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The Datanets are here!

G.E.’s flexible new Datanets will speed up your data communications—
across the country or across the hall

Whether your data communication problems are in the fac-
tory, in a nationwide network, or in the same office, General
Electric can help solve them with The Datanets — a complete
line of data communication systems.

And G.E.'s new data communication systems—like G.E.’s
computers — are compatible. They talk to each other — and
to the computers. General Electric's data communication
systems and computers use the same peripheral equipment.
And when you move up to a more powerful computer, General
Electric’s data communication system will stay in step.

HERE ARE THE DATANETS:

Datanet-30 communication processor ¢ Datanet-15 commu-
nication controller « Datanet-600 punched tape terminal
Datanet-90, -91 magnetic tape terminals  Datanet-3101
data accumulation system « Plus a wide range of special-
purpose controllers and peripherals.

Next step: Ask for the complete Datanet catalog.
Write: General Electric Computer Department, Section 0-8,
Phoenix, Arizona.
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SOLID SURFACES

CHARLES J. LYNCH, associate editor, exam-
ines a new branch of physics that uses pow-
erful new tools to help answer some funda-
mental questions about surfaces

STATISTICAL VIBRATION ANALYSIS

IRA DYER explains the statistical concepts
that lie behind the vibration response of
complex structures to broad-band force fields

THE ORIGIN OF OIL

CLAUDE E. ZOBELL, petroleum bacteriologist,
marshals the evidence for reasoning that oil
was formed from plant and animal material
with the aid of heat, radiation, bacteria

CREATIVITY

RAY HYMAN asks whether you really want
creative people in your organization. Or is it
the “creative” product that yow’re after? In

- any event, creativily defies easy measure-

ment by known tests

CHANGING THE WEATHER

LOUIS J. BATTAN outlines where we stand to-
day on weather control—techniques, prob-
lems, opportunities, possible risks

THE SCIENCE OF SCIENCE

THINKING AHEAD WITH . . . STEVAN DEDIJER
about how to build science in the new nations
—ua subtle mix of planning and speculation
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PULSED LIGHT
TECHNOLOGY

Need a light?

...for night aerial reconnaissance?
... as a target for optical tracking
of geodetic satellites? . . . to probe
life forms on the ocean floor? . . .
to stimulate lasing of a ruby rod?
At EG&G, many new kinds of
light are being cast on the inter-
faces of physics, geophysies and
natural science for the develop-

ment of weapons and aerospace

systems. EG&G is exploring ap-
plications ranging from reliable
distress signal lights for small
boats to the potentialities of elec- .
tronic flash systems for orbitals
rendezvous. Current accomplish-

...a radically advanced air-borne,
2100 watt-second, Xenon Flash
System for night aerial photog-
raphy at extremely high frame-
repetition rates. It will be used
operationally on military aireraft
for very high-speed, low altitude
reconnaissance missions.

. . . the Agena Acquisition Light
for McDonnell Aircraft Corp.,
prime contractor to NASA for the
Gemini spacecraft. Under de-
velopment by EG&G, this light
source will simulate 3rd magnitude
stars at a distance of 20 nautical
miles in space for research in or-
bital rendezvous techniques.

. . . 2 new series of high-average-

power, air and water-cooled flash

tubes to light-pump the next gen-
eration of high-energy lasers.
These tubes will be rated up to
8,000 watts average power with a
maximum energy per flash of
2,000 watt-seconds.

Behind these few examples of
EG&G’s capabilities in pulsed
light technology is a continuous
innovative effort dating back to
the initial development of strobe
flash technology by Messrs.
Edgerton, Germeshausen and
Grier at M.I.T. in the early
’thirties. Today, EG&G provides
a full range of pulsed light capa-
bility embracing: basicand applied
research, components, instru-
ments, integrated packages, and
entire systems. Comprehensive
laboratory and testing facilities
support this capability.

