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In this paper, we describe the impact of a campus-wide curriculum redesign initiative at the
University of Calgary on our recently developed undergraduate program in manufacturing
engineering. This program had its beginnings in the 1980s and was fully established in 1995. We
describe the curriculum, which has a foundation in general manufacturing fundamentals and
satisfies the academic requirements for registration as professional engineers in Canada. We then
focus on the analysis of the existing curriculum, and based on this analysis, offer our plan for future
curriculum reform.

INTRODUCTION

IN RECOGNITION of local industry's need for
highly skilled engineers who can bring innovative
solutions to the manufacturing sector, the Depart-
ment of Mechanical and Manufacturing Engineer-
ing at the University of Calgary introduced
manufacturing into its curriculum. This was first
in the form of a minor program in Computer-
Integrated Manufacturing (CIM) in 1989, then as a
full B.Sc. in Manufacturing Engineering in 1995.

Like all engineering programs in Canada, the
B.Sc. in Manufacturing Engineering is designed to
meet the requirements of the Canadian Engineer-
ing Accreditation Board (CEAB) (CCPE, 2002).
This ensures that there is a strong foundation in
mathematics and basic sciences, a broad prepara-
tion in engineering sciences and engineering design,
as well as exposure to non-technical subjects in the
humanities, social sciences, arts, management, en-
gineering economics and communication.

Shortly after the development and introduction
of this new curriculum, however, the university
embarked on a series of unique campus-wide
program-level projects aimed at curriculum inno-
vation with the strategic goal of producing
students who have `a coherent range of knowledge,
intellectual capabilities, human skills, attitudes and
values that are essential for successful personal and
professional lives' (University of Calgary, 1996).
Central to this goal are seven key features that
should be a part of all undergraduate programs at
the University of Calgary:

1. A clearly identifiable field of study.
2. A defined interdisciplinary component.
3. An international component.
4. An experiential learning component relevant to

the program objectives.

5. Provision for broad and extended faculty-
student interaction at the program level.

6. Integration of research.
7. An explicit program syllabus, which sets out in

advance the knowledge and skills to be acquired
in a program of study.

This university-wide initiative required us to
embark on a curriculum reform process that
involved integrating the university's broad strate-
gic requirements with the already stringent require-
ments of the CEAB.

To respond to this strategic initiative, the author
has been involved in the curriculum redesign
process for the B.Sc. in Manufacturing Engineer-
ing that involves determining the extent to which
the program is already aligned with the Universi-
ty's strategic direction, where changes must occur,
and finally implementation of these changes.

This paper focuses on the creation of an `initial
explicit syllabus' for the current curriculum as well
as the analysis of the syllabus in the context of the
university's curriculum redesign initiative and the
CEAB requirements. The initial explicit syllabus
for the B.Sc. in Manufacturing Engineering looks
in detail at the objectives of the various learning
processes in the program, the types of learning
processes occurring in the program, and the
expected outcomes from the learning processes.
As well, it provides summaries of the overall qual-
ities and expectations of the graduating student,
career potential, and objectives of the program.

The curriculum redesign process has provided
an excellent opportunity to revisit this program's
curriculum in the wider context of the university
community. In this paper, we share our experi-
ences in the development and analysis of the
manufacturing engineering explicit syllabus as
well as our thoughts on the future direction of
manufacturing at the University of Calgary. In
particular, we focus on the development of a* Accepted 2 February 2004.

526

Int. J. Engng Ed. Vol. 20, No. 4, pp. 526±535, 2004 0949-149X/91 $3.00+0.00
Printed in Great Britain. # 2004 TEMPUS Publications.



clear set of design courses (i.e. a `design stream') in
response to the university's strategic direction and
recent changes in accreditation requirements.

MANUFACTURING ENGINEERING AT THE
UNIVERSITY OF CALGARY

Post-secondary education in Canada including
universities, colleges and technical schools is
provincial jurisdiction. Therefore, the provincial
governments fund degree programs based mainly
on their own needs. The economy in the Province
of Alberta has been resource-based. The oil and
gas industry historically brought in most of the
revenues, while the manufacturing sector in the
province was dominated by many very small
manufacturing shops that supply minor equipment
or facilities to the resource industry.

