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>STRACT

A -&ground investigation into the meaning of creativity
and visualization was made, examining in particular the role
pleved by visualization in the creative acts of sc.ence and
sngineering. From this grew the hypothesis that there is a
re.ationship between an individual's creative ability and his

.1s of visualization. A sequence of tests is described

ich finally led to an experiment collaborating this hypo=

nesis. This test used 28 subjects from Tufts University's

College of Engineering who worked on an open ended technolog=
ical problem. Their final design, redrawn for uniformity,
was ranked for creativity, while their actual work =as scored
for visual content. The Spearman Rank Correlation Coefficient
between rankings for creativity and visualizet . on was 685-=-
significant beyond the .01 level. Concordance petween the six
creativity judges was .378, and between the three visualiza=-
tion judges was .889. Both of these agreements were signif=-
‘icant beyond the .001 level. In the final chapter implicat=-
ions of this result on education, psychology, sclence and

Synectice are discussed.



FOREWORD

The driving force behind this thesis was the conviction
that my own supposedly high quality engineering education was
far from ideal. Specifically it: A) had treated a basically
beautiful subject, science, in such a way as to remove any
notion of beauty; B) had totally disregarded the way in which
I learn; and C) had not given any indication, other than in
rhetoric, that engineering was a creative field.

Four years in industry convinced me I was right. Engin=
eering can be beautiful, and fun. It is a very human activity.
nis thesis is intended to help right the above complaints in
my own mind and hopefully help restore the aesthetic in engin-
eering so that others may benefit as well. Its subject is the
role visualization plays in creative acts. It is necessarily
a personal statement, but builds on scientific fact and sound
psychological experimentation. To have left out the human
element would have been to continue the ills listed above.

T wish to thank Percy H. Hill, William J.J. Gordon, Tony
Poze, John Kreifeldt, Samuel McLaughlin, Al Schidel and esp-
ecially my wife Linda for all the assistance and encouragement
they have given this project. |

Rolf A. Faste
August, 1971

Medford, Massachusetts
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The Development of a Visual Extension to Synectics Theory



CHAPTER 1 WHAT IS CREATIVITY?

1.1 INTRODUCTION

The subject of creativity is one which each of us has
at one time or another, thought about and discussed. This is
not surprising because not only is each of us concerned with
the ecreativity of our own lives, but the subject itself falls
into almost every area of intellectual investigation. To
answer, for example, the gquestion, "What is a creative act?"
we must turn to Science and the Arts in general. The question
UHow does one create?" is examined by Psychology and now,
Artificial Intelligence and Cybernetics. "What is the best

way to encourage creativity?" is commented on by Education,




Child Study, Business and Economics. Archifectwre and Anth-
ropology are concerned with the question, "How does the en-
vironment and culture affect creative abilities?™, and History

also provides clues tor the answer. M"Wwhy don't we encourage

greatlivity more®” is a Sociological and Political guestion.
And finally, the question which cute tec the core of our
existence: "Why does man create?” is dealt with by Religion

and Philoasophy.

L.2 CREATIVITY DEFINED

As a result of the attention of all of these disciplines,
the term crsativity has come to mean many things to many
pecple. 1 prefer a rather simple explanation. Creativity
has to do with man's abiiity and predileciion to create.
And create means to bring something new into being, Since
man does not yet appear te be capable of creating someihing
sut of nothing, to create something new means to rearrange,
reorder or combine previous materials or ideas to form a new
whole. In its most elemental form a creaiion would involve
the combination of two components in a way which had never
been done before.

Whenever a man thinks of an idea which is new o him
he is being creative. However when a man thinks of an idea
which 1s not only new t¢ himself but to the whole of soclety

we say that he ls somehow more creative. The term creziive




usnally connotes this idea of originality. A child rediscov-
ering say, the displacement principle of Archimedes,; is
certainly creative, but the effect of his creativity on society

ig zero. And, as George Kneller in The Art and Science of

Creativity points out, such a child has had the benefit of
living in a society where this discovery is already common
knowledge. (13;4, that 1s, Reference 13; Page )

There is a second requirement often imposed on the
creative act, especially iﬁ engineering., And that is that
it be useful and capable of implementation., I suspect this
is a result of the fact that few people work for themselves
any more, and employers are more concerned with short range
profitability, than in long range contributions to society.
In any case, I balk at this requirement. At the time a new
idea is proposed, the tools for judging it quite often do
not exist, The invention will, in fact; also invent new
criteria for judging itself., Creative ideas are inevitably
met with hostility, as they disrupt what preceded--witness
Copernicus, Galileo, and Einstein. It is not so long ago
that Duryea's automobile was met with cries of "get a horse",
and the Wright brothers' propelled glider with "it will never
fly". These cries mock us daily as we sit stuck in traffic
jams and holding patterns. Indeed, they work too well.

With the increase in scientific knowledge this notion
of relevance is catching up with wild ideas at accelerating

rates. Thirty years ago pollution control was largely un-




thought of. Yet the architect, Paolo Soleri, has been

working on his nature preserving Megastructures since that
time. Relevance for his work caﬁght up with him within his
lifetime; in another twenty years it may even be feasible,
and ten years after that imperative. Was his work uncreative
twenty years ago because it lacked relevanceé Obviously not.
However, when it came time during this thesis to Jjudge
creativity, it was felt that some limit should be plcced on
totally impractical or facetious problem solufions. The
criteria imposed was one of intellectual honesty. A solution
was deemed intellectually honest if it was a serious and
conscientious attempt to find a workable solution. If it

was not, it did not receive credit.

1.% CREATIVITY AND INTELLIGENCE

Intelligence is defined as the power to meet any
situation, especially a novel one, successfully by proper
behavior adjustments; and also the_ability to apprehend the
inter~relationships of presented facts in such a way as to
guide action towards a desired goal. (17) It would appear
that creativity is certainly one aspect of intelligence.

Yet today, the concept of intelligence can not be
disengaged from the IQ (Intelligence Quotient) test which
measures an individualt's ability to verbalize, categorize,

remember, recognize and solve problems having one correct



answer. Creativity, on the other hand, deals more with open

ended problems requiring skills of exploration, imagination,

and invention. If intelligence is .-truly measured by the IQ

test; creativity is not a part of it.

So a distinction is made between creative and non creative

(not necessarily a derogatory name, as opposed to uncreative)

thought. Kneller states 1t this way:

Creative thought is innovative, exploratory, venturesome.
Impatient of convention, it is attracted by the unknown
and the undetermined. Risk and uncertainty stimulate

it. Noncreative thought . . . is cauti us, methodical,
conservative. It absorbs the new into the already

known and expands existing categories in preference to
devising new ones. (13;7)

In the words of Getzels and Jackson:

The one mode tends toward retaining the known,
learning the predetermined, and conserving what is.
The second mode tends toward revising the known, eXploring
the undetermined, and constructing what might be. A
person for whom the first mode or process is primary
tends toward the usual and expected. A person for whom
the second mode is primary tends toward the novel and

§2?0u1a2112~ The one favors certainty, the other risk.
53 15~1h)

These two styles of thought are called by many names:

divergent and convergent by J. P. Guilford,; growth and

safety by A. H. Maslow, openness and defensiveness by Carl

H. Rogers, lateral and vertical by Victor DeBono, and in

the real world of engineering, loose and tight assed.

The dissociation of creativity from intelligence does

not date from the IQ test, In The Act of Creation, Arthur

Koestler traces this split from what he terms the Cartesian

catastrophe. Descartes! Y“Cogito ergo sum" (YI think, there-
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fore I am".) had the effect of dividing the world into the
realms of matter and mind, and the identification of "mingv
with conscious thinking, (14;148) Prior to this, no distinction
had been made between conscious and unconscious thinking,
indeed, unconscious mentation was accepted as part of thinking

and no split was seen as necessary.

describes the long slow recovery from this philosophical
blow. Today it is generally conceded that:
if there are two realms, physical and mental, awareness
cannot be taken as the criterion of mentality (because)
the springs of human nature lie in the unconscious . . .
\ as the realm which links the moments of human awarenecss
with the background of organic processes within which
they emerge. (14;63)
Perhaps Einstein summed the situation up best when he said,
"full consciouncss is a limit case which can never be fully
accomplished.” (143146)
In summary, intelligence (as measured by the IQ test) |
and creativity are mutually compatable aspects of the human
mind; they both share the brain as home base. The former

solves our everyday problems, the latter is called to play

in cases requiring a totally new approach.

¥hen a situation is blocked, straight thinking
must be superseded by 'thinking aside! == the mearch
for a new, auxiliary matrix which will unblock it,
without having ever before been called to perform such ‘[
a task. The essence of discovery is to hit upon such |
& matrix ~- as Gutenberg hit on the wine-press and Kepler |
on the sun-force, |

In the trivial routines of thinking, we are exploring
the shallows on the twilight periphery of awareness,
guided by a more or less automatized scanning procedure.

| |



Tn creative thinking we are exploring the deeps, without
any obvious guidance. (133163

1.4 SYNECTICS-~AN OPERATIONAL APPROACH TO CREATIVITY

The ancients ascribed creativity to such various forces
as divine inspiration, madness, and intuitive genius. Of the
modern psychological theories (e.g., Associationism, Psycho~-
analysis, Neo-psychoanalysis, Factor Analysis, Bisociation,
Gestalt Theory, etc.), only one, Synectics (meaning the joining
together of different and apparently irrelevant elements (633))
has become operational. Operational simply means applicable
to the solution of real problems. Because this thesis is
interested in creativity in relationship to the solution of
engineering problems, the rest of this chapter will be spent
on a brief introduction to the Synectics problem solving ap-
proach., A much more detailed description may be obtained from
the two references this material, for the most part, is ex-
tracted from: W.J.J. Gordon's Synectics (1961) and The Msta-

phorical Way of Knowing and Learning (1971).

- rawa

According to Synectics theory, the key to problem solving
is Making the Familiar Strange. In other words, when straight
thinking is blocked; a new way of viewing the problem is re-
quired. Gaining such a viewpoint is Making the Familiar (your
problem) Strange. In order to achieve this, Synectics has
refined the use of three typss of metaphor: the Personal

Analogy, the Direct Analogy, and the Compressed Conflict,




Personal Analogy (PA) is a metaphor in which a person

identifies himself empathically with an object or animal.
There are four levels of PA, first person description of
facts, first person description of emotions, empathetlic
identification with a living object, and empathetic identif~
ication with a non=-living object. These fouf are listed in
order of increasing value to the Synectic approach. An
example of a scientist using this technique to solve engin-
eering problems is T.A. Rich of General Electfic. He “puts
himself in the middle of a problem, trying a. he says to
'think' like an electron whose course is beiag plotted or
imagine himself to be a light beam whose reflection is being
measured." (8;24) Such an empathetic approach has given
Mr. Rich 109 patents.

Direct Analogy (DA) is a comparison made between objects

by discussing one in terms of the other. Buckminster Fuller,
the American designer-architect~engineer suggests the role
of DA in discussing his geodesic domes:

Emulating the compound curvature trussing of the
atom's dynamic structure, comprised of great circle
forces, our geodesic structure, though not inventing
the principles, employs them for the first time in a
man-made structure. This was a patentable invention.
(43;216)

An important concept which governs the usefulness of
direct analogies is strain. That is, the more strain exists
between the problem object and analogue, the more useful it

is in gaining a new view point. For example, comparing a

physical problem such as a fastener with some analogue which




is alive in nature would introduce more straln than would

contrasting it to some other type of fastener, say one
found in the space industiry.

Compressed Conflict (CC) is a “poetic, two word descript-

jon on a high level of generality where the two words do not
geem to fit and sometimes actually contradicﬁ each other."
(8;25) Pasteur, in inventing the antitoxin vaccine, talked
of a "safe attack" long before he experimented in this area.
The usefulness of a Compressed Conflict is a result of the
amount of stretch, generality and surprise contained in a
new view of the problem.

One of the fundamental features of the metaphors --
ironic as it might seem =~ is that in studying them, incon-
sistencies caen provide as much of a key to a solution as
conglistencies.

In their wild state, metaphors contain too much ambiguity
to be of much use in a given situation. The flow chart in
figure 1.1, is a device for bringing the power of analogies
under control in order to reach a goal.

The first step is the Problem as Given (PAG), in which
the problem is stated in the most general form possible to
incorporate all the points of view possible. A very brief
Analysis is then done to locate the problem. The third
stage includes all the solutions to the problem which can be
thought up, being written down and analyzed. This Purge

stage accomplishes two objectives. It rids the conscious




Figure 1.1 Synectics Flow Chart
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mind of anything which it fecls might solve the problem,

thus freeing the mind for the process to come, And second,
analyzing these suggestions becomes the best possible analysis
of the problem. A listing of the faults of each preferred
solution concentrates the problem into its critical areas.
This then leads to the formation of the Probiem As Understood,
(PAU), which is the true key to the problem.