If you would like us to shed
further light on this and other
EG&G capabilities, write to us.
If you are an electronic engineer
or physicist, experienced in the
detection and measurement of
phenomena in the visible spectrum
and in the synthesis of electro-
optical systems for applications of
this kind, we would like to be en-
lightened about your capabilities.
Send your resume to Elton Harris,
Dept. IS-83, 168 Brookline Ave.,
Boston 15, Massachusetts.

EG&G is an equal opportunity
employer wilh unequaled opportuni-
ties in our fields.

EDGERTON, GERMESHAUSEN & GRIER,INC.
BOSTON « LAS VEGAS * SANTA BARBARA
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CREATIVITY

by Ray Hyman

Can you test for creativity?

Can you train people to be creative?
Maybe . .. but beware of the boomerang

IN BRIEF: The word “creativity” enjoys
great popularity these days, but suffers
from a variety of meanings. If you wish
that the people who work for you could be
more “creative,” you should first examine
your use of the word: do you really want
more creative people, or is it simply more
patent applications that you're after? There
is a big difference. Technical managements
expect the wrong results from creativity
research: they ask psychologists to produce
tests that will measure creativity, and train-
ing programs that will make people perform
in more creative ways. These are short-
stghted applications of creativity research.

Psychological investigations into the na-
ture of creativity can influence management
practice, but these investigations should not
aim at providing ““tools,” but rather should
aim at achieving a better understanding of

man as a creator.—D. A.

M A manager of design engineering, who is a
friend of mine, brought me the following prob-
lem. He supervises some 18 design engineers
in a company that manufactures consumer ap-
pliances. Because the company had recently
suffered a severe financial setback, everybody
was under strong pressure to cut costs and
turn out a competitive yet inexpensive
product. The manager was worried that with
all the emphasis on the current product, his
men were neglecting to think about future
markets and future products: over the past
year, they had not turned in a single patent
application.

My friend realized his company had to think
of future markets as well as present ones. He
believed his group had to turn out patents in
areas which might be important in tomorrow’s
marketplace if his company was to survive. To
get more patents, he reasoned, he had to in-
crease the creativity of his group. So the
problem he posed to me was how to go about
increasing creativity.

His first impulse was to replace some of his
men with other engineers who would be more
creative, For this purpose, he asked for a

test of creativity that would help him to select
such creative engineers. After I discouraged
him from this, his second impulse was to re-
educate his men. He thought of instituting
a course in creative engineering. But he vetoed
this idea himself after considering the cost
and time involved. His third impulse was to
find some incentive to motivate his men to be
creative. He thought of a contest or some sort
of bonus plan.

It was in connection with this alternative
that he asked my advice. He wondered if the
idea was too “gimmicky.” I asked him what
his men thought of the idea. “I’m embarrassed
to tell you,” he said, “that I have never dis-
cussed the problem with them.”

On the same day, he called his men together
and told them the problem: “We need patents
or we won’t survive.” Within a month, several
patent applications came from his group. And
during the next month, the number increased
again.

This story illustrates some of the ways man-
agement seeks help from research in creativity.
Management—and other potential consumers
of creativity research-—expects psychologists
to provide tools for selecting, training, or mo-
tivating men to create. In response to such
expectations, and because of financial support
for such purposes, the bulk of the research in
creativity is explicitly aimed at providing such
tools. How good are these tools?

Testers and red bricks

To help identify and select creative per-
sonnel, many investigators seek to find what
sort of people are more creative. The Ingtitute
of Personality Assessment and Research at the
University of California, for example, has de-
voted the past seven years to a search for the
distinguishing personality traits of artists,
writers, architects, mathematicians, and engi-
neers. In the study of architects, the psycholo-
gists chose 40 of the most creative people in
the profession, using the nominations of pro-
fessors of architecture and editors of archi-
tectural magazines to help select the group.
These creative architects spent three days on

August 1963 INTERNATIONAL SCIENCE AND TECHNOLOGY §]




the Berkeley campus where they were ob-
served, interviewed, rated and tested for a
number of personality traits, an assessment
procedure that yields some 1000 measures or
indices for each architect. The psychologists
then sought those indices, alone or in combina-
tion, which differentiated creative architects
from less creative architects, from “average”
individuals, from creative groups in other pro-
fessions, etc. Creative architects, for example,
seem to have more theoretical and aesthetic
interests, higher self-confidence, greater pref-
erence for asymmetrical and complex design
than do their less creative counterparts. Thus,
the Berkeley psychologists focus on creativity
as a personality and temperamental character-
istic.

