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Suppose we were to organize a football team
and we had a unique training program aimed at
giving the players good fundamentals: the first
year we do nothing but calisthenics; the second
year we add dummy drills to our program; the
third year we let them run patterns; then, finally,
in the fourth year we let them scrimmage and
play. Do yo uthink that we would be successful?

The answer, as everybody can imagine, is an
emphatic NO because no one would join our team
m the first place since there would simply be no
fun to play on such a team. All training and no
play makes the team dull.

And yet this is precisely an exact image of
the conventional engineering program, chemical
engineering included. During the first three years
the student learns nothing but humanities, pure
and applied sciences which are no doubt of prime
importance in his future career. But he has no
opportunity to see how knowledge learned in these
subjects can be put together in a meaningful way
in solving engineering problems until perhaps the
fourth year when a semi-realistic and fairly well-
defined problem is presented to him in the tradi-
tional design course. By this time the knowledge
he is supposed to use will have become vague
because of the lack of immediate opportunity to
utilize it before. The present engineering pro-
gram, especially the freshman portion, is not one
which will greatly enthuse the student because
he simply cannot see why he should be an engineer
rather than a scientist. Even many of those who
started out in engineering have lost their interest,
thus constituting the major cause of the engineer-
ing mortality rate (50%* and manpower short-
age? .

Secondly, solving an engineering problem is
quite different from solving a scientific one both
in their natures and the methods of attack. If
during the fourth year an engineering student
finds that he does not like to solve the open-
ended type of problems usually found in engineer-
ing work, then it will be too late for him to change
to a different field.
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Therefore, early in the engineering curriculum
we need to show the student the difference be-
tween science and engineering.* We want to
demonstrate to him how an engineer actually
looks at things, how he approaches a problem,
and what economical, sociological and human fac-
tors he has to consider in addition to his technical
problems. That is exactly why at the Catholic
University we offer an introductory engineering
course, ChE 198 Fundamentals of Creative De-
sign, to give the student a chance to be personally
involved in engineering and to create new tools
for mankind.

*Qur favorite quote for the students is: “Scientists dis-
cover what is; engineers create what has never been.”—
by Theodore von Karman.
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Furthermore, our course is vastly different
from the conventional introductory course which
usually deals with the slide rule, computer, meas-
urement, etc. because we want to give the stu-
dents a chance to accomplish something on their
own. Despite all the advancement in science and
the upgrading of requirements in the curriculum,
we are probably not producing graduates with
creativity commensurate with their scientific
knowledge. In fact, with the courses becoming
increasingly highly specialized and structured,
we suspect that their inductive problem-solving
skills have yielded places to deductive skills. We
are not claiming that creativity has actually “de-
generated”; we merely suspect that the develop-
ment of creativity has not kept pace with the
advancement of scientific knowledge. The student
should know that there is a design process by
which he can most effectively use his imagination.

COURSE OBJECTIVES AND DEVELOPMENT

Based on the foregoing premises, our ChE 198
is designed to (1) Give the beginning student a
preview of engineering its mission, objective,
viewpoint and methodology. (2) Motivate the be-
ginning student by giving him an opportunity to
innovate, to unlimber his imagination before he
enters a highly structured, analysis-oriented edu-
cational program.

Freshman design courses have in recent years
been rapidly increasing in number due to realiza-
tion of such considerations as those set forth
above.

In the summer of 1965, six institutions: The
University of California at Berkeley and Los
Angeles, Carnegie Institute of Technology, Case
Institute of Technology, Dartmouth College, and
Massachusetts Institute of Technology, under the
auspices of the Commission on Engineering Edu-
cation and with NSF funding hosted six Design
Education Workshops across the country, aimed
at sharing their experience with selected design
teachers from other institutions. These Work-
shops advocated different approaches which were
designed for students of different levels, accord-
ing to the interests and experience of the host
institutions. One of the authors (MML) was for-
tunate enough to participate in the one at Dart-
mouth whose ES-21 Introduction to Engineering?
was a sophomore course. The experience of the
summer was extremely enlightening. Based on
his report and recommendations made upon his
return, a new experimental course, ChE 198
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Fundamentals of Creative Design, was put into
effect in the Spring of 1966. It was a resounding
success. The second year our enrollment included
students from Mechanical Engineering and Space
Science and Applied Physics Departments. Stu-
dents and staff members from different disciplines
worked well together. Now in its third year, the
course is also taken by non-engineering majors,
including girls* from such departments as Socio-
logy, Economics, and Psychology. Perhaps with
the exception of the computer course, this is the
first time that the Engineering School offers a
service course to arts and sciences students!