I was once given the task of developing an underwvater
device to drag equipment along a tensioned caﬁle. After
purging it became evident that the Problem A, Understood was
to increase the coefficient of friction betieen some sort of
gripping device and the wire rope. Solving this Problem As
Understood would lead to an elegant solution of this specific
problem, and many other problems elsewhere.

After these four steps have been done an excursion is
then made from the Problem As Understood, out through several
analogies and back in a loop to the Problem As Understood.
That is, one proceeds from the Problem As Understood, to a
Direct Analﬁgy, to a Personal Analogy derived from the Dixcct
Analogy, to a Compressed Conflict which best describes the
essence of the feeling described in the Personal Analogy.
This Compressed Conflict is then used to trigger a new Direct
Analogy, which then may be analyzed to discover how it works
in detail, From this point one returns to a solution via a
Fantasy Force Fit (FFF) and a Practical Force Fit (PFF). In

the Fantasy Force Fit one tries to imagine a solution derived
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in any fantastic way from the new Direct Aﬁalogy. The
Practical Force Fit attempts to resolve the teclinical problems
involved in making the FFF work, that is, it tries to think
of a practiéal way to achieve the idea contained in the FFF.
At this point, either a solution worthy of investigation has
been found, or a new viewpoint has been reacﬁed in respect
to the problem. From this a new PAU may be decided upon
and another excursion made.

Solutions may be judged on a criteria oflelegance,
which is defined as the multiplicity of variubles over the
simplicity of solution. (63;12) That is, aL elegant solution
is one which uses a simple idea to solve a complex problem.
In practice; an excursion may be terminated at any point
where it is felt that enough strain has been introduced to
result in an elegant solution.

The object of the Synectics approach is not to confine
problem solutions to rigid patﬁs but rather to achieve new
solutions by quickly creating the psychological states re-

quired to find elegant solutions.




CHAPTER 2 CREATIVE ACTS IN SCIENCE

5,1 DIRECT ANALOGIES FROM THE HISTORY OF SCIENCE

it is instructive at this'point to examine the way
in which numerous wen solved their problems in the past.
When Synectics Education Systems is asked to substantiate
their claims that problem solutions are easily obtainable
using metaphorical techniques, they send out a short booklet

called Synectics Direct Analogy Examples. It is with William

J. J. Gordon's kind permission that the following selections

are quoted. (7)
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ARCHIMEDES (c¢.287-212 B.C.), DISPLACEMENT PRINCIPLE,

The "Eureka!" experience of Archimedes is the best known of
all discoveries and represents a modest analogical leap.

He had been ordered to determine ﬁh;ther a crown, suppcsed

to be pure gold, had been adulterated with any baser motal.
He knew the proper weight of gold as well as that of the base
metals and he knew the weight of the crown. What he did not
know was the cubic area of the crown because its shape was

g0 elegantly tortured. He was stumped until one day when
getting into his bath he observed the water v the tub rising
in direct proportion to the immersion of his body. He then
made an important if simple analog&. He transferred the
implications of this observation in relation to his own body's
displacement of the water in the tub to the problem of eval-
uating the golden crown. By measuring the amount of water
displaced by the immersiqn of the crowvmn, he found the exact
cubic area of the crown.

BRUNEL, SIR MARC ISAMBARD (1769-1849), TUNNEL 'SHIELD?.
Brunel had already made a variety of inventions in machine
tools, saw=-mills, and cannon when he was faced with the
problem of how to build under water tunnels more efficiently.
He was haviﬁg no success until one day he was observing the
action of a shipworm tunneling through a timber. The worm
constructed a tube for itself as it moved forwards, and
Brunel used this phenomenon as a metaphorical basis for

developing the first practical approach to tunnel excavation.




It is quite rare that such a one-to-one relationship will

exist between analogue and invention. Usually, the analogue
provides the critically important conceptual leap; and tech-
nology takes over immediately the idea for the invention or
discovery is born. In the instance of Brunel's caisson,
however, there was so much parallelism betweén analogue and
invention that the technology tried to produce a mechanical
model of the living model. Brunelfs 'shield' is a short
steel cylinder which is pushed forward (like the shipworm)
by mechanical means as the vork progresses., [t is a huge
boring~machine without which river‘tunneling would be next
to impossible.

DURYEA, CHARLES B., INJECTION CARBURETOR, 1891.
Duryea was one of the inventors and developers of the
internal combustion automobile, but he was the inventor of
the spray injection carburetor. In 1891 he realized the
need for a better way to introduce fuel into his engine and
he was looking for a simple way of spraying gasoline into
the combustion chamber. The problem remained unsolved until
one day he noticed his wife using a perfume atomizer. What
is especially interesting here is that, although he knew
about the function and existence of perfume atomizers, they
did not come to his mind until he observed his wife using one.

FREUD, SUBLIMATION. Freud developed his concept of
sublimation from a cartoon in a magazine which is the German

equivalent of Punch. The first picture showed a lititle girl




herding goslings with a stick. The next picture showad a
governess herding young ladies with a parasol. What came to
Freud's mind was the idea of the 1i;tle girl repressing her
herding job and making it into the fantasy of being a proper
governess with real young ladies instead of mere geese, And
this idea led to the concept of sublimation,_where a reality
is repressed in favor of a more acceptable fantasy alternative.

HARVEY (1578-1697), HEART A4S PUMP. Up to the time of
Harvey, Galen's theory of bodily functions held sway. The
common view was that blood was formed in the liver from food
and that it passed through the veins and back the same way
to the heart in a tidal ebb and fiow. Harvey'!s radical dis~
covery of the circulation of the blood derived directly from
watching the action of the exposed heart of a fish and making
the analogy of a pump.

KEKULE (1829-1896), BENZENE RING. ~In 1865 in Ghent,
Kekule fell into a reverie while working on the problem of
the structure of carbon molecules; and the following image
canme upon him.

My mind*s eye sharpened by repeated visions of a similar

sort, now distinguished larger structures of verying

forms. Long rows frequently rose together, all in move-
ment, winding and turning like serpents; and sec!

What was that? One of the serpents seized its own tail.
The visual analogue of the snake biting its own tail led to
one of the most important fundamentals of science, i.e., in

benzene the carbon molecules are not opon structures but

¢losed chains or rings. This view accounts for benzene having

21




only six free bonds when it has six carbon atons.

LISTER (1827-1912), LIGATURES. Lister was on the look-
out for a better form of ligatures than was available to him.
In his time silk was used to sew up cut or torn flesh. This
thread tended to cause infections around it in the course of
healing and, at best, dangerously irritated otherwise nicely
healing wounds. He wanted to develop 1igétures that would
not cause this trouble. One day he was eXamining a partly
cured wvound in which a piece of loose bone had been left,
since its removal would have required a deepening and enlarging
operation. He noticed that the bone was smaller than before
("had been eaten up'). Some of it had become absorbed in the
course of the healing process. Why not the same with ligatures?
Why couldn't they also be absorbed before they caused irouble
and after they served their purpose? He experimented with a
variety of guts and special tanning treétments before he
developed a proper material. fhus, he invented his ligatures
by meking the direct analogical connection between the dead
bone being absorbed and ligatures being absorbed.

MAXIM (1869-193%6), GUN SILENCER. Maxim was keen on
developing a silencer so that his target practice would not
bother his neighbors. Good engineering approaches were un-
availing and he was at a loss. One morning, after shaving,
he gazed absently at the water as it went dowvm the drain
with a rotary motion. The whirlpool action left an opening

near the center of the drain while the water was going out.




He immediately made the analogy with the gases from an

exploding cartridge in a gun barrel. If these gases could
be made to rotate and follow a gradyally expanding path as
they emerged from a gun barrel, they would make less noise.
And this insight led directly to the famcus Mexim silencer.
| MAXWELL, JAMES CLARK (1831-1879), ELECTROMAGNEIIC VWAVE
THEORY, Maxwell made mental images to represent the elements
of problems = symbols without words. They were a kind of
private painting. The development of his electromagnetic
wave theory in particular was based on a mec. anical model of
balls and cylinders. And this model gave wey to a more soph-
isticated vision of tubes carrying a fluid, but wiﬁhout
spaces between tubes so that they became mere surfaces. With
this later model as an analogue, Maxwell opened the conceptual
way to the beginning of the post-Newtonian era in physics;
the era of waves and fields of force. Thus, the mechanical
model was no more than an aild to thinking, to be abandoned
after the mathematical abstraction was developed . . . and
properly so. However, fhe process of Maxwell's line of
thinking was metaphorical in the slrictesl sense.
METCHNIKOFF, PHAGOCYTES, 1884, Metchnikoff was
intensely bothered by the problem of how the human organism
fought infection. No matter what he did, this problem was
always in the back of his mind. For example, one day he vas
observing the activity of some transparent larvae of star-

fish, He threw in a few rose thorns to see the reaction of




the larvae. The thorns were surrounded by the larvae and

digested into their transparent bodies. Metchnikoff immed-
iately made the analogical connectign with what happens when

a person's finger is infected by a splinter. The splinter
becomes surrounded by pus which, like the starfish larvae,
ﬁill try to digest the foreign body. By the_process of making
this analogy, Metchnikoff discovered the organism's main
defense against patholgical, invading cells: the 'phagocyles,’
which are the cell eaters among the white blood corpuscles.

PRIRSTLY (1733-1804) developed a connec ive analogue
between the appearance of burnt mercury and Tusted iron,
both of which were conversions of metal into red powder. This
led to the discovery of oXygen.

WRIGHT BROTHERS, AIRPLANE. The Wright brothers had
worked out most of the problems connected with their airplane
design. They knew how to get off the ground and fly in a
straight line and get back down to earth again. But they
could not turn their airship and keep it stabilized when aloftn‘
They were unable to solve their problem until they happenod
to be watchinga buzzard keeping its balance in flight. When
one wing dropped, the bird twisted the dropped wing. This
inereased the pressure on the wing and leveled out the bird.
"The two men proved this out in tests with gliders equipped
with wing tips they could twist, or warp, from the ground by
means of control wires." Then they linked control wires to

be operated on board the plane and Ythey could turn the craft




smoothly, tilting the wings in a graceful bank, and then,

just as smoothly, restore horizontal balance."

2.2 CLASSES OF OBSERVATION
| As one reads these Synectics Direct Analogy Examples,
describing a cross section of creative acts, one is immed=-
jately struck by the major role visual events play. In each
case the inventor saw something quite ordinary in a new
light which resulted in the solution to his - roblem:s This
visual solution finding can be broken down into three class—
ifications.
I) Both the solution analogue and the problem are seen
together.
11) One element is seen, the other immediately thought of:
A) An analogue is seen, the problem remembered, or
B) A solution analogue comes to mind while looking
at the problem.
IIT) Both the problém and the solution analogue are thought
of inside the head, as in a dream or vision, without
a physical stimulus being present.
Each of the preceeding examples falls into one of these
categories.
As an example of the first class, Priestly's discovery
of oxygen can be cited: he developed a connective analogue

when he saw the red powder of both burnt mercury and rusted




iron. This formed a wisual pun, i.e., two objects with
similar appearance.

Most inventors' viéualizations fall into the IIA category,
that is, they see a solution in their everyday world, and
draw an analogy to their problem. The frequency of this :
solution finding approach is understandable because a problem
is always in the back of an inventor's mind, even while he is
relaxing. As a result, everything seems to be seen in relat-
jonship to this problem. In this way Archimede's analogical
leap came from an observation of his bath water. Likewise,
Brunel's approach to tunnel excavation copled a shipworm he
saw tunneling through a timber. Duryea watched his wife spray
perfume with her atomizer, and solved his problem of injecting
gasoline into engine combustion chambers.

Pictures in magazines often supply a type IIA cue as was
the case for Freud. While not mentioned, Westinghouse got his
igea for the air brake and Bissel the idea for the oil pump
from magazine pictures also.

ILister's observation was perhaps not so obvious a solution,
but the idea of an absorbed bone led to experimentation which
eventually solved the problem of ligatures.

Maxim, Mitchnikoff, and the Wright brothers are further
examples of this mode of solution finding.

In this selection of examples there is only one falling
in the IIB clasaification; Harvey's discovery of blood

circulation. As Arthur Koestler states, "William Harvey,

26




vatching the exposed heart valve at work in a living fish,

suddenly visualized it as a pump--but the analogy between the
gory mess he actually saw and the neat metallic gadget existed
in his mind's eye only."(14;182)

Kekule and Maxwell provide excellent examples of (lass
ITI visualization in which both problem and analogue are seen
internally. This will be discussed further in the next
section.

