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WARNING-------------. 

Reading this article can be hazardous to your 
mental health. Stop at the end of this sentence to 
avoid having to change your way of thinking 
forever. 

In spite of the potential hazard, you really must read on. 
The world is rapidly changing and chemical engineering 
is changing with it. If you can't adapt, you may be 

thrown aside and left behind. 

Why is thi s? 

In the past, having a degree in chemical engineering was 
evidence that the recipient had acquired a certain set of 
intellectual tools which were widely regarded as quite use­
ful. Until recently, such a degree was sufficient to secure 
employment and support a lifetime career with a major com­
pany. But this is no longer the case. We all know capable 
engineers who cannot find a job. One of the reasons for this 
transformation is that the evolution of technology is chang­
ing dramatically. The changes are now so rapid that even 
large corporations cannot keep pace with them, one reason 
being because their organizations are·so big and clumsy. The 
present troubles of IBM, GM, and Eastman Kodak exem­
plify this. Even the legendary permanence of employment in 
a Japanese megacompany is crumbling. 

How does this affect chemical engineers and their educa­
tion? 
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Because of this clumsiness in the makeup of large corpo­
rations, a thriving technology can quickly become obsolete 
before new and dangerous competition is recognized and a 
suitable response is organized. This failure of management 
to promptly deal with marketplace changes often leads to the 
layoff of many of its good technical people. It follows that 
today's employee should place less reliance on the prospect 
of a lifetime career with a single employer. It is inevitable 
that the current trend of down-sizing businesses to make 
them more focused, alert, and agile will continue. Chemical 
engineers should be alert to the possibility of having to 
confront the sudden loss of employment at any time. 

THE NEED FOR A CREATIVITY COURSE 

What can a chemical engineer do about these changes? 
The first thing is to recognize that chemical engineers are 
valuable not for what they know but for what they can do. 
This is really why a professional is hired. Accordingly, chemi­
cal engineers should think of themselves as problem solvers 
and not just as engineers who know a lot about chemicals. 

How can chemical engineers become better problem solv­
ers? 

The best answer is, "Use your creativity!" The insatiable 
demand for this attribute became apparent to me on the first 
day of my first job in the U.S. when I was introduced to a 
General Manager at du Pont. His first question to me was, 
"What direction do you think du Pont should be taking?" I 
was so completely surprised by the question that I couldn't 
answer decisively. As my career at du Pont progressed, the 
direct value of creativity became more and more clear to 
me-those who were making creative contributions were 
advancing professionally, while promotions were denied to 
those who were not. 

After four years I was given an assignment which changed 
my whole perception of science. I was asked to review the 
archives to discover how the great inventions made at du 
Pont had come about, and thereafter I was to recommend 
ways of repeating these breakthroughs. This experience ex­
posed me to the processes of creative thinking and raised me 
to a whole new plane of creativity. Five years later, when I 
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returned to teaching, I passed on to my graduate students the 
creativity concepts I had developed at du Pont, and later, at 
their suggestion, a formal course was offered. 

BASIS OF THE CREATIVITY COURSE 

The course begins with the assumption that a flame of 
creativity burns in everyone. This assumption can be vali­
dated by simple observation of preschool children at play. 
But the subsequent educational process has a general effect 
of suppressing creativity, and by the time adulthood is reached 
the flame can be at a very low level. But it never totally goes 
out. Accordingly, the goal of the class is not so much to 
teach creativity as it is to tum up the existing flame. 

CLASS ORGANIZATION 

The class begins by defining the difference between cre­
ativity and innovation. Creativity is an attribute of the mind. 
It is the ability to conjure up new arrangements of ideas, 
sounds, images, etc. Innovation, on the other hand, is the 
physical act of bringing the creative idea into reality. Thus, 
Leonardo da Vinci's idea of picturing the expressions of the 
disciples as Jesus forecast his betrayal by one of them was 
the creative act, while actually getting the pigments, the 
varnishes, the brushes, the substrate, etc., to produce The 