LECTURE PROGRAM

Activities of the course can be divided into
two main components, lectures and project, which
are intimately related. The lectures supply know-
ledge needed in the project while the project
complements and illustrates the lectures. To put
it differently, the lectures are given on need-to-
know basis while the project creates the need to
know.

Designed to acquaint the student will all
aspects of engineering, the lecture program in-
cludes such topics as the following:

Patents and Noteboook Keeping e Project Plan-

ning and Control ® Computers—Analog and Digi-

tal @ Professional Ethics ® Creativity and Methods

of Innovation e Information Storage and Re-

trieval @ Decision-making ® Marketing ® Engineer-

ing Economics ® Contracts and Legal Aspects of

Engineering @ Technical Communication (oral and

written) ® Art of Leadership and Group Psycho-

logy ® Sociological Impact of Engineering ® Safety

in Industry e Optimization e Engineering Mate-

rials e Case History e Instrumentation ® Man-

agement of Engineering ® Human Factors in En-
gineering ® Conference Leadership ® Mathematical

Modeling.

This list does not include technical subjects which
are directly related to the project itself. For ex-
ample, in the dental project two years ago, special
seminars were given by and field trips arranged
through the courtesy of responsible professional
people in government and industry.

These general and seemingly ‘“trivial” topics
become a living experience to the students as they
proceed through their projects. Highly idealistic,
many of them are extremely interested in profes-
sional ethics (“shall I tell my roommate what
we’'re doing?”’) and sociological impace (such as

*The problem with girls is that we have to keep an eye

on them so that the boys will not employ them exclusively
for secretarial duties.
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machines replacing men). The importance of
technical communication is never so real as when
one has to stand up to convince a group of experts
and to defend his design. Cost accounting, market
and financial analysis, patent regulations, project
planning and control, creative methods, informa-
tion retrieval, human engineering and conference
leadership have been found no less useful.

DESIGN PROJECT

The other main ingredient of the course is an
open-ended, comprehensive project which the stu-
dents, working in teams of approximately six
each, are required to complete in one semester.
Each “company,” as we prefer to call it to create
a more realistic atmosphere, is assigned an in-
structor who is referred to as the “company con-
sultant.” In the “game” we play, he acts as the
“coach’” ; but when the emphasis is on the project
as a course, he assumes the teacher’s role which
includes amplifying the lecturer’s point and
applying it to the specific project on hand, critiqu-
ing student’s work and reports and the pleasant
(or unpleasant?) job of grading them. In our
experience, the rank and age of the instructor are
immaterial as long as he takes an active interest
in the students and has reasonable industrial and
design experience of which, of course, the more
the better.

Each company has its own student officers (President
or Chief Engineer, and others) who take active leadership
roles. Currently we are experimenting with a system
whereby each student is responsible for one of the approx-
imately six phases of the project.

The companies are contracted by a manufacture com-
pany* which feels a certain need, or has a general idea,
for a new product or process. It asks for a more specific
design, complete with technical and economic analysis,
market survey, drawings and/or prototype to show that
it will be a product that will benefit the society as well
as earn the client company monetary return should it go
into the fanufacture of this product or adopt this process.
The problem statement is contained in a business-like
communication to the student companies, who then submit
a written proposal and orally present it to a panel of
expert judges retained by the client company. After the
project is accepted for “funding,” each company is re-
quired to submit a progress report to the client at the end
of each phase. A final design report is submitted and
public presentation made at the end of the term to a
panel of experts who, instead of electing a winner or giv-