The order of classification I, TIA, IIB, and III also
represents an increasing scale of versatility. That is, class
I observations are entirely dependant on the environment and
require the chance conjunction of three elements: the problen,
the analogue and the observer. On the other extreme, class
III observations are entirely independent of the environment,
and are not tied to temporal requirements as well.

Synectics proceedures aim at achieving type IIB and III
events. When problem solutions are.completely frustrated,
type IIA observations are encouraged by field trips, museun
visits or reading magazines. This allows an opportunity for

new visual eXperiences--and new ideas.

2.3 A CLOSER LOOK AT CLASS I1I THINKERS
Of the examples cited in the first section of this chap-
ter, Kekule and Maxwell were the only ones who used class IIT,

or interral, visualization. Were they exceptional? Or is




this style thought not uncommon?

Kekule certainly seems unusual in the quantity and qual-
ity of his visual eXperiences. The‘vision of a snake biting
its tail cited earlier was the culmination of eight years work.
Concerning a much earlier experience he related the following:

One fine summer evening I was returning by the last
omnibus, "outslde" as usual, through the deserted streets
of the metropolis, which are at other times so full of
life. I fell into a reverie, and lo ! the atoms were
gambolling before my eyes. Whenever, hitherto, these
diminutive beings had appeared to me, they had always
been in motion; but up to that time, I had never been
able to discern the nature of their motion. Now, however,
I saw how, frequently, two smaller atom united to form

a pair; how a larger one embraced two smaller ones; how
still larger ones kept hold of three or even four of the
smaller; whilst the whole kept whirling in a giddy dance.
I saw how the larger ones formed a chain...l spent part
of the night putting on paper at leasi sketches of these
dream forms.(14;169)

While Kekule's visions seem exceptional, he is not alone.
In 1945 Jacques Hadamard made an investigation into the thinke
ing behavior of America's oultstanding mathematicians. Concern-
ing himself he said:

I distinctly belong to the auditory type; and pre-
cisely on thal account my mental pictures are exclusively
visual. The reason for that is quite clear to mo: such
visual pictures are more naturally vague, as we have seen
it to be necessary in order to lead me without misleading

me.(11,85)
and he sumarized the resulis of his study as follows:

Among the mathematicians born or resident in America
« e s Thenomena are mostly analogous to those which I have
noticed in my own case. Practically 2ll of theme..
avoid not only the use of mental words but also, just as
I do, the mental use of algebraic or any other precise
Bigns; also as in my case, they use vague images... The
mental pictures...are most frequently visual, but they
may also be of another kind for instance, kinetic. There
can also be auditive ones, but even these... quite gen-
erally keep their vague character.(11;85)




Among the mathematiclans questioned was Albert Einstein.

He answered the guestionaire this way:

The words or the language, as they are written or
spoken, do not seem to play any role in my mechanism of
thought. The physical entities which seem lo serve as
elements in thought are certain signs and more or less
clear images which can be 'voluntarily! reproduced and
conbined. ...

...Taken from a psychological viewpoint, this comb~
inatory play seems to be the essential feature in prod-
uctive thought--before there is any connection with
logical construction in words or other kinds of signs
which can be communicated to others.

The above-mentioned elements are, in any case, of
visual and some of muscular type. Conventional words or
other signs have to be sought for laboriously only in a
secondary stage, when the mentioned ass ciative play is
sufficiently established and can be reproduced at will,

According to what has been said, 'he play with the
mentioned elements is aimed to be analogous to certain
logical connections one is searching for.

Tn a stage when words intervene at all, they are,
in my case, purely auditive, but Lhey interfere only in
a secondary stage as already mentioned. (11;142=143)

Einstein says his theory of relativity was the solution

to a visual paradox which had troubled him for many years.

In his words again, this revolutionary idea came to him one

morning as he got out of bed after

ten years of contemplation, of considering a paradox
which had struck me at the age of sixteen: if I pursue
a ray of light with the speed c--the speed of light in
a vacuum==I must accept such a ray of light as a stat~
jonary, spatially oscillating electiro-magnetic field...
intuitively it seemed clear to me that, judged by such
an observer, everything should follow the same laws as
for a stationary observer.(14;183)

Yet another ?'visionary' thinker was Michael Faraday.

In The Act of Creation Koestler describes him thus:

He saw the stresses surrounding magnets and electric
currénts as curves in space, for which he coined the
name !'lines of forces!', and which, in his imagination,
were as real as if they consisted of solid matter.




He visualized the universe patterned by these linos--

or rather by narrow tubes through which all Fforms of
'ray-vibrations' or energy-radiations are propagated.
This vision of curved tubes which 'rose up before him
like things' proved of almost incredible fertility; it
gave birth to the dynamo and the electric motor; it led
Faraday to discard the ether, and to postulate that light
vas electro-magnetic radiation. Perhaps the most re-
markable fact about Faraday is that he lacked any math-
ematical education or gift, and was 'ignorant of all but
the merest elemenis of arithmetic'; and mathenatics is
of course regarded as an indispensable tool of the
physicist.(143;170)

These men certainly undermine the notion transfemed by
most scientific educations that mathematics and other similar
skills (language, logic, etc.) are the only tools' required
for creation in engineering and science. It would appear
that, in one form or another, the abhility to visualize is

equally important.




CHAPTER 3 WHAT IS VISUALIZATION?

3.1 VISUALIZATION DEFINED

In the last chapter we examined several crealive acts
and observed that these acts were noteworthy for the visual
activity which took plaéo. Furthermore, this activity could
be classified into three types according to what occurred
during each creative event. Specifically, analogies had been
made between two objects seen together (Class 1), between one
object which was seen and a second one which was thought of
(Class II), and between two objects which were thought of
(Class I11).

The field of psychology dividez the events we are talking




about into two categories: sensory perception and cognition,

Sensory perception deals with the way in which information is
received from the environment, i.e., how the eyes, ears, etc.
work. Cognition is the word given to the way in which this
information is processed, or generally, how the brain works.
Traditionally these two processes have been separated and,
with a few exceptions, considered to be independent of each
other. Today a different point of view is rapidly gaining
acceptance == that a person's perceptive experience cannot
be divorced from the so called higher order vents of cog=-
nition. Perception is an active event in wbhich prior eXper-
iences vlay an essential role. According to the former
attitude, the term visualization would only be applied to
Class 1II events, that is;, those events in which something

was ‘'seen'! even though there was nothing in the immediate

vrhysical environment to justify it. Acecording to the latter
viewpoint, wvisualization would also include Class II events,

and Class I evenis as well. It is in this more general sencse

that I use the word visuvalization.

It may seem that the difference belween these two mean-

ings of the word visualization is largely semantical =- but

in fact the problem is more significant than that. The
dichotomy belween perception (especially visual perception)
and cognition dates from as early as the Greeks, and perhaps
even before that. The Greeks held the highest regard for the

workings of the mind while profoundly distrusting the sgenses.,




(134=12) Their eyes were obviously lying when for example,

a stick stuck into water appeared bent. This begins to
explain fheir great concern for 'correcting' perceptual
experiences as in the Parthenon where the center was made
higher in order to appear straight, etc. It was felt that

the civilized mind could overcome faulty senses. Thelr inter-
est in philosophy and mathematics (music was felt to be a form
of mathematics) and disdain for the eyes is reminiscent of the
feud (Cartesian Catastrophe, Chapter 1.3) between conscious

and unconscious thought.

3,2 HOW VISUALIZATION WORKS

A closer look at the arguments which support the genefal
view taken of visualization in the prefious section will also
serve to explain how such visualization takes place.

Perception is an active event rather than a passive one.
One important reason for this may be found in the structure
of the eye. Our visual acuity is greatest in the central
part of the retina called the fovea which subtends an arc of
only 1.5%(from graph 3;137). In order to concentrate on
something we must aim our eyes at it. When we view a new
scene our eyes continuously move from one fixation point %o
another. BEven while staring at one small object our eyes

still move involuntarily.(3;100) Indeed, experiments at

- - ——==




McGill University in 1960 demonstrated that when retinal

images are fixed, vision goes Haywire, Images fixed in this
way disintegrate and disappear, only to reappear distorted
or in fragments and disapyear again. "Staltic vision does
not exist: there is no seeing without exploring." (143158)
Even though our eyes are constantly moving, we perceive
a stable integrated world. Perception then, is a constructive
event. "Our visual oxperience is never the stimulus directly.
It is always a construction, based only in part on currently
arriving information." (18;146) Earlier on the same page
Neisser states,
There is no getting around the fact that people often
see things which are not physically present at all.
We try to exclude this fact from consideration by dis-
tinguishing 'hallueination' and ‘imagery' from 'per-
ception', but the phenomena themselves remaln: dreams,
hypnagogic images, eidetic images, psychotic halluce
inations, and S0 on. « . (18;1465
These quotes are from his book Cognitive Psycholomy (196%)
in which he builds on Bartlett, Schachtel and others to
argte that visual memory, like vision itself, is a cunstruﬁtinn
which uses the same or similar perceplual apparatus. Memory
he says, does not consist of a recall of prior constructions
(copies of finished mental events) but an actual new con-
struction on the spot. Only such new constructions could
explain the variation and adaptability of human behavior.
(18;282) What raw material or information do we make these

new constructions out of? %The only plausable possibility

is that it consists of traces of prior processes of construction."




(18:;285) In other words our memory behaves in the same

fashion as our initial perception does -- we syntheslze an
image in beth cases, and out of the same sori of information.

Rudolf Arnheim in his book, Visual Thinking, describes

e g s

how the memory traces of these prior construqtiona may be
modified in two opposite directions. First is a tendency
toward tension reduction =~ toward the simplest structure.
"The trace pattern will shed details and refinements and
increase in symmeiry and regularity.” Gl;&l)l There is at

the same time, a countertendency to preserve and even sharpen

-

the distinctive features of a pattern.

Digtinguishing characteristics will also be preserved
and exaggerated when they arouse reactions of awe,
wonder, contempt, amusement, admiration, and so forth.
Things are remembered as larger, faster, uglier, more
painful than they actually were. (1;81-83§

Arnheim goes on to say,

Antagonistic though the tendencies of leveling and
sharpening are, they work together. They clarify and
intensify the visual concept. They streamline and
characterize the memory image. This process is further
enhanced but also hampered by the fact that no trace is
left to its own devices. Every one of them is suscept-
ible to continuous influence by other traces. Thus,
repeated experiences do not simply re-enforce the

existing ones but subject them to unending modification ...

(1583)

These memory images also help us interpret, identify,
organize, and supplement what we see. The resuli is that no
neat line distinguishes our 'perceptual image?! from one
completed by memory information or one completely formed by
Memory .

Gregory, in Eye and Brain (1966), states it this way:




_Perception is not determined simply by the stimulus
patierns; rather it is a dynamic searching for the

best interpretation of the available data. The data is

sensory information, and also knowldge of the other

characteristics of objects. Just how far experience
affects perception, how far we have to learn to see,

is a difficult question to answer; . . . it seems clear

that perception involves going beyond the immediately

given evidence of the senses: this evidence is assessed
on many grounds and generally we make the best beti,

and sece things more or less correctly. But the senses

do not glve us a picture of the world directly; rather

they provide evidence for checking hypotheses about
what lies before us. Indeed, we niay say that a per-
ceived object is a hypothesis, suggested and tected by
sensory data. (9;11=12) ;

It should be clear now why no distinction should be
made between visualization which occurs when one is looking
at an object. Thus the 'visual events' classified in 2.2
are all sinilar insofar as what went on inside the mind.

1
Rather than isolate different forms of visualization these
categories simply demonstrate different ways in which visuale=

ization may be triggered.

3.3 PERCEPTUAL VWORLDS DIFFER

We may now begin to comprehend the extent to which
personal experience, cultural influences or professional
training can modify what we see. Examploslare plentiful.
Anthropologist Edward Hall tells of field expeditions in
vhich he would pick up arrowheads his students walked right
over. (11:69) 1 recall being out.sailing once znd not being
able to sec a course marker until several minutes after the

seasoned skipper could. "The radiologist whom experience
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has taught to see a peptic ulcer or a lesion of the lungs,

treats the much sharper contours of the ribs as 'background?."
(1%:;526) Tn a more humorous example Hall states that,

I may be able to spot arrowheads on the desert bul a

refrigerator is a jungle in which I am easily lost.

My wife however, will unerringly point oul that the

cheese or leftover roast is hiding right in front of

my eyes. Hundreds of such experiences convince me that

men and women often inhabit quite different visuval

worlds. These are differences which cannot be atirib-
uted to variations in visual acuity. Men and women
simply have learned to use their eyes in very different
ways. (11;69-70) :

If examples of different perceptuai worlds within our
own society are as plentiful as this, just imagine how diff-
erently individuals from other cultures see. Consider the
Eskimo who have twelve words for wind and even more for snow.
They are capable of navigating hundreds of miles under cire
cumstances in which we would quite literally perceive nothing

except gray and cold., In The Hidden Dimension, Edward Hall

points out that art provides an excellent record of how a
culture percelives the world, in fact, “one of the principle
functions of the artist is to help the layman order his
cultural universe." (12;81) Eskimo art looks like x-rays,
Chinese art has no perspective., Both provide significant
insight into how two different culliures perceive.

