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Case studies are presented as an option to integrate various thematic concepts such as sustainable
design throughout a conventional engineering curriculum. This approach is best with the pervasive
and consistent use of cases, which in turn requires a sustainable supply of good quality design cases
covering a wide range of engineering topics. A new program at the University of Waterloo is
described which is focused on the development and implementation of case studies. A key innovation
of this program is that cases are developed primarily from student work term experience, through
conversion of work term reports. Waterloo engineering students currently produce approximately
4000 of these work term reports every year, making them a rich source of design case material. The
Waterloo Cases in Design Engineering program is presented and discussed, along with early results
in the development and implementation of cases.
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1. INTRODUCTION

ENGINEERING PROJECTS are increasingly
complex. There is a greater need to work colla-
boratively in a team and to consider the impacts of
engineering projects on society and the environ-
ment [1]. This has significant implications for
engineering educators. In addition to a sound
foundation of technical knowledge and skills, all
students must have an appreciation for the
complexity and interrelatedness of engineering
projects. Some students must be able to take
leadership in sustainable design, through minimiz-
ing processing inputs (energy and materials) and
environmental impacts.

This changing academic environment is reflected
in new requirements for the accreditation of Cana-
dian engineering programs [2]. These new proce-
dures are placing more emphasis on outcomes, as
summarized in a list of 12 graduate attributes
provided in Table 1, and many of these outcomes
are directly related to an appreciation of complex-
ity and working in teams.

Sustainable design is ‘a design philosophy that
seeks to maximize the quality of the built environ-
ment, while minimizing or eliminating negative
impact to the natural environment’ [3]. It is a
design philosophy that represents an invaluable
perspective for the training of engineers to meet
the changing criteria. It takes an inclusive and
holistic view of the design process, and offers
experience in dealing with complexity. It is consis-
tent with other approaches focused on the training
of global engineers [4] or based primarily on
projects [5], for example. These holistic approaches
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represent a counterpoint to the traditional reduc-
tionist view of engineering and its focus on analy-
sis. All have the same issues with implementation,
since they require an inculcation of attitudes,
methods and specialized skills which are qual-
itatively different from the analysis skills emphas-
ized in the conventional engineering curriculum.
All are difficult to achieve in a conventional
academic environment.

Waterloo Cases in Design Engineering (WCDE)
is a new initiative at the University of Waterloo,
and is part of the Canada-wide NSERC Chairs in
Design Engineering program [6]. The focus of the
WCDE initiative is to develop and implement
engineering design case studies throughout the
Engineering curriculum. These case studies offer
the potential to provide a rich context for the
treatment of engineering science and design
courses alike, and an ideal mechanism to convey
different perspectives for complex engineering
projects. This context allows students to make
connections between concepts and subjects, and
holds the promise of increasing both the depth and
breadth of understanding. In order to take full
advantage of this opportunity, the use of cases in
the program must be pervasive; thus the target is to
implement at least one case in every course. This
requires a diverse and sustainable source of quality
cases. The unique feature of the Waterloo program
is that case studies are developed based primarily
on student work term experience, which is
currently documented in the form of work term
reports. Waterloo students across the Engineering
faculty write approximately 4000 of these reports
each year across a wide range of disciplines. This
provides an incredibly rich and sustainable source
of case studies, which can be used to improve
courses across the faculty.



402 S. Lambert

Table 1. Canadian Engineering Accreditation Board (CEAB)
graduate attributes [2]

Criteria

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
Life-long learning
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Cases are also generated from student capstone
projects and by working directly with industry
partners. This latter approach is more time
consuming, but is more powerful since there is
more flexibility in choosing the topic and the
depth of analysis, and one can focus on leading
edge approaches to sustainability, for example.

In the present paper, the rationale for the
program will be discussed, its structure and chal-
lenges presented, and preliminary results
conveyed.