*This company used to be a fictitious one consisting of
faculty members. But this year, with “Project I-Cube”
(International Innovations and Inventions), a real organ-
ization, VITA (Volunteers for International Technical
Assistance), is the client.
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The other main ingredient of the course is an
open-ended, comprehensive project

ing out prizes, critique the student’s work—product and
procedure. (That is why internally we like to call them
“evaluators” instead of ‘“judges.”) Intro-company indi-
vidual reports are required by the company leadership
according to the general guidelines for the entire course.
Among the project themes we have chosen, “Project
I-Cube” two years ago, was to design something to help
people in developing countries. This “something” must
be affordable by the local populace and utilize local
resources. The four Companies work in four different
areas, namely: solar-powered water lifting device, a pub-
lic water supply system for the Barriadas in Peru, sanita-
tion and public health system in Nicaragua and profitable
utilization of lumber resources in Chile. The projects are
full of international flavor. For example, in addition to
having instructors from four different countries, the Vice
President of Nicaragua, on his visit to Washington,
assigned one of his Embassy staff to regularly help out
a particular student group. We have also corresponded
with agencies of foreign countries to obtain their experi-
ence.

Last year we asked the students to design
something to facilitate the conversion to the
metric system. (Have you heard of a dual-thread
British-Metric screw? It really works!) This
coming spring we are going to work on our en-
vironment!

The students are required to budget their time
and money which consists of the real and “paper”
categories. Via this they are led to the concept
of planned invention and are made aware of the
cost of time, man-power and such things as over-
head cost contingency allowance, profit allow-
ance, etc.

Three textbooks*’® have been tried in the
course so far. They are used more or less as
source books or guides with suggested reading
assigned for each week as the project progresses.
Other books®'” have been considered and recom-
mended as references.

SPECIAL FEATURES

One great feature of our program is the ex-
tensive contribution made by outside experts
holding responsible positions in industry and gov-
ernment. For this we are extremely fortunate and
thankful. Most of them are guest lecturers. They
have come very willingly, offering more help than
we ever expected to trouble them with. The stu-
dents gain tremendously from listening to and
discussing problems with these real-life experts.
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... Whyishouldinot'liberal arts majors not take at least one engineering course?....

To many the mere experience of sitting in a rela-
tively small group with a prominent person is the
greatest thing that has happened in their lives.
After the lecture they can “hire” the lecturer as
a special consultant to help them with their own
specific problems. The client company also hires
them occasionally to act as judges for the presen-
tations.

The second outstanding feature is the realistic
environment we provide. Ninety percent of the
time we treat them as business associates or
counterparts rather than students. We address
them as such in our “contracts,” in intercompany
communications and in presentations which range
from the formal auditorium-type to informal con-
ference-room get-togethers. The judges are urged
to give them as realistic a going-over as possible,
from such things as wrong definitions of the prob-
lem, design contradicting physical laws to such
things as unsatisfactory items in the budget.

The students answer this challenge with an
equally, if not more so, impressive and realistic
effort. Their footprints cover such places as the
patent office, government and industrial labora-
tories and libraries, the dentist’s office, barber
shops and union. They make both telephone and
mail surveys. They phone and write real manu-
facturers for technical and market information.
And, to the judges scrutinization, they offer ma-
ture answers, even occasional rebuttals. After
serving as one of the judges, one of our colleagues
volunteered: “This is the greatest thing that has
happened around here.” This is typical of the
comments we have received from both “insiders”
and ‘“outsiders.”

Being chemical engineers offering this course,
we have deliberately chosen projects which have
potential chemical solutions. Admittedly the stu-
dents’ background in chemistry is not very strong
at this point and the development of a suitable
chemical requires time and the tenacity to endure
government food and regulations, they are never-
theless made to study some of the existing and
related chemical products.

An innovative feature of this program is that,
with gratifying cooperation from our liberal arts
colleagues, we have begun to enroll non-engineer-
ing students in our course. We feel that our
present-day technology is so encompassing that
mutual understanding, cooperation and cross-
fertilization among various technical and non-
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technical disciplines are indispensible. After all,
engineering students do take a number of liberal
arts courses. Why should liberal arts majors not
take at least one engineering course? Among
some of our enthusiastic course alumni are econo-
mists, psychologists and sociologists who have
perceived the need to know some engineering—
not necessarily the technical aspect, but at least
the engineering process—in order to work with
engineers in the future.

