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ABOUT—Engineering Education
and Industry

We engineers are probably the most
impatient people on earth, always want-
ing to change something. Weengineers
have the finest of objectives in wanting
to change things because we consider
ourselves creative. After all, there is
evidence all around us of our contri-
butions. Our pulses pulse because we
want improvement, something better,
either in products, or methods, or
environment — or in education.

The programs of the national and
regional ASEE meetings are impressive,
particularly in the breadth of the field
of engineering education and the many
viewpoints and objectives. Surely every-
thing good and desirable, and perhaps
some things bad and undesirable,about
engineering education have been dis-
cussed many times over. I suspect that
both good and bad have been prac-
ticed in most schools for years. Yet, I
dare to raise my voice in emphasis
of a few points because I believe so
strongly in their importance.

I am writing as an industrialist. I
suspect that words from such a source
are not going to cause educators to
change drastically, but perhaps they
will be of some influence. I speak from
thirty-five years of professional experi-
ence with a large chemical company. It
is said that one of the compensations
for age is tobe ableto brag about one’s
youth with less likelihood of being
contradicted. My experience has in-
cluded work at the bench in engineering
research and in plant design. It has
included administrative responsibilities
in applying engineering talent to create
plant facilities. And for the past ten
years I have been exposed to a broad
range of management problems con-
cerning engineering for my company.

I value highly my frequent direct
contacts with engineering educators
over the years since I was in college.
Many of these contacts have been in
some way connected with the American
Institute of Chemical Engineers. Thave
come to some conclusions, and you
may not agree with all of them. What
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I will propose will involve work. But
this does not bother me, for I know
from experiencethatyou arenotamong
the multitude who want to get to the
promised land —without going through
the wilderness.

Whether we are educators or indus-
trialists, we have situations or problems
of real concern. I don’t professto know
all of the problems of chemical engi-
neering education. I am aware of some
because they are basic situations, par
for the course. Engineering colleges
have fluctuating enrollment and fluc-
tuating demand from employers for
graduates. There is a scarcity of good
young teachers. There is pressure on
the faculty to bring in revenue, to write
papers, to win the Nobel Prize, (or
the Walker Award), to help their col-
lege to be outstandingly attractive to
benefactors and prospective professors
and prospective students.

The prime job of the engineering
teacher, as I see it, is to educate
capable young folks, broadening and
polishing their many talents, so they
can meet the challenges of our economy
with maximum effectiveness and pull
their weight from the start. I’'m told
that some students drink deeply at the
fountain of knowledge — others gargle.

Industry’s prime job is to earn an
attractive return on the shareholders’
investment by producing and selling
desired products. Surely you are im-
pressed by the genius of American
industry in making things to last twenty
years — and then making them obsolete
in two.

Let us face one importantfact. Wealth,
the wherewithal to pay for all we want
in material things, comes only from
productive effort, based on the profit
motive. Profit constitutes the necessary
incentive for competition, which inturn
gives birth and nurture to new, better,
more available, or less costly products.

I am sure that educators know the
importance of free enterprise and the
importance of engineers in industry, but
I need to have emphasized it here to
provide a basis for three assertions I
wish to make.
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First, everyone in our nation will
gain from a better understanding of
what engineers do, how they fit into the
broad picture of human accomplish-
ment, and how critically important
their efforts are.

Second, engineering educators will
profit from knowing more fully what
industry needs from practicing engi-
neers and what they really do. This
increased knowledge might permitthem
to find solutions of their problems.

Third, the prospective engineer needs
to secure an effective education whilein
college, and he needs to recognize his
responsibility in achieving a conscious
balance between culture and training.

Let me develop these.

Better Understanding by All

I believe that our nation can profit
from knowing better what engineers do
and how important their efforts are to
our national way of life.

The non-technical population is only
vaguely aware of the requirements for
technical achievement. The non-techni-
cal public will never have and we
should not expect them to have a real
understanding of technology because
real understanding is achieved only by
living in it. Therefore, it is up to the
academic and industrial interests to
supply most of the driving force for
the advancement of the engineering
professions and its engineers. Thenon-
technical population is heavily depen-
dent on this combination of educators
and industrialists to maintain and
nourish its economy — to continue it
and to expand it through the economic
production of needed or desirable
commodities.