TABLE 1 
Lecture Topics in Creative Thinking Course 

I> Why Creativity is Important 
I> Life, Creativity, and Work as a Continuum 

I> Keeping a Creativity Diary 
I> Where Creativity Occurs 

I> Humor and Creativity 
I> Why Innovation is Necessary in Modern Society 
I> Phases of Creativity 
I> Discussion of Techniques for Developing Creativity 
I> Vertical and Lateral Thinking 
I> The Mind as a Pattern Maker 
I> Generation of Ideas by Brainstorming 
I> Creative Idea Evaluation by the PNI Technique 
I> Generation of Ideas by the Use of Synectics 
I> Creative Idea Screening by Spectrum Analysis 

I> Generation of Ideas by Random Association 
I> Computer-Aided Creativity 
I> Generation of Ideas by Morphological Changes 
I> Imaging Ideas by Generative Graphics 
I> Creative Games 
I> Creation, Protection, and Exploitation of Ideas 
I> Patents, Copyright, Trademarks, and Trade Secrets 
I> Negotiating the Sale of Ideas or Innovations 
I> Finding Your Own Rainbow 

I> Starting Your Own Company 
I> Location of Venture Capital 
I> Creative Advertising and Promotion 
I> Using Creativity to Find a Job or Make a Career 
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Last Supper represents the innovative process. 

Of course, many successive small creative actions may be 
required during the innovation process and it should not be 
construed that creativity and innovation must be kept rigidly 
separate. In real life they are usually intertwined. Never­
theless, it is important to appreciate the differences 
between them because while everyone is capable of creative 
thoughts, not everyone has the ability, determination, and 
fortitude to tum those thoughts into reality. While no class 
can confer these characteristics on an individual, helpful 
supporting legal, financial, and negotiation information is 
provided later in the course. 

From the outset of the course, creativity is characterized as 
a self-defining process. That means an idea is good if the 
creator thinks it is good. It really doesn't matter what anyone 
else thinks. This is an important initial concept, particularly 
for chemical engineers. New ideas are very fragile; they can 
be killed off forever by a frown, a pursing of the lips, or a 
shake of the head. If an idea has little merit, the creator will 
find that out for himself soon enough. He doesn't need to be 
humiliated by instant rejection. 

The class strives to build up the students' belief and confi­
dence in the merit of their own ideas. The students are 
reminded of the story of how the original idea of the Xerox 
copier was rejected for years by all the major companies. 
Everyone laughed at the idea of replacing a cheap piece of 
carbon paper with an extremely costly and complicated ma­
chine. Today, of course, it is difficult even to imagine a 
society without copy machines. It is fortunate that the origi­
nal inventor was the person defining the merit of that cre­
ation! It is also vital that young chemical engineers realize 
that the people who really know how to run a piece of plant 
equipment are the workers who do it every day. An arrogant 
dismissal of their creative suggestions as valueless, even 
once, can mean that other information which could be cru­
cial will never be proffered. 

COURSE CONTENT AND REQUIREMENTS 

The forma l lectures include the topics shown in Table 1. 
Assignments are given to the students on the various topics. 
They are required to read a book (of their choice) on creativ­
ity, and they must tum in a brief report on how the book 
changed their views on creativity. 

EXAMINATION SYSTEM 

Obviously, it is difficult to grade a creativity class. My 
solution is to ask the student to submit a one-page confiden­
tial contract by midterm. The first section of the contract 
should consist of a simple short description of a creative idea 
that the student has conceived, and the second section should 
be a concise statement of the single first step that the student 
will take to clothe the creative idea with the fabric of reality. 
This step represents the beginning of the innovation process 
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and must be attempted by the end of the course. 

The final exam consists of a five-minute verbal presenta­
tion by the student. The presentation is begun by reading 
both parts of the midterm contract out loud to the rest of 
the class. This is the first time the idea will have been 
made public. The written version prevents the idea, or the 
first step, from subtly changing during the course. The 
student will then go on to relate his experiences in trying to 
take that first step. 

The spectrum of ideas presented is usually an awesome 
and humbling display of creativity-often with a leavening 
of humor. One memorable example was an electric spaghetti 
fork-a working model rotated the tines and wound up the 
strands of pasta neatly for worry-free eating. Just what every 
Italian restaurant needs! The inventor also brought a huge 
bowl of tepid spaghetti for demonstration purposes and as a 
mid-exam snack for the students. My personal all-time 
favorite was an idea for personalized postage stamps where 
the purchaser would have his or her own likeness printed on 
a blank stamp. The creator surreptitiously photographed me 
during class, made a gigantic stamp with my likeness, and 
surprised me with it at the final exam. 