Other psychologists treat creativity as an
intellectual quality or ability. Guilford’s re-
search at the University of Southern Califor-
nia, for example, concentrates almost exclu-
sively on sorting out creative abilities in terms
of performance on short, paper-and-pencil
tests. A typical test has a time limit of about
ten minutes. In any one study, Guilford and
his colleagues will administer approximately
50 different tests to several hundred men,
usually a captive audience of air force or naval
personnel. Some tests deliberately tap well-
known abilities such as verbal fluency, vo-
cabulary, arithmetic facility, deductive reason-
ing, and the like. Others are deliberately

constructed to tap creative abilities other than ,

those that may be tapped by existing tests:
one describes the plots of a few stories and the
subject is asked to invent clever titles for these
stories; another, aimed at tapping originality,
requests the subject to invent captions for
cartoons. To get at “sensitivity to problems,”
one test instructs the respondent to suggest
what is wrong with existing social institu-
tions; another asks him to suggest improve-
ments for common household appliances. In
still another, the testee is asked to list as many
uses as he can for a common red brick.

Guilford tries to discover the minimum
number of independent abilities that underlie
performance on these various tests. He finds,
for example, that performance on the cartoon
captions and invention of clever plot titles
seem to go together. Because the scores on
these two tests are independent of scores on
tests of known abilities, Guilford infers that
he has isolated a new factor. In this particular
case, he names that factor “originality.”

Guilford’s work has led to many new tests
and the identification of new test abilities
such as “sensitivity to problems,” “ideational
fluency,” “originality,” “spontaneous flexibil-
ity,” ete.

Guilford has yet to demonstrate that his
creativity tests are related in any demon-
strable manner to creative performance in the
real world, but his work has become the basis
for almost all current attempts to construct an

applied test of creativity. The AC (Spark-
plug) Test of Creative Ability, for example,
reflects Guilford’s categories: the subject
thinks of reasons to account for a given fact,
lists possible consequences of a particular hap-
pening, suggests other uses for a common ob-
ject, and indicates limitations and improve-
ments for household appliances.

So far, none of these tests for creativity has
met the requirements for practical use, such
as those listed by the American Psychological
Association. Indeed, until one can specify
quite explicitly the quality he wants to predict,
it is almost meaningless to discuss whether a
test for creativity—or any test—can be of
possible use to him.

Brainstorming and all that

Other investigations concentrate on train-
ing individuals to be creative. They search for
conditions or training procedures that facili-
tate creative achievement. Or they try to
evaluate the effectiveness of existing training
programs. Unlike the work in creativity test-
ing, these investigations start with the as-
sumption that creativity can be changed by
imparting skills, knowledge, and techniques
during a training program.

Research in creativity training uses prin-
ciples based on free association. Two inter-
related themes guide such work. The first is
that creativity is facilitated when the thinker
suspends judgment while he is generating his
ideas. The second is that quantity of ideas
will lead to quality of final solution. One source
of these principles is psychoanalytical theory
and practice, where emphasis is placed on
‘“releasing” the individual from debilitating
constraints. Another popular source is adver-
tising executive Alex Osborn, who has incorpo-
rated these principles into his famous “brain-
storming” technique. Sidney Parnes and his
colleagues at the University of Buffalo, sup-
ported by money from Osborn, have con-
ducted experiments which they feel support
the quantity—quality hypothesis. They ask indi-
viduals to think up uses for a common object
—say a newspaper; the individuals are told
to “free associate,” to generate as many uses
as they can, good or bad. Then these ideas are
compared with ideas produced by other groups
—egroups who were told to give only their
“good” ideas. Parnes finds that brainstorming
yields more “good” responses. He has also
studied the effectiveness of a course in creative
problem solving. He finds that students who
take the course get better scores on a creativ-
ity test than do students who did not take the
course. Such research, however, is far from
conclusive, as Parnes himself will admit.