In recent years however, Alberta's economic
landscape has changed considerably. For example,
from 1985 to 1999 while Alberta's GDP almost
doubled (from $61.3 billion to $115.4 billion
respectively), the energy sector's contribution to
the GDP reduced by nearly half (from 37% to
21% respectively) while the manufacturing sector's
contribution nearly doubled (from 6% to 11%
respectively) [6]. For example, we have some
major manufacturing enterprises such as Nortel
Networks, Sanmina and Selectron in electronics
and wireless equipment manufacturing, SMED
and Dynamics Furniture in wood products and
furniture manufacturing, and so on. Clearly, the
importance of manufacturing cannot be ignored as
Alberta enters the twenty-first century.

To continue to remain competitive in what is
becoming increasingly a global market however,
local manufacturers find themselves involved in a
strategic transformation from traditional manu-
facturing shops to modern manufacturing enter-
prises. As a result, these companies require a new
type of engineering professional: highly qualified
manufacturing engineers who are not only well-
versed in traditional manufacturing technology,
but are also capable of keeping pace with this
rapidly advancing field.

The development of the manufacturing engin-
eering curriculum was carried out with both the
present needs then and the anticipation of the
future needs and evolution of manufacturing
industry in Alberta. When the notion of a manu-
facturing engineering program at the University of
Calgary was first conceived, Alberta had a few
thousand very small manufacturing firms, most of
whom employed fewer than 100 individuals. As a
result, the needs of these companies for manufac-
turing engineers were quite different from those
major corporations such as General Motors (GM).
In addition, we had to bear in mind that the
situation of relatively small manufacturing firms
would not be changed significantly in the short
term and that the impact of the communication
and other technologies would be important to

these firms to compete beyond the traditional
provincial boundaries.

The initial courses offered in the early 1980s
were CAD/CAM and Robotics which were basi-
cally technological courses reflecting then the
state-of-the-art technologies in the local manufac-
turing industry. These courses were offered to
mechanical engineering students who would want
to learn more manufacturing technologies. The
experiences were very positive for both local
manufacturing companies and students.

With the advent of advanced manufacturing
technologies, and especially with an increased
interest at a number of local companies in explor-
ing CAD/CAM, robotics and MRP systems, the
department (with the support from the Industrial
Advisory Council) proposed to establish the
Computer Integrate Manufacturing (CIM) Minor
program in 1989. The minor program consisted of
the following technical electives for mechanical
engineering students:

. ENMF 401 Computer-Aided Design and Gra-
phics

. ENMF 415 Integrated Manufacturing Systems I

. ENMF 505 Robotics

. ENMF 509 Integrated Manufacturing Systems
II

. ENMF 515 Computer-Based Control for Manu-
facturing

The objective then was to provide mechanical
engineering students with an opportunity to
specialize in manufacturing engineering with an
emphasis in computer integrated manufacturing
technologies. The program was very successful in
terms of manufacturing employers' satisfaction
and student subscription of the program.

As the Minor Program in Computer-Integrated
Manufacturing was progressing, the structure of
the provincial economy was evolving from mainly
resource-based economy to a more diversified one
with a significant portion of the revenue from the
manufacturing sector. It was clear that the long-
term strategy for the economic diversification must
have a focus and the importance of the manufac-
turing sector is obvious.

To respond to the growing needs of Alberta
manufacturing industry, with the support from
the leadership of manufacturing industry in
Alberta and the University as well as the Govern-
ment, the Department of Mechanical and Manu-
facturing Engineering started a full degree
program, i.e., B.Sc. in Manufacturing Engineering
in 1995.

