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ABSTR.~CT

The historical literature and current models of the

creative process are reviewed. Based on this review it was

concluded that the model described by Wallas (1926) is the

best general model available. The review also indicated two

opposing trends in creativity research; descriptive

literature which acknowledges the complexity of the process

but lacks external validation, and experimental research,

which attempts to reduce the process to a single factor.

The current research attempts to reconcile these trends

by considering a variety of factors and mediating processes

v

within the context experimental design. Measured

factors related to cognitive ability included imagery

vividness and control, visual and aUditory memory, and IQ.

Mediational factors considered were cerebral hemispheric

dominance and a predominantly verbal or visual cognitive

style.

Two studies were conducted, differing primarily in

their criterion measures. In the first study, the Torrance

Test of Creative Thinking (TTCT) was used as the criterion

measure. Analyses considered the relationships between each

of the measured factors, and each scale of the TTCT.

Additional analyses were conducted to determine significant

differences in processing related to cognitive style and

gender. In the second study, the criterion measure was



status as a regional winner of the National Invention Fair

contest. Analyses included criterion and age-related

factors.

The results of the first study indicated that imaging

ability is the most significant factor in creative

production, accounting for up to 70% of the variance in

performance. Cognitive style was shown to be a significant

mediating factor in creative responding, and exhibited

strong interaction effects with imaging ability.

Significant differences were demonstrated in the processing

styles of males versus females. Females were found to be

consistently higher in imaging skill, and cerebral dominance

accounted for more of the variance in their performance.

Males were more variable in imaging skill, and it was found

to be the definitive factor in creative performance.

The second study replicated the results of the first

with respect to gender differences, while differences in

abilities related to the criterion measure were

inconclusive. Significant age-related declines in visual

memory and imaging ability were demonstrated.
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CHAPTER 1

INTRODUCTION

creativity is one of the most intriguing yet, least

well understood aspects of human cognition. until recently,

there was very little objective research in the area (the

bulk of the literature was comprised of subjective analyses

and case studies): J. P. Guilford's (1950) opening remark to

the A.P.A. was "I discuss the subject of creativity with

considerable hesitation, for it represents an area in which

psychologists generally, whether they be angels or not, have

feared to tread II (in I. A. Taylor, 1975, p. x). The paucity

of objective data may be explained, in part, by the

difficulties surrounding research in the area. The creative

process may not be as easily observable in a laboratory

setting as other cognitive processes (e.g., computation)

because of demand characteristics of the situation (e.g.,

temporal constraints) and because the nature of the process

is largely unconscious (Torrance, 1988). In addition, the

validity of laboratory measures of creativity has been

questioned on the basis of differences in sUbjects'

experience, knowledge and interest in the materials

presented (Welsh, 1975), as has the comparability between a

problem-solving approach (the most typical approach to

laboratory simulations of the creative process), which often

requires one correct answer (convergent thought), and the

1



creative process, which is often concerned with the

generation of alternatives (divergent thought) (Guilford,

1956) .

Perhaps the most significant obstacle to scientific

research in the area is the lack of a single, agreed-upon,

operational definition of creativity, or of the creative

process (Arieti, 1976; Sternberg, 1988; Torrance, 1988). In

a review of the literature, Repucci (1960) found 50 to 60

definitions which could be loosely categorized into six

general groups: (1) gestalt, or perception-based; (2)

product- or innovation-oriented; (3) aesthetic or

expressive; (4) psychoanalytic or dynamic; (5) solution

thinking, process-oriented; (6) "varia," including, e.g.,

integrating, destructive, evolutionary, associative. A

current review of the literature necessitates the addition

of the following categories: (7) lexically or

morphologically based "implicit" theories (e.g., Sternberg,

1988); (8) artificial intelligence, computational models

(e.g., Kosslyn, 1980, 1982; Langley & Jones, 1988; Weisberg,

1988); and (9) developmental models (e.g., Ainsworth-Land,

1982; John-steiner, 1985). The lack of consistency in the

definitions results in low comparability between studies

because the choice of an operational definition is pervasive

in its influence on the study's design. Among the factors

influenced by this choice are: the basic problem definition,

the choice of dependent and independent variables, and the

2



choice of measures to be used in the definition of dependent

and independent variables. These various definitions give

rise to four basic approaches to the study of creativity:

those focused on the creative person, the creative product,

environmental conditions conducive to creativity, or the

creative process (Component, 1963; C. W. Taylor, 1988).

The studies which focus on the creative person

generally follow an individual-differences approach and

either review case studies of recognized "creative geniuses"

in an attempt to isolate important personality,

motivational, and cognitive style variables, or use

creativity tests to distinguish "high and low creatives" and

compare the sUbjects along the aforementioned dimensions.