2. BACKGROUND

A case is a representation of a real situation that
is used in learning [7]. Cases provide background
context that motivates learning, and allows
students to see the interconnections between
concepts. Cases can be used in the application of
a particular concept, the integration of several
concepts, and/or as the basis for the design of a
solution to a specific problem. Of particular inter-
est is the way that a case can be used to provide
students with an opportunity to see the application
of engineering principles in a real context, be given
the opportunity to identify the appropriate prin-
ciples to use, and to see the interdisciplinary
aspects of most engineering problems. Thus,
sustainability can be identified as an important
issue even if the focus of the use of a case is to
investigate the application of heat transfer prin-
ciples.

Cases have been successfully used in the teaching
of law, medicine, science, business and engineering
[8-10]. Cases can be used to improve understand-
ing: breadth by illustrating connections between
different subject areas, and depth by providing
connections between facts, concepts and proce-
dures in a particular application area. Learning
with cases is an active process. Ideally, it starts
with individual work to gain an initial understand-
ing of the case, but is followed up with active
discussions in small groups with fellow students
and then in a larger class facilitated by the profes-
sor. This succession of discussion encourages
students to take responsibility for their own learn-

ing, gives them some freedom to focus on areas of
personal interest, while forcing them to make
judgments regarding study time management.

There has been considerable research published
on the advantage of case studies for problem-based
learning in individual courses [11, 12]. The advan-
tages of active and experiential learning techniques
have also been well-documented in the literature
on teaching and learning [13-15]. A study
conducted at the Worcester Polytechnic Institute
[16], for example, demonstrated that students
enrolled in the Global Studies Program, a two-
month work study program focused on technology
and society, were more ready for self-directed
learning than they had been before taking part in
the program.

It is anticipated that this self-learning and moti-
vation can only be improved when the cases are
derived directly from students’ own experiences. It
is further expected that the potential that a case
study will be developed from a student’s work term
report will increase their motivation to learn
during the work term, and to properly document
that learning in the form of a work term report, or
directly as a case.

Available case histories of engineering failures
[17, 18] or designs of ordinary things [19] can be
used to provide an illustration of the engineering
method and emphasize the responsibility of the
engineer. Repositories of other cases for engineer-
ing [20, 21] are available, but are difficult to keep
updated. A critical mass of engineering design
cases has not yet been established, and insufficient
cases are available to allow them to be used
pervasively across the curriculum. A change in
culture is required for all stakeholders—faculty,
students, the university and industrial partners—to
encourage the development and implementation of
engineering design cases. Such a culture exists in
certain business schools as a result of a long history
of their use, and both academic and financial
incentives for the development of cases.

A different approach is being tried at the
University of Waterloo to develop this culture,
based on leveraging our own student’s co-op
experience [22].

3. CASE STUDY PROGRAM AT
WATERLOO

All engineering students at the University of
Waterloo alternate co-op work terms with
academic terms. They have a total of 6 work
term opportunities, for a total of 2 years of engin-
eering experience, before the completion of their 4-
year engineering program. This requires one addi-
tional year compared with a conventional
program. An engineering work term must be
technical in nature, and at least 4 of their 6 work
terms must be documented in the form of a work
term report. Waterloo has one of the largest
engineering faculties in Canada and currently
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Fig. 1. Report outline for the Elora home heating project; house shown on right.

places approximately 2000 engineering students
across all disciplines on work term every 4
months, resulting in about 4000 engineering work
term reports each year. This represents an immea-
surable and sustainable wealth of experience which
could be used to enrich the academic experience of
all engineering students, and an opportunity to
strengthen university-industry partnerships at the
working level during course development and
delivery. In addition to improving the learning
experience, this can generate spin-off opportunities
for research partnerships.

The work term report must be related to a
student’s work term experience and have ‘analy-
tical content’, which typically involves the applica-
tion of engineering science to the analysis of a
specific situation, or the design of component or
system. A typical work term report is 15-20 pages
in length. The expectation is that the work term
reports will help to integrate academic and indus-
trial experience for the student, but emphasis is on
providing experience to improve the quality of
written communication. There is renewed interest
in emphasizing this integration role at the Univer-
sity of Waterloo through the practice of critical
reflection [23], and the current program has been
designed to help meet this objective.

