URERWLFV�FOXE��RU�6$(�IRUPXOD�FOXEV��DQG�JHQHUDOLVW��H�J��GHEDWLQJ�FOXE��
LQYHVWPHQW�FOXE��FKHVV�FOXE��HWF����7KH�VSHFLDOLVW�FOXEV��DOWKRXJK�SURYLGH�
RSSRUWXQLWLHV� IRU� OHDGHUVKLS� DQG� WHDPZRUN� GHYHORSPHQW�� WKH\� DUH� E\�
WKHLU� QDWXUH� IRFXVHG�PDLQO\� RQ� VRPHZKDW� QDUURZ� WHFKQLFDO� LVVXHV�� DQG�
DSSHDO� WR� D� SDUWLFXODU� VWXGHQW� SRSXODWLRQ�� )XUWKHUPRUH�� WKH\� VHOGRP�
LQFOXGH� VWXGHQWV� IURP� YDULHG� EDFNJURXQGV� �H�J�� D� VWXGHQW� JURXS�
FRPSRVHG� RI� HQJLQHHULQJ�� FRPPHUFH�� DQG� VRFLDO� VFLHQFHV��� DV� VXFK�
OHDGHUVKLS� DQG� WHDPZRUN� RSSRUWXQLWLHV� DUH� H[HUFLVHG� ZLWKLQ� OLPLWV� RI�
VWXGHQWV� IURP� WKH� VDPH� EDFNJURXQG� �KDUGO\� WKH� FDVH� LQ� D� SHUVRQ¶V�
FDUHHU���7KH�³JHQHUDOLVW´�FOXEV�SURYLGH�PDQ\�RSSRUWXQLWLHV�IRU�VWXGHQWV�
IURP� GLIIHUHQW� SURJUDPV�EDFNJURXQGV� WR� PL[�� EXW� WKHLU� HQJLQHHULQJ�
FRQWH[W� LV� XVXDOO\� OLPLWHG� RU� QRQH[LVWHQW�� $� PLGGOH� JURXQG� PD\� EH�
VWUXFN�� $Q� H[DPSOH� LV� WKH� (QJLQHHUV� :LWKRXW� %RDUGHU� �(:%�� >�@��
6WXGHQWV�LQ�ORFDO�FKDSWHUV�RI�WKH�(:%�FDQ�SDUWLFLSDWH�LQ�GHYHORSPHQWDO�
ZRUN� LQ� GHYHORSLQJ� FRXQWULHV� ZKHUH� WKH\� VKRXOG� QRW� RQO\� XVH� WKHLU�
WHFKQLFDO� DELOLWLHV� EXW� DOVR� H[HUFLVH� WKHP� LQ� D� VRFLDO� DQG� FXOWXUDO�
FRQWH[W�VHWWLQJ� E\� H�J�� SDUWQHULQJ� ZLWK� RWKHU� 1*2V�� WKLV� SURYLGHV�
YDOXDEOH�KROLVWLF� OHDUQLQJ�RSSRUWXQLWLHV�� �7KH� UDQJH�RI�DFWLYLWLHV�FDQ�EH�
SODFHPHQW�RYHUVHDV�� IXQGUDLVLQJ��DQG�HGXFDWLRQ�RI� ODUJHU�SRSXODWLRQ�E\�
H�J�� DWWHQGLQJ� DQQXDO� FRQIHUHQFHV� DOO� KDYLQJ� DQG� WHFKQLFDO�HQJLQHHULQJ�
FRQWH[W���

$QRWKHU� H[DPSOH� RI� D� VWXGHQW� FOXE� ZLWK� VLPLODU� FKDUDFWHULVWLFV� WR�
(:%�WKDW�FRPELQHV�WHFKQLFDO�DV�ZHOO�DV�EURDGHU�QRQ�WHFKQLFDO�PDQGDWH�
DQG�DFWLYLWLHV�LV�WKH�(QHUJ\�&OXE�DW�WKH�8QLYHUVLW\�RI�$OEHUWD�LQ������>�@��
7KH�FOXE�ZDV�PDQGDWHG� WR�EH�RSHQ� WR�DOO� VWXGHQWV�� DQG�HYHQ� WKH�ODUJHU�
FRPPXQLW\�� L�H��(GPRQWRQ��:LWKLQ�D�WHFKQRORJLFDO�HQJLQHHULQJ�FRQWH[W��
L�H��HQHUJ\�V\VWHPV��XVH��DQG�SURGXFWLRQ��WKH�FOXE�ZDV�GHVLJQHG�WR�EH�DQ�
XQELDVHG� IRUXP� IRU� SURYLGLQJ� HGXFDWLRQDO�� OHDGHUVKLS�� DQG� VWXGHQW�
HQJDJHPHQW� RSSRUWXQLWLHV� ZLWKLQ� WKH� WHFKQLFDO� FRQWH[W� RI� HQHUJ\� LQ� D�
EURDG� VHQVH� �L�H�� HQHUJ\� SROLF\�� VFLHQFH�� VRFLHWDO�� HQYLURQPHQWDO�� DQG�

HFRQRPLFV� LVVXHV��� �7KH� DFWLYLWLHV� UDQJHG� IURP�KROGLQJ� UHOHYDQW�PRYLH�
QLJKWV��WR�WHFKQLFDO�VSHDNHU�VHULHV��WR�FDUHHU�IDLUV��WR�ILHOG�WULSV��WR�SXEOLF�
HQJDJHPHQW� �SDQHO� GLVFXVVLRQV�� ZKHUH� SROLF\� SHRSOH� DQG� HYHQ� ORFDO�
SROLWLFLDQV� DWWHQGHG��7KH�³FRQWH[W´� LV�ZKDW� VHWV� DSDUW�(QHUJ\�&OXE�DQG�
(:%�IURP�RWKHU�³JHQHUDO�LQWHUHVW´�FOXEV��WKDW�FDQ�SURYLGH�VWXGHQWV�ZLWK�
FRPSOHPHQWDU\�VNLOOVHWV�VWDWHG�HDUOLHU��
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7UDGLWLRQDO� H[FKDQJH� SURJUDPV� DUH� XVXDOO\� FHQWUDOO\� SODQQHG� DQG�

VWXGHQW� SDUWLFLSDWLRQ� LV� VRPHZKDW� ad hoc�� *LYHQ� WKH� SURJUDP� ORDG� LQ�
HQJLQHHULQJ� DQG� LVVXHV� ZLWK� SURJUDP� DFFUHGLWDWLRQ�� DV� ZHOO� DV�
HPSOR\PHQW� RSSRUWXQLWLHV� RYHU� VXPPHU�� H[FKDQJH� SURJUDPV� KDYH� QRW�
EHHQ�XVXDOO\�SRSXODU��+RZHYHU��OHDUQLQJ�RSSRUWXQLWLHV�WKDW�ZLOO�QRW�RQO\�
EHQHILW� WHFKQLFDO� HGXFDWLRQ�� EXW� DOVR� ZLOO� KRQH� OHDGHUVKLS� DQG�
FXOWXUDO�JOREDO�DWWULEXWHV�RI�VWXGHQWV�VNLOOV�FDQ�EH�DFKLHYHG�E\�D� ORFDOO\�
�GHSDUWPHQWDO� OHYHO�� SODQQHG� H[FKDQJH� SURJUDP�� 2QH� VXFK� H[DPSOH� LV�
WKH� H[FKDQJH� SURJUDP� EHWZHHQ� WKH� 'HSDUWPHQW� RI� 0HFKDQLFDO�
(QJLQHHULQJ��8�RI�$OEHUWD��DQG�78�%HUJDNDGHPLH�)UHLEHUJ�LQ�*HUPDQ\��
7KLV� H[FKDQJH� SURJUDP� LQFOXGHG� VWXGHQW� SDUWLFLSDWLRQ� LQ� D� SXUSRVHO\�
GHVLJQHG� LQWHQVLYH� FRXUVH� DERXW� UHQHZDEOH� HQHUJ\� WHFKQRORJLHV� RYHU� ��
ZHHNV�� $ERXW� ���� RI� VWXGHQWV� DOVR� KDG� WKH� RSSRUWXQLW\� WR� GR� DQ�
LQWHUQVKLS�LQ�D�FRPSDQ\�RU�D�UHVHDUFK�LQVWLWXWH�IRU�D�IXUWKHU�a���ZHHNV��
0DQ\� RI� WKH� ���� VWXGHQWV� ZKR� KDYH� SDUWLFLSDWHG� LQ� VXFK� DQ� H[FKDQJH�
VLQFH���������KDYH�H[SUHVVHG�H[SHULHQFLQJ�D�RQFH�LQ�D�OLIHWLPH�OHDUQLQJ�
RSSRUWXQLW\�� 7KH� LPSRUWDQW� IHDWXUHV� RI� SODQQLQJ� DQG� H[HFXWLRQ� RI� WKH�
SURJUDP�DV�ZDV�GHVLJQHG�E\�WKH�DXWKRU�ZHUH������ILQGLQJ�D�FKDPSLRQ�DW�
WKH� KRVW� LQVWLWXWH�� ���� ZRUNLQJ� ZLWK� WKH� KRVW� LQVWLWXWH� FKDPSLRQ� LQ�
GHYHORSLQJ�D�FXUULFXOXP��DQG�HYDOXDWLRQ�VFKHPH��WKDW�ZLOO�EH�DFFHSWDEOH�
DV�RQH�RI�WKH�WHFKQLFDO�HOHFWLYHV�IRU�WKH�SXUSRVH�RI�DFFUHGLWDWLRQ�RI�KRPH�
LQVWLWXWH�� ���� VRXUFLQJ� JUDQWV� DQG� UDLVLQJ� IXQGV� IRU� VWXGHQW� WUDYHO��
DFFRPPRGDWLRQ�� DQG� VFKRODUVKLSV� �WKH� VFKRODUVKLS� LV�YHU\� LPSRUWDQW� WR�
�D��VRIWHQ�WKH�ORVV�RI�LQFRPH�DV�D�UHVXOW�RI�QRW�ZRUNLQJ�RYHU�VXPPHU���E��
DWWUDFWLQJ� WKH� EHVW� VWXGHQWV��� ���� GHYHORSLQJ� D� VHOHFWLRQ� FULWHULD� IRU�
SDUWLFLSDQWV� EDVHG� RQ� DFDGHPLF� DFKLHYHPHQW�� GHPRQVWUDWHG� LQWHUHVW� LQ�
WKH� WRSLF� RI� WKH� FRXUVH� WR� EH� WDNHQ� DERDUG�� DQG� JHQHUDO� DWWULEXWHV� DQG�
EDFNJURXQG� LQWHUHVWV� RI� WKH� VWXGHQWV� �H[DPLQDWLRQ� RI� resume��� ����
FRRUGLQDWLQJ�ZLWK�WKH�LQWHUQDWLRQDO�RIILFH�RI�ERWK�LQVWLWXWHV�DERXW�OLDELOLW\�
DQG� LPPLJUDWLRQ� LVVXHV�� ���� LW� LV� UHFRPPHQGHG� WKDW��UG�\HDU�VWXGHQWV� WR�
EH� WKH� PDLQ� SDUWLFLSDQWV� VR� WKHUH� LV� D� FHUWDLQ� OHYHO� RI� PDWXULW\� �DOVR�
XVHIXO� IRU� LQWHUQVKLS��� DV� ZHOO� DV� UHWXUQLQJ� VWXGHQWV� FDQ� VKDUH� WKHLU�
H[SHULHQFHV�ZLWK� WKRVH�ZKR�GLG�QRW�SDUWLFLSDWH��SHHU� OHDUQLQJ��� ����SUH�
GHSDUWXUH�EULHILQJ��H�J��FXOWXUDO��H[SHFWDWLRQ��DQG�HYDOXDWLRQ������LQWHULP�
RQ�VLWH�YLVLW� WR�GHDO�ZLWK�DQ\� LVVXHV�RU�REWDLQ� IHHGEDFN�� ����3RVW�UHWXUQ�
UHSRUWLQJ�IRU�WKH�SXUSRVH�RI�UHFRUGNHHSLQJ�DQG�LPSURYHPHQWV�DV�ZHOO�DV�
DFFUHGLWDWLRQ�SURFHVV�������ZH�IRXQG�WKDW�EH\RQG�WKH�ILUVW�\HDU�WKHUH�ZDV�
QR� QHHG� IRU� DGYHUWLVLQJ�� DV� ZRUG� RI� PRXWK� RI� H[WUHPHO\� VDWLVILHG�
VWXGHQWV��VXVWDLQHG�DZDUHQHVV���
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)RU�EUHYLW\�DQG�GXH�WR�SDJH�OLPLWDWLRQ��WKH�UHDGHU�LV�GLUHFWHG�WR�WKH�

SDSHU�����LQ�WKLV�SURFHHGLQJ�IRU�D�GHWDLOHG�GLVFXVVLRQ�RQ�WKH�WRSLF��RQO\�
WKH�IRXU�PDLQ�HQDEOLQJ�IDFWRUV�IRU�RIIHULQJ�D�PXOWLGLVFLSOLQDU\�FRXUVHV�LV�
SURYLGHG�KHUH�� ���� UHVRXUFHV� �� LQVWUXFWLRQ�DQG�DGPLQLVWUDWLRQ�FRPH�DW�D�
FRVW�������WKH�WHDP���LI�WKH�PHPEHUV�GR�QRW�NQRZ�RQH�DQRWKHU�RU�FDQQRW�
EH� LGHQWLILHG� WKURXJK� D� FRXUVH� RUJDQL]HU
V� QHWZRUNV�� WKH\� PXVW� EH�
�UHFUXLWHG��� � 7KLV� ZRXOG� SUREDEO\� UHTXLUH� WKH� LQYROYHPHQW� RI� D� VHQLRU�
FROOHDJXH�� VXFK� DV� D� 'HDQ�� WR� GR� WKH� ³FDOO� IRU� YROXQWHHUV´�� � ���� VWDII�
VXSSRUW� �� WKH�P\ULDG�DGPLQLVWUDWLYH�GHWDLOV�RI�RIIHULQJ�DQG�GHOLYHULQJ�D�
FRXUVH�PXVW� EH� DWWHQGHG� WR�� � ����PRVW� LPSRUWDQWO\�� WKH� FRXUVH� QHHGV� D�
�FKDPSLRQ�� �� VRPHRQH� ZKR� WDNHV� UHVSRQVLELOLW\� IRU� VWDUWLQJ� WKH�
SURFHVVHV�DQG�NLFN�VWDUWLQJ�WKHP�ZKHQ�WKH\�VWDOO����
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INTRODUCTION   
     This presentation discusses and analyzes an approach to developing 
student creativity in an elective course at the Faculty of Applied Science 
and Engineering, University of Toronto. In APS325: Engineering and 
Science in the Arts, students create original works of art that are 
connected to engineering or science and present these works to their 
classmates at the end of term. Through this central activity and other 
smaller assignments, the course offers students the opportunity to build 
their creativity in a context that includes engineering but also extends 
beyond standard engineering practice. This study will analyze examples 
of the students’ work; as well, it will identify the students’ 
metacognitive discoveries during and after the course and how these 
discoveries helped the students develop their creative abilities, both in 
their engineering studies and in activities outside their discipline. 
Finally, this study will identify creativity theories and techniques that 
might be incorporated into this course in the future. 
THEORETICAL BACKGROUND 
     Techniques for enhancing creativity are now ubiquitous. Websites 
such as mindtools.com show the familiar (brainstorming, TRIZ, 
SCAMPER, Synectics) and the less familiar (Kano Model Analysis, 
Provocation, Starbursting), reminding us that creativity has become a 
major enterprise, essential, we are told, for success in many fields.1 In 
the study of creativity in the sciences, and how this creativity may have 
relevance in the arts, scholarship from the field of psychology offers 
particularly useful hypotheses and models.   
     From psychology, Dean Keith Simonton presents four possible 
models for creativity in science – chance, logic, genius, and zeitgeist – 
arguing that all four may play a role, with chance being the first among 
equals.2 To support the prominence he gives to chance in the creative 
process, Simonton, like Sarnoff Mednick3 before him, points to two 
seminal statements, one by the mathematician Poincaré and one by the 
theoretical physicist Einstein. In 1921, Poincaré related an experience in 
which “ideas arose in crowds; I felt them collide until pairs interlocked 
so to speak, making a stable combination. By next morning I had 
established the existence of a class of Fuchsian functions.” From this 
experience, Poincaré concluded that “to create consists of making new 
combinations of associative elements which are useful. . . . Among 
chosen combinations the most fertile will often be those formed of 
elements drawn from domains which are far apart.”3 In a 1945 
testimonial, Einstein, responding to a psychological survey of 
mathematicians to determine how they think, stated, “[T]aken from a 
psychological viewpoint, this combinatory play seems to be the essential 
feature in productive thought”4 Like Poincaré, Einstein places high value 
in the associative basis of the creative process, suggesting, like Poincaré, 
that creativity is often more stochastic than it is deterministic, operating 
primarily through conjecture, chance, and random variables rather than 
through deliberate and logical means. 
COURSE BACKGROUND 
      In its first iteration, in Fall 2012, APS325 attracted a small group of 
12 students. The main goal of the course was to give engineering 
students the opportunity to extend their creativity beyond standard 
engineering practice. As mentioned before, the central end-of-term 
assignment required each student to create an original work of art and to 
present the work to the class, explaining its connection to engineering or 
science. As well, each student led a seminar presentation on a selected 
artist or artistic movement, and, as a group, we visited an art gallery and 
a theatre production, each student submitting a written analysis of one 
work’s connection to engineering or science.  
     In Fall 2013, in its second iteration, with a class of 17 students, the 
most notable change was the introduction of readings and discussion that 
required students to reflect on their own creative processes. This activity 
became particularly fruitful toward the end of term, when students were 
completing their main projects (their works of art) and were able to look 
back and assess their journeys and then use these insights to further 
develop their art works. Various new class readings on creativity and the 
subsequent class discussions of these texts gravitated toward the theory 
discussed above. In these discussions, students showed particular 
interest in the value of combinatory play in the creative process. As well, 
we used art theory, from the classical (Plato and Aristotle) to the modern 

(Clement Greenberg and Susan Sontag), to help develop a vocabulary to 
assess the art we were studying and the art the students were creating.  
METHODS 
      This study analyzes creativity using two sets of data. First, I have 
selected samples of the students’ art works. Here, I am interested not 
only in the works themselves but also in the creative processes the 
students developed to complete the works. Secondly, I am presenting 
and analyzing statements made by the students during a focus group that 
took place after the course concluded. I organized the focus group to 
gain a clearer understanding of the students’ experiences in the course 
and their individual insights into their creative processes. One of the 
students in the course facilitated the focus group, ensuring that all 
participants in the focus group remained anonymous. Lastly, this study 
will present activities that may become part of the course requirements 
in the course’s next iteration. These activities, based on concepts 
inspired by “combinatory play,” may include flat-slope associative 
thinking, a state in which a person is able to offer many associative 
responses to a situation or problem, and Janusian thinking, a state in 
which a person practices conceiving associative opposites as part of the 
creative process.  
RESULTS 
     While the results are not yet complete, certain trends are apparent. 
Students in the course tend to do their creative work stochastically. 
Rather than following a logical, deterministic path, they more often 
follow an unpredictable path, with chance occurrences and unexpected 
combinations characterizing the development path.  
DISCUSSION 
     Students, while in the course and afterwards, clearly stated that their 
creativity in the class followed a stochastic process. This reinforces the 
hypotheses of leading psychologists and is also consistent with the 
introspective statements of practitioners such as Poincaré and Einstein.     
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Students in their future workplace will likely face multi-
faceted challenges; as such, solutions require integration 
and collaboration across disciplines. An interdisciplinary 
instruction benefits students’ learning by exposing them 
to fundamental topics and perspectives that they would 
not have been able to obtain easily within their programs. 
Peer learning and interactions by students from different 
backgrounds provides further learning opportunities. The 
paper is a reflection of the experience of the four 
instructors involved in teaching an interdisciplinary 
course in the area of energy who were from four distinct 
Faculties over the period of 2010-2012. Planning well in 
advance is important to allow instructors from different 
backgrounds with varied traditions in teaching to develop 
a working rapport. Throughout the planning stages 
dedicated administrative support must be provided to 
facilitate attending to logistics of setting up the course 
within the university system. The right incentivise for the 
instructors should also be provided due to higher than 
normal time commitment. What was learnt that there is a 
need to provide both foundation material and more 
advanced perspectives simultaneously given the diverse 
background of students and topics in an interdisciplinary 
course. Also, it was found that instructors benefitted from 
teaching such a course by learning from traditions and 
methods in another discipline, and went on to improve 
other courses in their discipline both in content and 
teaching style. It was also found that lack of integration 
with “regular” programs, or “official” endorsing can 
dissuade some students from participating. Other lessons 
include issues around instructor team’s chemistry, course 
content design, e.g. the need for group projects to 
internalize the material, and the use of technology.  
�
Keywords:� LQWHUGLVFLSOLQDU\� FRXUVH�� PXOWL�LQVWUXFWRU��
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8QLYHUVLW\� SURJUDPV� DUH� PDLQO\� GHVLJQHG� WR� HGXFDWH�

VWXGHQWV� LQ� D� SDUWLFXODU� GLVFLSOLQH� ZLWK� LWV� RZQ� VSHFLILF�
SHUVSHFWLYH�DQG�DQDO\WLFDO�YLHZV�RI�D� WRSLF�RU�DUHD��6XFK�
DQ�DSSURDFK�LQ�SULQFLSOH�LV�QHHGHG�WR�WUDLQ�VSHFLDOLVWV�ZKR�

KDYH� D� FRQFHQWUDWHG�NQRZOHGJH�RI� WKH�DUHD��7KLV�E\�DQG�
ODUJH� LV� D� VRXQG� DSSURDFK� IRU� PHPEHUV� RI� WKH� IXWXUH�
ZRUNIRUFH�ZKR�QHHG�WR�KDYH�IXQGDPHQWDO�NQRZOHGJH�RI�D�
GLVFLSOLQH� DQG� LWV� WUDGLWLRQDO� SHUVSHFWLYHV�� DQG�ZKR� QHHG�
WR�EH�DEOH�WR�DSSO\�LWV�EDVLF�WRROV��,Q�WKH�SDVW�WZHQW\�\HDUV�
KRZHYHU��WKH�WUHQGV�LQ�IODWWHQLQJ�RI�FRUSRUDWH�VWUXFWXUHV��D�
PRYH� DZD\� IURP� VLORV� LQ� LQVWLWXWLRQV�� DQG� D�
WHFKQRORJLFDOO\� GULYHQ� VRFLHW\�� KDYH� PHDQW� WKDW� � QHZ�
JUDGXDWHV� ZLOO� KDYH� WR� RSHUDWH� LQ� � PXOWL�GLVFLSOLQDU\�
HQYLURQPHQWV� DQG� IDFH� PXOWL�IDFHWHG� FKDOOHQJHV�� ZKLFK�
UHTXLUH� VROXWLRQV� RU� LQWHJUDWLRQ� DQG� FROODERUDWLRQ� DFURVV�
GLVFLSOLQHV��7KH�UHVSRQVH�RI�XQLYHUVLW\�SURJUDPV�KDV�EHHQ�
PDLQO\� WR� HQFRXUDJH� VWXGHQWV� WR� WDNH� FRXUVHV� IURP�RWKHU�
GLVFLSOLQHV�� H�J�� DQ� H[SDQGHG� OLVW� RI� FRXUVHV� WKDW�
HQJLQHHULQJ�VWXGHQWV�FDQ�WDNH�IURP�KXPDQLWLHV��RU�WR�KDYH�
VWXGHQWV�FRPSOHWH�WKHLU�IRXUWK�\HDU�FDSVWRQH�SURMHFW�ZLWK�
WHDPPDWHV� IURP� RWKHU� GLVFLSOLQHV� >�@�� $QRWKHU� DSSURDFK�
KDV� EHHQ� WR� GHVLJQ� GXDO� GHJUHH� SURJUDPV�� H�J�� D�
0HFKDQLFDO� (QJLQHHULQJ� DQG� 0DQDJHPHQW� SURJUDP�� VHH�
>�@� �VXFK�SURJUDPV�XVXDOO\� UHTXLUH� DQ� DGGLWLRQDO� \HDU�RI�
VWXGLHV��� ,Q� WKH� QH[W� VHFWLRQV� ZH� SURSRVH� DQG� GLVFXVV�
LPSOHPHQWDWLRQ� RI� DQ� DGGLWLRQDO� DSSURDFK� WR� SUHSDUH�
VWXGHQWV� IRU� WKHLU� IXWXUH�FDUHHUV� LQ�DQ� LQFUHDVLQJO\�PXOWL�
GLVFLSOLQDU\� ZRUOG�� :H� ZLOO� DOVR� SUHVHQW� D� UHIOHFWLYH�
GLVFXVVLRQ�RQ�OHVVRQV�OHDUQHG�IURP�LPSOHPHQWDWLRQ�RI�RXU�
SURSRVHG�DSSURDFK���
�
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Why 
7R� SUHSDUH� VWXGHQWV� IRU� ZRUNLQJ� DQG� OLYLQJ� LQ� DQ�

HQYLURQPHQW�VRFLHW\� WKDW� UHTXLUHV� XQGHUVWDQGLQJ� DQG�
IXQFWLRQLQJ� DFURVV� DQG� ZLWKLQ� PXOWLSOH� GLVFLSOLQHV�� ZH�
SURSRVH� DQ� DGGLWLRQDO� WRRO�� 7KLV� WRRO� LV� DQ�
�LQWHUGLVFLSOLQDU\�FRXUVH��ZKLFK�WDFNOHV�D�SDUWLFXODU�WRSLF�
�IRU� H[DPSOH�� HQHUJ\� SURGXFWLRQ� DQG� XVH�� IURP�
FRRUGLQDWHG� DQG� LQWHJUDWHG� SHUVSHFWLYHV� RI� PXOWLSOH�
GLVFLSOLQHV�� DQG� ZKLFK� UHTXLUHV� VWXGHQWV� WR� LQFRUSRUDWH�
SHUVSHFWLYHV�IURP�PXOWLSOH�GLVFLSOLQHV�LQ�FRXUVH�ZRUN���

7KH� FRXUVH� VKRXOG� FRQWDLQ� DQ� LQWHJUDWHG� PXOWL�
SHUVSHFWLYH�VHW�RI�PDWHULDOV�FRYHULQJ� UHOHYDQW� IRXQGDWLRQ�
LVVXHV�IURP�HDFK�RI�WKH�LQVWUXFWRUV¶�GLVFLSOLQHV��DV�ZHOO�DV�
WKHLU� LQWHUGHSHQGHQFH� RU�DQG� OLQNV�� 7KH� FRXUVH� PDWHULDO�
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VKRXOG� EH� GHYHORSHG� LQ� D� IRUP� WKDW� ZRXOG� PHVK�
NQRZOHGJH�SHUVSHFWLYHV� IURP� HDFK� RI� WKH� GLVFLSOLQHV� �� ��
L�H�� WKH�PDWHULDO�VKRXOG�QRW�VLPSO\�VWDFN�WRJHWKHU�FRQWHQW�
WKDW�FRXOG�EH�DFTXLUHG� IURP�DWWHQGLQJ� LQGLYLGXDO�FRXUVHV�
GHDOLQJ�ZLWK�YDULRXV�DVSHFWV�RI�WKH�WRSLF��H�J��WDNLQJ�WKUHH�
FRXUVHV� WKDW� ZRXOG� FRYHU� WHFKQRORJ\� LVVXHV� UHODWHG� WR�
HQHUJ\�� HQHUJ\� HFRQRPLFV�� DQG� HQYLURQPHQWDO� LVVXHV� RI�
HQHUJ\��� 7KH� FRXUVH� VKRXOG� DOVR� EH� ZLGH� RSHQ� WR�
DWWHQGDQFH�E\� VWXGHQWV� IURP�GLIIHUHQW� SURJUDPV� WR� DOORZ�
SHHU� OHDUQLQJ� DQG� LQWHUDFWLRQV� ZKLFK� SURYLGH� IXUWKHU�
YDOXDEOH� OHDUQLQJ� DQG� WHDPZRUN� RSSRUWXQLWLHV� WR�
IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� ZD\V� RI� WKLQNLQJ� DQG�
SUHVHQWLQJ� PDWHULDOV� IURP� GLIIHUHQW� GLVFLSOLQHV� �VHH�
$SSHQGL[� $��� 7KLV� ZLOO� HPXODWH� WKH� OLNHO\� ZRUN�
HQYLURQPHQW�VWXGHQWV�ZLOO�H[SHULHQFH�DIWHU�JUDGXDWLRQ��

'HYHORSPHQW� DQG� GHOLYHU\� RI� VXFK� FRXUVH� VKRXOG� EH�
OHG�E\�D�WHDP�RI�LQVWUXFWRUV�IURP�PXOWLSOH�GLVFLSOLQHV��H�J��
DOO�RU�D�FRPELQDWLRQ�RI�PRUH�WKDQ�WZR�GLVFLSOLQHV�VXFK�DV�
VFLHQFH�� ODZ�� HFRQRPLFV�� KHDOWK�� VRFLRORJ\�� HQJLQHHULQJ��
HWF���� :KHQ� LQVWUXFWRUV� IURP� GLIIHUHQW� GLVFLSOLQHV� FRPH�
WRJHWKHU� WR� RIIHU� VXFK� D� FRXUVH� WKHLU� XVXDO� DSSURDFKHV� ±�
WDNHQ�ZKHQ� WHDFKLQJ� HYHQ� WKH� VDPH� WRSLFV� LQ� LVRODWLRQ� ��
VKRXOG� EH� PRGLILHG� WKURXJK� WKH� LQWHUDFWLRQV� QHHGHG� IRU�
GHYHORSPHQW�RI�WKH�FRXUVH��VHH�EHORZ����

$Q� LQWHUGLVFLSOLQDU\� FRXUVH� DV� GHVFULEHG� DERYH� FDQ�
HYHQ� IXOILOO� WKH� VRFLDO� UHVSRQVLELOLW\� RI� XQLYHUVLWLHV� LQ�
HGXFDWLQJ� WKH� QH[W� JHQHUDWLRQ� RI� FLWL]HQV�� IRU� ZKRP�
H[SRVXUH�WR�PXOWLGLVFLSOLQDU\�SHUVSHFWLYHV�LV�LPSRUWDQW����

6XFK� DQ� HGXFDWLRQDO� WRRO� LV� XVHIXO� IRU� HQJLQHHULQJ�
VWXGHQWV� LQ� SDUWLFXODU�� DQG� VWXGHQWV� LQ� RWKHU� SURJUDPV� LQ�
JHQHUDO�� ZKR� IRFXV� RQ� D� UHODWLYHO\� UHJLPHQWHG� VHW� RI�
GLVFLSOLQH� VSHFLILF� FRXUVHV��7KH�KHDY\� FRXUVH� ORDG�RI� DQ�
HQJLQHHULQJ� SURJUDP� XVXDOO\� OHDYHV� OLWWOH� DSSHWLWH� IRU�
VWXGHQWV� WR� H[SORUH�RWKHU� DUHDV��EXW�� VXFK�D� FRXUVH�ZKHQ�
GHVLJQHG� SURSHUO\� FDQ� EH� ILWWHG� LQWR� WKH� FRPSOHPHQWDU\�
VWXGLHV� UHTXLUHPHQWV� E\� DFFUHGLWDWLRQ� ERGLHV� VXFK� DV�
&DQDGLDQ�(QJLQHHULQJ�$FFUHGLWDWLRQ�%RDUG�>�@���

�
Context 

)RU� WKH�SXUSRVH�RI�SLORWLQJ� VXFK�DQ� LGHD�� D�FRXUVH� LQ�
WKH� DUHD� RI� HQHUJ\� VHHPHG� LGHDO�� DV� HQHUJ\� DQG�
HQYLURQPHQW�VXEMHFWV�DUH�VHOGRP�VLQJOH�GLVFLSOLQH�LVVXHV���
7KH� WRSLF� KDV� PDQ\� IDFHWV�� DQG� VROXWLRQV� UHTXLUH�
LQWHJUDWLRQ�DQG�FROODERUDWLRQ�DFURVV�GLVFLSOLQHV�� �$OVR�� LI�
VWXGHQWV�DUH�JRLQJ� WR�GR�DQ\�ZRUN� LQ� WKH�DUHD�±�ZKHWKHU�
WKH\� DUH� HQJLQHHUV�� JHRORJLVWV�� HFRQRPLVWV�� ODZ\HUV��
ZKHWKHU� WKH\� DUH� ZRUNLQJ� ZLWK� �RU� LQ�� 1*2¶V��
JRYHUQPHQW�� RU� LQGXVWU\� ±� PXOWLGLVFLSOLQDULW\� � ZLOO� EH�
WKHLU�UHDOLW\����

7KH� REMHFWLYHV� RI� WKH� FRXUVH� ZHUH� WKHQ� GHILQHG� DV�
IROORZV�� 7R� SURYLGH� DQ� RYHUYLHZ� IRU�� IXQGDPHQWDOV� RI�
FRQYHQWLRQDO� �H�J�� FRDO�RLO��� QRQFRQYHQWLRQDO� �H�J�� RLO�
VDQGV�VKDOH�JDV���DQG�UHQHZDEOH�HQHUJ\��H�J��ZLQG��VRODU��
K\GUR�� QXFOHDU�� VRXUFHV� DQG� WHFKQRORJLHV� LQ� D� EURDG�
VHQVH�� UHJXODWRU\� UHVSRQVHV� DQG� UHVSRQVLELOLWLHV��

RZQHUVKLS� RI� UHVRXUFHV�� DV� ZHOO� DV� LQWHUQDWLRQDO�
REOLJDWLRQV�� HOHPHQWDU\� HFRQRPLFV� UHODWHG� WR� WKH�
FRQVXPSWLRQ� SDWWHUQV�� SULFHV�� SURGXFWLRQ� FRVWV��
H[WHUQDOLWLHV�� DQG� UHODWLRQVKLS� WR� FDUERQ� FRVWV� DQG�
LQWHQVLWLHV�� FXOWXUDO� DQG� VRFLDO� GULYHUV� ZHUH� GLVFXVVHG� LQ�
HDFK�FDVH�ZKHQ�DSSURSULDWH��

7KH� UHVW� RI� WKLV� SDSHU� SURYLGHV� WKH� KRZ� WR� DQG� WKH�
OHVVRQV� OHDUQHG� IURP� LPSOHPHQWDWLRQ� RI� WKH� LGHD� RI� DQ�
LQWHUGLVFLSOLQDU\�FRXUVH�DV�GHVFULEHG�DERYH��7KLV�LV�EDVHG�
RQ�WKH�UHIOHFWLRQ�DQG�WKH�H[SHULHQFH�RI�WKH�IRXU�LQVWUXFWRUV�
IURP� IRXU� GLVWLQFW� )DFXOWLHV� RI� /DZ�� 6FLHQFH�� %XVLQHVV�
DQG� (QJLQHHULQJ� LQYROYHG� LQ� FRQFHLYLQJ�� GHVLJQLQJ� DQG�
GHOLYHU\�RI�WKH�FRXUVH�FDOOHG�³,QW'�������)XQGDPHQWDOV�RI�
(QHUJ\�� (QYLURQPHQW�� DQG� 6XVWDLQDELOLW\´� �DQ�
XQGHUJUDGXDWH� OHYHO� FRXUVH� DLPHG� DW� VWXGHQWV� ZKR� KDG�
UHFHLYHG� DW� OHDVW� ��� FUHGLWV� IURP� WKHLU� UHVSHFWLYH��
SURJUDPV��RYHU�WKH�SHULRG�RI������������DW�WKH�8QLYHUVLW\�
RI� $OEHUWD�� 7KH� VWXGHQWV� WDNLQJ� WKH� FRXUVH� GXULQJ� WKH�
WKUHH�\HDUV�LW�ZDV�RIIHUHG�UDQJHG�IURP�WKRVH�UHJLVWHUHG�LQ�
GLVFLSOLQHV� IURP� QDWLYH� VWXGLHV� WR� HQJLQHHULQJ� �ZKR�
IRUPHG�WKH�ODUJHVW�JURXS��7KH�HQUROOPHQW�ZDV�EHWZHHQ����
DQG����GHSHQGLQJ�RQ�WKH�\HDU��

�
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The Team 

2QH�RI�WKH�HDUO\�TXHVWLRQV�WKDW�QHHGV�WR�EH�DGGUHVVHG�
LV� WKH� LQVWUXFWLRQ� WHDP�� ,W� LV� YHU\� OLNHO\� WKDW� LQ� WKH�
IRUPDWLYH�VWDJHV�\HDUV�RI�PRXQWLQJ�D�FRXUVH�DV�SURSRVHG�
LQ� WKLV� SDSHU�� WKH� KRPH� GHSDUWPHQWV�)DFXOWLHV� RI�
LQVWUXFWRUV�ZRXOG�QRW�DSSUHFLDWH�RU�UHFRJQL]H�GHOLYHU\�RI�
VXFK�D�FRXUVH�DV�D�SDUW�RI� WKH�XVXDO� WHDFKLQJ� ORDG�RI� WKH�
LQVWUXFWRUV�� 0RUHRYHU�� DQ� LQWHUGLVFLSOLQDU\� FRXUVH� DV�
SURSRVHG� ZLOO� QRW� EH� LQ� SHUIHFW� DOLJQPHQW� ZLWK�
LQVWUXFWRUV¶� UHVHDUFK� RU� XVXDO� WHDFKLQJ� H[SHUWLVH� RU�
URXWLQH�� $OO� WKLV� PHDQV� WKDW� D� VLJQLILFDQW� LQYHVWPHQW� RI�
WLPH� LV�QHHGHG��7KH�PDWWHU� LV� IXUWKHU�FRPSOLFDWHG�E\� WKH�
IDFW� WKDW� LQVWUXFWRUV� IURP� GLIIHUHQW� GLVFLSOLQHV� DUH� OLNHO\�
VWHHSHG� LQ� WKH� WUDGLWLRQ�RI� WKHLU� ILHOGV� UHJDUGLQJ� WHDFKLQJ�
DQG� SHGDJRJ\�� HYDOXDWLRQ�� GHOLYHU\� DQG� FRPPXQLFDWLRQ�
VW\OH�� HWF��7DNHQ� DOO� WRJHWKHU� WKHQ� WKHUH� DUH� D�QXPEHU�RI�
FKDUDFWHULVWLFV�WKDW�DUH�KLJKO\�GHVLUDEOH�ZKHQ�FRQVLGHULQJ�
LQVWUXFWLRQ� WHDP� PHPEHUV�� 6XFK� FKDUDFWHULVWLFV� DUH�
REYLRXVO\�LQ�DGGLWLRQ�WR�WKH�WHFKQLFDO�TXDOLILFDWLRQV�RI�WKH�
LQGLYLGXDO� LQVWUXFWRUV� LQ� HDFK� RI� WKH� ILHOGV� WKDW�PDNH� XS�
WKH�WRSLF�RI�WKH�FRXUVH���

7KH�WHDP�PHPEHUV�VKRXOG�EH�RSHQ�WR�OLVWHQ�WR�LGHDV�RI�
RWKHUV�� EH� SUHSDUHG� WR� FRPSURPLVH�ZKHQ� QHFHVVDU\�� DQG�
KDYH�D�VHQVH�RI�FRPPXQDO�IOH[LELOLW\��7KLV�PHDQV�WKDW�WKH�
WHDP� PHPEHUV� VKRXOG� KDYH� D� VHQVH� RI� DGYHQWXUH�� DQG�
GHVLUH� WR�H[SHULPHQW�DQG� OHDUQ�DERXW�QHZ�SRLQWV�RI�YLHZ�
RXWVLGH�RI�WKHLU�XVXDO�FRPIRUW�]RQH�RU�EHOLHI�V\VWHP��6XFK�
FKDUDFWHULVWLFV� ZLOO� EH� WKH� NH\� WR� GHYHORSPHQW� DQG�
GHOLYHU\� RI� DQ� LQWHJUDWHG� FRXUVH� FRQWHQWV�� 7KH� WHDP�
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PHPEHUV� VKRXOG�EH�ZLOOLQJ� WR� VKDUH� UHVSRQVLELOLWLHV�� DQG�
WR�EH�FRRSHUDWLYH��7KLV�DOORZV�EDODQFLQJ�RU�VPRRWKLQJ�RI�
WKH�DGGLWLRQDO�ZRUNORDG�VXFK�D�FRXUVH�ZRXOG�OLNHO\�KDYH�
LQLWLDOO\�� DQG� DFFRPPRGDWH� DQ\� XQH[SHFWHG� RU� RWKHU�
FRPPLWPHQWV� WKDW� ZRXOG� DULVH� LQ� WKH� FRXUVH� RI� D� XVXDO�
DFDGHPLF�EXVLQHVV���

7KH� WHDP�PHPEHUV� QHHG� WR� EH� DGDSWLYH�� 7KLV�PHDQV�
WKDW� WKH� WHDP� PHPEHUV� VKRXOG� EH� DEOH� WR� DFNQRZOHGJH�
SUHGRPLQDWH�VWXGHQW�OHDUQLQJ�VW\OHV��H�J��$FWLYH��,QWXLWLYH��
6HQVLQJ�� DQG� 5HIOHFWLYH�� >�@� WKDW� PD\� EH� GLIIHUHQW� IURP�
VWXGHQWV�RXWVLGH�RI�WKHLU�ILHOG¶V�FRKRUW��DQG�DGDSW�WR�WKHLU�
OHDUQLQJ�QHHGV�E\�DGMXVWLQJ�WKHLU�XVXDO�WHDFKLQJ�SUDFWLFHV��
7KH� DGDSWLYHQHVV� DOVR�PHDQV� WKDW� WKH� LQVWUXFWRUV� VKRXOG�
EH� UHDG\� WR�HYROYH� WKH�FRXUVH�DV� LW�GHYHORSV� IRU� WKH� ILUVW�
GHOLYHU\� DQG� WKH� VXEVHTXHQW� YHUVLRQV�� WKH� FRQWH[W� RI�
FROOHFWLYH� DGDSWLYHQHVV� DQG� IOH[LELOLW\� LQ� D� PXOWL�
LQVWUXFWRU�HQYLURQPHQW�LV�LPSRUWDQW�KHUH���

7KH� LQVWUXFWRUV� VKRXOG�EH�DOO� DW� WKH�³ULJKW� VWDJH´�� L�H��
VXIILFLHQWO\� ³VHQLRU´� VR� WKDW� WKH\� FDQ� HQJDJH� LQ� D�
VRPHZKDW� RXW� RI� WKH� ER[� DFWLYLW\� ZLWKRXW� JUDYHO\�
MHRSDUGL]LQJ�WKHLU�DFDGHPLF�FDUHHUV��EXW�QRW�VR�HQWUHQFKHG�
WKDW� WKH\� FRXOG� QRW� GHYRWH� WKH� QHFHVVDU\� HQHUJ\�RU�KDYH�
WKH�PLQGVHW� WR� WU\�VRPHWKLQJ�QHZ��)LQDOO\��DOO� LQVWUXFWRUV�
VKRXOG� EH� FRQILGHQW� WKDW� WKH\� ZLOO� KDYH� DQG� UHWDLQ�
PRWLYDWLRQ�DQG�FUHDWLYLW\�WKURXJKRXW�WKH�SURFHVV��
�
Preparations and Resources  
,PPHGLDWHO\�DIWHU�RU�GXULQJ�WKH�ILQDO�VWDJHV�RI�DVVHPEOLQJ�
D� WHDP� RI� LQVWUXFWRUV�� WKHUH� DUH� D� QXPEHU� RI� SUHSDUDWRU\�
VWHSV�DQG�UHVRXUFHV�WKDW�QHHG�WR�EH�FRQVLGHUHG���

)LUVW�� D� QXPEHU� RI� RUJDQL]DWLRQDO� PHHWLQJV� PXVW� EH�
VFKHGXOHG��SHUKDSV�DV�PDQ\�DV����PHHWLQJV�RYHU�D�SHULRG�
RI�VL[�PRQWKV��7KH�JRDOV�RI�WKHVH�PHHWLQJV�DUH���

���� $OORZLQJ� WKH� LQVWUXFWRUV� WR� JHW� WR� NQRZ� RQH�
DQRWKHU�DQG�IHHO�FRPIRUWDEOH�ZLWK�FRPPXQLFDWLRQ�VW\OHV��
SHGDJRJLFDO�WKRXJKWV��GLIIHUHQW�WUDGLWLRQV�RI�YDULRXV�ILHOGV�
LQ� WHDFKLQJ�� DQG� VWXGHQW� OHDUQLQJ� QHHGV� LQ� GLIIHUHQW�
GLVFLSOLQHV��7KLV�JRDO�LV�SDUWLFXODUO\�LPSRUWDQW�DQG�VKRXOG�
EH�NHSW�LQ�PLQG�DQG�PRQLWRUHG�DV�LW�UHODWHV�WR�ILQH�WXQLQJ�
WKH� G\QDPLFV� RI� WKH� LQVWUXFWLRQ� WHDP�� LQWHJUDWLRQ� RI�
FRXUVH�PDWHULDO� DQG� OHDUQLQJ�REMHFWLYHV�� LGHQWLILFDWLRQ�RI�
DQ\�WHDP�LVVXHV��DQG�FRQVROLGDWLRQ�RI�WKH�FRPPLWPHQW�RI�
WKH�PHPEHUV��

���� ,GHQWLI\LQJ� WKH� JRDOV� RI� WKH� FRXUVH�� NHHSLQJ� LQ�
PLQG�WKH�OHYHO�RI� WKH�FRXUVH��QXPEHU�RI�FUHGLW�XQLWV��DQG�
GLYHUVH�EDFNJURXQG�RI�WKH�DXGLHQFH���

���� 'HFLGLQJ� RQ� WKH� GHWDLOV� RI� FRXUVH� PDWHULDO� DQG�
GLVWULEXWLRQ� RI� FRXUVH� FRQWHQW� GHYHORSPHQW� ZRUNORDG��
&RXUVH�FRQWHQW�GHYHORSPHQW�LV�DQ�LPSRUWDQW�VWHS�DV�YHU\�
OLNHO\�D�WH[WERRN�ZLOO�QRW�EH�DYDLODEOH���

����'HYHORSLQJ�FRXUVH�HYDOXDWLRQ�VWUDWHJ\�DQG�WRROV�WR�
EH�XVHG���

���� ,GHQWLI\LQJ� UHVRXUFHV� QHHGHG�� DQG� GHDOLQJ� ZLWK�
ORJLVWLFDO� LVVXHV� �H�J�� SURMHFWV� ZLWK� FRPPXQLW\�
LQYROYHPHQW��LQYLWDWLRQ�RI�JXHVW�OHFWXUHV��H�OHDUQLQJ�

�SODWIRUP�VHWXS��HWF�����
���� 'HYHORSLQJ� WKH� FRXUVH� SURSRVDO� GRFXPHQW� IRU�

DSSURYDO�E\�8QLYHUVLW\��+HUH�DWWHQWLRQ�WR�SUH�UHTXLVLWHV�LV�
LPSRUWDQW� GXH� WR� WKH� IDFW� WKDW� VWXGHQWV� IURP� YDULRXV�
SURJUDPV� VKRXOG� EH� DEOH� WR� WDNH� WKH� FRXUVH� DQG� UHFHLYH�
FUHGLW�IRU�LW���

����'HYLVLQJ� D� VWUDWHJ\� IRU� FUHDWLQJ� DZDUHQHVV�RI� WKH�
FRXUVH� DPRQJVW� GLYHUVH� VWXGHQW� SRSXODWLRQV�� DQG�
LQIRUPLQJ�HQJDJLQJ� XQGHUJUDGXDWH� SURJUDP�
FRRUGLQDWRUV�DGYLVRUV��LI�SRVVLEOH���

7KH� SHULRG� RI� VL[� WR� QLQH� PRQWKV� SUHSDUDWLRQ� DOVR�
SURYLGHV�D�ZLQGRZ�ZKHUH�LGHDOO\�WKH�LQVWUXFWRUV�FDQ�VKDUH�
FRXUVH� FRQWHQWV� GHYHORSHG� WR� HQVXUH� SURSHU� PHVKLQJ� RI�
WRSLFV� DQG� OHDUQLQJ� RSSRUWXQLWLHV� WKDW� PHHW� WKH� JRDO� RI�
SURYLGLQJ� D� PXOWL�SHUVSHFWLYH� YLHZ� RQ� D� WRSLF� �H�J�� VHH�
$SSHQGL[�$����

6HFRQG��LQ�WHUPV�RI�UHVRXUFHV�DQG�VXSSRUW�WZR�DVSHFWV�
DUH�LPSRUWDQW���

�L��$Q�DGPLQLVWUDWLYH�VXSSRUW�SHUVRQ�QHHGV�WR�EH�SXW�LQ�
SODFH�� 7KLV� LV� LPSRUWDQW� IRU� PXOWLSOH� UHDVRQV�� )RU�
H[DPSOH��LW�LV�YHU\�OLNHO\�WKDW�VXFK�D�FRXUVH�ZLOO�QRW�UHVLGH�
LQ�D�VLQJOH�)DFXOW\�RU�'HSDUWPHQW��L�H��LW�ZRXOG�QRW�KDYH�D�
QDWXUDO�³KRPH´��$V�VXFK�WKH�XVXDO�VXSSRUW�RI�D�KRPH�XQLW�
WR� RIIHU� WKH� FRXUVH� PD\� QRW� EH� WKHUH�� RU� LQ� WKH� LQLWLDO�
VWDJHV�RI�VXFK�LQLWLDWLYH��PDQ\�SURFHVV�PD\�EH�RXW�RI�WKH�
QRUP� RI� D� SDUWLFXODU� XQLW� DQG� PD\� UHTXLUH� GHGLFDWHG�
DWWHQWLRQ� �� WKHUH� LV�QR�QHHG� IRU�D� IXOO� WLPH�DGPLQLVWUDWRU��
EXW�D�GHGLFDWHG�DGPLQLVWUDWLRQ�VXSSRUW�SHUVRQ�PXVW�WR�EH�
LGHQWLILHG��� 7KH� KRVW� RI� WDVNV� WKDW� WKH� LQVWUXFWRU� WHDP�
VKRXOG� EH� IUHH� IURP�� EXW� DUH� QHHGHG�EHIRUH� VWXGHQWV� FDQ�
DFWXDOO\� UHJLVWHU� LQ� WKH� FRXUVH� LQFOXGHV�� DGPLQLVWUDWLYH�
DVSHFWV� RI� FRXUVH� SURSRVDO�� H�J�� GRFXPHQWDWLRQ�� VWHHULQJ�
WKURXJK�WKH�FRXUVH�DSSURYDO�SURFHVV��DQG�LQFOXVLRQ�LQ�WKH�
FRXUVH� FDOHQGDU�� DGYHUWLVLQJ� IRU� WKH� FRXUVH�� ORJLVWLFV� RI�
FODVVURRP� ERRNLQJ�� H[DPLQDWLRQ� VFKHGXOLQJ�� DQG� H�
OHDUQLQJ� V\VWHPV� VHWXS�� VHFXULQJ� WHDFKLQJ� DVVLVWDQWVKLSV��
LI� QHHGHG�� DQG� FKHFNLQJ� IRU� SUHUHTXLVLWH� FRQGLWLRQV��
$GPLQLVWUDWLYH�VXSSRUW�LV�DOVR�QHHGHG�IRU�UHFRUG�NHHSLQJ�
DQG� VFKHGXOLQJ� PHHWLQJV�� VSHDNHUV� VFKHGXOLQJ�� FRXUVH�
PDWHULDO� SUHSDUDWLRQV�� DQG� UHVHDUFK� LQWR�YDULRXV�SURJUDP�
UHTXLUHPHQWV� DQG� SUHUHTXLVLWHV�� 7KLV� VXSSRUW� ZDV�
LGHQWLILHG� DV� D� NH\� VXFFHVV� IDFWRU� GXULQJ� WKH� VL[�PRQWKV�
RUJDQL]DWLRQDO� SHULRG�� DQG� WKH� IROORZLQJ� SHULRG� QHHGHG�
IRU�FRXUVH�DSSURYDO�SURFHVV���

�LL�� $� EXGJHW� VKRXOG� EH� GHILQHG� DQG� SURYLGHG� �H�J��
IURP�LQWHUQDO�8QLYHUVLW\�IXQGV�� WKURXJK�JUDQWV�SURJUDPV��
FRVW� VKDULQJ� EHWZHHQ� YDULRXV� )DFXOWLHV�� DQ� LQWHUHVWHG�
LQVWLWXWH�� HWF����7KHVH� IXQGV� VKRXOG�EH� VHW� DVLGH� WR�³EX\´�
LQWHUQDOO\�RU�KLUH�SDUW� WLPH�DGPLQLVWUDWLYH�VXSSRUW��7KHUH�
VKRXOG�EH�DOVR�D�PHFKDQLVP�WR�UHFRJQL]H�WKH�HIIRUWV�RI�WKH�
IDFXOW\�PHPEHUV�LQYROYHG�LQ�VXFK�DQ�LQLWLDWLYH��$�QDWXUDO�
SDWK� ZRXOG� EH� WR� RIIHU� FRXUVH� UHOLHI� GXULQJ� WKH� FRXUVH�
GHYHORSPHQW� SHULRG� �FRXUVH� EX\� RXW��� KRZHYHU�� LQ� FDVH�
WKDW� WKLV� LV� QRW� SRVVLEOH� EHFDXVH� RI� DGPLQLVWUDWLYH� LVVXHV�
RU� GHPDQGV� IRU� WHDFKLQJ� LQ� WKH� ³KRPH´� SURJUDPV� RI� WKH�
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LQVWUXFWRUV� LQYROYHG�� WKH�FRXUVH�EX\�RXW� IXQGV� VKRXOG�EH�
XVHG� DV� D� PRQHWDU\� WRRO� DQG� SURYLGHG� GLUHFWO\� WR� WKH�
FRXUVH� LQVWUXFWRUV�� $QRWKHU� LGHD� ZRXOG� EH� WR� SURYLGH�
IXQGV�IRU�LQGLYLGXDO�LQVWUXFWRUV�WR�EH�SXW�LQ�WUXVW�IRU�WKHLU�
VFKRODUO\�DFWLYLWLHV���

�
:+$7�:$6�/($51('�

,Q� WKLV� VHFWLRQ� UHIOHFWLRQV� RQ� ZKDW� ZRUNHG�� ZKDW�
QHHGHG� UHWKLQNLQJ�� DQG� ZKDW� LPSDFW� ZDV� REVHUYHG� DUH�
GLVFXVVHG���

,Q�WHUPV�RI�FRXUVH�FRQWHQW�GHYHORSPHQW��ZH�FDQ�UHSRUW�
WKH�IROORZLQJ�OHVVRQV���

���� 7KHUH� LV� D� QHHG� WR� SURYLGH� ERWK� IRXQGDWLRQDO�
PDWHULDO� DQG�PRUH�DGYDQFHG�SHUVSHFWLYHV� VLPXOWDQHRXVO\�
JLYHQ�WKH�GLYHUVH�EDFNJURXQG�RI�VWXGHQWV�DQG�WRSLFV�LQ�DQ�
LQWHUGLVFLSOLQDU\�FRXUVH���

����$�FORVH�LQIRUPDWLRQ�H[FKDQJH�RQ�FRXUVH�FRQWHQW�RI�
HDFK� LQVWUXFWRU� VKRXOG� EH� GRQH� URXWLQHO\� �GXULQJ� FRXUVH�
GHOLYHU\��DQG�EHWZHHQ�LWHUDWLRQV�RI�WKH�VDPH�FRXUVH���7KLV�
LV� HVSHFLDOO\� LPSRUWDQW� DV� LQVWUXFWRUV� QRUPDOO\� WHQG� WR�
DGMXVW� FRXUVH� FRQWHQWV� RQ� DQ�RQJRLQJ�EDVLV��PRUH� VR� IRU�
QRYHO� FRXUVH� FRQFHSWV� VXFK� DV� WKH� RQH� GHVFULEHG� KHUH��
$OWKRXJK� WKH� WHDP� ZDV� IXOO\� DZDUH� RI� WKH� PDWHULDO�
SUHVHQWHG�E\�RWKHU�LQVWUXFWRUV��D�IXUWKHU�GHWDLOHG�H[FKDQJH�
ZLOO�EH�QHFHVVDU\�IRU�HQKDQFHG�LQWHJUDWLRQ���

,Q� WHUPV� RI� VWXGHQW� OHDUQLQJ�� ZH� FDQ� UHSRUW� WKH�
IROORZLQJ�OHVVRQV���

���� $QHFGRWDOO\� ZH� IRXQG� WKDW� VWXGHQWV� WKRXJKW� WKH�
FRXUVH�WR�EH�GLIIHUHQW�IURP�RWKHU�FRXUVHV�WKH\�KDYH�WDNHQ�
DV� LW� VHHPHG� PRUH� G\QDPLF� DQG� IXQ� ZKLFK� SURYLGHG� D�
ZLQGRZ�WR�³RWKHU´� LVVXHV�DQG�SHUVSHFWLYHV�QRW�RWKHUZLVH�
DYDLODEOH�WR�WKHP��

���� ,QFOXVLRQ�RI�D� WHDP�FRXUVH�SURMHFW� �VHH�$SSHQGL[�
$�� ZDV� REVHUYHG� WR� HQKDQFH� VWXGHQW� OHDUQLQJ�
VXEVWDQWLDOO\�� DV� QRW� RQO\� WKH� VWXGHQWV� GHDOW�ZLWK� D� WRSLF�
IURP�DQ� LQWHUGLVFLSOLQDU\�SHUVSHFWLYH��EXW�DOVR�ZRUNHG�LQ�
DQ� HPXODWHG� LQWHUGLVFLSOLQDU\� HQYLURQPHQW� JLYHQ� WKDW�
WHDP�PHPEHUV�QHHGHG�WR�EH�IURP�GLIIHUHQW�GLVFLSOLQHV���

���� 6WXGHQW� OHDUQLQJ� DQG� DZDUHQHVV� RI�
LQWHUGLVFLSOLQDU\�SHUVSHFWLYHV�ZHUH�HQKDQFHG�E\�UHTXLULQJ�
VWXGHQWV� WR�EORJ�RQ�TXHVWLRQV�RU� OHFWXUH� WRSLFV��$V� VXFK��
LQWHJUDWLRQ�RI�DQ�H�OHDUQLQJ�WRRO�ZDV�IRXQG�WR�EH�XVHIXO�LQ�
FRXUVH�GHVLJQ����

����6LQFH�LW�LV�YHU\�OLNHO\�WKDW�D�WH[WERRN�GRHV�QRW�H[LVW�
IRU�WKLV�VRUW�RI�FRXUVH��GHYHORSPHQW�RI�D�FRXUVH�SDFN�ZLOO�
KDYH�D�SRVLWLYH�LPSDFW�RQ�VWXGHQW�OHDUQLQJ�

���� ,W� ZDV� DOVR� IRXQG� WKDW� ODFN� RI� LQWHJUDWLRQ� ZLWK�
³UHJXODU´�SURJUDPV��RU�ODFN�RI�³RIILFLDO´�HQGRUVHPHQW�FDQ�
KDPSHU� VWXGHQW� OHDUQLQJ� RSSRUWXQLWLHV� E\� GLVVXDGLQJ�
VRPH�VWXGHQWV�IURP�SDUWLFLSDWLQJ��6XFK�ODFN�RI�LQWHJUDWLRQ�
LQWR� ³UHJXODU´� SURJUDP� DW� DQ� LQVWLWXWLRQDO� OHYHO� FDQ� DOVR�
DIIHFW� ORQJHYLW\� RI� RIIHULQJ� LQWHUGLVFLSOLQDU\� FRXUVHV� LQ�
JHQHUDO��OLPLWLQJ�VWXGHQW�OHDUQLQJ�RSSRUWXQLWLHV��
����,W�ZDV�LPSRUWDQW�WR�QRW�RQO\�SURYLGH�LQIRUPDWLRQ��EXW�
WR� FUHDWH� VSDFH� IRU� WKH� VWXGHQWV� WR� WKLQN� DERXW� WKH�

LPSOLFDWLRQV� RI� WKH� GLIIHUHQW� GLVFLSOLQDU\� SHUVSHFWLYHV���
7KLV� ZDV� GRQH� E\� HQFRXUDJLQJ� SDUWLFLSDWLRQ� LQ� FODVV��
KDYLQJ� JURXS� SURMHFWV�� VWXGHQW� SUHVHQWDWLRQV�� RQOLQH�
UHIOHFWLRQ� WKURXJK� EORJV�� LQYLWLQJ� ���� VSHDNHUV� IURP�
1*2V�� UHJXODWRU\� ERGLHV�� SROLWLFLDQV�� LQGXVWU\�
SUDFWLWLRQHUV�� FDPSXV� JURXSV�� HWF��� DQG� DGYHUWLVLQJ�
UHOHYDQW�FDPSXV�HYHQWV�LQ�WKH�FODVV��

,Q� WHUPV� RI� FRXUVH� ORJLVWLFV�� ZH� FDQ� UHSRUW� WKH�
IROORZLQJ�OHVVRQV���

���� $� GHGLFDWHG� DQG� SXUSRVHIXOO\� WDVNHG�
DGPLQLVWUDWLYH�VXSSRUW�VWDII�ZDV�IRXQG�WR�EH�D�NH\�IDFWRU�
LQ�VXFFHVV�RI�PRXQWLQJ�DQG�GHYHORSLQJ�VXFK�D�FRXUVH��7KH�
RQJRLQJ��KRZHYHU�PXFK�OHVV�RQHURXV��VXSSRUW�GXULQJ�WKH�
GHOLYHU\�SKDVH�RI�WKH�FRXUVH�ZDV�DOVR�IRXQG�WR�EH�XVHIXO��

���� $� ORQJ� HQRXJK� �H�J�� ���� PRQWKV�� SUHSDUDWLRQ�
SHULRG� LV� D� PXVW� IRU� SURSHU� FRXUVH� GHYHORSPHQW� DQG�
EXLOGLQJ� WKH� ULJKW� WHDP� G\QDPLFV�� 7KH� SHULRG� GRHV� QRW�
WDNH� LQWR� DFFRXQW� WKH� WLPH� QHHGHG� WR� LGHQWLI\� VXLWDEOH�
LQVWUXFWRUV� DFURVV� YDULRXV� XQLWV� LQ� WKH� XQLYHUVLW\�� $OVR��
DGGHG� WR� WKLV� SHULRG� VKRXOG� EH� WKH� WLPH� QHHGHG� IRU� WKH�
DSSURYDO� SURFHVV� RI� D� QHZ� FRXUVH� DQG� UHJLVWHULQJ� LQ� WKH�
FRXUVH�FDOHQGDU�RI�WKH�XQLYHUVLW\���

���� $� FKDPSLRQ�V�� LV� QHHGHG� WR� QRW� RQO\� LQLWLDWH� WKH�
LGHD�DQG�WKH�VHDUFK�VWDWHG�LQ�����DERYH��EXW�DOVR�WR�VHFXUH�
WKH�QHHGHG�IXQGLQJ�UHVRXUFHV�� ,W�PD\�EH�XQUHDVRQDEOH� WR�
H[SHFW� LQVWUXFWRUV� WR� DOVR� DFW� DV� IXQG� UDLVHUV� IRU� VXFK� D�
SURMHFW���

����)RU�RIIHULQJ�D�URVWHU�RI�LQWHUGLVFLSOLQDU\�FRXUVHV��D�
³QHXWUDO´� RU� ³ZLOOLQJ´� KRPH� )DFXOW\� RU� 'HSDUWPHQW�
VKRXOG� EH� LGHQWLILHG�� 7KH� SUHIHUHQFH� ZLOO� EH� ZLWK� D�
³QHXWUDO´� KRPH� DV� LW� ZLOO� UHPRYH� DQ\� VXJJHVWLRQV� RI� D�
SDUWLFXODU� GLVFLSOLQDU\� ELDV� LQ� WKH�PLQG� RI� VWXGHQWV�� WKXV�
SURPRWLQJ�VWXGHQW�XSWDNH��

����$� FRRUGLQDWHG� HIIRUW� LV� QHHGHG� WR�PDNH� VXUH� WKDW�
VWXGHQWV� IURP� GLUHFW� GLVFLSOLQHV� DUH� �L�� DZDUH� RI� VXFK� D�
FRXUVH� RIIHULQJ�� �LL�� WKH\� FDQ� UHFHLYH� FUHGLW� IRU� WDNLQJ�
VXFK�D�FRXUVH��

,Q� WHUPV�RI� LQVWUXFWRUV¶�H[SHULHQFH��ZH�FDQ�UHSRUW�WKH�
IROORZLQJ�OHVVRQV���

���� 7KH� GHOLYHU\� RI� VXFK� D� FRXUVH� EURDGHQHG� WKH�
SHUVSHFWLYH� RI� HDFK� RI� WKH� LQVWUXFWRUV� LQ� YDULRXV�
WHFKQLTXHV� DQG� SHGDJRJ\� WKDW� LV� H[HUFLVHG� DFURVV� D�
XQLYHUVLW\�ZLWK�GLYHUVH�SURJUDP�RIIHULQJV���

���� ,QVWUXFWRUV� LQYROYHG� UHSRUWHG� WKDW� SDUWLFLSDWLRQ� LQ�
GHOLYHU\�RI�WKLV�FRXUVH�KDV�KDG�WZR�PDMRU�LPSDFWV�RQ�WKHLU�
WHDFKLQJ� VNLOOV�DFWLYLWLHV�� )LUVWO\�� LW� KDV� DOORZHG� WKHP� WR�
XVH� RU� ³LPSRUW´� QHZ� WHFKQLTXHV� DV� D� UHVXOW� RI� ZRUNLQJ�
ZLWK�LQVWUXFWRUV�IURP�RWKHU�ILHOGV��6HFRQGO\��LW�KDV�OHG�WR�
GHYHORSPHQW� RI� QHZ� FRXUVHV� IRU� WKHLU� KRPH� GHSDUWPHQW��
RU�SURYLGHG�QHZ�SHUVSHFWLYHV�PDWHULDOV�LQWR�RWKHU�FRXUVHV�
WKH\�KDYH�EHHQ�WHDFKLQJ���

����)DFXOW\�PHPEHUV�LQ�JHQHUDO�ZRXOG�SHUFHLYH�VXFK�D�
FRXUVH� DV� DQ� XQDWWUDFWLYH� WHDFKLQJ� DVVLJQPHQW�DFWLYLW\��
+RZHYHU��LQ�WKH�H[SHULHQFH�RI�DOO�LQVWUXFWRUV�LQYROYHG�WKH�
RSSRVLWH� ZDV� IRXQG�� L�H�� WKLV� KDV� EHHQ� D� YHU\� UHZDUGLQJ�
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H[SHULHQFH� RQ� WKH� SURIHVVLRQDO� GHYHORSPHQW�� DV� ZHOO� DV�
VWXGHQW� OHDUQLQJ� OHYHOV�� RQH� RI� WKH� WHDP�PHPEHUV� QRWHG�
WKDW� WKH� FRRSHUDWLYH� QDWXUH� RI� WKH� WHDP� DQG� WKHLU�
IOH[LELOLW\�PDGH�GHOLYHU\�RI�VXFK�D�FRXUVH�YHU\�UHZDUGLQJ��
DQG�WKH�FRPUDGHU\��PDGH�LW�³IXQ´���

,I�WKH�LGHD�RI�DQ�LQWHUGLVFLSOLQDU\�FRXUVH�LV�DSSHDOLQJ��
KRZ� PLJKW� VXFK� D� FRXUVH� EH� LPSOHPHQWHG� LQ� DQ\�
LQVWLWXWLRQ"� � $Q� LQWHUGLVFLSOLQDU\� FRXUVH� UHVWV� RQ� IRXU�
SLOODUV�� � )LUVW�� UHVRXUFHV� �� LQVWUXFWLRQ� DQG� DGPLQLVWUDWLRQ�
FRPH�DW�D�FRVW���6HFRQG��WKH�WHDP���LI�WKH�PHPEHUV�GR�QRW�
NQRZ� RQH� DQRWKHU� RU� FDQQRW� EH� LGHQWLILHG� WKURXJK� D�
FRXUVH� RUJDQL]HU
V� QHWZRUNV�� WKH\� PXVW� EH� �UHFUXLWHG����
7KLV�ZRXOG�SUREDEO\�UHTXLUH� WKH�LQYROYHPHQW�RI�D�VHQLRU�
FROOHDJXH��VXFK�DV�D�'HDQ��WR�GR�WKH��FDOO�IRU�YROXQWHHUV����
WKH� FDOO� PXVW� EH� KHDUG� WKURXJK� WKH� QRLVH� RI� RWKHU�
PHVVDJHV�� � 7KLUG�� VWDII� VXSSRUW� �� WKH� P\ULDG�
DGPLQLVWUDWLYH�GHWDLOV�RI�RIIHULQJ�DQG�GHOLYHULQJ�D�FRXUVH�
PXVW� EH� DWWHQGHG� WR�� � )LQDOO\�� DQG�PRVW� LPSRUWDQWO\�� WKH�
FRXUVH� QHHGV� D� �FKDPSLRQ�� �� VRPHRQH� ZKR� WDNHV�
UHVSRQVLELOLW\� IRU� VWDUWLQJ� WKH�SURFHVVHV�DQG�NLFN�VWDUWLQJ�
WKHP�ZKHQ�WKH\�VWDOO���,I�WKHVH�IRXU�SLOODUV�DUH�LQ�SODFH��WKH�
FRXUVH�FDQ�OLNHO\�EH�GHYHORSHG�LQ�DQ\�LQVWLWXWLRQ��
�
Impact 

6RPH� RI� WKH� H[WHUQDO� RU� DGGLWLRQDO� LPSDFW� WKDW�
GHYHORSLQJ� DQG� RIIHULQJ� VXFK� D� FRXUVH� SURYLGHG� FDQ� EH�
VXPPDUL]HG� DV�� ���� D� GHPRQVWUDWLRQ� RI� FURVV�)DFXOW\�
FROODERUDWLRQ�RQ�WHDFKLQJ������VHHGV�IRU�ZULWLQJ�D�WH[WERRN�
LQ� WKH� IXWXUH� WKDW� PD\� QRW� RQO\� EH� XVHIXO� IRU� VXFK�
LQWHUGLVFLSOLQDU\� VW\OH� FRXUVHV��EXW� DOVR�DV� D� UHVRXUFH� IRU�
VWXGHQWV� LQ� ³UHJXODU´� SURJUDPV� WR� OHDUQ� DERXW� EDVLFV� RI�
RWKHU� SHUVSHFWLYH� RQ� D� SDUWLFXODU� WRSLF� LQ� DQ� DFFHVVLEOH�
ZD\�DV� VXJJHVWHG�E\�RQH�RI� WKH� LQVWUXFWRUV�� ����2IIHULQJ�
RI� VXFK�D�FRXUVH�DOVR�EURXJKW� LQ� VRPH�SRVLWLYH�SXEOLFLW\�
IRU�WKH�8QLYHUVLW\�WKURXJK�DQ�DUWLFOH�LQ�D�ORFDO�QHZVSDSHU���
�

&21&/86,216�
7KH� H[SHULHQFH� VKRZHG� WKDW�RUJDQL]LQJ��GHYHORSLQJ�� DQG�
GHOLYHU\� RI� DQ� LQWHUGLVFLSOLQDU\� FRXUVH� UHTXLUHV�
FRQVLGHUDEOH�DPRXQW�RI�SUHSDUDWLRQV��GHGLFDWLRQ�DQG�WLPH�
FRPPLWPHQW� IURP� LQVWUXFWRUV�� ,W� KRZHYHU� SURYLGHV� DQ�
H[FHSWLRQDO� OHDUQLQJ�RSSRUWXQLW\� IRU� VWXGHQWV��6RPHZKDW�
VXUSULVLQJO\� WKH� LQVWUXFWRUV� DOVR� EHQHILWHG� LQ� XQH[SHFWHG�
ZD\V� VXFK� DV�GHYHORSLQJ�RU� HQKDQFLQJ�RWKHU� FRXUVHV� IRU�
WKHLU� KRPH� GHSDUWPHQW�� ,W� ZDV� DOVR� FOHDU� WKDW�
DGPLQLVWUDWLYH� VXSSRUW� HDUO\� RQ� WRJHWKHU� ZLWK� SURYLGLQJ�
WKH� ULJKW� LQFHQWLYH� WR� DWWUDFW� LQVWUXFWRUV�ZLWK� DSSURSULDWH�
DWWLWXGH��VNLOO��DQG�DW�WKH�ULJKW�FDUHHU�VWDJH�DUH�NH\�LVVXHV���
�

$FNQRZOHGJHPHQWV�
&DQDGD�6FKRRO�RI�(QHUJ\� DQG�(QYLURQPHQW� DW� WKH�8QLY��
RI�$OEHUWD�LV�DFNQRZOHGJHG�IRU�LWV�ILQDQFLDO�VXSSRUW��'HDQ�
-RVHSK� 'RXFHW� LV� DFNQRZOHGJH� IRU� KLV� VXSSRUW� DQG�
HQFRXUDJHPHQW�RI�WKLV�LQLWLDWLYH�LQ�LWV�IRUPDWLYH�VWDJHV���
�

5HIHUHQFHV�
>�@�(1*�����(QJLQHHULQJ�3URMHFW�FRXUVH�DW�<RUN�8QLYHUVLW\�

�ZZZ�\RUNX�FD�HQJ�����LQGH[��KWPO��$FFHVVHG������������
6WXGHQWV�H�J��IURP�6SDFH�(QJ��WHDP�XS�ZLWK�RQHV�IURP�
&RPSXWHU�6FLHQFH�RQHV��HWF��WR�FRPSOHWH�D�FDSVWRQH�SURMHFW��

>�@�0HFKDQLFDO�(QJLQHHULQJ�DQG�0DQDJHPHQW�SURJUDP�RIIHUHG�
E\�0F0DVWHU�8QLYHUVLW\��KWWS���UHJLVWUDU�
ROG�PFPDVWHU�FD�&$/(1'$5�FXUUHQW�SJ�����KWPO��
$FFHVVHG�$SULO�����������

>�@�³&DQDGLDQ�(QJLQHHULQJ�$FFUHGLWDWLRQ�%RDUG��$FFUHGLWDWLRQ�
&ULWHULD�DQG�3URFHGXUHV´��(QJLQHHUV�&DQDGD���������

>�@�5�0��)HOGHU�DQG�/�.��6LOYHUPDQ��³/HDUQLQJ�DQG�7HDFKLQJ�
6W\OHV�LQ�(QJLQHHULQJ�(GXFDWLRQ´���(QJU��(GXFDWLRQ������
���������������

�
$SSHQGL[���$�

([FHUSWV�IURP�WKH�LQVWUXFWLRQV�JLYHQ�WR�VWXGHQWV�UHJDUGLQJ�
WKH� FRXUVH� SURMHFW� LV� SURYLGHG� KHUH� WR� GHPRQVWUDWH� KRZ�
PXOWLGLVFLSOLQDU\�SHHU�OHDUQLQJ�RSSRUWXQLW\�ZDV�FRPELQHG�
ZLWK�HQFRXUDJLQJ�VWXGHQWV�WR�WDNH�D�PXOWLGLVFLSOLQDU\�DQG�
PXOWL�IDFHWHG�H[DPLQDWLRQ�RI�D�WRSLF����

x� Group Formation� ��6WXGHQWV� DUH� UHTXLUHG� WR� IRUP�
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Abstract – In 2005, Polytechnique Montréal 
introduced project-based learning (PBL) in its 
curriculum. The second-year integrative project for 
computer and software engineering students is software-
oriented, as the main goal is to develop an interactive 
graphical software application. Students are given a 
software requirements specification (SRS), which details 
every feature the application must comply to. The students 
must then implement these features, starting from a 
provided framework, and various common software 
libraries. The main technical concepts integrated in the 
project are software design patterns, computer graphics, 
unit testing, and user interface design. Students are also 
provided with tools to put into practice project 
management concepts such as scope management, time 
management, cost management, and risk management. 
The second-year project is also a good opportunity for 
students to develop their non-technical skills, such as 
collaboration, communication and critical thinking. 
 
Keywords: integrative project, project-based learning 
(PBL), computer engineering, software engineering. 
 
 

1. INTRODUCTION 
 

In 2005, Polytechnique Montréal introduced project-
based learning (PBL) in its curriculum. The main goals of 
this approach are concept integration, student active 
participation, and autonomy improvement [6]. The 
second-year integrative project is a mandatory course for 
all computer and software engineering students. Unlike 
the first-year integrative project, where hardware is an 
important part [2], the second-year project is software-
oriented. The application to develop is both a map 
editor/tester and a videogame using the created map.  
Each year, the specific details of the project change, but 
the core features remain the same. 

Section 2 presents Polytechnique  Montréal’s  first-year, 
third-year, and senior-year integrative projects. Section 3 
details the second-year integrative project in terms of 

concept integration and deliverables. Section 4 explains 
the structure of the course and its support. Section 5 
presents the evaluation of the course.  
 

2. INTEGRATIVE PROJECTS 
 

PBL is built around projects. At Polytechnique 
Montréal, each academic year offers a specific integrative 
project that aims to put into practice theory seen in other 
courses of that same academic year. Other than the 
second-year integrative project, which is the main topic of 
this paper, there are three other integrative projects: first-
year, third-year and senior-year (capstone projects) [3]. 

 
2.1. First-Year Integrative Project 
 

In computer engineering and software engineering, the 
first-year integrative project is based on the design and 
implementation of a program allowing control of a small 
mobile robot.  

Students start by welding and mechanically assembling 
the robot they purchased in a box. Then, they get to 
familiarize with the hardware architecture of a 
microcontroller, therefore putting into practice knowledge 
acquired in hardware courses (digital logic and 
microcomputer architecture). Also, software development 
concepts learned in the software engineering course are 
put into practice. At the end of the project, the robot must 
follow a relatively complex predefined path. 
 
2.2. Third-Year Integrative Projects 
 

Computer engineering and software engineering have 
different third-year integrative projects, which require 
more autonomy from students than the prior two 
integrative projects. In software engineering, the main 
goal of the project is to reengineer the second-year 
integrative project in order to add two major features: 
network multiplayer abilities and mobile (tablet) map 
edition. In computer engineering, students get to program 
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a FPGA board, implying embedded systems design. Both 
projects put into practice computer network concepts. 
 
2.3. Capstone Projects 
 

Capstone projects require even more autonomy from 
students than the other three integrative projects. From an 
academic standpoint, it is nearly impossible to define 
projects related specifically to notions taught in senior-
year classes. Unlike the other three integrative projects, 
each team gets an exclusive capstone project defined by a 
non-academic client: enterprise or nonprofit organization 
from different industries. The diversity of available 
projects usually allows students to work on a project 
meeting their interests, thus increasing their motivation.   

Dealing with real clients means that on top of technical 
considerations, students must deal with human 
expectations, which can be even trickier. Capstone 
projects offer a good opportunity for students to put into 
practice both technical and non-technical skills. 
 

3. SOFTWARE-ORIENTED PROJECT 
 

The second-year integrative project for computer and 
software engineering students is software-oriented, unlike 
first-year integrative project where hardware is an 
important part of the project.  

The application to develop is both a map editor/tester 
and a videogame using the created map. Each year, the 
specific details of the project change, but the core features 
remain the same. Over the past years, students have 
developed games such as Mars Pathfinder, pinball, pool, 
car driving, mini golf, and air hockey. 

Students are provided with a framework including two 
layers: a thin Java user interface layer and a C++ 
application logic layer. Both layers are meant to be 
extended by students. JNI (Java Native Interface) is used 
as a bridge allowing native C++ to be invoked by Java. 
The C++ layer is mainly comprised of a rendering tree 
using OpenGL. 

The framework includes many open source libraries 
such as Assimp, for 3D models loading, CppUnit, for unit 
testing, FMOD, for loading and playing music and sounds, 
FreeImage, for texture loading, FreeType, for text 
rendering, and TinyXML, for XML saving and loading. 

 
3.1. Concept integration 

 
As prescribed by PBL, one of the main academic goals 

is concept integration. The second-year project integrates 
concepts of various courses. 

 
 
 

Table 1: Courses concept integration 
Course Integrated concepts 

Software design Object-oriented analysis and 
design 
Design patterns 

Data structure and 
algorithms Graph search algorithm 

Computer Graphics Camera control 
3D Modeling 
Texturing 
Lighting 

Software Engineering Unit testing 
Quality metrics 

User Interface Design User interface heuristics 
Windowing system 

 
Table 1 presents a non-exhaustive list of concepts 

integrated in the second-year project. From the software 
design course, students must integrate object-oriented 
analysis and design techniques in order to translate 
requirements eventually into code. The main design 
patterns needed in the project are template method, 
composite, observer, facade, abstract factory, singleton, 
state, and visitor. From the data structure and algorithms 
course, students benefit from graph search algorithms. 
Since the project is a videogame, the computer graphics 
course is the most important basis: camera control, 3D 
modeling, texturing, lighting, and many others concepts. 
From the software engineering course, students integrate 
unit testing in order to verify critical functions in their 
project and quality metrics, such as cohesion, coupling, 
readability, and maintainability. Finally, from the user 
interface design course, students integrate windowing 
system concepts and user interface heuristics, such as 
Bastien-Scapin’s [1]. 

 
3.2. Deliverables 

 
The second-year integrative project is divided into 3 

deliverables. 
 

Table 2: Deliverable 1 features 
Feature 

Main menu 
Menu bar, toolbar 
Properties configuration 
Pan and zoom view 
Resize graphical window 
Objects edition 
Save and load map 
Unit testing 
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The main goals of deliverable 1 are to allow students to 
familiarize with the provided framework, to develop a 2D 
map editor, and to design and implement unit tests. 
Table 2 presents deliverable 1 features. Students must 
develop a main menu, a menu bar, a toolbar, and 
properties configuration possibilities. They must also deal 
with the windowing system (resize graphical window, pan 
and zoom view). Most importantly, they must implement 
objects edition features such as selecting, moving, adding, 
duplicating, rotating, scaling, and deleting. They must 
permit saving and loading the edited map in XML format. 
Finally, they must integrate unit testing for critical 
functions. 
 
Table 3: Deliverable 2 features 

Feature 
3D models integration 
Options configuration 
Game debugging module 
Virtual player behaviour 
Test mode 
Game mode 
Campaign mode 
Game physics 
Game rules 

 
The main goal of deliverable 2 is to add playing 

capabilities to the application. Table 3 presents 
deliverable 2 features. Students must implement a test 
mode, a game mode, a campaign mode and a game 
debugging module. Therefore, 3D models integration, 
option configuration, game physics, including collision 
detection, and game rules must be implemented. Also, a 
virtual player behavior implementation will provide a very 
basic form of AI (artificial intelligence). 
 
Table 4: Deliverable 3 features 

Feature 
Orbit camera 
Perspective (3D) edition 
Heads-up display (HUD) 
Skybox 
Lighting 
Game sounds 
Animations 

 
The main goal of deliverable 3 is to add a few useful 

bells and whistle in order to provide an enjoyable user 
experience. Table 4 presents deliverable 3 features.  The 
map editor is migrated to 3D and an orbit camera is 
added. HUD provides a user interface directly in the 
OpenGL canvas. A skybox (background environment), 
lighting, game sounds and animations complete the 

deliverable 3 features. Finally, students must optimize the 
efficiency of their user interface, based on Bastien-
Scapin’s heuristics.  

In addition to the specific features in the 3 deliverables, 
students must pay attention to the overall quality of the 
product therefore avoiding graphics lag, memory leaks 
and crashes. User documentation (Javadoc and Doxygen) 
is also mandatory. Finally, students must deliver their 
product as a self-executable package. 

Figure 1 presents an example of a second-year project 
application: Air Hockey. 
  

 
Fig. 1. Air Hockey main menu 

 
4. COURSE STRUCTURE AND SUPPORT 

 
On the first day of the course, teams of 5 or 6 students 

are formed and provided with a framework and all the 
documentation they need for the whole semester: project 
presentation, software requirements specification (SRS), 
elicitation report, and development guide. The project 
presentation (about 10 pages long) explains the general 
context of the project and presents high level features to 
develop. The SRS is a more formal document (about 20 
pages long), very common in traditional software 
development, detailing the specific requirements of the 
system. The elicitation report (about 40 pages long) is 
written in a form of a Q&A between a developer and a 
client. Its purpose is to explain into even greater details 
the requirements of the project, in a less formal way than 
in the SRS. Finally, the development guide (about 40 
pages long) offers technical information and advices 
related to the provided framework. 

Students get more autonomy in the second-year 
integrative project than in the first-year one. It is their first 
full-semester project. There is no week-by-week 
assignment, only 3 deliverables for the whole semester. In 
order to help students, 4 lectures are given on project 
management theory: scope management, time 
management, cost management, and risk management. 

Also, students are provided with a project management 
tool, Redmine [7], which offers a Web interface allowing 
task definition and scheduling, timesheet management, 
and many other support tasks. 
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Since computer and software projects deal with a lot of 
files, configuration management tools are essential. In the 
second-year integrative project, students are provided with 
Git [4], a popular distributed revision control and source 
code management system. With Redmine, it is possible to 
link tasks to files controlled by Git, which is very useful 
for process development control such as requirements 
traceability.  

Teaching assistants are available 6 hours a week to 
answer technical questions and the teacher does a weekly 
supervision meeting. 

Finally, a non-technical skills specialist meets each 
team around mid-project in order to help students take 
advantage of effective collaboration, communication and 
critical thinking. 
 

5. EVALUATION 
 

The main goal of the second-year integrative project 
course is to develop a project application, but the 
evaluation of the course is diversified. 

 
Table 5: Course evaluation 

Evaluation Weight  Type 
Project (3 deliverables) 50 % Team 
Project management exam 10 % Individual 
Technical report 10 % Individual 
Technical exam 10 % Individual 
Oral presentation 10 % Individual 
Timesheet 5 % Individual 
Work planning 5 % Team 

 
Table 5 presents second-year project course evaluation. 

While the team evaluation of the project stands for half of 
the evaluation of the course, there are a few individual 
evaluations: project management exam, technical exam, 
technical report, and oral presentation. Also, students 
must take advantage of the Redmine tool to plan 
development of the project (team evaluation) and also log 
their timesheet (individual evaluation).  

A peer-reviewing Web tool, iPeer [8], is used. After 
each of the three deliverables, every student must proceed 
to a self- and peer-assessment on four criteria: team role 
fulfillment, team interaction, team performance 
contribution, and team development contribution. As 
confirmed by Johnston and Miles [5], knowledge that 
individual contributions to the group project will be 
assessed results in a low incidence of free-riding and, 
consequently, more involvement in group-based learning. 

 
6. CONCLUSION 

Second-year integrative project is an important part of 
computer engineering and software engineering bachelor 

degrees. The progression   of   a   student’s   autonomy   from  
first-year project to capstone project is very significant 
and the second-year project is an important part of the 
progression. The project integrates many concepts such as 
software design patterns, computer graphics, unit testing, 
and user interface design. Students are also provided with 
tools to put into practice project management concepts. 
Also, the second-year project is a good opportunity for 
students to develop their non-technical skills. 

Ever since its creation, the course has undergone 
continuous improvements: small ones such as the 
introduction of a new configuration management tool, or 
bigger ones such as the migration of the provided 
framework from a 32-bit version to a 64-bit version. 

Since computer and software technologies evolve very 
fast, it is a great challenge to keep up to date. Currently, 
the biggest improvement yet is underway: a new version 
of the framework is being developed, involving cutting-
edge technologies. Hopefully it will last a few years! 
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Abstract: Conversion of signals is fundamental to the 
interfacing of embedded systems. Such signal conversions 
include (i) analog-to digital (A/D) in order to translate an 
analog form of the signal to its sampled and quantized form 
for digital signal processing, (ii) digital-to-analog (D/A) in 
order to translate the digital samples to a corresponding 
boxcar signal for further low-pass filtering and recovery of 
the original signal, and (iii) digital-to-digital (D/D) to 
achieve new desired properties of the data. 
 This paper focuses on teaching the delta-sigma (ΔΣ) 
A/D conversion that is often omitted from an interfacing 
course because it appears to be a difficult topic to 
comprehend and to teach. This new approach links the new 
ΔΣ conversion to the other classes of A/D conversion 
techniques explicitly, thus unifying and simplifying the 
teaching of signal conversions. 
 
Keywords: Interfacing in embedded systems; signal 
converters; teaching delta-sigma conversions. 
 

1. INTRODUCTION 
 
 Conversion of signals is fundamental to the interfacing 
of embedded systems [3], and particularly microcontrollers 
(µc) [9], [26], [33], microprocessors (µP) [32], and 
microcomputers (µC) [18]. The signal conversions include 
(i) analog-to digital (A/D) in order to translate an analog 
form of the signal to its sampled and quantized form for 
digital signal processing, (ii) digital-to-analog (D/A) in 
order to translate the digital samples to a corresponding 
boxcar signal for further low-pass filtering and recovery of 
the original signal, and (iii) digital-to-digital (D/D) to 
achieve new desired properties of the data such as (a) 
elimination of a DC component, (b) self-clocking by 
embedding the transmission clock into the transmitted data, 
and (c) polarity independence to eliminate the need to 
colour the wires in a data-carrying cable. 
 A course on microcontroller interfacing must include 
all those conversions, in addition to many other pertinent 
topics [16], [17], [32], [4]. This paper describes such a 
course, with a focus on teaching the delta-sigma (ΔΣ) 
conversion that is often omitted because it appears to be the 
most difficult topic to comprehend and to teach (e.g., [12], 
[29], [2]). 

 The most important contribution of this paper is the 
approach to teaching the ΔΣ conversion in the context of 
the evolution of ideas related to the operation of other more 
common techniques such as parallel (flash and its 
variations) and serial, either linear on nonlinear. The serial 
signal A/D and D/A converters (ADC and DAC) are often 
covered in a course on interfacing, and include the 
following types (i) counting (single ramp), (ii) tracking, (iii) 
successive approximation (SA), (iv) integrating (dual slope, 
quad slope), and (v) voltage-to-frequency (V/F)-based 
converters [16]. The first four types can be classified as 
voltage-to-timegate (V/T)-based converters. The V/F 
converter can be treated as a logical dual of the V/T 
converter, but with several new very desirable features [16]. 
 Once these relations are established, we can combine 
the best features of the V/F and V/T converters, and add 
concepts from signal processing and control to achieve 
noise shaping through dithering (spectrum spreading). Such 
ΔΣ converters can attain unprecedented resolution. This 
paper presents the roots of the ΔΣ conversion as found in 
the differential pulse-coded modulation (PCM), as well as 
its theory, implementation, and benefits to embedded 
systems. 
 

2. STANDARD ADC CONCEPTS 
 
2.1 Data Acquisition System 
 
2.1.1 Types of Signals: An analog-to-digital (A/D) 
converter (ADC) is an electronic circuit that converts an 
analog signal (continuous in both time and magnitude) to a 
discrete signal (discrete in time, but continuous in 
magnitude) and to a digital signal (discrete in both time and 
magnitude), as shown in Fig. 1.  
 While the discrete signal is the same as the analog 
signal at time j, the digital signal approximates the discrete 
signal to one least-significant bit (LSB), equal to the 
quantization step, Q. The Q step is the interval of 
uncertainty in the ADC, and is equivalent to the least-
significant bit (LSB), and is given by 
 

 Q = FS
2N ! 1 LSB  (1) 
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where FS is the full scale (the peak-to-peak) value of the 
signal), v(t) = Vmax-pp, and N is the number of bits in a 
sample. 
 

 
 

Fig 1. Impact of oversampling by a factor M. 
 
2.1.2 Signal Acquisition and Conversion: The standard 
way to obtain the discrete signal is to use a sample-and-
hold (S&H) circuit that remembers the analog discrete 
signal value vj, ≡ v[j] = v(t) as captured at time j = tj = t, 
where the symbol “≡” reads “is equivalent to.” The S&H 
must be selected to hold the value between successive 
samples with a negligible droop, i.e., vdroop[j] ≤ Q. If this 
condition is satisfied, then the conversion time Tconv can 
extend up to the sampling time, TS, 
 
 Tconv ! TS < TN  (2) 
 
 When the S&H device is not used (due to its expense) 
and the analog input signal is fed directly to the ADC, 
another constraint must be considered: the signal must 
change slowly so that it does not exceed one quantization 
step during the conversion time. This critical time is called 
the aperture time, ta. It can be shown that the aperture time 
can be calculated from [Kins13a] 
 

 (ta )min =
FS

2N dv(t)
dt

!
"#

$
%& max

 (3) 

 
where (•)max denotes the maximum time derivative of the 
analog signal. Thus, the conversion time must be faster than 
the minimum aperture time 
 
 Tconv ! tamin < TN  (3) 
 

2.1.3 The ADC: As shown in Fig. 2, the ADC takes an 
analog signal, converts it to the digital form, and transfers 
the data to a digital signal processor. The ADC can have 
any of the forms listed in the previous section, such as the 
SA type that is not as fast as the flash converter, but can 
also convert in a fixed amount of time, proportional to the 
number of bits, N, in a sample. The ADC requires a 
sampling clock and a voltage reference. 
 
2.1.4 The Analog LPF: As shown in Fig 2, the ADC is 
preceded by an analog low pass filter (LPF), also called the 
anti-aliasing filter (AAF). The filter is necessary to 
establish a cutoff frequency, fc, defined at the 3-dB power 
spectrum density P(f) dropoff, as well as the rolloff 
frequency, fR, ≡ fB that defines the bandwidth, B, of the 
baseband signal. The rolloff frequency is defined at an 
appropriate level of the floor noise. 
 The cutoff frequency, fc, is used to calculate the 
Nyquist (minimum) sampling frequency, fN, required to 
reconstruct the signal without losses 
 
 fN = 2 fc  (4) 
 
The actual sampling frequency is selected from the worst-
case rolloff frequency 
 
 fS = 2 fB > fN  (5) 
 

 

 
 

Fig 2. (a) A band-limited signal is converted to digital 
samples, each with N bits, at a rate of the sampling 

frequency, fS. (b) Definitions of sampling frequency. 
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 Notice that the sampling should never be done at the 
Nyquist frequency in order to avoid phantom DC 
reconstruction (when the samples are all zero at the zero 
crossings of the periodic signal). As shown in Fig. 1, fS > fN, 
or TS < TN. For example, the telephone-quality speech has a 
bandwidth from 300 Hz to 3,300 Hz. Thus, the Nyquist 
frequency is fN = 2×3300 = 6600 sps (samples per second). 
The sampling is done at fS = 8 ksps (kilosamples per 
second), which is over 20% higher than fN. 
 
2.1.5 Implementation Issues: Designing the LPF is not 
trivial, as steep-skirt filters are difficult to implement, and 
may become oscillators (e.g., [21, Fig. 6]). 
 In high-speed systems, a buffer is also necessary 
between the LPF and the ADC to separate the filter from 
the converter in terms of driving capabilities and frequency 
independence (e.g., [22], [20]). 
 The sampling clock feeding the ADC must also be 
designed for stability and low jitter to reduce noise (e.g., 
[21]). Still another part of the circuit is a high-accuracy 
full-scale voltage reference required by the ADC. It can be 
designed using a pulse-width modulation (e.g., [23], [24]). 
 
 

3. QUEST TO REDUCE NQ 
 
 The impact of the quantization noise, NQ, on the 
number of bits is very pronounced [34]. Spreading of the 
noise over a wider bandwidth has worked in many signal 
processing areas, and has been applied in the ADC area. 
 
3.1 Theoretical SNR 
 
 The signal to noise ratio, SNR, is defined as the ratio 
of the useful signal to the unwanted noise in the system. 
The ratio can be expressed in terms of power or magnitude. 
This measure is very important as it is linked to many 
performance characteristics of a communications or signal 
processing system. One of the noise components in a data 
acquisition system is its unavoidable quantization noise, NQ. 
 The ADC can be linear or nonlinear [Kins13a], as 
defined by its signal transfer characteristic (STC). The 
ADC is said to be linear if all the quantization steps, Q, are 
equal. The maximum quantization error (noise) is NQmax = 
Q or NQmax = ±Q/2, depending on the ADC implementation. 
For that maximum quantization error, root-mean squared 
value of the error is [Kins13a] 
 

 NQrms =
Q
12

= Q
2 3

! Q
3

 (6) 

 
Since all the frequencies in the bandwidth B are equally 
probable, the distribution of the quantization noise is 
uniform. For a full-scale sine-wave, the theoretical SNR is 
[15] 

 
 SNR = 6.02N +1.76 [dB]  (7) 
 
3.2 Oversampling to Reduce NQ 
 
 Since the quantization noise, NQ, affects the 
performance of a system, can its impact be reduced? Yes, 
the impact can be reduced if the signal is oversampled [5] 
by a factor M = fs/(2fB), as shown in Fig. 3. 
 The quantization noise is reduced because it is now 
spread over a wider bandwidth, and much of the noise is 
removed by a LPF which can now be a digital filter. Most 
of such digital filters are the finite-impulse response (FIR) 
LPF because their phase response is linear (e.g., Laco07, 
Fig. 7]). Digital filters with very steep skirts can be 
implemented reliably (e.g., [25], [30]). 
 The digital LPF is followed by a decimation stage to 
reduce the rate of data from the oversampled MfS to the 
original sampling rate, fS. 
 An added advantage of oversampling is the much 
flatter rolloff of the analog LPF that can now be 
implemented with a lower-order LPF. 
 

 

 
 

Fig 3. Impact of oversampling by a factor M. 
 
 This oversampling improves the SNR by 10log10(M). 
However, this improvement is not very efficient because 
the spreading is still uniform. To improve the SNR by 6.02 
dB (n = 1 bit), we must oversample by M = 4. The second 
bit improvement (n = 2) requires M = 16, and the third bit 
(n = 3), M = 64, or in general, M = 2m where m = 2n. 
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3.3 Noise Shaping to Reduce NQ 
 
 In order to improve the SNR more efficiently, we 
should abandon the uniform spreading of the NQ 
distribution in favour of a non-uniform NQ distribution. 
This process is called noise shaping. If we could shape the 
distribution so that it could be skewed to the right, then the 
LPF would remove a much larger portion of the unwanted 
part of the noise. 
 Figure 4 shows the noise shaping for different degrees 
of complexity. The uniform spectrum of the noise transfer 
function (NTF) represents the spreading due to the standard 
oversampling on any ADC [19]. The nonlinear first-order 
shaping skews the spectrum to the right, so less noise is 
retained in the bandwidth B of interest (where the curves 
intersect). Higher-order shaping provides even more gain. 
 In order to achieve this non-linear noise shaping, 
oversampling alone will not be sufficient. We must 
introduce some sort of feedback so that past values of the 
noise could be reused not just once, but many times in an 
iterative cascade cycle, as discussed next. 
 

 
Fig 4. Quantization noise shaping. 