However, in crder to gain further insight into problem
solving it is more informative to understand how differently
two men from our own culture may pérceive things and even
how each of us may perceive the world differently on diffe-

erent occasions., When, for example, I look at a siteep




mountain meadow, I will view it differcntly depending on what
T am looking for. If I wish to qlimb to the top I will look
for the shortest route with good footing. If I am making a
trail, the contours will become important and I will try to
find a way up requiring minimal effort (i.c., a constant grad-
ient). If I am looking for wild flowers, color will be the
most important gulde to my scan of the slope. Hunting would
require concentration on mpvement rather than color or shape.
T may even think about how nice it would be to ski dowm it in
the winter and look for bowls and jumps. My visual experience
would provide a kinesthetic one. What I see then, depends on
the code I decide to impose on the experience. And while the
selection of this code may be consclous, the operation of the
code must be uvnconscious. If this were net so, we would be
faced with the paradox of the code within the code, the code

within that code and S0 forth.

%,  HYPOTHESLS

8o we have seen that vision is an active, constructive
event in which no clear distinction can be made between what
is being 'seent and what is being supplied by memory, and
furthermore, the same is true for visual memory itself. As
a result no two people see the same thing {(have the same per-
coptual experiences) in any given circumstance. Also, the

code which guides either the scanning (construction) of a
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treal! scene or an !'internal' scene operates at an unconscious

level., In chapter 2 we noted the visual aspect of more than
a dozen inventions and scientific.discoveries. In light of
the above, it would appear that these men literally came to
see things in a new way. It seems quite reasonable to hypo-

thesize the following: there is a relationship between a

person's visualization skills and his creative abilities.

Koestler states in italics:

the temporary relingquishing of conscious controls
liberates the mind from certain constraints which are
necessary to maintain the disciplined routines of
thoughts but may become an impediment to the creative
leap: at the same time olher types of ideation on more
primitive levels of mental organization (thinking vis-
ually as in pictures) are brought into activity.
(13:169, parenthetical statement from 168)

Rudolf Arnheim, in his book Visual Thinking makes an

eloquent appeal for ridding the distinction between perception :
|

“and cognition. He even argues further that all thinking is
perceptual in nature. The line of reasoning both men pursue ‘
|

ig similar to the one very briefly presented in this chapter.

Psychologists appear to be approaching this point of view,
as shown by Gregory's quotation, that the eye is making

hypothesis when it sees. But none of these men have sought

to demonstrate a connection between creative behavior and

visualization. This is the goal of this thesis.



3,5 OTHER FACTS EXPLATNED

There are a few miscellaneous facts lying outside those
discussed above which would also be explained 1if a connection
were found as suspected.

The first of these relates to the Barron Velsh Art
gcale. According to one expert, Dr. Gough, "if there is
one test of Scientific Creativity this is it." (2;88)
This test consists of 86 abstract line drawings which each
subject is asked whether he 1ikes or not. People with demon-
strated creativity have been found to consistently fall into
the LO to 30 point range, nonereatives in the 10 to 20. In
summary, Frank Barron states:

Personality correlates of this scale, as determined

in several subsequent studies, may be summed up briefly

as follows:

1) Artistic preference is related positively to rapid
personal tempo, verbal fluency, impulsiveness, and
expansiveness.

2) It is related negatively to rigidity, control of
impulse by repression, social conformity, ethno-

centrism, and political-economic conservatism.

3) It is related positively to independence of judg-
ment, originality, and breadth of interest.
(2;22-23)

Concerning these results Dr. MacKinnon has said,
1f one congiders for a moment the meaning of these
preferences; it is clear that creative persons are
especially disposed to admit complexity and even dis-
order into their perceptions without being made anxious
at the resulting chaos. (2;17)

¥e should not be surprised by this fact il a relationship

between creativity and visuvalization is established.




The second fact to be explained is the confusion which f{
seems to exist between seeing and knowing. Examples are:
"l see" or "I get the pic%ure” for ?I understand", and
"plind" for "I do not understand"; farsighted, or visionary,
or seer, or to foresee, for acts of imagination; viewpoint
ér gain perspective, or insight, for conclusions or new inforw
mation. Gregory states, "Perceiving and thinking are not
independent: 'I sce what you mean' is not a puerile pun,

but indicates a connection which is very real." (9;12)

We shall sce.
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CHAPTER & ESTARLISHING A RELATIONSHIP BREIVEER

VESUALIZATION AND CREATOVIEY

o 1 BATING PROCEDURE = FIR3T ROUND

This chapter discusses the soguence of testing vhich
vas to eatablish the relationshdp botween visualization and
cereativity hypothesized in the preceeding c¢hapler, Up until
the laet Lest the approach uzed wias Lo try to find an dmoroves
ment in creetivity scores by various means of visual stime
vlation., ¥t woo not wuntil the wery cnd that T thousghi to
mske a visuald scoring sysitern and in this way establish a
Hreet corvelaticon between visualizatlon and ¢roaliviiy

T the first tesit, (figs. k.1 - &) subjects were siven

" = ] . 'y
from WProsroonsive Avchitecturs? {(fig. b 2)




describing a previous and traditional attempt to design a two
mile high tower and were asked to develop new and imaginative
solutions. The control subjects.were given plain paper %o
work on, the test subjects were given a sheet describing
several historic scientific events which involved visual
analogies (fig. 4.3) and were asked to follow a procedure to
help them develop a solution. This procedure consisted of
choosing an analogy from a page full of drawings (fig. 4.5)
and pointing out all the similarities between it and the
tower. They were then asked to develop a new design from
this analogy.

The problem of designing a two mile high tower was
chosen because it is a real engineering problem, yet is one
which no one is likely either to have thought about before
or to have seen anything similar, That is, it had an air of
realism, especially since someone with $300,000,000 to spend
wanted one, yet it was wild enough not to constrict imagin-
ations to traditional solutions. It was real, and free.

A few students objected to its irrelevance, which is of
course undeniable, however, once this objection was voiced,
the challenge of the problem took hold, and usually did not
let go even after the hour they had to work on it was over.
It is lamentable that this problem should be so impractical,
but is an observation from Synectics training that the closer
one comes to a real problem in a person's own experience, the

more he will freeze up. A later problem which involved find-




ing new airport fire fighting techniques demonsirated this
very fact.

The rationale behind this exparimant was as follows:
hopefully the test group, having been supplied with wisual
stinulation of the TI A type discussed in Chapier 2.2, would
see possible connections beitween these picturss snd the given
problem. As a result they would do belter, on the whole,
than the tesi group who had to rely on class II1 visuals
ization (completely intsrnal) for ideas. The resulting
designs were tentatively planned to be Judged for creativity
by a panel of four eXperis.

Subjects were solicited from the College of Engineering
at Tufts University. Represented ﬁere a gross .section of
engineering discipliines: Civil, Mechanical, and Electrical,
and of classes: freshman through senior. Includsd also
were a handful of Engineering Design Graduate students. A4ll
problems given were of a general iechnical nature, which
of fered no advantage or handicap to any one group of students.

The results of the first test did not bear out expsct-
ations for numerous reasons. rirst of these was due to some
mistakes made in writing the questions for the test group.
In order to explain what the test subjects were Lo do with
their chosen visuzl analogy, they vere zlven a small example
in the right margin next to the question (see Fig. L.b.).
This example showed a kRangaroo deing compared to thne tower

vith two compariscns drawn in:  support and balance. This

%



chameled the thinking of the Lest subjects directly into

worrying about balance and support. As a result, over half

- out of 9) of them chose a tightrope waliter, and the rest
zplit themselves between the rocket and sailboat. This dewm~
oratrates how sensitive students are %o what they think is
gxpected of them. After years of schooling, they have learned
there is only one right answer and will use any elue to help
find that answer.

A second problem with the test was the seleciion of an-
a.ciyies supplied. In Synectics terminology they did not have
enough "strain" to provide material for truly creative solut-
icns. They were rather mechenical in nature, and led to the
s ralght forward © - sclutions usually expected from engineers.

4 third problem arose in attempting to divide the subjects
equally into test and control groups. For the sake of faire
ness, subjects with good visual abilities should be squally
divided between test and eontrol group. However thelr inclus-
ion in the control group penalizes thal which is beiang tested
for. Test resultz confirmed this. Subjects with good visual
abilities (at least as evidenced by their drawings)} were in-
~ 1ded in the control group and they accomplished naturally
what was being forced on the test subjects artificially.

Their work as a result, exhibited more uninhibited idea genw
eration with such analogies as snakes, cloud 9, molecular
structures, cat tails, etc., than the test group. This gives

+iga to the suspicion that subjects would do better if the
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analogies they had to work with were their owm, rather than
supplied.

This leads to a fourth observation. The control group,
because they were left to themselves with no instructions,
were free to put down as many ideas as came Lo mind. The
implicatioﬁ for the test group was that one basic idea was
wanted. Given a certain minimum requirement, all subjects
met it, but few went further, Not knowing what was expected
of them, the control subjects put down as much as they could
--an interesting observation from a motivational standpoint.

A fifth factor which perhaps could account for some of |
the poor performance exhibited by the test group was the add=~ ”'
itional time they had to spend reading and comprehending the
sheet of analogies and all the instructions. Uil

This test was pretested, and it is interesting to note i:ﬂ

|

that the pretest subject did not indicate any of these prob- i

lems. This subject also chose a rocket, but came up with ]
many innovative ideas and a credible design. Quite possibly ['
the explanation for this was the "econspiratorial atmosphere"

involved in a pretest.- He knew he was the first one to do it,

therefore, he was in on it. This author was one of the first

two engineers to take the Syrectics Basic Course. At that

time I noted this feeling myself, the direct result being a
desire to do an outstanding job. The first test of the air-
port crash problem which was done at the same time had the same

result.
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In summary, the implications for the next =meries of
teasts were:
1} Do not Ychannel! subjects, i.e., do not hint at a degired
solution or solutica zpproach.
2) Test and control groups ahiould be organized in such a
way as to be falr to both the experiment, and tn the hyupo-
thesis which is being tested.
%)  Test and control groups should have equal working times,
4}  All tests should be oﬁen ended enough to éllow 2ach sub=-
ject to be his own judge of the guantity and guality work he
does,
5) Vigual analogues, if uged, should have large amount of .%;
strain.
€) If possible, the subjects should be their own socurce of
visual stimulation.

4 second design problem was developed incorporating ihese
chenges (fig. 4.%-8). This problem involved finding a faster

system to extinguish fires due to crashes al airporis. in

order to introduce more strain the visual stimulaticn centered

: around the concept Minstantaneous", e.g., balloen popring,
blinking eye, gun, idea, Tirecracker oxplosion, ete. (fig. 4.8},
Subjects were asksd to circle the one draving which besi
embodied the concept "instantanegus”. They were Lhen ashked

Z to usze that cencert to put out the fire. Because the subject

had chosen an analogy befors he resalized what it was zoing

: to be umed fopr, it was hored that the student would be forced




into using an analogy incorporating more strain. This test

was tried on three subjects, and while the "channelling
effect" seemed to be eliminated, it appeared that T was
asking too much of the students. It was too big a leap from
a blinking eye to a fire fighting system for anyone not

trained in Synectics' Fantasy Force Fit.

L.2 ENCOURAGEMENT AND FRUSTRATION

At about this time the question was raised whether or
not T was really testing for the basic concept of visualization.
Wasn't I supplying a hint to the test subjects which could
simply help them do better? Coﬁldn't such a hint be given
in words? Wasn't the basic question whether visualization
existed at all, and if it did was it really a necessary part
of creative problem solving?

The first of these questions did not upset me that much
as I felt demonstrating the effectiveness of visual stimulation
would make a case for improving a person's ability to see new
connections between things on his own. Such stimulation
certainly does involve visualization. The subjects in the
test groups who saw more connections between the analogue and
problem did seem to be qoing better solution wise. And even
if the "hint" were in word form, the connection would still
have to be @adc, in all likelihood by comparing images of

the "hint" with the problan.




The second question was of such fundamental nature that

I decided to conduct a quick experiment involving a problem
which lends itself to visual solution. This test consisted
of each subject's being seated in a comfortable office at a
desk with a tape recorder and drawing materials available at
the side, and being given a riddle. The problem was as
follows:

One morning, exactly at sunrise, a Buddist monk
began to climb a tall mountain. The narrow path, no
more than a foot or two wide, spiralled around the
mountain to a glittering temple at the summit.

