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Title: Integration of Systems Engineering Training Modules into Capstone
Courses across College of Engineering Departments

Background:

The Department of Defense (DoD) has identified the promotion of Systems Engineering (SE)
knowledge and career path awareness for undergraduate engineering students as a key
strategic initiative (1). The DoD chose exposing engineering students to systems engineering
training in capstone projects because they are required for all ABET-certified colleges of
engineering in the United States (2).

Wayne State University decided on a novel approach to achieving this objective by
introducing SE training modules into existing capstone courses across both the Industrial and
Systems Engineering and Mechanical Engineering departments starting in the Fall Semester,
2010 (3). Instructors of the courses collaborated to approach a DoD-relevant design problem,
i.e. development of humanitarian assistance/disaster relief kit elements, from multiple
perspectives. These modules were developed by one instructor and either taught in joint class
sessions or in individual classes where scheduling conflicts could not be overcome. Beyond
the Department of Defense objectives, these training modules are being used as a method of
achieving continuous improvement in the capstone courses. The first module is an
introduction to systems engineering while other modules relate to systems engineering tools
that are taught ‘just-in-time’ to support completion of the capstone design projects.

Implementation Method:

The SE training modules were developed by an Industrial and Systems Engineering faculty
member under the consultation of the Assistant Director of Wayne State University’s Office of
Teaching and Learning.

The process began with the development of an instructional design matrix which included:
Instructional Goal, Objectives, Assessment Methodology, Information Presentation, Practice
and Feedback, and the Media and Materials to be used (4). An example of an Instructional
Goal was: “Students will be able to define and describe systems engineering.” An example of
an Objective was: “Define the term ‘system’ in the context of systems engineering.
Assessments included pre and post-tests based on DoD overall strategic objectives. The pre-
test was conducted prior to the students receiving any SE instructional material to assess their
base competency. The post-test was conducted at the end of the semester to assess how much
SE knowledge was gained after SE instructional material was delivered and used on course
projects. Information Presentation was via lectures. Practice and Feedback included
interactive in-class discussion, development of in-class examples, and incorporation of tools in
capstone or term projects. Media and Materials included PowerPoint presentations, examples,
and templates for students to use in their projects.
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The modules were inserted into three courses in the Mechanical Engineering and Industrial and
Systems Engineering programs at the undergraduate and graduate level (9 teams, with a total of
over 30 students). All courses used humanitarian assistance/disaster relief Kits as the target
domain. Students successfully used System Engineering tools in all courses and pre-/post-course
assessment indicate an increased awareness of and interest in Systems Engineering.

Assessment Plan:

Each of the participating courses was examined and selected based on relevance to the
targeted SE concepts and competencies. Each learning objective was associated with at least
one assessment. Assessments instruments varied by course and by outcome. In addition to
course-specific assessments, three common assessments were administered for all courses: 1)
SE Career Awareness / Interest Survey, 2) Assessment to Measure Students’ ability to transfer
SE Learning to Novel Problems, and 3) Open-Ended Blog Postings by students that
documented and reflected on capstone progress.

Course Evaluation / Improvement Plan:
Four Fall Semester 2010 courses implemented some System Engineering elements.

The primary contribution of the Systems Engineering class was to prepare and deliver lecture
modules for all of the participating classes. The following modules were delivered:

- Introduction to Systems Engineering
- Pugh (concept alternative selection) Analysis
- Failure Mode and Effect (risk identification and mitigation) Analysis (FMEA)

The faculty member also provided assistance in developing the FMEA and using it to improve
that design for one of the Mechanical Engineering senior capstone teams. This assistance was
provided by meeting with the team several times, guiding their work, assisting them in
following the FMEA process, and brainstorming several engineering changes that would
improve the design.

One of the Mechanical Engineering senior capstone courses implemented (Teoriya Resheniya
Izobretatelskikh Zadatch) TRI1Z. The TRIZ principles were emphasized in the design process,
such as the notion of “Ideal System” as well as generic techniques for resolving
contradictions. Pugh Analysis was also used to identify the best alternative which was
progressed to a physical prototype.