(After [1, Fig. 12]) 
 

4. ΔΣ  CONCEPTS 
 
4.1 Evolution of Basic Concepts 
 
 The delta-sigma (ΔΣ) analog-to-digital (ADC) is used 
in many applications such as voice, audio, and high-
resolution measurements. Such devices are slower than 
flash and successive approximation (SA), but have a much 
higher effective resolution. 
 The ΔΣ concept was developed in France in 1946 [7], 
US Bell Labs in 1952 [6], and Holland’s Phillips Labs in 
1952 [11]. The key ideas and historical evolutions is 

discussed by Hauser [10], Azis et al. [1], Kester [12], [13], 
[14], and Wooley [35]. 
 The objective of the ΔΣ ADC is the same as before: 
convert an analog input signal in the range [vmin, vmax] to 
its digital equivalent with a resolution of N bits per sample, 
while satisfying the Nyquist-sampling and aperture-time 
constraints. 
 The key concepts behind the ΔΣ ADC are: (i) 
oversampling, (ii) quantization noise spreading and shaping, 
(iii) digital filters, and (iv) decimation. 
 
4.2 Classes of Converters 
 
4.2.1 PWM-Modulator-Based ADC: The majority of 
standard serial A/D converters change the sampled signal 
into a time gate whose duration is proportional to the 
magnitude of the sampled signal. The single time-gate-
generation part of the ADC can be considered a pulse-
width modulator (PWM). During the time-gate pulse, 
clock pulses are counted. Since the clock frequency, TCK, is 
constant, the clock count is proportional to the sampled 
signal, vj. The clock frequency is selected to reach the 
maximum count for the maximum duration of the time gate. 
This scheme is illustrated in Fig. 5a. 
 

 
 

Fig 5. Classes of serial ADC schemes. (a) PWM-based 
ADC. (b) FM-based ADC. (c) ΔΣM-based ADC. 

 
4.2.2 Frequency-Modulator-Based ADC: Figure 5b shows 
the second class of ADC devices. They convert the sampled 
signal into a unipolar pulse stream whose frequency is 
proportional to the magnitude of the sampled signal. This 
charge-pump device can be considered as frequency 
modulator (FM), and is called voltage-to-frequency (V/F) 
converter. This pulse stream has a low rate for low voltage, 
and a high rate for a high voltage. The pulse stream can be 
considered to be a variable clock which is counted during a 
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constant time gate. The duration of the gate is calculated so 
that the counter reaches its maximum for the highest 
frequency of the pulses. 
4.2.3 Delta-Sigma-Based ADC: The ΔΣ scheme is an 
extension of this V/F converter in which the sampled input 
signal (scaled to [-1, 1] for convenience) is also converted 
to a pulse stream, but now bipolar, with a fixed frequency, 
a fixed amplitude of –1 or +1, and a fixed duration of τ. 
This part of the converter is called the delta-sigma (ΔΣ) 
modulator (DSM). The pulse stream is filtered out by a 
digital LPF, and its output is decimated to obtain the 
desired data, as shown in Fig. 5c. 
 
4.3 Selection of Pulse Polarity 
 
 The polarity of the pulses is selected in such a way that 
the time average of the pulse stream converges to the 
sampled input signal to an arbitrary degree of accuracy. 
The more pulses generated in the each interval TS, the 
greater the accuracy and precision. This is illustrated in Fig. 
6. 

 
Fig 6. A unity bipolar pulse stream representing a sample vj. 
 
 To demonstrate the simplicity of the idea, let us 
consider the desired equality between the input signal 
sample vj and a measure µj of the bipolar pulse stream 
between two successive discrete samples 
 
  vj = !" k # j ! µ j (" k )  (8) 
 
A simple measure is the average of the M pulses, each of 
duration τ within each sample interval TS. For example (Fig. 
6), the oversampling is M = 24 (i.e., 15 positive pulses and 
9 negative pulses). Since the arithmetic sum of the pulses is 
6, the measure is µ1 = 6/24 = ¼. In general, this can be 
written as 

 

 µ j (! k ) =
1
M"

! k"
k=1

M

# = 1
M

! k
k=1

M

# $
SjM
M

 (9) 

 
where SjM denotes the total sum of the pulses in the jth 
sample interval. It is seen from (9) that the duration of the 
pulses does not matter (i.e., the pulses can be as narrow as 
practicable, or can reach the entire pulse period TOS. 
 
4.4 Sequence Generation 
 
 The key question is how the pulse sequence can be 
generated. Observe that at the end of the sampling period TS, 
all M pulses are counted, and the following equality should 
hold 
 

 vj =
SjM
M

  or  vj !
SjM
M

= 0  (10) 

or 
 Mvj ! SjM = 0  (11) 

 
This expression provides a clue about the pulse steam 
formation during the sampling interval for k < M. That is, 
after counting k pulses, if the partial sum, Sjk, is too small 
with respect to kvj, the next pulse should be +1. That is, 
 
 ! jk = kvj " Sjk > 0   then   # k+1 := 1  (12a) 
 
On the other hand, if the partial sum is too large (or equal), 
the next pulse should be 
 
 ! jk = kvj " Sjk # 0   then   $ k+1 := "1  (12b 
 
 This strategy should produce a pulse stream within 
each sample interval TS that converges to the value of the 
corresponding input signal sample vj, provided M is 
sufficiently large. This can be written as a C-like 
pseudocode, and shown in Algorithm 1 (e.g., [27]). 
 
 Algorithm 1: Pseudocode of the ΔΣ modulator. 

Step Code 
1 k = 1; 
2 while (1) { 
3      S_k = compute_partial_S_k (); 
4      if ( k*v_j – S_j_k > 0 
5            output (1); 
6      else 
7            output (–1); 
8       k++; 
9 } 
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4.5 Block Diagram of ΔΣ  Modulator 
 
 Algorithm 1 can be translated into a block diagram 
shown in Fig. 7. It is clear why the modulator is called ΔΣ. 
Some literature considers this structure as ΣΔ (summer 
followed by the difference maker). 
 

 
 

Fig 7. Fundamental block diagram of the ΔΣ modulator. 
 
 Notice that the above diagram appears to be different 
from most ΔΣ modulators reported in literature. The 
alternative diagrams substitute the summer block (Σ) with 
an analog integrator (∫), the 1-bit quantizer with a 1-bit A/D 
converter, and the sample delay (z–1) with a 1-bit D/A 
converter. The alternative diagrams represent a more 
generalized ΣΔ modulator. Our diagram may be easier to 
understand, at least initially during teaching in a course for 
a diverse audience. 
 
4.6 Verification of the ΔΣ  Modulator 
 
 Table 1 lists several steps that follow the ΔΣ algorithm 
and the bock diagram. It is intended to re-inforce the 
concept in a class. 
 
Table 1: ΔΣ sequence generation. 
Step 

k 
Sample 

v(t) 
δj(k–1) wjk δj 

0 vj 0 
(set) 

0 1 (set) 

1 vj 1 wj1=vj –δ0 δj1=q(wj1) 
2 vj δj1 wj2=wj1 +( vj –δ1) 

= vj – δ0 + vj – δ1 
= 2vj – δ0  – δ1 
= 2vj – Sj2 

δj2=q(wj2) 

3 vj δj2 wj3 = 3vj – Sj3 δj3=q(wj3) 
 !   !   !   !   !  
k vj δj(k–1) wjk = kvj – Sjk δjk=q(wjk) 

 
 
 

5. DISCUSSION 
 
5.1 Noise Averaging 
 
 The entire description assumed that the analog signal 
v(t) was sampled by a S&H device, and that the sample vj 
was constant throughout the pulse generation in each 
sample period TS. In practice, the value of the analog 
discrete sample vj droops (like a leaky memory), and is also 
subjected to external noise. Another source of the noise is 
due to clock jitter. The strength of the ΔΣ ADC is that the 
many pulses tend to average out the noise through the 
integration process. Such systems have a comb filter 
transfer characteristic [Kins13a]. 
 
5.2 How Many Pulses per TS? 
 
 The number of pulses per sample period TS, should be 
as large as possible in order to achieve accurate 
convergence to each sample vj, and to smooth out the 
variability in vj between the samples. The oversampling is 
often M = 64 or higher (sometimes 32,768). Since fS = 2fB, 
and fOS = MfS,, then fOS = 64 × 2 fB. 
 
5.3 Are All the Pulses Needed? 
 
 The large number of bipolar pulses are needed to move 
the quantization noise out of the band of interest. To extract 
the signal from the pulse stream, we can use a LPF to 
reduce the bandwidth back to the original value of B. While 
the pulse stream is shifted into the filter at the oversampling 
frequency fOS, the computations have to performed at the 
sampling rate, fS,. 
 For example, since the telephone-quality speech has a 
sampling rate of fS = 8 ksps, the oversampling is fS, = MfS = 
64 × 8= 512 ksps. 
 
5.4 Pulse Storage 
 
 Direct storage of the +1s and –1s is not necessary, as 
we can convert the bipolar stream into a unipolar 1s and 0s. 
If necessary, the original stream can be reconstructed 
without any loss of information. 
 
5.5 Actual Devices 
 
 Many manufacturers produce ΔΣ ADCs. For example, 
Analog Devices AD7760 ADC provides 24 bit resolution at 
up to 2.5 Msps. It uses three FIR LPFs, and has integral 
nonlinearity of 0.00076 % (at $25 each)! 
 Microchip Technology has a 16-bit MCP3425 low-
power (145 µA@15 sps) ADC at a cost of $2. 
The devices have many parameters [Kins13, [21}, 
including noise measures such as signal-to-noise ratio 
(SNR), spurious-free dynamic range (SFDR), and signal-to-
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noise-and-distortion (SINAD) ratio. If the AC SNR = 79 
dBFS, the rms noise is below the FS, or the power ratio is 
1079/10, or the voltage ratio is 1079/20. Notice that this is not 
the same as the DC dynamic range calculation from Eq. (7). 
For example, for N = 16, the calculated value is SNRDC = 
98 dB. 
 SINAD is often worse than SNR because it includes 
the harmonics of the input signal. SINAD is also useful to 
establish the effective number of bits (ENOB) 
 

 ENOB = SINAD –1.76
6.02

 (13) 

 
 

6. CONCLUDING REMARKS 
 
 This paper provides a new approach to teaching the ΔΣ 
signal conversion. The key ideas behind the standard serial 
analog-to-digital converters (ADCs) are classified as pulse-
width-modulation (PWM), and frequency-modulation (FM) 
ADCs. The discussion of various ADC issues includes 
oversampling and its ability to reduce the unavoidable 
quantization noise in ADC. This prepares the ground for 
another strategy to reduce quantization noise through a 
non-linear transformation that results from a negative 
feedback (the ΔΣ ADC). 
 The oversampling leads to linear quantization noise 
reduction. Oversampling with feedback (either the first-
order or higher-order) leads to a non-linear noise reduction 
by skewing most of the noise energy away from the 
baseband region to higher frequencies. This strategy is a 
special case of a larger dithering strategy to spread the 
noise over a much larger bandwidth, either linearly or non-
linearly (e.g., [8], [31], [36]). 
 Another advancement in the ΔΣ converters is the shift 
from integer oversampling M to fractional oversampling. 
As with the fractional calculus in control and signal 
processing, the fractional ΔΣ converters can expand their 
flexibilities considerably (e.g., [28]). 
 Based on the above setting, the main reason for this 
paper is the discovery of a simple, well-understandable 
principle behind the formation of the next bipolar pulse in 
the pulse stream. The principle is easy to verify on paper, 
easy to implement on a simple computer, and easy to 
implement on a microcontroller for embedded systems. 
 
 

Acknowledgements 
 
 Special thanks go to the Department of Electrical and 
Computer Engineering at the University of Manitoba for 
partial financial support of this project. 
 
 

References 
 
[1] Pervez M. Aziz, Henrik V. Sorensen, and Jan Van der 

Spiegel, “An overview of sigma-delta converters: How 
a 1-bit ADC achieves more than 16-bit resolution,” 
IEEE Signal Processing Mag., vol. 1, no. 1, pp. 61-84, 
Sept 1996. 

[2] Olli Aumala, Dithering in Analogue-to-Digital 
Conversion. Doctoral Dissertation. Tempere, Finland: 
Tampere University of Technology. Publication 325, 
May 7, 2001, 48 pp. 

[3] Arnold S. Berger, Embedded Systems Design: An 
Introduction to Processes, Tools, and Techniques. 
Lawrence, KS: CMP Books, 2002, 237 pp. {ISBN: 
978-1-57820073-3} 

[4] Fredrick M. Cady, Software and Hardware Engineering: 
Assembly and C Programming for the Freescale 
HCS12 Microcontroller. Oxford, UK: Oxford 
University, 2008 (2nd ed.), 750 pp. Includes a 
CDROM with CodeWarrior Studio for HCS12, v. 4.5. 

[5] James C. Candy and Gabor C. Temes, “Oversampling 
methods for A/D and D/A conversion," in James C. 
Candy and Gabor C. Temes (eds.), Oversampling 
Delta-Sigma Data Converters: Theory, Design, and 
Simulation. New York, NY: Wiley/IEEE, pp. 1-25, 
1991, 512 pp. {ISBN: 978-0-87942-285-1} 

[6] Cassius C. Cutler, “Differential quantization of 
communication signals,” US Patent 2,605,361, July 29, 
1952. 

[7] Edmond M. Deloraine, S. Van Mierlo, and Boris 
Derjavitch, “Methode de syséme de transmission par 
impulsions,” French Patent 932,140, August 1946. 
Also “Communication system utilizing constant 
amplitude pulses of opposite polarities,” British Patent 
627,262, an US Patent 2,629,857A, Feb 24, 1953. 
First invented in the Paris lab of the International 
Telephone and Telegraph Corporation. 

[8] Roberto Etchenique and J. Aliaga, “Resolution 
enhancement by dithering,” Am. J. Phys., vol. 72, no. 2, 
pp. 159-163, Feb 2004. 

[9] Günther Gridling and Bettina Weiss, Introduction to 
Microcontrollers. Vienna, AT: Vienna University of 
Technology, February 2, 2007 (Version 1.4), 175 pp. 
Available as of September 2013 from 
http://wwwold.ecs.tuwien.ac.at/lehre/Microcontroller/
Docs/Lecture/Microcontroller.pdf 

[10] Max W. Hauser, “Principles of oversampling A/D 
conversion,” J. Audio Eng. Soc., vol. 39, no.1/2, pp. 3-
26, Jan/Feb 1991. 

[11] F. de Jager, “Delta modulation: A method of PCMN 
transmission using the one-unit code,” Pillips Research 
Reports, vol. 7, pp. 542-546, 1952. 

[12] Walt Kester, The Data Conversion Handbook. Analog 
Devices, 2004, 1140 pp. {ISBN 0-916550-27-3} 

[13] Walt Kester, ADC Architectures III: Sigma-Delta ADC 
Basics. MT-22 Tutorial. Norwood, MA: Analog 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 
 

CEEA Conf. 2014; Paper 107   
Canmore, AB; June 8-11, 2014 –  8 of 8  –  

Devices, Aug 2008, 12 pp. Available as of Dec 31, 
2013 from 
http://www.analog.com/static/imported-
files/tutorials/MT-022.pdf 

[14] Walt Kester, ADC Architectures IV: Sigma-Delta ADC 
Advanced Concepts and Applications. MT-23 Tutorial. 
Norwood, MA: Analog Devices, Aug 2008, 11 pp. 
Available as of Dec 31, 2013 from 
http://www.analog.com/static/imported-
files/tutorials/MT-023.pdf 

[15] Walt Kester, Taking the Mystery out of the Infamous 
Formula, SNR = 6.02N + 1.76dB, and Why You 
Should Care. MT-001 Tutorial. Norwood, MA: Analog 
Devices, Oct 2008, 7 pp. Available as of Dec 31, 2013 
from 
http://www.analog.com/static/imported-
files/tutorials/MT-001.pdf 

[16] Witold Kinsner, Microcontroller, Microprocessor, and 
Microcomputer Interfacing for Real-Time Systems. 
Lecture Notes. Winnipeg. MB: University of Manitoba, 
2013, 643 pp. 

[17] Witold Kinsner, Laboratories for Microcontroller, 
Microprocessor, and Microcomputer Interfacing for 
Real-Time Systems. Lab Notes; 2013, 102 pp. 

[18] Witold Kinsner, The HCS12 Microcontroller: A 
Tutorial. Winnipeg. MB: University of Manitoba, 2013, 
66 pp. 

[19] Haideh Khorramabadi, EE247 Analog-Digital 
Interfaces in VLSI Technology: Lecture Slides. Univ. 
Berkeley, CA: California at Berkeley, Department of 
Electrical Engineering and Computer Science, 2010. 
(Previous version 2007.) Available as of Dec 31, 2013 
from 
http://inst.eecs.berkeley.edu/~ee247/fa10/lectures.html 
http://inst.eecs.berkeley.edu/~ee247/fa07/lectures.html 

[20] Robert Lacoste, “Playing with high-speed ADCs,” 
Circuit Cellar, no. 259, pp. 52-59, Feb 2012. 

[21] Robert Lacoste, “Sigma-delta modulators 101,” 
Circuit Cellar, no. 261, pp. 42-50, Apr 2012. 

[22] Robert Lacoste, “No fear with FIR: Put a FIR filter to 
work,” Circuit Cellar, no. 207, pp. 70-78, Oct 2007. 

[23] David Ludington, “High-accuracy voltage reference 
using PWM (Part 1): Pulse -width modulation theory,” 
Circuit Cellar, no. 255, pp. 36-38, Oct 2011. 

[24] David Ludington, “High-accuracy voltage reference 
using PWM (Part 2): Hardware design,” Circuit Cellar, 
no. 256, pp. 18-20, Nov 2011. 

[25] Richard G. Lyons, Understanding Digital Signal 
Processing. Upper Saddle River, NJ: Prentice Hall, 
2005 (2nd ed.) (2001, 1st ed.) 517 pp. {ISBN: 0-201-
63467-8, hbk} 

[26] Muhammad Ali Mazidi and Danny Causey, HCS12 
Microcontroller and Embedded Systems using 
Assembly and C with Code Warrior. Upper Saddle 
River, NJ: Pearson/ Prentice Hall, 2009, 738 pp. 
{ISBN-13: 978-0-13-607229-4; $135.83} 

[27] Mike Perkins, Delta-sigma converters: Modulation 
(Part 1) and Filtering, decimation and simulation 
(Part 2). CardinalPeak, 2010. Available as of 
December 30, 2013 from 
http://www.cardinalpeak.com/blog/delta-sigma-
converters-modulation/ 
http://www.cardinalpeak.com/blog/delta-sigma-
converters-filtering-decimation-and-simulations/ 

[28] Tom A. D. Riley, Miles A. Copeland, and Tad A. 
Kwasniewski, “Delta-sigma modulation in fractional-N 
frequency synthesis,” IEEE J. Solid-State Circuits, vol. 
28, no. 5, pp. 553-559, May 1993. 

[29] José Barreiro da Silva, High-Performance Delta-
Sigma Analog-to-Digital Converters. PhD Thesis. 
Corvallis, OR: Oregon State University, July 14, 2004, 
152 pp. 

[30] Steven W. Smith, Digital Signal Processing: A 
Practical Guide for Engineers and Scientists. 
Burlington, MA: Newness, 2003, 650 pp. {ISBN: 0-
750674-44-X; pbk + CD-ROM with the eBook version} 

[31] David Tweed, “Digital processing in an analog world 
(Part 3): Dithering your conversion,” Circuit Cellar, no. 
101, pp. 68-73, Dec 1998. 

[32] Jonathan W. Valvano, Embedded Microcomputer 
Systems: Real Time Interfacing. Stamford, CT: 
CENGAGE Learning, 2012 (3rd ed.), 793 pp. & CD-
ROM. This book covers design methodologies with 
examples, using the Motorola 9S12 machine, with 
many practical examples. The CD-ROM includes a 
simulator to show internal and I/O activities, and many 
links to data sheets. {ISBN 978-1-111-42625-5} 

[33] Han-Way Wang, HCS12/9S12: An Introduction to 
Software and Hardware Interfacing. New York, NY: 
Delmar Cengage Learning, 2009 (2nd ed.), 880 pp. 

[34] Bernard Widrow and Istvan Kollar, Quantization 
Noise: Roundoff Error in Digital Computation, Signal 
Processing, Control, and Communications. Cambridge, 
UK: Cambridge University, 2008, 778 pp. {ISBN: 
978-0521886710; hbk} 

[35] Bruce A. Wooley, “The evolution of oversampling 
analog-to-digital converters,” in Solid-State Circuits 
Soc. Conf. (Santa Clara, CA; March 22, 2012), 
Presentation, 2012, 65 pp. 

[36] S. Zozor and P.-O. Amblard, “Noise-aided processing: 
Revisiting dithering in a ΣΔ quantizer,” IEEE Trans. 
Sign. Proc., vol. 53, no. 8, pp. 3202-3210, Aug 2005. 

 
 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper XXX 
Canmore, AB; June 8-11, 2014 –  1 of 1  – 

Teaching Innovation and Entrepreneurship:  
Impact on Intention and Capability 

 
Antony J. Hodgson and H.F. Machiel Van der Loos 

Department of Mechanical Engineering, University of British Columbia 
ahodgson@mech.ubc.ca 

 
 

Abstract – In last year's conference, we presented a 
discussion of the relevance of the "Innovation Agenda" 
for engineering education.  In the current paper, we 
present an overview from the literature of what is 
understood about the effectiveness of teaching innovation 
and entrepreneurship in order to prompt discussion about 
potential implications for engineering curriculum design. 
 
Keywords: Innovation, entrepreneurship, curriculum. 
 

1. INTRODUCTION 
As we discussed last year, in recent years a number of 

influential reports have been issued discussing the state of 
innovation in Canada.  Some of the most notable of these 
reports are "Review of Federal Support to Research and 
Development" (Jenkins Report, 2011), "Innovation 
Report Card" (Conference Board of Canada, 2012) and 
the OECD Science, Technology and Innovation Outlook 
(2012).  We argued that in the majority of these reports, 
engineers are strikingly absent as a formal organized 
group and that we should think much more seriously 
about teaching innovation and entrepreneurship as a  key 
component in our curriculum. 

2. LITERATURE REVIEW 
We noted last year that much of the discussion about 

entrepreneurship and innovation is based in the business 
world.  While there are clearly numerous examples of 
classes in entrepreneurship offered at various institutions 
that are either open to engineers or even focused on them, 
the vast majority of the research about the effectiveness of 
various instructional approaches is found in the business 
literature.  We therefore begin by presenting some key 
findings from the more general literature before 
discussing the more limited literature specifically relevant 
to educating engineers. 

Von Graevenitz et al (2010) note that overall there is 
little research evaluating the impact of entrepreneurship 
education and the majority of what exists tends to focus 
on determining the extent to which taking an 
entrepreneurship course increases students' intentions to 
found a company in future;  to date, results are mixed, 
with both positive and neutral-to-negative findings.  In 
their own study of the affective results of a compulsory 
course in entrepreneurship education in an undergraduate 

business program in Germany, while they found that 
intention to found a company decreased following the 
course, they pointed out that this is consistent with the 
hypothesis that such a course is useful in helping students 
determine their own entrepreneurial aptitude.  That is, the 
primary value of the course, aside from educating 
students in innovation and entrepreneurial processes, may 
have been to help students better understand whether or 
not they themselves were well suited for such a pursuit 
and thereby possibly to have prevented potentially 
expensive future failures by students who were not well-
suited to launching their own enterprises. 

Souitaris et al (2007) focus more specifically on the 
question of whether entrepreneurship education changes 
the intention of science and engineering students.  In a 
case-control study involving 250 students in both London 
and Grenoble, the researchers found that participation in 
the course did increase both entrepreneurial attitudes and 
intention.  Furthermore, the primary effect on intention 
was through inspiration, not knowledge, which finding 
the authors use to argue that "the inspirational part of the 
programmes has to be designed purposefully ... to change 
‘hearts and minds’." 

3. DISCUSSION 
We argued last year that engineers should be more 

explicitly trained in entrepreneurship and innovation 
processes.  This view is supported by Åstebro et al's 
finding (2012) that startups arising from recently-
graduated science and engineering students are at least ten 
times more numerous than those arising from faculty 
members.  Through our presentation, we hope to stimulate 
discussion about how education about innovation and 
entrepreneurship should be integrated into the modern 
engineering curriculum. 
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Abstract: The Canadian Engineering Accreditation Board 
(CEAB) requires Engineering Schools to update their 
laboratories on a regular basis. Selecting an appropriate 
hardware and software development environment for the 
lab is a difficult task because it triggers a redevelopment of 
the laboratory experiments, a process that requires 
solutions to complex technical and pedagogical intertwined 
problems. This paper presents an overview of the selection 
process of a specific microcontroller development board 
and a software development environment for a laboratory 
in an undergraduate course on interfacing of 
microcontrollers, microprocessors and microcomputers for 
real-time systems. 
 
Keywords: Microprocessor and microcontroller interfacing, 
real-time systems, new laboratory environment, processor 
selection process. 
 

1. INTRODUCTION 
 
 This paper provides an overview of the selection 
process of a specific microcontroller development board 
and a software development environment for a laboratory 
in an undergraduate course on interfacing of 
microcontrollers, microprocessors and microcomputers for 
real-time systems [14], [15], [4], [28]. The Canadian 
Engineering Accreditation Board (CEAB) requires 
Engineering Schools to update their laboratories on a 
regular basis. Selecting an appropriate hardware and 
software development environment for the lab is a difficult 
task because it triggers a redevelopment of the laboratory 
experiments. Such a process is expensive and poses 
complex technical and pedagogical intertwined problems. 
 The selection is further complicated by the number of 
development systems available today, from the inexpensive 
Arduino and Raspberry Pi boards to more expensive 
Freescale HCS12 boards. Which one could serve the 
students best? 
 The difficulty of selecting a proper lab board is further 
compounded by the diversity of topics included in such a 
course on microcontroller interfacing. The course must 
cover several classes of topics, including (i) an introduction 
to real-time computing, architectures, processors, and 

technologies, (ii) bus architectures, (iii) digital I/O 
synchronization (e.g., different classes of interrupts, direct 
memory access (DMA), context switching, and the major 
buffering techniques), (iv) digital-to-analog (D/A) and 
analog-to-digital (A/D) signal conversions and converters 
(e.g., parallel flash, serial counting, single ramp, tracking, 
successive approximation (SA), integrating (dual slope, 
quad slope), voltage-to-frequency (V/F)-based converters, 
and delta-sigma converters), and (v) interfacing aspects in 
data communications (e.g., major wired and wireless data 
communications protocols, data encoding, signal 
conditioning, forward error detection and correction). The 
previous implementations of our lab experiments in this 
course utilized various microprocessors and 
microcontrollers, including the 6800, 68000, 6805, HC08, 
and the HC11, all in boards designed and implemented by 
us in house [17]. 
 The main criteria for selecting the new processor and 
the associated development environment included (i) 
modern architecture that covers many other processors, (ii) 
richness and flexibility for diverse interfacing schemes, (iii) 
features for real-time interfacing, (iv) richness of the 
instruction set architecture and implementation, and (v) 
availability of a reliable the development environment. To 
search for the proper system, we have reviewed most of the 
major mirocontrollers (including Freescale, Microchip, 
Cypress, Texas Instruments, Atmel, and Parallax 
Semiconductor) and development boards (including 
Arduino Uno, Leonardo, Due, Mega, and Mint Duino, as 
well as Raspberry Pi, Beagle Bone, Texas Instruments, and 
iNEMO). 
 For the new labs, we have selected the HCS12 
microcontroller development board. New laboratories have 
been developed and presented to the students once, 
followed by numerous improvements and corrections of the 
lab manual. A new tutorial on the HCS12 has also been 
developed [16]. Selection of topics in the tutorial, their 
presentation and structure are all quite novel, and should be 
helpful in reinforcing the knowledge of this important 
pipelined microcontroller that is compatible with many 
legacy microprocessors and microcontrollers. This paper 
compares the HCS12 to many other popular 
microcontrollers available today. Furthermore, 
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embodiments of various available educational and 
development boards today are also discussed. 
 

2. HCS12 OVERVIEW 
 
2.1 Background on the HCS12 
 
 The HCS12 (MC9S12C128) single-chip micro-
controller (µc) is part of the 48/52/80-pin flash-based MCU 
family for a wide range of cost and space sensitive general-
purpose industrial and automotive network applications, 
and was released in 2001. It is a direct successor to the first 
16-bit 8-MHz HC12 µc with a flash memory, introduced by 
Motorola in 1996, which in turn was a direct successor to 
the HC11 µc, as well as the 6801 and 6800 µPs. Its 
instruction set makes it one of the most efficient processors 
for high-level language programming, including C. The 
name HC11 and HC12 comes from the technology used to 
build the chip (i.e., high-density complementary metal-
oxide semiconductor, HCMOS, integrated circuit). The 
original HC12 was designed to run at up to 8 MHz. The 
main difference between the HC12 and the HCS12 is that 
the latter uses a smaller 0.25-µm and 0.18-µm line-widths, 
and could operate not only at a higher speed (25 and 50 
MHz, respectively), but also at a lower power. Both the 
HC12 and HCS12 have the same instruction set. 
 The HCS12 µc family includes several chips with 
different sizes of flash, electrically-erasable programmable 
read-only memory (EEPROM), and static random-access 
memory (SRAM). For example, the MC9S12C128 has 128 
KiB (binary kilo, pronounced as kibee) flash and 4 KiB 
SRAM; MC9S12C96 has 96 KiB flash and 4 KiB SRAM; 
MC9S12C64 has 64 KiB flash and 4 KiB SRAM; 
MC9S12C32 has 32 KiB flash and 2 KiB SRAM. Notice 
that the “C” version of the HCS12 (as used in the lab) has 
no internal EEPROM. 
 Together with many other µcs, the HCS12 is well 
suited for embedded applications (in which the presence of 
the µc is transparent to the user) [29]. 
 
2.1 HCS12 Functionality 
 
 The block diagram of the HCS12 (e.g., [6]-[12]) 
contains all the functional units and data ports on a single 
chip. The HCS12 used in our lab (MC9S12C128) includes 
a single 16-bit core with a CPU12, 128 KB of flash 
EEPROM, 4 KB of RAM, as well as a few standard on-
chip peripherals, including an asynchronous serial 
communications interface (SCI), a synchronous serial 
peripheral interface (SPI), an 8-channel 16-bit timer 
module (TIM), a 6-channel 8-bit pulse-width modulator 
(PWM), an 8-channel 10-bit analog-to-digital converter 
(ADC) (labelled as the analog-to-digital, ATD, module), 
and a controller area network (CAN 2.0A/B) labelled as 
Motorola scalable CAN (MSCAN). All HCS12 

microcontrollers have 16-bit data path throughout. To 
operate, the HCS12 also has a voltage regulator, phase-
locked loop clock generator, and other utilities. 
 

3. HCS12 FUNCTIONAL BLOCKS 
 
 The HCS12 blocks include: (i) dual-output voltage 
regulator, (ii) CPU, (iii) memories and memory space map, 
(iv) data communications, (v) timer module, (vi) pulse 
width modulator, (vii) analog/digital conversions, (viii) 
interrupts, (ix) clock and reset generator, and (x) ports and 
systems integration module. 
 
 
3.1 Dual-Output Voltage Regulator in the HCS12 
 
 The HCS12 requires an external supply voltage 
(VDDR, VDDX) in the range from 2.97 to 5.5 V. Its 
internal band-gap-based voltage regulator provides two 
separate VDD voltages (2.5 V), differing in the amount of 
current that can be sourced. The regulator has low-voltage 
detect (LVD) with low-voltage interrupt (LVI), power-
on reset (POR), and a low-voltage reset (LVR). For more 
details, see [7], [Cody08; Ch. 11]. 
 
3.2 CPU in the HCS12 
 
 The HCS12 central processing unit (CPU) includes 
a single arithmetic-logic unit (ALU), two 8-bit 
accumulators (ACCA, ACCB) that can be combined into 
one 16-bit double accumulator D (ACCD), two 16-bit index 
registers (IX, IY), a 16-bit stack pointer (SP), and a 
condition-code register (CCR). Those elements are all 
available to the programmer (see [16, Fig. 3.1]. 
 The condition code (CC) register stores the standard 
flags (i) arithmetic carry (C) for extended-precision 
calculations, (ii) two’s-complement overflow (V) to recover 
from overflows by saturation or other remedies, (iii) zero 
(Z) to finish loops and other operations, (iv) negative (N), 
(v) I interrupt mask (I) to disable all interrupt requests, (vi) 
half-carry (H) for decimal arithmetic, (vii) X interrupt mask 
(X) to disable the conditional XIRQ_L and other external 
interrupts, and (viii) stop instruction disable (S). 
 Although not available to the programmer, the 
program counter (PC) is also included in the model to 
show the extent of its address space. The other elements not 
available to the programmer, but essential to the operation 
of a CPU are (i) the address register (AR) for storing all 
the physical addresses during instruction execution, (ii) 
instruction register (IR) to store the current instruction 
during its decoding and execution, (iii) instruction decoder, 
and (iv) sequencer controller to generate all the signals 
required to execute an instruction. For more details, see [7], 
[Cody08; Ch. 4]. 
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3.3 Memories and Memory Space Map of HCS12 
 
 The standard memory space for the HCS12 is 64 KiB 
(16-bit addresses) [16, Fig. 9a]. It is logically subdivided 
into four 16-KB blocks. The SRAM is placed within the 
bottom block of the memory because the 1,024 registers 
occupy the space from $0000 to $03FF. The remaining 3 
KiB of the SRAM are used for variables and the stack. The 
remaining three 4-KiB segments of the first 16-KiB block 
are not used [16, Fig. 3.2]. The next three 16-KiB blocks 
may be used for the flash memory. The top 16-KiB block 
contains 256 interrupt vectors located at $FF00 to $FFFF. 
 If the flash memory exceeds the available address 
space, the flash has to be paged. The third 16-KiB block 
from $8000 to $BFFF is used for paging. The paging is 
done through an extension register PPAGE containing 
values $38 to $3F, as shown in (see [16, Fig. 3.3b]. The 
memory management is done through a memory 
management centre (MMC) in the CPU by translating 
and manipulation of the logical addresses into physical 
addresses [5]. 
 The 128-KiB physical flash memory is arranged in 
1,024 rows, each containing 128 bytes [16, Fig 3.3]. A set 
of eight (8) rows constitutes a sector. Each sector can be 
erased independently. The memory can also be erased. 
When erased, a bit reads 1. When programmed, a bit reads 
0. The read operation can be done on a byte, aligned words, 
and misaligned words. The erase and program is done with 
a single voltage. 
 
3.4 Data Communications in the HCS12 
 
 The HCS12 provides three means of communicating 
data between two devices: (i) a single asynchronous serial 
communications interface (SCI), (ii) a single synchronous 
serial peripheral interface (SPI), and controller-area 
network (CAN 2.0A/B) labelled as Motorola scalable 
CAN (MSCAN) [16, Fig. 2.1]. The first technique is 
similar to the well-known universal asynchronous receiver-
transmitter (UART). The second technique was developed 
by Motorola in 1980 for high speed communications (10 
Mbps) over short distances, which is faster than the I2C 
protocol (3.4 Mbps), and is summarized in Chapter 2, Part 
1 of the class notes [Kins13a]. The third technique was 
introduced by Robert Bosch to the Society of Automotive 
Engineers (SAE) in 1986 to carry short packets (of up to 8 
bytes) in harsh environments such as automobiles [4; Ch. 
16]. The first two techniques are used in the lab, and will be 
described next. 
 
3.4.1 Asynchronous Serial Communications Interface 
(SCI): The SCI provides full-duplex, asynchronous, serial 
data communications between two devices on two wires: 
the serial transmit data (TxD), and serial receive data 8- or 

9-bit data (RxD). Each line has a common reference [16, 
Fig. 3.4a]. 
 The SCI has its own programmable baud generator and 
double buffer (to allow for slower read times). The baud 
rate clock is synchronized with the bus clock, and drives 
the receiver. The receiver samples each bit 16 times (to 
provide a good immunity to noise). The format of the 
character sent has 11 bits, with a start bit (LOW), 8-bit data, 
one parity bit, and one stop bit (HI). When transmitting 9-
bit data, bit T8 in SCI data register high (SCIDRH) is the 
ninth bit (bit 8). The SCI can also operate with a single wire 
(on the TxD). 
 
3.4.2 Synchronous Serial Peripheral Interface (SPI): 
The SPI provides full-duplex, synchronous, serial data 
communications between two devices on two wires: the 
master output slave input (MOSI) and the master input 
slave output (MISO) [16, Fig. 3.4b]. The synchronization 
is done through a common local clock line, the serial 
clock (SCK). The polarity and phase of the clock can be 
programmed. The slave is selected by the signal slave 
select, (SS_L). The SPI also has a double buffer [16, Fig. 
3.5]. Other examples of SCI, SPI and CAN are shown in 
[16, Fig 3.6]. 
 
3.5 Timer Module in the HCS12 
 
 The timer module (TIM) provides many timing signals 
needed for interfacing. It is based on 16-bit counter driven 
by the system clock, called the bus clock, and provides 
signals on 8 channels. The channels can be configured as 
either output to produce desired output waveforms, or input 
captures to capture the time when an event occurs on the 
channel. It appears to be the most complex module on the 
HCS12. 
 The basic function of TIM is to provide an interfacing 
clock that is a scaled down version of the bus clock (with 
possible divisions by 2, 4, 8, 16, 64, and 128). The timer 
overflow can be used for periodic interrupts (215 clock 
cycles, or 4.096 ms at 8 MHz bus clock). For more precise 
timing of interrupts, the output compare can be used. TIM 
can also generate pulses of any desired width and aspect 
ratio (i.e., the ratio between the pulse duration to the 
period). For more information, see [7], [4; Ch. 14]. 
 
3.6 Pulse Width Modulator in the HCS12 
 
 The pulse width modulation (PWM) module has six 
channels with independent control of left- and center-
aligned outputs on each channel. Each of the six PWM 
channels has a programmable period and duty cycle, as 
well as a dedicated counter. It allows four different clock 
sources to be used with the counters. Each of the channels 
can create independent continuous waveforms with 
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software-selectable duty rates from 0% to 100%. For more 
information, see [7], [4; Sec. 14.10]. 
 
3.7 Analog/Digital Conversions in the HCS12 
 The analog-to-digital (ATD) module has a single 8-bit 
or 10-bit successive-approximation (SA) analog-to-digital 
converter (ADC) with ±1 least-significant bit (LSb) 
accuracy. The ADC guarantees linear conversion over the 
full temperature range, with no missing codes. Both the 
conversion time and aperture time are programmable. At 2-
MHz ADC clock, the 8-bit conversion is done in 6 µs, and 
the 10-bit conversion is done in 7 µs. The eight input 
channels are multiplexed to a single sample-and-hold (S&H) 
analog memory capable of holding the input voltage for the 
duration of each conversion. The definitions of all the terms 
used here can be found in this course [14]. For more 
information, see [7], [4; Ch. 17]. 
 
3.8 Interrupts in the HCS12 
 
 Real-time systems use interrupts to service their 
various asynchronous events. “Asynchronous” implies that 
the event can happen at any time, without any regard to the 
internal operation of the µc. This subject is one of the most 
important in this course on interfacing. The course 
classifies an interrupt as (i) conditional (serviced when the 
µc can service it), and unconditional (serviced as soon as 
possible in the system). Priorities must also be assigned to 
interrupts when more than one interrupt can happen 
simultaneously. Priority arbitration techniques require 
enabling and disabling of interrupts. Nesting of interrupts is 
also required in most systems. Interrupts also require 
interrupt vectors, located at the top of the HCS12 memory 
space. An example of vector assignment table is given in [4; 
Appendix F]. Those and other topics are discussed in depth 
in this course. Cady also discusses the HCS12 interrupt 
handling [4; Ch. 12]. 
 
3.9 Clock and Reset Generator in the HCS12 
 
 The clock and reset generator (CRG) provides critical 
signals to the HCS12, including: (i) the system clock 
system reset generation on special conditions, (ii) real-time 
interrupts, and (iii) the computer-operating-properly 
(COP) watchdog timer interrupts. The system clock is 
derived from either an external crystal oscillator, or an 
internal phase-locked loop (PLL). 
 The COP (or in general, a watchdog timer) is used to 
monitor software execution an HCS12-based system. When 
the COP counter is enabled, it starts counting down to zero. 
When zero is reached, it means that something has gone 
wrong with the execution, and that the program should be 
reset. If the software runs correctly, it can rest the watchdog 
before it reaches zero (it is the “kicking the dog” action to 
keep it awake). 

 The watchdog must have its own clock, and be 
independent of the µc it is designed to monitor. However, 
since the COP must first be set and also disabled (to test 
individual modules without the watchdog), µcs have 
procedures to prevent the watchdog from becoming 
disabled accidentally. For example, the HCS12 requires the 
program to write $55 followed by $AA to reset it (pattern-
sensitive protection). The ATmega16 sets two 1s into a 
register, followed by a reset within four cycles (time-
sensitive protection). For more information, see [4; Chs. 21 
and 20]. 
 
3.10. Ports and Systems Integration Module in the 
HCS12 
 
 The HCS12 functional blocks communicate with the 
outside world through ports that are coordinated by the 
system integration module (SIM) [4; Fig 11.1]. The 
coordination is done through 1,024 registers located at the 
bottom of the SRAM (locations $0000 to $03FF). Since the 
registers are located in the SRAM, they must be initialized 
before any operations commence. The nine ports in the 
HCS12 include: 
1. Port A, B, and E are related to the HCS12 core. Ports A 

(MSB) and B (LSB) are the multiplexed address and 
data buses. Port E carries the main control and interrupt 
signals; 

2. Port T carries the TIM signals (the PWM module may 
also be routed to Port T); 

3. Port S carries the SCI signals; 
4. Port M carries the MSCAN and SPI signals; 
5. Port P carries the PWM signals; 
6. Port J pins can be used as external interrupt sources and 

standard I/O signals; and 
7. Port AD is dedicated to analog signals. 

 Each port is controlled through a data direction register 
(DDR) [16, Fig. 2.1]. The I/O pins can provide 5 V (with 
two drive strengths to reduce electromagnetic interference 
at low drives), and selectable pull-up or pull-down 
capabilities (to reduce the latch-up conditions in the CMOS 
circuits). 
 The pin interpretation on Ports A and B in the 
HCS12C128 is illustrated in [16, Fig. 3.7]. Both ports are 
used to transfer 16-bit addresses, or 16-bit data. Narrow 
data are transferred through Port A. 
 The data direction register (DDR) controls the 
direction of the port, as shown in [16, Fig. 3.8]. The buffers 
W and R in the data path are three-state buffers, controlled 
by a phase splitter PS (to eliminate data skew). When 
DDRB0 = 1, the write buffer (W) is active, and the port bit 
PTB0 is set for output. On the other hand, when DDRB0 = 
0, the read buffer (R) is active, and the port bit PTB0 is set 
for input. 
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4. HCS12 OPERATIONS, INSTRUCTION SET, 
AND ADDRESSING MODES 

 
 
 As any processor, the HCS12 has several (7) operating 
modes, a large instruction set (over 1 k), and a number (8) 
of addressing modes. 
 
4.1 HCS12 Operating Modes 
 
 The HCS12 can function in seven (7) operating modes. 
A particular mode is selected by external signals on three 
I/O pins on the rising edge of the RESET signal. The main 
modes include ()e.g., [7], [4; Ch. 20]): 
1. Normal single-chip mode. All the internal functional 

units can be used, except for the power-on-reset (POR) 
and the external RESET. All the I/O pins can be used 
for interfacing, as no external addresses or data are 
generated in this mode. 

2. Normal expanded mode. If the internal RAM is too 
small, this mode allows for a larger external RAM to 
be used outside the µc, at the expense of losing the 
Port a and B, and a part of Port E for addresses, data, 
and control signals such as the read/write (R/W) signal. 

3. Special single-chip mode. In this mode, the 
background debugger mode (PDM) is activated, and 
uses special hardware and firmware inside the HCS12 
for user debugging. 

4.2 HCS12 Instruction Set 
 
 The HCS12 has over 1,000 instructions that can be 
grouped into 17 categories of 188 distinct operations. 
Learning all the instructions are facilitated greatly by 
understanding the categories of instructions because they 
also appear on other processors. The categories are: 
(1) Load registers, (2) Store registers, (3) Transfer / 
exchange registers, (4) Move memory contents operations, 
(5) Decrement/increment operations, (6) Clear/set 
operations, (7) Arithmetic operations, (8) Logic operations, 
(9) Rotate/shift operations, (10) Data test operations, (11) 
Conditional branching, (12) Loop primitives, (13) 
Jump/branch operations, (14) Conditional code, (15) 
Interrupt instructions, (16) Miscellaneous operations (e.g., 
NOP, GGND), (17) Fuzzy-logic-oriented and special math 
instructions. 
 
4.3 HCS12 Addressing Modes 
 
 The HCS12 has all the standard addressing modes, and 
some additional modes. They include: (1) inherent 
(modification of bits in registers, implied by the name of 
the instruction; no operand), (2) immediate (the operand 

carries the data), (3) direct (the operand carries the short 0-
page address of the data), (4) extended (the operand carries 
a full pointer to the full address of the data), (5) indexed 
(the operand carries an offset that is added to the index 
register to form the physical address of the data, with pre- 
or post incrementation/decrementation), (6) indexed 
indirect (the operand carries a pointer to the offset that is 
then added to the index register to form the physical 
address of the data), and (7) relative (the operand carries 
either a short offset –128 to +127, or long offset –32,768 to 
+32,767, relative to the current location that calculates to 
the effective address to branch to). 
 
4.4 HCS12 Instruction Formats 
 
 This section describes the HCS12 instruction format in 
the context of other formats possible. The zero-address 
instruction format is the simplest. The instruction has the 
OPCODE field, and no operand field at all [16, Fig. 4.1a]. 
The OPCODE tells the processor what to do with the 
operands stored on the system stack. For example, an ADD 
instruction takes two operands from the stack, adds them in 
the ALU, and the result is placed back on the stack. This 
CPU architecture is called the stack architecture. The 
simplicity of this architecture has a price in the number of 
operations to be performed to finish a task, as shown later 
in this section. 
 The HCS12 instructions have a single-address format 
(i.e., there is a single operations code, OPCODE, which is 
followed by a single operand that could be either a data, or 
a direct address, or an indirect address, or an offset for 
indexing, or a branch) [16, Fig. 4.1b]. 
 This format requires that the first operand be stored in 
an accumulator prior to the instruction referencing the 
second operand. This format is also destructive because the 
destination of the result is not specified in the instruction, 
and must be assumed to go to the accumulator, thus 
destroying its previous contents. This CPU architecture is 
called the accumulator architecture. 
 In the two-address instruction format [16, Fig. 4.1c], 
the operands carry the data or addresses of the two 
operands, thus bringing them to the ALU faster. However, 
the result must still be assumed to go the one of the sources, 
thus destroying it. The 68000 µP uses the second address 
for the destination, while ATmega16 µc uses the first 
address for the destination. The cost of this faster operation 
is a dual internal bus, as discussed in class [Kins12]. 
 In the three-address instruction format [16, Fig. 4.1d], 
both operands can be brought to the ALU simultaneously, 
and the results goes to the independent location. This 
processing is not destructive. The cost of this faster and 
non-destructive operation is a triple internal bus, as 
discussed in class [Kins12]. 
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4.5 Why Pipelined Architecture in HCS12? 
 
 In the past, von Neumann microprocessor (µP) 
architectures such as the MC6800 processed instructions in 
a sequential manner, as shown in [16, Fig. 4.2]. 
 An instruction had to be fetched from an external 
ROM, and brought into the CPU, decoded, and executed 
there. Since the fetch was done by the controller / 
sequencer in a constant time, this time was called the 
machine cycle (MC), and was independent of the clock 
frequency; that is, the operation was completed in n 
machine cycles. On the MC6800, MC = 1 clock cycle. 
 In the above environment, the instruction execution 
time is variable, depending on the instruction type and its 
addressing mode selected. For example, the inherent 
addressing mode requires 1 MC to execute, while the direct 
addressing mode requires 2 MC, and an interrupt requires 
14 MC [22]. 
 An improvement in the execution speed of instructions 
can come from three main changes: (a) Harvard 
architecture because both the instructions and operands are 
brought to the CPU simultaneous, (b) RISC architectures 
because the instructions have a constant size, (c) Pipelining 
which allows overlap of the fetch and execute phases. 
 The HCS12 cannot use the first two solutions (Harvard 
and RISC) because it has to be compatible with the older 
generations of µPs such as the MC6800, 6801, 6808, 
68HC11, and HC12. So, pipelining is the only option. 
Pipelining is the overlapping of the execute phase of the 
current instruction, while fetching of the next instruction, as 
shown in [16, Fig. 4.3}. 
 In the simplified example of [16, Fig. 4.3] (the fetch 
time is the same as the execution time), three pipelined 
instructions execute within the time of two non-pipelined 
instructions. 
 To achieve pipelining in some of the legacy processors, 
an instruction queue (a buffer) was placed in the CPU to 
prefetch a block of instructions. Since the µcs have the 
RAM and ROM memories on the same chip, pipelining is 
easier to implement. Since the fetch phase is no longer as 
prominent as in the legacy µPs, and since the CPU clock 
cycle governs the pipelining, the time measure is relegated 
to the CPU clock cycle. Notice that the CPU clock cycle 
does not have to be the same as the µc clock cycle. In fact, 
the HCS12 CPU clock frequency is half of its chip clock 
frequency. For example if the µc clock frequency is 10 
MHz, the CPU clock frequency is 5 MHz. 
 Pipelining provides a clear advantage over the 
sequential processing if the program executes successive 
instructions. However, if a displacement instruction is 
executed (such as a short branch or long jump), the pipe 
must be reloaded. This is called a branch penalty. 
Conditional branching (e.g., (BRSET) still executes in one 
CPU clock cycle, if the condition is not met. 
 