KEY FACTORS INFLUENCING
CURRICULUM DESIGN

The manufacturing engineering curriculum was
designed to provide students with knowledge and
expertise that are critical for manufacturing
competitiveness as defined by the US Council on
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Competitiveness, the Canadian Manufacturing
Association, and the Society of Manufacturing
Engineers (SME). To meet the needs of industry,
the diverse nature of manufacturing in Alberta had
to be taken into account. For example, manufac-
turing in Alberta ranges from food processing to
oil and gas equipment manufacturing, and is
carried out by companies that range from a few
employees to thousands of skilled workers. As a
result, the manufacturing engineering curriculum
had to be designed on a firm foundation of
manufacturing fundamentals, but with the flexibil-
ity to allow students to pursue special topics that
address the needs of local manufacturers (e.g.
project management, computer-based control,
artificial intelligence).

Two of the key factors that influenced initial
curriculum design are embodied in the words
`manufacturing' and `engineering'. First, close
attention had to be paid to the selection of core
courses and technical electives to ensure that our
graduates are well prepared for the manufacturing
discipline. Secondly, the entire program had to be
designed to ensure that our graduates satisfy the
academic requirements for registration as profes-
sional engineers in Canada.

As noted previously, the B.Sc. in Manufacturing
Engineering curriculum was not developed in
isolation, but involved input from industry as
well as consultation with national and interna-
tional manufacturing engineering organizations.
In particular, we felt that our curriculum should
reflect the fundamentals of manufacturing engin-
eering as defined by the Society of Manufacturing
Engineers (SME) and the Manufacturing Engin-
eering Certification Institute (MECI). As a result,
the manufacturing engineering program focuses
on all of the key aspects identified by SME/
MECI [7];

. mathematics: calculus and differential equations,
linear algebra, probability and statistics, and
numerical methods;

. physics and engineering science: organic and
inorganic chemistry, units of measure, light
and sound, electricity and electronics, statics
and dynamics, strength of materials, thermo-
dynamics and heat transfer, and fluid power;

. materials: material properties, metals, plastics,
composites, and ceramics;

. product design: engineering drawing and com-
munication, dimensioning and tolerancing,
computer-aided design, product design tools,
and team-based design project experience;

. manufacturing processes: cutting tool technol-
ogy, machining, metal forming, sheet metal
working, powdered metals, casting, welding,
finishing, plastics, composites and ceramic pro-
cesses, and hands-on `practicum' experience;

. production systems: traditional production plan-
ning and control, lean production, integrated
manufacturing systems, enterprise resource
planning systems, supply chain management,

and modeling and simulation of manufacturing
systems;

. automated systems and control: computers and
automation theory and practice of computer
numerically controlled machines, robotics, and
programmable logic controllers;

. manufacturing management: human behavior in
organizations, leadership, team-building, com-
munication, project management, engineering
economics, professional duties and responsibil-
ities, ethics and the engineering profession,
public and worker safety and health, manage-
ment of technology, and human resource man-
agement;

. quality: sampling, statistical process control,
process capabilities analysis, process improve-
ment tools and strategies, product function ana-
lysis, quality economics, quality management
philosophies, and quality standards.

In addition to the need for a strong foundation in
the fundamentals of manufacturing engineering,
our program must also meet the requirements of
the Canadian Engineering Accreditation Board
(CEAB) to ensure that our graduates have the
academic background necessary to register as
professional engineers in Canada. In order to
ensure that an undergraduate engineering program
meets or exceeds educational standards acceptable
for professional registration in Canada, the CEAB
conducts a qualitative and quantitative analysis of
the program's curriculum content. This analysis is
performed by a visiting team consisting of regis-
tered professional engineers (from industry and
academia) who report their findings to the
CEAB; the CEAB then makes an accreditation
decision.

When assessing an engineering program, the
CEAB must ensure that the program's graduates
will be competent in engineering science and also
have an appreciation and understanding of the
effect of engineering on society. As a result, engin-
eering programs must contain adequate mathe-
matics, science and engineering content, and also
show that students develop communication skills
and an understanding of the environmental,
cultural, economic and social impacts of engineer-
ing on society and of the concept of sustainable
development [2]. The program visitors look at the
curriculum, course materials, and facilities in detail
and conduct interviews with teaching faculty,
administrators, students and support staff to
judge how well these areas are covered. In addition
to this qualitative assessment, the program visitors
perform a quantitative assessment of the curricu-
lum to determine if the program includes at least a
minimum of the following curriculum compo-
nents: mathematics, basic sciences, engineering
science, engineering design, and non-technical
subjects that complement the technical aspects of
the curriculum [2]. The measure that is used by the
CEAB for this purpose, the Accreditation Unit, is
directly proportional to the actual contact time for
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an activity (i.e. lecture, tutorial and laboratory
hours).

