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The Professional Spine: Creation of a Four-year Engineering Design and
Practice Sequence

This paper discusses the development of a four-year Engineering Design and Practice Sequence
(EDPS) of project-based courses at Queen’s University. The four-year sequence is a core
requirement for all engineering students, and will develop competence in design process
methods and tools, problem analysis, creativity, economics and entrepreneurship, engineering
communications, professionalism, and ethics. The EDPS was designed to meet requirements of
the Canadian Engineering Accreditation Board graduate attributes , which addresses
requirements of the Washington Accord. They also target applicable elements of the CDIO
syllabus. The EDPS is being delivered to first year engineering students for the first time in the
2010-2011 academic year and will continue rolling out over the next three years.

The paper discusses the process involved in creating the sequence, the course objectives and
delivery for each year of the program, and proposed assessment and evaluation methods. The
sequence will also be compared to previously published engineering design and practice
sequences. The outcomes of the first year, including student feedback and attribute assessment,
will also be discussed. Upper year students who will not experience the engineering design and
practice sequence are being assessed on their understanding of design methods to provide
baseline data for comparison with students who progress through the sequence in future years.

Introduction

Increasingly engineering educators see value in establishing a connected sequence of experiences
that focus on engineering design and practice in undergraduate engineering programs. Notable
reports on the future of engineering education conclude that students should be provided an
opportunity to integrate knowledge and skills in activities of increasing complexity that emulate
engineering practice throughout their program.®?° Experiences of this type exist in some
programs but are relatively rare and often not published. Research at our institution and
elsewhere has demonstrated a need for repeated involvement in design activity for students to
build competence and confidence in engineering activities.” %%

This paper will discuss the development of a four-year Engineering Design and Practice
Sequence (EDPS) of project-based courses at Queen’s University, a mid-sized Canadian
university. The course sequence was developed over the past two years by a committee
consisting of faculty representatives from all engineering programs in the faculty of engineering,
a student society representative, administrators, and invited experts.

Pedagogical Basis for EDPS

The curriculum design draws upon the cognitive apprenticeship framework from Collins, Brown,
and Newman that builds upon the idea of an apprenticeship which “embeds the learning of skills
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and knowledge in their social and functional context.”® The cognitive apprenticeship model
maintains the importance of developing abstract and general skills commonly required in
professional programs and proposes experiences designed to teach the processes used by experts
to complete complex tasks by applying conceptual and factual knowledge inan appropriate
context. In many ways this is the model used in graduate engineering education, whereby
students develop mastery in their field by observing the processes used by an expert (a
supervisor or designate), receiving coaching, and gradually becoming more independent in

applying techniques, tools, and processes. This differs from the traditional approach to
undergraduate education:

“..standard pedagogical practices render key aspects of expertise invisible to students.
Too little attention is paid to the process that experts engage in to use or acquire
knowledge in carrying out complex or realistic tasks... Few resources are devoted to
higher order problem-solving activities that require students to actively integrate and
appropriately apply sub-skills and conceptual knowledge.””

One of the key outcomes of a professional program is to help students begin the process of
moving from novices to experts. Novices differ from experts not only by the amount of
knowledge, but in how the knowledge is organized and utilized. This development includes
helping students progress in their epistemological assumptions, described by King and Kitchener
as being three primary phases:*®

e Pre-reflective thinking: do not acknowledge or perceive that knowledge is uncertain. Do
not understand that some real problems have no absolutely correct answer.

e Quasi-reflective thinking: recognize that some problems are ill structured and that some
issues are problematic. Do not understand how evidence leads to conclusions - have
difficulty drawing reasoned conclusions

e Reflective thinking - knowledge must be actively constructed and understood in relation
to context in which it was generated. Conclusions must remain open to re-evaluation.

Students often begin undergraduate programs struggling with the differences between closed-
ended and open-ended problems, and using evidence to support conclusions. This approach will
include modeling, coaching, and scaffolding? to help student begin the progression from novice
to expert.

The intention is not to use this model exclusively inan undergraduate program, but rather as one
experience among others that support factual and conceptual knowledge development and
engineering skill (e.g. use of tools) occurring elsewhere in the engineering program.