Those studies which focus on the creative product attempt to

define creativity in terms of the adjudged quality,

esthetics, "level" (1. A. Taylor, 1959), newness, or

"fitness" (Barron, 1988) of a creative product. The

product, whether past achievement or a test response, is

generally treated as a sample of behavior, or as a criterion

index by which to jUdge individual creativity. studies

which focus on the environment generally view creativity as

a unitary dimension or ability; they focus on external

motivators and conditions which promote or enhance

creativity. studies which focus on the creative process

treat creativity as a universal cognitive ability and

attempt to describe components and sUbcomponents of the

3



process and of the relationship of the creative process (as

a whole) to other cognitive processes. Current researchers

are beginning to recognize the basic fallacy in attempting

to identify a single variable or series of simple variables

as responsible for creativity. Com~ents that the creative

process is more complex than previously believed are not

infrequent (see, e.g., Arieti, 1976; Sternberg, 1988;

Torrance, 1988). In a recent article, C. w. Taylor (1988)

commented that "the creative process is almost a combined

total-human-being response, involving all aspects of a

person's response repertoire" (p. 99).

The study of creativity has undoubtedly corne of age. A

recent computer search I conducted turned up over 2000

articles pUblished on the topic in the past five years

alone. Acknowledging the complexity of the process permits

an approach which is integrative rather than competitive.

It is important to view variables related to person,

product, process, and environment as aspects of the same

proverbial beast. In this paper, I will examine current

models and theories of creativity, explore components of

cognitive processes implicit in these theories, and review

relevant research on the contributions of personality,

social learning, and environmental factors. In addition,

the validity of the most commonly used measures and

approaches will be reviewed.

4



Current research will be presented within an integrated

framework (see Figure 1, p. 6). At the most basic level,

the individual is viewed as interacting with the social and

physical environment via perception and behavior. Research

pertinent to this level of analysis includes social,

cultural and environmental factors which influence the

motivation towards creative production (action), and

individual factors (personality, cognitive style) which

influence what information will be attended to (perception),

how it will be used, and the likelihood of creative

production. At the next level of analysis, I will 3xamine

the creative process (and subprocesses involved at each

stage) within the larger domain of cognitive processes.

Research will be presented which indicates the extent of

overlap with other cognitive abilities (e.g., I.Q). The

third and final level of analysis involves the examination

of mediational processes involved (learning and memory) and

the importance of individual differences in cognitive style

(see Figures 2 and 3, p. 7).

In sum, a framework will be presented which allows for

the assessment of the relative contributions of personality,

cognitive abilities, cognitive style, social, and

environmental influence on creative production. Figures 1-3

are presented as an outline of various levels of cognition

which will be examined in this paper, and are nut intended

to represent working models of human cognition.

5
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Figure 1

An Overview of Cognition as it Relates to the Creative Process
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CHAPTER 2

CRITERIA USED IN THE EVALUATION OF CREATIVITY:

SOME NOTES ON THE CREATIVE PRODUCT

Before embarking upon a discussion of either the

theoretical models of creative production or of empirical

research in the area, it is important to understand the

criteria upon which jUdgments of "creativity" are based. In

most research, this jUdgement involves the evaluation of one

or more creative products. The pr?ducts which are evaluated

may be samples of an individual's past accomplishments

(e.g., artistic, literary, scientific or philosophical

work), or they may be products elicited via creativity tests

or general projective or objective inventories. Rigorous

criteria for what is acceptable as a creative product have

not yet been established, and the criteria for research iD

the area vary greatly.

Several authors have suggested attributes which might

be considered in the evaluation of creativity. Nearly all

descriptions contain the adjectives "new," "unique," or

"original." This characteristic is one that is easy to

judge by historical comparison or normative data. This

criterion is not, however, always simple, in that the field

in which this novelty must be demonstrated varies from study

to study, ranging from individual creativity (i.e., first

instance in which an individual discovers or uses an idea,

skill, etc.) to pan-historical. Jackson & Messick (1967)
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are among numerous authors who suggest that novelty is not a

sufficient criterion for creativity (see e.g., Barron, 1969;

I.A. Taylor, 1975; Torrance, 1988). The response, product

or idea must also be contextually appropriate. other

criteria which they consider are the extent to which the

novel product or response is a transformation of a previous

construct and the extent to which it consolidates or expands

upon previous knowledge. These last two criteria resemble

frequently quoted statements by Ghiselin and Lacklen (1959,

from the Utah conference series, cited in C. W. Taylor,

1964, p. 7) that "a product is creative to the extent that

it restructures our world of understanding" and (in the

context of scientific research) "the extent of the area of

science that the contribution unde.clies." Sprecher adds

that a truly creative solution creates more problems than it

solves (i.e., generates more research by creating a new area

or discipline) (Brogden & Sprecher, 1964).

A large proportion of creativity research is conducted

with individuals who are recognized "creative geniuses."