But some support of our technology
is needed from the non-technical popu-
lation; at the least it is needed from
those in the various branches of gov-
ernment, from other professions, and
from the press. These people will natur-
ally endorse what appeals to them or
what enhances their purposes. They
generally ignore the complicated. Glam-
orous words such as science and space
are easily used. Prosaic words such as
plant design and metaphenylene dia-
mine have little appeal. This doesn’t
justify our coining new words to add
to the confusion; using such jargon
as matrix when the word table is both
adequate and understandable. Weneed
to make our field understandable and
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interesting through reason, not through
glamour.

Our non-technical public cannot be
expected to discern readily between
the technology involved in the space
program and that of a chemical manu-
facturer. But some appreciation of the
difference seems desirable. The technical
activities supported by the taxpayers
are primarily for the creation of items
not-for-sale, items for use in defense,
agriculture, health, exploration, andin
communication. In this tax-supported
spectrum of scientific and engineering
work, economics plays little apparent
part and the competitive and profit
motives are not obvious. Much of the
work is done under the misleading guise
of research. Achieving the 100% perfect
answer for an item rules the day. In
industry, on the other hand, economics
plays a major role. Scientific and en-
gineering concepts based on the sound-
est possible economics rule the day. And
we must always remember that the
economic base in an industrial venture
depends on the demand in the market
place. Its success or failure depends
entirely on this demand.

If our communications to the general
public are to be effective, we engineers
had better pay real attention to the use
of key words. We should not allow the
word engineer to be degraded. Most
people think an engineer runs a loco-
motive; no wonder the public glamor-
izes the scientist. Even engineers are
guilty of supporting the myth of all-
encompassing science, if it is easier
to put across, or seems to give more
status. And many scientists might profit
by a deeper recognition of the part
that engineers play in applying science
to the nation’s productive effort, to the
creation of wealth.

We should reduce the misunderstand-
ing among technical people, both aca-
demic and industrial, as to the true
application oftechnology.Improvement
would also serve to increase under-
standing by the non-technical public. I
advocate dividing the spectrum of en-
gineering work into appropriate com-
ponent parts, defining them in under-
standable terms, and then analyzing
each part for the type of talent and
experience needed for its proper ac-
complishment.

This recommendation leads me into
my second observation.
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Better Understanding by Educators

I believe that engineering educators
will profit from knowing more fully
what industry needs from practicing en-
gineers and what they really do.

In industry, I reiterate, the profit
motive, within certain restraints, is the
pervading influence. In the long run
the profit motive must prevail, for who
can subsidize industry for long? We
must not forget that government sup-
port comes from taxes which must first
be earned. Industry must assure itself
in any product venture that there is
economic justification, or industry
would price itself out of the market.

From the industrial viewpoint, engi-
neering work is carried out in an in-
volved spectrum. This spectrum runs
from a base of scientific research
through an initial development and
economic appraisal stage. Market
studies assess the strength of the new
product in the market place. Design
and operation of a prototype define
the engineering basis for the design of
the production facility. Rapid design
and construction and successful startup
of the commercial production facilities
are essential for economic reasons and
often for competitive reasons. Follow-
ing initial sales of the product, process
and productimprovements are essential
if the new industrial venture is to stay
healthy economically.

For simplicity and understanding of
this spectrum, let us divide engineering
work into three major categories. The
words are generic with no capital letters.
These three are research, design, and
production.

Research in this connotation — and
here I mean engineering research — is
more involved with the seeking of facts
than it is in their use. As von Karman
once said: “The scientists study what
s, and the engineers create what has
never been.” It is in use of the word
research that we all speak different
languages. The needed distinction is
not so much in the kinds of research —
basic, pure, fundamental, or applied;
rather it’s in the objective of research —
the seeking of facts rather than using
them.

Design is the synthesis activity, the
combination of scientific and economic
facts with practical experienceto achieve
a successful process and product. Ideas
have to be hitched — as well as hatched.
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A successful process and product means
a workable and economical process
and a salable product. I can assure
you that design or synthesis is involved
in practically all development work and
that it goes far back into what is com-
monly called the research stage. Design
is the middle of these three categories,
and being in the middle between re-
search and production, it is subject to
serious interfacial confusion. But in-
telligent and informed people can re-
duce the confusion and narrow the
band of overlap.

Production is the assembly of manu-
facturing plant and material, the opera-
tion and maintenance of the facility, and
the sale of the product. Much of the
continuing work on improving process
and product, however, remains as a
design or synthesis effort.

You and I know that the activities
within these three major categories re-
quire dissimilar people. They require
adverse attributes and talents. We must
deal with individual interest,experience,
and skill; with intellect, reasoning pow-
er, and awareness; with approach to
work and the solving of problems. Un-
less there is a reasonable degree of
fit between man and work,both engineer
and employer will suffer.