Recent engineering reports have recommended curricular changes based on these approaches,
including an adoption of a cognitive apprenticeship model by Sheppard et. al.2° Specifically
there have also been recommendations for the development ofa professional spine of courses.
From Sheppard, the first principle recommended for improving engineering education is:

“Provide a professional spine: During each year oftheir program, students should have
experience with and reflect on the demands of professional practice, linking theory and
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practice. Engaging in increasingly practice- like experiences, the engineering equivalent
of the clinical dimension of medical preparation would be a central feature of engineering
education. This emphasis on professional practice would give coherence and efficacy to
the primary task facing schools of engineering: enabling students to move from being
passive viewers of engineering action to taking their place as active participants or
creators within the field of engineering. In this process, the student would begin to
develop an identity as an engineer.”°

CDIO Standards 3, 4, 5, 7, and 8 mandate the curriculum components key to EDPS and their
integration.® Those standards are: Integrated Curriculum, Introduction to Engineering, Design
Build Experiences, Integrated Learning Experiences, and Active Learning. The standards require
at least two design/build experiences integrated into the core curriculum and encourage more.

CDIO Standard 1 - CDIO as Context states “Adoption of the principle that product and system
lifecycle development and deployment - Conceiving, Designing, Implementing, and Operating -
are the context for engineering education” (cdio.org) The standards document expands on this to
state “/students] should be able to participate in engineering processes, contribute to the
development of engineering products, and do so while working in engineering organizations.
This is the essence of the engineering profession.” This has been widely interpreted among the
collaborating programs to require learning experiences that mimic engineering practice in
addition to traditional knowledge base courses.

This is in contrast to the common “bookend approach” to engineering design which introduces a
fairly non-technical design project in the first year, a comprehensive very technical capstone
design project in fourth year, and little design experience in between. This approach has been
demonstrated to lead to poor retention of design skill, and in fact regression in both confidence
and ability to apply a design process.”** Ona recent student survey after the last delivery ofa
first year design project module only 42% of respondents said they felt confident tackling
complex problems, suggesting a need for additional focus.

Engineering employers have also pointed to a need to enhance development of professional
skills. Inan extensive 2007 survey that assessed the views of both engineering practitioners and
engineering students on a broad set of engineering design and practice competencies, many
differences were found between the expectations of the practitioners and the perceived abilities
of the students.®®> Some of the most significant concerns were in oral and written
communication, teamwork, and creativity. These elements and others discussed in the survey
portray a significantly lower than expected capability in the expected skills of graduating
engineering students.

In the same year, another survey commissioned by Engineers Canada and the Canadian Council
of Technicians and Technologists produced similar results. “Employers expressed a high level of
satisfaction with the science-based skills of new hires, but a lower level of satisfaction with non-
technical skills.”* In the 0-5 year category, 87% of employers were satisfied with science-based
skills of new hires, while only 64% were satisfied with their “non-technical skills”. It is also
interesting to note that in both surveys, communication skills and teamwork skills were ranked in
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the top 3 of the non-technical skills category, providing a very consistent message as to their
importance in the workplace.

Examples of Other Design Sequences

There are a number of engineering schools in North America that offer design and/or
professional skills sequences or “spines” within their programs. However, based on the
information available in the literature, most of these spines are either within discipline-specific
programs or within engineering schools that offer “general” engineering programs with some
flexibility in choice of courses or course streams. As examples of discipline-specific sequences,
the University of Sherbrooke introduced a four year design spine in their Mechanical
Engineering program in 1994. The University of Manitoba created a “design trilogy” sequence
in their Biosystems program in 2003.%°

Harvey Mudd College offers a full design sequence within their unique engineering program that
offers several options within a general engineering program. One of their three “core stems”
focus is on Design and Professional practice, consisting of three introductory design courses
(including experimental design) and then 3 engineering “clinic” courses in the final years.*®

Stevens Institute of Technology implemented a “Design Spine” a number of years ago. Stevens
first year includes technical drawing, disassembly, teaming, and communications.. They have
five semesters of general multidisciplinary design followed by three of discipline specific effort.
Design experience is integrated with technical content (thermodynamics, materials,
instrumentation, etc.), and a "theme" is suggested each semester to provide a link between
engineering science courses and design.*®

The University of Guelph, which offers five engineering pro%rams within their School of
Engineering, has incorporated a design sequence since 1973.* Their first year introduces design
process, constraints, project management and teamwork. Second year builds on these skills and
begins to integrate the engineering sciences and adds additional elements including creativity
concepts. The third year continues the progression of skills development and projects are drawn
from industry, government and non-profits. The final year capstone design course allows
students to pursue entrepreneurial projects of their own choosing or with external partners. In all
years, students are free to work in multidisciplinary teams according to their own preferences.?
Guelph is one of the only documented North American engineering schools with separate
discipline-specific programs that offers fully multi-disciplinary design courses inall four years of
their undergraduate program.