While this is a valid approach to the study of exceptional

individuals, many researchers argue that there is a broad

range of creative talent which should not be ignored (e.g.,

Weisberg, 1988). Johnson-Laird (1988) writes that most

research is conducted on individuals who create new

paradigms, while most creative work is conducted within

existing paradigms.

9



I. A. Taylor (1959) reviewed the literature on

creativity and found five distinct psycholinguistic uses of

the term, which he believes apply to different levels of

functioning (and, he notes, may entail very different

processes). The five levels he described are : expressive,

technical, inventive, innovative, and emergenative. The

expressive level is the most fundamental and refers to

spontaneous and unconstrained production (e.g., children's

finger-painting). The technical level can best be cescribed

as skilled production. It involves, he says, increasing

individual proficiency, without the implication of novelty

(although it may improve upon existing systems by, e.g.,

increasing production). The inventive level is described as

involving either ingenuity with materials, or new

combinations of old ideas. Innovative creativity involves

an understanding of underlying assumptions, which allows

alternative approaches. (An example provided by Taylor is

Jung's modifications of psychoanalysis.) Emergenative

creativity refers to ideas and products which challenge or

alter the basis of their field in such a fundamental way

that they often establish a new field or paradigm. Examples

of this level include Einsteinian physics and cubist art.

It is unfortunate that in spite of numerous citations

in the literature, I. A. Taylor's (1959) description of

creative levels have not, to date, been utilized in

research. Many researchers and theoreticians conceptualize

10
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creativity as a continuum. The most typical approach to the

demonstration of this continuum is via variation in test

scores (which do not always reflect the qualitative

descriptions implied, but more often quantitative

differences). Other researchers conceive of creativity as a

rare and divine gift which is either present or absent.

Each of these approaches will be explored in the sections

which follow.



CHAPTER 3

MODELS AND THEORIES OF CREATIVITY:

A HISTORICAL PERSPECTIVE

Early research on creativity was highly theoretical,

and was based predominantly on introspection and information

gleaned from case studies. The first known psychological

description of the creative process was published by Graham

Wallas in 1926. In this eloquently written work, Wallas

presents a four-stage model of the creative process which he

derived from introspective self-descriptions by noted

authors and scientists. A vast body of literature in the

form of collected case studies now exists which confirms

Wallas's original description (see e.g., Arieti, 1976;

Ghiselin, 1952; Gowan, 1979; Hadamard, 1949; John-Steiner,

1982; Koestler, 1964). This model will be given a great

deal of attention, as it is, to date, the most well accepted

model and, frequently, the foundation of other elaborated

models (Arieti, 1976). Each of tne four proposed stages-

preparation, incubation, illumination, and verification,

describes a process which involves different factors

(Guilford, 1956) or cognitive abilities (see Figure 4, p. 13

for a representation of Wallas's model). The four-stage

model is itself not so controversial an issue as the

representational format, cognitive factors, or subprocesses

which characterize each stage.

12
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Figure 4
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The first stage, preparation, consists of the gathering

and organization of information. Wallas (1926) indicated

that this stage refers to the whole process of intellectual

education:

The educated man has also acquired by the effort of

observation and memorizing, a body of remembered facts

and words which gives him a wider range in the final

moment of association, as well as those habitual tracks

of association which constitute "thought systems" . . •

and which present themselves as units in the process of

thought (p. 83).

Osborn (1953) and Rossman (1931) (who take a problem-solving

approach to the stUdy of creativity) describe this stage in

a more focused and limited way- as a period of needs

assessment, gathering of pertinent information and analysis.

Regardless of the period of time which this stage of the

process is thought to embrace, theoreticians and researchers

are in agreement as to the quality of thought (and cognitive

processes involved) in this stage. The preparation period

is believed to be characterized by what could be called

"typical adult waking consciousness," which is dominated by

logically sequenced verbal thought (Arieti, 1976). Wallas

(1926) says that this stage is characterized by thought

which is under voluntary control. Arieti (1976) invokes

Freud's term "secondary process 1 " to describe the type of

thought at this stage.

14



The final stage of the process, verification, is

similar qualitatively to the first. It is a period of

"reality testing." The new idea (product, insight, art

work . . . ) is compared to old knowledge and conceptual

systems for goodness of fit or alternatively (e.g., with

works of art), evaluated aesthetically. Wallas (1926)

describes this part of the process as differing slightly

from the first stage, in that it requires a more active,

focused attention. For those who take a problem-solving

approach to the study of creativity (e.g., Osborn, 1953;

Rossman, 1931; Weisberg, 1988) the two stages are viewed as

being virtually identical; a time of analysis and objective

evaluation. Wallas's description of the first and final

stages is viewed as uncontroversial, except by those who

argue that intelligence and creativity are unrelated (e.g.,

Wallach & Kogan, 1965). Although these authors present

compelling evidence that intelligence and creativity are

mediated by different subprocesses (each of which may be

present to a greater or lesser extent in a given individual

without vastly influencing the presence or absence of the

other trait), the necessity of including these two stages in

the process prevents us from concluding that the two

abilities are functionally unrelated. Wallas's theory would

predict at least a weak correlation, which was in fact

demonstrated (mean r = .27) (Wallach & Kogan, 1965),

although other researchers (e.g., Shaw & DeMers, 1986) argue

15



for a stronger relationship. This issue will be taken up in

more detail in another section. For the time being it is

sufficient to note that there is adequate evidence for the

inclusion of stages which involve the use of verbally

sequenced logical thought.