Like all new engineering programs, the B.Sc. in
Manufacturing Engineering program was first
assessed during the year the program's first students
graduated (1997). The program was fully accredited
at this time, then after the 2000 review of the
Department's Mechanical and Manufacturing En-
gineering programs, our program was accredited
for the maximum length possible (6 years) by the
CEAB.

The requirements of the manufacturing discip-
line (SME/MECI) and the Canadian Engineering
profession (CCPE/CEAB) provided the key influ-
encing factors for initial curriculum design. In the
remainder of this paper, we describe the resulting
curriculum then focus on how the University of
Calgary's broad strategic curriculum design initia-
tive has further influenced curriculum design.

THE MANUFACTURING ENGINEERING
CURRICULUM

Like all engineering programs at the University
of Calgary, the B.Sc. in Manufacturing Engineer-
ing is a four-year program with an optional intern-
ship route, which adds an additional year to the
regular four-year academic program. The intern-
ship year is taken after the third year and involves

a minimum of twelve and a maximum of sixteen
consecutive months of supervised work experience
in industry. For more information on this
program, the paper by Dorjee et al. [4] can be
consulted.

The manufacturing engineering curriculum is
shown in Fig. 1. The first year is common to all
programs and can be though of as a foundation
year that is used to help students develop the core
competencies required for success in further engin-
eering studies. The second year is common to the
Mechanical and Manufacturing Engineering
programs and also shares many courses with the
other engineering disciplines. This year can also be
thought of as a foundation year that focuses
heavily on the engineering science required to
support later discipline-specific courses in senior
years.

The University of Calgary curriculum redesign
process will be described in more detail in the next
section. However, at this point we should note that
the first step in this process involves the identifica-
tion of `course clusters': for example, natural
clusters based on subject matter or the role that
they fulfill in the program, or clusters based on
educational objectives. The manufacturing engin-
eering curriculum was divided into five course
clusters based on subject matter. Although a
course cluster was not identified based on educa-
tional objectives, the design stream discussed later
can be thought of in this fashion.

Fig. 1. The manufacturing engineering curriculum.

Curriculum Reform in Manufacturing Education at the University of Calgary 529



The curriculum consists of four major compo-
nents: fundamentals of engineering sciences,
advanced manufacturing technologies, manufactur-
ingmanagement,andinformationtechnologies.The
program also covers human dimensions in terms of
communication, team work and leadership skills.
Although aspects of all of the components exist in
everycourse inthecurriculumtovaryingdegrees, it is
convenient to cluster the courses in terms of these
components. As a result, we can think of the curri-
culum as being divided into five `course clusters' as
described in the following sub-sections: i.e., the four
major components plus a complementary studies
and liberalarts cluster. In the following sub-sections,
we describe the senior years of the program (where
studentsspecialize inagivenengineeringdisciplineat
the University of Calgary) in the context of these five
courseclusters; thespecific courses ineachclusterare
identified in Fig. 1.

. Fundamentals of engineering science: The objec-
tive of this cluster of courses is to provide
students with a fundamental understanding of
mathematical tools, engineering sciences, and
basic sciences and technologies.

. Advanced manufacturing technologies: The objec-
tive of this cluster of courses is to provide students
with solid grounding in current advanced manu-
facturing practices in areas such as, product en-
gineering (e.g., CAD, reliability/maintainability,
quality, continuous improvement), manufactur-
ing processes (e.g., lean manufacturing, system
integration, quality, JIT, tooling), manufacturing
systems (e.g., automation, modelling/simulation,
safety, integration), and physical controls of
machinery (control systems, computer control,
electronics, sensors/actuators).