After a presentation, each of the students separate! y awards 
a grade based on their own individual assessment sys­
tems. The average of those grades forms the basis for 
the final course grade together with a professorial input 
derived from attendance, participation during class, and 
completion of assignments. 

The final exam is probably the best learning experience of 
the entire course, because it demonstrates to each of the 
students that all of them are creative and that they all en­
counter difficulties in reaching their modest first innovative 
goal. The students also experience talking in front of a large 
group of people to publicly present their idea for the first 
time and to relate their implementation failures. The ideas 
and the headaches of the innovative step frequently evoke 
laughter in the audience. 

HUMOR AND CREATIVITY 

The stress of presenting ideas and dealing with the laugh­
ter that is often engendered is diminished by the very real 
connection between humor and creativity. This is discussed 
during the course with frequent references to newspaper 
cartoons, TV comedies, and movies. Furthermore, each class 
begins with two or three students being called upon at ran­
dom to tell a joke or to describe some aspect of creativity 
that they have seen in their everyday activities. Besides 
giving the students an opportunity to practice their public 
speaking techniques, the humor creates a positive friendly 
atmosphere which is absolutely essential for creativity. It 
also helps the students to understand why an especially 
creative far-out idea can be met with laughter-and why this 
is a good sign rather than a negative. 
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CLASS EXERCISES 

Your Name is Your Label • In the second session, student 
interactions with one another begin with an original mental 
game called "Musical Names." The students write their name 
on one side of a sheet of paper and the sheets are then passed 
from hand to hand among the students while music plays 
(best provided by the professor singing a comic song or 
playing a musical instrument!). When the music stops the 
students look at the name on the piece of paper in front of 
them, think about it for a few seconds, and then turn the 
sheet over and write down any thought they may have about 
that name. (If the name is familiar the sheet should be 
exchanged with a neighbor since it is vital that the name is 
being seen for the first time-this exercise could not be used 
in a class where everyone knows one another). The music is 
then restarted and the sheets are turned over and passed 
around again until the music stops. The process is repeated 
until there are three sets of comments on the back of the 
sheet. The name from the opposite side is then printed clearly 
above the comments and the sheets are posted on the class­
room wall at eye level for all to examine. 

Since your name is your own personal label and is usually 
the first thing that others know about you, most people are 
quite interested to learn how their name is perceived by 
others. The students crowd around to read the comments; 
some are funny , some are clever, some are insightful, and an 
occasional one is rude. This demonstrates that if the simple 
presentation of a name can invoke such a variety of emo­
tional responses, surely a creative idea will do no less. People 
who repeatedly put forward ideas must expect to hear an 
occasional unpleasant reaction and must learn to cope with it 
and keep their equanimity. This exercise also serves the 
practical function of helping the students learn their class­
mates' names and breaks down the communication barriers 
of shyness and reserve. 

IDEA GENERATION 

Brainstorming • The major interactive class exercise is 
based on a well-known concept-"brainstorming." This has 
been chosen rather than some other group technique because 
it is easier to explain and manage with a group of, say, fifty 
students in the normal fifty-minute class period . After ex­
plaining the rules of brainstorming in the first session, the 
class breaks up into five groups and the teams move their 
chairs into circles. Two of each group act as scribes. Each 
team tackles the same problem, which is usually one of 
current interest on campus (i.e., how can a wave of computer 
thefts be reduced?). After fifteen minutes, the resulting lists 
of ideas from this warm-up are collected and discussed. This 
exercise demonstrates to the students that ideas can be readily 
generated by a group, and it boosts their confidence in the 
process and in their team. 