The second stage, incubation, refers to the period of

time which elapses between preparation and illumination, the

moment of insight and integration. Because illumination is

a transitory stage which may last only a moment (by Wallas's

account), it is exceedingly difficult, if not impossible, to

study except by recollective account. Even in the most

carefully prepared a~counts, it is difficult to separate

these two stages (either temporally or in terms of cognitive

mechanism), leading some researchers (e.g., Langley &

Jones, 1988) to argue that it is unnecessary to posit two

stages (a point which will be taken up again later).

Illumination is generally distinguished from the preceding

stage by the accompanying feeling of joy and release as

subjective resolution is achieved (see self-reports in

Ghiselin, 1952; and Koestler, 1964).

Wallas's (1926) comment on this part of the process is

enlightening, if for no other reason than his ability to

explain the difficulty of arriving at an explanation for

this part of the process:
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Sometimes the successful train seems to consist of a

single leap of association, or of successive leaps

which are so rapid as to be almost instantaneous ..

But if our will is to control a psychological

process, it is necessary that the process should not

only last for an appreciable time, but should also be,

during that time, sufficiently conscious for the

thinker to be aware that something is happening to him.

On this point, the evidence seems to show that both the

unsuccessful trains of association, which might have

lead to the "flash2" of success, and the final and

successful train are normally either unconscious, or

take place. . . in that periphery or "fringe" of

consciousness which surrounds our "focal"

consciousness. This "fringe-consciousness" may

last up to the "flash" instant, may accompany it, and

in some cases may continue beyond it. . . It is very

difficult to observe our "fringe-consciousness" at the

instant of full illumination, or to remember the

preceding "fringe" after full illumination has taken

place. As William James says, "When the conclusion is

there, we have always forgotten most of the steps

preceding its attainment]. II (pp. 94-96)

This quote was included to illustrate the previous point, as

well as to introduce two other features of the process

during the stages of incubation and illumination: the
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unconscious or preconscious nature of thought during these

stages, and the importance of the associative process. The

type of thought characteristic of these two stages is nearly

always described as outside the realm of waking

consciousness. Arieti (1976) uses Freud's term "primary

process thought" to describe the type of cognition during

the incubation stage. This is the type of thought believed

to be dominant in sleep or other dissociative states.

Thought is non-verbal, or pre-verbal, and characterized by a

stream of freely associated images. "Tertiary thought" is a

term which Arieti (1976) coined to describe the unique type

of thought which exists in the illumination stage. This

type of thought, he believes, is a gestalt union of primary

and secondary process thought. Preverbal images unite to

form what Arieti (1976) called an "endocept" or preconcept

(alternately described as amorphous cognition), which is

then translated to verbal (alternately concrete,

communicable, verifiable) terms. This description of the

process is exemplified in the following subjective

descriptions.

In answer to a questionnaire on the sUbject of the

creative process, Einstein (1949) wrote:

The words or the language as they are written or spoken

do not seem to play any role in my mechanism of

thought. The psychical entities which seem to serve as

elements in thought are signs and more or less clear
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images which can be voluntarily reproduced and

combined. . . . The above elements are in my case of a

visual and some of a muscular type. (Quoted in

Ghiselin, 1952 p. 32)

The theory of relativity, Einstein says, came to him in a

dream in which he imagined himself traveling on a beam of

light, holding a mirror before him. He noted that what he

saw could not be described by the perceptual experience of

light. The period of incubation during which this dream was

translated into linguistic and mathematical "reality" was

seven years (Gowan, 1979, p. 50).

Kekule (1865) wrote the following description of the

process by which he conceived the configuration of benzene

rings:

I turned my chair to the fire qnd dozed. Again the

atoms were gambolling before my eyes. This time the

smaller groups kept modestly in the background. My

mental eye rendered more acute by repeated visions of

this kind, could now distinguish larger structures of a

manifold conformation; long rows, sometimes more

closely fitted together; all twining and twisting in a

snake-like motion. But look! One of the snakes had

seized hold of its own tail, and the form whirled

mockingly before my eyes. As if by a flash of

lightning I awoke. Let us learn to dream. (In

Koestler, 1964, p. 118)



Poincare wrote:

The process requires . . . a necessary alternation

between conscious and unconscious work. .. The

unconscious is not purely automatic. . . it has tact;

it knows how to choose and divine. . When a sudden

illumination seizes the mind it is self-selected out by

a feeling of simple eloquence. (Quoted in Ghiselin,

1952, p. 27)

These quotes are offered as illustrations of and evidence

for Wallas's model. Both the descriptions and the model,

however, suffer the same problems from a scientific

perspective. They, at best, offer partial evidence due to

the extremely limited sample size and highly skewed sample.