. Manufacturing management: The objective of
this cluster of courses is to provide students
with a strong foundation in the basic manage-
ment skills required of practicing manufacturing
engineers such as business skills (e.g., cash flow,
return on investment, engineering economics,
operation of the manufacturing enterprise,
understanding of entrepreneurship, customer
focus, and life cycle costing), project manage-
ment (planning, monitoring, time management,
risk analysis, economic and cost factors,
supply chain management), and human factors
(e.g., organizations, negotiation, commun-
ication, as well as team-work and leadership
skills).

. Information technologies: The objective of this
cluster of courses is to allow students to pursue
more advanced topics in the rapidly expanding
Information Technologies (IT) area. These
courses focus on how advanced computing and
networking technology can be applied to manu-
facturing engineering design and operations
problems.

. Complementary studies and liberal arts:
The objective of this cluster of courses is to
expose Manufacturing Engineering students to

complementary studies as well as increase their
contact with the Liberal Arts.

Engineering design
The core fourth-year course, Manufacturing

Engineering Design Methodology and Application
(ENMF 512) was intentionally not listed among
the course clusters since it is intended to integrate a
large portion of the concepts learned in the manu-
facturing program. As a result, this capstone
course can be thought of as spanning all four
course clusters.

Earlier aspects of the program focus on design
and behavior of simple components as part of
solving well-defined problems. The capstone
design experience differs in that it is up to the
design team to negotiate the scope of the project,
manage all of the appropriate resources, and (most
importantly) decide which design tools should be
used along with how, when, and why. While
specific courses are identified specifically as
design courses, it can be seen that every course in
the program can play a role in preparing the
designer.

In a recent study by the Society of Manufactur-
ing Engineers Education Foundation [8], represen-
tatives from various sectors of the manufacturing
industry agreed that one of the key competency
gaps of manufacturing engineering graduates is in
the area of problem solving (e.g. problem identifi-
cation, problem solution implementation, mana-
ging ambiguity, trade-off, looking for root causes,
ability to prioritize). Our experience has been that
this competency is well addressed with this full-
year project approach to engineering design. This
provides students with the opportunity to apply
their technical skills, hone their oral and written
communication skills, as well as practice their
project management techniques and their abilities
to interpret and assess a `real-world' problem. For
more information on this approach to engineering
design education, the papers by Brusse-Gendre
et al. and Caswell et al. can be consulted [1, 3].

CURRICULUM REFORM AT THE
UNIVERSITY OF CALGARY

As noted previously, the University of Calgary
embarked on its series of campus-wide program-
level curriculum redesign projects shortly after the
introduction of the B.Sc. in Manufacturing En-
gineering. In order to provide a framework for
curriculum redesign, seven key features were
identified that should be a part of all under-
graduate programs at the University of Calgary
[10]:

1. A clearly identifiable field of study.
2. A defined interdisciplinary component.
3. An international component.
4. An experiential learning component relevant to

the program objectives.
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5. Provision for broad and extended faculty-stu-
dent interaction at the program level.

6. Integration of research.
7. An explicit program syllabus, which sets out in

advance the knowledge and skills to be acquired
in a program of study.

Each feature listed above will be discussed in more
detail below; at this point though, more should be
said about the last feature. One of the main
deliverables at the end of the curriculum redesign
process is an `explicit program syllabus' that, like
the initial explicit syllabus described previously,
describes the program in detail. The main differ-
ence here (other than the obvious difference of
describing the redesigned curriculum) is the docu-
ment's intended audience. Rather than being used
solely by faculty to analyse the curriculum, the
explicit program syllabus is intended to be used by
potential students and students in the program to
describe where they are going and how they can get
there. For example, the manufacturing engineering
explicit program syllabus should include a jargon-
free description of the manufacturing discipline
(i.e. a `clearly identifiable field of study') as
well as the types of learning processes that occur
in the program to help the student reach this
`destination'.

In the wider context of the University of
Calgary, the student's final destination is not
only defined in the relatively narrow terms of his
or her field of study or discipline, but also in the
broader terms of what one may think of as a
`university education'. These broader characteris-
tics of University of Calgary students have been
identified by the University's curriculum redesign
team as a `graduating student profile' and a set of
`core competencies' [10] as shown in Fig. 2. To
reach this final destination, the remaining key
features listed above (i.e. features 2±7) play a
central role.

