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IN LOOKING TO THE FUTURE of engineering edu-

cation, Dr. Lee Harrisberger [1], past president
of the American Society for Engineering Edu-
cation, predicts that one characteristic of the
1990 university will be a dual curriculum. The first
segment of the curriculum is predicted to be
based on skills, which includes knowledge, compre-
hension, and application to closed ended problems,
while the second segment is predicted to be
competency based, including problem analysis,
synthesis of skills previously learned, and evalua-
tion as applied to real-world problems. The
Accreditation Board for Engineering and Tech-
nology currently recognizes the need for compe-
tency courses by requiring one-half year of engi-
neering design in the undergraduate curriculum
for accreditation. The experiential, or “learning

by doing” courses are most often found in chemi-
cal engineering curricula in the unit operations
laboratory and in a capstone senior design

course.

If an objective of a senior design course is to
simulate industrial experience by teaching open
ended problem solving, the professor may be re-
quired to teach differently than in the normal
undergraduate class. While the professor may
normally build on his past teaching and problem
solving experience in a course like kinetics, each
design class requires that a new problem be
addressed. Further, if an available case study is
used in design, the assumption is made that the
students will not obtain a different or better solu-
tion than that available. Case studies are very
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useful teaching tools, but they remove some of the
open ended flavor in design.

Students also must behave differently in such
a design course. In addition to the creative, open
ended aspects of the course, the students must
communicate well and work in groups. In most
cases, the groups are self selected and tend to
be composed of friends with harmonious person-
alities. Such a group composition is considered
neither ideal for problem solving nor indicative
of real-world problem solving groups. Students
should learn to work with different personalities
in a constructive manner.

COURSE STRUCTURE

THE PRIMARY GOALS OF the course are to pro-

vide an authentic design experience, to in-
crease interpersonal awareness, and to increase
communication skills for students. The course is
divided into three segments as follows:

1. an introduction to the design, decision-making pro-
cess (two weeks),

2. an introduction to group dynamics and personality
typing (two weeks), and

TABLE |
Steps in the Design Decision-Making Process

THE UNIVERSAL
TRAVELER

Accept the Problem
Analyze the Facts
Define the Problem
Ideate for Solutions
Select Solution
Implement Solution
Evaluate Solution

GUIDED DESIGN

Identify the Problem
State the Basic
Problem

State the Constraints
and Assumptions
Generate Possible
Solutions

Evaluate and Choose
Likely Solution
Analysis of Solution
Components

Synthesis to Create
Detailed Solution
Evaluate the Solution
Report and Recommend
Implement the Decision
Check the Results
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3. the design of industrial projects provided by com-
panies in the Golden-Denver area (eleven weeks).

Each of the portions of the course are described
below.

Initially, the students are introduced to three
types of design, i.e., preliminary designs, detailed
estimate designs, and firm process design, through
a standard text by Peters and Timmerhaus [2].
Two supplemental texts, Guided Design [3] and
the Universal Traveler [4] are used to study the
individual components of the design decision-
making process, as shown in Table I. Each of
four years of the Wright brothers’ design process
[6] is studied to evaluate how these classical engi-
neers resolved their design problems using the
above procedure.

The group dynamics portion of the course is
done with the help of a consulting psychologist.
Each student voluntarily takes the Myers-Briggs
Type Indicator (MBTI) [6], a written, multiple
choice personality indicator based on Jungian
principles. The thirty-five year data history of
the test provides a basis for personality typing
into the following four categories:

e the method of gathering information (by senses or
intuition)

e the method of making decisions (by thinking or
feeling)

e the preference for gathering information or making
decisions (perceptive or judgemental)
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e the preference for dealing with the outer world
(introversion or extraversion)

The implication of using the MBTI in normal
engineering teaching situations have been
addressed elsewhere [7]. Here, the results of the
MBTI allow the students to be divided into small
groups which are not only equivalent on
the bases of past grades, but also contain as many
diverse personality types as possible. The students
voluntarily share their personality types with the
others of their group, and each group discusses
how the individual types might interact in' the
forthcoming design project. Group effectiveness
exercises are done using materials provided by
Dr. Lee Harrisberger [8].

During the final eleven weeks of the course,
each group performs an industrial design, chosen
jointly by second level company supervision and
the professor. Each project deals with a real in-
dustrial problem which has not been solved by
the company. Typical projects during the last two
years are listed in Table II. Every week during the

From the professor's standpoint, this type of
course has several [additional] . . . benefits . . . The
students view the professor as a resource, not an
adversary, to accomplishing the design project.