(The "genius" view of creativity has since been challenged.

See, e.g., Weisberg, 1988). The veridicality of the

descriptions may be questioned because they are all

retrospective and subjective accounts. And finally,

although providing descriptions of the process, they offer

little in the way of explanation. Both the model and the

subjective accounts do, however, raise some interesting

questions for research: What cognitive abilities are

involved at each stage of the process? Do the stages

overlap, or are they contiguous or simultaneous? The nature

of thought during the critical stages of incubation and

illumination is nearly always described as unconscious (see

sUbjective accounts in Arieti, 1976; Ghiselin, 1952; Gowan,
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1979; Koestler, 1964); why is unconscious thought so often

reported as a significant component of the creative process?

How is the mechanism of unconscious thought different from

that of conscious thought; and, how do conscious and

unconscious thought interact in the completion of a creative

product? Visual imagery is frequently cited as the

conceptual medium; what is its functional significance?

Although these questions are seldom addressed directly

in the literature (weisberg, 1988), a sufficient body of

research now exists so that we may begin to answer them.

Empirical Research

The scientific study of creativity is generally viewed

as having followed J. P. Guilford's 1950 A.P.A. address.

I.A. Taylor (1975) notes that publications on the sUbject

rose geometrically from that point on (with fewer than 200

publications in the area between the years of 1925 and 1950,

growing to upwards of 100 per year in 1965). The two main

areas of research in the 1950s-1960s were personality/

motivation and cognitive abilities. Unfortunately the two

areas of research were most often treated as distinct and

unrelated; i.e., research was focused either on describing

the "creative personality" and associatetl motivational

factors or on isolating cognitive processes which

distinguished the creative individual. The differences in

focus stemmed, in part, from theoretical differences on the



relationship of creativity and intellectual ability, or

"IQ." The "genius" view of creativity, dominant in earlier

models (see, e.g., Galton, 1883;" Terman, 1952), suggested

that creativity was either an extension (i.e., high end) of

intelligence, or a somewhat transformed evolutionary step.

In other words, a high IQ was viewed as a necessary but

insufficient condition for creativity (Welsh, 1975; c.f.,

Hallman, 1963). Those researchers who accepted that

intelligence and creativity involved identical cognitive

operations looked towards personality and motivational

factors to explain why some individuals were more creative

than others. Other researchers challenged the notion that

creative and intellectual production involved the same

cognitive operations, and focused their research on

identifying differences in the cognitive mechanisms,

factors, or subprocesses underlying the two processes.

Research in the areas of personality and cognitive abilities

will be reviewed in the two sections which follow.

Personality

Research on the creative personality has generally

followed one of three tacks: hypothesized traits

(relatively stable inclinations to respond in a given way),

hypothesized states (temporally and/or stimulus-bound

response inclinations), and cognitive style. Although

cognitive style is generally treated as a trait, research in

this area will be reviewed separately (following a
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discussion of cognitive abilities), as it is distinguished

from the other two areas by the emphasis on cognitive rather

than emotional processes.

Research on the creative personality may be

additionally classified by the source of the data. As with

process theories, much personality data is derived from

surveys of case studies or biographical accounts. Other

sources of personality data are objective personality

inventories (e.g., MMPI, cattell, Meyers-Briggs), and theory

based, sUbjectively derived surveys (e.g., adjective check

lists, Q-sorts).

state Theories

state theories of creativity 3ye based on the

assumption that creative production fulfills or reduces a

motivational drive. Welsh (1975) describes the state

theories as either positive (drive-fulfilling) or negative

(drive-reducing) in emphasis. The negative state theories

are Freudian in origin. Freud's (1908) explanation of

creative motivation was based on earlier descriptions of the

process as predominantly unconscious. According to Freud

(1908, 1916), the mechanism of unconscious thought differs

from that of conscious thought in that it is non-verbal,

imageistic, associative, and "primitive" in nature. He

referred to this type of thought as "primary process."

"Primary process" is a term which Freud originally used to
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describe the type of thought active in dissociative states

(neurosis and psychosis), hence the theoretical connection

between creativity and psychopathology. Although Freud is

often cited for his contributions to the understanding of

the mechanism of unconscious thought (e.g., Arieti, 1976),

he was most interested in putting forward a theory of

biological motivation. creativity, he believed, originated

in early, repressed sexual conflicts, which were resolved by

daydreaming or imagination. "Unsatisfied wishes are the

driving power behind fantasies; every separate fantasy

contains the fulfillment of a wish, and improves

unsatisfactory reality" (Freud, 1908, p. 48). Freud did

not, however, specify why some individuals with repressed

sexual desires were able to manifest these in creative

production, while others developed pathology.