5. HCS12 PROGRAM DESIGN AND 
PROGRAMMING ENVIRONMENT 

 
5.1 Development Cycle 
 
 Developing embedded products follows a development 
cycle. Such a cycle often includes the following steps: (i) 
product specification, (ii) partitioning of the design into its 
software and hardware components, (iii) iterative 
refinement of the partitioning, (iv) interdependent hardware 
and software design tasks, (v) integration of the hardware 
and software components, (vi) product testing and release, 
and (vii) product maintenance and improvements. Although 
there are many models for the development cycle (for 
hardware, software, and codesign), there are some patterns 
that good designs use [18]. 
 Berger [2] provided an illustrative diagram (e.g., [16, 
Fig. 5.1]) linking the time spent on the development and the 
cost of fixing a bug or defect. The cost increases 
exponentially. This good practice requires identifying such 
defects early in the cycle. 
 
5.1 Codesign 
 
 Codesign of hardware and software is the hallmark 
approach in the courses provided to our students in 
Electrical and Computer Engineering. Problem 
specifications must be understood first. It should be 
followed by design specifications. As hardware must be 
designed before implementing it, a program must be 
designed before coding it. Design tools (i) must be easy to 
use, (ii) must support structured programming, (iii) should 
make the design transparent to the designer at many levels, 
and (iv) should facilitate good documentation, and should 
facilitate debugging and testing. 
 
5.2 Programming Environment: Compiler, 
Assembler, Linker, and Debugger 
 
 In the past, programmers developed programs at the 
lowest machine level (1s and 0s). It was quickly 
augmented by assembly programming whose mnemonics 
and symbolic addresses could be read by many more 
programmers. Assemblers translate instructions into the 
machine level, according to the mnemonics, as well as 
pseudo-operations and directives. An absolute assembler 
performs the translation exactly as intended by the 
programmer. However, when the location of the final code 
cannot be known in advance, the intermediate code has to 
be relocatable to an appropriate final physical location. 
Such relocatable assemblers and linkers have been 
developed to help in making the code relocatable and 
linking it to other modules optimally. A linker combines 
relocatable object files to produce a target absolute file 
designated for the microcontroller’s memory. 
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Macroassemblers have also been developed to increase 
reusability of frequently-used assembly instructions. 
 CodeWarrior has developed a Development Studio for 
the Freescale HCS12 µc. The Studio includes an HCS12 
assembler that can run on different platforms, cross-
assembles the code into a format that can load into the 
HCS12 memory. One of the formats is the S-Record. For 
more information, see [4; Ch. 5 (assembler) and Ch. 6 
(Linker)]. Figure 5.2 [16] shows common steps in software 
translation for the HCS12. 
 If the source code is in C or some other language, it 
has to be compiled to the assembly code (.asm). The 
assembler translates the files to an object code (.o) that is 
linkable. All the available object-code files are linked 
together by a linker. The resulting code in a loadable format 
(e.g., .S19) is loaded by a loader into the target machine. 
The diagram also shows the cycles of fixing bugs, if they 
are uncovered during the process. 
 
5.3 Programming Environment: Embedded 
Programming in C 
 
 The knowledge of assembly programming is essential 
to develop optimal system. However, the program 
development can be improved by using a high-level 
language (C or C++, or C#) to develop the code. Various 
functional modules can be developed independently. A 
compiler/assembler produces the corresponding object files 
that can be linked to build the final target application. The 
Code Warrior Integrated Development Environment 
(IDE) allows for such a development. For more information, 
see [4; Ch. 6 (Linker) and Ch. 10 (C development)], [19]. 
 
5.4 Python and Its Libraries 
 
 Programming in Python has been gaining many 
practitioners lately. The Python libraries (v.2x and 3.x) are 
very extensive, and can help in rapid development of 
applications. Some practitioners say that MatLab 
functionality can be repeated in the Python environment. 
 

6. THE LAB/PROJECT BOARD 
 
6.1 Project Development Board Overview 
 
 The Freescale PBMCUSLK project board ([16, Fig. 
6.1], [25]) is designed as a common multi-course platform 
to speed the learning curve of users. It uses application 
modules ([16, Fig. 6.2], [25]) that can be plugged in on the 
left side of the board. The application modules include the 
HCS12 (APS12C128SLK [1], as used in our class), the 
HCS08, the Radio Frequency transceiver (AP13192USLK 
[1], [3]), and many others. One can also build a custom 
application module. The modules are fully functional with 
or without this 8.5" x 11" project board. 

 Learning the project board does not have to be difficult. 
We should start from the short quickstart guide [20]. The 
technical specifications of the board are provided in the 
MCU Project Board document [21]. It is important to study 
the feature of the board [21; pp. 5-6], including on board 
voltage regulators (5 V @ 500 mA; 3.3 V @ 500 mA; ±15 
V@ 50 mA; with the input voltage of 9 V @ 1.2 A). It has 
a dual-row header sockets placed around the prototyping 
area to provide convenient access to all on-board features. 
The Getting Started application note [13] is also critical in 
learning the details of interfacing with the board, including 
setting up the board. Other applications notes are related to 
the HCS12 (e.g., the MC9S12C32 [23]). Engineering 
Bulletins are also helpful (e.g., switching between µcs with 
different characteristics, [26]). 
 Within a single type of an application module, we may 
have several of its versions, depending on the size of the µc. 
For example, Figs. 6.3 and 6.4a [16] show the newer 
HCS12C128 module (with a 128 KiB flash) that is much 
larger than the older HCS12C32 module (with a 32 KiB 
flash), a shown in Fig. 6.4b. In the past, our lab used the 
latter module. 

 
7. OTHER POPULAR MICROCONTROLLER 

FAMILIES 
 

7.1 Other Microcontrollers (µcs) 
 
 In addition to Freescale with numerous 
microprocessors and µcs (e.g., 68HC05, HC11, HC12, 
HCS12), there are many companies that make 
microcontrollers, with each family having different 
properties such as architecture, speed, low power, and 
performance. The companies include very large companies 
such as Microchip (PIC, dsPIC), Cypress (PSoC), TI 
(MSP430), Atmel (AVR), and smaller such as Parallalx 
(BasicStamp, Propeller). The microcontrollers have been 
popularized through the introduction of small affordable 
boards such as Arduino and Raspberry Pi, as described next. 
 Microchip makes a wide range of the PIC and dsPIC 
µcs. The cores have Harvard architectures. The PIC18 
family includes 8-bit microcontrollers, running in the range 
from 1 to 40 MHz. The PIC24 family includes 16-bit 
microcontrollers. The dsPIC30 family includes 16-bit µcs 
optimized for DSP operations involving multiplications and 
divisions. Such operations take 40 cycles on a PIC18, but 
only 4 on a dsPIC. These µcs are taught in our programs. 
 Cypress makes the PSoC (Programmable System on 
Chip). They have programmable digital and analog blocks 
that can be linked to form entire systems such as common 
peripherals. They are useful for rapid prototyping. They 
have three lines: PSoC 1 (for basic circuits), 3 and 5 (very 
complex systems). 
 Texas Instruments (TI) makes the MSP430, a 16-bit 
low-power microcontroller family. They're also very 
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commonly used in industry, especially in the aerospace 
applications. Their inexpensive LaunchPad development 
board ($4.30) has helped many new users in developing 
their skills. We have offered many workshops on the 
Arduino and TI boards through the University of Manitoba 
IEEE Student Branch. 
 Atmel makes the AVR microcontrollers [30] and the 
ARM microcontrollers [31]. The original 8-bit Harvard-
architecture processor was developed at the Norwegian 
Institute of Technology in Trondheim, Norway, in 1996, 
and implemented by the Nordic VLSI there. The name 
AVR stands for Alf (Egil Bogen) and Vegard (Wollan)'s 
RISC processor. Nordic VLSI was acquired by Atmel. The 
µcs are grouped into six classes: (i) tinyAVR (or ATtiny), 
(ii) megaAVR (or ATmega), (iii) XMEGA (or ATxmega), 
(v) application-specific AVR, (v) FPSLIC (or AVR with 
FPGA), and (vi) AVR32. The 8-bit tinyAVR family has 
been used in many projects (e.g., the AVR Programmer is 
available from SparkFun [27]). The megaAVR family is 
used in Arduino Uno and Leonardo, as well in automotive 
applications such as security, safety, powertrain and 
entertainment systems (e.g., BMW, Daimler-Chrysler and 
TRW). 
 Atmel’s ARM µcs have a different genealogy. The 
original 32-bit ARM (Acorn RISC Machine, and now 
Advanced RISC Machine) microprocessor was introduced 
in 1983, and was used in the popular BBC microcomputer 
and Apple's Newton personal digital assistant (PDA). The 
newer versions of the 32-bit machines (ARMv6 and 
ARMv7) and the 64-bit ARMv8 are used in many 
computers such iTVs, iPods, iPads and iPhones. For 
example, the iPhone 5S uses the ARMv8. The ARM 
architecture is also licensed to other companies to develop 
their versions. Examples include the Qualcomm's 
Snapdragon (using their Krait or Scorpion CPUs), Nvidia's 
Tegra, Marvell's XScale, Freescale's i.MX and Texas 
Instruments's OMAP. Atmel offers many popular open-
source toolchains and compilers. In 2010 alone, 6.1 billion 
ARM-based processors were shipped, thus representing 95% 
of smartphones, 35% of digital televisions and set-top 
boxes, and 10% of mobile computers. Fig. 6.1 [16] shows a 
die of the Cortex-M3 microcontroller with 1 Megabyte 
flash memory by STMicroelectronics. 
 Parallax Semiconductor makes the Propeller which is 
a 32-bit symmetric multicore (8 cores), high-speed (80 
MHz), low-power microcontroller, with shared memory 
and a built-in interpreter for programming in a high-level 
object-based language, called Spin™, and low-level 
(assembly) language [24]. With the set of pre-built Parallax 
“objects” for video, mice, keyboards, NTSC/VGA displays, 
LCDs, and sensors, your application is a matter of high-
level integration with Propeller microcontrollers. The 
Propeller is designed for high-speed embedded processing 
while maintaining low power, low current consumption and 
a small physical footprint. 

 

7.2 Other Development System Boards 
 
 While the HCS12 µc-based boards are the 
development systems that any computer and electrical 
engineer must know for industrial-grade applications, there 
are other boards that are less expensive for experimentation 
and light-grade applications. They include [16]: 
1. Arduino™ Single-Board Computers and Shields; 
2. Uno, Leonardo, Due, Mega, MintDuino; 
3. Raspberry Pi Single-Board Computers; 
4. BeagleBone Black Single-Board Computers; 
5. TI Single-Board Computers (TI LaunchPad™ MSP430, 

SchmartBoard); and 
6. Navigational Single-Board Computers (iNEMO). 

8. CONCLUDING REMARKS 
 
 Upgrading laboratories in interfacing courses for real-
time systems in computer engineering and electrical 
engineering programs is mandated by our accreditation 
bodies such as the Canadian Engineering Accreditation 
Board or the US Accreditation Board for Engineering and 
Technology (ABET). Selecting a microprocessor (µP) or a 
microprocessor (µc) for such a laboratory is a difficult task. 
The selected processor must then be incorporated in the 
labs —a laborious, time-consuming, and expensive process. 
 In the past we had groups of processors designed well 
from the pedagogical point of view. The current µcs have 
many more architectures, instruction sets, input/output (I/O) 
capabilities, I/O protocols, and programming environments 
to choose from. Since our students must be prepared for 
those options in a work-place well, the selected processor 
must satisfy many of the requirements. 

This paper summarizes a µc selection process based on 
technical knowledge and capabilities of various µcs. The 
process has been undertaken in our department, and lead to 
an update of the lab. 
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Abstract: Attracting high-school students to science, 
technology, engineering and mathematics (STEM) should 
be easy today, but it is not in practice. Universities and 
organizations such as the Institute of Electrical and 
Electronics Engineers (IEEE) have invested much effort 
and implemented many useful mechanisms to increase the 
enrollment, including open house events, teaching teachers 
days, IEEE’s Teachers In Service Program (TISP), IEEE’s 
Engineering Projects in Community Service (EPICS), as 
well as IEEE’s TryEngineering, TryComputing, and 
TryNano. We have developed a number of new initiatives to 
address the problem in Manitoba, and feel that the 
approach can be used elsewhere. 

This paper describes two such initiatives: a space 
camp for high-school students grade 9 to 11, and the Verna 
Kirkness Program (VKP) discovery camp for Indigenous 
high-school students. The first camp was offered several 
times already, while the second camp was delivered for the 
first time in 2013. 
 
Keywords: Outreach for engineering; student hands-on 
activities; rocket building; robot building; radio 
communications; research for students. 
 

1. INTRODUCTION 
 
 Recent developments in science, technology, 
engineering and mathematics (STEM) over the last several 
decades have made it possible to transform technology 
from machine-oriented (designed to increase productivity 
and quantification) to more human-centric (to simplify 
interaction with technology and improve the well-being of 
individuals). The familiarity of students with technology 
and its implications should be very conducive to attract 
talented high-school students to STEM easily, but it is not 
in practice. 
 Universities and organizations such as the Institute of 
Electrical and Electronics Engineers (IEEE) have invested 

much effort and implemented many useful mechanisms to 
increase the enrolment, including open house events, 
teaching teachers days [1], IEEE’s Teachers In Service 
Program (TISP), IEEE’s Engineering Projects in 
Community Service (EPICS), as well as IEEE’s 
TryEngineering, TryComputing, and TryNano. This paper 
describes two such initiatives at the University of Manitoba: 
a space camp for high-school students in grade 9 to 11, and 
the Verna Kirkness Program (VKP) camp for Indigenous 
high-school students. The first camp was offered several 
times already [2], while the second camp was delivered for 
the first time in 2013. 
 Both the space and VKP camps are designed to satisfy 
several long-term objectives, including: (a) to understand 
the engineering design process, and how ideas can be 
implemented in a smart way; (b) to learn how to work in 
teams; (c) to understand how the very-high level of science 
and engineering developed for space can be applied to our 
planet; (d) to understand the relationship between our 
planet and space; and (e) how to be good stewards of this 
planet. 
 This paper presents a summary of the experience 
gained from several camp sessions. Support from over 20 
organizations will be reviewed, including a strong 
Manitoba aerospace industry, the amateur radio community, 
and several schools. Pedagogical, organizational, and safety 
issues will be discussed. Linkages to other elements in our 
aerospace educational program will be made, including a 
university mentorship for high-school students that extends 
beyond the camps. 
 

2. THE SPACE CAMP 
2.1 Motivation 
 
 In the past, outer space was reserved for very few. 
Today, many more students can find challenging 
opportunities in space-related education and jobs. Another 
motivation for engaging in space is that it requires solutions 
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to extreme challenges such as a very low pressure, very 
high radiation, very low and very high temperature, no 
convection cooling, extreme accelerations and vibrations, 
to name a few. 
 In order to provide a place to explore such 
opportunities, an inexpensive one-week summer space 
camp (SSC) has been developed at the University of 
Manitoba (UofM) for high-school students from Manitoba 
and elsewhere, as one element in our multi-facet space-
related education program. The purpose of the SSC is to 
encourage young men and women from high schools to 
engage in science, engineering and technology. The key 
reason for the camp is to engage the students in problem 
identification, problem solving, design, modelling, 
implementation, verification, and testing in extreme 
environments. The SSC participants can experience science 
and engineering through hands-on workshops, short 
tutorials, and outdoors activities. 
 
2.2 Overview of Activities 
 
 Typical activities include: rocket building and 
launching (small and large); robot building and testing; 
high-altitude balloon launching; amateur radio operations 
and use for tracking of payloads; satellite ground station 
operation; fox hunting (transmitter locating); young 
engineers’ satellite (YES2) and zero-G experiment; 
CubeSat design experience; Canadian Satellite Design 
Challenge (T-Sat) at the UofM; unmanned vehicles at 
UofM; simulation of orbital mechanics; demonstration of 
six high-technology labs at the Faculty of Engineering; 
space law; astronomy; industrial aerospace 
accomplishments (Magellan-Bristol); and small space 
business. The students have access to a multi-million dollar 
space related software for simulation and exploration. 
 Launching, tracking and recovering of a near-space 
balloon with a recoverable payload is done one day after 
the camp. Launching of a large rocket is done after the 
camp. Parents are also invited to participate in some of the 
activities. 
 
2.3 Logistics 
 
 Each space camp organization takes approximately one 
year. The SSC director prepares the basic structure of the 
camp and its timing (normally in the middle of July). The 
program sheet is discussed by many parties, and its 
improvements continue to the last day before the camp. 
 The management group, the Women in Science and 
Engineering (WISE) provides input on the proposal and 
develops an advertising brochure, together with a number 
of workshops, presentations and other activities in high 
schools to attract the students to the camp. Space camp 
guides are also selected early, and are required to 

participate in the workshops and advertising activities in 
the high schools. 
 WISE also maintains a Web site for the interested 
students to register for the space camp. The fee is 
maintained at the lowest possible level to allow all students 
equal access to the events. 
 Sponsorship is elicited from various educational 
institutions, research and development institutes, 
government organizations, space-related companies, 
businesses, and other groups such as the radio community. 
 The instructors for each space camp are selected based 
on their knowledge in the field, technical and 
communication skills, ability to deliver in time, and the 
ability to follow up on events after the camp. 
 All the equipment used in the camp is verified for its 
functionality, operability, and safety. The parts used in the 
camp are ordered from reliable sources. 
 Facilities are booked well in advance to accommodate 
all the students in one place. We use a large room that is 
used for design courses during the academic year and in the 
summer. The room has round tables for group design and 
interaction, two projection screens that can be operated 
independently, large windows to allow much day light 
throughout the day. 
 Although the camp is designed for education, 
experiential learning and fun, its activities are very intense, 
starting from 8:00 AM and ending at 5:00 PM, with 30 
minutes for lunch. 
 
2.4 Specific Space Camp Activities 
 
 This section provides a summary of the main activities, 
grouped according to the topic, and not the time when they 
are delivered. However, the delivery sequence of the 
activities must also be crafted well in order to maintain the 
students’ interest, through diversity of exposure to the 
topics and instructors. 
 An example of the 2013 space camp schedule is 
attached in Appendix A. 
 
2.4.1 Pre-Camp Workshop for TAs: Since soldering of 
delicate circuits is used during the camp, a separate 
workshop is offered to the students who become teaching 
assistants (TAs) during the camp. The TAs are solicited 
from graduate students and proven undergraduate students. 
The TAs are also selected based on their technical and 
communication skills. 
 
2.4.2 Pre-Camp Course: This course was developed by the 
Canadian Department of Defence, and made available to 
the SSC participants. It includes the following topics: (i) 
the space environment, (ii) satellite design, (iii) orbital 
mechanics, (iv) satellite communcations, (v) satellite 
navigation, (vi) remote sensing from space, (vii) model 
rockets, and (viii) space station, ISS. The course was 
available to the students a month in advance though a 
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secure access. The course is undergoing revisions at this 
time, and is not available to the students. 
 
2.4.3 Pre-Camp Orientation Session: This session took 
place a day before the camp, and included the parents, 
guardians and friends of the registered participants. The 
objective of the session was to describe the goal of the 
camp, its schedule, and anticipated outcomes not only to 
the students but also to their parents so that they could 
provide encouragements and support throughout the week 
and after the camp. Some parents were not happy about this 
because the session took place on Sunday, thus cutting their 
summer cottage plans. 
 
2.4.4 Ice Breaker: This event was recently introduced in 
order to bring the students together, get them introduced to 
one another, and prepare them for the activities of the week. 
 
2.4.5 Introduction to Space: Several talks from different 
speakers provided a motivation for space interests, and 
some projects in Manitoba high schools, including the high-
altitude-balloons, amateur radio in the International Space 
Station (ARIIS). Projects at the UofM were also discussed, 
including the Young Engineers’ Satellite( YES2) and the 
zero-gravity experiment in Bordeaux, France. The role of 
amateur radio to the space projects was also discussed, with 
a demo of the UofM satellite ground station (SGS). 
 
2.4.6 Rocket Building 1: Rocket building workshops 
constitute one of the pillars of the space camp. Each student 
constructs a rocket from a supplied kit, under the 
supervision of an experienced instructor. Since the 
construction requires time, the workshop is split into two 
parts on the first day, and is followed by another part the 
following day. Each rocket is tested for flight readiness, 
and is launched from a safe field. To speed up the 
launching, we start from single rockets, and then move to 
two-rocket synchronized launches. Each rocket is retrieved 
and tested. 
 
2.4.7 Rocket Building 2: The first several workshops on 
rocket building were designed to establish a set of skills for 
the students that are necessary to appreciate the structure 
and dynamics of rockets. The second set of workshops was 
developed to learn how to design and build a larger rocket. 
Researchers from a composite-materials institute in 
Manitoba designed the rocket from composite materials, 
and developed a protocol to implement it safely during the 
space camp. This project was also a great success, even 
though the rockets were not intended for a flight, because 
the students gained experience not available in high 
schools. . 
 
2.4.8 Robot Building: This is another pillar of the space 
camp. Since most of the participants were never exposed to 
soldering, a workshop on small circuit assembly precedes 

the robot building workshop. The workshop has many TAs 
to assist each students throughout the assembly. Safety is 
emphasised at all times. The circuit is a small two-LED 
blinker. Each completed circuit is tested and taken home by 
the students. 
 The robot is based on a solar engine, driving two tiny 
motors (taken from the vibrating element in a smart phone). 
The assembly requires many steps, and is guided by the 
instructor and individually by the TAs. Each robot is tested 
for operation in the room. If it is not functional, it is fixed 
either immediately, or before to following day by the TAs. 
Each robot is tested outdoors in real sun. The distance 
travelled is measured, and the best robots are later 
recognized with awards. 
 
2.4.8 Computing for Space: Two workshops were designed 
to show the students how to design for space. Arduino was 
used to program various tasks and experiment with various 
options. 
 
2.4.9 STK Demo: This workshop concentrated on the 
modelling of orbital mechanics with the help of the STK 
system, and was conducted by an instructor from the 
Canadian Forces School of Aerospace Studies (CFSAS). 
 
2.4.10 Satellite Tracking: A payload with a beacon was 
placed on a car that travelled along the city perimeter, and 
was tracked by our satellite ground station. The camp 
participants operated the station, and communicated with 
other groups in the control room by amateur radio. 
Licensed hams supervised the activities. This tracking 
project has been used to establish the electromagnetic 
ground profile that is useful to determine the actual horizon 
at which low-Earth-orbit (LEO) satellites could be acquired. 
 
2.4.11 Fox Hunt: A hidden transmitter was located on the 
campus, and the objective was to find it using radio 
receivers only by triangulation. The students were 
separated into teams, and the team that found it first was 
considered a winner. The strategies used in the hunt were 
discussed in a debriefing session. 
 
2.4.12 Nano-satellite Project: The UofM has been involved 
in a project to design, build and test a functional nano-
satellite. The project resulted in the first-generation satellite, 
T-Sat1, in 2012, and second-generation, T-Sat2, in 2014 [3]. 
Students from the projects demonstrate some aspects of the 
satellite at the Space Camp. 
 
2.4.13 Other Space Talks: The students had an opportunity 
to listen to many talks during the camp, including: (i) 
astronomy, (ii) space law, (iii) space business, (iv) satellite 
and UAV navigation and communications [4], (v) 
Magellan-Bristol in space (the rockets used by NASA from 
Churchill, Manitoba), and (vi) other car design 
competitions at the UofM. 
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2.4.14 Research Lab Demonstrations: Six research lab 
tours were organized for the students, including: (i) 
industrial robotics, (ii) robotic walkers, (ii) biomedical 
robotics and control, (iv) biomedical engineering, (v) 
nanofabrication, and (vi) rapid prototyping through 3D 
printing. These lab tours were provided by enthusiastic 
researchers engaged directly in the labs. 
 
2.4.15 Meet an Astronaut: The previous space camps were 
successful in arranging a Canadian astronaut to talk to the 
students. The students prepared and discussed questions for 
the astronaut, and then the questions were vetted by the 
instructors at the CFSAS, before being submitted to the 
Canadian Space Agency (CSA) for their final approval. 
 In 2013, the students talked to a recent graduate 
student who had been accepted to the International Space 
University (ISU) in France. He was the Project Lead for the 
T-Sat1 a year earlier, and participated in the previous space 
camps. The connection to France was made through Skype. 
 

3. THE DISCOVERY CAMP 
 
 The UofM has developed a very good Engineering 
Access Program (ENGAP) for Indigenous high-school 
students to simplify their access to the Faculty of 
Engineering. The program is also very helpful to the 
students already in Engineering. 
 For the first time in 2013, a one-week Discovery Camp 
for Indigenous students was developed and administered 
through ENGAP under the umbrella of the Verna Kirkness 
Program (VKP) in the Faculty of Engineering. This activity 
is intended to engage Indigenous students in our research 
programs. Seventeen students were selected to attend the 
UofM, two of whom wanted to participate in Engineering. 
Similarly to the space camp, activities in the discovery 
camp were also intensive. Since our experience is limited at 
this stage, we shall describe details in the future. A new 
rendition of the camp is planned for the end of May 2014. 
 Another form to reach Indigenous students in 
Manitoba was the two-day Peguis First Nation Science, 
Technology and Engineering Symposium offered at the 
University of Manitoba in the past. It provided many 
presentations on research at the UofM, including major 
workshops on robotics. 
 

4. CONCLUDING REMARKS 
 
 Although students should be storming the Engineering 
gates of universities, it is no so in practice. Although there 
are many socio-political reasons for this hesitation, one 
view is to help the students and their parents decide by 
exposing them to experiential learning. The Space Camp 

and the new Verna Kirkness Program Discovery Camp are 
attempts to help in that process. 
 At this stage, we have no hard evidence that these 
efforts have produced the desired increase in enrolment, but 
we know that the enrolment has been increasing over the 
last years. Exit interviews and evaluation forms by both the 
participants and their guardians indicate very positive 
experience and plans for the future. More specifically, the 
students indicated clearly that they had gained new 
understanding of the university, and the higher education 
they can receive. The forms have also been used to improve 
the camps each year. A side effect is the experience that all 
the instructors and TAs gain from this experiential learning. 
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Abstract –Many challenges surround the engineering 
design process of an unmanned aerial vehicle (UAV). This 
paper describes a composite of a capstone and two 
research projects for the design of a navigation subsystem 
for a UAV. These projects address control, stabilization 
and autonomy of the vehicle with time-varying, nonlinear 
dynamics in a challenging environment and variable 
payloads. The paper provides theoretical and practical 
solutions, as well as alternatives to current control 
approaches for UAVs. The results are intended for the 
design of a UAV that can be used for different types of 
operations such as connecting isolated remote 
communities and reinforcing the sovereignty of countries 
within their borders, without requiring traditional means 
of protection. 
 
Keywords: Unmanned aerial vehicles, PID controller; 
integer-order PID (IPID) controller, fractional calculus; 
fractional-order PID (FPID) controller; Mamdani fuzzy 
controller. 
 
 

1. INTRODUCTION 
 
1.1 Motivation 
 

The approach to teaching Design Engineering has 
been evolving rapidly from the traditional classroom 
lecturing to a hybrid of (i) theory, formal analysis and 
synthesis [1] to [2], (ii) multi-tier laboratories [3], (iii) 
final-year group capstone project, (iv) large complex 
projects such as the T-Sat1 [4], and (v) applied research 
projects. The main objective of this approach is to expose 
university students to the practice of design, in addition to 
a sound theoretical foundation for analysis and synthesis. 
The students also learn many other hard professional 
skills (unfortunately called “soft” skills), including (a) 
how to work in teams, (b) how to communicate options 
for solutions, (c) how to develop solutions within budgets, 

(d) how to incorporate computational intelligence so that 
the system could adapt to changing conditions 
autonomously, (e) how to develop designs that are robust, 
while being environmentally friendly. The inclusion of 
such long-term objectives into design is mandated by the 
Canadian Engineering Accreditation Board (CEAB). 

This paper describes this new approach through an 
example which focuses on a capstone project with four 
undergraduate students, augmented by two applied 
research projects conducted by graduate students, all 
supported by industrial partners. The project is to develop 
subsystems for a new class of peaceful unmanned aerial 
vehicles (UAVs). UAVs have become useful in many 
fields. They perform many useful functions, including 
surveillance, in-flight testing of critical parameters, and 
delivery of materials. The size of such vehicles ranges 
from a regular helicopter to drones, to nano-machines 
flying in constellations (swarms). An example of such a 
UAV is an electrical quadruple helicopter (quadcopter). It 
is very stable, flies under remote wireless control from 
smart phones or tablets, and can land autonomously. 
 An important motivation for this project is that 
Canada has many remote and isolated communities in its 
vast territory. Connecting such locations to the city using 
terrestrial means such as roads would be very costly. 
Furthermore, the severe weather conditions (such as 
extremely low temperatures) would have a devastating 
impact on the condition of those roads. An alternative to 
connecting those remote areas would be through the air. 
Such alternative would represent a longer-term solution 
for a minimum cost, yet it is more challenging. This can 
be accomplished through the design of reliable unmanned 
aerial vehicles. Such vehicles can play a civil role, as well 
as a military one. For instance, they can reinforce the 
sovereignty of the country within its borders without 
requiring a human presence. 

A new class of multi-copters is being developed by 
Buoyant Aircraft Systems International (BASI) in 
Manitoba for the ultimate intended use to connect remote 
towns and to perform various tasks in difficult 
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environments. A navigation controller is an essential part 
of the quadcopter, and is being developed to very 
stringent requirements by the capstone team. An 
alternative form of the controller is also developed 
through an ongoing research project. Another essential 
subsystem of the quadcopter relates to data 
communications with the ground, and is also being 
developed through a research project. 
 The paper describes components of the subsystems, 
their simulation results, lab and field test results, as well 
as lessons learned from the undergraduate-graduate-
industry hybrid approach to design. 
 
1.2 Background 
 
 An unmanned aerial vehicle (UAV) is a flying 
machine (aircraft) without a human pilot onboard. UAVs 
have been used extensively in remote sensing and 
mapping, exploration, reconnaissance, search and rescue 
operations (e.g., [5], [6], [7]). UAVs have different forms 
(wings, or propellers), sizes, levels of autonomy, 
endurance, and payloads. A very common propeller-based 
UAV is the quadcopter, with four independent propellers. 
A standard hexacopter relies on six propellers placed at 
the corners for the lift, stabilization, and navigation. The 
diagonal axis of a hexacopter ranges from 1 to 26 ft. The 
Orbo hexacopter designed by BASI has a diagonal axis of 
8 ft., with a balloon for the lift and high-efficiency motors 
for the navigation and stabilization. This specific 
architecture minimizes the stringent requirements on the 
controller by limiting its main tasks to the navigation and 
stabilization of the vehicle, which is accomplished by 
adjusting the speed of the propellers. Each propeller’s 
speed can be adjusted separately using different types of 
regulators. A regulator (also known as a controller) is a 
logic unit used to adjust the output signal with respect to a 
reference input. 
 Many challenges surround the engineering design 
process of a UAV. This paper addresses some design 
issues related to the control, stabilization and autonomy of 
the vehicle with time-varying, nonlinear dynamics in a 
challenging environment, and variable payloads. Many 
autonomous navigation systems on quadcopters use 
commercial off-the shelf (COTS) products with 
preprogrammed standard control algorithms. Examples of 
such autopilots include (i) The Kestrel autopilot, (ii) the 
MP2028 series autopilot, and (iii) the Piccolo autopilot 
system [8]. However, such COTS autopilots do not 
provide details on the onboard controller’s operation [9]. 
Furthermore, they offer very basic capabilities (e.g., 
altitude, speed, turn rate hold), and most of the onboard 
algorithms suffer from several limitations that impact 
their performance. Such algorithms are often based on 
nonlinear formulations [10], [11], evolutionary algorithms 
[12]-[16], or other optimization techniques [17]. 
Consequently, their implementation results in time and 

space complexities that require the usage of a powerful 
computing unit for real-time execution [18]. 
 Another complication is the tuning of such 
algorithms that requires an accurate modeling of the 
system and the environment in which the system operates. 
However, how can we tune an environment that is almost 
always ill-defined? A poorly tuned controller results in 
large overshoots, long time delays, and slow convergence 
rates (under extreme cases oscillatory behaviors may 
cause a crash of the vehicle) that results in a power 
wastage and a longer flight time. Therefore, these 
controllers cannot cope well with nonlinear, time-varying 
dynamics, and ill-defined environments. Consequently, 
today new approaches ought to be developed to provide 
an autonomous and stable navigation to the future 
generation of unmanned aerial vehicles. 

 
2. CURRENT CONTROL SCHEMES 

 
2.1 Integer-Order PID Controller 
 
 Control engineering practitioners have used the 
proportional-integral-derivative (PID) controllers for a 
long time because of their simplicity and good 
performance. The PID controller is considered the second 
most important control decision and communication 
instrument of the 20th century. Throughout the years, the 
PID control scheme has dominated most of the industry 
applications. In fact, the use of the proportional-integral 
(PI) and PID controllers is ubiquitous (they are found in 
more than 95% of process control applications). This 
controller consists of three different types of actions: (i) 
proportional, (ii) derivative, and (iii) integral. Their main 
effects on the controlled system can be summarized as 
follows: (i) the proportional action increases the speed of 
the response, while decreasing the steady-state error and 
relative stability, (ii) the integral action attempts to 
eliminate the steady-state error, but, decreases the relative 
stability; and (iii) the derivative action increases the 
relative stability and sensitivity to noise. In this paper, an 
ideal PID controller in a unity feedback block diagram is 
considered, and is given by 
 
 1 1(s) p i dC k k s k s−= + +  (1) 
 
where kp, ki, and kd represent tuning parameters for the 
PID controller, and s represents Laplace variable. The 
tuning parameters must be developed either in advance or 
during the adaptation process. Since the order of s is 
integer (representing integration and differentiation), the 
model is called integer-order PID (IPID). In order to 
improve the performance of the IPID, one can advance 
from the integer integration and differentiation to 
fractional operations, as described next. 
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2.2 Fractional-Order PID Controller 
 
 The fractional-order PID (FPID) controller provides 
more flexibility as compared to the IPID. As before, we 
must specify the proportional, integral, and derivative 
gains. In addition, we must specify the order of the 
fractional derivative and integral. Such flexibility allows 
for an optimal trade-off between the advantages and 
disadvantages of each term (proportional, integral, and 
derivative); thus leading to more satisfying results. The 
fractional PID controller can be written as  
 

 (s) p i dC k k s k sα β−= + +  (2) 
 
where α and β represent the order of the fractional integral 
and derivative, respectively. Figure 1 shows a plant 
controlled by a FPID described by (2), with a unity 
feedback. 
 

 
 

Fig. 1. Block diagram of a process controller by a FPID 
controller. 

 
2.3 Mamdani Fuzzy Controller 
 
 The IPID and FPID control mechanisms described in 
the previous sections use crisp mathematics in which 
each measure has a single, well defined value. Control 
theoreticians have observed that real environments are 
neither crisp, nor deterministic. The uncertainty in such 
environments can be described by either probabilistic 
measures, or fuzzy measures. There are many 
probabilistic approaches to control and navigation, 
including the Kalman filer (KF) [19], the extended 
Kalman filter (EKF) (e.g., [20] to [23]), and the unscented 
Kalman filter (UKF) [24]. An alternative to dealing with 
uncertainty is to consider a measure that is neither crisp, 
nor probabilistic, but is represented by a membership 
function (MF). This is particularly important when 
probability distribution function cannot be obtained. 
 Fuzzy control (FC) has very attractive characteristics 
(such as autonomy and modularity), while remaining 
robust to the uncertainty of the process. Furthermore, FC 
provides the unique feature of computing with words 
(CW). These controllers represent one kind of nonlinear 

dynamic functions of the error and the change of the error 
signals. The type of nonlinearities depends on the fuzzy 
MF selected. The decision-making process relies on 
association and inference operators, as well as CW. 
Such characteristics are extremely useful in ill-defined 
environments since they allow expert knowledge to be 
developed and utilized directly to a problem at hand. Two 
of the most common fuzzy controllers are: (i) Mamdani 
and (ii) Takagi-Sugeno (TS) controllers. Mamdani and 
Assilian were attracted by the capabilities of fuzzy logic 
and introduced a fuzzy control scheme in 1975 to convert 
heuristic control rules stated by a human operator into an 
automatic control scheme. Unlike the Mamdani controller 
(which employs fuzzy sets as the consequent), the TS 
fuzzy controllers rely on linear interpolation to calculate 
the consequent. In this paper, we use a Mamdani-type of 
controller because of its ability to adjust directly the 
impact of each consequent, without the need for heuristic 
linear functions in TS model. 
 
2.3.1 The Fuzzification Process. The controller relies on 
five Gaussian membership functions to fuzzify the two 
inputs, which are the error and the change in the error. 
 
2.3.2 The Decision-Making Process. The decision-
making process is based on the 16 rules derived to 
achieve the main objective; that is, minimizing the error 
and the change in the error. This is accomplished by: (i) 
Identifying the corresponding antecedents; and (ii) 
Characterizing the consequents based on the rules of the 
domain experts. 
 
2.3.3 The Defuzzification Process. This process converts 
the range of the consequences into the universe of 
discourse by conducting a scale mapping and identifying 
the crisp output (correction term for the attitude) based on 
the center of gravity technique using the following 
equation 
 

 

( )
1
( )

k
x xi i

iy
xi

==
∑ µ

µ  (3) 
 
where µ(xi) represent the membership function of the xi 
input, and i is the index of the input. 
 

3. SIMULATION RESULTS 
 

 As described in the previous section, various 
controllers were investigated in order to select the 
controller for the UAV. The controllers included: 
proportional-integral-derivative (PID), Kalman filters 
(KF), fractional PID, and fuzzy. One of the criteria for the 
selection process was the implementability of a specific 
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controller using a limited-computing environment, such as 
a microprocessor or a microcontroller. The PID 
controllers and Kalman filters could be implemented, but 
with serious simplifications of the algorithms. 
 The dynamics governing the flight dynamics of the 
UAV is non-linear, while both control schemes require 
linearization. The FPID and variations of the Kalman 
filters (EKF and UKF) were designed for nonlinear 
systems, but are very complicated and unimplementable 
in low-power computers. On the other hand, the fuzzy 
approach can control a nonlinear system using fuzzy 
logic, and it is unique because it allows human 
interpretation to be incorporated in its design. 
Consequently, the Mamdani fuzzy controller [25] was 
selected and implemented in MATLAB/Simulink. 
 The initial step in designing a fuzzy controller is to 
describe the guidelines of flight control as viewed from 
the pilot’s perspective.  From the guidelines in [27], we 
determined the inputs to the controller (angle and rate of 
angle change). Four separate controllers were needed to 
control the roll, pitch, and yaw axes and height difference. 
Figure 2 shows the input and output MFs used for the 
implementation of the fuzzy controller. The desired angle 
and rate of change rely on three triangular MFs, while the 
output to the motors uses five MFs. These decisions were 
influenced by the research in [28] and [30]. 
 

 
(a) 

 
(b) 

Fig. 2. Input and output membership functions. (a) Inputs: 
angle and rate of angle change, and (b) Output to motors. 
 
 Simulations were performed to evaluate the 
performance of the controllers in open-loop conditions, 

then with feedback (separately for each controller), and 
then collectively as a whole system.  For the required 
feedback, we used the transfer functions for the flight 
dynamics from [31]. The basic understanding of flight 
dynamics and its application to a UAV can be found in 
many sources (e.g., [32], [33]). 
 Open loop simulations were conducted to validate the 
controller designed. The simulations relied on the surface 
and rules to visualize the results of the IF/THEN 
statements. For example, if an input angle is positive, and 
rate of angle change is also positive, then the output is a 
large negative. 
 Closed-loop simulations were implemented to obtain 
a realistic rate of angle change. Different transfer 
functions were tested based on the corresponding flight 
dynamics of the UAV. The controllers were then tuned in 
order to optimize the performance. Figure 3 shows the 
step response of the pitch controller as an example. The 
test resulted in an overshoot of 7.44% and a settling time 
of 0.42 seconds. 
 

 
Fig. 3. Step input response for pitch. 

 
 Finally, system simulations were done to ensure 
motors’ controllability. The behavior of the motors 
depends on the design combinations of all the controllers’ 
output. Figure 4 shows a block diagram of the entire 
system including controllers and motors for roll, pitch, 
yaw, and height. 

 

 
 

Fig. 4. Block diagram of system for roll, pitch, yaw, and 
height. 
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 Once the system simulations were completed, the 
MATLAB fuzzy controller was ported to an Arduino 
board. Tests followed to evaluate the robustness and 
optimality of the system. 
 

4. HARDWARE IMPLEMENTATION 
 
4.1 Flight Controller 
 
 The first step in building a flight controller from a 
hardware perspective was to investigate various COTS 
components. A study of current flight controllers 
expanded our background on computing engines suitable 
for navigation, on-board sensors, and actuators, 
conditioning circuits for sensors, and many other circuits. 
 The fundamental requirements for the 
microcontroller (µc) included: suitability for real time 
systems (RTS), sufficient number of general-purpose 
input-output (GPIO) pins, low cost, large memory, and 
the ability to use various peripherals such as inter-
integrated circuit (I²C) and universal asynchronous 
receiver and transmitter (UART). Table 1 compares the 
µcs (APM2, Arduino Uno, iNemo, NXP and Raspberry 
Pi), including their clock frequencies, GPIOs, and cost.  
 
Table 1. Summary of Microcontrollers. 

Micro-
controller 

Clock 
[MHz] Core Flash Cost 

APM2 [34] 16 Atmega 2560 256 KB $300 

Arduino 
Uno [35] 16 Atmega 328 32 KB $26 

iNemo [36] 72 ARM Cortex 
M3 512 KB $250 

NXP LPC 
1769 [37] 120 ARM Cortex 

M3 512 KB $30 

Raspberry 
Pi [38] 700 ARM 

1176JZF-S 
Expandable 
(SD Card) $50 

 
 The iNemo system was initially considered as the 
best option. Since it was not readily available, the NXP 
Semiconductors LPC unit was considered. The NXP had 
the same core, but was cheaper than iNemo. This meant 
that the required sensors had to be implemented 
separately. The APM-2 was not considered due to the 
price point of $300, and the Raspberry Pi was not 
considered due to the lack of GPIO pins. 
 
 
 
 

4.2 Other Subsystems 
 
 In addition to the flight controller, many other 
modules must be designed and implemented [39]. They 
include the global positioning system (GPS) to find 
current location of the UAV, sensors and data handling 
unit (e.g., a gyroscope, accelerometer, and magnetometer 
sensors), and a communication module. 
 Data communication between a UAV and a ground 
control station (GCS) is fundamental for a successful 
completion of its operation, and has received considerable 
attention both in military and civilian domain. The 
feasibility of employing orthogonal frequency division 
multiplexing (OFDM) techniques was investigated for 
transmission between a UAV and a ground control station 
in [40]. In [41], the authors studied the performance of a 
distributed transmit beam forming and distributed 
orthogonal space time block coding (OSTBC) schemes 
for a UAV to GCS communication link. Control and co-
ordination of a network of UAVs have also been 
investigated in [42], where genetic algorithms were used 
to create decision trees which allowed UAV collaboration 
in search missions. The use of UAVs for the extension 
and improvement of networked communication in a 
natural disaster scenario has also been considered. For 
example, a network architecture has been devised with 
UAVs as relay platform to form equivalent cellular towers 
in the sky for rapid deployment of wireless networks [43]. 
 

5. CONCLUDING REMARKS 
 
 This paper describes the design of an optimal 
controller for an unmanned aerial vehicle. The analysis 
included several controllers such as IPID, FPID, and 
Mamdani fuzzy controller. The methodology that 
followed to design the optimal and robust control scheme 
was based on research, numerical simulations. The 
preliminary design resulted in the selection of the 
Mamdani fuzzy controller for the purpose of stabilizing 
the spacecraft. 
 The key novelty presented here is the composite 
approach to designing complex systems at the final-
project undergraduate project, involving a three-prong 
approach: (i) a capstone project, (ii) two research projects 
related to the Orbo UAV conducted at the Department of 
Electrical and Computer Engineering, University of 
Manitoba, and (iii) interaction with industry professionals 
developing the Orbo UAV. This makes the project quite 
unique and different. During these projects, undergraduate 
students were able to acquire and utilize many 
engineering skills, such as time management, problem 
solving, communication skills, and team-working 
synergy. Interaction with graduate students provided 
additional understanding of the navigational algorithms 
used in the research projects, experience from their 
implementation at a graduate level, and techniques not 
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taught in the undergraduate classes. Interaction with a 
very experienced pilot in the field provided another 
perspective on the relevance of theory and practice. These 
attributes make the project particularly well-suited to 
achieving the capstone learning outcomes. 
 

Acknowledgements 
 
 We would like to acknowledge partial financial 
support from the Department of Electrical and Computer 
Engineering, University of Manitoba. We are also grateful 
to Buoyant Aircraft Systems International (BASI) for 
providing access to their UAVs and aerial vehicles. 
 

References 
 
[1] Witold Kinsner, Microcontroller, Microprocessor, 

and Microcomputer Interfacing for Real-Time 
Systems. Lecture Notes. Winnipeg. MB: University 
of Manitoba, 2013, 643 pp. 

[2] Witold Kinsner, Laboratories for Microcontroller, 
Microprocessor, and Microcomputer Interfacing 
for Real-Time Systems. Lab Notes; 2013, 102 pp. 

[3] Witold Kinsner and Kalen Brunham, “A multi-tier 
laboratory scheme in the interfacing for real-time 
systems course,” in Proc. 14th Can. Conf. 
Computer Engineering Education, CCCEE01 
(Fredericton, NB; May 30-June 1, 2001) 64 pp., 
2001. 

[4] Witold Kinsner, M.D.(Ron) Britton, Dario Schor, 
Arash Fazel Darbandi, Kris Goodmanson, Cody 
Friesen, Emily Bashford, “Preliminary experience 
from the Canadian Satellite Design Challenge,” in 
Proc. Can. Engineering Education Assoc 
(CEEA14) Conf. (St. John’s, NL; June 6-8, 2011) 6 
pp., 2011. 

[5] Frank Archer, Anatolij M. Shutko, and I. Sidorov, 
“Introduction, overview and status of the 
microwave autonomous copter system (MACS),” 
in Proc. IEEE 2004 Geosci. Remote Sensing 
Symposium, IGARSS '04 (Anchorage, AK; 20-24 
Sept. 2004) vol. 5, pp. 3574-3576, 2004. 

[6] Luo Jun, Xie Shaorong, Gong Zhenbang and Rao 
Jinjun, “Subminiature unmanned surveillance 
aircraft and its ground control station for security,” 
Proc. IEEE 2005 Intern. Workshop Safety, Security 
and Rescue Robotics, (Kobe, JP; 6-9 June 2005) 
pp. 116-119, 2005. 

[7] Theerasak Sangyam, Pined Laohapiengsak, Wonlop 
Chongcharoen, and Itthisek Nilkhamhang, “Path 
tracking of UAV using self-tuning PID controller 
based on fuzzy logic,” Proc. SICE Annual Conf. 
2010, (Taipei;18-21 Aug. 2010), pp.1265-1269, 
Aug. 2010. 

[8] Amit Bhatia, Michelangelo Graziano, Sertac Karaman, 
Roberto Naldi, and Emilio Frazzoli, “Dubins 

trajectory tracking using commercial off-the shelf 
autopilots,” AIAA Guidance, Navigation and 
Control, (Honolulu, Hawaii; August 18-21, 2008), 
pp. 1-14, 2008. 

[9] David Borys and Richard Colgren, “Advances in 
Intelligent Autopilot Systems for Unmanned Aerial 
Vehicles,” in Proc. AIAA Guidance, Navigation 
and Control Conf & Exhibit, (San Francisco, CA; 
15-18 Aug 2005) pp. 1-14, 2005. 

[10] Omar Orqueda, Xi Zhang, and Rafael Fierro, “An 
output feedback nonlinear decentralized controller 
for unmanned vehicle coordination,” in Proc. 
American Control Conf., (Minneapolis, USA; 
June14-16, 2006), pp. 1442-1445, 2006. 

[11] Abdelaziz Benallegue, Abdellah Mokhtari, and 
Leonid Fridman, “High-order sliding mode 
observer for a quadrotor UAV,” Intern. Journal of 
Robust and Nonlinear Control,  vol. 18, nos. 4-5, 
pp. 427-440, 10-25 Mar 2008. 

[12] Ioannis K. Nikolos, Kimon P. Valavanis, Nikos C. 
Tsourveloudis, and Anargyros N. Kostaras. 
“Evolutionary algorithm based offline/online path 
planner for UAV navigation,” IEEE Trans. On 
Systems, Man, and Cybernetic, Part B: 
Cybernetics, vol. 33, no. 6, Dec. 2003. 

[13] Ioannis K. Nikolos, Nikos Tsourveloudis, and Kimon 
P. Valavanis, “Evolutionary algorithm based 3-D 
path planner for UAV navigation,” in Proc. 9th 
Mediterranean Conf. Control Automation, 
(Dubrovnik, Croatia; 27-29 June 2001), pp. , 2001. 

[13b] Mohammad Sadraey, Richard Colgren, “Robust 
nonlinear controller design for a complete UAV 
mission,” in Proc. AIAA Guidance, Navigation, 
and Control Conf. and Exhibit, (Keystone, CO; 
August 21-24, 2006), pp. 1, 2006. 