In the remainder of this paper we look at the
manufacturing engineering program at the Univer-
sity of Calgary in the context of this curriculum
redesign initiative. This process involved first
describing the existing curriculum, then analysing
the learning processes and expected outcomes in
terms of the features and desired outcomes
described in this section.

ANALYZING THE CURRICULUM

Curriculum design and redesign has been an
ongoing process in the Department of Mechanical
and Manufacturing Engineering since the mid-
1980s that has involved most of the department's
faculty, as well as the Manufacturing Engineering
Industrial Advisory Committee composed of
manufacturing industry, government, and senior
university representatives. As a result, the general
concept of curriculum redesign was not new to the
department; instead, the university initiative
provided us with an excellent opportunity to revisit
this program in a broader context as discussed
above. In the remainder of this section we will
focus on these broader issues by looking at the first
six of the University's key curriculum features.
Based on this analysis, we then present our sugges-
tions for improving the curriculum in the following
section.

Clearly identifiable field of study
The idea of a `clearly identifiable field of study'

is to clearly answer the question `What is a
manufacturing engineer?' in manner that is useful
to prospective students. Eventually, this definition
will be used in the program's `explicit syllabus' to
help junior students to understand the profession
and to make an informed decision at the end of
their first year when choosing a discipline.

Fig. 2. University of Calgary curriculum redesign desired outcomes.
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The pervasiveness of manufacturing in every-
day life and the central role that manufacturing
plays in the world economy leads to a common
understanding of the basic nature of the manufac-
turing engineering disciplines. This common
understanding however may mask the richness
and diversity of this field of study. In particular,
new sub-disciplines such as Biomedical Engineer-
ing and Mechatronics as well as technological
advances in engineering and science research are
constantly redefining what a manufacturing
engineer is. For example, rather than the simple
definition of manufacturing as `a process of trans-
forming materials from one form to another in a
continuum of raw materials to finished products'
[5], we propose a broader view of manufacturing to
inform potential students of the true nature of this
discipline.

Manufacturing is the engine that drives the
economies of modern industrial nationsÐmanu-
facturing engineers ensure that this engine runs
smoothly and efficiently. The training of manufac-
turing engineers takes into account the complex,
trans-disciplinary nature of this domain, and is
directly aimed at the importance of the effective
integration of people, equipment, and information
that is the hallmark of world-class manufacturing.

This is a very broad definition of the manufac-
turing discipline allows one to see the manufactur-
ing engineer as part of a `bigger-picture'. Although
technology plays an important role in modern
manufacturing (e.g. automation, information tech-
nology) the focus here is integration in a very
broad sense (i.e. the role of the manufacturing
engineer is to be able to effectively integrate all
aspects of the manufacturing enterpriseÐequip-
ment, information, but most importantly, people).

Defined interdisciplinary component
What we may consider strictly as interdisciplin-

ary in engineering may not be perceived as such in
the wider university community. For example, the
first two to three years of every engineering
program involves courses from all engineering
disciplines (e.g. chemical, electrical, mechanical,
etc.) and the sciences (e.g. chemistry, math,
physics).

By its very nature, engineering is interdisciplin-
ary; this is particularly the case in the manufac-
turing domain. For example, when one considers
Dowd's definition of the discipline noted
previously [5], nature dictates that the basic types
of transformation are inextricably linked to chem-
istry, physics and biology. As a result, scientists
and engineers from practically all disciplines may
find themselves involved in manufacturing.
For example, Dowd notes that 75% of all engin-
eering graduates (in the US) were employed by
manufacturing companies in 1998.

As noted previously though, the jump from
one engineering discipline to another may not
be perceived to be broad enough `interdisciplin-
ary' studies to some members of the university

community. In manufacturing, the obvious link
to non-engineering or science disciplines is in the
area of management; both the human aspects (i.e.
communication, team work and leadership skills)
as well as the more `scientific' operations research
aspects of the management discipline are present
in the syllabus.