TABLE Il
Chemical Engineering Design Projects
COMPANY PROJECT

1. Union Carbide Removal of Isopropanol and
Isopropyl Ether from a Brine

Liquid Stream

2. Union Carbide Recovery of Isopropanol and
Isopropyl Ether from a
Vapor
3. CSM Research Modeling Methods of Ethanol
Institute (CSMRI) Production
4. CSMRI Pilot Plant Design for Coal
Gasification Process
5. Earth Sciences Production of Fluoride Salts
from Fluosilicic Acid
6. Hazen Research Hydrogen Reduction of Lead
Concentrates
7. Hazen Research Flue Gas Desulfurization
8. Solar Energy Research Olefins from Solid Waste
Institute
9. Adolph Coors Use for Waste Steam
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project phase of the course, each group is allowed
an interaction (conference call or site visit) with
an engineer of the company involved. The groups
interact with their company in the same way any
process/project group would interface with the
user of a design effort. The needs for additional
information for integration of solutions into
existing processes, intelligible historical informa-
tion, the continuing development of new operating
data, etc., make each problem more difficult, but
very realistic.

At the conclusion of the project each group
provides the company engineer with an engineer-
ing log book as a record of all calculations,
problem solving sessions, company interactions,
and vendor quotes. The second level management
of the company is also provided a formal written
report, mid-term oral report and a final oral
presentation.

CASE STUDY OF A DESIGN PROJECT

DURING THE FALL SEMESTER of 1980 the Adolph

Coors Company requested that the design class
assess how best to use the wasted energy from
the brewery’s electrical power generation tur-
bines. After all of Coor’s internal energy needs
were met, the company was exhausting 175,000
Ib/hr of steam to the environment, with a future
exhaust of 550,000 lb/hr as the plant reaches
maturity. In return for the study, Coors gave a
$5,000.00 grant to the Chemical Engineering De-
partment, which was used as student financial aid.

After several weeks of considering alternatives
in a typical problem solving mode, the students
determined that the object of the design should
be to complete a feasibility study of using the
waste heat for district heating in Golden,
Colorado. Preliminary investigation indicated that
virtually all of the houses within a one mile
radius of the Coor’s brewery could be heated with
the waste energy.

The study included four major items as
follows: 1) a market analysis, 2) the design of a
cogeneration heating and distribution system, 3)
a capital cost estimate, and 4) a financial sensi-
tivity analysis.

Similar studies by the Electric Power Research
Institute, the Oak Ridge National Laboratory, and
Swedish and Danish companies were evaluated.
The students also obtained the help of profes-
sionals at the Public Service Company of Colo-
rado, the nearby Solar Energy Research Institute,
and the Golden City Engineer’s Office. The
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students were fortunate to have a fine, young
Coors engineer, Mr. Sam Baxter, to assist them
in their application of principles. Among the
engineering principles used in the study were
heat transfer, power cycle thermodynamics, fluid
flow and piping layout, and economic analysis.

The students concluded that such a district
heating system was technically feasible, and de-
signed a heating distribution system. They also
concluded that such a distribution system and user
conversion was very costly (ca. $45,500,000) and
that outside funds were needed to finance the
project. Two future design projects concerning
financing and funding were spawned as a result
of this original project.

Coors’ upper management requested a final oral
report in a company Technical Operations meet-
ing. When the city fathers learned of the project,
Golden’s mayor requested that the students pre-
sent a project report at a meeting of the City
Council. The students, Coors, and the city man-
agement indicated that the project outcome was
worthwhile.

STUDENT INTERACTION WITH DESIGN PROJECTS

THE DESIGN PROJECTS ARE paced by the groups.

Aside from a few lectures on topics such as
critical path diagrams, no formal lectures are
given. Instead the professor acts as a resource
person for informal interaction with the students.
Each student is required to make a classroom
oral presentation every second week on the pro-
gress to date. The engineering notebook, which
includes all group work on the project and
performance of tasks by each group member, is
evaluated weekly by the professor.

During the second year of design in this
mode, some of the positive reactions due to the
innovative course nature were removed and the
students were more objective. While some
students complained about the inequality of the
work load in each project, frequently students
would suggest helpful ideas during other groups’
oral presentations. The oral presentations not
only allowed students to practice communication
skills, but also gave the class exposure to the
approach to each open ended problem.