Evidence presented for the psychoanalytic explanation

of creativity is most often in the form of subjectively

analyzed case studies. Empirical tests of the theory have

thus far failed to produce any supporting evidence, and

usually provide evidence for the opposite interpretation

(Welsh, 1975). The Minnesota MUltiphasic Personality

Inventory (MMPI) was administered as part of a test battery

at the Institute for Personality Assessment and Research

(IPAR) within the context of a large-scale study of creative

men. Their results demonstrated slight (nonsignificant)

elevations on selected pathology scales (depression,
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hysteria, schizophrenia, and paran?ia), and significant

elevations only on the male/female scale (Mackinnon, 1967).

These findings were interpreted as indicative of greater

complexity (of personality), lower defensiveness, and

greater ego strength, as well as a societal inclination to

label most artistic endeavors as feminine.

positive state theories are exemplified by the

Humanistic theorists Gordon Allport, Abraham Maslow, and

Carl Rogers. In these theories, creative production is given

a central role as the fulfillment of a human tendency

towards "self-actualization" (Welsh, 1975). The creative

product is viewed as arising from the interaction of the

unique individual with a unique situation or environment (I.

A. Taylor: 1975). Evidence for these theories is generally

provided by subjectively interpreted case studies, and has

been referred to by some authors as II sketchy" because of the

lack of empirical studies (I. A. Taylor, 1975). There is,

however, much evidence to suggest that creative production

is internally motivated (e.g., Barron, 1969; Hennessey &

Amabile, 1988; Johnson-Laird, 1988; John-Steiner, 1985;

MacKinnon, 1967; Sternberg, 1988, Torrance, 1988). Some of

this evidence is drawn from case studies and biographical

accounts (see, e.g., Ghiselin, 1952; John-steiner, 1985;

Koestler, 1964) in which recognized artists, authors and

scientists describe the satisfaction that they derive from

their work, which is often conducted without social or
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societal support and, in fact, more often meets with great

resistance (as prevailing theories, techniques, etc., are

challenged). Objective evidence in support of internal

motivation will be reviewed in the section which follows, as

most of this research is framed within a "locus of control"

paradigm--positing a general response inclination or trait.

Another interpretation is offered by Torrance (1988, cf.

Guilford, 1968), who explains the motivation to create as

stemming from the need to resolve cognitive conflicts which

arise as a result of a perceived gap, inadequacy or

inconsistency in the prevailing syst£m.

Of the state theories of creativity, the only one which

describes creative production as an exclusively externally

motivated response is the behavioral theory of B. F.

Skinner. Skinner (1974, p. 126) explains creative

production as an adaptive response to environmental stimuli,

utilizing randomly generated "muta~ions" of previously

learned responses. The motivation to create, he says, lies

in the reinforcing nature of the response (which is

"selected ll on this basis from among behavioral IImutations").

Skinner, however, fails to explain how this response becomes

reinforcing (in the absence of internal cognitive or

emotional factors), or how previously learned responses

"mutate II to form unique responses. No empirical evidence

has been offered for this theory; however, Skinner (1981)

argues the validity of data offered in support of other
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explanations, based on its "invisibility" and on the

subjective nature of much research.

Perkins (1988) presents an interesting approach to the

study of motivational aspects of creativity. Taking an

evolutionary perspective, he argues that the creative act

must be internally motivated, as it fulfills no biological

or environmental imperative. For example, individuals write

poetry because of its aesthetic appeal. The question he

asks is why do human beings find aesthetics rewarding to

begin with. The answer Perkins (1988) provides is that it

is effectively an evolutionary artifact; he argues that not

all adaptations are fine-tuned to survival and that there

exist many examples of motivational systems associated with

behaviors that are irrelevant or counter to survival.

Perkins reasons that the answer to what shapes the

motivational system, on an individual basis, lies in

personal values and personality traits.

Trait Theories and Research

A vast body of literature now exists on hypothesized

personality traits of the creative individual. This may

have resulted, in part, from Guilford's (1968) call to arms

for more empirical research in the area. The available

research on personality traits of the creative individual

provides an excellent example of what has been termed "meta

analysis" (Tharp, 1983) as research has proceeded from
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information derived from biographical studies (objective

data) through theoretical (subjective) descriptions to

empirical data collected with both traditional objective

inventories and inventories design~d to measure hypothesized

traits.

Among the earliest research on personality factors, or

traits, are the studies of eminent men conducted by Roe

(1946). Based on a combination of biographical data, direct

observation, and projective testing, she concluded that

curiosity, persistence, a high energy level, and need for

independence were among the most salient features of the

creative personality. Although many other researchers used

similar procedures in the study of personality traits (e.g.,

Ghiselin, 1952; Hadamard, 1949), the focus of their analyses

was on cognitive and process variables, and, as such, will

be reviewed in a later section.