Our success with this course and our experi-
ence in doing international technical assistance
projects have attracted the personal attention of
Dr. John A. Hannah, AID Administrator, and
won us the unusual opportunities of conducting
similar workshops for chosen foreign students
these past two summers, under the sponsorship
of AID and the African-American Institute. This
is a particularly relevant part of their training
since a little creativity could go a long way in
utilizing local resources to develop the economy
of their respective home countries.

DISCUSSION

Our experience in offering our own program
and in participating elsewhere has shown that
the student can be led to better utilize his crea-
tivity. By providing him with an atmosphere
where free expression of ideas is encouraged and
properly guided, his imagination can be made
more productive. This is the innovation aspect of
this program.

Secondly, the motivation aspect has also been
achieved. We do not necessarily mean that stu-
dents come out with better grades in subsequent
courses. But to the best of our observation, they
have in general become more enthusiastic and
responsive. They now take a more active interest
in their chosen profession.

Moreover, this course also serves as a bridge
to bring students and faculty closer together early
in their education. Because of this early contact
with engineering, the student feels more at home
with the engineering school, his department and
faculty. He feels that he belongs. Now his advisor
is literally an advisor, not just the Professor
What’s-His-Name who only signs the registration
card. He is the person whom the student can bring
his problems to, whether academic or social.

At the end of each year’s course, we ask each
student to fill out an extensive, anonymous ques-
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. . This course also serves as a bridge to bring
students and faculty closer together early . . .

tionnaire rating every aspect of this course. An
outstanding conclusion from these cumulative
data is the supreme importance of the company
consultant (instructor). Not only his personal
reputation is on the line, but the student’s impres-
sion of the entire course (even the guest lectures
his company consultant has nothing to do with)
depends on the latter’s ability to interest and
inspire. The company consultant is the one who
could make this course demanding and reward-
ing, or simply a drag.

Other significant reactions of students are
that they rate very highly the major reports and
presentations, opportunity to create, stimulating
their interest in engineering, quality of effort re-
quired, sense of accomplishment and the value of
this course in their overall education. They said
that they could do without tougher judges.

Problem selection is extremely important. It
should be one that all instructors are reasonably
enthused about, though not necessarily in the
special areas of competence of everyone. It should
be one with great local interest or appeal so that
guest speakers and consultants can be obtained
easily. Other local cooperations are also essential.

We hope to involve more and more liberal arts
students in this course, even if this only serves
“cultural” purposes, just as liberal arts courses
do for engineering students. For engineering is
at the heart of 20th Century culture. It is in
everyone’s daily life. If a housewife understands
some basic engineering principles, she may be-
come a better cook by more properly utilizing her
stove and oven, and the life expectancy of the
family car may be prolonged. Unfortunately, in-
stead, we see, week after week, students (mostly
liberal arts majors) fumbling on the simplest
technical questions on the “College Bowl” TV
program while recalling down to the last detail
titles of literary works and names of authors,
artists and composers. It is common to find the
engineer a better conversationalist among arts
and humanities majors than one of them in a
group of engineers. The engineer is, therefore,
perhaps the most cultural of all people, if culture
is properly defined to include all of the main in-
gredients of our civilization.

We also feel that a modified version of this
course to service high-school students can be of
great value as a career guidance device
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CULBERSON ON ATTRITION

(Continued from page 27)
thetic “Establishment” ear for their problems.
Fourth, a specially-tailored course for the second
semester of the freshman year was developed as
a result of interviews of freshmen by an ad hoc
faculty committee. The freshmen Ilamented
‘“Where is the engineering ?”’ in a curriculum then
consisting of mathematics, physics, chemistry,
English and physical education or ROTC. There
also seemed a definite need to answer the ques-
tion “What is engineering?”” The course meets
once a week for two hours under supervision of
senior faculty, and is devoted to the conduct and
data analysis of experiments from all fields of
engineering.
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