Other studies, including ones I’ve done,
raise serious questions about the existence of
any simple relationship between quantity of
ideas and the quality of the final product:
Quantity of ideas can facilitate, hinder, or
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he stability of a body in motion can best be eval-

vated when interfering forces are severe enough

to test its structure or divert it from a pre-established
direction. A corporation is a body of people in motion
and its stability is measured by planned achievement.
As a corporation NCR has been tested for more than
79 years. Throughout this period, direction has been
maintained and objectives' achieved. The objective of
NCR? Better systems for business. This singleness of
purpose with balanced diversification has led to growth
and the TOTAL SYSTEMS concept. The products and

.services of NCR, made possible by practical research

STABILITY

and development, are respected throughout the world
in 120 countries.

Research and development at NCR is broad and re-
flects a seriously considered investment of past years.
Plans for future expansion of facilities reflect a faith in
the stability of the Company and in the devoted talents
of the NCR men of science who will add impetus to the
overall plans.

The stability of NCR is conducive to the advancement
of career-minded scientific and engineering personnel,
Creative efforts are rewarded with responsible chal-
lenging work. Professional individuals at NCR find the
personal stability, understanding and encouragement
required for growth.

If your professional background is such that it has
prepared you to contribute to the fields of solid state
physics, electronics, chemistry or mechanics, as applied
to EDP systems, contact us. Your qualifications will re=
ceive careful consideration.

T. F. Wade, Technical Placement
The National Cash Register Company
Main & K Streets
Dayton 9, Ohio

NS R

an equal opportunity employer
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personality assessment and Guilford’s investi-
gations deal with creativity as a quality of
people. It represents another attribute by
which we can sort people into groups or by
which we can order them along a continuum.
For one group of psychologists, ‘“creativity”
is a quality much like temperamental and
personality traits; it represents a tendency to
feel, value, and act in certain ways. For others,
such as Guilford, it is a quality more like
intelligence, representing a capacity to per-
form with certain skills or at a given level.

Research that is oriented toward training
deals with creativity as a quality of perform-
ance, or of different states of a particular in-
dividual. It represents another way of differ-
entiating one state of an individual from a
previous state. Thus it makes sense from this
viewpoint to talk about a particular individual
as being more creative on occasion A than on
occasion B.

Much of the interest in creativity, especially
by industry, does not refer to a quality of
individuals or performance; instead, the con-
cern is with “creativity” as a quality of prod-
ucts. There is nothing wrong with this partic-
ular use of the term “creativity,” so long as we
keep clear the distinction between the creativ-
ity of the outcome of a man’s efforts and his
creativity in producing that outcome. In turn,
these usages of the term ‘“creativity” must be
distinguished from the more general, relative-

ly stable “creativity” characteristics which set ,

one man apart from others. In light of these
different meanings, it makes sense to refer
to the painting of a chimpanzee as “creative”
while, at the same time, denying that the
chimpanzee is creative or that he behaved
creatively. Also, it makes sense to deny that
the solution to a well-known puzzle is creative,
but to describe a child’s behavior in achieving
this solution as creative because he had to
perform in ways that were novel in terms of
his own past experience. And finally, we know
the meaning when someone laments that so-
and-so—a creative individual—is wasting his
time in uncreative work. These different mean-
ings and expectations can cause misunder-
standing, especially between psychologist and
client. The psychology of creativity must re-
strict itself to creativity of performance
and /or of individuals; the relationship of such
creativity to creativeness of products may not
be close.