Work term reports are accepted in a variety of
formats. Figure 1 is an example work term report
outline. This outline was provided to first year
students in a first year concepts course for mechan-
ical engineers in the fall of 2005. A key objective
for this course is to introduce students to the
profession and prepare them for their first work
term placement, especially the writing of a work
term report. In this case, students were required to
use the design process and appropriate engineering
analysis to recommend a heating system for
Professor Lambert’s house in Elora.

The work report starts with an introduction to
the general problem area and background context.
The specific approach to resolve the problem is
indicated, and the subsequent sections document
the solution. In this situation, students were
provided with real data on monthly natural gas
usage, and the knowledge that the home was being

renovated to provide for the addition of insulation.
This implied that some kind of heat transfer
analysis was required to identify the new heating
load after the completion of the renovations. Once
the new heating load was established, various
choices for the new heating system could be
evaluated, and a particular solution recommended.
Students were asked to consider both qualitative
factors, such as environmental performance, with
quantitative factors, such as cost.

Figure 2 illustrates the corresponding case struc-
ture used to present the Elora home heating case.
This structure has been selected to emphasize the
similarities between a work term report and an
engineering design case. The content is essentially
the same. The case itself presents the problem and
background context, and finishes with a general
statement of the problem. The analyses used to
examine the problem and to permit the choice of a
solution are presented in separate modules to
maximize flexibility in classroom use. Typically,
only the case itself would be provided to the
students. The solution modules would be available
to the professor and they may choose to reveal
parts of these after students have attempted their
own solution. In this example, the thermal model
and the selection of the heating type are placed in
separate modules. Fig. 3 shows the front page of
the completed case study.

This case illustrates an engineering problem with

Case: Problem Description
e Introduction
e Background Context
e General Problem Statement

Module 1: Thermal Model
e Background Theory for Model
e Model Verification
e Model Results
o Heating Requirements

Module 2: Design Solution
e Heating Options Considered
e Cost Comparisons
o Recommendations

Fig. 2. Case structure for Elora home heating project.
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Introduction

In August 1999, Steve Lambart, a Profassor in the Department of Mechanical and Meachatronics Enginsaring at
the University of Waterloo, purchasad a stone house in Elora, Ontario, Canada Figure 1 illustrates the front
(west) and side (north) views of the house as it looked when it was purchased. The stome exterior is obscured by
the ivy growing up the sides of the houss. The house was not well insulated, and heated using a forced-air
natural gas furnace. This furnace has a rating of 31,600 Bauw/fr (102,000 Brwhr natural gas input). The house was
purchased with the intention of significantly updating the interior, especially the insulation and windows, to
significantly improve both comfort levels and enerzy efficiency.

(a) Front (west) view of eriginal bouse. (1]
Figure 1: Photos of the original house.

Side (morth) view of original house.

The main house consists of two floors approximately 30 ft long by 25 & wide, for a total gross living area of
zbout 1500 & Tt has a rough basement under half of the main house and a crawl space under the remaining half.
Figure 2 provides a schematic of the layout. Dimensions of each wall surface are provided in Appendiz A

S. Lemsbsst of tha University of Wetsrice prepered this dssign cevs Sor clusroom use. Tha authors do 2ot intund s dllustrats sither effective or inafoctive
he=dling of an s=gizesting situasion. Tk aufbers mry have disguiced cartain nemas and other idemtiSying informatio ta protsct confidersiality.

Watarloo Caeas in Dasign Fngimesring prohibits amy form of reproductios, storage ar transmirtal of shis documsst srithon its written parmission. Thés materizl
is ot covared under aurhoriration of CazCogy or any reprodustion rights argnization. To arder copiss of Fequest permission 1o fegroduce masrials contact
Watar i Design Fags @ £ Mocharical Enginsaring, Usivarsity of Watsrloe, Watarloo, Ostario, Camads, NIL 3G1.

