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Designing the

Design as Cornerstone

Design Course

Sequence

It is unrealistic to expect students to design a smoothly operating,

profitable machine if they have yet to nail two boards together.

By Kevin N. Otto and Kristin L. Wood

HEN ASKED, MANY ENGINEERING graduates may at

first look back fondly on their mtroductory or

capstone design courses. But their next utter-
ances usually point out a number of severe limitations. Typ-
ical comments include “it was an isolated experience,” or
“the tie to analysis courses did not materialize,” or “there
were o many disparate goals—communications, team dy-
namics, project management, realistic product testing”

Fundamentally, the design sequence confronts students
with too much marerial too quickly. They have not built up
the conerete experiences to the level required in the course.
No matter how bright the students or how crafty the facul-
ty presentation, it is unrealistic to expect students to design a
smoothly operating, quick, nimble, efficient, and profitable
machine if they have yet to nail two boards together.

The authors have documented many experiences with
different types of design courses, from contests to dissec-
tion experiences to capstone courses, and they understand
the benefits and detriments of each. Contests motivate
some students to success, but block others from ever en-
joying practical engineering. Capstone courses bring all
disciplines to bear on a single project, but also inhibit core
engineering courses from bridging the gap between text-
book problems and real applications that overheat, break,
vibrate, or run too loud. Dissection courses help students
understand how some things work, yet can fail to urilize

Kevin N. Otto is the Noyce Career Development Associate
Professor in the Department of Mechanical Engineering at
the Massachusetts Institute of Technology in Cambridge.
Kristin L. Wood is an associate professor and the June and
Gene Gillis Endowed Faculty Fellow in Manufacturing in
the Department of Mechanical Enginecring at the
Usiiversity of Texas in Austin.

The first hands-on course at MIT is not a “design course” at all, but a manu-
facturing and analysis course in which students fabricate parts, assemble, and
debug a working miniature Stirling engine.

the sophistication of realistic physical modeling. We un-
derstand these linkages, yet their implications for contem-
porary engineering education have not fully materialized

To improve the modern design engineering curriculum,
we must wrestle with at least five issues:

1. We all learn in the stages of a cycle. Educational psy-
chologist David A. Kolb’s cyclic model of learning is typical-
Iy not fulfilled in the structure of most courses. Kolb views
learning as a cycle composed of concrete experiences, ob-
servation and reflection, conceptualization and theory, and
active experimentation. More emphasis on hands-on learn-
ing, with a chance to reflect and modify, is critically needed.

MECHANICAL ENGINEERING DESIGN NOVEMBER 1999 39
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And Capsto

Students need to practice design to become competent. One

experience at the end of a _four-year program is not enough.

By Sheri D. Sheppard

NTHE pAST DECADE, there has been a

gradual movement toward making

design both the cornerstone and
capstone of the engineering curriculum,
and to teach the subject in all four years.
Educators have come to realize that de-
sign cannot be taught in one course: it is
an experience that must grow with the
student’s development.

At the same time, companies like Boe-
ing and professional organizations like
the Accreditation Board for Engineering
and Technology have taken an aggressive
stand as to what they need and expect
from engineering graduates. The mmpor-
tant attributes include a good grasp of
engincering science fundamentals, a ba-
sic understanding of the context in
which engineering is practiced, good
communication skills, an ability to think both eritically
and creatively—independently and cooperatively—and
curiosity and a desire to learn—for life.

To see how design education is being reshaped, we will
look at innovations in core design classes, in mechatronics,
and in the use of design exercises in “traditional” classes. En-
gineering schools across the country are engaged in excel-
lent design experiments. The selected examples are presented
so that readers can gain a better understanding of the changes
in design education and see an opportunity to get involved,
and so that those who are directly responsible for teaching
mechanical engineering design may find a few new ideas.

Students in a Mechani

Sheri D. Sheppard is an associate professer in the
Department of Mechanical Engineering at Stanford

University in Stanford, Calif.
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al Dissection class at Stanford University set about reb
Engineering design education is generally focused on
helping students develop into effective design practition-
ers. According to Clive Dym of Harvey Mudd College in
Claremont, Calif., “Engineering design is the systematic,
inrelligent generation and evaluation of specifications for
artifacts whose form and function achieve stated objec-
tves and satisfy specified constraints ... The problems that
engineering design responds to are typically open-ended
and underdefined, by which we mean that, respectively,
there are usually many acceptable solutions to a design
problem (so uniqueness does not apply); and solutions for
design problems cannot normally be found by routinely

applying a mathematical formula in a structured way”
MIT% Larry Bucciarelli said that the ability to solve de-

sign problems effectively “requires not just the analytical

competence to size a structural member, to select an ap-
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