The monk ascended the path at varying rates of
speed stopping many times along the way to rest and to
eat the dried fruit he carried with him. He reached
the temple shortly before sunset. After several days
of fasting and meditation, he began his journey back
along the same path, starting at sunrise and again
walking at variable speeds wilh many pauses along the
way. His average speed decending, was of course greater
than his average climbing speed.

Prove that there is a spot along the path that the
monk will occupy on both trips at precisely the same
time of day. (Carl Duncker in 13;184)

This problem has a "correct! answey which yields quickly
to any number of variations of the following visual approach:
if the monk were to leave the bottom and the top on the same
day, he would have to meet himself as there is only one path.
Removed to o separate day, that point is the one which is
passed at the same time on both days. While I myself am

more concerned with visualization in open-ended problems,
this test permitted analysis of success~failure as related
to solution approach.

Twenty three persons took the test and fifteen people




found the correct answer. Of these 15, 12 could clearly be

called visual solutions: 7 were explicit with a graphical
approach (fig. 4.9); 3 were internal but explicit visual
solutions, "Imagine a movie camera' or "I.saw the two monks
approaching", etc. (fig. 4.10); 2 were implicitly visual, that
is, while not saying the were tseeing'! anything, their lang=
vage clearly demonstrated they were verbalizing visual images
(fig. 4.11). The remaining 3 who answered correctly either

used a strictly analytical approach or described the solution

in such an ex post facto way that classification was impossible

(fig. 4.12). One person out of the 8 who answered the riddle
incorrectly tried to solve it graphically. However, his graph
was an extremely tentative one with only the starting and end
locations marked., Had he connected these points together as
had the other subjects using graphs, he would have seen that
these lines intersect each other at some point in space and
time. Of the remaining 7 incorrect answers, two attempting
analytical approaches are shown in figs. L13-14.
Encouraged by these results T began work on two new ver=
sions of the airport erash test. One approach which secemed
worthwhile was to have each subject act as his owm control.
In this approach each subject would first do a control test,
then later he would be given 2 test with visual stimulation.
In this way, both the test and control would contain persons
of equal talent and visual ability. Unfortunately giving one

test first blocked any other solutionz in the gecond. Once




the problem was 'solved! the subject seemed unable to put any

effort into a new solution.

A second idea was to have the student find one sclution
using words, and another with pictu;es. Subjects were asked
to think of ten things in nature which were instantaneous and
number them as they did so. From the odd numbered concepts
they were to develop a solution using only words, and from
the even numbered ones, a solution using only drawings. This
had the drawback of not really investigating the process by
which ideas are thought up. The problems int ead involved
communicating with out either words or pictures, As it turned
out, one person tried this and turned in a test having a few
pictures with his word solution and a few words with his pic-
ture solution.

This all seemed to be leading nowhere. The frustrating
thing was that the more visual a person seemed to be, the
better the solution he came up with. Finally in a meeting
with William Gordon and Tony Poze at Synectics Educational
Systems, it was decided the connecticn between visualization
and creativity could be shown by coming up with a way to score
each subject's work for evidence of visualization. Then a
comparison could be made with the results they achieved on

their final design.




1,23 THE FINAL TEST

In order to increase the applicable material I had
already gathered, ten wmore subjegls were given the towsr
problem in a form similar to the original control test.
Again subjects wers given a statement of the probvlem, the
Hprogressive Architecture? reprint, and plenty of plain
paper. The only changs was the addition of a tape recorder
which each subject was encouraged to talk into while he
worked on the problem. It was hoped that this would make
detection of visualization easier to achieve. As it turned
out, this was a needless complication. Little information
was a8ded in return for the lcng and difficult task of transw
cribing the recordings. Subjects lLended to use the recorder
to say what they would have written on the paper 1f they had
;ot had it.

Aralyzing the final test consisted of: 1) scoring each

gubjects's work for visuasl elements; 2) ranking the creativiiy .

of each subject!s final design; and 3) correlating these two
rezsulis.

Scoring for evidence of visual elements in the actual
goluticn finding process was accomplished as follows., A
score sheet wes drawn up which had a column for each of the
explicit ways in which visual elements might be expraessed.
(see fis. L.15). The test numbers were gnlered on the right
gide, and checks were placed in the appropriate visual element

columans, Rach tesl's score congisted of the sum of the



checks marked.

The first visual element column was for ex post facto
drawings, i.e., drawings made after the invention process
was complete, Since it was an engineering problem some sort
of final drawing was called for, and if this was all that
the subject recorded, it usually represented a minimal effort.
Thus everyone who honestly made some attempt at finding a
solution got one check.

The six remaining colﬁmns represented visual elements
which were an actual part of the problem solving process.

The first twe'were for drawings of a different sort than the
final design. If a paper had a tentative, formulative type
sketeh or droodle, it was given one check, if there were more
than one such drawing, it got another. These process drawings
are easily distinguishable because they are incomplete "irial
balloons" lacking the elaboration and labeling of a finished
idea. (Refer to samples in Appendix 1)

Visualization may be evidenced in other ways in addition
to drawings. Consider a poem, for example. So credit was
given for two styles of verbalized visualization: visual
yords and more rare, visual descriptions. If a paper had
one or two words denoting a visual feeling (MacDonald's
Arch, steel roots, beehive 1ike windows) it was given one
check, three or more, two checks. The same was done for
visual descriptions (punching up into the air).

As was stated earlier, this visual score is a measure
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of visualization only as indicatod by ewplicit meterial.
That is, if a subject were an active visualizer but did now
put anything on paper, he did not receive any credit., Since
this probably did ccour, the visual scores may be ssen 58 a
conservative estimation of the visualiszation which took place.
Until we can find a way to actually find out what is going
on in the brain, such technigues will have to suffice,
Judging for the creativity of sach design was not done
from the student's own work. Instesd, each sﬁbject's final
design was redrawn incorporating the ildeas which he had
developed. For many tests this only required copying the
subject's finished tower exactly. For a few this meant
bringing ideas tegether from several different pages, or
substantial redrawing of the final design in order to make
it look preéentable. The result was that each drawing had a
similar format and neat appearance. Ir this way bias due to

differing artistic abilities and gpresantation techniques was

hopefully eliminated, Three subjects snggesteﬁ two final
degigns, Kach of these was drawn and given a seporate test
number (pairs were: 11 and ik, 30 and 45, 26 and 45). TWhen
the judsing was complete, these subjects were given credit
for their best solution.

The juiges were given a sheal of instruvetions (fig. 4.16)
asking them to rank each test in relation to The others,
{from 1 to 31} and to aszsign a atubor grads frow 0, intell=-

.
snt {sez Chapler

-
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1.2}. %hile it would appear that the nurber score is redun-

dant, this was requested in order to find the judges?! overall
opinions of the gquality of ideas vrosented to them.

The judges for the visual scoring were William J.dJ.
Gordon and Tony Poze of Syneciics Educational Systemz and .
myself, The judges for crealivity wero the nenmbers of my =
thesis committee: Percy H. Hill, John Kreifeldt, and

Samuel Mclaughlin,

L.h TEST RESULTS

In all, thirty one solutions were gathered from twenty
eight individuals and are included in Appendix 2. ° By the
time all this information had been graded, six judges, eX-
cluding myself, had ranked the final designs for creativity

and three had secored each individualts work for visual

content, The data and reculling raznkings are shown in fig.
4L.1?7. Becauss the crealivily rankings secened pariicularly
mixed, T decided to use creativity rankings averaged over
all six judees in addition %o those aversgesd over the orig-
inal three planned. It could be obiectod that twe of these
three additional judges were biasod (Williiam Gordon and

Tony Poze) in that they previously had scored sach subject's
work for visual content. Hewever, Uhedr scores are in line
with other judges (Percy Hill's for axampla) and in fect,

it would have been difficuli if nei iwmvossible Lo remember




each subject's original work, let alone how he -scored, while

looking at the neatly redrawn final designs.

- The Spearman Rank Correlation was calculated between
the tests' visual ranks and creativity ranks. The flow
chart of figure 4.18 should be useful for understanding how
this was done., All calculations are included in the appendix
as well., The visual scores had to be given ranks in order
to use the Spearman Test. Where ties occurred, the tests
were given the average of the ranks those tesfs would have
gotten without ties. (Example: two tied teuts which come
after the 8th ranked test would get an equal rank of (9+10)/2
or 9.5). These ranks were then summed over all three visual
judges and ranked again. The creativity ranks were summed
over three and six judges and also re~ranked. These two new
average ranks for the visual and creativity results were then
correlated with each other. (See scattér plot in fig. 4.19)
ro for the visual ranking versus creativity ranking with
three judges equalled .411 which is significant beyond the
.05 level. rg for the visual ranking versus the creativity
ranking with six judges was .685 which is significant beyond
the .01 level. (Critical values for Spearman Rank Correl=-
ation were obtained from Siegal, 193;2%6). These correlations
included compensation for ties in the visual rank. For each
set of rankings the Kendall Coefficient of Concordance W was
calculated, and from this rg,, was found, which is also egual

in value to the average of all the partial correlations




vetwoen each renking and every other ranking. For the judges!
ranking éf visual econtent, W egqualled .926 and rg squalled
.885 which was significant beyond the .00L level. The con=
cordance between thres Judges of creativiiy was 648 or

Tg g = 473, A chi square test showed This to be zignificanti
beyond the .01 level. The cosfiicient of concordance basiveen
21l six judges was 473, And while the resulting v, at . 378
was lowef&?or three judges, Lt was more significant at bayend
the .00L level. TIn summary, the Spearman Rank Correlation
Coefficients and Kendall Coeffiecients of Concordance were all
significant. As a back up check to these calculations, the
original vieual scores (1-7) were correlated with the creativily
scores {0~10) which the creativity judges had also given.

In this casze, rho equalled .519 which a t test revealed to

be significant dbeyond the 001 level. These numerical results

are 2ll included in fig. &4.18.

k.5 DISCUSSION OF RESULTS

A few interesting observations may be drawn from the
original creativity rankings (see fig. 4.17). The first is
that, out of seven people who ranked the final desisns, there
was no agreement as to which desigo gnonld be ranked Tirst.
And while four of these choices were backed up by second place
votes, the tests which placed second, third and fourth in the

aver-all re-rarking were not among these orlginal soven tesisl

¥
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The explanation for this is not all that difficult to find,
and gives a real insight into the nature of creativity. As

it turns out, 4 of these original top 7 also received votes

for 30 and 31 (last place), and in all but one case (test L4) ‘
the majority of judges disagreed with the first place vote
completely. Agreement was not impossible as is shovn by ' l
tests 8, 18, and 27; and in one case it was even remarkable:
scores for test 20 were 13, 13, 14, 14, 14, 11, and 10. Over
all then, there was much agreement in the center and wild
disagreement at the extremes.

How is all this to be explained? Certain tests are
standouts. You can not help but notice them because they are {
different; It is easy to decide which of several similar
tests is best. But what to do about the loner, the one that ,
is not similar to anything? To make a long story short, we }
either like this odd ball or we do not., Like a flamboyant -wj
personality, we either love it and put it first, or hate it
and put it last., Anywhere in between simply will not do. I
And this is not surprising. Traditionally creative work is
always greeted by a small number of admirers and a large crowd
of skeptics.

Since ecach judge is an Individuval with his own emotlonal
and intellectual background he.will react differently to each
design. We find then, not only disagreement at the extremes,
but occasionally sprinkled throughout the experiment an ‘out-

lier' popping up. For &ome reason, one idea may seem rather
POPP




appealing for one person, but not for the rest., It is this

spark of interest which may be capitalized upon so profit-
ably in a Synectics session, especially where numerous dis=
ciplines are represented.

And so while it may seem appealing to rationalize dis=-
carding these 'outliers' the overall rankings were arrived
at by the expedient of straight forward averaging.

The number which I feel best expresses the relationship
between visualization and creativity is .685, the correlation
arrived at using six creativity judges. With a significance
beyond the .01 level there can be little argument that a
relationship exists. (Even the lesser value using three judges
is significant beyond the .05 level.) Furthermore, it can be
argued that this number is a better approximation because the
significance of the agreement between six judges, .001, de=
spite an expected decrease in concordance, is greater than
between three judges, .01, As was mentioned earlier, until
we can get inside the brain, it will be hard to do better.

No matter what correlation is taken as most representative=-
what I set out to find wa= whether the relationship between
visualization and creativity was positive, significant, and

large enough to be concerned about. It is.
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Imagine that you are a world renowned designer known
for creative ideas. You have been asked to rcuevaluate
the feasibility of a two mile high tower. The sponsor of
this project was disappointed at the traditional apprcach
of the original consultants. He feels they could have
been more active in suggesting more dynamic wéys for
surmounting the technological problems.