One implication we can derive from this
discussion of the meaning of “creativity” is
this: While industry and management focus
purely upon the results or payoff in terms of
the creativity of products, the psychology of
creativity focuses entirely on people and their
behavior. To a manager, it makes sense to pay
for results—to reward a man only after his
contribution has been judged to be creative.
To a psychologist, such a compensation system
makes no sense at all, because “creativity”

that refers to results cannot be treated as a
meaningful, functional entity in psychological
terms. Hence, the psychologist will tell you:
to encourage creativity, you should reward a
man for behaving creatively, even when he
fails entirely. Because the factors that lead to
a “creative” product are complex—and often
accidental—rewarding for the product may
actually reinforce accidental or noncreative
aspects of behavior. Such a reward system may
lead to supersitition and false notions. It may,
alas, even stifle creativity. Emphasis on the
“creative” product, like emphasis on the grade
in school, may lead to a mistaken set of values,
to imitation rather than to innovation.

Is management ready?

If the attempt to provide tools to help man-
agement develop creativity within the present
industrial framework is shortsighted, what
positive steps can we take? One answer, of
course, is implied in my earlier criticism of
the one-sided attempt to change employees
without changing the environmeént into which
they are placed.

It is at the level of company policy, of man-
agement objectives, and organizational prin-
ciples that I believe psychological research will
have its biggest impact, if it is to have any
impact at all. To have an impact at this level
we must think of creativity research in terms
other than application and tool-orientation. I
believe the type of creativity research that
will provide this impact is that which we call
“basic” or “pure.” I use the term basic to
mean research that has no applied objectives,
that is not oriented toward payoff, either now
or in the long-range future. In this sense,
basic research refers to investigations of
creativity whose major objective is an under-
standing of the most general laws that govern
man’s psychological behavior in the realm of
creative achievement, and whose only justifica-
tion is in terms of theoretical significance or
potential ability to help us clarify issues at a
fundamental, conceptual level. The goal is not
payoff; the goal is purely one of greater under-
standing.

Basic research, then, does not aim at pro-
ducing tools or prescriptions. Rather, it aims
at helping us make explicit our basic assump-
tions about man as a creator. It does this to
enable us to test these agssumptions, revise or
correct them, and eventually replace our
present image with a more adequate one.

It is at the level of our assumptions and our
image of man, rather than at the level of test
and training principles, that psychological re-
search may possibly influence company policies
and objectives: When we examine the basis
of current policies and organizational prin-
ciples, we find each of them based upon some
bedrock of major, often implicit management
assumptions about human nature. Such as-
sumptions, because they are implicit and rare-
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ly brought to the scrutiny of consciousness,
often contradict one another. One management
assumption, for example, might be that em-
ployees are “rational” and will choose to vote
in favor of the company if they are presented
with all the “facts.” Another assumption,
often made by the same policy makers, is that
workers are like children and do not know
what is best for themselves; therefore man-
agement should make decisions for them about
retirement plans, stock bonus plans, etc. An-
other assumption is that men are guided by
the profit motive, that without adequate finan-
cial incentives, men will not work their best,
ete.

Such assumptions do not hold up well under
psychological investigation. The areas man-
agement has reserved to itself—union policy,
compensation principles, organizational levels,
division of responsibility, decentralization or
centralization, etc.—imply major assumptions
about what makes men behave as they do. The
hope for creating change at this level lies in
basic research that goes right to the heart
of the assumptions we tend to make implicitly
about ourselves and our fellow humans.

Such changes in our image of man do not
come about easily or quickly. But they do come
about and they can be brought about. Witness
the great changes in our image of ourselves
that came because of the theoretical and scien-
tific speculations of Darwin, Pavlov, and
Freud. Freud, alone, has been responsible for
widespread changes in how we deal with indi-
viduals—not only in psychiatric practice, but
also in political and economic policy, in legal
decisions (even in the Supreme Court decision
on segregation). It was Freud more than any
man who established the image of man as the
slave of powerful, often unconscious, motiva-
tions and irrational determinants.