International component
This is somewhat problematic and is dependent

upon how `internationalisation' is defined. Clearly,
students are constantly exposed to concepts from
around the world in the engineering curriculum as
well as to academic staff, a graduate student
population, and cohorts from a variety of cultures.
However, this can be just as easily stated for any
program simply because of the international scope
of academic pursuits.

Direct exposure to other cultures, languages, etc.
is a different matter however. Although this would
be immensely beneficial to our students (e.g. direct
exposure to Japanese or European manufacturing
practice), the cost and logistics involved in making
this a core aspect of the manufacturing program
are prohibitive. The internship program however,
has provided our students with many opportu-
nities in this area (please see Dorjee et al. [4] ).

Experiential learning component
In the manufacturing engineering program

experiential learning through design and problem
solving are critically important components of the
program. Students receive a wide variety of design
experiences including the design of components,
products, processes, systems and facilities.
Furthermore, they receive strong exposure to
material on the societal, environmental, and busi-
ness context within which design must operate, as
well as material on how advanced computational
tools can be used to support design activities.

Faculty-student interaction at the program level
The fourth-year capstone design approach

requires that the manufacturing engineering
faculty step out of their traditional lecturing-
mode of course delivery. For this course students
work in small groups on unique projects and the
role of the academic is shifted to becoming that of
the coach or the consultant while the student takes
`centre-stage' (please see Caswell et al. [3] ).

Although there are many other opportunities for
close faculty±student interaction in the manufac-
turing program (e.g. special topics courses, tutor-
ials, laboratories, professional societies and field
trips), this aspect of the manufacturing engineering
program addresses this curriculum feature most
directly.

Integration of research
Although faculty members' current research

may be introduced at any point in the program,
it is most typically in the senior years of study
where this is most appropriate. In the Department
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of Mechanical and Manufacturing Engineering,
faculty members are involved in a wide range of
manufacturing research that spans the majority of
the topic areas in the curriculum. As a result, it is
not surprising that experience from this research
feeds into the manufacturing courses whether by
design or in a more impromptu fashion.

The author's experience, however, has shown
that it is important to point out the `hot' research
areas to students, as often students do not have a
sense of the quick pace at which manufacturing
knowledge advances. It is easy for students to
develop a static view of their discipline and not
realise the importance of life-long learning to keep
apace with advances in their field. Clearly, one
does not have to look too far into the past to see
how a complacent attitude in the manufacturing
industry resulted in a drastic reduction in North
American competitiveness [11].

CURRICULUM REFORM IN
MANUFACTURING ENGINEERING

Based on our analysis of the existing curriculum,
we identified one main drawback: many of the
courses in the program may appear to be compart-
mentalised and disconnected. As a result, some
students tend to view them as hurdles that must
be negotiated then forgotten. To address this
problem, a main aspect of our curriculum redesign
initiative has been a focus on a common design
stream as illustrated in Fig. 3. This figure
summarises the key players and forces that are
currently impacting manufacturing curriculum

design as well as the integrative role that design
can play in the overall curriculum.

A main aspect of the B.Sc. in the Manufacturing
Engineering curriculum has been a focus on a
common design stream that fosters the creativity
of our students and exposes them to innovative
engineering practice. As noted by the Canadian
Council of Professional Engineers (CCPE), `engin-
eering design integrates mathematics, basic
sciences, engineering science and complementary
studies in developing elements, systems and
processes to meet specific needs' [2]. Our experi-
ence with the curriculum redesign process has
reinforced the importance of engineering design
in the curriculum and its ability to integrate vari-
ous aspects of the curriculum through experiential
learning, faculty-student interaction, integration of
research, and in some cases, international experi-
ence. The notion of a common design stream
follows from our success with the senior-year
capstone design course, and extends this concept
to each year of the program as is illustrated in
Fig. 3.

Extending this idea to the entire program, our
proposal for curriculum redesign is to have
students involved in design during each semester
of each year of the program as shown in Fig. 4.
The idea is to integrate fundamental subject matter
to solve complex problems and help students to
understand the connection between the concepts
they learn in courses and the practice of manufac-
turing engineering.