Copyright € 2008, 5. Lamabest. Used by University of Watseloo with permssion,

Fig. 3. Front page for the Elora home heating case.
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a strong environmental context, to minimize
energy usage for home heating. Students were
able to appreciate the significant technological
possibilities—the chosen levels of insulation
upgrades were predicted to reduce home heating
energy use by a factor of three—while the eco-
nomic analysis of competing alternatives illus-
trated real-world financial challenges. In
subsequent terms, students built on these results
and investigated more aggressive environmental
solutions including active solar thermal systems.
This laid the foundation for the possibility of more
dedicated sustainable design cases later in the
curriculum, both in specialized and general engin-
eering courses.

Cases are a simulation of reality, and will always
represent a rough approximation to the real physi-
cal and social context. To engage and motivate
students, the case must allow the student to put

themselves into the situation, as an active partici-
pant. This is made easier as the authenticity and
relevance of the case increases. Authentic cases are
based on real data and real situations. Cases
written by co-op students based on their own
experience are inherently authentic and relevant,
and therefore motivating, but care must be exer-
cised to ensure that the data, approach and
analyses are correct. This is addressed as part of
the release process, by requiring that the employer
sign off on the use of the case, and that the
technical analyses be presented clearly enough to
be readily verified by a third person. This clear
presentation reinforces the importance of com-
munication to students.

A system has been developed to promote this
program to students, and many have already
submitted their work term reports for considera-
tion for conversion to case studies. Submitted
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work reports are reviewed for quality and align-
ment with current curriculum needs. These needs
are identified by a committee of design champions
associated with the WCDE group, with partici-
pants from each engineering department. Once a
report has been identified for conversion, a short
case plan is written, outlining the basic situation,
the intended structure of the case and modules,
and a list of data to be included and/or additional
data required. This plan is reviewed by the student
and their employer, to confirm that they would be
comfortable releasing the completed case before
any extra work required to convert the case has
been expended. The case plan is also reviewed by
an appropriate professor, to confirm that the final
case would be suitable for use in their course. Once
the provisional release has been obtained from all
stakeholders, staff members from the WCDE
group convert the report to a case. The final
draft is again reviewed by the stakeholders, prior
to final release and use in class. Measures are in
place to address intellectual property issues. The
student and case writer typically share the copy-
right for the completed case, and provide a
royalty-free license to the University to distribute
it for classroom use. The student and/or company
retain all intellectual property described in the
case.

4. RESULTS TO DATE

A key advantage of the WCDE program is that
it is faculty-wide, and centralized in the decentra-
lized culture at the University of Waterloo. This
provides an opportunity to use a consistent design
language across all departments, forming a foun-
dation for potential multi-disciplinary work in the
future. It also forces the group to take a systems-
level approach and place higher priority on cases
that can be used throughout the faculty. An ex-
ample is the Rainwater Harvesting case developed
in collaboration with Engineers Without Borders
(EWB—www.ewb.ca), a not-for-profit organ-
ization founded in Canada by former University
of Waterloo students in 2000. This case was
developed to introduce students to a formal
design process, and to illustrate the role of engin-
eering calculations in design. It has been imple-
mented in every first year concepts course across
all engineering programs for the past 3 years.

In the EWB case, students are presented with a
challenge of designing a rainwater harvesting
system for a small village in India. The particular
concept has already been selected based on prac-
tical and political issues, so students are focused on
the implementation. This is quite realistic as engi-
neers are often asked to follow through with
someone else’s design concept. However, as part
of the design process, students were asked to
question the assumptions that led to this concept.
After some discussion, they are led through a
simple Excel simulation to determine an appro-

priate reservoir size for an individual family. Due
to the large number of students involved—over
1000 students per year, across 13 programs—this
case was delivered over the web, and student
volunteers from the local chapter of EWB were
invited to lead some of the discussion in each class
following completion of the case.

Students found this case engaging [24] and many
were receptive to the more overtly social issues
associated with this situation. Others emphasized
the fact that this situation was real, and preferred it
to other Excel examples they were asked to
complete, which had no real context. The imple-
mentation of this case met the desired learning
objectives: to introduce the students to the design
process, to provide some training in the use of
Excel for engineering calculations, and to intro-
duce students to the importance of social issues in
engineering practice. This provided a very positive
experience of the integrating benefits of case
studies.