In our own times, the man who seems
destined to have an impact upon psychology
and on man’s image of himself, comparable
in scope to that of Freud and Pavlov, is the
Swiss psychologist, Jean Piaget. For almost
40 years, most of which he was largely ignored
by the mainstream of psychology, Piaget has
studied the development of thought structures
in children from birth through adolescence.
It is only recently that American psychologists
have been aware of the enormous implications
that Piaget’s work has for our understanding
of the nature of intelligence and intelligence
tests. Until the Second World War, American
psychology and the American school system
were dominated by the assumption of fixed
intelligence and fixed development of intellect.
Some assumptions led to notions about child
rearing and education that stressed, for ex-
ample, the desirability of keeping the child
from being overstimulated during his forma-
tive years, lest he be overloaded or chal-
lenged. Partly as a result of Piaget’s funda-
mental work, we now believe that an
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individual’s intellectual development depends
crucially on the amount and kind of stimula-
tion he had during his formative years. The
implications for child rearing are now almost
completely the reverse of what they were with
the older assumptions. Instead of protecting
the child from too much stimulation, the im-
plication is that if he is not stimulated, the
child will fail to reach his full intellectual
capacity.

Creativity and management

What do we conclude from all of this?
Especially, how can creativity research relate
to current management practice? I believe
that psychological investigations into the na-
ture of creativity can have a major impact on
industrial and management practices. But . . .

In seeking tools and prescriptions for in-
creasing creativity, management is asking the
wrong questions of psychological research in
creativity. Such research is limited in its scope
and generality. At best, its results are transi-
tory. Even when such research succeeds, the
ultimate benefit may be negligible or even
negative. This is because “success” has to be
measured in terms of present standards and
objectives . . . and these standards and ob-
jectives may be the barriers to creativity
within any company.

Although management tends to deal with
the ‘“creativity problem” by seeking ways to
change its employees, any success in changing
the employees’ creativity may boomerang, un-
less—at the same time—changes are made in
the company organization and leadership.
False expectations and consequent resentment
can occur when creative people are put into an
environment that is not ready for them. Hence,
before changing the environment and the
creativity of the people in it, we must modify
the assumptions on which the environment is
based—company policies, unwritten rules, etc.
Such assumptions can only be altered by basic
research in creativity: research whose objec-
tive is understanding.

Hence, though I believe psychological in-
vestigations into the nature of creativity can
influence management practice, I believe the
major impact of such research will come at the
level of our basic assumptions about the nature
of man. And this new image of man can come
only from fundamental research in creativity.
Research that aims at giving managers what
they now think they want—better tools to im-
plement their current image—will contribute
little.

The books mentioned in To Dig Deeper, p 85,
will give you a feel of what is now being talked
about under the label “creativity.” The author
also cites some of the research now wunder
way which he feels will lead to a better under-
standing of the creative process, including
research that ‘‘is mnot obviously aimed at
creativity.”

u
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TAPE COPY STATION FOR ATLANTIC MISSILE RANGE

Six 1.5-mc Mincom CM-100 Recorder/Reproducers form the backbone of an extremely complex
tape copy station recently delivered to the Atlantic Missile Range, through Defense Electronics, Inc.,
Rockville, Maryland. Set up at AMR last March, the station makes possible for the first time as many
as five first-generation copies of prime data tapes in one operation. In addition to the six CM-100’s,
it also includes two 600-kc Mincom G-100’s, two degaussers, and an advanced monitor alarm system
policing forty-two 1.5-mc channels. The station is the result of Mincom's long experience with
frequency responses of better than 1 mc—an outstanding reliability record since 1955.

Mincom Division Bm

2049 South Barrington Avenue, Los Angeles 25
425 13th Street N. W., Washington 4, D. C.
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Multilayer vacuum-deposited
coatings can put light to work
in several ways

These coatings, applied in separate
layers to glass or plastic, allow you
to split light beams in many ways
on a single application. Multilayer
coatings can be applied to produce
a specific beam-splitting result.