Also, the students are able to use the person-
ality typing skills in group solutions to the in-
dustrial problems. For example, a group with a
majority of perceptive types was able to per-
suade the judgmental type to defer judgment and
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obtain more data, while recognizing that they
tended to defer decisions, sometimes longer than
necessary.

EVALUATION

IN GENERAL, THE STUDENTS react very favorably
to the course. They indicate that they are moti-
vated because the problems are real and because
the approach to the design process is applicable
to the projects the students would encounter after
graduation. The optimum atitude is typified by
one student’s comment; “I don’t consider this
work as course work anymore; it’s something
that I want to do.” While some students feel that
the time spent on group dynamics should have
occurred after the design projects were assigned,
all students felt that they had increased their
self knowledge and their interpersonal relations
during the personality typing portion of the
course.

The industrial users all indicate a willingness
to participate in the next iteration of the design
course. They perceive the advantages of the
course as 1) inexpensive engineering effort, 2)
good corporate publicity and 3) an opportunity
to evaluate potential employees. Within the limita-
tions imposed by the effort, each company con-
siders the group work comparable to that by
new engineers working for them.

From the professor’s standpoint, this type of
design course has several benefits in addition to
those previously mentioned. The students view the
professor as a resource, not an adversary, to ac-
complishing the design project. The professor does
not need to be the final expert on each design
project, as he has the operating company as help
with evaluation, guidance, and grading. The
student’s grades were based upon each company’s
judgments of the written and oral reports, peer
evaluation by members of each student group,
and evaluation based upon weekly oral reports
and project notebooks.

The initial success of this course has aided in
carrying out other iterations. The work done
with the former companies was the basis for
approaching other nearby companies for other
real-world design projects. It is hoped that the
benefits to the students as well as the benefits to
industry will encourage wider interaction between
academia and industry in the future.

ACKNOWLEDGMENTS

The author gratefully acknowledges support
for the development of this course by a George R.

WINTER 1982

Brown Innovative Teaching Grant. O

REFERENCES

1. Harrisberger, L., Heydinger, R., Seeley, J., Talburtt,
M., Ezxperiential Learning in Engineering Edu-
cation, ASEE monograph (1976).

2. Peters, M. S., Timmerhaus, K. D., Plant Design and
Economics for Chemical Engineers, 8rd Ed., McGraw-
Hill, New York (1980).

3. Wales, C. E., Stager, R. A., Guided Design, The
Exxon Education Foundation, New York (1977).

4. Koberg, D., Bagnall, J., The Universal Traveler,
William Kaufman, Inc., Los Altos, California (1976).

5. Culick, F. E. C., “The Origins of the First Powered,
Man-Carrying Airplane,” in Scientific American, July
1979, pp. 88-100.

6. Mpyers, 1. B., The Myers-Briggs Type Indicator, Con-
sulting Psychologists Press, Palo Alto, California
(1962).

7. McCaulley, M. H., “Psychological Types in Engineer-
ing:Implications for Teaching,” Engineering Edu-
cation 66, 729 (1976).

8. Harrisberger, L., Personal Communication, De-
cember 2, 1977.

REVIEW: LAB ENGINEERING

Continued from page 29.

laboratory problems. I found the book to be well
written, topical and of practical use for the engi-
neering type laboratory systems. The typical
chemical research laboratory would greatly benefit
if the ideas contained in the book were used in
systems design.

Specific comments on each chapter are:

Chapter I: Well written, good illustrations,
good descriptions, good compilation of usable data.

Chapter II: Easy to understand if one is
mechanically oriented; could use a few more il-
lustrations rather than only written descriptions.
I believe there is almost too broad a subject matter
covered in so few pages. Basic calculus used.

Chapter III: Good description of topie, good
illustrations and practical. Would be useful to lab
person with a grinding problem, etc. Some calculus
used.

Chapter IV: One of the best written chapters
in the book. Excellent descriptions and diagrams
for the pumping of fluids. Very practical with good
ideas for help in the laboratory.

Chapter V: The only thing this chapter needs
to be 100% are a few more diagrams of the
techniques. Excellent.

Chapter VI: An excellent summary of a very
difficult theoretical subject, but written for the lay
person. Very useful in any engineering laboratory
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