To implement this change, we foresee very
minor changes in the senior years of the program:
in third year, two existing design courses (`Compu-
ter Aided Design and Graphics' and `Manufactur-
ing and Production Processes') will be scheduled in
the Fall and Winter terms respectively, while in the
fourth year no changes are required. In the third
year, `Computer-aided Design and Graphics'
(ENMF 401) introduces CAD/CAE tools for
design and analysis (an optional advanced course
in this area, `Finite Element Method' (ENME
547), is also available). `Manufacturing and
Production Processes' (ENMF 417) explains
different manufacturing processes and design
considerations for manufacturing. In the fourth-
year, small teams (typically four students) of senior
mechanical engineering and manufacturing engin-
eering undergraduate students complete approxi-
mately thirty design projects. Some of these
projects are also entered in national and interna-
tional competitions such as the Society of Auto-
motive Engineers' Mini-Baha and Formula 1
competitions.

As shown in Fig. 4, more substantial changes are
required in the first and second years. For ex-
ample, the Department and Faculty are currently
looking at replacing two junior design courses
(`Engineering Design Practice and Commun-
ication' and `Engineering Drawing and Computer
Graphics') with four design courses: two `problem-
solving and communication' courses in the firstFig. 3. Factors influencing curriculum design.
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year and two courses on the product realisation
process in the second year.

The first-year change has already been made.
Starting the 2002/2003 academic year, our first-
year students are introduced to fundamental
engineering design principles and engineering com-
munication techniques in `Design and Commun-
ications I and II' (ENGG 251/253). These courses
serve as the road maps for the junior students to
understand the relations among different compo-
nents in the curriculum.

As part of this initiative, a dedicated design
center was established this year in the Faculty's
new Information and Communication Techno-
logies (ICT) building in order to further enhance
our students' design experience. The student design
laboratories have a space of 400 m2 (3600 ft2) that
includes 38 student workstations (each equipped
with a computer with audio/visual capabilities, an
extensive mechanical/electrical tool chest for
prototyping and drawing boards), a dedicated
workshop for larger prototyping equipment (e.g.
CNC lathe/mill, vertical band saw, welding), and
extensive multimedia facilities.

Our first experience with this approach to first-
year design (the 2002/2004 academic year) was very
positive. Students worked in small groups all year
on common-theme projects; in this case, the theme
was the Olympic Oval [9] and projects included the
design of speed skating crash pads and a speed
skating robot.

CONCLUSIONS

In this paper we have provided an overview of
the development of the manufacturing engineering
program at the University of Calgary. Curriculum
design in manufacturing has been an ongoing
process since the program's inception, and has
been influenced by various factors such as the
introduction of new minor programs, the avail-
ability of new learning tools, and engineering
accreditation requirements.

In summary, when analysing the types of learn-
ing processes occurring in the manufacturing
program, we found that all aspects of the program
address the seven features. In other words, many
of our courses have an interdisciplinary compo-
nent, an experiential learning component, integrate
research, and have a considerable amount of
faculty±student interaction. For example, the
`seven features' are clearly illustrated in the
program's design courses, for example, design is
interdisciplinary by nature, demands experiential
learning, must by leading edge, and involves close
student/faculty interaction. One area however,
where we are lacking is that more focus is required
on internationalisation. Currently we are looking
into potential exchange programs with foreign
universities to address this issue.

Similarly, as we looked at the objectives
and expected outcomes of the learning processes
in our program we felt that many of the `core

Fig. 4. Proposed design stream curriculum.
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competencies' listed in Fig. 2 are intrinsic outcomes
of engineering design and problem solving. An
example of this can be seen in the fourth-year
design course: this course provides students with
an open-ended design problem at the beginning of
the fourth year that they have to solve over the
course of the year. As a result, this course demands
critical and creative thinking, analysis of problems,
and gathering and organising information.

Based on our experience with and our analysis
of the existing curriculum, we feel that the key to
achieving the desired outcomes of curriculum rede-
sign as summarised in Fig. 1 lies in the integrative
role that engineering design plays in the curricu-
lum. Currently, we are focusing on the implemen-
tation of this idea in the curriculum of both the
mechanical and manufacturing engineering under-
graduate programs.
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