Liberty Mirror engineers can do
all the design and development
work on any potential use for this
technique, or help solve application
problems.

Vacuum-deposited coatings of
various metals are used to make
front-surface mirrors, neutral
filters, transparent mirrors, high-
efficiency beam splitters, beam-
splitting dichroic mirrors and
filters. Metallic and transparent
electrically conducting coatings are
available for resistance heating.
Static-dissipating and high-fre-
quency shielding coatings are also
available.

Applied to all types of glass,
metal or plastic, the coatings are
used in such varied products as
scientific and optical instruments,
cameras, toys, pin setters, wheel-
aligning equipment, aircraft and
missiles. Free data sheets are avail-
able on all coatings.

Write LiO-F, Liberty Mirror Di-
vision, 5783 Libbey - Owens-Ford
Building, Toledo 2, Ohio.

LIBERTY
MIRROR DIVISION

LIBBEY « OWENS « FORD

when the first attempts were made to analyze the vibration
of aircraft structures in response to jet engine noise, A
summary of this first work will be found in “New Methods
for Understanding and Controlling Vibrations of Complex
Structures” by Heckl, Lyon, Maidanek, and Ungar, a report
for the Aeronautical Systems Div. of Wright-Patterson Air
Force Base [Document ASD TN-61-122 (June 1962) also
carries ASTIA No. AD-281798].

It was not until the 1960’s that rigorous treatment of the
subject began to appear in the technical literature, prin-
cipally the Journal of the Acoustical Society of America.
Five important papers from this source are cited below:
The complex problem of force resolution is treated by Smith
in “Response and Radiation of Structural Modes Excited by
Sound,” 34, No. 5, 640 (1962). Modal density equations for
shells are derived by Heckl in “Vibrations of Point-Driven
Cylindrical Shells,” 34, No. 10, 1553 (1962). To see how a
thermodynamic or heat-flow analogy can be applied to vibra-
tion problems, see Lyon’s and Maidanek’s “Power Flow be-
tween Linearly Coupled Oscillators,” 34, No. 6, 623 (1962).
In Heckl’'s “Measurements of Absorption Coefficients on
Plates,” 34, No. 6, 803 (1962), an analogy to architectural
acoustics is used tg characterize the localized damping at
boundaries of structures in terms of absorption coefficients.
Statistical methods are extended to complex, built-up shapes
in Maidanek’s “Response of Ribbed Panels to Reverberant
Acoustic Fields,” 34, No. 6, 809 (1962).

Although there exists no “handbook” treatment of the
statistical approach to vibration analysis, the following two
references are of an applications nature, and may help in
this respect: The first is “Estimation of Sound-Induced
Vibrations by Energy Methods” by Franken and Lyon in
the Proceedings of the 31st Symposium on Shock, Vibration,
and Associated Environments. To request a copy, write to
Mr. W. W. Mutch, Code 4021, US Naval Research Labora-
tory, Washington 25, D. C. The second is “Response of
Space Vehicle Structures to Rocket Engine Noise” by our
author Ira Dyer, Chap. 7 of Crandall’s Random Vibrations,
Vol. 2 (MIT Press, 1963).

To review the classical methods of vibration analysis,
get Lord Rayleigh’s Theory of Sound, Vols. 1 and 2 (Dover,
1945) and Timoshenko’s Vibration Problems in Engineer-
ing (Van Nostrand, 1955). For a summary of how statis-
tical methods were employed in the black-body radiation
problem, on which their use in acoustics was ‘based, see
p. 164 of Introduction to Modern Physics by Richtmyer and
Kennard (McGraw-Hill, 1955). And if you are intrigued by
the Chladni patterns in our article, see Waller’s fascinating
monograph, Chladni Figures—A Study in Symmetry, (G.
Bell & Sons, 1961).