The remainder of the paper will examine the development ofthe EDPS at Queen’s University.
Related earlier development

Historical roles were critical to laying the foundation for the collaborative development required
to implement the EDPS. Strong support from the Dean in the 1990’s led to the development of
faculty roles to promote educational innovation, including a former Associate Dean (Integrated

G687 T ¢z abed



Learning), and Associate Dean (Program Development). These positions contributed to a broader
Integrated Learning initiative that saw the design and construction of a novel Integrated Learning
Centre, along with associated personnel, hiring of an NSERC Chair in Engineering Design, and
creation of an endowed Chair in Engineering Education Research and Development.**>*® This
led to administrative support for faculty in seeking innovative approaches to education, and
creating a supportive culture for new faculty. Innovative curriculum in the common first year
was a direct result of this effort.®2?

A second year design course in the Mechanical and Materials Engineering program, MECH 212,
was developed and has been jointly offered by multiple faculty and evolved through delivery
over more than 15 years. It addresses many of the objectives of the Professional Spine ina
discipline specific way and many of its proven successful features are being included in the
second year implementation of the Professional Spine.

In 2004, a new 2 year sequence of upper-year elective multidisciplinary design courses was
introduced, one primarily introducing design tools and techniques in a PBL environment, the
other an industry-funded full year team client-based multidisciplinary design project.2* Although
departmental support for the multi-disciplinary option was initially cautious, student demand and
outstanding feedback from project partners and employers quickly encouraged most departments
to approve the courses, including substitutions for departmental capstones in the final year
Multidisciplinary Design Project course. Substantive interest in these courses from both students
and external partners, along with survey results and changes in accreditation, reinforced the need
to expand design and professional skills across all programs.

The experience an course successes informed the development of the EDPS.

Curriculum development process for EDPS

In the summer of 2009 the dean of engineering held a retreat to establish priorities in
undergraduate curriculum development. Attendees included the dean, associate dean (academic),
director (program development), chair in design engineering, department heads, and
undergraduate chairs. Previous buy-in to the importance of continuing to innovate in engineering
education, as discussed above, was critical to this process. A professional facilitator structured
the retreat, which included a strengths, weaknesses, opportunities, and threats (SWOT) analysis,
and a curriculum vision.

The top curriculum development priorities from this retreat were as follows:

e Integration & reinforcement of core competencies in design and professional skills,
societal issues, economic, policy etc. with related courses in all four years of the program
o Integrative education: integration of technical/professional skills through all four
years, without loss of core competency in the hard technical skills, recognizing
that core competencies will differ across disciplines
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o Strengthen integration of fundamentals in math and science in upper years of
programs
e Curriculum will be designed on a faculty-wide basis. Coordination between departments
across the entire faculty to improve efficiency in content delivery
e Emphasize balance: between teamwork and individual work; project based learning
(PBL) and other methodologies
e More integration of ideas from different courses ( increase cooperation so students see
connections between courses)
e Student centric: must keep student as the focus of all curriculum changes
o Quality, as assessed by the National Survey of Student Engagement (NSSE),
surveys, internal academic reviews, and other indicators will be maintained and
enhanced
o More opportunities for student- faculty interaction

As a result of this effort, the Dean’s Retreat Curriculum Review Committee (DRCRC) was
established to implement the key objectives. Membership included the Associate Dean
(Academic), Director (Program Development), the NSERC Chair in Engineering Design, one
faculty member representing each department, the undergraduate society’s vice-president
(academic), and members with particular expertise including the economics coordinator,
professionalism instructor, and engineering librarian. The first priority of the committee was
implementing the first objective: creating a sequence of courses in engineering design and
practice. The committee began meeting roughly once per month in the summer of 2009.