[14] Jerzy Z. Sasiadek and Ignacy Duleba, “3D local 
trajectory planner for UAV,” Journal Intelligent 
Robotic and Systems, vol. 29, pp. 191–210, 2000. 

[15] Andreas C. Nearchou, “Adaptive navigation of 
autonomous vehicles using evolutionary 
algorithms,” Artificial Intelligence in Engineering, 
vol. 13, no. 2, pp. 159-173, 1999. 

[16] Sefer Kurnaz, Omar Cetin, and Okyay Kaynak, 
“Fuzzy logic based approach to design of flight 
control and navigation tasks for autonomous 
unmanned aerial vehicles,” J. Intelligent Robotic 
Systems, vol. 54, nos. 1-3, pp. 229–244, Mar 2009. 

[17] Shannon Zelinski, John T. Koo, and Shankar Sastry, 
“Optimization-based formation reconfiguration 
planning for autonomous vehicles,” in Proc. 2003 
IEEE Intern. Conf. Robotics and Automation, 
(Taipei, Taiwan; 14-19 September 2003), pp. 
3758–3763, 2003. 

[18] Witold Kinsner, Switching and Automata Theory. 
Course Notes. Winnipeg MB: Department of 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA 2014; Paper 115   ceea14-uav-v71.docx 
Canmore, AB; June 8-11, 2014  −  7 of 8  − Modified: May 22, 2014 

Electrical & Computer Engineering, University of 
Manitoba, 2010, 874 pp. 

 
[19] Eric Wan and Rudolph van der Merwe, Kalman 

Filtering and Neural Networks, New York, NY: 
John Wiley & Sons, 2001, 298 pp. 

[20] F. Landis Markley, John L. Crassidis, and Yang 
Cheng, “Nonlinear attitude filtering methods,” in 
AIAA Guidance, Navigation and Control Conf. and 
Exhibit, (San Francisco, California; August, 2005), 
32 pp, 2005. 

[21] E. J. Lefferts, F. L. Markley, and M. D. Shuster, 
“Kalman filtering for spacecraft attitude 
estimation,” in Journal of Guidance, Control, and 
Dynamics, vol. 5, no.5, pp. 417– 429, Sept.-Oct. 
1982. 

[22] F. Landis Markley, Multiplicative vs. Additive 
Filtering for Spacecraft Attitude Determination. 
Technical Report. Greenbelt, MD: NASA’s 
Goddard Space Flight Center Minneapolis, 2003, 8 
pp. 

[23] Mohamed Temam Nasri and Witold Kinsner, 
“Extended Kalman filtering for pico-satellites 
attitude determination,” Proc. of the IEEE Conf. on 
Electrical and Computer Engineering, CCECE 
2013, (Regina, SK; May 5-8, 2013), 5 pp., 2013. 
{IEEE CN CFP13758-USB; ISBN 978-1-4799-
0032-9}. 

[24] Eric A. Wan and Rudolph van der Merwe, “The 
unscented Kalman filter for nonlinear estimation,” 
Proc. of the IEEE  Adaptive Systems for Signal 
Processing, Communications, and Control 
Symposium, (Lake Louise, Alta.; Oct. 01-04, 
2000), pp. 153-158, 2000. 

[25] Arshdee Kaur and Amrit Kaur, “Comparison of 
Mamdani-type and Sugeno-type fuzzy inference 
systems for air conditioning system,” Intern. J. of 
Soft Computing and Engineering, vol. 2, no 2, pp. 
323-325, May 2012. 

[26] Gang Feng, “A survey on analysis and design of 
model-based fuzzy control systems,” IEEE Trans. 
Fuzzy Systems, vol. 14, no. 5, pp. 676-697, October 
2006. 

[27] D. M. W Abeywardena, L. Amaratugna, S. Shakoor, 
and A. Munasinghe. “A velocity feedback fuzzy 
logic controller for stable hovering of a quad rotor 
UAV,” in Proc. 2009 Intern. Conf. on Industrial 
and Information Systems, (Sri Lanka ; 28-31 Dec. 
2009) pp. 558-562, 2009. 

[28] Miguel A. Olivares-Mendez, Luis Mejias, Pascual 
Campoy, and Ignacio Mellando-Bataller, “See-and-
avoid quadcopter using fuzzy control optimized by 
cross-entopy,” in Proc. 2012 IEEE International 
Conference on Fuzzy Systems, pp. 1-7, 2012. 

[29] Miguel A. Olivares-Mendez, Luis Mejias, Pascual 
Campoy, and Ignacio Mellando-Bataller, "Cross-

Entropy optimization for scaling factors of a fuzzy 
controller: A see-and-avoid approach for 
unmanned aerial systems," J. Intelligent Robotic 
Systems, vol. 69, nos. 1-4, pp. 189-205, January 
2013. 

[30] Matilde Santos, Victoria Lopez, and Franciso 
Morata, “Intelligent fuzzy controller of a 
quadrotor,” in Proc. 2010 Intern. Conf. on 
Intelligent Systems and Knowledge Engineering, 
(Hangzhou, China; 15-16 Nov. 2010) pp. 141-146, 
2010. 

[31] Sofia I.B. Fernandes, Guidance and Trajectory 
Following of an Autonomous Vision-Guided 
Micro-quadrotor. M.Sc. Thesis. University of 
Lisbon, Lisbon, Portugal, 2011, 105 pp. Available: 
https://dspace.ist.utl.pt/bitstream/2295/904712/1/S
Fernandesdissertacao.pdf 

[32] Erdinc Altug, James P. Ostrowski, and Robert 
Mahony. (2002, May). “Control of a quadrotor 
helicopter using visual feedback,” in Proc. 2002 
IEEE Intern. Conf. on Robotics and Automation, 
pp. 72-77.May 2002.  

[33] Saif A. Al-Hiddabi, “Quadrotor control using 
feedback linearization with dynamic extension,” in 
Proc. 6th International Symposium on 
Mechatronics and Its Applications, (Sharjah, Arab 
Emirates; 23-26 March 2009) pp. 1-3, 2009. 

[34] Bill Bonney, The APM-2 Board. Arducopter. 
Available as of August 2013 from 
http://code.google.com/p/arducopter/wiki/APM2bo
ard 

[35] Arduino, Arduino Uno. 2010, 4 pp. Available as of 
May 2013 from 
http://arduino.cc/en/Main/arduinoBoardUno#.Uv-
0P7StZxg 

[36] STMicroelectronics, iNemo: Inertial Module v2 
Demonstration Board Based on MEMS Sensor and 
the STM32F103RE. Available as April 2014 
http://www.icbase.com/File/PDF/STM/STM34631
306.pdf 
http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/dat
asheet/DM00056715.pdf 

[37] NXP Semiconductors, 32-bit ARM Cortex-M3 
Microcontroller. Data Sheet, Rev 9.4, 4 April 
2014, 88 pp. Available as of January 2014 
http://www.nxp.com/documents/data_sheet/LPC17
69_68_67_66_65_64_63.pdf 

[38] Broadcom Corporation. BCM2835 ARM Peripherals. 
2012, 205 pp. Available as of June 2013 from 
http://www.raspberrypi.org/wp-
content/uploads/2012/02/BCM2835-ARM-
Peripherals.pdf 

[39] Bryan Drobot, Curtis Einarson, Stephanie English, 
and Kelly Riha, Design of an Autonomous Flight 
Controller for an Unmanned Aerial Vehicle. 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA 2014; Paper 115   ceea14-uav-v71.docx 
Canmore, AB; June 8-11, 2014  −  8 of 8  − Modified: May 22, 2014 

Capstone Project Report. Winnipeg, MB: 
Department of Electrical and Computer 
Engineering, University of Manitoba, March 10, 
2014, 78 pp. 

[40] Zhiqiang Wu, Hemanth Kumar, and Asad Davari, 
“Performance evaluation of OFDM transmission in 
UAV wireless communication,” in Proc. of the 
Thirty-Seventh Southeastern Symposium on 
System Theory, (Tuskegee, AL; March 20-22, 
2005) vol. 1, pp. 6-10, 2005. 

[41] Ramesh Chembil Palat, A. Annamalai, and Jeffrey H. 
Reed, “Cooperative relaying for ad hoc ground 
networks using swarm UAVs,” in Proc.s of the 
IEEE Military Communications Conf. (MILCOM), 

(Atlantic City, NJ; October 17-20, 2005) vol. 3, pp. 
1588-1594, 2005. 

[42] Marc D. Richards, Darrell Whitley, and J. Ross 
Beveridge, “Evolving cooperative strategies for 
UAV teams,” in Proc. of the Genetic and 
Evolutionary Computation Conf. (GECCO-2005), 
(Washington, DC; June 25-29, 2005) vol. 2, pp. 
1721-1728, 2005. 

[43] Arun Ayyagari, Jeff P. Harrang, and Sankar Ray, 
“Airborne information and reconnaissance 
network,” in Proc. of the IEEE Military 
Communications Conf. (MILCOM), (McLean, 
VA; October 21-24, 1996) vol. 1, pp. 230-234, 
1996. 

 
 



A FAILED ATTEMPT AT TEACHING CONTINUOUSLY EVOLVING SOFTWARE 
 

McDonald, C M; Millen, B J 
Department of Manufacturing and Automation, Southern Alberta Institute of Technology, Alberta Canada 

colin.mcdonald@sait.ca; ben.millen@sait.ca 
INTRODUCTION 
     The authors have undertaken the design and development of a Digital 
Prototyping course for final-semester students in the Mechanical 
Engineering Technologies [MET] program at SAIT Polytechnic. The 
purpose of the course is to equip students with an ability to use advanced 
solid modeling and analysis tools in a digital environment to limit the 
number of physical iterations required in a product development process. 
Participating students present in their fourth semester of study with a 
basic understanding of techniques associated with solid modeling while 
undergoing a capstone project in parallel with the course. 
     The challenge in developing the course is twofold – first a learning 
environment that facilitates guided exploration of the advanced 
functionality associated with a software package, in this case the 
Autodesk suite of product design applications, must be established. 
Second, the continuously evolving nature of the software must be 
accommodated. The latter is a key problem for intermediate-to-advanced 
software courses, as the software enhancement cycle is often shorter 
than the course frequency. 
     We proposed a framework in which we could explore the viability of 
mixed instructor- and student-led learning, relying on the students’ 
enthusiasm for self discovery of new software functionality as it related 
to their specific needs and interests.  
      
  
METHODS 
     Course work was divided into two projects.  The first focused on the 
use of Autodesk Inventor to re-design a detailed instructor-provided 
model of a bicycle brake lever based on student-chosen criteria. 
Examples included re-design for sustainability, reduced weight, 
enhanced strength, and alternate attachment mechanisms. Students were 
encouraged to select their own project [potentially related to the 
capstone project work already underway] for the second course project, 
which integrated the acquired expertise in Inventor with the use of 
Autodesk Showcase to produce professional quality renderings and 
animations.  Students were also encouraged to explore other analysis and 
simulation packages available in this suite if it related to their particular 
project. 
     Instruction on various aspects and functionality of the software, as it 
related to relevant prototyping techniques, was centered around 
Autodesk’s industry-developed, time-limited teaching technique that 
relies on short lecture-demo-activity cycles. The instructor provides a 
short lecture on the technique or tool. Following this, the instructor 
demonstrates this technique in the software. Students are then invited to 
complete a short activity that allows them to try the technique 
themselves on a model provided by the instructor. This structure was 
also presented to the students to provide a straightforward format in 
which they could present their own findings. 
     A typical two-hour class consisted of several of these short ‘loops’ 
followed by a work period wherein students were provided time to 
engage in their projects and solicit feedback and individual, project-
specific coaching from the instructors.  
     Evaluation was carried out consistently and informally on a grading 
sheet week-to-week. Students were asked to show an aspect of their 
project that demonstrated a level of aptitude with software as defined by 
a provided grading rubric. Examples of these categories included the 
ability to generate professional quality parts, assemblies, sketches, and 
to perform analysis on these parts. Grades for each of these categories 
were assigned based on the student’s demonstrated ability to produce 
work on par with the criteria established in the rubric. As such, the 
student could track their success and improvement through the course by 
reviewing the weekly grading forms. The instructor assigned final, over-
all grades for the projects upon final submission.  
 
   
RESULTS 
     From the outset of the course the students met the method presented 
with considerable anxiety and hostility. The choice of software, 
analogous but not identical to a package they had previously learned, 
caused considerable stress. Claims were frequently made that tools to 

which they had become accustomed were not available in the chosen  
software suite. The use of provided, relatively complex models for the 
students to explore and alter also seemed to inhibit exploration, as the 
students appeared unable to imagine how the object could be altered or 
re-designed.  
    The chosen grading scheme was also a source of some uncertainty, as 
the students had become accustomed to a subtractive model of grading, 
wherein the grade declined from a perfect score as mistakes were made 
throughout the course. As this course used an additive grading scheme, 
students appeared to feel helpless and unable to find a path through 
which they may attain any marks whatsoever.   
     The class settled in to equilibrium by the third week, at which point 
students could be encouraged to explore a particular aspect of the 
software with some verbal instruction and guidance as to what might 
help them achieve some marks. At this point, the class appeared to 
stratify into three types of students.  A small group (10-15%) of students 
embraced the structure and explore the software in the context of their 
own design project as intended. These individuals took considerable 
initiative in exploring specific aspects of the software’s functionality 
using texts provided help files and online resources. This group 
occasionally took the opportunity to present their discoveries to the class 
in small micro-presentations or loops.  
     A second set of students (approx. 60%) worked piecewise towards 
achieving an acceptable mark. These students could only be encouraged 
to produce work based on a challenge-results model, where verbal 
instructions about what had to be achieved in the context of a particular 
project were given by the instructors, and the student worked to achieve 
this result. 
     The remaining students typically went ungraded for the majority of 
the semester, choosing to learn the software entirely on their own or to 
complete the course work in a compressed period before the due date. 
This group produced the most surprising and varied results, as 
occasionally the work produced was exceptional, focused and showed 
the desired level of engagement with the software.  Others in this group 
produced predictably poor or little work leading to late-stage panic and 
appropriately poor grades. 
 
 
DISCUSSION 
     The methods proposed, particularly the evaluation techniques, might 
have been too radical a departure from what the students in the program 
had come to expect. Integral to the success of the course was the 
assumption that the complexity and functionality available in the 
software packages could capture the students imagination, particularly as 
it related to projects that were already underway in other parallel 
courses, to the extent that they would be motivated to discover, learn and 
share esoteric functionality available in the product design suite.  
     The observed results indicate that the students, even in later stages of 
their design education, are primarily grades-motivated to the extent that 
they were incapable of using the available class time to explore the 
software in the context of a design problem. Paradoxically, the anxiety 
associated with not performing to a high level (achieving an ‘A’ grade) 
frequently inhibited a student from engaging in any advanced 
exploration of the software at all -- the very mechanism through which 
the students could achieve a high grade. The prevalent perception 
appeared to be that time could not be wasted on self-guided learning, as 
the time invested might not lead to predictable grades-based results. 
     A second iteration of the course has been scheduled in which a 
revised approach to this structure will be employed.  It was clear from 
the results that most students could engage in self-directed learning once 
they had found a suitable application for the software and had achieved 
some success related to their efforts. Considerations for improvement 
include a more rigid demonstration-based approach to applying existing 
modeling skills to the software suite, goal-based projects or course 
objectives with clearly defined examples that show ‘A’ level work while 
leaving the path to achieve that result open for exploration.  
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Abstract: Recent developments in mathematics, science, 
engineering and technology over the last several decades 
have made it possible to transform technology from 
machine-oriented (designed to increase productivity and 
quantification) to more human-centric (to simplify 
interaction with technology and improve the well-being of 
individuals). Technology is being positioned to be moved 
from a privilege to a social benefit. Such humanitarian 
technology (HT) can help at several levels, including: (i) 
natural disasters (such as fires, storms, tornadoes, 
tsunamis, earthquakes), (ii) humanitarian disasters 
(genocides, wars, non-democratic elections, injustice), (iii) 
developing countries (water, food, shelter, energy, 
sanitation, health, (iv) developed countries (the poor, 
seniors, people with physical or mental disabilities, or 
under-represented). Since, in all those levels, information 
gathering and distribution is considered as important as 
water, food and medicines in disasters, it must be 
considered as an ecosystem. 
 The development of a good HT has many scientific, 
engineering, technological and social challenges. One of 
the important challenges is education. How do we teach 
the new generation of humanitarian design engineers? This 
paper describes one approach used in Manitoba. 
 
Keywords: Humanitarian engineering education; 
humanitarian technology (HT); HT definitions; HT 
organizations; HT scope; HT challenges. 
 

1. INTRODUCTION 
 
1.1 New Vision of Humanitarian Technology 
 
 Recent developments in mathematics, science, 
engineering and technology over the last several decades 
have made it possible to transform technology from 
machine-oriented (designed to increase productivity and 
quantification) to more human-centric (to simplify 
interaction with technology and improve the well-being of 
individuals). Technology is being positioned to be moved 
from a privilege to a social benefit. Such humanitarian 
technology (HT) can help at several levels, including: (i) 
natural disasters (such as fires, storms, tornadoes, tsunamis, 
earthquakes), (ii) humanitarian disasters (genocides, wars, 

non-democratic elections, injustice), (iii) developing 
countries (water, food, shelter, energy, sanitation, health, 
(iv) developed countries (the poor, seniors, people with 
physical or mental disabilities, or under-represented). Since, 
in all those levels, information gathering and distribution is 
considered as important as water, food and medicines in 
disasters, it must be considered as an ecosystem. 
 This new vision of technology has been embraced by 
the Institute of Electrical and Electronics Engineers (IEEE) 
for the last several years. Other organizations are also 
becoming more sensitive to this fundamental problem. For 
example, The Canadian Engineering Accreditation Board 
(CEAB) and the American Accreditation Board for 
Engineering and Technology (ABET) have already 
mandated university undergraduate courses on Technology 
and Society for years now, as well as the final-year group 
design projects (capstone projects) in the last decade. 
 At the practitioners level, international efforts are 
being made to bring the extensive engineering expertise to 
the HT designers and implementers. For example, the 
Humanitarian Technology Challenge (HTC) was 
introduced by IEEE, United Nations (UN) and Vodaphone 
Foundations in 2008 to reduce and eradicate poverty. HTC 
now includes the Engineering for Change (E4C) established 
by the American Society for Mechanical Engineers 
(ASME). IEEE also introduced the Humanitarian 
Technology Network (HTN), the Special Interest Group on 
Humanitarian Technology (IEEE SIGHT), the World-Wide 
Education for the HTC (we-HTC), the Teachers-In-Service 
Program (TISP), the Engineering Projects in Community 
Service (EPICS), as well as TryEngineering, 
TryComputing, and TryNano. 
 Many other organizations are also involved, including 
the UN Office for the Coordination of Humanitarian 
Affairs (OCHA), Oxford Committee for Famine Relief 
(Oxfam), Red Cross, Red Crescent, Save the Children, 
BBC World Service Trust, Thomson-Reuter Foundation, 
Humanitarian Media Foundation, and International Media 
Support. 
 
1.2 Humanitarian Engineering 
 
 Before proceeding to giving examples of humanitarian 
engineering education, we should define Engineering and 
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Humanitarian Engineering (HumEng). There are well-
established definitions of Engineering. For example, 
“Engineering is the application of science through design, 
implementation, testing and introduction of systems, 
processes and other artifacts to improve productivity and 
the quality of life [4]. In the past, engineering as a 
profession has been driven mostly by external values, as 
articulated by Thomas Tredgold (1788–1829) in 1828 [17] 
“Engineering is the art of directing the great sources of 
power in nature for the use and convenience of man, ... as 
the means of production ...” This concept has moved later 
from “use and convenience” to include “public safety, 
health, and welfare.” 
 Humanitarianism is a mirror that reflects on the “use 
and convenience” as well as the “public safety, health and 
welfare.” Engineering and humanitarianism have never 
been in conflict in principle, as both concepts experienced 
parallel developments. 
 There are many definition of humanitarian engineering 
(HumEng) that have been evolving in different contexts 
over the last several years. Popular definitions say that “the 
field of HumEng describes the application of engineering 
and technology for the benefit of disadvantaged 
communities,” or that “HumEng is intended to improve 
quality of life and disaster recovery.” 
 A more comprehensive definition resulted from the 
study of VanderSteen [16, p.8] who defined HumEng as 
“the application of engineering skills specifically for 
meeting the basic needs of the people, while at the same 
time promoting human (societal and cultural) development.” 
Another definition of HumEng is provided by Mitcham and 
Muñoz [11, p. 27] as “the artful drawing on science to 
direct the resources of nature with active compassion to 
meet the basic needs of all, especially the powerless, poor, 
or otherwise marginalized.” 
 It is clear that HumEng should not be seen as another 
discipline, but as a philosophy on how engineering should 
be taught, so that practising engineers could be 
humanitarian engineers who could provide a balance 
between basic human needs, technical excellence, 
economic feasibility, sustainability, ethical maturity, and 
cultural sensitivity to enrich the human condition. This 
human-centric approach differs fundamentally from a 
technology-centric approach to engineering. 
 
1.3 Humanitarian Engineering Education 
 
 An increasing number of papers and books is being 
dedicated to humanitarian technology and its education. For 
example, Collins and Halverson [3] propose rethinking how 
students are taught in the age of global connectivity and 
new technologies. Kinsner and Pear [9], [10], [15] 
developed a computer-aided personalized system of 
instruction, CAPSI, based on Fred Keller’s PSI in order to 
personalize the educational process through proctoring and 
personalized rate of learning. CAPSI could be used as a 

tool in the delivery of humanitarian education. Amadei and 
Wallace [2] indicate that the top-down approaches for 
delivering aid to underdeveloped nations have not produced 
satisfactory results, and that engineers have not been 
involved in the technical aspects of these efforts. Amadei 
and Sandekian [1] argue that the engineering profession 
must embrace a new mission statement to contribute to the 
building of a more sustainable, stable, and equitable world. 
Moskal and her colleagues [12] describes a Humanitarian 
Engineering program at the Colorado School of Mines. 
Passino [14], [13] proposes various strategies to increase 
educational activities related to humanitarian education. 
The IEEE Global Humanitarian Technology Conference, 
GHTC, and the International Humanitarian Technology 
Conference, IHTC, are dedicated to various developments 
of humanitarian technology for the developing countries, 
and also address some educational issues (e.g., [18]). 
 The shift from consumer product-oriented research and 
development (R&D) to HT has major ramifications not 
only on how we teach university students, but also provides 
a tremendous opportunity on how we rekindle the quest for 
knowledge of the pre-university students, including high 
schools and primary schools. 
 In order to expand experiential learning (EL), we 
have introduced many activities for both university and 
high-school students. Our university EL engagement 
activities include: multi-tier laboratories [7], industrial 
capstone projects [8], and complex design projects such as 
the T-Sat [6] and a wildlife conservation UAV. To attract 
the next generation of designers, outreach to high-school 
and primary-school students must also be conducted 
through hands-on activities, including (i) Open-house days 
(shopping malls, university), (ii) workshops (e.g., 
electronics, microcontrollers, rockets, and robotics), (iii) 
high-altitude balloon launching, (iv) teaching-teacher 
workshops, (v) summer space discovery camps [5], (vi) 
Aboriginal high-school student exploratory camps, and (vii) 
direct mentorship. Such activities should not be conducted 
in isolation, but be part of an international engagement. 
 This paper describes activities conducted towards both 
pre-university and university students in Manitoba over the 
last thirty years. 
 

2. UNIVERSITY ENGAGEMENT 
 
2.1 Motivation 
 
 Engagement of university and college students in 
hands-on activities that go much beyond classroom learning 
is essential in the new pedagogy, as it provides young 
professionals not only with more skills and appreciation of 
“things that work and work green,” but also prepares them 
to engage the next generation of young professionals who 
are still in high schools. Due to its extent, this task cannot 
be done by experienced professors and instructors in the 
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classroom only. Our specific activites include: (i) Canadian 
Satellite Design Challenge (TSat1 and TSat2; outreach), (ii) 
Young Engineers’ Satellite (YES2) project, (iii) WinCube 
project, (iv) UAV for Humanitarian Purposes, (v) UMARS 
outreach through workshops (antenna design and 
construction), (vi) UMIEEE workshops, (vii) NASA Apps 
Challenge, (viii) Xtreme Programming (IEEE, ACM), and 
(ix) UNESCO Vocational Training (UNEVOC). This paper 
focuses on some of the projects only. 
 
2.2 Nano-Satellite Design 
 
 An unprecedented example includes our satellite 
design and implementation project that was conducted 
under the umbrella of the Canadian Satellite Design 
Challenge instituted in October 2010. The University of 
Manitoba project team was assembled to design, build, and 
test a fully functional nano-satellite (TSat1) to perform two 
scientific experiments in low-Earth orbit (LEO). The team 
included over 100 undergraduate and graduate students 
from five faculties and 16 departments, as well as over 50 
advisors from academia, aerospace industry, business, 
military, and government. The satellite team has reached 
over 4,200 students in high schools and community through 
seminars and workshops. 
 This work extended the nature and range of the 
programs our University offers by providing a very 
challenging project that allows them to use the theoretical 
knowledge with practical experience and linkages to 
industry. Another result of this project was the new 
University of Manitoba Space Applications and 
Technology Society (UMSATS) established in 2011. 
 
2.3 Other Space-Related Projects 
 
 Other examples of space-related projects include the 
YES2, WinCube, the controlled ascent/descent high-
altitude balloon (CAD-HAB) project, several UAV projects, 
and a Satellite Ground Station. 
 
2.3.1 The YES2 Project: This project involved the 
development of a system to bring time-sensitive 
experiments from a LEO satellite to ground without rocket 
fuel. The project involved students from 60 countries, 
concentrating on different subsystems of YES2. The 
students worked with different R&D companies. Team 
Canada worked with the Netherlands, Germany and Spain. 
The project was fully functional, and was tested in zero-
gravity on a parabolic flight. 
 
2.3.2 The WinCube Project: This project involved several 
teams of the final-year group design (Capstone) project. 
The WinCube Data Handling and Control (DHC) 
subsystem was very innovative and successful. 
 

2.3.3 The CAD-HAB Project: The controlled 
ascent/descent (CAD) high-altitude balloon (HAB) project 
was to design and implement a prototype of a HAB that 
could ascent and descent in a controlled manner. Such 
balloons are used for near-space exploration (measurement 
of various parameters such as temperature, pressure, solar 
and cosmic radiation, wind-stream velocity and direction). 
Our objective is to use the vehicle as a testing laboratory 
for various experiments and electronic circuits designated 
for a low-Earth orbit (LEO) spacecraft. The payloads are 
expensive, and should be retrieved safely. 
 Regular HABs ascent to about 100 to 120 thousand 
feet, and burst there because of the low pressure (close to a 
Marsian atmosphere, around 1% of the Earth’s sea-level 
pressure). Following a free-fall descent (until the 
atmosphere becomes denser), a parachute deploys, and the 
payload lands somewhere. It is usually difficult to retrieve 
it. 
 The CAD-HAB could also prolong the exposure to 
near-space conditions for a longer time, and return without 
the parachute, or deploy the parachute without the free fall 
(when the global-positioning system, GPS, tracking is 
usually lost). 
 
2.3.4 The UAV Projects: The UAV project is intended to 
develop a multi-copter to deliver food and medicine to 
remote locations in Manitoba. It involves a new type of 
attitude determination and control (ADC) subsystem, as 
well as a new kind of data communication between ground 
and the UAV. Another UAV is being developed to help 
reduce poaching of rhinoceros and other animals in Africa. 
 
2.3.5 Satellite Ground Station: A Satellite Ground 
Station was developed to provide tracking, communications 
and control capabilities for several of the projects just 
described. 
 
2.4 Competitions and Contests 
 
 Several other examples include competitions and 
contests. Students become engaged in problem solving 
under extreme time constraints and endurance pressure. 
 
2.4.1 Extreme Programming: The yearly IEEE Xtreme 
Programming contest is designed to engage university and 
college students from around the globe in a continuous 24-
hours problem solving, using any specified programming 
language. The 2013 contest involved 30 students organized 
in 10 teams from the University of Manitoba and Red River 
College. The students placed well among the 3000 other 
individuals participating in the contest. 
 Our university and college students also participate in 
other contests, such as the multi-level Association of 
Computing Machinery (ACM) Programming Contest. 
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2.4.2 Extreme Design:  Our university students, developers, 
engineers, scientists, and space enthusiasts also participate 
the International Space Apps Challenge (ISAC). The ISAC 
is a two-day hackathon where the participants collaborate 
to solve problems selected by NASA and intended to 
address global needs for both life on Earth and life in space. 
The objective is to produce open-source solutions by 
bringing together people of all ages and different areas of 
expertise to work together to solve combinations of 
software challenges, open hardware challenges, citizen 
science presentations, and data visualization tools. 
Participants work in teams, and collaborate with individuals 
from around the world to develop their solution. At the end, 
the best two solutions from any venue are submitted to 
NASA for judging, with the winners receiving international 
recognition and prizes. We have organized several such 
events. The latest was completed in April 2014. 
 
2.5 College Education 
 
 A fundamental mission of a university engineering 
program is to develop professionals capable of solving 
engineering problems and design, implement, deploy, and 
maintain systems that do not harm others and the 
environment. A mission of a college and a vocational 
school is to develop technical professionals who help in the 
above activities. 
 
2.5.1 UNEVOC:  In 1999, the United Nations Educational, 
Scientific and Cultural Organization (UNESCO) 
established the International Centre for Technical and 
Vocational Education and Training (UNEVOC) “to 
develop policies and practices concerning education for the 
world of work and skills development for employability 
and citizenship.” A UNEVOC branch was established at 
this university to address the issue of (i) how technical and 
vocational education (TVE) pedagogy is different from 
general university pedagogical techniques, (ii) how 
adaptation of an outcomes-based education (OBE) model 
(closely linked to a business model of Total Quality 
Management) affects the delivery of TVE in educational 
institutions, and (iii) how experiential learning is different 
from vocational training. 
 Discussions of such issues involve students and 
professors from engineering, science and education, as well 
from the Centre for the Advancement of Teaching and 
Learning (CATL, formerly University Teaching Services) 
whose mandate is to assess trends in higher education such 
as experiential learning, blended and on-line learning, and 
innovative pedagogical approaches. 
 
2.6 Extended Education 
 
 Another opportunity to interact with various groups of 
students has been a course on Basic Radio Qualifications 
Certificate offered to students from the university, high 

schools, and the community at large. The course focuses on 
the three fundamental aspects of amateur radio: (i) 
operations for personal communications, (ii) service in 
natural disasters and community events, and (iii) research 
to develop new radio communications techniques. 
 

3. PRE-UNIVERSITY ENGAGEMENT 
 
3.1 Overview 
 
 The pre-university engagement outreach addresses (a) 
high-school students, (b) Aboriginal students, and (c) 
primary students. Our specific activities include: (i) 
enrichment workshops on computing and algorithmic 
thinking in primary schools, (ii) Mini-University (Electrical 
and Computer Engineering module; amateur radio for high-
school students; foxhunts), (iii) Peguis First Nation Science 
and Engineering and Technology Symposium, SETS 
(hands-on workshops on robotics), (iv) Verna Kirkness 
Discovery Camps for Indigenous Students, (v) Space Camp, 
(vi) the Teachers-In Service (TISP, with Teaching Teachers 
Workshops) program, and the Engineering Projects in 
Community Service (EPICS), and (vii) direct mentoring to 
students. This talk will focus on the Space Camp, Verna 
Kirkness Program and Peguis First Nation SETS. 
 
3.2 Discovery Camps 
 
3.2.1 Space Camp For High-School Students: The 
annual Space Camp has been offered at the University of 
Manitoba since 2008. This one-week event is designed for 
Grade 9 to 11 students to engage them in problem 
identification, problem solving, design, modelling, 
implementation, verification, and testing in extreme 
environments. The students build and launch rockets, build 
and test robots, use satellite radio, and are exposed to the 
local aerospace industries. 
 
3.2.2 Discovery Camp for Indigenous Students: For 
the fist time in 2013, another one-week Discovery Camp 
for Indigenous Students was developed and administered 
under the umbrella of the Verna Kirkness Program in the 
Faculty of Engineering. This activity is intended to increase 
access of Indigenous students to our programs. Another 
form to reach such students in Manitoba was the two-day 
Peguis First Nation Science, Technology and Engineering 
Symposium offered at the University of Manitoba in the 
past. It provided many presentations, including major 
workshops on robotics. 
 
3.3 Student Organizations 
 
 A very effective way to reach many university and 
high-school students either separately or simultaneously is 
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the University of Manitoba Amateur Radio Society 
(UMARS), and University of Manitoba IEEE Student 
Branch (UMIEEE), the IEEE Women in Engineering (WIE) 
and IEEE Young Professionals, YP (formerly the Graduate 
of the Last Decade, GOLD) affinity groups, as well as the 
Women in Science and Engineering (WISE) organization at 
the University of Manitoba. Many very useful seminars, 
tutorials and workshops on current topics in computing and 
embedded systems have been organized by those 
organizations in the past. 
 
3.3 Teaching Teachers 
 
 The IEEE Teachers-In-Service Program (TISP) is 
intended to reach many high-school students through their 
teachers. We have been developing workshops for teachers. 
One of such workshops on smart robotics is being planned 
for May 2014. 
 The purpose of the IEEE Engineering Projects in 
Community Service (EPICS) program is to empower 
student branches and IEEE YP to work with high school 
students on community service-related engineering projects. 
Our current activities on amateur radio, satellites, and 
unmanned aerial vehicles (UAVs) fall under this category. 
 

4. INTERNATIONAL ENGAGEMENT 
 
 An international outreach is also important to achieve 
the intended long-term impact on the future generation of 
engineering and humanitarian technology professionals. 
For example, a Space Outreach Panel was organized at the 
International Space University (ISU) on July 23, 2013, with 
representatives from NASA, CSA, the Nigerian Space 
Agency, Israeli Space Agency, and World Space Week. 
The theme revolved around common challenges and 
lessons learned from around the world for making space 
projects tangible to pre-university audiences. 
 Another example is the inclusion of international 
students from Mexico in our Space Camp. We are working 
on including international students from other countries. 
 Another example included students from Canada and 
Germany, and professionals from the Netherlands in the 
YES2 project. Those students participated in a project 
during the Zero-Gravity Parabolic Flight in Bordeaux, 
France, June 2006. 
 We have also been involved in developing linkages to 
other organizations, through the Canadian Space Society 
(CSS), Canadian Aeronautics and Space Institute (CASI), 
Canadian Space Agency (CSA), European Space Agency 
(ESA), NASA, Russia Space Agency (RSA), the G20 
countries, Radio Amateurs of Canada (RAC), Winnipeg 
Amateur Radio Club (WARC) and others. 
 
 
 

5. CONCLUDING REMARKS 
 
 The understanding of the role of technology and 
engineering in the world is experiencing a serious 
transformation: from machine-centric to human-centric. 
Many organizations are being developed to help in the 
implementation of the new vision. One aspect that has not 
been addressed fully is how do we change the programs to 
teach our students to be not only good adopters of the 
humanitarian technology, but its creators, implementers and 
maintainers. This calls for a humanitarian engineering 
education. 
 This paper presented examples of several activities 
conducted in Manitoba that could provide an insight of one 
aspect of the solution. 
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Abstract – Student evaluation of teaching (SET) has 
been used as a metric to arguably evaluate instructor 
effectiveness and quality of instruction since the 1920s. 
SET is used in decisions regarding annual evaluation (of 
faculty) and is one of the most researched topics in 
evaluation of instructor effectiveness. Central research 
questions associated with SET include whether SET is an 
appropriate measure of effectiveness and whether it leads 
to improved teaching and quality of graduates. 

In the fall 2013, the Faculty of Engineering at the 
University of Alberta for the first time administered SET 
online. The transition from paper-based and in class SET 
to online and out of class SET provides a unique 
opportunity to investigate changes in SET response rate 
and ratings of overall instructor effectiveness that could 
be attributed to change in protocol and that would 
suggest protocol-related bias. Our preliminary results 
show lower response rates for online SET and 
effectiveness scores that were outside one standard 
deviation of the previous 5-year mean. These findings 
show the importance of continuing to monitor web-based 
SET results and point to directions of further research. At 
this time, this will not be possible, as the Faculty of 
Engineering has discontinued online SET testing after a 
single term. 
 
Keywords: USRI, universal student rating of instruction, 
SET, student evaluation of teaching, engineering, 
education, measurement, effectiveness 
 

1. INTRODUCTION 
Student evaluation of teaching (SET) has been 

used as a metric to arguably evaluate instructor 
effectiveness since the 1920s. SET is typically used 
in decisions regarding yearly evaluation and for 
tenure and promotion decisions. Partially due to the 
central role SET plays in assessment and promotion, 
it is one of the most researched topics in personnel 
evaluation. Principal foci in SET research are 
concerned with: validity of results; factors 
influencing bias; and correlations between student 
grades and instructor rating. In an overall sense, 
central questions that previous research seeks to 

answer is whether metrics associated with SET are 
appropriate measures of teaching effectiveness and 
whether SET actually leads to improved teaching and 
quality of graduates [1][2]. 

Recurring areas of research in SET include: (1) 
administration of evaluations: anonymity, timing, 
instructor presence; (2) class characteristics: size, 
selectivity; (3) instructor characteristics: gender, etc.; 
(4) student characteristics: age etc.; and (5) reaction 
to the use of evaluations [3]. Among these themes, 
and important from the perspective of the researcher 
and institutions, questions surrounding validity of 
results and bias in evaluations are often investigated 
[1], [4]. While the opinions to these questions are 
varied, a consistent conclusion drawn is that when 
“properly” designed (psychometrically valid), 
administered, and interpreted, SET results can be 
reliable measures to indicate teaching quality [5]. To 
properly administer and interpret/apply SET, a clear 
understanding of biases in results, among other 
parameters, is important. The research on factors of 
SET bias suggests that many factors can influence 
SET results. A recent review from the University of 
Alberta suggests that the mechanics of administering 
SET can influence bias and that whenever possible, 
consistency in administration should be insured [1]. 
This suggests that changes in SET protocol could 
represent a source of bias and therefore should be 
considered when interpreting results. 

In the fall semester of 2013, the University of 
Alberta discontinued administering paper-based SET 
in favor of an online (web-based) protocol. The 
historic paper-based SET protocol involved 
distribution, in class time, of paper surveys to 
students and was financially costly. In the online 
protocol, students complete the survey via their 
university email account (outside of class time). 
The transition from paper-based and in class SET 
to online provides a unique opportunity to 
investigate changes in SET response rate and ratings 
of overall instructor effectiveness that could be 
attributed to change in protocol and that could suggest 
protocol-related bias. 
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Our overall objective was to identify changes 
in response rate and instructor effectiveness from 
preliminary data and structure research questions for 
future work. Focusing on two Department of 
Mechanical Engineering core design courses, 
typically deemed academically demanding with 
high survey response rates, involving the same three 
instructors, we compare response rate and USRI 
score for question 221 (Q221, overall effectiveness 
of instructor) for the past five years to response rate 
and Q221 score for the first web-based SET (fall 
2013). Concerns about response bias are discussed 
in terms of continued USRI testing value and 
potential effect on junior faculty. 

 
2. MATERIALS AND METHODS 

2.1. Study Design 
This preliminary study focused on two core design 

courses in the Mechanical Engineering Department 
identified here as DC1 and DC2 in the results.  These 
courses were selected because they have stable curricula 
and have been taught by the same core of professors for 
the past five years, are academically challenging, 
interactive, and involve large term projects. Historically, 
the response rate to the SET questionnaire for these 
courses has been high.    

SET Data collected was the response rate (% of total 
class that responded to questionnaire) and question 221 of 
the questionnaire: “overall I find the instructor excellent”. 
Q221 can be ranked: 

x 1 for “Strongly disagree”   
x 2 for “Disagree” 
x 3 for “Neither agree or disagree” 
x 4 for “Agree” 
x 5 for “strongly agree” 
Data from the paper-based SET reviews from the 

past 5 years, involving the same three instructors, was 
collected and compared with results of the Fall 2013 term 
web-based SET results. 

Ethics approval was received from the University of 
Alberta Ethics board (Study ID Pro00045934) for this 
study; participant anonymity was preserved through 
coding the data a priori.   
2.2. Participants and Data 
Three instructors participated in this study. Each 
participant is at a different stage of his or her academic 
career; the three represent all professorial ranks. Each 
participant has taught at least one of the courses no less 
than 3 times. Because of the three program streams in 
our department, (traditional, coop I and coop II) class 
sizes range from 70 to 130.  
2.3. Data Analysis 

All data presented is randomly assigned a unique 
identifier to prevent participant recognition. The 

exception is the data for the single web-based results.  
Although, participant information is not directly 
provided, this allows for greater possibility of 
identification through university of Alberta website 
searches; participants were aware of this limitation in 
agreeing to participate.   

Term- and aggregate-based comparisons of data is 
presented. Descriptive statistics (standard deviations and 
averages) are used to discuss the findings.  

 
3. RESULTS 

Table 1 provides raw scores for response rates and 
Median Q221 responses for DC1 (top) and DC2 (bottom) 
for paper and web-based results. 
 
Table 1: Unique identifier for course offering, response 
rate, and median score on question 221 for Design Course 
1 (DC1) and Design Course 2 (DC2). Grayed background 
denotes data for online protocol. 

DC1 
Delivery 
Method 

Unique 
identifier 

Response rate 
(%) 

Median 
Q221 

Paper based 

1 58.9 4.5 

2 - - 

3 - - 

4 58.6 4.4 

5 - - 

6 25.7 4.5 

7 100.0 4.4 

8 48.0 4.4 

9 26.0 4.6 

10 41.0 4.4 

Web-based 11 44.0 4.7 
 

DC2 
Delivery 
Method 

Unique 
identifier 

Response rate 
(%) 

Median 
Q221 

Paper based 

1 62.0 4.6 

2 - - 

3 64.4 4.4 

4 80.0 4.6 

5 62.6 4.2 

6 69.0 4.7 

7 62.5 4.5 

8 - - 

9 - - 

10 83.6 4.6 

Web-based 11 40.2 4.3 
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3.1 Response rate 
Figure 1 provides the response rate for DC1 and DC2 

as well as the average (solid lines) and banded by one-
standard deviation lines (dotted lines, e.g. DC1+S.D.) for 
the 5 years of paper based results (1 to 10) versus the 
web-based results (11). Note that the result for the DC2 
web-based test falls well outside one standard deviation 
of the mean of the paper-based tests. More specifically, it 
falls outside two standard deviations of the mean. 
Conversely, for DC1, the web-based result is near the 
mean result.  

 
Figure 1: Response rate (%) for DC1 and DC2 over the 
preceding five years. Vertical gray bar denotes data for 
online protocol. 
 
3.2 USRI Scores 

Figure 2 provides the Q221 scores for DC1 and DC2 
as well as the average (solid lines) and banded by one-
standard deviation lines (dotted lines, e.g. DC1+S.D.) for 
the 5 years of paper-based results (1 to 10) versus the 
web-based results (11). For both DC1 and DC2, web-
based results fall outside one standard deviation from the 
mean for the respective courses.  DC1 result appears more 
of an abnormality, and is outside two standard deviations 
of the mean of paper-based results. DC2 paper-based 
results have a much larger standard deviation, largely due 
to a consistent gap between two instructors, where one 
averages 4.60r0.07 and the other 4.30r0.14.   

 
4. DISCUSSION 

Most universities ask students to complete course 
evaluations (SET) as part of university wide faculty and 
teaching review processes [2]. Despite numerous critics 
and criticisms, SET is the dominant mechanism to 
evaluate teaching in North America. SET evaluations are 
contentious issues among faculty members, students and 
institutions. Their purpose is often ill defined.  Are they 

to improve teaching? Are they a formal means by which 
students can provide constructive but anonymous 
feedback? Are they to provide data for teaching 
evaluation? There are many on-going debates on each of 
these questions, and we do not attempt to settle these 
debates using our preliminary data-set. Instead, we 
identify preliminary observations in response rate and 
Q221 score and structure future directions for further 
research at the University of Alberta. 
 

 
Figure 2: Median Q221 score for DC1 and DC2 over the 
preceding five years. Vertical gray bar denotes data for 
online protocol. 
 
4.1 Response rate and Q221 score 

Current research on SET evaluations mostly lead to 
one unified conclusion, if well designed, administered 
and interpreted, SET evaluations can be indicative of 
teaching quality [4]. This has been borne out by decades 
of research and is a common theme highlighted in SET 
reviews [2][6]. Centered on concerns related to response 
rate and bias in results, significant research efforts have 
been directed into studies looking at SET in transitions 
from paper-based to online protocols [2], [6]–[11].  

Considering response rate, a recent review of paper 
and online SET, across many disciplines, indicates an 
overall trend for lower response rates for online protocols 
relative to paper [2]. Dommeyer and colleagues (College 
of Business) have conducted several studies in the context 
of response rate [7], [8] and their findings indicate lower 
response rates for online (in some cases 50% lower) but 
also highlight that incentivizing students and using 
multiple reminders can bring online rates up to be 
comparable with paper-based rates [9]. Thorpe [11] 
investigated response rates and non-response bias from a 
large dataset spanning three courses and found that 
overall, online response rates were lower than those 
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associated with the paper protocol. Thorpe’s results also 
suggest that female students and students with relatively 
high grade point averages (GPA) were more likely to fill 
out the online form. This latter finding could be viewed as 
problematic because feedback from students with poorer 
GPAs, it could be argued, may be different than that from 
students with high GPAs if one presumes that the 
structure of the course has some bearing on student 
success. Given that Universities strive to increase the 
success of students through instruction quality and course 
design, this non-response bias of low-GPA students could 
be viewed as worrisome. 

While our dataset is limited, our observations are 
consistent with that of the above research: we noted that 
the first online protocol response rates were lower than 
the mean rate for the previous five years of paper based 
SET. While we cannot assert statistical significance of 
this observation, we can note that our result is in 
agreement with previous findings and recommend that if 
online evaluation persists we should monitor SET results 
to answer the question: Is response rate consistently 
lower with online SET and are there non-response biases 
that could make some students feedback go un-reported 
and as a consequence impact success of students? To 
answer these questions, a sound understanding of the 
common motivators of students to complete SET in the 
engineering context is needed. Select research suggests 
that motivating students to help improve course design 
and instructor effectiveness is key [12]. 

Considering evaluation of instructor effectiveness, an 
overall theme from the literature is that transitions from 
online to paper based protocols do not necessarily 
manifest in significant changes to USRI scores [2], [13]. 
Layne and colleagues [13] found that there was no 
significant change in rating distribution across protocol 
when considering a student sample of approximately 
2,500 students. Kasiar and colleagues [10] reported that 
in a single course (169 enrollment) the overall rating of 
the course based on Likert scales was largely the same 
between paper and online surveys (roughly 1/3 survey 
questions indicated a significant difference in Likert 
score). A recent study by Dommeyer [9] which 
considered business students of 16 volunteer instructors 
suggests that the overall rating of instructor effectiveness 
is not significantly influenced by online or paper protocol 
and further that even when incentivized, there is no 
significant difference. While these previous investigations 
seem to convey a unified theme, the authors typically 
warn against extrapolating their results to other schools 
and instead recommend testing their findings at schools 
contemplating transition to online evaluation. 

Due to limitations in our data, it is difficult to 
compare our results to that of previous work. We observe 
that for both design courses, the Q221 score for the online 
protocol falls outside one standard deviation calculated on 

the previous five years of data but we also note there is 
significant scatter in our data. Considering DC2, the 
Q221 score for the online protocol falls within the range 
on Q221 score for the past five years (Figure 2). In 
contrast, the DC1 Q221 score (online) falls outside the 
range shown for the past five years (Figure 2). This 
difference may be due, in part, to the fact that DC2 is 
offered by two different instructors and as a result with 
continued surveillance we propose to study the following 
question: On a statistically significant data set 
considering several years of instruction and several 
instructors, are there significant differences in Q221 
score on bases of protocol regardless of instructor and 
protocol where instructor is a study control?  

The value of answering these questions is that any 
changes in Q221 score for a given instructor could be 
considered in light of the change in protocol and against 
typical variability in Q221 score and these considerations 
could give both instructors and administrators the 
information required to determine if changes in Q221 
should be considered significant or, in other words, cause 
for concern. Other factors that could be included in 
research questions similar to the above would include the 
influence on Q221 of course difficulty and workload 
which is a common concern for instructors [14][15]. 
Select research suggests that exam score correlates with 
instructor ratings [16] which further suggests that a 
considered approach when judging Q221 scores should 
be implemented, which would necessitate surveillance of 
factors not currently included on judgments of Q221 
score. 

 
4.2 Considerations for Faculty and 
Administration 

This paper focuses on two facets, administration and 
possible interpretation of results of a small subset of SET 
testing. Our focus on two design courses, as well as three 
instructors, between 5 years of paper-based data and one 
term of web-based data cannot provide a thorough 
interpretation of department, faculty or university wide 
results; nor do the authors attempt to make such grand 
commentary.  

Design courses are very time consuming for students, 
but also very much so for instructors since one of the core 
beliefs of our design program is that design cannot be 
taught, it must be mentored. Design courses therefore 
require regular one-on-small group activities, meetings, 
discussions and mentorship. These cannot represent, 
currently, other fundamental courses in our program. We 
further focused on these two courses because, contrary to 
capstone design courses, students are also provided new 
analytical approaches and tools during the term. Students 
and instructors must thus balance issues of design with 
applied science concepts. This was important since that 
double content is often more challenging and can lead to 
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a different (lower) SET scoring. As part of our pilot 
study, we focused on two outcome measures of SET 
evaluations, response rate and Q221.  