Engineers differ from scientists; eco-
nomics is the base of all of their techni-
cal activities. In the AIChE definition
of chemical engineering there is this
sentence: “Engineering is that field of
activity where knowledge of the plysical
and natural sciences and of economics
s applied to useful ends.”

In the design category, technical cal-
culations take only a small percentage
of the time spent. Design engineering
involves more than calculation and
specifications and drawings. Technical
quality, coupled with experience and
constant analysis of costs, is required
from inception through fabrication of
all vital equipment, including its startup
and operation.

In some engineering colleges there is
inadequate emphasis on dynamics.
Some faculty publications in current use
still subscribe exclusively to steady-
state operation. This attitude is a worn-
out convenience. The key parts of design
are to provide appropriately for startup
and shut-down, and for flexibility to
satisfy the future demands of changes

(continued on page 34)
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(continued from page 29)
in capacity and product specification. *

Within Du Pont 28 % of all technical
people are chemical engineers. The
approximate distribution of chemical
engineers in the three categories is:
research 15%, design 35%, production
50%. This excludes chemical engineers
in top administrative and control posi-
tions, about 3% of the total. The distri-
bution of all engineers in Du Pont is
roughtly: research 10%, design 407,
production 50%. The figures on chemi-
cal engineers indicate that we need at
least twice as many designers as
researchers.

Design engineers engaged in work
near the research interface use design
principles in evaluating a potential
process. The design engineer who is
specifying full-scale plant equipment
and controls does so by use of a great
variety of design principles daily. The
design engineer in the process or plant
inprovement phase uses his design
skills in refined optimizing for economy.

The engineer needs to be able to
handle multi-discipline problems as
well as multi-aspect problems — prob-
lems involving people, scientific prin-
ciples, experience, economics, and
urgency. I cite one example from my
experience. The design of the chemical
separation facilities for the plutonium
plant at Hanford required much more
than the chemical research. Under the
circumstances of extreme urgency and
the lack of either precedence or process,
we designed the plant to accommodate
almost any process the microchemists
might come up with.

I believe that engineering educators
have a somewhat different task in the
preparation of graduates for the tax-
supported type of engineering work
than for industrial work. The job of
educating the research man is some-
what different from the job ofeducating
the design man. There are now being
turned out by the dozens, Ph.D.chemical
engineers who have special training in
advanced mathematics and whose pri-
mary desire is to apply mathematics
and computers to chemical engineering
problems. The chemical industry can-
not today, or in the foreseeable future,
utilize all this training effectively.

I believe there is a need to assist the

* Editor’s Note: Furthermore, modern design may
choose the transient as the normal modus operandi
for units long viewed as properly steady-state stages.
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younger chemical engineering faculty,
to guide them into making good use of
their fresh enthusiasm. There is a need
to make more certain that they speak
with authority to their students as to
what actually is happening in industry,
and as to what are the needs for a
successful and influential career. How
can a teacher teach what industry needs
if that teacher haslittle direct knowledge
of industrial practices? While being a
consultant will give him some insight,
consultant work is not always sub-
jected to the some profit and organiza-
tional constraints.

We in industry believe educators will
profit by knowing more fully what we
do in engineering and what we need in
the way of engineering capabilities and
thus be able to place your emphasis
where it will count. This leads me to
my third observation.

Better Balance between Culture
and Training

I believe the prospective engineer
needs to secure an effective education
while in college, a conscious battle be-
tween culture and training. An educated
man, I’m told, is one who has finally
discovered that there are some ques-
tions — to which nobody has the answer.

There is nothing grossly wrong with
engineering education. Most of the en-
gineering graduates turned outto work
are in the main technically well pre-
pared, and can betrained and developed
to become engineers. A college educa-
tion seldom hurts a man if he’s willing
to learn a little something — after he
graduates. I am sure we agree that a
college education should aim at devel-
oping the whole man, not merely some
function of him.