Your job is to develop new concepts for this tower.
Read the next two pages containing a description of the
first tower design, then use the attached paper to come
up with your own deslgn. Show all your work (and play),
including the process by which you got your ideas. Day

dreaming is permitted!

Figure 4.1 Test 1, Page 1: Instructions

*
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An enlmp:e:-.f:ur from Juapun presented
a trlo of desiun Arms with a proposal for
an observation tower so tall that, if it
were built, would certuinly discourage
any others with the ambition to own the
world's tallest anything, if, indeed, it
would not extinguish their hopes alto-
gether. The objective of the structure en-
visjoned was to provide an obscrvation
point that would overtop Mount Fuji,

which, at 12,389 it above sea level, is the'

~highest point on the island of Henshu,

For the site selected, this would have re.
quired a structure that itsell would be
12,250 ft high, just over two miles.
- The scale of the tower contemplated
exceeded the houndaries of known struc-
tural parameters o far as to require the
consultants to prepare a 100-page report
just to decide whether it was practicable
to prepare a feasibility study. The an.
swer was no, but, in arriving at that an.
swer, they uncovered some relationships
between height, cost, and life at the top
that are interesting in themsclves, and,
incidentally, may shed some light on any
échemes planners may have for buildings
substantially taller than the 100-story
structures now under construction.
Among the problems faced by the de-
signers that are not normally encoun-
tcr:.d in the desizn of buildings or even,
for that matter, Ttall towers of the size

~that have been built to date were: icing,

#

high " winds, high ratio of structur‘l.l
weight te loads suppn[h}d and the need
for pressurization of the occuplied space
at the top.

From the best available data, the design-

Grs were forced to assume T.11£l. all struc.

tural members might accumulate as much
as 12 in. of ice; moreover, in any lattice-
like arrangement of structural members,
spaces between members less than 5 fi

.apart would have to be conzidered as

completely plugged with ice. Not only
would the mass of ice add subsiantially
to the gravity load imposed on the tower
and its foundation: the encrusted ice
would also increase the eflective area ex.
posed to wind, and because of its rough
surface, the drag coefficient would be in-

- creased, too.

- Exact data on wind velocity at the eleva-

tion contemplated was not available, but,

the desizners suspected it might possibly
be as high as 300 mph, The effect of high
wind velocity at high altitudes is offset
somewhat by the lower density of the air
at those elevations, Nevertheless, the la
teral forces imposed by wind loading be-
came “the single most important determi-

nant of [the tower's] safety and ccunu-'
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For the comlort of most airline passen-
gers, and for the very health and well-
being of some, the cabins of most aireralt
cruising zt altitudes ahove 10000 ft are
pressurized to correspond w an altitude
of between 3000 and 8000 [t — about 10
psi. Similarly, the pod atop a 12,250-ft

~ tower would require pressurization, as
would the elevators serving the pod.

Quite aside from the problem of pro-

viding air locks for the elevator doors at
both.top and bLettom terminals, pressur-
ization of the capsule at the top of the
tower adds considerably to the structural
‘requiremenis of the shell of the capsule.

z‘The negalive air pressure induced on the
lceward side of the capsule at design
wind velocity, when added to the positive
internal pressure, would create unit pres-
sures of T00 to & 1 psf, much higher than
the unit pres:zur. - encountered by conven-
tional building wall systems.

Indeed, the design of the occupied ob-
gservation and recreation facility planned
for the top of the tower would not be un-
like the design for an aircraflt fusclage
intended for cruising at 300 mph at an
altitude of 12,250 fi, Unlike an aircraft
body, howeve.. the tiny, porthole-like

windows thar scrve well enough in air-

planes would be wholly unsuitable for
an observation tower, since a wide, un-
obstructed view of the surrounding coun:
tryside would have to be one of the
tower’s most important features. .

Structure

Two types of configurations were con-
sidered: a free-standing tower and a
guyed structure, Also, two constructional
materials were considered: type T-1 steel
(minimum yield point 90,000 psi), and
lype 7075-T6 aluminum (minimum )'lr:ld
point 60,000 psi).
L Frce-.ﬂ.tandmw tower confliguration with
< three hollow legs with tubuilar horizen
tal and diagonal was selected as having
the best potential for further study by
structural optimization,
B A computer program was developed to
assist optimization of dimensions and
* weight for above free-standing tower
configuration.
B Computer program permitted optimiza-
tion of weizht and dimensions and sub-
stantial study of parameters such as mag-
Ditude of wind load, weight supported
“ top, and height of tower.
® A similar approach was used for guyed
tower. Basic configuration with three scts
'Uf. guys, oze at each of three corners of
‘ Wangular ce..ral tower. A computer
Program wa- developed to determine the
'1 Oplimum guy slope, the optimum number
of guy levels, and weight of structure.

_ Free-Standing Cantilever

~ . Ahe most economical free-standing tower
1.'. 12250 fr high turned ‘out to be a three.
. legged structure with . hollow, circular
- legs spaced about 1000 ft apart at the
ase. It would weigh about 3200 million
b, which, at an estimated cost of $500

-

per 1000 1b of erccted stecl, would be
51600 million (excluding foundations),
very much more than the $300 million
the sponzor of the project had originally
envisioned. (A similar tower of . alumi.
num would weigh about 30 per cont less,
‘but the erected cost of aluminum is
nearly twice that of steel.) Curves
plotted from ‘the computer printouts
show how extremely sensitively the total
weight, and hence the cost, of the strue.
ture reacts to relatively small changes in
the design parameters. By cutting the
height from 12,250 ft to 10,000 ft, the
weight of the structure drops by 46 per
cent. Changing the arbitrarily assigned
wind velocity from 300 mph to 200 mph
cuts the weight by 61 per cent.

Stayed Mast

An analysis of a guyed tower 12,230 [t
high disclosed that "this configuration
could dramatizally reduce the weight of
the required structure. The optimum de.
sizn would weigh just 700 million 1b,
just under 22 per cent of the comparable
free-standing tower. Of the 700 million
Ib, the shaft accounted for 370 million
Ib, at an estimated $300 per 1000 1b erce-
ted, and the guy cables for 170 million
Ib at §750 per 1000 1b erected, a total of
5100 million (excluding foundations),
which of course is much closer to the
sponsor’s original expectation.

However, the longest of each of the
three scts of guy wires (spaced 120 ft
apart) would have reached out over
10,000 ft from the base of the mast. The
vast amount of land beneath the three
sets of guy wires posed a severe problem;
to acquire the land outright would be
costly, and it is doubtful if acquiring air
rights alone would be practical in view
of the hazardous conditions that would
occur under the cables when they shed
_accumulated ice during a thaw.

Since the guyed tower with its atten. -
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dant real eéstate problems exceeded the

cost for which the sponsor was pre-
pared, the designers proposed an al-
ternative. They recommended an 8000-ft,

- semi-guyed structure, a model of which

is illustrated. Limiting the height to 8000

* ft eliminated the need for pressurization;

by adding three massive structures
around the base of the mast, the design-
ers not only provided solid anchorages
“for the short guys that stay the lower
section of the tower, they also generated
space that could be turned to revenue-
producing activitics that would help to
amortize the cost of the tower.

Because the preliminary study ruled
out the economic feasibility of extending
the tower above the height of Mount Fuji,
the sponsor felt that the project would
have sacrificed its greatest patcnual for
attracting visitors; the project is now in-
definitely deferred.

Participating in the study -were:
Fuller-Sadao,/Geometrics, architects” and
engineers; and Simpson, Gum[n;rtz &
Heger, Inc., consulting enginecrs.
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Analogies have a2 long history in science and

engineering for providing the insight necessary to come

up with new ideas. A few examples are:

ALEXANDER GRAHM BELL made an analogy between the ear's
structure and a device for translating audio vibration
into mechanical motion (the microphone).

SIR MARC BRWMIEL observed the action of a shipworm through
a piece of lumoer and from this got the idea for
erecting caisons to help dig tunnels.

LOUTS PASTEUR viewed the generaiion of disease as analogous
to the action of yeast in the brewing process. This
led to the prevention of disease by inoculation.

MAXIM watched the whirlovool action of water running out
of his sink and thought of a way to silence firearms
by spinning and expanding the gasses as they came
out tne end of the gunbarrel.

LAPLACE drew on the self-healing process of the body as
the basis for developing a theory about the status
quo of the solar systen continually being restored
in spite of temporary and radical derangenents.

KEKULR!'s vision of 2 snake biting his ovn tail led to the
realization that bending the benzene molecule around
into a ring would account for benzene having only six
free bonds when it has six carbon atous.

This concept of analogies is going to be used to help

you think up new ideas.

Figure 4.3 Test 1, Page 3: Examples of Dirsct Analogies
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objects which might provide useful analozues
to the problem. Pick one of them and sxetch 1t '
below next to the drawing of the two mile high
tower. - (&n example is showa at the right) - (o=
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.. . Point out 211 the sinmilarities between

your anzlogue a2nd the tower. You may call

1t on the drawing adbove by link=-

. these out rig!
ing similarities (form, function, ets.) with
a line and addinz explanation. (Azain, note

the example the right)
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Figure 4.6 Test 1, Page 73 Final Design (Real -Example)
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If a new cdesign Tor the tower were sugpested by the
5

analogue you picked how would it work? Don't be conceriied
if your descripiion sounds fantastic, Just make some roush
e sketches to show your concepts.
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Airport fires that are due to crash landings of planes

present a great problem. In order to have equal access to all -
runways, fire fighting equipment must be garaged in a central
location. As a result, the apparatus rarely can meke immediate
connections with any given accident or crash because large
distances are usually involved. It has been established that
the first few seconds right after a crash are the critical
ones. At present it is simply impossible to get there fast
enough even though considerable sums are avallable. Foam is
often effective in certain emergenciés, but it takes far to
long to lay down a runway of foam.

You are given the problem of proposing a new system for
dealing with these emergencies 'instantaneously' (within
approximately 30 seconds). Follow the proceedure on the
following pages to help you get new ideas. Show all your
work (and play!). Remember: conventional approaches have

failed-~an imaginative ‘solution is needed!.

Figure 4.7 Test 2, Page 1: Instructions for Test Subjects



Above are some things which seem to happen instant-

aneously. Circle the one which seems to best embody the

concept of "instantazneous!'.

Figure 4.8 Test 2, Page 2: Instructions with Analogues
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Figure 4.9 Success: Graphical Visualization

The Monk's position as he walks up the hill was dependent
on time and as he descended the hill was also dependent on
time. These both can be considered as functions, although not
known functions. If plotted on a piece of graph paper the '
position as he goes up the hill will be basically a curve
going from the lower left to the upper right and as he comes
down the hill will be from the top left to the bottom right, \
Where these two functions intersect would correspond to the
position that the monk would occupy on hoth trips.

Figure 4.10 Success: Explicit Visualization

Well, if you take a film of the guy on his journey so
that you start the camera exactly when he starts his trip at
sunrise and you film him with a constant speed all the way up
the mountain and then when he comes back down the mountain
you take another film starting at sunrise when he starts his
trip and you film it at a constant speed all the way down the
mountain-~then if you play these films at the same time, sup-
posing this could be done, you'll find a point where their
bodies and the scenery will exactly overlap, which would mean
that he would be at exactly the same point as he was before.

Figure 4.11 Success: Implicit Visualization

If a man starts walking at the bottom of the mountain at
the same time at which another man starts walking down from
the top at a faster rate they will both meet at some instant
in time at some place. As both starting times are the same
and they meet, then they are at the same spot at the same
instant in time.



Figure 4.12 Success: Ex Post Facto Visualization?

Since there is only one path up to the temple, and since
the path is only a foot or two wide, then there is no way he
can get up there without at least at one point on the trip
being in the same location (part of him at least in the same
location) at the same time.