Particular concerns of using SET for evaluation or 
for constructive feedback is response rate. DC1 varied 
from 25 to 100% paper-based response rate, with a web-
based response of 44%. DC2 varied from 62 to 84% 
response rate for paper-based and 40% for web-based. 
How high must it be to be representative of the class? Are 
low response rates indicative of apathy, satisfaction or 
even more simply the class starts at 8am? During the span 
of a term, student absenteeism increases, this is most 
obvious in 8 am classes.  DC1 is an 8 am starting class, 
while DC2 is a 9:30 or 10am starting class depending on 
the term.  Some of the discrepancy between response 
rates during paper-based evaluations could result from 
class schedule. However, one advantage of paper-based 
responses was that students that were in class filled out 
the SET evaluation. The intent of web-based SET was to 
provide flexibility to students; however, there was no 
incentive. The latter could explain why DC2 response fell 
for the web-based response.  It begs the questions: what 
incentive is there for a student to fill in the evaluation? 
What subset of the class would respond? Possibilities 
range from absolutely loving the instructor and the course 
content to reviling the same set.  

The Q221 results discussed in this work provide a 
limited comparison set; interpretation of what they can 
truly provide is limited, but do offer an opportunity to 
start being vigilant of SET scores. We should first note 
that among instructors, the average results for the two 
courses are 4.46 and 4.51 for DC1 and DC2, respectively, 
for paper-based evaluations.  The three instructors are 
known as engaging and approachable and have won a 
number of teaching awards.  This could explain the high 
Q221 scores.  The two web-based results fall outside of 
the one standard deviation of the means for their 
respective course. DC1 web-based result falls well 
outside of two standard deviations. This could indicate 
that the 44% that responded were biased positively 
(which would agree with previous research as described 
above).  The data spread for DC2 is much larger and the 
below-average web-based response is within the spread. 
This spread is largely due to the typical score of one 
instructor versus the other. It is noteworthy that 
University Policies state that that small variations in Q221 
should not be considered significant; however, that 
allowable variance is not defined. 

Do our findings demonstrate a true measure of 
student assessment of instructor effectiveness or not? 
That question cannot be answered and thus it is 
imperative to be careful in solely using such information 
for evaluation purposes. University of Alberta General 
Faculty Council policies state that “Evaluation of 
teaching shall be multifaceted”; further, the collective 

agreement with Faculty members states that teaching 
evaluation should be multi-faceted:   

“13.06 The standards for evaluation of teaching 
performance shall be broadly based, including course 
content, course design and performance in the classroom. 
Such evaluation may take into account information such 
as statistical summaries of responses to student 
questionnaires, comprehensive reviews of student 
commentary; reviews by peers, reviews by administrative 
officials and reviews of teaching dossiers and other 
materials provided by the staff member.” (UA, Faculty 
Agreement, 2006, p17.) 

SET evaluations are only one tool at the disposal of 
instructors to present a case to faculty evaluation 
committees.  UofA Centre for Teaching and Learning, 
offers peer teaching evaluations for the entire university.  
However, few of the other tools are at the disposal of 
instructors at department levels.  The Department of 
Mechanical Engineering started in 2013 a teaching peer 
mentorship program to provide willing instructors with 
feedback on their teaching performance and course 
content and encourage peers to interact with the students 
to get early feedback that instructors can apply to the 
current class and not solely to the next. Such approaches 
were shown to be highly successful in the literature 
[17,18]. This peer-based assessment is meant to provide 
formative feedback as well as a second facet for 
evaluation purposes if the mentored instructor wishes to 
do so.  The guidelines of the program indicate that this 
should be a two-year evaluation process allowing 
instructors to improve their skills, this does not happen 
overnight.  

Teaching evaluation is a key consideration for junior 
faculty members vying for tenure or promotion.  With 
due respect to these very important processes, it is of 
critical importance that teaching evaluation be assessed 
fairly.  It is also vital that any SET evaluation have these 
progress-through-the-ranks reviews as a primary 
objective and allow for formative feedback. Our results 
could not conclusively determine if the wed-based 
method introduced bias. It must be noted thata recent 
report by the University of Alberta’s Renaissance 
Committee [19] suggested that if interested parties could 
not put forward a SET with clear objectives and desired 
outcomes, that a moratorium of SET be enacted, the 
authors hope it does not come to that. 

The authors cannot provide more in depth analysis 
with such a small set of data.  We believe, as many others 
do, that all teaching evaluation must be multifaceted. We 
believe it vital that such research be undertaken with a 
larger set of data when or if it becomes available.  It is 
noteworthy that the Faculty of Engineering, after one 
web-based SET evaluation (fall 2013), returned to paper 
based the next term (winter 2014).  We believe that the 
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web-based approach has value, and it must be further 
explored.  

 
5. CONCLUSIONS 

In our pilot study, we found based on limited data that 
there were some possible differences in the response rate 
and primary evaluation question of SET teaching 
evaluations for two core design courses, with three 
different instructors, when comparing 5 years of paper-
based versus 1 web-based testing.  These results must be 
viewed as preliminary and not statistically significant, but 
we believe that they should further encourage the 
University of Alberta to pursue further the questions 
raised (above) regarding SET and Q221 score and, further 
to enforce multifaceted faculty teaching evaluation and 
explore new ways of engaging students in the evaluation 
process. Further, we encourage faculty (especially junior) 
to elicit from students regular feedback in an effort to 
combat non-response biases while also addressing the 
need for a multi-faceted evaluation techniques that we 
have outlined. 
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Minerva Canada, an associate member of the CEEA, is a not-for-profit organization focused 
on advancing Health and Safety (H&S) taught in Canadian Engineering and Business 
Schools. 
 
In 2013, Minerva Canada initiated the development of eleven H&S teaching modules for 
engineering students with the help of 8 universities and with industry advisors for each 
module.  Some of these modules shall be presented as part of a 3-hour afternoon session 
during the CEEA Conference. 
 
A presentation will first be provided on the background behind these modules, the modules 
being developed in the first two phases including those in 2014, the universities and 
organizations involved, proposed templates for each module, how they may be integrated 
into existing courses and where they will be housed for use by universities.   These 
discussions will then be followed by presentations on some of the modules that will discuss 
their learning objectives, their content including student quiz, course integration methods of 
these modules and some initial feedback from student users.  The presenters on the 
following will provide brief abstracts to the CEEA 2014 organizers.  
 

• Risk Management --- TBN, Laurentian University 
• Hazard and Risk Identification -- Graeme Norval, Department of Chemical 

Engineering and Applied Chemistry, University of Toronto 
• Electrical Safety -- Anis Haque, Electrical and Computer Engineering 

Department, University of Calgary 
• Process Safety Management  -- Ralph Buchal, Mechanical and Materials 

Engineering, Western University 
• Engineering Ethics, Public Safety --- Doug Ruth, Associate Dean (Design 

Education),  University of Manitoba 
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Abstract This paper reflects on how to practically 
achieve the necessary organizational and curricular 
preconditions that allow for conducting Multi�Inter�and 
Trans – disciplinary engineering capstone design 
industry�sponsored projects and thereby serve 
engineering graduates better. The differences between 
offering multidisciplinary and the common single-
disciplinary capstone design courses are also highlighted. 
Simultaneously, this paper focuses on the key challenges 
that aggravate the smooth implementation of such a 
complex undertaking the fundamental goal of which is to 
offer a multidisciplinary team-based design project work 
experience to the Students that would be mimicking as 
close as possible an analogue typical industrial setting. 
Possible remedial measures for overcoming these 
challenges are also discussed. A new multidisciplinary 
capstone design project course offered at the Faculty of 
Applied Science and Engineering (FASE) at the 
University of Toronto in the 2013/14 academic year 
(“APS 490Y Multidisciplinary Capstone Design”) 
coordinated by Prof. Kamran Behdinan served as the 
basis for this work. 
 
Keywords: design education, capstone, multidisciplinary 
design, interdisciplinary design, trans-disciplinary design.  
 
 

1. INTRODUCTION 
 

In addition to providing fundamental disciplinary 
technical expertise, contemporary engineering education 
has, and continue to evolve towards fostering 
multidimensional collaborative initiatives that develop 
forward�looking, competent engineering professionals 
capable of balancing user�focused design with the 
application of novel and transformative technologies to 
create radical innovations in products, processes, 
technologies, systems, or services. Consequently, 
multidisciplinary capstone design courses are often 
regarded as the crowning achievement of outcome-based 
curricula offered by accredited engineering programs in 
Canada. 

By definition, multidisciplinary capstone design 
engineering courses are normally offered in the 
graduating year of an engineering program and represent 
culminating client-based design-build challenges that 
integrate solving real-life engineering problems in 
professional settings. These courses are intended to 
provide students with a unique opportunity to 
cumulatively integrate acquired theoretical knowledge 
with hands-on practice within their knowledge domain 
and that of teammates from other engineering fields.  

The Canadian Engineering Accreditation Board 
(CEAB) currently recommends a multidisciplinary design 
approach through one of its twelve mandatory graduate 
attributes, as described in section 3.1.6: “Individual and 
team work: An ability to work effectively as a member 
and leader in teams, preferably in a multidisciplinary 
setting [1].” In contrast, in its newest publication that 
incorporates all changes approved by the ABET Board of 
Directors as of October 26, 2013, in Criterion 3: Student 
Outcomes, ABET strictly requires establishing as a 
Student outcome “(d) an ability to function on 
multidisciplinary teams [2].”  

In this context, the primary objective of this paper is to 
propose a best practice for setting the preconditions, 
developing the structure, and successfully running 
capstone design courses that foster multidisciplinary, 
project-based, supervised academic interaction between 
graduating Students of various engineering programs and 
a broad spectrum of industry sectors and Clients.  
 

2. BACKGROUND 
 

The University of Toronto Institute for 
Multidisciplinary Design and Innovation (UT-IMDI) was 
approved and established in the Faculty of Applied 
Science and Engineering (FASE) in 2012 and is housed in 
the Department of Mechanical & Industrial Engineering 
(MIE). Professor Kamran Behdinan (MIE) is the 
institute’s inaugural director. The Institute, which was 
established as a result of the NSERC Chair in 
Multidisciplinary Engineering Design program, provides 
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remarkable opportunities for Students to work on real-life 
projects with real Clients.  

Projects are determined collaboratively, based on the 
needs of industry and building on the strengths of the 
Faculty. During the institute’s inaugural year, nine 
undergraduate students from the departments of 
Mechanical & Industrial Engineering, Materials Science 
& Engineering and Division of Engineering Science, 
landed exclusive aerospace jobs with Bombardier 
Aerospace, Pratt & Whitney Canada, and UTC Aerospace 
Systems, completing their assignment over the summer 
and working under the supervision of a senior engineer 
and a faculty member [3]. 

First-time UT-IMDI Student Kristina Menton (MechE 
1T4), appreciated the level at which her company, Pratt & 
Whitney, designed for her a true employee experience. 
Her project, the validation of emissions for six of Pratt & 
Whitney’s engine models, gave her the opportunity to 
assist her supervisor with testing at the Montréal facility.  

 
“What I appreciated about being a UT-IMDI Student 

is that they really put extra into my experience,” says 
Menton, who is also completing a minor in sustainable 
energy. “When I went to Montréal, I got a tour of the 
plant and met a lot of people. It was above and beyond.” 
“Before going to Pratt & Whitney, I really knew nothing 
about professional engineering and industry research and 
development. I didn’t know the processes and just how 
many different departments and areas there are within a 
company doing R&D. It opened my eyes [3].”  

 
The UT-IMDI has experienced significant growth 

since its inception in 2012 and in summer 2013 was able 
to provide 27 real-life projects in partnership with major 
automotive and aerospace companies. 

To build on these early successes, Professor Behdinan  
and UT-IMDI were given the mandate to design and 
implement a new, multidisciplinary capstone design 
course. This mandate was endorsed by the FASE Dean 
and all engineering department chairs, and builds 
extensively on the innovative Engineering Strategies & 
Practice (ESP) and Praxis course offerings in the first 
year.  

The central focus of the new course was to provide 
multidisciplinary Student teams with the challenge of and 
opportunity to contribute directly to a real-life 
multidisciplinary capstone project (MCP) while closely 
communicating with industrial Clients. This is a “full 
year” course offered exclusively to fourth-year Students. 
Students have a choice between their departmental 
capstone design course and the MCP course. Interested 
Students from 9 participating departments may enroll in 
the course. The first offering of this course included 17 
MCP projects, 12 Clients, and 68 Students. The number 
of MCPs will expectantly increase each year to reach 
more than 20 projects by year 5. 

 
3. THE STRUCTURE OF THE MCP COURSE 

 
The Academic Calendar of the FASE for 2013/14 

describes the course “APS 490Y Multidisciplinary 
Capstone Design” as an experience in multidisciplinary 
engineering practice through a significant design project 
whereby Student teams meet specific Client needs 
through a creative, iterative, and open-ended design 
process. As described in section 3.4, the course 
coordinator works with other members of the committee 
(largely composed of capstone design coordinators from 
other engineering programs within FASE) to implement 
the course. Recruiting and coordinating Students is the 
responsibility of the various FASE departments. All MCP 
projects are proposed by industry; Students work within a 
team of 3 to 5 and are supervised by faculty members 
from one or more departments (depending on the required 
knowledge and involved disciplines). The faculty 
supervisors meet with the Students regularly and are 
responsible for the assessment of the Students’ design 
projects. The Students also meet and communicate with 
their industry client on a regular basis. 

 
3.1. CEAB Graduate Attributes of the MCP 

 
The CEAB Graduate Attributes (GAs) assessed in the 

MCP are compatible with those assessed in the related 
Capstone Design courses. The following GAs will be 
assessed for all MCP projects: 
• A knowledge base for engineering (GA 3.1.1) 
• Design (GA 3.1.4) 
• Use of engineering tools (GA 3.1.5) 
• Individual and team work (GA 3.1.6) 
• Communication skills (GA 3.1.7) 
• Professionalism (GA 3.1.8) 
• Life-long learning (GA 3.1.12) 

Depending on the specifics of the project, one or more 
the following additional GAs may be assessed with the 
approval of the Course Coordinator and Supervisor: 
• Impact of engineering on society and the environment 

(GA 3.1.9) 
• Ethics and equity (GA 3.1.10) 
• Economics and project management (GA 3.11).!
 
3.2. What makes the MCP unique? 
 

The MCP is a capstone design course within the FASE 
that provides the enrolled Students with a unique 
opportunity to work with Students from other disciplines. 
All of the projects in the MCP have an industry Client for 
whom the project represents a real business need. All of 
the selected projects possess significant complexity, 
multidisciplinary nature, and high value of the outcome to 
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the Client. As the projects are explicitly multidisciplinary 
in nature, successfully completing the project requires 
skills and knowledge from across multiple engineering 
disciplines. Students are also provided access to Subject 
Matter Experts (SMEs) from across the Faculty and from 
partner Faculties. Significant resources are committed and 
provided by the NSERC Design Chair and the FASE. 
 
3.3.  MCP Student Expectations 

 
The MCP is intended for exceptional Students who are 

looking for a challenging capstone design experience. 
Students who are accepted into the MCP are excluded 
from taking their program’s regular capstone design 
course. Students in the MCP must demonstrate: 
• Use of knowledge, skills and processes from several 

disciplines to conduct engineering analysis and design. 
• Engineering judgment in integrating economic, health, 

safety, environmental, social or other pertinent 
interdisciplinary factors. 

• Elements of teamwork, project management and 
Client interaction. 

• A demonstration of proof of the design concept. 
 

3.4. Governance of the MCP 
 

• Multidisciplinary Capstone Lead Committee. The 
FASE MCP Lead Committee was established in 2012 
with membership from all engineering departments. It 
consists of 14 professors, many of whom teach or 
coordinate their departmental capstone design courses. 
The main purpose of the MCP Lead Committee is to 
address planning issues and to foster multidisciplinary 
capstone projects across the Faculty. 

• Course Coordinator. Students who would like to work 
on an MCP project must apply to the Course 
Coordinator, with admission to the course based on 
demonstrated skills, knowledge, and experience as an 
engineering designer within their discipline. The 
Course Coordinator ensures a successful and equitable 
course experience. 

• Course Assistant. Primary point of contact for course 
administrative issues. 

• Departmental Representative. Liaise between the 
MCP and the respective department. 

• Client. Initiate/support one or more design projects. 
• Supervisor. Each MCP project has an associated 

Supervisor who will work with one or more Student 
Teams. The Supervisor is the primary point of contact 
for both the Client and the Teams, and is responsible 
for ensuring that both the Client’s and the MCP’s 
desired outcomes materialize.!Supervisors are selected 
from among the pool of FASE design instructors. 

• Subject Matter Experts (SMEs). Each MCP project 
also has associated Subject Matter Experts who 

provide discipline-focused support and assess to the 
incorporation of discipline-specific knowledge, tools, 
and skills into the design project to the Student Teams. 

• Representatives from the Engineering Communication 
Program (ECP) are integrated into the MCP as SMEs.  

• Students are required to comply with any agreements 
made between the MCP and the Client regarding 
intellectual property and nondisclosure. 

 
3.5. Required Deliverables of the MCP 
 

Project Requirements. The Project Requirements 
deliverable frames the Statement of Need as an 
engineering design project. Teams are expected to 
identify and consult with stakeholders (including the 
Client, SMEs, and Supervisor) and to undertake 
additional research (into, e.g., relevant Codes, Standards, 
norms of practice, etc.) to develop a complete and 
comprehensive framing. The Project Requirements also 
define the scope of the project. 

 
Design Proposal. The Design Proposal deliverable 

codifies and documents a proposed solution that addresses 
the Project Requirements. The Proposal should document 
an iterative process of conceptual divergence, analysis, 
and convergence, including alternative designs that 
resulted in the proposed solution. The Design Proposal 
may also include reframed or additional requirements 
identified as the proposed solution was developed. 

 
Design Review and Critique. The Design Review and 

Critique should be scheduled to enable as many 
stakeholders as possible to attend. Students should 
arrange for a recording if a key stakeholder cannot attend. 

 
Design Showcase. The Design Showcase is a formal 

sharing of progress and information between the Team 
and their Supervisor and SMEs, with the Client in 
attendance.  

 
Final Report and Deliverables. The Final Report and 

Deliverables close the relationship between the Client and 
the Team. The Final Report contains the complete design 
process from definition of the problem to the 
implementation of the solution and the results of testing 
(reflecting suitable iterations). It contains a discussion of 
the required future work in ufficient detail that the Client 
can implement the design without additional input from 
the Team.  

 
Design Portfolio. The Design Portfolio deliverable 

captures evidence of Student design abilities and 
experiences. It supports Student claims of proficiency as 
an engineering designer, and is intended for a wide 
audience including their Supervisor and prospective 
employee. 
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3.6. Assessment of Deliverables of the MCP 
 

The deliverables of the MCP are evaluated by the 
project Supervisor based on both their assessment and 
assessments provided by SMEs and the project Client as 
depicted in Table 1. Supervisors may request that their 
Teams and Students include a self-assessment with their 
deliverables. Assessment and evaluation in the MCP has 
the objectives of being fair and flexible to Students and 
Supervisors (as presented in Table 2), given the wide 
variety MCP projects and Client expectations as well as 
simultaneously being comprehensive and rigorous, to 
ensure that Clients receive quality deliverables. 
Supervisors submit their evaluations to the Course 
Coordinator who is responsible for ensuring fairness 
across the different projects. 
 
Table 1. Deliverables and weighting 

 
Because of the wide variety of MCP projects and 

Client expectations, some Teams may need to focus on 
the framing elements of the project (e.g. Project 
Requirements and Design Proposal) while others may 
focus on the implementation elements (e.g. the Design 
Critique and Final Report and Deliverables). Each Team 
is nonetheless expected to undertake all of the stages of a 
nominal engineering design project. 
 
Table 2. Flexible deliverable weights 

 
3.7. Student Teams 
The Student team executes all aspects of the design 
project (from Project Requirements to Poof of Concept). 

Students are expected to negotiate conflicting 
objectives (that may arise due to differences in 
Supervisor, Client, Communication Instructor 
requirements).  

Non-functional Team members are not being tolerated 
in this course. The team members are jointly responsible 
for: 
• Producing high quality reports and presentations.  
• Resolving conflicting input from stakeholders through 

open and effective communication. 
• Working effectively as a member and leader in teams; 

hence ensuring smooth team dynamics. 
• Submitting the attribution table (lists the tasks 

undertaken by the team and attributes them to 
members who contributed to the task).  

 
4. RESULTS AND DISCUSSION 

 
In comparison with the delivery and organization of 

the commonly implemented single-disciplinary capstone 
courses, as for example in the Mechanical Engineering 
program (ME), delivering the MCP course smoothly 
involved significant additional efforts in overcoming a 
number of unique challenges and difficulties that arise in 
pursuing some particular course processes and operations. 
Tables 3-6 briefly illustrate these issues. (Note: the 
number of projects in the following tables are based on 
the 2013-14 implementation of the courses). 
 
Table 3. Project solicitation 

MCP ME Capstone 
Multidisciplinary (~20) Discipline specific (~50) 
Approved by engineering 
departments Approved by ME department 

May require: 
Export Control/NDA/IP 

May require: 
Export Control/NDA/IP 

Challenging Process: Time consuming, check the quality, ... 
 

Table 4. Students matching 
MCP ME Capstone 

Require team members from at 
least two disciplines 

4th year ME Students are 
enrolled 

Requires approval by 
engineering departments 

Approved by ME capstone 
coordinator 

Different deadlines, 
expectations, scheduling 

Follow ME deadlines and ME 
capstone requirements 

Difficult task: Time consuming, competitive/may require 
interviews, risk of cancelling projects, conflicts, … 

 
Table 5. Supervisor/SME matching 

MCP ME Capstone 
Supervised by a single APSc 
faculty (10 or more) 

Supervised by a single ME 
faculty (30 or more) 

Co-supervised/access to SMEs (30 
or more) No need for SMEs 

May have issues with Students 
background, competency… 

Familiar with Students and 
their level of knowledge. 

Challenges: Identify supervisors/SMEs, address questions  
and/or concerns (e.g. course requirements, NDA/IP), loading, … 

 

Deliverable % From To 
Statement of Need N/A Client Course Coordinator 

Statement of Intent N/A Student Departmental 
Representative 

Project 
Requirements 

65% 

Team Supervisor & SMEs 

Design Proposal Team Supervisor, SMEs, and 
Client 

Design Critique Team Supervisor, SMEs, and 
Client 

Final Report and 
Deliverables Team Supervisor, SMEs, and 

Client 

Design Showcase 10% Team Supervisor, SMEs, and 
Client 

Design Portfolio 25% Student Supervisor & 
(optionally) SMEs 

Deliverable Min 
Weight 

Nominal 
Weight 

Max 
Weight 

Framing Deliverables 
Project Requirements 10% 15% 30% 
Design Proposal 5% 10% 30% 
Implementation Deliverables 
Design Critique 10% 15% 30% 
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Table 6. Deliverables (Sept.-Apr.) 
MCP ME Capstone 

Project Requirements Problem Statement 
Design Proposal Project Requirements 
Design Review and Critique Design Review 
Design Showcase Design Showcase 
Final Design Specification Final Design Specification 
Design Portfolio  

 
On the other hand, possible student team performance 

issues become even more pronounced in a 
multidisciplinary environment due to frustrations 
generated by the different academic backgrounds the 
students bring into the team. These issues may include: 
• Differences in training and expectations among the 

team members based on their different program 
curriculums. 

• Imbalance in contributions by team members. 
• Lack of “effective communication.” 
• Unable to maintain a reasonable schedule. 
• Failure to plan and execute a meeting resulting in a 

consensus decision. 
 

5. CONCLUSIONS 
 

UT-IMDI provides University of Toronto’s FASE 
undergraduate and graduate Students with real-life 
training opportunities by involving them in practical, 
industry-based projects. It is a vehicle to promote 
awareness of design and development challenges facing 
industry, with an emphasis on its multidisciplinary nature, 
and evolving technology. A Faculty-wide 
multidisciplinary capstone course was developed and 
successfully implemented in 2013-2014 academic year. 
The 17 MCP projects were completed and showcased on 
March 20, 2014. This world-class course is well 
structured and implemented under the leadership of the 
NSERC Chair in “Multidisciplinary Design Engineering”, 

and all FASE engineering programs’ capstone design 
coordinators. Projects are developed by industry in close 
collaboration with UT-IMDI, and are based on real 
industry design and development needs. They gain 
experience working on a real engineering project in a 
real-life setting. It’s good for their career whether they 
want to go to industry, or they want to go on to a graduate 
program. Ultimately, they gain a better understanding of 
what the real industry needs are. 
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Abstract – This paper presents the development of a 
Drill Dynamometer laboratory using cordless drills. This 
particular setup was chosen as it allows students to be 
introduced to topics such as: motor torque and power 
curves, power bands, current and efficiency curves; all at 
a relatively low and safe power level. The setup consists 
of a cordless drill coupled to a hex shaft mounted friction 
spool. The spool and pillow block bearing mounts are 
Rapid Prototyped from ABS plastic. Students apply 
tension to a belt wrapped around the spool and brake 
tension is measured using a spring scale. Motor RPM is 
measured by means of a modified bicycle computer. The 
batteries on the drill are replaced with an external battery 
pack with voltage and current meters. Student 
measurements show a high degree of precision for the 
linear speed vs. torque curves and the parabolic power 
vs. torque curves. The kit is made from easily obtainable 
materials and supplies and was constructed quickly for 
less than $200 a kit.  
 
Keywords: dynamometer, drill, laboratory, motor torque, 
motor efficiency 
 
 

1. INTRODUCTION 
 
 Laboratory and practical work are characteristic features 
of an undergraduate degree program in any engineering 
discipline [1,2].  The role and benefits of practical work in 
the engineering curriculum are to motivate students and 
inspire their interest a particular subject; help them to 
strengthen their understanding of a subject by connecting 
theory to practice; and to provide opportunities for 
students to work together on understanding and solving 
engineering problems.   
 
It is often difficult to design laboratories where students 
can acquire numerical data without expensive and space 
consuming equipment.  These constraints also stretch 
restricted funding and laboratory space, limiting the 
number of laboratories instructors can make available for 
students.  Moreover, that large, expensive equipment 
tends to isolate the students from the actual physical 
phenomenon being measured and simply generates data.  

Students then simply write up the results, with little 
conceptual connection.  Despite these challenges, the 
application of theory in a practical setting remains an 
expected and beneficial part of the engineering 
curriculum.   
 
In order to address these deficiencies many engineering 
educators developed and implemented less expensive and 
resource intensive laboratories.  These could generally be 
classified as simulated or virtual laboratories and/or 
remote or distributed learning laboratories [3].  These 
types of laboratories require little space and physical 
resources.  However, there are many instances when the 
learning outcomes for a laboratory are not consistent with 
simulated or remote delivery.  Another option that has 
emerged is to develop smaller-scale laboratories [4].  In 
this delivery mode, the students learn through hands-on 
interaction with the physical phenomenon, but at a scale 
lower than would be found in industry, which often 
translates to lower cost.  This approach allows more 
laboratories to be made with less space required.  
 
The Department of Mechanical Engineering at Dalhousie 
University has developed a new dynamometer laboratory 
that utilizes a cordless drill, a spring scale, rapid 
prototyped (RP) parts and a bicycle computer.  This lab 
has the advantage of introducing students to motor torque 
and power curves through a low power, small and 
inexpensive experiment. 
 
 
2. IDEALIZED POWER & TORQUE CURVES 

 
The torque capacity of an electric motor varies with 
speed. At no load the RPM is maximum, but no torque is 
produced. At stall the toque is maximum, but there is no 
rotation. If the Torque is varied from 0 < x< 1 where x is 
the normalized toque (torque  / stall torque) then the 
normalized output RPM is 1 –x (RPM / no load RPM). 
The power is then torque * speed: 
 

𝑃𝑜𝑤𝑒𝑟(𝑥)   =   𝑥  –  𝑥  
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This parabola is peaks at  x = 0.5: ½ stall torque or ½ no 
load speed. 
    On the electrical side as more torque is produced, more 
current is drawn. If the current increases linearly from a 
small no load value to the maximum stall current then let 
the current  I = r + x where the current  ratio r = no load 
current/stall current. Typical r for motors is 3-10%. The 
efficiency is the mechanical power out divided the 
electrical power in:  T*ω  / I*V. Assuming for simplicity 
in this idealized case that the voltage does not vary (not 
true in real power supplies) then   

 

𝑒𝑓𝑓(𝑥)   =    (𝑥 − 𝑥 )
(𝑟 + 𝑥)  

 
The peak efficiency occurs at a lower torque (higher 
speed). Taking the derivative of the efficiency curve, it 
peaks  at  x  =√(r^2+r) - r, for small r this is approximately  
 

𝑥    =   √𝑟   − 𝑟 
 
For typical r values this corresponds to peak efficiency at 
x =14-22% of .maximum torque. Figure 1 plots an 
idealized torque and power and efficiency curve for r = 
0.07 with a peak power at 50% and a peak efficiency at 
21 %. 

 

 
 

Fig. 1. Ideal torque curves, Normalized Torque on x 
axis, Normalized Speed on Y axis. 

 
3. LABORATORY SETUP 

 
3.1. Layout 
 

Figure 2 shows the entire layout. The Mechanical 
Tension is as follows ([?] indicates figure labels): An 
anchored turnbuckle [TB] connects to the bottom slack 

side of the belt. The lower belt goes under the spool [Sp], 
wraps around and exits at the top of the spool. The upper 
tight belt connects to the yellow Spring Scale [Scale] 
(50N max ~10lbs). The Spool is mounted on two Rapid 
Prototyped (RP) pillow block bearings [B]. The Bar 
clamp [Clamp] trigger [Trig] moves the yellow scale to 
the left.  

 

 
 

Fig. 2. Drill dyno layout. 
 
3.2. Cordless Drill & Electrical 
 
Figure 3 shows the electrical layout. The cordless drill 
used was a Black & Decker AS6NG Cordless 
Screwdriver ([Drill] in Figure 3) which has an ~5W motor 
running at ~10,000 RPM geared down by an 81:1 
planetary gearhead to 130 RPM output speed. The screw 
driver can also act as a small drill and comes with both 
screw driver and drill bits (not used). In this paper 
“screwdriver” and “drill” will be used interchangeably as 
either could be used. A  brass   6”   long  ¼”   hex   shaft  was  
mounted in the drill holder. 

 

 
 

Fig. 3. Cordless Drill & Electrical 
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The internal battery compartment at the bottom was 
removed and a small hole drilled to allow passage of two 
14 gauge wires that were soldered onto the battery leads. 
Two digital multi-meters were connected in series and 
parallel to measure current and voltage respectively. The 
no load readings for rechargeable batteries should read 
~5V & ~0.6-0.8A. As the load is increased, the voltage 
drops to below 3 volts and the stall current rises to above 
3 amps.  
   When turning on the drill, the upper belt should tighten 
and the bottom belt should slacken. If the opposite 
happens you are pressing the wrong button, or swap the 
drill leads to use that button. 
 
3.3. Rapid Prototyping 
 

Several parts were Rapid Prototyped (RP) out of ABS 
plastic (see Figure 4). The friction spool (see Figure 5) is 
a cylinder with 2.5 in diameter, 1 in width and a central 
¼”  hex  shaft.    A clearance of 5 thou on each side of the 
hex shaft hole permitted easy insertion of the brass shaft. 
A  ¼”  lip  on  each  side  ensures  the  belt  will  not  slip  off  to  
the sides. The hex shaft is supported on both sides of the 
spool, this is important as cantilevering the shaft applies 
significant bending loads which drastically reduces the 
screwdriver’s output. Two pillow blocks with 7/8”  ID and 
a   retaining   lip  were  RP’ed.   The  ¼”   hex   shaft   is sleeved 
with a 5/16”  OD  &     9/32” ID bass tube. The brass tube 
was then slid into a 5/16”   ID   &   7/8 OD sealed ball 
bearing. 

 

    
 

Fig. 4. Rapid Prototyped Spool & Pillow Blocks 
 
 

3.4. Brake Tension 
 
  The friction spool 2.5 in diameter was chosen such that 
the   radius   (1.25”)   multiplied   by   of   the   maximum   scale  
tension (50N) exceeds the maximum torque of the 
screwdriver. In practice the screwdriver stalled when the 
belt tension was 40 - 45 N. The coefficient of friction (~ 
0.3 between ABS and the belt) does not enter into the 
torque calculation so long as a sufficient number of turns 
are made around the spool such that the slack side is 
slack: 2.5 turns did this in our case. 

   The Bar clamp trigger ([Trig] in Figure 5) moves the 
yellow scale to the left. The small yellow button [Rel] on 
the left of Bar Clamp completely releases all tension. 
   A few practical notes on operation: 1) Extending the 
clamp when the drill is off will cause the spring to jump 
to a higher value when the drill is turned on. Only tighten 
the clamp when the drill is on. 2) Do not let the yellow 
scale tube touch the frame holding the bar clamp, the 
reading will then be incorrect. 

 

 

  

 
 

Fig. 5. Brake Tension: Top: all, Middle: Friction Spool, 
Bottom: Bar Clamp adjuster 

 
3.3. RPM Measurement 
 

RPM is measured using a modified bicycle computer 
(see Figure 6: computer mounted on a short piece of PVC 
piping). The small magnet meant to be attached to the 
bicycle wheel is mounted on the periphery of a RP 1 inch 
tach wheel. The tach wheel has  a  ¼”  central  hex  hole  and  
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Spool 
Bearing 

Bearing 

Tach wheel 
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is attached to the end of the brass hex shaft after the 
second pillow block (see Figure 6).  
Problems: 
If directly setup in this way most bicycle computers have 
two problems for our purposes: 1) Most computers have 
few digits (e.g. 0-100 km/hr +/- 0.1 km/hr) and slow 
rotations <100 RPM correspond to low km/hr with low 
resolution, 2) Most have a minimum speed below which 
they do not function ( e.g. 10 km/hr). Without adjustment 
for problems 1) & 2) the display might only have a small 
range e.g. 10-20 km/hr +/- 0.1 km/hr.    
Solutions:  
1) Full Range Problem: Most bicycle computers allow the 
user to calibrate the speed readings by entering the 
bicycle wheel diameter. The displayed km/hr = measured 
RPM *60* pi* wheel diameter (meters) /1000. Entering 
an artificially large wheel diameter (~1.75m in our case) 
forces the computer to use a fuller range of the display. 
The displayed values are then divided by the used 
calibration factor to obtain RPM = 3 * km/hr.  
2) Minimum Speed Problem: In our case the computer 
stopped reading below ~10 km/hr which corresponded to 
30 RPM. To correct this, two magnets were mounted 
opposite each other on the tach wheel, doubling the signal 
frequency for a given RPM, such that 10 km/hr now 
corresponded to 15 RPM.  If this is done, the calibration 
wheel diameter should be adjusted down by a factor of 2. 
In figure 6 both modifications were made resulting in a 
net calibration factor of 1.5: RPM = 1.5 * km/hr. The 
displayed 74 km/hr corresponds to 111 RPM. 
 

  

 
 

 
Fig. 6. Tach wheel (Top) & Bicycle computer (Bottom).  

 
 

4. STUDENT RESULTS 
 
4.1 Safety  
   
Although the cordless screwdrivers are relatively low 
power and torque, proper safety precautions and 
procedures should be undertaken before students perform 
the lab. Prior to the lab, a brief safety lecture was given 
outlining potential hazards and how to avoid them. 
The primary risk of injury would come from the spool and 
the possibility of students getting tangled in the spool. 
This is of particular concern with loose or dangling 
clothing and/or jewelry. A secondary source of injury 
could be electrical but the voltage and current values are 
relatively low. In practice no accidents or injuries 
occurred over 4 lab sessions and more than 100 students. 
 
 
4.2 Student Results    
 
   Figure 7 shows photos taken during the drill dyno 
laboratory.  Students make a table with 4 columns and 9 
rows. Each row corresponds to a step in belt tension. 
Students increase the belt tension from 0 to 40 or 45 N in 
5 N steps until the drill stalls. At each step 4 
measurements are recorded: tension (N), speed (km/hr) 
voltage & current. A simple excel program is provided to 
students that converts belt tension to torque km/hr to rpm 
and plots speed and power vs. torque as well as current 
and efficiency vs. torque. Figure 9 shows some typical 
results. 
 
 

 
 

Tach wheel 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 127 
Canmore, AB; June 8-11, 2014 –  5 of 6  – 

 
 

Fig. 7. Students using the drill dyno 
 

 
 

 
 

 Fig. 8. Students result for torque curves 
 

  
Fig. 9. Student result for eff. curves  

 
4.3 Resolution and Repeatability  

 
Figure 8 illustrates the typical torque curve and Figure 9 
illustrates the typical efficiency curve found by the 
student using the cordless drill dynamometer.  Figure 8 

and 9 are both characterized by an overall goodness of fit, 
with some variation in the individual data points.  Overall, 
curve fits had an R2 > 0.99X, with the variation only in 
the third decimal place.  The determination of the 
resolution and repeatability of the students’  dynamometer 
measurements were confounded by variations caused by 
the varying voltage in the AA batteries.  Each set of 
batteries operated at a difference voltage.  Both the motor 
efficiency and the power are dependent on the battery 
voltage.  Therefore, each laboratory set-up would possess 
a unique power and efficiency curve, thereby limiting the 
comparison of results.  However, if we compared the peak 
in the power curves, we should expect to find the peak at 
50%.  The range found in all the student results fluctuated 
between 49.5% and 50.5%.  Combine this measure with 
the R2 > 0.99, there is strong evidence that the 
measurements made in this laboratory possess good 
resolution and high repeatability. 
 
 

5. BUDGET 
 
The cost was approximately $200 CDN per setup  
(taxes included): 
 
ITEMS  Amount/kit  
Cordless Drill $15  
Bike Computer $20  
Bar Clamp $6  
Multimeters x2 $20  
9V battery for multimeter $3  
Rechargeable AA batteries x4 $14  
Spring scale $3  
Electrical connectors $10  
Banana cables $15  
Wood & MDF $20  
Misc: Fasteners, String etc. $4  
Turnbuckle $2  
RP spool $20  
RP pillow blocks x2 $6  
RP battery plug $4  
RP tach wheel $3  

  TOTAL $165  
15% GST $25  
TOTAL $190  
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7. Conclusion 

 
Space limitations and budget pressures have previously 
created a reduction in the number of hands-on laboratories 
in favour of remote or simulated laboratories.  Current 
engineering education pedagogy is again emphasizing the 
benefits of active, hands-on learning.  Smaller scale 
laboratories have begun to emerge creating a bridge 
between limited resources and active learning.  In this 
paper we have described the development of a drill 
dynamometer laboratory for a machine design course 
Mechanical Engineering at Dalhousie University.  The 
drill dyno uses a cordless drill as the power source and 
inexpensive, easy to find parts, such as a bicycle 
computer, spring scale, grip clamp, multimeter and simple 
RP parts, to complete the experiment.  The cost of the 
entire laboratory was less than $200, permitting the 
construction of 10 set-ups.  The low power of the cordless 
drill mitigates many of the safety concerns that may arise 
from larger scale dynamometer laboratories and allowing 
the students access to all of the labs components.  The 
students are able to measure the linear speed vs. torque 
curves and the parabolic power vs. torque curves to a high 
degree of precision. 
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The development of a safety training strategy for first and second-year 
engineering design courses 

An important aspect of design education in engineering schools is the creation of a physical 
representation, be that proof of concept of full prototype, to ‘close the loop’ on the design 
process.   To allow for this hands-on design experience, our fist and second–year design 
workshops are equipped with various hand and power tools, including drill press, band saw, belt 
sander and scroll saw.  Some difficulties arise in these courses from the general lack of 
experience many students have in using even basic hand tools.   From both an educational and a 
liability point of view, safety training has become a necessity. 

Maintaining student safety while in the lab is a mandatory part of students’ design course work. 
Students must understand the importance of a safe work environment and are individually 
responsible for following safe practices when using power tools. Historically, each student 
received a didactic 30-minute overview of the workshop with specific instruction on how to 
properly and safely use each piece of machinery.  Despite the fact that there have been few 
injuries in the workshops, it became clear through observing students, that a new approach for 
safety training was needed.  However, there was no established program suited for undergraduate 
students that could be implemented.  Therefore, a custom solution was created to address our 
specific needs. We have developed a comprehensive safety-training program for first- and 
second-year general engineering students.  The focus of this paper is to describe the 
development, implementation and outcomes of our safety program. 

To facilitate the current learning styles of technologically savvy students, safety videos (rather 
than manuals or instructional lists) were created that could be easily accessed online and viewed 
by students at a time and place convenient to them.  Small hand tools were grouped into a single 
video module while larger power machines received their own individual video due to the 
considerable safety focus they require. A standard format and script was written and used 
throughout to convey the equipment’s safety overview, component detail, and proper equipment 
use. Seven short 4-7 minute detailed informative videos were produced. High quality 
videography was used for professional results to both maximize the resolution of the close-up 
detail shots for clarity of the message and to help ensure the students view the modules seriously. 
Accompanying documentation that mirrors the information in the videos are available on-line 
and in the workshop.  A stand-alone introductory design project was also developed where 
students are asked to demonstrate safe use of the lab tools to complete a simple construction 
project. Students will also be expected to pass (with 80%) a safety quiz based on the videos and 
documentation.  Lectures focusing on design for safety and safety culture have been created and 
will be given as part of the courses, providing context to the safety videos. This program’s 
effectiveness will be measured quantitatively and qualitatively.  The ultimate goal of this 
program is to educate students so they carry with them a broader understanding of safety into 
their remaining years of engineering and into industry. 
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Abstract – Engineers are, in general, poor at 
considering human factors in our designs. Human factors 
are an important aspect of engineering design that must 
be introduced and nurtured in all engineers, but is a 
challenging problem.  We have undertaken a case study of 
a past capstone design project to evaluate how human 
factors were considered.  This paper will present a case 
study of this project’s application of human factors. 

Our work hopes to identify what influenced an 
increased consideration of human factors, which led to 
the success of this project.  A combination of diversified 
backgrounds may have played a significant factor in the 
design process, but there were, however, likely other 
factors that impacted the team’s performance. Our 
ultimate goal is to use the information gained from this 
case study to develop training and design tools to 
increase usability of other projects.  
 
Keywords: Human Factors, Design Methodology, 
Capstone Design Project, Design for Usability  
 
 

1. INTRODUCTION 
 

Design, and the process of designing, has said to 
be above all else, the difference between an engineering 
education and a science education [6], which is only 
emphasized by the fact that both the Canadian and 
American Engineering Accreditation Boards hold 
standards for design within accredited undergraduate 
programs [2] [1]. The task of how to incorporate design, 
how best to teach it, continues to be a challenge, as shown 
by the large scope of literature describing the best 
pedagogical method [5] [7] [8] [11]. One thing that seems 
to be agreed upon is the idea that design is not a linear 
activity [8], which has resulted in a shift to increased 
industry participation, increased time devoted to open-
ended, ‘messy’ problems. With the inclusion of real life 
problems comes the inclusion of real users and clients. 
Human factors are not typically addressed in engineering 
education, and as a result, students also often overlook 
them in their design processes. The reasons for this are 
often attributed to their increased focus on technology, 

specifications, and engineering science over the more 
subjective field of usability.  This becomes especially 
apparent in capstone design projects, when engineering 
students are given and asked to work on year-long 
projects often with industry clients and real life problems 
that demand a working solution.  Human factors are an 
important aspect of engineering design that must be 
introduced and nurtured in all designers, including 
engineers. How to best approach developing human factor 
skills in engineering students is a particularly challenging 
problem.   
 The focus of this case study is a capstone design 
project from the Department of Mechanical Engineering 
at Dalhousie University. The project was sponsored by a 
company which asked the students to create a system that 
would mimic the inside of a seaplane for crash simulation 
purposes. The company currently offers training of 
helicopter evacuation techniques, modeling and 
simulating aircraft being submerged in water for more 
thorough and realistic safety training, and wished to 
expand into seaplanes.   
 

2. CASE STUDY 
 

` The group writes in their final report that the 
project was considered a huge success and that they have 
achieved and surpassed the design criteria; that overall, 
the project was a success and client was satisfied with the 
results [9]. Others also agreed on the success, as their 
project was ranked the top among their class by both 
professors and fellow students.  At their final 
presentation, they mentioned repeatedly the many human 
factors present in their design- the desire for limited 
required tools, the fact that two people had to be seated in 
it, the assembly time, the consideration of a gloved hand 
in the handle, the default locked pin position. Due to the 
inclusion of these rarely considered aspects in the design, 
we felt it would be an interesting project to evaluate and 
hopefully identify the methods used to address the human 
factors in the project as a way to replicate or inspire the 
same in future projects.  

This work hopes to identify what factors 
influenced an increased consideration of human factors, 
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of use environment, of installation procedures - factors 
that are often overlooked by engineering designers, and 
which led to the success of this project.  This project 
began at the final design presentation, and continued by 
reading through the team’s final report. Other submitted 
work, such as the testing summary, the project inspection 
report, and the fall term reports were also examined, 
which is presented in this paper.  In the future, we plan on 
examining their logbooks, interviewing the team, as well 
as interviewing their project supervisor and the client are 
also planned for future steps.  

Our initial research identified that this team was 
formed from diverse students including mature students 
with previous degrees, and varying personal interests, 
such as performing arts, theatre construction, 
construction, the outdoors, and previous work experience 
in the field of Maritime risk. This combination of 
diversified backgrounds may have played a factor in the 
design process- an idea that would explain the presence 
and encouragement of diversified teams within design 
firms. There were, however, other factors that likely 
impacted the team’s performance. An examination of 
their final report indicated that many of the human factor 
requirements and suggestions originated from the client, 
who insisted on many of the considerations based on the 
existing platforms that exist for helicopter training.  
  The company provided a clear description of 
what they required, which the team disseminated into a 
list of quantifiable requirements [9], which are as follows:  

1. Must integrate into the existing Modular 
Egress Training Simulator (METS). Specifically, 
it can be contained within the 1.65 m wide x 1.78 
m high x 4.26 m long frame and it will work 
with the existing metal grating.  
2. Must accommodate at least two people at a 
time for training.  
3. The seat orientation must be adjustable to 
three different positions: 0°, 45°, and 90°.  
4. Must meet or exceed the anti-corrosion 
characteristics of the current METS module.  
5. Must meet or exceed the loading 
characteristics of the current METS module.  
6. Must facilitate flexibility for simulation 
parameters (eg. door or window release)  
7. Must be able to be installed into a METS from 
storage by a two-person crew in two hours or 
less.  
8. The seating must be able to re-orient in 30 
minutes or less during a training session.  

In addition, some desirable qualities were indicated, 
including matching the egress path to an existing METS 
egress path, using either a single or no tool for 
installation, and minimal part failure risks while in 
operation [9]. As we can see, at least three of the 
requirements (2, 7, and 8) as well as the desire for limited 
tooling are directly related to usability. Reference to other 

human factors, such as the environmental consideration 
that a user would be wearing gloves, was stated in the 
final presentation, but there was no mention of it in any of 
the reports. Because of the lack of documentation, it is 
unsure whether this was designed for or an afterthought. 
One additional consideration that was noted throughout 
the report was the safety feature of a passively locked pin, 
which required insight into typical use scenarios. 
Considerations made by the team also seemed to be very 
indicative of the fact that they considered themselves to 
be typical users. The team, who knew the design and set-
up quite intimately, performed all assembly tests and 
Requirement 2 was considered complete because two of 
the team members were able to fit in the completed 
design. Whether the team considered anthropometrics to 
determine that they were representative of typical users is 
unclear. The documentation showed no consideration of 
anthropometrics or biomechanics in any of the sizing or 
the physical installation requirements. 

This study has only looked thus far into the 
official documentation and final presentation given by the 
team. Further investigation into their individual logbooks 
and personal communication with the client, the team 
members and the supervisor is expected to provide some 
insight into more detailed thought processes of the team 
members.  
 

3. DISCUSSION 
 

The project was a success, and the team 
members did a commendable job of incorporating human 
factors into the final design. It is believed that many of the 
considerations originated from a client who was 
descriptive and insistent on the inclusion of the human 
factors in the design. The work of translating and meeting 
those requirements into a workable, accomplishable 
design is in itself a comment on the creativity and 
engineering skills of this team. The team had a difficult 
task in front of them, but they had the advantage that a 
major hurdle had already been overcome. By providing a 
project definition riddled with human factors 
requirements, the team could focus on the implementation 
of those ideas, but the execution of solutions is typically 
where engineers succeed. The inclusion of usability and 
human factors from the beginning, the empathy required 
in the beginning problem definition is usually where the 
most ignored obstacle lies, for “the first design process 
step of determining the problem is known by every 
designer to be the most difficult part of design [3]”.  

Caswell [3] cautions that the retrospective view 
of a successful design breaks down when a novice 
attempts to apply the process to a real design project, as 
suggestion and portrayal of other design processes does 
not necessarily translate well to application.  Perhaps the 
tool we need, then, is not to encourage students to simply 
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think about human factors while doing their project, but to 
incorporate them so fully into the design requirements 
that a successful design cannot exist until the human 
factors are not only considered, but designed for and 
around. Cohen recently commented in an article about 
design thinking that a big part of this concept involves 
empathy for those you are designing for, suggesting that 
empathize comes earlier in the design process than 
defining or ideation [4].  

The tool that results from this work, then, is the 
realization that only making students aware of the 
necessary presence of human factors is not enough, “the 
realities of innovation and creativity are much more 
complicated than simply a willingness to be more creative 
[4].” Helping them to recognize that the need for usability 
is present from the start of projects and to integrate it into 
the project definition and requirements will increase the 
empathy and user-focused designs. Through a deeper look 
at the problem definition this team utilized, we hope to be 
able to implement that technique in other projects. 
 