Faculty-wide adoption of “guiding principles” was critical to the implementation of the
professional spine. This agreement in principle facilitated the progress of the committee, and
ensured universal acceptance across the Faculty. All departments were invited to provide
representation on the committee developing the new curriculum. One of the other key elements
in this effort was the ability to reflect onand draw from other successful, and in some cases
unigue, courses that had been previously implemented, such as APSC-100 (Engineering
Practice), APSC 190 (Professional Engineering Skills), MECH 212 (Design Technigues), and
APSC-381 (Fundamentals of Design Engineering). These previous courses illustrated various
ways and means of teaching and learning design and professional skills at both the faculty-wide
and departmental levels.

It should also be noted that Faculty office has invested significantly in both financial and human
resources to support engineering education development. Inaddition to the resources committed
in the “early development” (above), financial and human resource commitment has continued to
date. One example ofthis is a commitment by the current Dean to financially subsidize the
departments in exchange for their commitment to provide departmental representatives to work
on the curriculum development steering and subcommittees. This support provided faculty time
to work on this initiative.
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The process generally followed a curriculum design flow?®, beginning by establishing high-level
objectives. These objectives included:

e Enhance design and innovation capacity required in both academic and industrial settings

e Project based, with appropriate scaffolding in early years to develop project management,
design process, teaming, communications skills

e Include plans for graduate attribute assessment, required by the Canadian Engineering

Accreditation Board (CEAB)®

Includes the majority of the CEAB accreditation units required in engineering design

Ensure structure is designed to allow future multidisciplinary projects

Encourage professional behaviour and skills

Utilize peer mentorship to develop leadership and additional support for early year

students

Following the guidelines of the Washington Accord*?, the CEAB has established a requirement
for Canadian engineering programs to demonstrate that graduates possess attributes in twelve
categories?®

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

The EDPS is designed to provide a learning environment to support development of all attributes
except knowledge base. That is not to say that the attributes are not developed outside the
sequence, but rather that the EDPS serves to provide an opportunity to develop and assess these
attributes in an integrated experience emulating professional practice.

Using this starting point, the group began by focusing on high-level learning objectives in each
year, which will be discussed in a later section. These objectives were established over a 4 month
period. The engineering program has a common first year after which students select one of ten
disciplines beginning in their second year. Hence the EDPS has been designed to work within
that structure.

The first year course in the sequence is a design and professional skills course that had existed
for over a decade, APSC-100. The course consisted of a module on design of experimentation
and data analysis, and one centered around a team- and client-based engineering design project.
The committee determined this experience was an appropriate foundation for the EDPS, and the
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course was expanded to introduce a module focusing on complex problem solving and modeling.
Details of objectives and implementation are discussed below.

The committee then moved onto detailed design of the second year experience, using learning
objectives established earlier. Several subcommittees were created to focus on design,
communications, and professionalism in the second year. Ideas were brought back to the larger
committee to discuss implementation options including: (a) whether the second year course
should be faculty-wide or implemented separately in each department, and (b) whether
communications should be delivered within the same course, or in a separate course delivered by
the same instructors. By the summer of 2010 there was a general agreement on the nature of the
second year experience. The committee felt that the most effective way to meet the overall EDPS
objectives, while making efficient use of faculty time and expertise, was to implement a faculty-
wide, one semester design course. The communications objectives were put into a separate
course, coordinated by the same instructors as the design course, that provides appropriate
instruction and feedback for communication deliverables in the design course. This decision was
made primarily for administrative reasons, as it allows a way of tracking students separately on
their competencies for both communications or design.

The course will be offered in the 2011-2012 academic year. The committee is also working to
develop a complementary stream of leadership development courses on topics like peer
mentoring. The committee will be developing a detailed plan for the third year experience over
the spring and summer of 2011, and a plan for fourth year in the spring and summer of 2012.

Student Learning Outcomes

In addition to the larger objectives of the spine, the achievement of specific student learning
outcomes is the primary goal of each of the individual components of the spine. Each outcome is
phrased in terms ofa verb indicative ofa level of mastery and a subject phrase and reflects
activities students will be able to do. Each outcome should be directly assessable froma single
student deliverable or observation and may be assessed multiple times. For clarity, the outcomes
for each year are presented in parallel with the descriptions of course implementation. Some
outcomes have been combined or condensed for brevity and full detail is still being developed
for the third and fourth year courses.