The most extensive and frequently cited research in the

area of personality is the research conducted by MacKinnon

and his colleagues at IPAR (I. A. Taylor, 1975). The IPAR

research strategy was to collect large amounts of

information (via interviews, open-ended questionnaires, test

batteries, biographical data, and direct observation) on

individuals identified as creative in various fields by

peers and "expert judges," as well as on a control group

jUdged to be comparably less creative (MacKinnon, 1967). In

order to be assigned to the creative group, an individual
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must have been nominated by two independent jUdges. In

addition, creativity ratings were assigned based on a

weighted index combining number of lines in print both

authored by, and written about the individual (Barron,

1969). This method of sUbject selection sets IPAR's

research among a very limited group of studies using

criteria which a~e generally viewed as valid. (Subject

selection for many studies have been based on poorly

validated creativity tests, which Nill be discussed in

greater detail in another section).

The IPAR research produced not only descriptions of

typical ~raits of the creative individual, but profiles of

the differences between such groups as creative artists and

scientists. Simultaneously acknowledging individual

differences and similarities, MacKinnon (1967, pp. 21-22)

comments that the study of personality is at the border of

nomothetic and idiographic science (citing Kluckholn &

Murray, 1948): "Everyone is in some respects a) like all

other men, b) like some other men, and c) like no other

man." The profile of traits which MacKinnon thus identifies

as typical of all creative individuals includes: openness to

experience (perceptual), personal and spiritual courage (to

become, experience, self-actualize), frankness and honesty,

self-acceptance, independence (in thought and judgement) and

freedom from social constraint, an integrated style (with

respect to masculinity/ femininity, as measured by the

29



MMPI) , perseverance, absorption (task-related),

impulsiveness coupled with a sense of responsibility for

one's actions, and a high tolerance for ambiguity and

anxiety. with respect to their similarities in interest (as

measured by the strong Vocational Interest Inventory),

creative individuals express interests most similar to

those of psychologists, authors, journalists, lawyers,

architects, artists and musicians, and least like those of

purchasing agents, office workers, bankers, farmers,

carpenters, veterinarians and policemen. MacKinnon

interprets these findings as suggestive of a lack of

interest in petty detail, or facts for their own sake, and a

greater concern with their meanings and implications.

Creative individuals were additionally described as

verbally skilled and interested in the communication and

exchange of ideas. A study of values conducted at IPAR

demonstrates that creative individuals place the highest

value on theory and aesthetics (and less on economic,

social, political and religious factors), although some

differences in ranking were found among the different

professional groups surveyed. The more creative research

scientists placed the highest value on theory, architects on

aesthetics, and for mathematicians these values were equally

strong.

In his book: Creative person and creative process,

Barron (1969) reports, in greater detail, the results of
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IPAR's findings on personality profiles of creative

individuals within various professions (scientists, authors,

engineers, mathematicians, business managers). This book

includes a chapter, as well, on the personality traits of

creative women, as compared to less creative men and women

(research notably lacking in earlier work on the subject).

It is impractical, if not impossible, to review all of

IPAR's findings on the creative personality in a single

paper. Barron (1988) reports that several hundred journal

articles and several books have been devoted to IPAR's

research over the years. (For a more complete discussion,

the reader is referred to Barron, 1968, 1969; MacKinnon,

1960, 1961, 1962, 1967.) I will, however, present a sample

of IPAR's comparative research on creative authors,

architects, and mathematicians, and on creative women, in

order to illustrate the consistent finding that creative

individuals, irrespective of their sex or declared

avocation, are more similar to each other with respect to

personality variables than they are to their less creative

counterparts. In a clinical Q-sort, the following items

appeared to be significantly correlated with creativity

rating irrespective of avocation: positive correlations:

Thinks and associates to ideas in unusual ways (.64); has

unconventional thought processes (.55); is an interesting,

arresting person (.51); tends to be rebellious and

non-conforming (.49); genuinely values intellectual and
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cognitive matters (.46); appears to have a high degree of

intellectual capacity (.42); is self-dramatizing, histrionic

(.40); has fluctuating moods. Negative correlations: (-.62)

judges self and others in conventional terms like

"popularity," and "the right thing to do" (-.62); is a

genuinely dependable and responsible person (-.45); behaves

in a considerate manner (-.43); favors conservative values

in a variety of areas (-.40); is moralistic (-.40) (Barron,

1969, p. 69). A comparison of Q-sort data for creative

writers and architects demonstrated that of the 13 most

descriptive items for highly creative writers, 8 were among

the top descriptors applied to credtive arcnitects, but not

to less creative writers and architects. The items on which

these two populations differed were in the absence of verbal

fluency descriptors for the architects, replaced by

enjoyment of sensuous things (sight, smell, hearing, taste,

touch) and social ease. The shared characteristics

emphasized independence, placing a high value on

intellectual matters, productivity, a broad range of

interests, "unconventional" associationistic thought

processes, and "ethical consistency" with respect to

personal philosophy. Barron explains the differences in

terms of the skills required for e~ch profession, noting

that an author must be verbally fluent, whi~e this is not

required of an architect; an architect is also a business

person and must be socially skilled, while this is not
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required of creative writers. Because of the nature of the

data (longitudinal studies in this area have not yet been

published) it is not possible to determine if either the

shared or distinguishing characteristics are predisposing or

acquired.