A second topic is then selected for a full-scale, profes­
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sional-type effort. The topic should be selected with care 
and should be one of importance. The brainstorming tech­
nique is only of value if it is carried through to completion. 
A trivial topic will not sustain the interest and commitment 
of the students over the three class meetings needed for this 
exercise. The initial fun of idea generation must be fol­
lowed by the grind of organjzation and evaluation. A sig­
nificant topic to tackle could be somethjng like, "How can 
the automobile be improved?" because in structure the car 
has evolved essentially unchanged from the horse-drawn 
carriage and nearly everyone has had an intimate involve­
ment with a car. Again, the lists of ideas are collected after 
about fifteen minutes. Before the next class meeting, they 
must be combined to eliminate duplicate ideas and subse­
quently typed up. Each student is then given a clear copy of 
the composite list of ideas to work with at the second 
brainstorming session. 

At the second session the students break up into five new 
(different member) groups. The new teams attempt to add 
to the composite bst of ideas for about fifteen minutes . 
Again, the lists are collected, combined to eliminate dupli­
cates, added to the previous list, typed up, and copies made. 
This can easily provide a list of over one hundred ideas for 
the final evaluation. 

At the third session, the students again form into five new 
groups. Trus time they roughly rate the ideas on the list as 
AAA (suitable for immediate innovation), AA (requires a 
longer term effort), and A (needs a long period of research) . 
One student from each team then presents their AAA ideas 
at the blackboard. This procedure usually generates about 
thirty ideas wruch can then be reduced by open class discus­
sion to the most exciting and promising half-dozen. 

In order to make all the student effort that has been 
expended over three class meetings meaningful, a letter is 
sent to the president of a suitable company offering the six 
ideas for possible adoption. This demonstrates to the 
students that their self-defined creative ideas have merit. 
The letter should be sent early enough in the course to 
allow enough time for a response before the final exam. 
The difficulty of communicating ideas to a large com­
pany which will most probably occur, will tie in well with 
the subsequent discussion of intellectual property, patents, 
and negotiation. 

OUT-OF-CLASS ASSIGNMENT 

The first-period homework assignment asks the students 
to write a page describing themselves, their major, and why 
they are taking the class. Since the course is open to all 
students and not only to chemical engineers, the responses 
to this assignment help the professor to plan the class cover­
age to encompass a variety of student interests. 

GUEST LECTURERS 

In addition to the regular lectures, there are presentations 
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by several guest speakers, usually about six in number. Their 
talks are held later in the course when the students have 
learned enough about creativity and innovation to ask tough 
questions. These speakers are usually not professors. Speaker 
selection is often made after reading the newspaper. When I 
see stories about local or visiting creative people, I tele­
phone, tell them about the class, and ask if they will come 
and simply talk about their creativity. I have never had an 
invitation turned down. Without exception, these guest speak­
ers have talked extemporaneously and with great enthusiasm 
and fluency, even though they usually have no speaking or 
teaching background. 

As an assignment, the students are asked to write an ac­
count of how the presentation has affected their own view of 
creativity. Knowing they must write a report encourages the 
student to pay attention during the presentation and to think 
about the personalized meaning of what is being said. It has 
the benefit of giving the students more practice in writing 
essays, which is always helpful. The reports are graded by 
the professor and sent on to the guest speaker. The speakers 
usually call , or write, to say how much they enjoyed coming 
to the class and how they benefited from thinking, talking, 
and later reading about their own creativity. 

THE CREATIVITY DIARY 

Another key assignment (that must be given early in the 
course) is for each class member to begin a creativity diary 
or notebook. A personal creative idea or some observation 
about creativity should be written down every day. This has 
the effect of generating an appreciation for the creativity all 
around us. The diary should be maintained throughout the 
course and can be optionally submitted for extra credit near 
the end of the course. Hopefully, chemical engineers can be 
persuaded of the professional merit of keeping a lifetime 
diary as a permanent record of the rustory of their reading 
and the growth of their thinking. 

SUMMARY 

When the course is finished and the students have 
departed, what do we hope to have accomplished for the 
education of chemical engineers? Once the exjstence of 
the flame of creativity has been drawn to the students' 
attention and then turned up, it probably can never easily 
be turned down again. That increase in creativity conscious­
ness should be of great value in assisting and protecting 
budding chemical engineers in their future careers or, even 
more important, in starting their own companies. It can help 
in family life, in maintaining good relationsrups therein, and 
in keeping appropriate balances with the demands of work. 
It can unleash a flood of innovation, enjoyment, and fun 
which will last a lifetime. 

Creativity is clearly America's greatest renewable natural 
resource. 0 
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