THE ORIGIN OF OIL 42

Two excellent books on the earth science of oil are Lev-
orsen’s Geology of Petrolewm (Freeman, 1954, $9) and
Landes’ Petroleum Geology (Wiley, 1959, 2nd ed., $9.50).

A survey of hypotheses and evidence is given in the re-
view article “Origin of Petroleum—A Review,” by Stevens,
on p. 51 of Bull. Amer. Assoc. Petrol. Geol., Vol. 40, 1956.
On p. 645 of the same journal, but in Vol 30, 1946, is
another recommended article, by Cox, on “Transformation
of Organic Materials into Petroleum Under Geological Con-
ditions.”

Calculations of the content of hydrocarbons and other oil-
precursor organic compounds appear in “Further Obser-
vations on the Paraffing and Primary Aleohols of Plant
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Waxes,” by Waldron et al, in Biochem. J., Vol. 78, 1961, p.
435,

A fuller account of microbial involvement in oil formation
is given in our author’s paper ‘Part Played by Bacteria
in Petroleum Formation,” Sedimentary Petrology, Vol. 22,
1952, p. 42.

The classic in that field is Beerstecher’s Petrolewm Micro-
biology (Van Nostrand, 1954, $8.50).

The question of supply and reserves is covered in a good
book, Oil for the World, by Schackne and Drake (Harper
Bros., 1960, 2nd revised ed., $2.50, paper $1.75), and in the
periodicals World Oil and The Oil and Gas Journal,

CREATIVITY 51

Scientific Creativity: Its Recognition and Development
(Wiley, 1963, $7.95) will give you a sample of what is now
being talked about or being investigated under the label
“creativity.” This volume, ed. by Taylor and Barron, con-
tains selected papers from the proceedings of 3 confer-
ences at the University of Utah, held in 1955, 1957, and
1959, and is titled The Identification of Creative Scientific
Talent. Proceedings of another conference in this series,
held last year, will be published soon. A less technical collec-
tion, A Source Book for Creative Thinking, ed. by Parnes
and Harding (Scribner, 1962, $4.50), will tell you who is
doing creativity research and where; this book also con-
tains a section on current educational programs under way
in the field of creativity.

If you want to know what psychologists think about
creativity, see Contemporary Approaches to Creative Think- -
tng (Prentice Hall, 1962, $6) by Gruber, Wertheimer, and
Terrell. The contributors, all well-known psychologists, are
not closely associated with research in creativity. The article
by Newell, Shaw, and Simon, describing their methods for
programming a computer to simulate human thinking, is
excellent. The discussion of creativity in terms of a machine
program adds clarity and precision to our concept of “crea-
tivity.” If you want to understand the psychology of imagi-
nation, read McKellar's Imagination and Thinking (Basic
Books, 1957, $4.25) : McKellar says that all creative imagi-
nation must stem from previous perceptual experience; he
bases this on investigations of dreams, mental imagery,
drug-induced states, etc. The book is especially valuable
because it includes material that is typically overlooked in
psychological treatments of creativity.

Author Hyman believes that some of the best work in this
field is not done under the label “creativity.” If you are
investigating developments, therefore, you should be aware
of the following—among others: The animal work of Harry
Harlow (Wisconsin) and D. O. Hebb (McGill), especially as
it relates to the role of early experience on subsequent
problem-solving ability; Jerome Bruner’s work (Harvard)
on how people go about attaining concepts; the work of
Charles Osgood (Illinois), Fritz Heider (Kansas State),
and Leon Festinger (Stanford) on mental models: how
attitudes are organized and how the mind reacts when
confronted with new information.

CHANGING THE WEATHER 60

For an easygoing introduction to matters meteorological,
including techniques for modifying the weather and for the
statistical evaluation of such efforts, see a pair of paper-
backs written by one author, L. J. Battan: The Nature of
Violent Storms (1961) and Cloud Physics and Cloud Seed-
tng (1962), both Doubleday Anchor Books. Considerably
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