4. CONCLUSIONS 
 
  This case study investigated the execution of a 
capstone design project. There were several factors 
attributing to the success of the project, including a hard-
working, motivated team of intelligent, diverse students. 
Additionally, the clear vision and the specific problem 
definition from the client created an environment in which 
the team’s efforts could be directed to a well-executed 
solution. The company, whose president has an M.Ed, has 
a rigorous devotion to usability, with the reputation of the 
company built on safety training through experiential 
learning. As we look at the logbooks and perform 
interviews with the team, the client and supervisor, we 
hope to better educate engineering students how to 
incorporate human factors not only in the execution and 
implementation phases, but also in the problem and 
requirement definition. 
  Design is becoming increasingly human-focused 
as clients and customers demand intuitive and creative 
projects. Designers who become aware of this, basing 
their focus and requirements not only on technical 
specifications, but who also move deeper into the problem 
definition to include those using, manufacturing, and 
repairing their products, will be more successful. This 
does not mean that process, rationality, and analysis are 
discarded [3], but that tools are added to them to move 
design projects further into a realm where messy 
problems can be approached with innovative, human-
focused, and creative solutions. There is no checklist to 
rigidly follow to attain a well-designed product. As 
Kathleen McLean, exhibit designer, states that “no one 
key will do the trick- we need the whole key ring at our 
disposal so we can decide which keys to use for specific 
purposes” [10].  Human factor considerations may not be 

the sole key on our key ring, but it is a key that opens 
doors to increase empathy and, therefore, the likelihood of 
a creative, innovative, and successful design.  
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Dalhousie*University*Research*in*Engineering*Education*
*
From*its*origins*as*the*Technical*University*of*Nova*Scotia*(TUNS),*Dalhousie*
University’s*Faculty*of*Engineering*has*a*long*history*of*dedication*to*
Undergraduate*engineering*education.**Along*with*this*dedication,*comes*the*desire*
to*understand*and*assess*our*efforts*through*engineering*education*research.**
Currently,*there*are*a*number*of*topics*being*investigated*in*the*Faculty*of*
Engineering.***We*are*currently*working*on*the*development*of*an*instrument*for*
assessing*design*ability*and*to*use*in*the*assessment*of*design*learning.***Although*
there*is*a*plethora*of*literature*on*design*and*design*assessment,*we*are*interested*
addressing*design*in*the*context*of*the*CEAB*Graduate*Attributes*(GA).**We*are*all*
now*dealing*with*a*reality*where*engineering*design*courses*are*expected*to*
address*attributes*like*Design,*Teamwork,*Investigation,*Economics*&*Project*
Management,*Communication,*Professionalism,*Ethic*and*Society.***The*
development*of*our*design*assessment*instrument*is*aimed*at*assessing*design*
while*also*addressing*learning*in*Communication,*Teamwork,*Economics,*Ethics*
and*Society.***Our*instrument*has*been*put*through*initial*validation*and*redesign,*
leading*to*a*wider*implementation*shortly.****We*are*one*year*into*a*longitudinal*
study*examining*the*impact*of*communityQbased*design*projects*on*design*learning.**
We*hypothesise*that*the*use*of*communityQbased*projects,*as*opposed*to*
Faculty\student*generated*or*IndustryQbased*projects,*improves*the*richness*of*the*
design*learning*students*experience.**We*are*investigating*this*in*a*secondQyear*
design*class,*with*240*students,*by*introducing*four*design*projects,*with*at*least*
one*communityQbased*project,*measuring*the*students*design*outcomes,*along*with*
ethical,*environment*and*professional*awareness.**An*initial*validation*study*has*
been*conducted*but*the*participation*rate*was*too*low*for*any*significant*results,*
however*it*did*identify*potential*issues*with*our*previously*mentioned*design*
instrument.**We*are*also*undertaking*ongoing*research*projects*investigating*
improved*methods*for*training*undergraduate*engineering*students*on*safety*and*
the*impact*of*active*learning*in*engineering*science*courses.***
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INTRODUCTION 
     Automating the aggregation and reporting of student learning 
outcome achievement data by course and by program is a very valuable 
data reporting function for institutional Administrators who are required 
to provide detailed course and program level evidence to funding and 
accreditation bodies.  As a result, dozens of hours per class are spent by 
faculty compiling outcome achievement and grade results data at the end 
of a semester or academic year.  Instead, this time can be invested in 
making informed decisions based upon performance data collected, 
analyzed, and aggregated in a click-of-a-button, cogent report.   

The hours saved support a continuous quality-driven improvement cycle 
for courses and programs based on actual learning analytics performance 
data.  Faculty can easily review and assess which assessment activities 
are effective and investigate others that might need attention as well as 
provide the opportunity to re-evaluate and make course adjustments in a 
relatively real-time manner throughout the term or in preparation for a 
following term or academic year. The availability of both standard 
reports   and   ad   hoc   database   queries   provide   the   dean’s   office   and   the  
office of institutional effectiveness with the program level reporting they 
need for making informed decisions. 

METHODS     
     The University of Guelph implemented this course assessment 
strategy as a pilot for the Fall 2013 and Spring 2014 semesters. The plan 
is to roll-out to the entire Faculty of Engineering for the Fall 2014. 
 
The primary goals of the original pilot were: 

 To use data and information available to inform continuous 
improvement and accountability agendas in the enhancement of 
student achievement of program outcomes 

 To incorporate D2L analytics to serve as a measure of student 
achievement of learning outcomes, in addition to those already 
in place 

 To develop efficient, effective and appropriate practices for the 
incorporation of D2L analytics into program review processes 

 
Reporting of outcome-based learning behaviors is driven from the 
course activity level by association with course embedded learning 
activities.  The achievement or non-achievement of these learning 
activities by the learners can then be aggregated and reported up 
throughout the organizational structure.  This provides outcome 
achievement reporting at the aggregated course level (multiple sections, 
semesters, instructors), at the program level, university level and at the 
Degree-level expectations.  These learning activity achievement 
opportunities would be provided to the learners throughout their 
academic curriculum.   
 

 
 

Figure1: Ideal Curriculum Timeline 

     The defined and stated learning outcomes for a specific degree 
attainment would be mapped down to courses in the curriculum.  Those 
courses would also have pre-defined learning outcomes to which the 
individual learning activities would be associated.  This Proof of 
Concept project at the University of Guelph is being implemented in 
conjunction with a larger Ontario based Productivity and Innovation 
Fund (PIF) project.  This PIF project is a collaboration of five Ontario 
institutions; McMaster University, Mohawk College, University of 
Guelph, Wilfrid Laurier University, University of Waterloo.  A brief 
synopsis of this project implementation and its goals will also be 
discussed during the presentation.  Desire2Learn is providing the virtual 
learning environment platform and the reporting tools to support this 
endeavor. 
      
DISCUSSION 
     To-date, approximately 10 engineering courses have been entered 
into the Desire2Learn Insights (analytics) module of the learning 
environment. Remaining courses core to the development and 
assessment of engineering graduate attributes will be integrated over the 
next two years. Early results suggest there are great opportunities to use 
analytics to better understand student achievement of learning outcomes 
across courses.  
 
Automating the aggregation and reporting of learning outcome 
achievements is valuable. However, it is important to frame this 
initiative within larger curriculum development processes. Learning 
analytics can provide important measures on student development and 
achievement of program outcomes that, when combined with other 
curricular assessment strategies, can help to foster both continuous 
improvement of curriculum as well as solid evidence for program 
reviews and accreditation processes.  
 
Individual assignments, rubrics or test items are identified by faculty as 
key assessment indicators. To-date there have been few challenges for 
faculty in associating assessment items to outcomes.  However, while 
much useful data at the course level exists, identifying valid and 
correlated key assessment indicators at the program level will require 
statistical analysis of the preliminary pilot results, not yet completed.  
Faculty engagement will also be required to ensure that all attributes-
related grading and assessment will be recorded within the Desire2Learn 
learning environment. Submission of grades using Desire2Learn is a 
policy already in-place, however only about 50% of University faculty 
are using that system. This should not be a major issue in our current 
pilot as Engineering faculty are extremely engaged and committed to 
this initiative 
 
Workload and coordination issues are a focus. Front-end workload in 
setting up what is required by faculty and prior work needed to use 
analytics (mapping, attributes development, etc.) requires close 
coordination and development of longer-term process that engages 
faculty in curricular issues. Accessing curricular development support 
through our teaching centre has been key to ensuring that learning 
analytics is a meaningful component of educational development. 
 
Technologically, the Desire2Learn learning environment shows 
tremendous promise in helping better understand and improve 
engineering education. A willing partner demonstrating that analytics is 
a key priority, Desire2Learn is working to evolve their solution through 
a balanced approach to accreditation and continuous improvement, 
increased adoption through improved user interface and developing 
specific customizations to reflect unique aspects of our university 
approach. 
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INTRODUCTION 
     The  Faculty  of  Engineering  and  Applied  Science  (FEAS)  at  Queen’s  
University has been developing and refining process for continuous 
program improvement supported by outcomes assessment. This process 
must be sustainable, require little additional work for instructors and 
staff, and provide useful information to instructors and administration 
for both short-term course improvement and long-term program-wide 
improvement. A key element in our plan is adopting a software tool that 
automates much of the collecting, aggregating, and reporting of 
outcomes data.  
      
The tool should provide: 

 A modern, flexible and customizable e-learning environment 
capable of mapping and integrating an outcomes-based 
competency structure into the environment 

 Simple yet effective methodology to define and map 
engineering graduate attributes/competencies at course and 
program levels  

 Easy to use, flexible and diverse assessment methods to 
measure student learning outcomes in a variety of contexts 

 Quick, customizable, concise and clear reporting on 
outcomes data for course instructors, departments, 
administrators to use for improvement purposes 

  
Queen’s  FEAS  has  been  utilizing  an ad-hoc process which involved 

multiple tools, combining word-processing, spreadsheets, curriculum 
mapping tools, paper forms, and a learning management system in a 
manual process in order to create, implement, assess and report on 
student learning outcomes.  While this process worked, the highly 
manual process was piloted using a small number of courses and was 
considered to be unsustainable with a full-scale implementation across 
10 programs.   

 
Currently the process is error-prone as it relies on manually updating 

multiple documents across eight departments whenever changes are 
made. Most importantly, however, there is no mechanism to provide 
rapid feedback to instructors about the performance of students relative 
to expectations. 
 
SELECTING A SOFTWARE TOOL 

The faculty has surveyed a large number of learning management 
systems, assessment tools, and accreditation tools to identify a package 
that meets all of our goals [1,2]. There is a very large number of tools 
that can manage one piece of the process very well; for example some 
tools are very good at analyzing but very at poor reporting, or do not 
connect to a learning management system that would be used to grade 
students.  

 
In the end Queens FEAS chose to partner with Desire2Learn (D2L), 

because of its modern learning environment, varied assessment 
capabilities and the potential to analyze and quickly report useful 
information through the continued development of its Insights Analytics 
tool.  

 
The   Desire2Learn   Insights™   product   today   includes   a   number   of 

reporting tools which provide visibility to outcome mapping and various 
methods for measuring outcome achievement.  Desire2Learn is actively 
working  with  client  partners  like  Queen’s  University  FEAS  and  others  to  
richly expand the data reporting and visualization capabilities beyond 
what exists today.  These changes are being driven by an update to the 
underlying data visualization engine as well as improvements to the 
competency tool within the learning environment.  These improvements 
will provide for a tighter integration with external standards and 
accrediting bodies for data exchange. 
 
 
 
 
 

 
     This development consists of three primary phases of activity.  Those 
three phases are: 

 
1: New visualization engine with focus on personalized dashboards 

and improved interactivity of data.   
 
2: Improved Learning Outcomes architecture. 

• Work has begun around defining new ways to catalogue, 
locate and align outcomes within the Learning Environment 

• Improved alignment and outcome creation workflows will 
provide less time consuming methods for the management 
and upkeep of outcomes in the system 

• Extend the evaluation methods for outcomes to multiple 
achievement scenarios based on activity performance 

• Improved curriculum mapping ability 
 
3: Big Data architecture with an emphasis on real-time data 

interactivity, APIs and benchmarking of data across several domains 
(regional, countrywide, standards-based). 

 
The ultimate goal of this development activity is to continue to 

enhance the use and reporting of rubric evaluation data and continue to 
support varied use cases for rubrics as effective evaluation tools.  Our 
partnership work with key strategic clients continually helps us to 
improve data access and provide optimal data visualizations for the next 
generation of education analytics tools.  Future enhancements to the 
product include personalized dashboard views, enhanced custom 
reporting and report customization as well as API data access for bi-
directional data exchange with the data warehouse.   
   
RESULTS 

The Insights system is in its nascent stages, but is continually being 
improved with the input of clients   including  Queen’s   FEAS  providing  
feedback in an advisory capacity.  

 
Insights will allow programs to identify department and 

engineering-wide indicators, display a mapping of courses to indicators, 
report on individual indicators and attributes, and drill down from 
program level data all the way to individual student artifacts. The tool is 
intended to help instructors use outcomes data to inform progress of 
their students, and program administrators to inform curriculum 
improvement.  
 
DISCUSSION 
     This presentation will be presented as a case study, outlining the 
FEAS approach and how D2L plans to enhance Insights platform will 
support an outcomes-based, continuous program improvement process.   
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Abstract – The vast engineering challenges of the 21st 
century and the unique position of engineers as decision 
makers, conveners, and influencers has created a need for 
a directional shift in the content and teaching methods 
used in Canadian engineering education.  
 
Both Canadian and international universities were 
evaluated based on nine criteria deemed relevant and 
important to the evolution of engineering education by 
Engineers Without Borders Canada.   These include 
overall vision and direction of the engineering faculty and 
university, interdisciplinary opportunities, leadership 
programs and recognition, topics in technology and 
society, innovation in curriculum content or delivery, a 
growing understanding of globalization, cross cultural 
communication and project management, and a direct 
connection between work experience and curriculum.  
 
Results have shown that many Canadian universities are 
strong overall, while some universities have strengths in a 
few areas.  These results can be utilized and shared as 
best practices.  The international program evaluation 
showed very diverse results, some of which can be 
adapted and utilized in Canadian engineering curriculum. 
These results can be employed as many entities 
collectively move forward to develop and reinvent 
engineering education in the 21st century. 
 
Keywords: 21st century engineering, curriculum 
evaluation, interdisciplinary, leadership, diversity, 
innovation, globalization, communication, project 
management 
 
 

1. INTRODUCTION 
 
The engineering challenges of the 21st century have 
created the need for significant changes in both the 
content of engineering curriculum and the methods by 
which they are taught.  Engineers play many major roles 
in society as decision makers, influencers, and conveners, 
and therefore there is an impetus to complement the 
traditional technical curriculum with new 21st century 
knowledge and skills [1]. 
 
 Engineers Without Borders (EWB) Canada defines 
global engineers as engineers that are equipped to lead 

within their communities and the profession in the 21st 
century. Global   Engineering   is   EWB’s   collaborative  
program to encourage and support the development of 
a new generation of engineering graduates who are ready 
to practice in a globalized 21st century environment. 
These graduates have taken part in innovative educational 
experiences that have tempered their leadership skills, 
expanded their problem solving ability, and developed a 
global awareness that, along with their engineering 
technical excellence, will enable them to go beyond 
engineering and play a leading role in Canada and on the 
world stage in the 21st Century. In   particular,   EWB’s  
vision for global engineering is grounded in four 
principles: 

 Awareness of globalization and its impact on 
engineering practice 

 
 Capability of practicing leadership and 

interdisciplinary skills 
 

 Competency in exploring the engineering 
profession’s  role in complex societal issues and  

 
 Ability to apply technical skills in a global 

context 
 
This paper first sets out a framework for assessing the 
degree to which schools provide a 21st century learning 
environment and then applies the framework to Canadian 
and International engineering schools to provide a high 
level analysis of trends in education. The analysis of 
engineering curriculum at a Canadian and international 
level provides the opportunity to assess where core 
strengths lie in delivering innovative engineering 
education in order to share best practices with Canadian 
universities. This assessment can be used for 
organizations, like EWB, as well as other educational 
institutions to share best practices and identify areas for 
further inquiry and development.  
 
Universities were evaluated based on their alignment with 
21st century engineering practices. Each school was 
ranked based on nine criteria deemed important to global 
engineering and engineering practice in the 21st 
century.  These include overall vision and direction of the 
engineering faculty, topics relating engineering and 
society, opportunities for interdisciplinary learning and 
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project work, programs and recognition for leadership 
growth, diversity of research including topics connecting 
technical engineering to society, innovation in the 
engineering curriculum, topics relating technical 
advancement and globalization, an emphasis on 
communication and project management including cross 
cultural communication, and opportunities for work 
experience that directly connects to an overall curriculum 
design. [1]   
 
The analysis of Canadian schools highlights opportunities 
for greater best practice sharing - both nationally and 
internationally. While many schools have core strengths 
in one or a few criteria, only a small selection of Canadian 
schools had overall strong results. The analysis of 
international engineering programs, which was broken 
down by nation and region, demonstrated diverse results. 
While some schools offered overall strong programs, 
others showed overall poorer performance.  These two 
analyses demonstrate an evaluation program based on the 
9 criteria while also providing a platform for further 
discussion about how curricular programs can deliver 21st 
century skill-sets and knowledge to engineering students. 
 
 

2. Education Evaluation 
 
2.1 Evaluation  Background 
 
The evaluation process is composed of nine criteria 
identified by EWB through holding forums on 
engineering education, experience and collaboration on 
curriculum development and delivery with universities 
across Canada. These criteria are seen as principles that 
enhance engineering education to provide a quality 
learning environment for 21st century engineering 
students.  The framework that utilizes this set of criteria 
was developed in 2013 as part of ongoing research into 
engineering education by the Global Engineering Venture 
in Engineers Without Borders Canada. 
 
2.1.1 Overall Vision and Direction 
This criterion evaluates the presence of an overall vision 
and direction that recognizes the need for a new kind of 
engineering education as one of the key mandates of the 
institution.  This should include at least three of the 
following elements: globalization, innovation, 
commitment to the betterment of society, engineering for 
the 21st century, systems thinking, multidisciplinary skills, 
and communication. 
 
2.1.2 Focus on Engineering and Society 
This criterion recognizes universities which incorporate 
topics of social, economic, and environmental 
sustainability and the role of engineers in society into the 

core curriculum and/or offer them as topics of instruction 
in specific courses or areas of concentration. 
 
2.1.3 Focus on Interdisciplinary Design and Project 
Work 
 
Universities that score high on this criterion integrate 
interdisciplinary work throughout all four years of an 
engineering degree, as evident in classroom assignments, 
projects, and other learning environments.  
Interdisciplinary work is included between engineering 
departments, and across university faculties. 
 
2.1.4 Leadership Growth and Recognition 
 
This criterion indicates the significant investment in staff, 
time, money, and student space in allowing students to 
gain significant experience outside of the classroom, and 
a way of measuring and recognizing those extracurricular 
achievements (specific to engineering). 
 
2.1.5 Diversity of Research 
This criterion evaluates if engineering departments have 
well established research mandates that reflect societal 
needs, and the degree to which faculty are actively 
engaged in applying their research to 21st century 
challenges.  This also evaluates if the university is on the 
cutting edge of researching engineering education.  This 
is indicated by the existence of more than one professor 
doing any two of the following: exploring engineering 
education, studying the relationship between engineering, 
society, globalization, and environmental sustainability, 
uses technical engineering practice to contribute to 
society 
 
2.1.6  Innovation 
This criterion evaluates which institutions have both 
innovative curriculum content and delivery methods 
executed  in more than one aspect of the engineering 
curriculum.  A significant indicator is a research focus in 
innovative engineering education. 
 
2.1.7  Globalization 
Universities that score high on this criterion deliver a 
curriculum that has a strong emphasis on globalization 
and the effect it will have on engineers today, including 
mandatory courses and/or optional specializations, 
minors, certificates, and study abroad opportunities. 
 
2.1.8 Communication and Project Management 
This criterion evaluates the degree to which students are 
exposed to a wide range of communication and project 
management skills and are given the opportunity to apply 
them in real world situations 
 
2.1.9 Work Experience 
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Top universities in this category offer programs in which 
over 75% of students gain industry experience, with the 
support of their institution, along with support throughout 
the experience in the form of a course or other learning 
tool. 
 
2.2 Audit Research Methods 
 
Due to the timeline and scope of this project, the bulk of 
research was conducted based on a document and policy 
review using documents publically available on each 
institution’s  website.   Programs that achieved high audit 
results were pursued more directly with follow up 
interviews and questionnaires to staff and faculty. This 
research focused on assessing the presence of factors 
associated with criteria but did not address the outcomes 
of educational programs, which will be analyzed in follow 
up research.  
 
2.2.1 Assumptions 
This research was guided by a number of assumptions in 
order to frame and conduct the research in a timely 
manner.  These assumptions are:  
 

 Courses, programs, etc. offered at institutions 
have a level of quality of execution that gives 
them some degree of effectiveness and benefit to 
students if they are offered – quality of courses 
were not individually assessed.  

 Information provided through formal university 
materials accurately represents the intentions and 
operations of the institution 

 An   objective   understanding   of   the   university’s  
various characteristics can be extracted from the 
institution’s  materials 
 

2.2.2 Criteria Framework 
As this framework deals with qualitative data, a reference 
based system of grading each criterion was developed in 
order to standardize results between institutions. The 
evaluation criteria were used on a five point scale defined 
in table 2.1: 
 
Table 2.1: Evaluation Criteria 

Criterion Highest (5) Lowest (1) 
Overall Vision 
and Direction 

Recognizes the need for a new 
kind of engineering education 
as the KEY mandate of the 
institution.  This new kind of 
engineering education, in the 
context of vision and direction, 
should include at least 3 of the 
following elements (in some 
form): global thinking/ 
globalization, innovation, 
commitment to benefit society, 
engineer for the 21st century, 
systems thinking, 

Institution’s  
vision for 
engineering 
education does 
not focus on the 
above list. 
 

multidisciplinary skills and 
opportunities, commitment to 
graduate engineers with 
communication skills for 
today’s  world 

Engineering and 
Society 

Social, economic, and 
environmental sustainability, 
along with the role of engineers 
in society, are integrated into 
the core curriculum and/or are 
offered as topics of instruction 
in specific courses alongside 
the potential opportunity to 
pursue relevant topics as areas 
of concentration 

The institution 
has not 
integrated 
sustainability 
into its core 
curriculum or 
established 
specific courses 
of instruction. 

Interdisciplinary 
Design and 

Project Work 

Interdisciplinary work is 
integrated throughout all four 
years of engineering degree and 
is evident in classroom 
assignments, projects, and 
learning 
environments.  Engineering 
students have many 
opportunities to interact with 
other disciplines of engineering 
and other faculties while 
pursuing their education. 

Interdisciplinary 
opportunities are 
limited 
throughout 
formal education 
programs and 
students do not 
collaborate 
across discipline 
or faculty 
boundaries 

Leadership 
Growth and 
Recognition 

Evidence of significant 
investment in staff, time, 
money, and student space in 
allowing students to gain 
significant experience outside 
of the classroom, accompanied 
by a way of measuring and 
recognizing those 
extracurricular achievements 
(specific to engineering) 

Student space 
and small 
amounts of 
funding are 
available, but no 
other support is 
provided. 

Diversity of 
Research 

Engineering departments have 
well established research 
mandates that reflect societal 
needs and faculty are actively 
engaged in applying their 
research to 21st century 
challenges and/or the 
university is on the cutting 
edge of researching 
engineering education.  This is 
indicated by the existence of 
more than one professor doing 
any two of the following: (1) 
exploring engineering 
education, (2) studying the 
relationship between 
engineering, society, 
globalization, and 
environmental sustainability, 
(3) uses technical engineering 
practice to contribute to society 

Department 
mandates and/or 
faculty research 
programs are 
not clearly 
linked to 
societal issues 
or 21st century 
challenges 

Innovation The institution has both 
innovative curriculum content 
and delivery methods 
executed in more than one 
aspect of the engineering 
curriculum.  A significant 
indicator is a research focus on 
innovative engineering 
education. 

The institution 
has a traditional 
engineering 
curriculum with 
no apparent 
vision or 
strategy for 
innovation. 

Globalization Curriculum has a strong 
emphasis on globalization and 

Globalization is 
not integrated 
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the effect it will have on 
engineers today including 
mandatory courses and/or 
optional specializations, 
minors, certificates, study 
abroad opportunities, etc. 

into the core 
curriculum or 
offered in 
faculty specific 
specialized 
courses. 

Communication 
and Project 

Management 

Students are exposed to a wide 
range of communication and 
project management skills and 
are given the opportunity to 
apply them in real world 
situations 

Students are not 
exposed to these 
topics. 

Work 
Experience 

Over 75% of students gain 
industry experience with the 
support of their institution, 
along with support throughout 
the experience in the form of a 
course or other learning tool 

No formalized 
work, 
internship, or 
co-op program 
has been 
developed 

 
 

3. RESULTS AND DISCUSSION 
 
This section of the paper outlines best practices that were 
identified in the engineering education audit.  This paper 
focuses on best practice sharing in order to further 
research into 21st century engineering education by non 
profits and universities, while other practices identified in 
this research project will be outlined in future papers.  
 
3.1 Canadian Engineering Education Audit 
 
3.1.1 Overall Vision and Direction 
The universities with the strongest overall vision and 
direction have many of the same qualities.   All of the 
universities have several guiding statements in their long 
term strategies, policies, and plans that are aligned with 
the global engineering concept.  Many of them have 
visions or mission statements that directly reference their 
goals to educate globally responsible professionals, as 
well as direction for how they will achieve their goals.  A 
triple bottom line framework including environmental, 
social, and/or economic sustainability was used to clearly 
articulate direction and vision in a number of cases.  
 
Throughout the majority of institutions reviewed, there is 
an emphasis on integrity, ethical conduct, and the 
responsibility of the engineering profession to benefit 
society; either through educating future engineers or 
conducting innovative research.  There are common 
themes of social relevance and real world problems.  Each 
institution does not contain all of these themes, but 
reflects some of them prominently. 
 
A notable example of a high ranking vision is 
McMaster’s,  which  reads,  “... known internationally as a 
leader in research and education supporting the 
development of engineering practices for a sustainable 
world...”,   and McMaster defines sustainability as, ”the 

application of engineering in a socially responsible 
manner”. 
 
3.1.2 Focus on Engineering and Society 
The universities with the highest ranking in the 
engineering and society criterion have a number of 
common characteristics.  The main metrics are quantity 
and diversity of course content and programs related to 
the intersection of engineering and society.  There is also 
consideration of the structure of programs and their 
accommodation of these classes.  Other criteria outside of 
courses include certificate programs, Engineering & 
Society themed double majors or specializations, and 
leadership & social awareness programs. 
 
3.1.3 Focus on Interdisciplinary Design and Project 
Work 
Universities are categorized as high on this criterion 
because of the diversity of ways a curriculum with an 
interdisciplinary and project-based learning approach is 
implemented.  These universities often show a 
commitment to this concept through their overall vision 
and direction.  
 
Most universities have a first year design and/or 
communications course that brings all first year students 
together.  The outstanding universities use community 
service learning and acquire real-world clients for their 
students, starting in first year, extending through to fourth 
year.  Some universities use these real-world projects to 
demonstrate the societal implications of design. 
 
These universities continue to offer explicitly 
multidisciplinary or interdisciplinary opportunities 
throughout the entire engineering degree, culminating in a 
final capstone project that can be done as an 
interdisciplinary project.  Students have the opportunity to 
take courses on engineering design and engineering 
innovation. 
 
The high-ranking universities tend to have partnerships 
with other faculties (business, medicine, law, etc.) and 
offer specializations, options, or double degrees that allow 
students to work alongside non-engineers. 
 
3.1.4 Leadership Growth and Recognition 
The universities that rank highest in this category have 
both of two main criteria: strong engineering leadership 
programs to promote leadership growth and scholarships 
awarded based on non-academic criteria to recognize and 
encourage engineering leadership. 
 
The leadership programs or certificates contribute to a 
higher ranking if they are offered directly by the faculty 
of engineering and/or are offered specifically to improve 
engineering leadership on campuses.  The scholarships 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 149 
Canmore, AB; June 8-11, 2014 –  5 of 9  – 

are ranked highest if they have a very direct focus on 
extracurricular involvement, community service, and 
leadership. Some of these universities also offer 
mentorship programs, co-curricular records, and/or 
leadership workshops. 
 
3.1.5 Diversity of Research 
The defined indicators for this criterion are universities 
with more than one focus area in the following categories: 

 Engineering education 
 Relationship between engineering, society, 

globalization, and/or sustainability 
 Using technical practice to contribute to a benefit 

to society 
These are explored using research focus areas that are 
either chosen strategically (from the strategic plan or 
equivalent) or seem to happen because of professor 
interest (from faculty summaries).  Common focus areas 
include: 

 Green/renewable energy and environmental 
sustainability 

 Communication networks 
 Biomedical technology and human mobility 
 Integrated learning and innovative engineering 

education 
 
These focus areas seem to have an obvious societal 
impact, however many other research areas are highly 
technical and have a significant societal impact. 
 
 
3.1.6 Innovation 
These universities are ranked based on innovation within 
the engineering curriculum itself.  These innovations are 
identified by their unique approach that contrasts 
traditional engineering education, and moves toward a 
more holistic educational experience.  The universities 
that are ranked highest have multiple areas of innovation.  
Some of these areas of innovation include: 

 Multidisciplinary design projects and courses 
 Industry involvement in curriculum through long 

term client-student project partnerships and guest 
lectures 

 Professional and career development courses 
 Curriculum and international practicum 

partnerships for valuable global experience 
 Specializations or combined degrees that are 

completely outside of the engineering field but 
still very relevant 

Many of these innovations are made possible by strong 
partnerships between engineering faculties and other 
faculties both in both within universities and 
internationally. 
 
 

3.1.7 Globalization 
This criterion is defined as a focus on globalization, 
cultural awareness, and international opportunities.  The 
highest scoring universities approach these topics from 
many different directions.  This criterion has some 
overlap with the focus on engineering and society, but a 
high ranking in this category directly indicates an 
international focus. 
 
The high ranking universities offer some sort of Global 
Engineering or International/Social Development 
Certificate.  They offer unique courses that cover topics 
like innovation in global systems, energy futures abroad, 
technology, engineering, and global development, and 
appropriate technology.  Many of these courses are 
related to an optional practicum in a developing 
nation.  These universities seem to encourage 
international opportunities, like studies or internships 
abroad, and some offer opportunities to put a major focus 
on international studies, such as a double degree in 
Engineering and International Studies. 
 
3.1.8 Communication and Project Management 
The universities that rank the highest in communication 
and project management offer experiences beyond the 
traditional engineering degree requirements.  Most 
universities offer one or two communications courses, 
which are sometimes integrated into a design and 
communications course.  The universities in the highest 
category offer these plus unique, additional options.  
 
Some topics included in these additional options are 
problem solving, technical communication, construction 
management, language and meaning, representing science 
and technology in popular media, effective leadership, 
understanding groups and organizations, policy, project 
finance, and more.  
 
These universities usually offer options or specializations 
related to communications and project management.  For 
example, McMaster University offers an Engineering & 
Management 5-Year Program, which allows students to 
graduate with one year credit towards an M.Ba.at 
McMaster University. 
 
3.1.9 Work Experience 
The universities ranking the highest in the work 
experience criterion have an established internship or co-
op program.  They must have a component of the 
curriculum that relates directly to their work experience; 
to prepare them for and/or to capture and learn from their 
experience.  
 
The topics included in these curricular pieces include 
interviewing, resume preparation, work performance, 
career planning, and engineering leadership.  Some of 
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these are taken before internship, and some taken as 
online courses during the work placement. 
 
Some programs (especially co-op) require a detailed work 
experience summary at the end of the work term, which 
includes lessons learned and case studies.  Some 
programs, like the University of Victoria, have a 
mandatory co-op program, and seem to have a more 
diverse and rooted support program to accompany it. 
 
Table 3.1: Canadian Universities ranked by 9 metrics 

x indicates no information was available 
*It should be noted that the authors of this paper are graduates of the 
University of Calgary 
 
 
 

 
3.2 International Engineering Education Audit 
 
3.2.1 Overall Vision and Direction 
Universities ranked high in this category have many 
statements related to global engineering concepts, 
frequently communicated by some key words.  These 
statements include the opportunity for engineers to 
contribute to society through a number of avenues, 
acknowledgement of the role of engineers in shaping our 
world,   and   an   engineer’s   role   in   the   betterment   of  
humanity.  These institutions claim their engineers will 
seek solutions to the most difficult challenges of our 
day.  Key words include visionary thinking, leadership, 
creativity, entrepreneurialism, philanthropy, and 21st 
century. 
 
3.2.2 Focus on Engineering and Society 
These universities generally offer a wide range of courses 
related to engineering and society with a high level of 
accommodation and flexibility in scheduling.  Many have 
several mandatory language and culture courses and 
devote a higher percentage of curriculum to humanities, 
social sciences, language, culture, and engineering and 
society courses. 
 
Some engineering education systems, such as University 
of Tokyo, have multiple (2) years of general sciences, 
mathematics, humanities, social sciences, language, and 
culture courses before multiple (2) years of engineering 
courses.  Other regions require both a 3-year  Bachelor’s 
and 2-year   Master’s   to   become a professional engineer, 
and thus have more scheduling flexibility for additional 
engineering and society courses. 
 
These universities have innovative institutes to support 
these topics and offer unique programs related to 
engineering and society.  An example at the University of 
Tokyo is an institute devoted to researching and 
implementing global engineering and societal context into 
engineering education.  Other universities host lecture 
series on relevant topics that reach world leaders on 
engineering education.  Several of these universities have 
departments dedicated to delivering a degree program 
directly related to engineering and society. 
 
3.2.3 Focus on Interdisciplinary Design and Project 
Work 
These universities generally offer significantly more 
frequent opportunities for design and project work and 
incorporate significantly more opportunities to participate 
in interdisciplinary projects or courses.  These come in the 
form of frequent project courses and multidisciplinary 
senior capstone projects.  Several courses related to the 
design process and working in interdisciplinary groups 
are also offered. 

Criterion 1 2 3 4 5 6 7 8 9 Total  

U of T 5 5 4 5 4 5 5 5 4 42 

Lassonde 5 5 5 4 5 5 4 4 4 41 

Queen’s    5 4 5 3 5 5 3 4 5 39 

UBC 5 5 4 3 5 4 4 3 4 37 

McMaster 5 5 3 4 4 3 4 5 4 36 

Western 4 4 4 3 5 4 4 3 4 35 

U of C* 4 3 2 5 4 3 3 4 4 32 

UVic 3 3 3 3 4 5 2 3 5 31 

Waterloo 4 3 2 3 5 3 2 4 5 31 

McGill 2 4 3 2 4 3 3 3 4 28 

Concordia 5 4 2 2 5 3 2 2 3 28 

U of S 3 3 2 3 5 2 2 3 4 27 

SFU 4 3 3 2 3 2 2 4 4 27 

U of G 4 2 3 2 4 3 3 2 2 25 

Memorial 1 4 2 3 2 3 2 3 4 24 

UNB 3 2 4 1 3 2 2 3 3 23 

Ryerson 4 2 2 2 4 1 2 2 3 22 

U of A 2 3 x 3 4 2 1 x 4 21 

Carleton 2 2 2 3 4 2 1 2 3 21 

U of O 2 2 2 1 5 2 2 2 3 21 

Dalhousie 3 2 2 2 2 2 2 2 2 19 

Windsor 3 3 2 2 2 1 2 2 2 19 
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These universities incorporate projects and 
interdisciplinary work in innovative ways.  Flexible 
Degree Programs allow students to graduate with a 
Bachelor of Engineering unassociated with a department, 
so students have the flexibility to take courses and gain 
experience in any department.  Integrated Course Blocks 
require first year students to combine the study of two 
subject areas in two separate classes with a unifying 
project.  Double degrees and specializations allow 
students to study an interdisciplinary subject of interest 
alongside an engineering degree. 
 
Many of these engineering faculties have very strong ties 
to other faculties at their universities, including 
professional faculties.  These partnerships extend beyond 
collaborative research into a very integrated engineering 
curriculum. 
 
3.2.4 Leadership Growth and Recognition 
These universities have placed strong emphasis on 
increasing the leadership capacity of their 
graduates.  They have well established leadership 
programs that are specific to engineers.  They provide a 
comprehensive list of scholarships and awards based on 
leadership growth, community service, and/or 
extracurricular involvement.  These universities also tend 
to have institutes dedicated to either help fund and 
support students trying to further their 
entrepreneurial/leadership experiences or conduct 
research on engineering leadership and education.  Some 
of these leading universities also have opportunities for 
leadership and professional development and co-
curricular credit programs.   
 
Some unique engineering leadership programs and/or 
initiatives include a very well established engineering 
leadership program at MIT, a one year intensive global 
leadership program at Kyoto University in Japan, and a 
three day period of lectures and professional development 
similar to TED, for first year engineering students, called 
the Intro to Advanced Engineering Leadership at Kyoto 
University. 
 
3.2.5 Diversity of Research 
These universities are mostly large universities with 
impressive diversity of engineering research.  These 
universities usually host a mixture of traditional technical 
engineering research institutes and very innovative 
institutes whose mandates appear to benefit society and 
the world.  Many also have technical research that has the 
potential to be applied to a host of problems and 
innovations that could benefit society.  These research 
projects also have innovative, interdisciplinary, and 
flexible qualities. 
 

Many of these universities have stated research goals, 
purposes, or focus areas, which usually mention the need 
to fulfill demand from the public and benefit the larger 
society. 
 
Some innovative and diverse research topics include 
environment and energy, bioengineering for human health 
and environment, educating leaders, global learning and 
outreach, biomechanics, entrepreneurship and technology, 
social systems, innovation management, and other related 
topics.  
 
Some top universities are collaborating very closely.  Top 
universities in Japan have created the Global Centers of 
Excellence.  The goal of this collaboration is to bring 
Japanese engineering research to the forefront of 
engineering research in the world by utilizing the best 
aspects of each of the universities and the 
interdisciplinary opportunities close collaboration can 
present. 
 
3.2.6 Innovation 
These universities have both an institute actively seeking 
innovations in engineering education and are actively 
implementing them.  These universities host a diversity of 
innovations, many of which have far reaching positive 
reputations. 
 
Some of these curriculum innovations relate to the 
structure of the engineering degree program.  An example 
of this includes flexible engineering degree programs, 
total percentage of curriculum devoted to language, 
culture, humanities, social sciences, interdisciplinary 
projects, and design, unique minors, specializations, and 
double degrees , and third year group capstone design 
projects followed by major individual 4th year thesis 
projects. 
 
The overall engineering degree structure also varies from 
region to region.  For example, Japan hosts a two-year 
Junior division in general mathematics, language, 
sciences, humanities, and culture followed by two years 
of intensive engineering courses in Senior division.  Some 
countries in Europe require a 3-year Bachelor of 
Engineering and 2-year Master of Engineering in order to 
practice as an engineer.   
 
Some universities offer innovative degree programs, 
including Social Engineering, International Development 
Engineering, and a double degree in Civil Engineering 
and Architecture.  Many of these innovative programs 
come from strong partnerships with other university 
Faculties.  Interesting collaborations include a Diversity 
and Ethics Center, Medical School, Law School, and 
Business School. 
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There are innovations within the practical experience that 
students must receive to graduate as an engineer, 
including mandatory work placements, mandatory 
professional experiences, and others. 
 
 
There are extra/co-curricular innovations as 
well.  Examples include the Undergraduate Practice 
Opportunities Program at MIT.  This program is a full 
year co-curricular program that prepares sophomores for 
real world engineering, the new OpenCourseWare trend 
that is making engineering courses accessible to a much 
more diverse set of individuals around the world, and 
mandatory lecture series meant to expose future engineers 
to the diversity of possibilities for future careers. 
 
One of the most innovative themes across the board is the 
way different regions incorporate their culture and values 
into the curriculum.  École Polytechnique puts very little 
value on research and specialized knowledge, but 
provides students with the knowledge and professional 
skills for civil service.   Approximately 85% of Japanese 
engineers  attend  a  Master’s  program,  thus  the  curriculum  
provides enough specialized, technical knowledge to 
make that possible.  They also seem to value globalization 
by providing their engineers with the ability to work 
anywhere in the world through language and 
culture.  Chinese schools also have many mandatory 
classes related to both local and international languages, 
Chinese history, and culture. 
 
3.2.7 Globalization 
These universities offer a combination of opportunities 
that are both curricular and extracurricular.  Examples of 
incorporation of globalization in the curriculum include 
courses directly related to globalization offered to all 
students, departments of Global Engineering or Global 
Learning, minors or specializations in culture or 
international   or   ability   to   add   “with   an   international  
focus”  on  engineering  degree, offering courses in multiple 
languages and requiring that students learn a second 
language, degrees in Social Engineering and International 
Development Engineering, and “Buddy   Training   and  
Intercultural   Training”   which   creates   a   deeper   level   of  
empathy between international and local students and 
improves communication across cultures. 
 
There is also a host of opportunities for students to gain 
international experience and thus a better understanding 
of the effect of globalization on their work as 
engineers.  Examples include massive online open course 
systems that allow for more diversity in the engineering 
field, International Exchange programs that provide 
training and leadership growth, Global Engineering 
leadership conferences, institutes for research and 
innovation dedicated to improving lives all over the 

world, and an International Certificate that gives 
recognition to students who have international experience 
but do not have the opportunity to do a semester abroad 
 
The universities ranked in the top of this category have a 
collection of several initiatives from the lists above. 
 
Some of these universities also have very deep 
partnerships with other faculties, which create 
opportunities to incorporate international concepts into 
curriculum not available within the engineering faculty. 
 
3.2.8 Communication and Project Management 
These universities incorporate a wide range of project 
management and communication courses.  They are 
implemented in a number of different ways.  These 
include communication requirements that apply both 
indirectly and directly to future work as an 
engineer.  Some universities have a very strategic 
framework that takes students through an experience of 
communication, project management, and other soft skills 
training.  Some universities have a very intensive and 
thorough project and design course structure which 
incorporates many of these aspects.   
 
Specific courses offered depend heavily on the 
region.  American and European countries focus on 
management, entrepreneurialism, and interdisciplinary 
thinking, while some Asian countries focus much more on 
communication across cultures.  
 
These universities also tend to offer minors, 
specializations, or degree programs directly related to 
management or law.  Some universities have their own 
Department of Management. 
 
3.2.9 Work Experience 
These universities offer sophisticated, usually mandatory, 
practical experience programs.  Some also simultaneously 
offer job shadow and/or professional development 
programs.  The top universities have incorporated their 
practical experience programs into their curriculums by 
making them mandatory and providing accompanying 
classes that are relevant to the work experience the 
student is receiving.  The best programs have these 
strategically  placed   so   the   students’   development   is   very  
intentional. 
 
A unique aspect of the University of Sydney program is 
their mandatory 12-week practical experience and 
associated written report.  If students are unable to find 12 
full weeks of work, they can also use 4 weeks practical 
experience plus professional development events, industry 
based courses, and/or approved site visits. 
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Table 3.2: Average Ranking of Universities by Region 
Institution 1 2 3 4 5 6 7 8 9 Total 

USA 4.80 3.80 4.20 4.00 4.40 4.60 3.80 4.40 2.60 36.6 

Japan 4.25 4.75 3.50 4.00 4.75 4.25 4.25 3.50 2.33 35.6 

UK 3.00 3.25 3.75 3.00 4.00 3.50 3.00 4.00 2.33 29.8 

France 2.33 4.00 4.00 2.33 3.50 3.33 3.00 4.00 3.33 29.8 

Taiwan 3.00 5.00 3.00 X 4.00 3.00 4.00 3.00 X 25 

China 3.00 4.33 2.67 2.67 5.00 3.67 3.00 4.00 3.67 32.0 

Germany 2.67 3.00 2.33 2.67 4.33 2.67 3.67 3.33 3.33 28.0 

South 
Africa 

3.00 3.50 3.00 3.00 4.50 2.50 3.00 3.00 2.50 28.0 

Australia 2.00 3.00 3.50 4.00 4.00 4.50 3.50 3.00 4.50 32.0 

x indicates no information was available 
 
 

5. CONCLUSIONS 
 
This paper outlined a framework for the identification of 
best practices in engineering education to promote 21st 
century engineering leadership. Through the application 
of this framework to course catalogues, websites, and 
official plans a number of best practices and trends were 
identified.  
 
It is evident that institutions all over the globe are taking 
some steps necessary to bring the engineering curriculum, 
and thus the profession of engineering, into the 21st 
century. 
 
It is also evident that Canadian institutions can utilize 
many best practices from one another and from 
international institutions.  By adapting innovative 
curriculum content or teaching methods from around the 
world for the region and accreditation requirements of 
one’s   own   institution,   it   is   possible   to   accelerate  
successful initiatives dramatically. Future research will 
expand this best practice review to outline opportunities 
for growth and improvement at nCanadian and 
international institutions.  
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Abstract: The first duty of a professional engineer, 
emphasized in every professional act and code of ethics in 
Canada, is to protect the public.  This duty extends from 
the design of structures, devices and processes that are 
safe and do not fail, to ensuring that structures, devices 
and processes are used in a safe manner.  Engineers 
therefore have a duty to conduct their practice in an 
ethical manner, practicing only within their scope of 
competency, and taking personal responsibility for their 
works.  Because the teaching of engineering is generally 
considered the practice of engineering, engineering 
educators have an ethical responsibility to ensure that 
students graduate with an understanding of what 
constitutes  “ethical  practice”.    This  presentation will 
describe a training module that allows students to explore 
ethically challenging situations through examination of 
case studies.  The module is based on the Association of 
Professional Engineers and Geoscientists of Manitoba 
(APEGM) Code of Ethics and the cases that are presented 
are based on actual disciplinary cases.  
 
Keywords: Health and Safety; Training Modules; Ethics  
 

1. INTRODUCTION 
 
Engineers  are  compelled  by  law  to  “protect  the  public”.    
Variations of this phrase are the first thing mentioned in 
all of the Professional Engineering Acts in Canada [1].  
Similarly, the various codes of ethics proposed by the 
professional engineering associations across Canada 
require  members  to  conduct  their  work  in  an  “ethical  
manner”.    Furthermore, the Canadian Engineering 
Accreditation Board [2] requires as one of its outcomes 
that students learn about ethics and ethical practice.  
However, unlike mathematics and science topics, ethics is 
a concept which means different things to different 
people.  Regardless of these complexities, it is the task of 
the engineering educators to ensure that when they 
graduate, engineering students are prepared to pursue 
their careers in an ethical manner.  
 

The module that will be described in the presentation is 
based on the Code of Ethics published by APEGM.  It 
provides a systematic consideration of this code as it 
applies to ensuring that the engineer practices in a safe 
manner.  The module presents a number of case studies 
that are based on actual disciplinary cases that have been 
brought forward to APEGM.  In each case the user is 
provided the opportunity to evaluate the case and come to 
a conclusion as to the guilty and possible penalty for the 
“accused”.    The  findings  of  the  Board  of  Investigation  are 
then reviewed.   
 
 
It  is  recognized  that  it  is  impossible  to  “train”  students  to  
act in a perfectly ethical manner throughout their career.  
All of us continue to face ethical challenges throughout 
our careers and our lives.  However, by exposing students 
to actual cases where un-ethical practices have impacted 
public safety, engineering students can begin to develop 
skills to face ethical issues that will inevitably arise 
throughout their careers. 
 
 

REFERENCES 
 
[1] http://www.apegm.mb.ca/ActBylawsCode.html 
 
[2] 2013 Accreditation Criteria and Procedures, Canadian 
Engineering Accreditation Board, Engineers Canada, Ottawa, 
Ontario, 2013. 
 

ACKNOWLEDEMENTS 
Development of the module on which this presentation is based 
was funded by MITACS and MINERVA.  We thank APEGM 
for their cooperation during the development of the module. 
 
 
 
 
 
 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 156 
Canmore, AB; June 8-11, 2014 –  1 of 6  – 

 
INSIGHTS INTO STUDENT EXPERIENCES WITH MOBILE 

PLATFORMS AND APPLICATION DEVELOPMENT 
 

Qusay H. Mahmoud1, Shaun Zanin2, Sacha Bagasan2, Douglas Griffith2, Justin Carvalho2, Domenico Commissio2 
1Department of Electrical Computer and Software Engineering, University of Ontario Institute of Technology 

2School of Computer Science, University of Guelph 
Qusay.mahmoud@uoit.ca 

 
 

Abstract – The proliferation of mobile devices such as 
smartphones and tablet computers are the newest 
paradigm shift occurring in the field of computing and 
engineering education. This paper presents an empirical 
and comparative evaluation of mobile application 
development platforms and tools as experienced by five 
undergraduate students who spent the summer of 2012 
learning about and developing mobile apps at the Centre 
for Mobile Education and Research (CMER.CA), under 
the supervision of the first author. The students have 
worked with a wide variety of mobile platforms and tools, 
and hence the paper provides insights and 
recommendations into selecting mobile platform(s) to 
consider using in the Computing curricula. 
 
Keywords: Mobile devices, mobile platforms, mobile app 
development, software engineering education. 
 

1. INTRODUCTION 
 

Mobile devices and the design and creation of software 
to run on them are areas of rapid growth. It employs many 
different principles from across the entire spectrum of the 
field of computer science & engineering. Some of these 
subcategories include high-level areas like Human-
Computer Interaction, which is used in the design of fluid, 
touch-oriented interfaces. However, mobile devices also 
utilize principles and techniques from embedded systems 
design, such as the adaptation of existing applications and 
systems software for an environment which has limited 
hardware resources. 