Implementation and Detailed Outcomes

The EDPS follows an escalating series of multiple sequences of modeling, coaching and
scaffolding to allow students to succeed in progressively more complex design tasks. The first
and second year courses focus on using basic engineering and physics knowledge while
developing design and communication process skills common across engineering. The third year
courses will apply advanced, discipline specific technical tools to generate reliable predictions of
system performance to support the independent team projects that students will complete in
fourth year. The implementation and outcomes are detailed year by year below.
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First year (APSC-100): This course introduces fundamental professional engineering skills and
provides an opportunity to apply engineering science and mathematics content in situations
emulating professional practice. It consists of three modules: Module 1. Problem analysis and
modeling; Module 2. Experimentation and measurement; Module 3: Engineering design. This
course is running in 2010/2011 with the tabulated outcomes used for student evaluation.

The problem analysis and modeling module is an integrative experience that uses concepts from
engineering sciences, natural sciences, and mathematics courses to solve complex open-ended
problems. The course is structured around model-eliciting activities which are problems used in
class that are set in a realistic context that requires the learner to document not only the solution
to the process, but also their process for solving it.}! Problems include a failure analysis, decision
making in an international development project, a feasibility study in alternative energy, and
numerical modeling in a biomedical system. MATLAB is used as a computational too| to solve
the problems. Students develop familiarity with the engineering profession by interviewing a
practicing engineer and collaborating on recommendations for a new university teaching facility.

The experimentation and measurement module introduces e xperimental methods, data analysis,
and error analysis supporting concepts in physics and chemistry. Students are required to design
their own experiment to answer a question. This helps students develop the ability to setup and
evaluate an investigation.

The engineering design module centers around a team-based project where students are partnered
with clients, primarily in the local community. Supporting activities focus on concepts including
design process and tools, project management, information management, teaming,
communication, personal learning styles, economics, and workplace safety. A key feature of this
module is the use of upper year engineering students as project managers. These students serve
as peer mentors, and are consistently highly regarded by first year students. Although they are
hired to only manage these projects, in practice they also play the role of general academic peer
mentors for first year students.

Approximately 50 upper year engineering students are hired in April for project manager
positions in the next September-April academic year. Preference is given to those who have
demonstrated leadership skills, industrial experience, academic strength, communication skills,
and design skills. A significant number also have formal training in design tools and
methodologies. At the beginning of the year all project managers are required to hold current
workplace safety certification and first aid certification. They receive training over multiple
sessions in course objectives, design process and tools, assessment and grading, conflict
resolution, and general project management. Their role includes arranging initial meetings,
giving feedback on team meetings, helping the teams create design plans, timelines and goals,
providing guidance and feedback on oral presentations and written reports, guiding students to
resources available at the university, and evaluation of team progress and deliverables.®

Second year (APSC 200/293): The two new second year courses are faculty wide, and will draw
on expertise from across the faculty, but will be coordinated by one person. One course focuses
primarily on design, and the second on written and oral communications. The projects in the
design course will serve as the context for the reports and presentations used in the
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communications course. This will provide multiple revision cycles to help students develop an
effective writing process. The design activities are also supported by materials from APSC 221.:
Economics and Business Practices in Engineering. These courses will be offered in this form for
the first time in 2011/2012, using the outcomes tabulated above.

In this project based design course, students will participate constructively on teams to create
solutions to open-ended problems, using standard design methods and tools. The course opens
with a discipline specific project activity during a single session in the first week to engage the
students in an active learning opportunity. Instruction is provided primarily in the first 6 weeks
of the semester focusing on problem scoping, creativity and idea generation, decision making
incorporating technical, economic, societal, and environmental factors, safety, engineering codes
and regulations, and engineering ethics. In that first six weeks student groups complete a simple
design/build project to provide a focus for tools they are learning. The final 6 weeks of the
course centers around a more advanced design project delivered by each discipline. This course
is integrated with the communications course, and coordinated by the same instructor. The
communication course will include a small number of lectures, online modules, and working
tutorials supporting deliverables in the design course. This ensures the communications
expectations occur inan engineering context.