In the upcoming term, fall 2009, this approach
will be extended by having the first year mechan-
ical engineering students design a rainwater
harvesting system for the Elora house. This
house was retrofitted with standing seam steel
roofing in anticipation of this application. This
will provide the students the opportunity to
contrast water usage patterns in Canada and India.

A second case has been developed and imple-
mented to demonstrate more details of the design
process, especially conceptual design. The case was
written based on a fourth year design project
report. In this project, a student designed, built
and tested a foot brace for himself, to be used to
counteract a condition known as ‘foot drop’,
wherein he had lost the ability to properly lift or
evert (twist outward) his foot due to damage to his
peroneal nerve sustained as a result of a sports
injury. Existing foot braces assist with this condi-
tion, but are not adequate to return the student to
an active lifestyle, including running. The case
objective is to design an alternate foot brace to
permit long distance running. The case is struc-
tured in a series of modules beginning with the case
itself, which describes the situation and the desired
outcomes. Subsequent modules illustrate the
student’s solution and are structured to follow
the design process: needs assessment, conceptual
design, preliminary design, and detailed design and
prototyping.

The Foot Brace Design for Long Distance
Running case was implemented in three separate
Mechanical Engineering courses in the fall 2008
term: a third year design project course, a fourth
year machine design course, and a graduate level
design methods course. Each used it to outline and
reinforce the design process, although the last two
classes tended to focus primarily on the early
stages of design. In the third year project course,
students worked through the foot brace design in
stages throughout the term, and immediately
completed the same stages for their term-long
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design project: the design of a small-scale Trebu-
chet. This design case therefore provided excellent
scaffolding for their project.

Students in all three courses were surveyed to
provide feedback on the design and implementa-
tion of the foot brace case [25]. Students recog-
nized the benefits of using the case, especially in
the demonstration of the engineering design
process. They consistently found the case enga-
ging, able to improve their appreciation and under-
standing of the design process and related course
topics. One specific comment on the appeal of the
case was that it was generated by a student ‘just
like them’. This will apply to cases generated from
design project reports, like this one, and also to
those generated from work term experiences.

The advantage of this case was that it covered
the entire design process, from needs assessment to
working prototype. Initial experience with work
term reports is that they are much narrower in
their scope, and more focused in their analytic
content. This may change as experience with
design cases encourages more students to complete
and submit more design-related work term reports,
but for now these two sources for cases naturally
complement one another. An added benefit of
generating cases from fourth year projects is that
it is more applicable to the vast majority of non-co-
op Universities.

5. CONCLUSIONS

A new program to develop and implement en-
gineering design case studies, primarily from

S. Lambert

students’ work term experience, has been initiated
at the University of Waterloo. A key feature of this
approach is the sustainable nature of the program
itself, taking advantage of an existing work term
report requirement to provide a sustainable source
of case study material. This program offers an
exciting new mechanism to provide context and
integration within a conventional engineering
program. Early results have been promising, with
cases implemented in courses across the curricu-
lum. Students have welcomed the introduction of
material in a wider context, including issues of
social responsibility and sustainability. They are
more engaged and motivated. Work must continue
to develop more cases through a refinement of the
report collection and conversion system, and to
further promote the use of these cases across the
faculty.

Focus to date has been on the generation of
initial cases and a robust system for the develop-
ment and conversion of work term reports to case
studies. This is a very flexible program, with the
potential to generate a large number of diverse
cases. The success of this program in educating
students in a sustainable mindset depends not only
on generating sufficient high-quality cases, either
from student work term experience or by working
directly with leading environmentally-oriented
companies, but also in tapping into the group of
environmentally-oriented professors, who will use
these cases in their courses. It is only this combina-
tion that will enable students to be exposed to a
critical mass of cases addressing sustainability
issues, and enable them to become sustainable
engineering leaders of the future.
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