Teaching a trade is not the function
of a university; it can be done much
more cheaply and quickly in a trade
school. A university is designed to
turn out men who know how to reflect
and to relate, who understand the past
and can in some measure anticipate
the future, who view the present as
something problematic and not as
something given, and who also under-
stand duty and responsibility. What a
wonderful influence is responsibility!
Some people grow under it — others
merely swell. A university is designed
to turn out men who have a standard
of ethics, who will respond to challenge,
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who will plan and persevere towards
a goal. Such a man needs to recognize
what he does not know and to know
how to deal with thislack of knowledge.
The cultured man is broad, takes an
objective view, displays many talents.
The purely trained man is narrow,
looks to the more specific, is less
obviously talented. The largest single
defect in character traits is rigidity of
mind. Only the broad and flexible
personality can cope withnew demands
and conditions. The qualities of flexi-
bility, imagination,and the interrelation
of disciplines are most desperately
needed in modern industry. Engineers
need to develop capabilities in related
engineering fields, especially chemical
engineers in the chemical industry be-
cause they are generally the lead men.
Only one engineer in five has an
easy time in English, in oral and written
presentation. The remaining four are
really handicapped. What good is ex-
pert knowledge ifit cannot be communi-
cated? Few new graduates have a deep
feeling about economics as a fact of
life. In my college experience I learned
much from my engineering professors
that went far beyond the strictly tech-
nical. They wove economics and Eng-
lish composition and reasoning and
analysis into their regular courses.
I am advised that college policy-
makers have not been outstandingly
successful in rewarding good teaching
in contrast with rewarding ability to
secure research dollars or to write
papers for publication. With publica-
tion having gone beyond what a man
can absorb, perhaps one means for
reward could come from the prepara-
tion of treatises defining the state-of-

the-art on selected topics of engineering.

Such treatises could define significant
gaps in our technology.

Engineering education should prop-
erly be ahead of actual engineering
practice. This advanced education
should be taught carefully so that
engineering students do not stray too
far from reality, resulting in graduates
that can’t be effective in practical work
upon graduation.

We must be flexible in chemical en-
gineering to keep ahead of advancing
capabilities of computing machines. We
must be able to discern between problem
analysis and computer programming.
The emphasis on graduate work should
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not be at the expense of undergraduate
teaching.

In deciding what to teach a prospec-
tive engineer, it is well to know what
tasks he may be expected to perform,
and under what circumstances. It is
well to know what the key traits are
for satisfactory achievement of the as-
signment. It is important to know what
the man is expected to do, not what his
work may becalled or where his assign-
ment will be in the organization.

In the main, for chemical engineering
work in industry, the prospective engi-
neer will need a real capability in
problem analysis. He needs exposure
while in college to practical problems
concerning the synthesis of process
facilities. He needs to be able to design
instinctively a process or product that
has never been designed before. He
needs to look at a problem as adynam-
ic one. Processes rarely operate forever
at one set of conditions. Startup and
turn down may establish the design
parameters, not the full-capacity
operation. Now let me summarize.

Conclusion

Our nation can profit if others under-
stand what we engineers really do. We
need the support of our entire populace
even though we should not expectcom-
plete technical understanding. To obtain
such support we must take the first
step by dividing engineering into its
broadest components parts, detining
them in understandable terms, and
analyzing them for the type of talent
and experience needed.

Industry differs from academic and
government - supported environments.
The profit motive and market competi-
tion which bring new products, better
ones, less costly ones to the consumer,
are the source of wealth which supports
all other activities. Appreciation by
educators of the spectrum of engineering
vital to industrial success can be a-
chieved through down-to-earth analysis
of what engineers really do in thebasic
categories of research, design, and pro-
duction, as I have defined them. Edu-
cators thus would bein a better position
to guide the student, and the student
would enter his industrial life with
better prospects for an interesting and
rewarding career.

To you who are engineering faculty
members I say: yours is the prime
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responsibility —to supervise education.
I know that many of you are doing,
and doing well, the things I have

touched on. My plea is that more of
you do so, and my hope that all of
vou will experience increasing support
and success in your vital and difficult
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A NOTE FROM THE EDITORS

We would like to take this opportunity to
offer you, our readers, an apology and beg
your indulgence.

Our masthead proclaims publication of
Chemical Engineering Education in October,
January, April, and June of each year. How-
ever, as you are aware, we have thus far sent
you only the October issue and this, the January
issue, Is appearing in June.

For this lack of adherence to schedule we
ask your forgiveness. Many circumstances have
contributed to the delay, but we hope and believe
we have now seen the end oftheseproblems. We
expect to have the remaining issues for the
1965-66 year in your hands by the end of the
summer. We also expect to be on schedule
next year.

Your editors believe that publication of
CHEM ENG ED is a vital contribution to
chemical engineering education everywhere. We
appreciate and need your support; we shall do
our best to earn it.

task. I can assure you that industry
is keenly interested in your product.
Let us know how we can help you.
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