Due to their rapid growth and greater adoption in both 
enterprise and consumer smartphone markets, it is 
becoming imperative that students work with mobile 
device development over the course of their education. 
The responsibility for ensuring that students are ready to 
work with these devices falls to professors and program 
curriculum committees. Given their positions of 
responsibility, professors should try to empower their 
students by exposing them to mobile devices in the 
classroom, using practical, hands-on teaching approaches. 

One difficulty which instructors may unfortunately face 
is choosing which mobile platform they should utilize in 
their coursework. Usually, the only way to see what would 
work is through a trial and error approach; the first 
iterations of a course in this case could end up being a 
taxing experience for both the students and the instructor 
as well. The goal of this paper is to advice instructors who 
wish to integrate mobile devices into their courses, and 
provide an empirical overview and a discussion of the 
strengths and weaknesses of each of the major mobile 
platforms available on the market today. In addition, this 
paper will propose the use of HTML5 as a preferable 
classroom alternative when compared with doing native 
development. This assessment is based on the experiences 
of five students who started working with mobile devices 
at the Center for Mobile Education and Research (CMER) 
as a summer job in 2012. They hope that their experiences 
and observations will bring faculty  a  student’s  perspective  
of how mobile devices can be used to enhance the 
education of future computer scientists and software 
developers. They were all computer science students with 
differing levels of experience, specializations and 
interests. The Center for Mobile Education and Research 
is dedicated to pushing the research, design and 
development state-of-the-art educational material and 
applications, based around mobile devices, to enhance 
education in the field of computer science and beyond. 
The resources that CMER contributes include materials 
such as labs and course packs for instructors, to everyday 
applications which can be used in both educational and 
day-to-day settings [6,8]. Researchers at CMER also study 
and publish new, cutting-edge teaching approaches which 
leverage the constantly evolving nature of mobile devices 
[8]. 

The rest of this paper is organized as follows. Section 2 
discusses some examples of the development projects 
which the students worked on in summer 2012. Section 3 
presents a detailed evaluation and recommendations (from 
a   student’s   view)   to   instructors   who   are   interested   in  
integrating mobile application development into their 
courses. Section 4 discusses development challenges, and 
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Section 5 concludes the paper and presents ideas for 
future work. 

 
2. MOBILE PLATFORMS AND 

APPLICATIONS 
 

The students have worked with four major mobile 
platforms: iOS, Android, BlackBerry, and Window Phone 
Mobile. They have done a comparative evaluation of the 
strengths and weaknesses of the major platforms which 
are commercially available today. In order to provide a 
case study that would allow for comparison between these 
different platforms, we believed it was necessary to create 
a basic application which used non device-specific 
features, and to implement it independently for as many of 
the major platforms as possible. Here we focus on 
BlackBerry, iOS, Android, and Windows Phone Mobile 
devices (smartphones and tablets). 

One of the initial applications that all the Summer 2012 
students at CMER created on all the major platforms 
mentioned previously was an app which is used to 
calculate   a   user’s   body   mass   index   (BMI),   given   their  
weight and height. This was developed using the SDKs 
available for each platform. Each application had the same 
design requirements, which the students hoped would give 
them a benchmark which could be used as a point of 
comparison between the different mobile platforms. 

  

  
Figure 1: A screenshot of the Android and Windows 

phone Mobile versions of the BMI calculator. 
 
The experience of developing this mobile application 

gave the students a chance to make observations about the 
overall capabilities, and feel of each platform. It also 
provided some insightful windows into the development 
process. One example which varied greatly between 
platforms was the amount of time needed to develop the 
application for each platform. In this case, the Android 
application and the Windows Phone Mobile which can be 
seen in Figure 1. The Windows phone Mobile version 
required the least amount of time to develop. 

The students also had an opportunity to work on 
various projects related to some of the different areas of 
research and development which CMER targets. For 
example, some students had the opportunity to focus on 
long-term development application that involved 
consulting with the client over a prolonged period in order 
to get the data needed to ensure that the application met 
their requirements. 

Others had the opportunity to show off the versatility 
of the Adobe Air platform. Several of the applications are 
available on the major platforms, and provide an example 
of some of the capabilities which exist in the Android 
mobile platform. As a result of their development 
experiences, the students believe that they can offer 
instructors recommendations into how mobile devices can 
be integrated into their courses in order to improve the 
quality of education everywhere. 
 
3. EVALUATION AND RECOMMENDATIONS 
 

One of the overarching goals for this paper is to help 
instructors make informed choices about the benefits and 
type of mobile devices they should integrate into their 
curricula. Which mobile platform should they use? What 
aspects of which courses are mobile devices a good 
substitute over more traditional computing systems?  This 
section of the paper will answer these questions, from a 
student-centered perspective based on empirical 
observations derived from working in an academic 
environment. Most of the evaluation metrics used will be 
based  on   the   students’  mutual  observations,   rather   than  a 
quantitative measure of technological capability, or 
performance benchmarks of the different platforms.  

 
3.1 Themes for Analysis 

 
There were several overarching themes which the 

students all became aware of as their experience in mobile 
development grew.  The first of these phases was simply 
the setup of the tool chains and development 
environments which was required before any software 
development could even comments,  followed by the 
quality of the emulators, integrated development 
environment, and  application signing and deployment 
(both for testing and production) .  

 
3.2 Setup 

 
The first quality which an instructor should examine 

when looking out at mobile platforms is the ease of setup; 
this is especially important for courses in which practical 
labs play a large part of the learning and evaluation 
process. Delays and problems in configuration and 
deployment of the tools and packages needed to target a 
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platform can lead to many hours of wasted time, in which 
students will learn effectively nothing. This can lead to 
any material in a specific lab which was meant to occur at 
the same time as a particular course could be offset or 
removed entirely from the course. Students will feel 
frustrated not being able to actually use the skill which is 
being taught in these classes.  

Setting up the environment for BlackBerry devices 
differed greatly depending upon the platform which you 
were using. The WebWorks package was easy to install, 
and no setup was needed for an IDE, as there was none 
provided (there are plenty of third party 
HTML/CSS/JavaScript development environments 
available). The signing process was usually easy, and was 
handled by an automatic Java executable, launched by the 
WebWorks Ripple emulator. 

The next platform which was covered is the Java-based 
Android SDK. It integrates itself as a plugin into eclipse, 
and also includes a manager for creating and managing 
emulated devices. The process of downloading and 
installing the Android SDK is well documented and easy. 
The downside to this is the setup time. After installing 
eclipse and the ADT (Android Development Tools) 
plugin, you have to download files to target each 
particular variation of the Android kernel you wished to 
install. This includes separate emulator images for each 
version number. This process, especially the download of 
documentation in order to make it available offline, is a 
long one which can take a long time over a slow internet 
connection.  

The setup for Windows Phone 7 is a relatively fast 
process. It requires a developer to download a version of 
Microsoft Visual Studio in order to develop for their 
mobile devices. A developer must also install plugins for 
.net development and other multimedia frameworks, 
however, they are easy to find and available. The install 
process for this version of Visual Studio takes a relatively 
short amount of time; however, it is necessary to register 
the express version after 30 days, regardless of whether a 
developer chooses to pay for a an upgraded version of the 
IDE. Overall, it is a relatively fast process, but it is very 
platform specific, being a windows-only option 
development environment. 

Setup for Xcode, iOS is a straightforward process. The 
download is quite large, at over 700MB; once installed 
however, all one has to do is follow the setup wizard. The 
biggest issue with the iOS platform was the process of 
setting up signing keys for deploying applications to 
devices. 

 
3.3 Device Emulators 

 
One factor which is often overlooked is the emulator 

(or lack thereof) which is provided with each platform. 
While it is almost always better to test on a live physical 

device, most courses will not have enough mobile devices 
for everyone to be using the exact same mobile device. 
Emulators provide students an excellent way to re-create 
any iterations of a device which may exist and allow them 
to experiment with different system configurations.  

Blackberry simulators and emulators differed in quality 
depending on the platform. The BB10 and Playbook 
emulators came as VMware application images which 
were compiled for an x86 platform. These ran wonderfully 
on VMware player, which is a free product. A VMware 
image could potentially be converted to a virtual box 
image if needed, however this requires more configuration 
and testing that most faculty would not be willing to do 
for their courses. Another advantage of VMware images is 
the graphical acceleration which VMware player can 
provide. 

Android provides a large selection of emulators for 
developers to test on; often manufacturers provide images 
of their own devices for developers to work with. 
Android’s  emulators  are  based  on  the  open-source QEMU 
emulator, which has long been used by the embedded 
development community to simulate various architectures 
in order to test their software. While a very realistic 
implementation, the Android emulator has a reputation for 
being slow and unresponsive. This has been alleviated 
somewhat by the fact that Intel released x86 based images, 
which give the emulator near-native speed, and are 
capable of utilizing hardware-accelerated graphics 
resources if necessary; this only holds true for applications 
which use no native libraries however. 

Windows Phone 7 comes with an emulator with which 
developers can use to test their devices. The emulator can 
take advantage of the hardware accelerated graphics, if 
available, and is a faithful reproduction of the feel of a 
normal device. For applications which are developed 
using a Silverlight-based GUI, it is more than sufficient 
for testing. Unfortunately, it tends to suffer during high-
multimedia applications when the GPU acceleration is not 
available. Applications that are based on the XNA 
framework are unlikely to run at any great speed.  Overall, 
the emulator for Windows Phone 7 could be useful for a 
course which was geared toward software design or 
Human   Computer   Interaction,   as   the   “Metro”   interface  
used in Windows Phone 7 is very distinct and different 
from any of the competing mobile platforms. 

The last emulator covered here is the iOS emulator. 
From  the  students’  experience,  it  is  easy  to  use and setup. 
It is responsive when running applications and it is 
actually easier to deploy applications to it than to the 
device. Instructors who have access to Apple-based 
products would find the emulators very useful if they were 
planning to do application development for IOS. The 
emulators also provide the   same   “look   and   feel”   as   the  
iPhone. With this performance, the iOS emulator is one of 
the best options in terms of device emulation. 
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Unfortunately, this also locks the instructor into using the 
OS X operating system for the duration of the course. 

 
3.4 IDE 
 

By far one of the most important areas for instructors 
to consider for their students is the utility of the integrated 
development environment which they will be using for the 
duration of the course. Each of the platforms provided a 
different philosophy behind their development 
environment, giving the developer who is using it a range 
of options for creating applications. 

Blackberry WebWorks come with no IDE. Most of the 
developers who targeted the platform ended up using an 
editor like Notepad++ or vim. Instructors may find 
WebWorks a good platform for newer, less experienced 
students. More serious or upper year computer science or 
software engineering majors will likely expect a better, 
more sophisticated range of tools to use, and would get 
frustrated without a good development environment. 

The students who worked with the Android platform 
found that the Eclipse-based IDE was a great tool for 
development. It provides a visual drag-and-drop editor 
that allows for the rapid creation of application GUIs, 
which are stored in XML files and compiled into a Java 
class when the program is executed. The Eclipse editor is 
also available on all major platforms which are likely to 
be used on a student or instructor’s   personal   computer.  
Eclipse was a great tool to use, providing useful 
autocomplete features and giving the students clear error 
messages and warnings. 

Windows  Phone  7’s  Visual  Studio  is  by  far  the  easiest  
IDE to use and develop an application with. The 
environment uses a drag-and-drop system for GUI design. 
Much like Android, the configuration files for these GUIs 
are saved in an XML based format, which in this case is 
read by the Silverlight framework and interpreted into a 
form which is displayable to the user. These files can be 
edited manually as well and feature the IntelliSense 
Autocomplete system, which helps developers speed up 
productivity and decrease errors while coding.  The IDE 
which is provided is also intuitive to navigate. For 
example, in order to open up the code for the event 
handler for a  button press, the only thing a developer 
must do is double click on the desired button, and a stub 
hander will automatically be generated and a coding 
window will opening showing the new code. 

The development environment for iOS, Xcode, can 
pose problems for new developers. This is because iPhone 
applications are developed in Objective-C. For those who 
have not used Objective-C, they will find that it is very 
different from other popular languages such as C++, Java, 
and C#. Examples include object notation, and using 
‘Yes’   and   ‘No’,      instead   of   ‘true’   or   ’false’   for  Boolean  
values. Identifying the correct way to complete tasks using 

the Xcode interface is not immediately apparent; many 
icons are displayed which do not have any descriptive text 
accompanying them. 

 
3.5 Application Deployment 

 
The devices which the students worked with had a 

range of capabilities. Each had its own specific strengths 
and weaknesses. The BlackBerry 5 & 7 lines of devices 
are the descendants of some of the first mass-produced 
mobile devices. They have excellent hardware capabilities 
and support for modern standards; the students developed 
applications for these devices using the WebWorks SDK. 
The development cycle for these HTML5 based 
applications functioning very quickly was very fast, 
allowing students to see their software functioning 
however, the devices themselves especially BlackBerry 5 
devices were frustrating to work with. The Blackberry 
Playbook and Blackberry 10 development process was 
much better. Deploying applications for testing on a 
device required a few shell commands to authorize the 
device, but was relatively easy to use once it was setup. 

Android was by far the easiest platform to deploy 
applications for. Having a device connected with the 
debugging functionality turned on (or an emulator 
created) was all that was needed to deploy applications on 
a device. 

By far the worst platform for application deployment 
was iOS. The signing portion of mobile application 
development was the most extremely frustrating part of 
the process for the students who were involved with it. 
Signing keys for iOS must be created, then imported into 
Xcode.  These can be difficult to get if a project is being 
developed by more than one person. The setup the 
students were given meant that the signatures for 
deploying an application to a device had to be created by 
a team lead, which severely restricted developer 
independence as every time a new project had to be 
started, the team lead had to go and obtain a new set of 
signing keys, to be handed out to the developers who 
needed them. 

The Windows Phone was an easy device to deploy to, 
after the initial setup. Developers are required to 
download  Microsoft’s  Zune  client  and  to  have  a  Microsoft 
live account in order to register their device for 
publication. Normally the cost associated with becoming a 
developer for Windows Phone is $125 a year. However, 
through DreamSpark, Microsoft gives students the 
opportunity to develop applications for free. 

 
4. DEVELOPMENT CHALLENGES 

 
The   above   students’   experiences   provide   a   large  

amount of information which an instructor can use as 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 

CEEA14; Paper 156 
Canmore, AB; June 8-11, 2014 –  5 of 6  – 

suggestions or criteria when evaluating what development 
environment to use in course work. Unfortunately, the 
comparison of all the strengths and weaknesses of these 
platforms is large and time consuming to detail. In 
addition, the APIs, operating systems, are continually 
changing. Instructors should not have to update their 
lesson plans or labs simply because a patch was released 
for a particular environment.  

This fragmentation in mobile operating systems, 
unfortunately, has no cure-all solution. Attempts such as 
cross-platform frameworks themselves lock the developer 
into using those tools, creating the same problem (code 
must be kept up to date if there are any major changes to 
the framework, locked in to a particular environment and 
way of doing things). Cross platform tools are often not 
kept up to date to the point where they able to utilize the 
most recent features which are present on a given system, 
and add another layer of complexity to an already 
complicated system [9]. 

 
4.1 Tools for Beginners 

 
A unique approach which bears mentioning is the 

newer concept of having students not having to choose an 
IDE for programming a mobile device, but to perform all 
mobile devices programming on the device itself, as with 
TouchDevelop [9]. The designers of TouchDevelop argue 
that the way we use devices and the types of input devices 
users employ have changed with each paradigm shift in 
computing, and that the new input paradigm occurring 
right now is touchscreens and the cloud. 

Basing the design around this idea, all programming of 
applications in TouchDevelop occurs on the device itself, 
using a touch-optimized interface. The framework has 
great success in encouraging middle and high school 
students to take interest in computer programming [9]. 

Another effort to introduce students to mobile devices 
and general programming skills was MITs AppInventor 
(formerly owned by Google).  It features a drag-and-drop 
interface where users could build their application GUI 
instantly, and then use colored “blocks”  to  implement  the  
logic for each component. This environment has been 
found to have benefit for students learning new 
programming concepts [10]. Innovative approaches like 
TouchDevelop and AppInventor are great for introducing 
programming to beginners in the field, as they are easy to 
use and allow users to see the results of their work 
quickly. They provide tools for instructors teaching 
beginners, but do not help with advanced courses. 

 
4.2 Migrating and Updating 

 
A student who attempts to migrate to from one mobile 

platform to another will find it difficult to reuse any 

previous code they have created without having to re-
write it. They will have to change languages, and for some 
platforms, perhaps even buy a new computer or license for 
an operating system before they can even start to create 
applications, in either educational or commercial 
environments. 

Instructors can face similar difficulties when 
developing course material for students to use. Examples 
include deprecations of important APIs, changes in tools 
used, etc. This produces several issues as it forces a 
course instructor to keep apprised of every miniscule 
change that occurs with each revision of the device 
platform. Sometimes, heavy modifications would be 
required to even get the code provided in a lab to compile 
and run correctly. 

A real-world example would be of problematic changes 
to APIs for instructors, is the recent modification to the IO 
rules for the most recent iterations of the Android 
operating system. As of version 4.0.3, disk and network 
IO cannot be performed on the same thread which the 
main loop for handing user interface events is running on. 
It is the addition of a new set of mandatory methods, and 
code restructuring, to properly permit the program to 
execute. In this particular example, if a lab designed using 
an earlier version of Android were used with the most 
recent tools, and included any sort of socket or disk bound 
operations, the program would compile, install and then 
appear to do nothing at run time, as the error is not 
detected at compile time, and is only logged in a file 
which is not viewable on the device itself 

It may appear that mobile platforms are far too difficult 
and transitory in nature in order to be used as a practical 
tool for instructors to use in their courses. The solution to 
this, however, is present: some form of standards should 
be codified to allow certain application functions to work 
regardless of the platform; essentially similar to the way in 
which protocols such as TCP/IP or SMTP are defined. For 
most individuals who follow trends in information 
technology, the name these of these new standards will be 
familiar, if somewhat surprising: HTML5. 

 
4.3 Overcoming Bias 

 
JavaScript is the primary client-side language used in 

HTML5-based applications today. Unfortunately, many 
professionals in computer science have a negative 
perception of it [11]. Developers’ aspersions were 
commonly focused around its poor performance and the 
poor coding practices associated with it (often being 
described  as  being  an  inherently  “sloppy  language”). 

Recent advancements have changed the validity of 
these perceptions however. While JavaScript is often 
abused by amateur web developers, and otherwise used 
poorly (just like any other programming languages can 
be), JavaScript has largely matured, and proper object-
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oriented programs can be written today. Additionally, 
browsers have made great strides in their efficiency, as 
well as taking advantage of hardware optimizations which 
are available. An example is WebGL [12], an HTML5-
addition, now supported by two of the three major 
browsers on the market. If available, it takes full 
advantage of any hardware accelerated graphics cards 
present   on   the   client’s   device   to   display   3D graphics.  
Other available APIs which give HTML5 applications 
incredible power include: geolocation, WebSockets 
(network sockets) [13], video, canvas (2D graphics), File 
Access, and even message-passing parallelism. 

HTML5 presents a great potential for becoming the 
standard application platform of choice for development 
on mobile devices. It operates in a sandboxed 
environment, similar to how most applications on 
smartphones are currently implemented. Indeed, many of 
these platforms have applications which appear to be 
compiled packages, but are really a set of HTML5 pages 
which occasionally use special JavaScript interfaces 
provided to them in order to obtain access to certain 
protected functions. Examples of platforms currently 
doing this are BlackBerry 10 WebWorks, Windows Phone 
7 and 8, and certain Android applications. 

While HTML5 offers a great option for course 
instructors, there are some disadvantages which 
instructors should be aware of. Occasionally some 
features can perform quite differently on one device to 
another. An example of this is the jQuery Mobile 
framework [14], which is used to rapidly build mobile 
websites and web-based applications. It features several 
fade effects in its user interface, which acts as a decorative 
animation when a user changes from one menu to the next. 
On   Apple’s   iOS   devices   it   produced   a   smooth,  
professional looking result. On Android devices, it 
produced a flickering effect which annoyed both the users 
and developers. This was due to an underlying issue with 
how each browser handled video processing for fade 
effects. 

 

5. CONCLUSION AND FUTURE WORK 
 

The intention of this paper has been to help instructors 
see how their students think about new and emerging 
technologies and how it can enhance and further the 
quality of their courses. Since instructors are entrusted 
with the responsibility of educating the next generation of 
computer scientists and software engineers, it is 
imperative that they keep their courses open to new ideas 
and constantly look for ways to enhance their courses.  

Mobile devices present instructors with a rare 
opportunity to re-examine old concepts, such as how to 
design software with limited resources, to large-scale 
distributed systems (e.g.   “cloud”   systems).   The   rapid  
turnaround time for mobile development gives students 

the opportunity to create applications which are useable in 
the real world and which students can publish on real 
markets. The sense of accomplishment this brings will 
hopefully motivate students to work harder and be less 
apathetic about courses, which often happens with many 
subjects in computer science and software engineering. 
Publishing applications to an “app   store”   may also 
motivate students to design and construct high quality 
software, as they want their name to be associated only 
with excellent products, which can then become part of 
their “software” portfolio, and hence greatly improving 
their chances of employment upon graduation. We 
recommend HTML5 for cross-platform applications. 
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Abstract - The StudyRoom application is an 
incentivized knowledge-sharing platform to engage 
student-to-student interaction. It  is designed to allow 
students to discuss course content with each other by 
posting questions and answers. In addition, students 
can also award points to helpful content and earn 
badges for displaying unique study habits or reaching 
various achievements. Coupled with the question and 
answer platform, the application also provides tools 
for  professors   to  assess   their   student’s  engagement  as  
well as current academic struggles in a quantifiable 
manner. 
 
Keywords: Gamification, Collaboration, Engagement  
 
 

1.0 Background 
Our project members worked through the first 

two years of university without knowing each other, 
even though we were in the same program. Our classes 
were not extremely large, yet we never got to know 
each other. We officially met on the first day of classes 
in third year, in a class composed of seven students. 
We were forced to work together for the course project 
and our working relationship was formed. We have 
continued this working relationship to this day and 
have found that we all understand course topics better 
when we collaborate as a group. We wanted to give 
this opportunity to future students, as discussion can be 
an invaluable asset in the understanding of information. 
 

1.1 Problem Motivation 
Current learning management systems, such as 

Moodle, used by academic institutions lack 
mechanisms to promote student collaboration, and as a 
result are not fully utilized. Although they usually 
possess a class forum for discussion, there is no 
incentive for students to use them. Secondly, a lack of 
mobile applications to supplement these systems is 
causing students to use platforms external to the 
institution’s  offering.  Ultimately,  students  don't  have  a  
viable software application to discuss course topics 
when they are physically separated from their peers, 
effectively limiting participation in course content. 
        Forming study groups can be an invaluable asset 
to   a   student’s   success   because   it   provides   an   open  
environment for students to ask questions and find 

answers. Students need a modern method for group 
interaction that leverages the benefits of smartphones 
to provide anytime anywhere access to course 
discussion. Furthermore, they require a platform 
tailored towards connecting them to other students in 
their courses. When students are forced to use other 
social platforms to collaborate they are limiting their 
connectivity to a group of friends who may not have 
the required knowledge to aid them. 
        Professors also face limitations in the amount of 
feedback received from students. All discussions that 
occur on external platforms are effectively hidden, 
meaning that professors cannot view the academic 
progress of their students. Professors need a method to 
connect to their classroom, as this information is useful 
for gauging their students understanding of course 
concepts and overall academic progression. 

 
1.2 Problem Statement 

Current knowledge sharing platforms available to 
students   such   as   Moodle   don’t   provide   an   efficient  
method for group collaboration. As a result, students 
cannot gain the benefits of collaboration outside of the 
classroom if they are unable to form a study group. 
Additionally, professors are limited to receiving 
student feedback inside the confines of the classroom 
and during office hours, where only a portion of their 
student's learning occurs. 
 

1.3 Our Solution 
        Our solution to this problem is an incentive 
driven knowledge sharing platform which empowers 
students to achieve greater learning through group 
collaboration. Our application will also provide 
students with an avenue to seek discussion and develop 
friendships with their peers and professors 
anonymously. StudyRoom leverages techniques from 
social networking applications and the concept of 
gamification in order to increase student engagement 
and provides students with a lightweight and fun 
knowledge sharing experience. 
        StudyRoom also provides professors with a 
powerful analytical tool called Professor Tools. 
Professor Tools is a set of tools aimed at quantifying 
the learning experience of students through 
autonomous statistical analysis of student behavior. 
Through Professor Tools, professors can gain further 
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insight   into   their   student’s   overall   academic  
progression. 
 

2.0 Gamification 
One major challenge associated with creating a 

new learning platform was finding a way to encourage 
students to try the application and then ensuring that 
they were motivated to keep using it. This prompted 
the introduction of gamification. The purpose of 
gamification in the application was to attract and retain 
students. Once students were consistently using the 
application, data could be used to create the classroom 
statistics required for the Professor Tools module. 

Student engagement is a key performance 
indicator that is used to quantify the learning 
experience.   In   today’s   classrooms   compulsory  
techniques such as attendance, PASS sessions, 
classroom clickers, and submitted in class quizzes are 
used to drive student engagement. Outside of the 
classroom, during their optional time, however, there 
are few discernible methods to get students engaged in 
course material. The desire to obtain high grades, while 
being a driving factor to create engagement, is not a 
method.  

Gamification is a strategy to increase user 
engagement by leveraging concepts from game design, 
loyalty programs, and behavioural economics. 
StudyRoom uses three of the core methods of 
gamification; points, badges, and leaderboards. 
Meaningful design of these gamified techniques will 
increase user   engagement,   align   student’s   goals  
towards mastery, and drive innovative discussion of 
course content. 
 

2.1 Points 
The major principle in the application is user 

generated content. That is, all content will be generated 
by the students. More so, all content will also be 
moderated by the users with the availability to report a 
post due to inappropriate content. The powerful factor 
behind user generated content is relevance and quality. 

Aligning with the concept of user generated 
content, all content a user posts will be subjected to a 
score of quality as rated by the community. Every 
upvote by another user increases the point total of the 
post’s  quality,  whereas  a  downvote  decreases  the  point  
total to a minimum of 0. This minimum ensures that 
users are never discouraged if they post content that 
may not be extremely helpful to others. Through this 
approach, students may gain or lose points based on the 
quality of content they post. Students will have an 
overall score as a result of all the points they have 
accumulated across all content they have posted.  
 

2.2 Badges 
Badges are tokens that represent an achievement 

of a particular goal. Students will be rewarded with a 
badge upon completion of a task or passing some sort 
of threshold within the application. Earning an 
achievement is compelling to a user because it creates 
the feeling of success and accomplishment, which 
brings the student back into the experience. Moreover, 
badges allow users to track their accomplishments as 
they attempt to collect them.  StudyRoom’s  
implementation of badges is to loosely define how a 
user can earn them. This way when they do earn a 
badge they get a surprised feeling that creates a 
memorable experience. 

There are two categories of badges within 
StudyRoom: quality of content and study habits. 
Quality of content badges represent quantifiable 
achievements   in   a   class   such   as   the   “Ken   Jennings  
Badge,”   which   is   awarded   to   a   student   if   they   have  
posted a large number of answers that have the highest 
rating within a discussion. Study habit badges are 
earned when a student displays a unique study habit 
such as posting a question every day of the week, 
answering a question early in the morning and late at 
night in the same day, or simply participating in all 
classes the user is enrolled in. Quality of content 
badges in combination with study habit badges will 
provide the feeling of accomplishment for all students 
through the diversity of achievements in the 
application.  

.  
2.3 Leaderboards 

Perhaps the most intriguing of all gamification 
techniques is the introduction of a leaderboard aimed at 
awakening the latent competitive spirit many students 
possess. Each class will have its own leaderboard 
where students will be ranked based on their 
accumulated point value earned from content they 
posted   in   that   class’s   discussion.   The   application  will  
employ a dynamic 5 user leaderboard, in which the 
current user is always centered and can only view two 
spots ahead or behind. The purpose is to motivate 
students to continue to compete for more points than 
their peers, while not discouraging the less active and 
lower ranked students. Students will be encouraged to 
act in a friendly competitive spirit as they attempt to 
earn points and become the #1 ranked student in their 
course. 

 
3.0 Mobile User Interface 

This platform will have a mobile and web 
interface to benefit both professors and students. The 
following are a some of the current applications user 
interfaces. 
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3.1 Question Feed 
The Question Feed, as shown in Fig. 1, is the 

main hub of the StudyRoom platform, and is where 
users will spend the majority of their time while using 
the application. The feed is populated by the questions 
posted in each of the classes which the student is 
currently enrolled in. Filtering options are available to 
limit the scope of the feed such as specifying the class, 
time of creation, and total point value. 
 

 
Fig. 1 Android Client Question Feed 

 
3.2 Answer Page 

 The answer page is a detailed view of a question 
followed by its discussion. Questions will always be 
displayed at the top of the interface, with lists of 
comments and answers displayed below if they are 
available. The answer page is the only interface where 
users can award points or vote on specific questions 
and/or answers. The answer page is also the place 
where users can post answers to questions, post 
comments on questions and answers, report 
inappropriate content and if the current user is the 
author of the featured question, they can mark an 
answer as being the correct answer to the featured 
question. 

 
Fig. 2. Android Client Answer Page 

 
4.0 Web User interface 

Most of the application for the web client will 
function the same as the mobile client. The major 
exception is the inclusion of the Professor Tools 
interface which is unique to the web client. 
 

4.1 Professor Tools 
A persisting problem in the student-professor 

relationship is that it is often unidirectional, the 
professors provide plenty of feedback to the students, 
however students submit far less feedback to 
professors. Without this feedback, professors are 
limited in understanding how the students deal with the 
content delivered. Figure 3 shows the Professor Tools 
dashboard, which offers a means to quantify the 
student learning experience. This quantization is used 
to make informed observations at a glance.  

First, Professor Tools contains a graphical view 
showing the number of questions posted each month in 
a given class. This will gauge user participation, but it 
will also give insight to which classes warrant the most 
discussion. For example if the professor notices a spike 
in questions after the date of a certain lecture, that topic 
can be further explained in the future.  

Next, a graphical view showing the most 
frequently posted topics in the past 7 days. This 
information shows topics of interest or sources of 
confusion on a weekly basis, and is an indicator of 
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what could be focused on during the lecture time in the 
future. 

It also features a pie chart representing user 
participation. This view shows the number of students 
posting questions, answers, questions and answers, and 
not posting anything. This, for example, could show 
that a lot of questions are being posted, but few 
answers, indicating a lack of understanding regarding 
certain topics. It could also show that there is a high 
amount of students posting answers indicating a strong 
understanding on the current content. 

Professors will be able to do timeline searches in 
which they will enter a word and a timeline will be 
produced showing the volume and frequency of the 

word as a function of time. This will provide an insight 
to the topics within the course as well as when they 
were popular.   

Together, these tools will enable a professor to 
gain knowledge of the learning process taken by 
students in such a way that will benefit both parties. 
One important detail is the fact that the data the 
professor analyzes is detached from the students 
identity. This system is a rather simple way of 
providing increased course feedback without 
subjecting students to any scrutiny or biases along the 
way.  
 

 

 
Fig. 3. Web Client Professor Tools 

 
5.0 Conclusion 

The objective of this project was to create an 
incentivized knowledge sharing platform to increase 
student participation outside of the classroom. The goal 
of the platform was to supplement learning 
management systems used by academic institutions to 
enable student-to-student interaction.  
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Abstract – The 21st century brings a number of 
opportunities and challenges that require the 
innovative capacity of the engineering profession. 
Many of these challenges and opportunities are 
shaped by globalization, which has impacts on how 
the engineering profession is educated and ultimately 
practices. Engineers Without Borders Canada (EWB) 
has recently completed the development of two 
projects that enable engineering students to develop 
skills for engineering practice in a globalized world 
These  projects  are  based  on  ‘complementary  learning  
outcomes’-areas that complement CEAB outcomes 
while providing a 21st century perspective.  
 
The first project is a final year technical elective 
focused on enabling electrical engineering students 
to combine the skills they have learned in other 
courses with complementary 21st included the 
application of systems thinking to engineering 
problems, sustainability and its relation to electrical 
engineering, and globalization and its impacts on 
engineering practice. The outcome of this course is to 
expand their ability to practice in a globalized world. 
EWB’s  second  program  is  a  certificate  that  is  aimed  
at recognizing students who develop 21st century 
skills throughout their education through curricular 
and co-curricular engagement. For curricular 
measurement, the  certificate offers a framework to 
determine which courses enable the development of 
21st century skills. The co-curricular component 
applies best practices for leadership evaluation from 
a number of institutions worldwide to effectively 
measure   a   student’s   leadership   experiences.   The  
certificate both serves to encourage students to 
explore unique educational and leadership 
opportunities while also to recognize students who 
have invested their time in developing 21st century 
skills. 
 
 
Keywords: 21st century engineering, curriculum 
evaluation, interdisciplinary, leadership, diversity, 
innovation, globalization, communication, project 
management, certificate, program 
 
 

1. INTRODUCTION 
 
The engineering challenges of the 21st century have 
created the need for significant changes in both the 
content of engineering curriculum and the methods 
by which they are taught.  Engineers play many 
major roles in society as decision makers, 
influencers, and conveners, and therefore there is an 
impetus to complement the traditional technical 
curriculum with new 21st century knowledge and 
skills. 
 
 Engineers Without Borders (EWB) Canada defines 
global engineers as engineers that are equipped to 
lead within their communities and the profession in 
the 21st century.   Global   Engineering   is   EWB’s  
collaborative program to encourage and support the 
development of a new generation of engineering 
graduates who are ready to practice in a globalized 
21st century environment. These graduates have taken 
part in innovative educational experiences that have 
tempered their leadership skills, expanded their 
problem solving ability, and developed a global 
awareness that, along with their engineering technical 
excellence, will enable them to go beyond 
engineering and play a leading role in Canada and on 
the world stage in the 21st Century. In particular, 
EWB’s   vision   for   global   engineering   is   grounded   in  
four principles: 

• Awareness of globalization and its impact 
on engineering practice, 

• Capability of practicing leadership and 
interdisciplinary skills, 

• Competency in exploring the engineering 
profession’s   role in complex societal issues 
and, 

• Ability to apply technical skills in a global 
context 

 
EWB's work with university faculty in engineering 
curriculum has given EWB an appreciation of the 
strengths of engineering faculties in addition to the 
needs of students to practice engineering in a 
globalized 21st century environment. This paper 
outlines the background research and experiences that 
informed the development of EWB's two key 
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projects; a technical elective course, and a certificate 
program.  The certificate program has been created 
with the intent of flexibility and adaptability to be 
applied to educational institutions across Canada. The 
paper will provide the outline and key learning 
outcomes of both these projects. These projects are 
both a small piece of EWB's theory of change for 
engineering curriculum. The nexus of key 
stakeholders and the development of strong 
partnerships with faculty members has been a key 
component of the success of EWB's projects which 
will further enable EWB and partners to achieve a 
broader change in the delivery and the demand for 
engineering education.  
 

2.BACKGROUND RESEACH AND 
EXPERIENCE 

 
2.1 Background Research 
During the development of the two EWB projects, 
background research was conducted on engineering 
curriculum both in Canada and internationally. 
1Universities were evaluated based on their alignment 
with 21st century engineering practices. Each 
institution was ranked based on criteria deemed 
important to global engineering and engineering 
practice in the 21st century. These include overall 
vision and direction of the engineering faculty, topics 
relating to engineering and society, opportunities for 
interdisciplinary learning and project work, programs 
and recognition for leadership growth, diversity of 
research including topics connecting technical 
engineering to society, innovation in the engineering 
curriculum, topics relating technical advancement 
and globalization, an emphasis on communication 
and project management including cross cultural 
communication, and opportunities for work 
experience that directly connects to an overall 
curriculum design. [1] This research supported the 
structure of both the technical elective course and the 
certificate program.  
 
A component of the research was focused on an 
additional audit of co-curricular programs at 
institutions both in Canada and abroad. The findings 
of this research were used to develop the evaluation 
framework and the structure of the extracurricular 
component of the certificate program.  
 
 

                                                           
1 The analysis of this research can be found in the CEEA 
2014 conference paper titled "Comparative Analysis of 
Engineering Curricula for Alignment with 21st Century 
Engineering Practices" 

2.2 Experience 
Working with faculty across Canada, EWB has built 
an appreciation of the strengths of traditional 
curriculum to enable students to solve global 
challenges. Through numerous surveys EWB has 
identified a gap in the learning outcomes of students. 
Students typically emerged from courses with 
complementary 21st century skills due to personal 
interest rather than opportunity created through the 
institution. Due to this gap, the certificate program is 
designed to provide student who have an interest in 
understanding the globalized context of engineering 
with a method to formalize and recognize their 
additional competencies and further develop them.  
 

3. COURSE DEVELOPMENT 
 
This section of the paper outlines the first EWB 
project that was conducted. This project is a final 
year technical elective that was developed by EWB 
for electrical engineering students. The focus of this 
course is on enabling electrical engineering students 
to combine the skills they have learned in other 
courses with complementary 21st century skills and 
mindset. The course included the application of 
systems thinking to engineering problems, 
sustainability and its relation to electrical 
engineering, and globalization and its impacts on 
engineering practice. Case studies were included in 
the course to provide students with a practical context 
of application of 21st century skills. These included: 

• Electrical engineering design and practice in 
low and middle income areas of the world, 

• System level design to choose appropriate 
technology, and resolve technical electrical 
engineering issues in a foreign context and,  

• Various fields of electrical engineering in 
global development discussed with a 
specific focus on lighting and power systems 
in developing countries. 

 
3.1 Learning Outcomes 
The learning outcomes of this course were designed 
by combining technical skills with the global 
engineering principles. The outcomes are listed 
below: 

• Gain a better insight about the role of 
electrical engineers in global systems 

•  Understand the impact of poverty and 
access to credit on technology deployment 

• See development as a complex system, and 
understand the use of leverage points for 
achieving objectives 

• Improve systems and device level design 
with considerations for localized context 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 
 

- 3 of 6 - 
CEEA 14; Paper 163 
Canmore, AB; June 8 – 11, 2014 

• Understand the units and quality of lighting. 
• Understand how lighting technology works, 

and how to design small-scale lighting 
systems  

• Understand how to choose and evaluate 
lighting systems based on local needs by 
using life cycle costing as a tool 

• How to integrate uninterruptible power 
supplies to achieve target reliability in 
unreliable grids 

• Design energy generation mixes and size 
energy storage for micro grids 

• Understand how electricity policy affects 
people, specifically metering policy 

 
 
3.2 Course Evaluation 
The course was evaluated based on a combination of 
quizzes, assignments, and a final exam. Assignment 
topics were focused on: 

• Global Engineering and systems sciences 
• Lighting Systems design and costing 
• Energy Systems for developing countries 

 
In order to integrate the global engineering principles, 
the course include two open-ended projects that 
require critical thought and analysis to reach 
conclusions. With a report and presentation as final 
deliverables, students were presented with the 
opportunity to integrate both their technical skills and 
21st century skills.  
 

4. CERTIFICATE PROGRAM 
 
This section of the paper outlines the certificate 
program that EWB has developed in collaboration 
with University of Calgary faculty.  The certificate 
program integrates the final year technical elective 
(previously discussed) as a component of the 
certificate requirements. The certificate recognizes 
and promotes Global Engineering education and 
practice. EWB in partnership with the Schulich 
School of Engineering (SSE) at the University of 
Calgary will offer a course/curriculum and leadership 
based certificate to promote Global Engineering 
practice and education for the globalized 21st 
century.  
 
4.1 Certificate Goals 
The  goals  of   this  certificate  are  aligned  with  EWB’s  
experience working on global engineering education 
as well as the university priorities of leadership and 
engineering for the real world. EWB has collaborated 
with students and faculty at the SSE for over five 
years in the development of Global Engineering 

education. These collaborations have included the 
development of assignments, lectures, exams and 
evaluation tools, and an entire course dedicated to 
Global Engineering practice. This certificate is the 
natural next step from a strong history of 
collaboration and will enable the development of 
Global Engineers at the SSE.  

The certificate is intended to recognize the learning 
and development of students that enable them to lead 
as engineers. Specifically this certificate will: 

• Create recognition for the value of Global 
Engineering – both internal to the student 
community and outside of it 

• Promote and incentivize the development of 
Global Engineers through a streamlined 
certificate program 

• Develop opportunities for continued 
engagement with Global Engineering 
education and practice for students, 
practicing engineers, industry, and faculty  

4.2 Key Learning Outcomes 
The certificate promotes learning and professional 
development in students through requirements inside 
and outside of the classroom. The key learning 
outcomes that are recognized by the Global 
Engineering certificate are:   

• Awareness of globalization and its impact 
on engineering practice 

• Capability of practicing leadership and 
interdisciplinary skills 

• Competency in exploring complex societal 
issues 

• Ability to apply technical skills in a global 
context  

 
These learning outcomes have been developed based 
on the alignment between Global Engineering and 
engineering education programs. 

 

4.3 Certificate Requirements 
The certificate requires individuals seeking to be 
awarded the Engineers Without Borders Global 
Engineering Certificate to be registered in a CEAB 
accredited engineering program. These individuals 
must pursue a blend of classroom and out of 
classroom learning throughout their educational 
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experience. The certificate requires successful 
completion of the following components: 
 
1. Global Engineering Education (Course Work) 

2. Global Engineering Practice (Extracurricular 
Activities) 

4.3.1 Global Engineering Education (Course 
Work) 
The education component of the certificate 
recognizes knowledge developed that is strongly tied 
to the vision of Global Engineering. Individuals 
wishing to be awarded the Engineers Without 
Borders Canada Certificate in Global Engineering 
must demonstrate they have completed three courses 
that cover three essential Global Engineering 
education topics.). These courses are: 

1. Introduction to Global Engineering and core 
Global Engineering Concepts  

An online introductory course focusing on what it 
means to be practice global engineering in the 21st 
Century. The first part of the course provides the 
context and current impacts of globalization on 
society specifically targeting the application of 
appropriate technologies, facilitated by EWB. The 
second part will focus on the relation of globalization 
to the global engineer with an introduction into 
theories of change and systemic innovations 
delivered by a speaker series. Significant emphasis 
will be placed on social, environmental and economic 
consequences of engineering on society globally. 

The course will be delivered through a series of 
online guest lecturers from experts internationally 
over the course of the semester with one lecturer per 
week. This course will be administered by EWB. 
Further dialogue is needed on whether this course 
will count for degree credit or will be separate.  

2. Discipline Specific Global Engineering Practice 

Global Engineering for 
“Discipline”(electrical/civil/chemical/mechanical/ge
omatics/oil&gas/software) Engineers is designed to 
build upon the introductory course with discipline 
specific concepts and ideas. This course will provide 
frameworks, techniques, and knowledge that enables 
Global Engineers to approach   “discipline”   specific  

engineering problems practice in a globalized world 
as well as in low and middle income areas of the 
world. By the end of this class, the student will be in a 
better position to approach system level design to 
choose appropriate technology, and resolve technical 
“discipline”   engineering   issues   in   a   globalized 
context. 

3. Interdisciplinary Project Based Learning 

An interdisciplinary team project involving the 
application of engineering principles, design, and 
project management concepts; the theory, experience 
and practice of project management (including 
generally accepted project management principles, 
team management and conflict resolution, the 
structure of both project and team, together with 
ancillary topics that commonly affect project 
outcome); review of Global Engineering projects, 
including  EWB’s  work in Africa. 

These course requirements may be a unique Global 
Engineering course, or may be filled by existing 
courses that are aligned with the Global Engineering 
vision.  EWB, in consultation with the host 
institution, must approve in advance the set of 
courses that are proposed to meet the course 
requirements for the Global Engineering Certificate. 
The courses that are accepted as part of the certificate 
will be reviewed annually in order to ensure that 
students have a full breadth of options that lead to the 
certificate.  

4.3.2 Global Engineering Practice 
(Extracurricular Activities) 
In order to augment the skills student learn through 
course components of the certificate, registered 
involvement in extracurricular activities that 
contribute to the student’s  broader  development  as  a  
Global Engineer is also a critical requirement of the 
certificate.  Through these activities students will 
gain opportunities to enhance their leadership, 
teamwork, and communications skills. 
 
This portion of the certificate has three different 
streams of implementation that can be used. The 
flexibility of these streams allows the institution to 
select the most appropriate stream that meets student 
demand.  
 
 



Proc. 2014 Canadian Engineering Education Association (CEEA14) Conf. 
 

- 5 of 6 - 
CEEA 14; Paper 163 
Canmore, AB; June 8 – 11, 2014 

Option A Option B Option C 
1. L
Leadership 
Experience in 
nonprofit, 
government, 
or industry - 
120 hours 

1. L
Leadership 
Role on 
campus that 
applies 
learning 
outcomes from 
courses 
included in the 
certificate – 
120 hours 
 

1.     
Requirements 
of Option A 
OR Option B 
(Modified) 

2. E
Experiential 
Leadership 
through short-
term 
involvement 
in leadership 
training – 20 
hours 

 

2. E
Engineering 
Practice on a 
real world 
engineering 
project – 70 
hours 

2.   
Share 
Experience 
via 
Interactive 
Learning 
Session  

3. V
Volunteer 
Experience 
OR 
Study/Researc
h Experience 
Abroad –  120 
hours 

3. E
Experiential 
Leadership 
through short-
term 
involvement in 
leadership 
training – 120 
hours  

 

3. 
Mentorship of 
protégé 
entering the 
program 

Evaluation Evaluation Evaluation 
Feedback from 
peer / 
supervisor + 
reference letter 
 
Leadership 
Portfolio 
 

Final 
presentation to 
other candidates 

Reference 
letter for each 
involvement 
 
 
Personal 
Development 
Plan 
 
Capstone 
Project 

All evaluation 
requirements 
of A or B 
 
 
Written 
summary of 
the session 
 
Letter from 
the protégé 

 
The structure of this program is designed to target the 
core competencies of a leader as described below. 
These  competencies  were  a  result   if  EWB’s  research  
previously discussed.  
 
 

Competency Description 

Commitment  having the energy, ability, 
and determination to serve a 
group and its goals 

Congruence  understanding the 
connection between own 
values and those of the 
group 

Emotional 
Intelligence 

 being self-aware of the 
values, attitudes, and beliefs 
that motivates him/her to 
act and commit 

Collaboration  working with others 
towards a common goal 
while sharing responsibility, 
accountability, and 
knowledge 

 having the ability to 
increase group effectiveness 
by capitalizing on and 
nurturing various 
perspectives, viewpoints, 
and talents, and using these 
various perspectives, 
viewpoints, and talents to 
the benefit of the group as a 
whole 

Common 
Purpose 

 re evaluating and adjusting 
strategy and goals based on 
the changing needs of the 
individual/group 

Community  having the ability to 
recognize the systemic lens 
of contributions to the 
group/organization on a 
local to international level 

Change  demonstrating the 
importance of making a 
better society and world for 
oneself and others 

 demonstrating individuals 
and communities are 
capable of working together 
to create change 
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5. RESULTS AND DISCUSSION 
 
Within EWB, the ultimate goal is to contribute to an 
engineering education system where every 
engineering student graduates ready to contribute to 
complex   challenges   locally   and   globally.   EWB’s  
theory of change is focused on three mechanisms in 
temporal order:   

• Triggering a change in delivery of 
engineering education through specific 
curriculum structure mechanisms 

• Triggering a change in the demand for type 
engineering education and graduate through 
the provision of a tipping point population of 
graduate  

• Triggering an overall change in the 
engineering education and practice space 

 
The projects outlined in this paper are a subset of 
EWB’s  first  mechanism  for  change  in  the  engineering  
education system.  
The technical elective has yielded strong positive 
results. With registration on the rise, there was an 
indication of student demand for these opportunities 
to be integrated within the traditional classroom.  
 
Beyond the classroom, the certificate seeks to expand 
and innovate on the method of delivery of traditional 
curriculum. The richness in learning within a student 
environment is partially attributed to the diversity of 
material and also the audience. The certificate 
capitalizes on this by utilizing an online platform to 
connect students across the nation. With interest from 
various institutions in a certificate, the online 
platform creates the opportunity for student to 
connect across Canada and abroad on the 
“Introduction  to  Global  Engineering  and  core  Global  
Engineering  concepts”  course.  The  trend  in  e-courses 
can be leveraged to create an online learning platform 
through a host university to disseminate engineering 
education that is unique compared to what other 
institutions offer - changing the way Canadian, and 
possibly international, engineers engage with these 
concepts.  
 
The flexibility of the certificate allows institutions to 
adopt similar structures while maintaining integral 
components   of   their   institution’s   identity   and   still  
achieving the learning outcomes that support the 
students to practice engineering in the 21st century.  

 
 
6. CONCLUSIONS 
 
The engineering challenges of the 21st century have 
created the need for significant changes in both the 
content of engineering curriculum and the methods 
by which they are taught.  Engineers play many 
major roles in society as decision makers, 
influencers, and conveners, and therefore there is an 
impetus to complement the traditional technical 
curriculum with new 21st century knowledge and 
skills.  
 
The current engineering education system is changing 
– new CEAB requirements, advocate professors and 
deans, and organizations like EWB are actively 
contributing to a paradigm shift within engineering 
schools. The integration of the final year electrical 
engineering technical elective within the engineering 
education system signifies the changes that are 
happening. The development of the certificate with 
increasing national support is a demonstration of the 
changes that are upcoming in the engineering 
education system. Through stronger partnerships and 
the certificate program is being fostered for further 
growth in order to support the changes that EWB and 
others are working to achieve.  
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