Figure 4.13 Failure: Analytical Approach

First of all it is not necessarily true. We know that
the average rate uphill can be described as Ru and the average
rate downhill can be described as Rd' Therefore at some spot
on the path if sometime t times the sum of Ru plus Rd equals
the entire distance we have a true statement that along the
path at some point the man will occupy the same exact spot at
the same time. This is from Rut + Rdt = total distance. We |
know that Ru * Rd is less than 2 Ru' This is true because we
know the descending speed is less than Ru’ the ascending speed.
If Ru + Rd is less than 2 Ru’ then obviously the upward trip
Rut = D. We can substitute R, * R; into that assuming that of
course, it must be less than ZRu, thus we know that +(t x ERu)
will have to be equal to Ry» This is for of course the outside
case if this can be satisfied then the statement is true that
some where along the path at the same time the man will occupy
the same spot. I said this is not always true and that will
be in the case where the trip coming down occupies less than 3t,
or the time to ascend the mountain. In other words if the monk
ascends in a 12 hour period and descends in less than 6 hours,
it is impossible for him to occupy the same place at the same
time. But as it would infer the trip down was only slightly
faster than %he trip up and, if in fact this is true then it
stands to reason that he must pass the same spot at exactly the
same time.



oL
Figure 4.14 Failure: Analytical Approach w2 |

In attempting to solve this problem let me first say
that I know nothing about probability or statistics from the
mathematical point of view, and that any attempt I made was
intuitive just thinking through it logically. I first read
through the problem and thought if I had heard it before--I
just heard it mentioned once and I did not know the answer - \
then and I am still not sure of the answer. I went about it [
this way: T read through it and went back and tried to attack
it as a mathematical problem looking for any constanis or var=~
jables which we can find in it and I find that there is no
real way I can see of predicting where he was on both ftrips at |
precisely the same time of day. The only thing I can say is
that the only precise measuremenis given are that he began to k
c¢limb the mountain at precisely sunrise which would put him at
the begining of the path at exactly sunrise, and when he der -
scended he started his descent at exactly sunrise--at the top
of the hill, at first I thought that was the answer but then
those aren't the same spots. Other than that everything var-
ies so much that I find I can't come up with a precise answer. ' I
Let me also say that this is very frustrating because it re-
minds me of a similar problem we used to do in grammar school
where we would start out by saying you are a busdriver and
the busdriver drives a bus and at the first bus stop you pick ’
up 27 people and that you drop off three and continue gilving N
mathematical facts and at the end you are asked how old is \
the busdriver? And so I thought this was the same type of
thing where it says one morning exactly at sunrise a Buddhist '
monk begins to c¢limb a tall mountain and I looked through and |
I said "A ha! At exactly sunrise he began to walk down" and
I thought that was the answer but according to the question

it is not.
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Figure 4.16 Judges' Instructions: Scoring for Creativily

T would like two numbers for each test: a grade from O to
10, and a ranking from 1 to 31. Please write these two numbers
in the form Grade/Rank to the right of the test number on each
page (examples: 9/2, 5/17). When you are done also list the
tests in order of rank on the attached form. _

The grade from O to 10 should represent your oplnlon of
the creativeness of the ideas expressed. Please note that the
primary emphasis is on ldeas. In order to reduce bias due %o
appearance, each design has been redrawn to lock as good as
possible without altering the cecncept. A rough idea for this
scale follows:

0O Not intellectually honest, that is, either shows non=-
participation in the test or the solution does not
honestly attempt to solve the problem.

1 Solution addresses itself to the problem only margin=-
ally, or, it is a cop out--a wild idea which might solve
the problem but allows the designer to avoid making a
commitment which would reflect on his ability.
2 Minimum deviation from old design.
tea S Median effort.
ess 10 Exceedingly elegant and unique solution.

The ranking from 1 to 31 should indicate your preferences
from best to worst. How you think the design may work in
actual practice may enter more strongly here. Some ideas
which may help you during scoring:

~= Taking two old ideas and putting them together generally
represents a lower level of innovation than coming up
with one new idea.

-« Creative designs may deviate the greatest amount from
existing ones, however just because a design looks
different does not mean it is creative. A novel but
useless design may be generated by chance as opposed
to thought.

-~ Elegance 1s a useful criteria:

Multiplicity of Variables
BEANCE = e ey
Elegan Simplicity of Solution
T would also appreciaste any comments you might have on
your results, your difficulties or your own personal criteria

for judging. Please read the old article before procceding.
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Figure 4.17 Table Showing Raw Data and Final Rankings

TEST RANKE FOR CREAT%?ITY {(1-31) CR., CR. VISUAL Vis.

Mo, — | RANK RANK  BSCORES  RANK
% AVE, AVE, AVE,
U ' OVER OVER OVER
RF LF WG TP JK PH SM 3 & RF WG TP 3
1 3 3 15 1o &6 13 1] 9.5 4.0 5 3 Z 5.5
2 4 L 3 2 15 3 20 kb 30 6 4 7 $.0 .
3 i 15 7 12 10 16 8 12.9 80 6 4 5 3.0 :
L " 9 16 6 13 8 17 1495 1i.0 5 2 5 6.0
6 1 17 12 s 4 9 12 7.0 9.5 2 1 1 26.C
7 21 28 17 20 22 1 2 50 150 2 1 3  19.0
8 27 25 28 25 26 2t 25 21.5 26.5 2 1 2 21,0
10 g 7 13 13 11 5 16 1.0 6.7 4 4 3 8.5
11 8 5 5 5 17 20 23 5 3 7
Y { 2 1 & 4 9 4 9 3.0 1.0 5 3 % 5.0
1% 25 29 31 7 25 24 24 2%.3 230 1 1 2 26,0
14 1?7 20 22 18 20 29 19 20,0 22,0 2 v 2 Z21.0
15 g 16 26 1¢ 27 17 27 2%5 2.0 3 1 4 15.0
16 21 & 20 2% 16 22 & 16,0 16,0 1 2 1 23.5
17 26, 26 2% 26 30 28 13 21.% 25.0 1 2 v 2.5
18 22 26 25 24 24 23 29 26,0 2.5 1 1 2 26.0
19 s 12 18 21 23 25 26 250 20,0 & 3 &4 7.0
20 12 1% 14 14 14 11 1o 12,5 12,0 3 3 4L 10.0
2l 16 22 8 22 21 19 21 1e.0 18.0 5 5 b 2.0
25 25 30 24 8§ 29 30 22 27.0 ak0 2 1 2 21.0
26 { 2 2 10 3 5 14 5 5.0 2.0 5 7 5 L0
b 20 10 2v 19 28 6 30 5 7 5
27 6 31 29 27 31 31 28 28,0 28,0 1 1 1 28.0
28 i 1 9 17 7 15 7 g.0 9.5 4 1 2 18.0
30 { 10 6 1g 11 12 18 18 %3 3 3
LS 0 19 2 28 1 2 14 2,0 6,5 3 3 3 12,0
=9 18 11 21 9 8§ 12 1 1.0 5.0 3 2 & 13.0
B2 t2 27 %0 1 19 25 3 17,0 17.0 3 2 3 4.0
33 & 21 11 2v 18 19 4 9.5 1.0 & 3 3 11,0
3y 25 18 L 313 27 31 18.0 19.0 3 2 2 17,0
35 29 23 0V 31 2 7 1% 5,0 13.0 2 2 3 16,0




Figure 4.18 OCaleunlation Flow Chart and Results
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CHAPTER 5 TIMPLICATIONS

5,1 IMPLTCATICMS POR SYNECTLCS AND PROBLEM SOLVING
Uncovering a positive correlation between visualization
and creativity was only the first of several objeclives listed

in my rather ambitious thesis proposale I had also hoped to

develop some operational visval approashes o problem solving.

Indeed it was the lack of such devices in the Synectics
problem solving techaiques that lod to wy involveament therec.
Tt had struck me that Synectics had gained a largely postioc
nature rather than visual, dus perbuaps; Lo the pral-verbal
way in which Synectics sessions avo run. 1 knew my own mods

to be visual, so I inquired wiy thix was 50,

f
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Synectics had, in fact, begun to work on visual mat=-
erial, especially in connection with their educational program.
There, in workbooks, pictures provide an ideal way to present
metaphorical material and elicit drawings in response. The
existing operational mechanisms have taken many years to
develop, (Chapter 1.4; D.A., P.A., C.C., etc;) and perhaps
it was naive to think visual techniques could be easily
discovered. Nevertheless, changes, or more correctly, add=-
jtions to the Synectics approach are in the méking.

At first glance it would seem that Direct Analogies
would benefit the greatest amount from visual techniques,
but it presently appears that Personal Analogies may gain ;
the most. Personal Analogies (empathetic identification
with one's analogue) are the most difficult for beginners to
have success with. Identifying with an object may be eased
into by imagining what this object sees prior to imagining
what the object feels. In chapter 3.3 we saw that what a
person sees is a function of the code he decides to impose
on a scene. Often, in fact; this code'will be chosen by what
he feels (hungry, for example). Thus figuring out the code
which an animal or object would impose on a scene, and imag-
ining what it would see with such a code applied, is a big
step towards understanding how something feels.

The Compressed Conflict is not so well suited to visual~-
ization. Aectually, it may be thought of as a null state

betyreen two images. The Compressod Conflict wrings a two
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word description of the conflict contained in the image which
is being developed. These two ﬁords then act as a verbal
pivot. Momentarily they hang by themselves, words without
meaning. Quickly new images and analogies are evoked., Thus
the Compressed Conflict acts as a bridge between two images.
It is not unreasonable to think about creating a
tyvisual pivot'. Perhaps the first thought or idea could be
symbolized, much in the same way as corporate identities are.
Such a symbolized conflict would then act as a Rorschach
inkblot =~ bringing new images to different people. In this
way a new concept would emerge. Unfortunately such a visual |
distillation would probably be time consuming, and one of the S |
advantages of the Compressed Conflict is the speed and ease F
with which a group of people can arrive al one.
A more profitable approach to solving problems by |

visual means is probably to discard the formal Synectics

structure but retain the goal that structure atlemptis to
achieve =~ Making the Familiar Strange. To that end I have
begun a book which will hopefully provide new ways at looking
at problems. So far I have thought of over two dozen ways

in which the familiar can be made strange using visual tech-
niques. While many of them are humorous in nature, one or
two may strike home.for any given individual. More important
than the separate exercises will be the attitude encouraged
by the whole: a willingness to play with new ways of pere~

ceiving the problem.



The long range effect of this thesis on Synectics will

probably be subtle; but now that the importance of thinking
about creativity in terms of visualization has been demon=-

strated, it should be significant.

5.2 IMPLICATIONS ON EDUCATION

Synectics has grown to encompass both the creative
process and the learning process. The learning process is
a creative act in itself. The student must make an original
jump from what is known and what is unknown. "Making the
Strange Familiar" (learning) may be thought of as the re-
verse of "Making the Familiar Strange" (Invention). In ggg

Metaphorical Way of Knowing and Learning, William Gordon shows

that the Synectics mechanisms work in both directions.
A connection has been demonstrated between visualization
and creativity, therefore, we have every reason to suspect
an equally strong relationship between visualization and
learning.
Creative perception depends on making metaphors that
are necessary and sufficient connective conditions
between known and unknown, and between known and known.
Learning in art and science is 5imply an extension of
creative perception. (8;7)
How can teachers encourage such creative perception?
1) Teachers shnuld provide visual footholds, i.e., illustra-

tions and examples. It is especially important to encourage

students to find their own ""footholds". Metaphorical tech-



nigues provide one effective way in which this may be daona,

2} Learning nmzy be thousht of ag gaining new codes for loon-
ing at things. Because ledrning such a code looks sasy =fter
it has been accoxplished, teachers ghould atitsupl to remem-
ber the specific difficulties they nad while they wers lesarns-
ing the material, and recall the ways in yhich those orobloems
were surmouvnted.
%)  Teachers should be on the lookout for the odd ball, esp-
ecially these students whem they do not like. Probably one
of the mere difficult things & teacher must o is to encour-
age the creative student with whom he does rat agrees.
LY  Concust thow %o see!, not fwhat to ses', training. !

Of these the first three are reasconably sell explanatory.
Nunber four is more ambiguous., Uhat immediately cowes to mind
im education in the arts. Such training way have two ap-
prozcies: Art History, in which one learns to apprecicte
perceptions of the past and other cultures in order to tolerate
new ones of our own; and Studio courses, where one learng to
menipulate forms and create new images.

Darwin once said, "In order to be a good observer one
must be an active theorizer." (7;9) Draving may he one of
the best techaicues for learning to make hypothesls becausze
it requires making guesses in an iterative fashion. Inm
enzineering eduzalion the vehicle for teaching such drawing
exists n graphics courses. However thess courses at the

present Yime emphasize graphics as a comunleation it 11




rather than an ald to thinking.

In Visual Thinking, Arnhein says, YThe most effective

training of perceptual thinking can be offered in the art
studio." (1:;296) In general I agree, bul thers are plifalls,

mako

aLIe

Gernerally art classes make the same mistake all clacges

e
i
e

by assuming that everyone enrolled is going to become an ariist, \
The resulting class ig often too siow and laborious, especially |
concerning technique, for a person really desirous of pecoming
a physicist. Of the art courses I have had, one was @ delignte
ful exception tought by Richey Kehl at the Bniversily of aghe
ington (see 100 ¥ays to Have Fun with an Alligator by Norman
Ialiberts zné Richey Kehl). This sourse sought to teach wnhas
artists refer to as innocent vislion--a way of locking av
things which discourages labsling in order to see what is
really there. Such a viewpolnt encourages what Guilford calls
Hiransfer reeall® as oppossd to Yreplicative recall', ths
usual school fare. (10311) Kehlis courée did not attempl fto
maka artists, rather, it stressed creative ideas over tech-
niques, and as a result was excellent for non-majors as well,
especially engineers.
A second problem with art courses, related to the first,
could be eliminated with less effort. If non-art students
are Lo take art courses they should be graded as such., Grades
are a major deterrent to taking act courzes for many sltudents
especially sclence studenbs who wisi To 50 to graduate school.