The other Mechanical Engineering courses implemented TRIZ, Pugh Analysis, and FMEA. A
DoD mentor, serving as a content expert and as part of the external reviewer panel during final
project presentations, supported the senior capstone projects via e-mail and Skype. The
mentor also provided final report as well as presentation feedback. Mentor feedback provided
both encouragement and confirmation of students’ efforts during the course of the semester.
Students also had access to two industry experts; one a laboratory head and the other a Chief
Technologist. One expert was enlisted via an e-mail request; the other via a long-term
research collaboration. These experts provided comments and suggestions on reports and also
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served as external reviewers during project presentations and a follow-on oral examination
portion of the senior capstone project. Expert feedback also provided both encouragement and
confirmation of students’ efforts during the course of the semester. Faculty reported that the
mentors and experts complemented the learning and design processes of the student teams.
The System Engineering tools improved project outcomes and are planned for future use as
part of the continuous improvement plan.

The fourth class was an integrated product development course. The aim of this class was to
familiarize students with the current principles and philosophies of product development and
realization. This class educated students about the importance of integrated and collaborative
product development in a global economy and how to realize a true integrated and seamless
development environment. Via the product realization projects, students learned how to
operate effectively in a highly integrated, multidisciplinary environment. In the fall semester,
2010, project teams were formed on the base of student expertise and experience. Teams
consisted of three or four students. The project team’s goal was to develop humanitarian
assistance/disaster relief (HA/DR) materiel with the benefits of alternative and renewable
energy technologies. The developed SE course modules were applied; Tradeoff Analysis,
TRIZ, Analytic Hierarchy Process, QFD, Requirement Engineering, and Introduction of SE.
Students were assessed based on the following topics;1) use of the product development
standard process and procedures to set final specifications based on customer needs, and 2)
generating innovative design concepts for all components and sub-assemblies comprising a
product. The anticipated product design conformed to standard criteria for high-quality
industrial designs for manufacturing and assembly as well as a production launch plan with
complete documentation for each production process. In this fall, four student teams worked
on the development of 1) solar medical facility; 2) manual power generator; 3) mobile
sanitation station; and 4) wind current kite. This class utilized the newly developed Systems
Engineering - Student Query, Interview, and Response Tool (SE-SQUIRT) to obtain students'
Pre-test, Surveys, Weekly reports and Post-test.

For the winter 2011 semester, more communication with HA/DR experts has been requested
because students do not have the experience to understand HA/DR projects. The experts can
provide reasonable and appropriate information to achieve the goal of these projects. They
may also be able to provide real world experience regarding these products.

Plans are currently being developed to use lecture capture methodology so that these modules
can be more easily inserted into existing courses. Plans are also being made to develop more

modules for other SE tools and to expand this instructional approach across other departments
in the College of Engineering.

G'2e6'2e abed



Pre / post-Test Results:
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Figure 1. Histogram of interest ratings pre- and post-class experience.

The SE background gained in this class from both the lecture material and application of tools
led to an increased interest in SE careers. As seen in Figure 1, when asked “how interested are
you in becoming a systems engineer?”” a sub-sample of 12 students who completed both the
pre- and post-class assessments declared a higher level of interest after their class experience —
the entire distribution of responses shifted to the right, increasing the number of very
interested students, and eliminating the negative response side of the distribution. In addition,
the number of neutral or not sure answers was reduced, all in a positive direction. The mean
within-student rating change was +0.67 and a one-tailed paired T-test showed this was a
statistically significant improvement (p=0.0064).

Conclusions:

This novel approach to achieving the Department of Defense objective of promotion of
Systems Engineering (SE) knowledge and career path awareness for undergraduate
engineering students by exposing engineering students to systems engineering training in
capstone projects because they are required for all ABET-certified colleges of engineering in
the United States has achieved measurable success.

Because this methodology also improved Senior Capstone Project outcomes as reported both
by Department of Defense mentors and faculty, the plan is to continue this methodology
within the Mechanical and Industrial and Systems Engineering departments. It is also
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expected that this methodology will be expanded to include other SE tools modules and will
be propagated across other College of Engineering departments.
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