EDP I Detailed Outcomes EDP Il Detailed Outcomes
(APSC-100) (APSC-200, APSC-293)
e Identifies known and unknown information, uncertainties, e Demonstrate enthusiasm for
and biases when presented a complex ill-structured engineering and the discipline they
problem have selected
e  Creates process for problemsolving including justified e Apply design processes and tools
approximations and assumptions for problem definition, idea
e Selects and applies appropriate quantitative model and generation and decision making
analysis to solve problems e Promote creative processes in open
e Evaluates validity of results and model for error, ended problemsolving
uncertainty e Apply engineering principles and
e Generates ideas and working hypothesis theories from other disciplinary
e Designs investigations involving information and data courses
gathering, analysis, and/or e xperimentation e Solve an open-ended design

e Synthesizes data and information to reach conclusion

e Appraises the validity of conclusion relative to the
degrees of error and limitations of theory and
measurement

e Adapts general design process to design system,
component, or process to solve open-ended complex
problem.

e Accurately identifies significance and nature of a
complex, open-ended problem

e Identifies customer and user needs

e Gathers and uses information fromappropriate sources,
including applicable standards, patents, regulations as
appropriate.

e Produces a variety of potential design solutions suited to
meet functional specifications

e Performs systematic evaluations of the degree to which

problem (involving analysis and/or
simu lation and/or prototyping)

e Analyze triple bottom line
(financial, environmental, and
public interest) to support decision
making

e Apply relevant engineering
regulations/codes/standards in a
professional manner

e Explain the role of
professional/technical associations
in engineering and discipline

e  Apply teaming skills in a group
project

e Identify all relevant factors and the
dominant factors in the system
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several design concept options meet project criteria e Apply information search and

e Compares the design solution against the problem identification, with proper citations
objective e Demonstrate a communications
e Selects appropriate measurement devices or techniques to strategy that considers the needs
accomplish a task and character of the audience
e Follows protocols when using techniques, skills and tools e Compose logical arguments based
e Demonstrates correct use of testing apparatus, databases on supporting evidence
and merIs _ _ ' e Compose with the appropriate
e Recognizes a variety of working and learning preferences structure and relationship amongst
e  Assumes responsibility for own work and participates ideas
equitably e Prepare and deliver a presentation
° Desc_rlbes own temperament with appropriate language, style,
e Applies principles of conflict management to resolve timing and flow
team issues

e Demonstrate writing with correct
spelling, punctuation and grammar

e Demonstrate conciseness,
crispness, precision and clarity of
language

e Use appropriate formatting for a
memo and a short report

e Critically analyzes results froma temperament sorter,

defending opinion of how well results apply

Analyzes impact of own temperament on group work

Exercises initiative and contributes to team goal-setting

Writes using standard formats

Writes using standard grammar and mechanics

Summarizes and paraphrases written work accurately

with appropriate citations

e Delivers clear and organized formal presentation
following established guidelines

e Creates effective figures, tables, and drawings employing
standard conventions to compliment text.

e Describes role of protection of the public and public
interest in decision making

e Demonstrates punctuality, responsibility and appropriate
communication etiquette

e Participates actively in meetings, helps to generate ideas

Third year (various program specific courses and APSC 381): In third year students will
more closely engage in program specific technical processes using quantitative design tools to
understand system performance. Design projects will be more closely defined to exercise and
assess those skills. Awareness of the link between technical and professional skills will be
emphasized in specific case studies to prepare students for more diverse design project activities
in fourth year. Details of these courses have not been finalized, however they will include these
common outcomes and elaboration for program specific needs:

o Applies appropriate technical knowledge, models/simulations, and computer aided design
tools

e Creates and tests simulations, models, and/or prototypes at various points in design with
complexity appropriate to design stage
Quantifies performance, yield, reliability, and safety evaluations

e Applies basic economic tools in decision making
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These discipline-specific courses will be offered in this form for the first time in 2012/2013. The
current multidisciplinary third year design course, APSC 381, will continue to be available to
students as an elective option.