Tn fect there are nany good reasorns for eliminating grades Tox




for the artist as well. We saw in chapter 4 how difficult it

was to grade or rank the truly creative tower designs, even
for experts. In the last analysis the judge or teacher 1s
only expressing his opinion.

Two more points may be added to the list then:
5) Eliminate grades in any course which claims to encourage.
creativity, new points of view, or open ended discussion.
Grades in such courses mock the freedom they advertise.
6) Teachers should attempt to expand their own viewpoints
and become as open minded as possible.,

It may appear that a2 castle is being built out of sand.
To go from a significant positive correlation between visual-
ization and creativity to a ban on grades may seem like a big

step. My explanation is that this result simply confirms dis=-

cussions I have read elsewhere, notably in A.S. Neill's Summere-

hill, Paul Goodman's Compulsory Miseducation and the Community

of Scholars, dJerry Farber's The Student as Nigger, and so on.

If the reader is interested in the last points made above he
will be interested in reading these authors.

One final comment is necessary in respect to the extreme
word orientation of our educational system. There should be
no conflict between language and visualization. The two work
together to help us solve our problems in our everyday world.
Words are used by our conscious minds to express and manipul-
ate rational thoughts. It is not until we become "blocked"

(chapter 1.3) that this becomes a problem. In Poincare's
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words we must then "think aside" and take advantage of our

unconscious and visualization. You might say the language

for a new way of looking at something has to be invented.
The attitude is fostered in school that words (and mathematics)
[' are the only tools required to be creative. We have seen that

this is not so.

5.% IMPLICATIONS ON PSYCHOLOGY
The relationship demonstrated between visualization and
creativity supports the important role some psychologists
| have suggested the eyes play in the actual functioning of our
intelligence. It does not however, tell us any more about
' how vision, or visualization works. For the time being this
result will be of more interest to psychologists concerned
. with creativity and learning, than to those working in cognit=
ion and perception. This is due largely to the fantastic
amount still left to find out about how vision works. In
order to find qualitative differences between the way in which
men see, knowing how they see would seem to be ‘a prerequisite.
Nevertheless, the few facts I do know about vision,
gleaned from Neisser, Gregory, Cornsweet, and Paiget, encourage
| speculation about the possibilities. Haber and Haber have
shown for example, that eidetikers (people with so=-called
[ photographic memories) scan sceues presented to them much more

than non-eidetikers. (17:;148) Held and Heim's experiment with
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kittens demonstrated that perceptual learaing does not take
place in an animal when it is not allowed to actively and
kinesthetically explore. Held's passive kitten remained
effectively blind. (9;210) It would seem that in between the
two extremes of kittens remaining blind when not allowed to
actively explore and eidetikers being able to remember (recon-
struct) almost everything thiey see, must fall a whole spectrum
of differing visual skills. Frank Barron has said, "Original=-
ity is almost habitual with individuals who produce a really
singular idea. What this implies is a highly organized mode
of responding is a precondition for congistant creativity."
(2;7) It also hints at the value of investigating differing
visual abilities. |

The following lines of inquiry appear profitable:
A) To collect the scratch work of famous ereative engineers
or conduct an experiment in order to see how their explicit
visualization compares with their product. William Gordon
says that people who draw really well during Synectics sessions
‘tend to produce fewer ideas because they are so busy detailing
their drawings. Since this has not been my experience I would
be curious to see the extent to which this is true.
B) Oppenheimer once said, "There are children playing in the
streets who could solve some of my top problems in Physics,
because they have modes of sensory verception that I lost long
ago." (15;93) It would be interesting to test this statement
also. Perhaps a test could be devised, somewhat similar to

the tower test, which would enable children and adults of all
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ages to be tested for both creativity and skills of perception.
Would curves of such data plotted versus age climb stecadily?
Would it have varying rates of c¢limb? Or would it peak out?

At age 87 Or at age 55%

C) Perhaps such an experiment could zero in on one age group.
Psychologists have documented a phenomena knﬁwn as the fourth
grade slump in creativity. By the time a child has reached
his ninth or tenth year he has learned to be able to ask
better questions than the teacher can answer.I(2;99) What

are the effects of this particular "slump" on perceptual
abilities and/or learning?

D) The testing sequence in chapter 4 indicated the extreme !
sensitivity students have for differing instructions. A

modified tower test could become an excellent device for test=

ing the effects of these variations on creativity.

E) Finally, it would be instructive to check the correlation

in creativity scores between rankings given to the redrawn
tower design and those given to the initial scratch work. 1
Such an experiment would test judge bias due to neatness.

Perhaps this could even be done with the data which has

already been collected,
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5.4 CONCLUSION: ART wvs. SCIENCE

The conflict between art ahd science has been éoing on
for twentyfour hundred years. At times I wonder whether tThis
struggle has not been one of the driving forces of Western

Civilization. Kenneth Boulding, in The Meaning of the Twenti-

s

eth Century, points out that the conflict between Russia and

the United States is good in the sense that it prevents a
stiffling mediocrity from taking over. Perhaps in a similar
way, the feud between the arts and the sciencés has fueled
each other, providing inspiration and energy, and goading each
other on. Perhaps. But it also appears that we could use a
fifty year truce to get some pressing problems solved.

The source of the strife is a philosophical disagreement
about what is real and what is not. The scientist says that
reality exists without man, the artist that reality does not
exist without man. The artist should certainly be able te
concede that, if man did not exist, the subject matter of
‘science still would. At the same time the scientist should
face up to the consequences of the Heisenburg Uncertainty
Principle: man is inextricably entangled in his scientific
observations. If the reader has read this far, he should have
some realization of the extent to which man's vision has gove
erned the course of scientific history., It is time to turn
that vision to the solution of the werld's problems, which are
undeniably due to man's inclusion in reality.

This thesis began with a discontentment in my undergrad-



uate education. I had not felt it to be the aesthelic exper-

ience it should have been. When I first voiced this complaint
to William Gordon, he cited a study made by an Engineering

Society to find why young men were not going into engineering.
The report concluded that potential students felt engineering

was not aesthetic. We know that great scientist and engineers

are, "distinguished by their profound commitment %o the search

for esthetic and philosophic meaning in all science." (2;86)
In chapter 2 we saw numerous examples of direct analogy solut=
ions in science. Poincare once said these combinations are
found by "the aesthetic sensibility of the real creator. The
useful combinations are precisely the most beautiful, I mean
those best able to charm this special sensibility." (13;165)
Admitting the role which visualization plays in creativity
should greatly help the revival of the aesthetic in scientific
education. Such a revival would have two beneficial effects:

it would encourage students to enter engineering thus providing

“the manpower needed to solve our manifold problems, and it

would insure that the solutions arrived at would be ones which

man can live with.



Appendix 1 BSelected Examples of Test Subjects Actual Work

This appendix includes 14 pages of actual work out of over
150 pages of work done by subjects taking the two mile high
tower test. This work was selected to demonstrate the range of
differing visual abilities exhibited by the test subjects. The
test number in the lower right corner may be usgd to check both
the visual scores given by the judges (figure 4.17) and the way
in which they were redrawn for the creativity judging (appendix

2).
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Appendix 2 Redrawn Tower Solutions

Inciuded in this zppendix
are +~he redrawn two mile high
towers exactly as they appearw
ed to the creativity judgzges.
They are in order by test num—
ber. For reference they have
been listed in the chart on
the right according to creats-
ivity as ranked by 6 judges.

1 is highest, 2B is lowest.
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APPENDIX 3 CALCULATIONS

Equations for the Spearman Rank Correlation Coefficient r

Data:
X19 Xy Kzgeeoy Xp
Yi» Yo1 Yzeees Yy
Differences:
d; =% =73

For rE with no ties:
n
-6 3 a5
i=1
r B | e

g 3

n” =-n

+ 1

For T with ties:

[ ————r

r =
5 > Exazya

where:

2 n” = n
Eﬁx ""“ﬂg__ -EETX

i

3
:Eya nmen_Sn
12 J

3“
gl =t
1>

B 21{2 -J-Eyz -21:12

I’IIIlllllllllllllllllllllllllllllllllllllllllllllllIIlIIIIlIIIIIIIIIIIIIIIIIIIIIIII'
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B

t = the number of observations tied at each rank



——_‘,

st
C
=

Equations for the Kendall Coefficient of Concordance Vi

For W with no ties:

_[ERJ if-jr

) -1—-':3 1‘:2'(11‘-‘j - n)

where

Rj = the sum of ranks for each item

k = the # of sets of rankings, 1.€., # of judges
| n = the # of individuals tested

L xe(n3-n) = ¢ d deviati

i n’-n) = max. sum of squared deviatlons

‘ For W with ties:
l
|

2

- n) - kET

= AT, +ZT3 +Z1T, +... etc. for # of judges

’I ST, = (+7
| .
\

- %) 4... ete. for each tie in X, etec.

- 12

£ = the number of observations tied at each rank

| To test significance in samples greater than 7, use Xa test

} Xa = c = chi squared
T% kn(n + 1)
k(n=-=1)VW

with the degrees of freedom, df, equal ton = 1




_ kW=

-

Bav k -

vhere

Kendall Coefficient of Concordance

the # of sets of rankings, i.e., # of judges

note: rg is equivalent to the average of all the
av

partial correlations between each judge and

every other judge. 4

Calculation of Spearman Rank Correlation Coefficient:
Py for Visual Rank vs. Creativily Rank with 3 judges

no correction for ties:

6 };d
r =1 3 “—1"_112’;%'1}_51-'!1}12
b ¢ §

n

with correction for ties:

N N ) W
xB » 12 =
p o 203%=3) x 2A2%-2) _ 60
¥y 12 .
% % Zx? +Zy2 - Fa?
B oo 2
2 PR

21,924 ~ 5! 21,924 -
21,92k = % y 4 ( Bl92L =80 - (2,146.5)

= e

2<Mf(1822.5)(1822)

= 411
test for significance:

.uti:f.BEQ (19;23%6), significant beyond .05 level
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r, for Visual Rank vs. Creativity Rank with 6 judges

no correction for tiess : |

2 6.(1150) _
I‘Eé == 1 -, \‘21’924 = !685 I
| with correction for ties:

o . 3(2%-2) _ 18

'x6 - 12 12

Ty = %% (same as before) |

( 2L22h =18y , ( 2lI2= 00 . (1150)

r =

5" 2 /(1825.5)(1822)
6847 3 round off to .685

test for significance:

685 >.465 (19:23%6), significant beyond .01 level

Calculation of Kendall Coefficient of Concordance:

W for creativity ranking with 3 judges:

2
3,
[ERJ' " 10,679

W = i
5 KPd - m) g3 37(21,920)

= 649
| P for creativity ranking with 3 judges:
. av
L kW= 1 3(.649) - 1 '
|' rS r— - "’"""'"‘:"‘"-‘-""""""""’-"

av k-1 % 1
i = 473
i test for significance:
| :

%2 = k(n - DV = 3(28 = 1).,649 = 52.5
|
52,5 46.96, significant beyond the ,01 level
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W for creativity rankings with & judges:

51,127.65
W= e
T% 62(21,924}
= 0'!]-?3
6(.473) = 1
P, o S
av 3=
= 03?8‘

test for significance:
X2 = 6(28 = 1).47% = 76.5
6.5 55.48, significant beyond the .001 level

W for visual rankings with 3 judges having ties:

Chart Showing Ties in Judging

JUDGE RF JUDGE WG JUDGE TP

SCORE RANK  FREQ. RANK  FREQ, RANK  FREQ.
7 e 1.0 i 1:5 2
6 1.5 2 i 3.0 1
5 50 5 2.0 1 5.0 3
I 9.5 b b0 3 8.5 &
% 14.5 6 . 8.5 6 14.0 7
2 20.5 6 15.0 7 21.0 7
1 EG.Q S 25.5 10 26.5 L
totals 28 28 28

Sy = by (32 P-n (a5 2(67-6)) =

f]
l_n

S = s (33-3)4(63-6)4(77=7)+(107-10)) = 15°

AS)

1
1

STy = b5 ((2B-2)+(3P-3)r207-1)42(7P-1) = 5F




| W with the above correction for ties:
ZR
1'1

| W =
5 kacnf'-n} - 63T

1%,834.13% .
5 32(21,921)~6( 226113601822

= 4929
_ 3(.926) = 1

Sav Fe1 '
= 9889

test for significance:!

} 2 = 3(27).929 = 84.33

" 84.33>55.48, significant beyond the .001 level
I

l
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