Fourth year (program capstone design/communications courses and APSC 480): The
capstone projects will all be team-based, solving complex, open ended problems for clients
(ideally industrial partners), with students working semi-autonomously under a faculty
supervisor. All will produce written reports and design presentations at appropriate stages.
Projects may be discipline specific under courses in each program, or multidisciplinary design
projects in the Faculty-wide course APSC 480, “Multidisciplinary Design Project”, available to
students as a substitute for program specific capstone courses. Provisions are also in place to
allow students to substitute capstone courses from other programs for their disciplinary capstone.

A set of 29 program independent outcomes, supporting 9 of the 12 CEAB Attributes, were
applied ona pilot basis to the design and communications capstone in Mechanical and Materials
Engineering (MECH 460/464) in Fall 2010. These outcomes will be revised and expanded to
cover the full range of the Attributes 2-12 for application in the initial offering of these courses
in 2013/2014.

Planned assessment process

The detailed learning outcomes will be assessed year by year as part of the grading process. The
results will provide measures of student development both individually for grading and as a
group to inform the process of continuous curriculum improvement. Outcomes detailed above
are currently in use for direct student assessment in APSC 100 and current communications
COUrses.

The outcomes from the full sequence of EDPS will be categorized by both CEAB Attributes and
using the CDIO Syllabus for comparison. The relatively coarse CEAB comparison will
demonstrate compliance with accreditation requirements. The far more detailed, but compatible,
CDIO comparison will highlight areas of strength and weakness within our curriculum and our
graduates.

The fourth year assessment process that will be used was modeled in the current capstone design
course in mechanical engineering in Fall 2010 using these design documentation deliverables:

Writing progress memos, leading meetings and preparing minutes
Design Proposal written report with formal oral presentation
Individual drafts of written work

Final Design written report with poster presentation

The individual drafts and multiple presentation opportunities, combined with supervisor input
and peer assessment provide adequate differentiation of individual performance within the team.
The 29 final year outcomes were assessed within the appropriate deliverables by faculty
supervisors or academic assistants, and the results agglomerated ina Moodle database. Grades
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were calculated directly from outcome assessments, resulting ina distribution similar to past
offerings where simple numerical grades were used.

Student design skill assessments have been carried out at the beginning and end of several
current design courses for three years.. Students are asked to select one of three scenarios which
require a solution, and are asked to describe the process they would follow to design a solution to
the problem. This year the assessment has expanded to some fourth year capstone courses. The
performance of students in these courses will be used as a benchmark as student progress
through the new engineering design and practice sequence.

Outcomes to date

In the 2010-2011 academic year the initial delivery of the EDPS has been in first year. Students
were asked to complete a web-based survey in the new problem analysis and modeling module
partway through the year. The response rate was approximately 30%. Ofthose who responded,
56% felt that the model eliciting activities were helping them solve open ended problems and
59% felt they were improving their understanding of the role of an engineer in society. Most
students (62%) also felt the skills in the course were important to develop. Concerns were raised
over two issues in particular: the amount of time required to receive feedback on submitted
assignments, and the workload. The workload and assignment instructions are being adjusted to
resolve those concerns. A web-based survey and small focus groups will be setup at the end of
the course to assess student self-reported confidence and perceptions of development.

The first year design project has run for over a decade, and the delivery will generally stay
similar to previous offerings. In the past five academic years, satisfaction with upper year project
managers has consistently exceeded 80%.° Inthe last delivery (January 2010), 78% felt the
design module helped their teaming skills, 61% felt it helped their problem-solving skills. Only
42% said they felt confident tackling complex problems. 76% felt the experience improved their
skills in solving open-ended design problems.

A set of approximately 20 outcomes are being assessed and evaluated to compare student
performance to course expectations. The DRCRC will be analyzing the results and applying
themto the improvement of the program.

The second year and fourth year segments have similar features to some existing design courses
that have operated successfully for 5 years or more, providing a solid base for expanding these
successes Faculty-wide.

Conclusions

The EDPS is a novel approach to creating faculty wide consistency in engineering design and
professional practice education. It provides opportunities for students to experience a

combination of multidisciplinary and discipline-specific projects throughout all four years of
their programs. Students will meet a common set of design and professional practice learning
objectives across all four undergraduate years ofall ten degree programs. A multidisciplinary
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learning environment will be common to to the first year course, half of the second year course,
and as an elective offering in the third and fourth years. The sequence provides an opportunity
for students to integrate technical, design, and professional concepts in projects emulating
professional practice.
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