A comparison of MMPI scores for creative writers and

architects and their less creative counterparts yielded

consistent results, with the more creative groups scoring

elevations of 8-18 points above the normative (MMPI) sample

as well as above the control groups (which replicated

normative findings), except on the L scale which was within

normal range. The differences between the two groups of

high creatives was non-significant, with standard score

differences of 0-3 points (Barron, 1969, pp. 72-73). On the

study of creative women, scores fell in between those of the

creative (male) writers and architects, and were, again,

significantly different than the "representative sample"

(Barron, 1969, p. Ill). Barron views these findings as

indicative of greater rather than lesser psychological

health, as scores on ego strength were similarly elevated (a

profile not generally seen in clinical populations).

Studies using the Meyers-Briggs indicator (a test based

on Jung's descriptions of psychological types) were

conducted with these populations as well. The Meyers-Briggs

test yields scores on the relative degree of introversion

extroversion, feeling-thinking, jUdging-perceiving, and
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intuition-sensation. Among the creative groups, 100% of the

writers and women and 92% of the architects were classified

as "intuitive thinkers" (as compared with 25% in the general

population). Among the creative groups studied, all but the

research scientists were classified as perceiving rather

than jUdging types. MacKinnon (1962) interprets these

findings as indicative of a general inclination among the

highly creative to be more open to experience (perceiving

rather than jUdging) and more inclined to think in terms of

possibilities than "givens," or facts.

Another major research project on the study of the

creative person, conducted at approximately the same time,

was the Utah series, headed by c. W. Taylor. The Utah

series differed from IPAR's research in two important ways:

the population tested, and criterion measures. The Utah

research was focused on developing criteria for identifying

creative research scientists. The population studied

included NASA and Air Force scientists (representing a

substantially more limited range than IPAR's sample). The

criteria used in identification of creativity ultimately

entailed 52 variables, including, Dut not limited to,

biographical data, peer and supervisor recommendations, and

intellective and personality variables (C. W. Taylor, 1988).

C. W. Taylor (1988) states that this approach was deemed

necessary because of the complexity of the phenomenon

(creativity) and the relatively small amount of variance
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accounted for by individual factors (a contribution of 6% of

the variance by a single score was rare). His comment on

this approach was: "The research . . . suggests that it

takes a lot of little oars, each pulling its share in the

general direction of the target, to build up high validity

coefficients" (C. W. Taylor, 1988, p. 112). By far the best

predictor, according to C. W. Taylor (1988), was a

biographical inventory, developed during the course of this

research, which measured several intellectual and non

intellectual abilities, loading on 7-10 factors (most

relating to cognitive style). The personality and

motivational factors identified in the context of this

research are summarized by C. W. Taylor and Holland (1964).

They state that (in the Air Force s~udy) the (external)

motivational component was quite small while personality

traits suggesting internal motivation accounted for more of

the variance. The traits they identified as predictors

were: curiosity, enterprise in ideas, intellectual

persistence, tolerance of ambiguity, showing initiative in

chosen field, liking to think and manipulate ideas, need for

recognition, need for autonomy, preference for complexity,

orientation towards the aesthetic, resistence to premature

closure and crystallization of concepts with a strong need

for ultimate closure, finds a challenge in the intellectual

ordering of the unclassifiable and has a desire to improve

on currently accepted orders and systems, and importance of
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the use of sensual cues. This research lends strong support

to the idea that motivation towards creative production is

largely internal in origin. Many of the descriptors also

suggest that the main source of internal motivation pertains

to the resolution of internally generated cognitive

conflicts (c.f. Torrance, 1988).

Several other authors have noted the importance of

autonomy, or intrinsic motivation in the creative

individual. On this topic, I. A. Taylor writes: "Whereas

the typical person focuses on adjusting to his environment,

the creative individual tries to adjust the environment to

him, to improve it in ways that he feels are urgently

needed" (Taylor & Holland, 1964, pp. 28-29). Barron (1988)

states that among the personality variables which he studied

at IPAR, the two which emerged as the strongest predictors

(in terms of the amount of variance they accounted for) were

independence of judgement and preference for cognitive

complexity. Both of these variables are interactive, in

that they impinge on personal-emotional factors, social

independence, perceptual, and cognitive factors. Preference

for cognitive complexity is clearly a cognitive style factor

(and as such, will be treated more thoroughly in the

appropriate section); however, independence of jUdgment may

be viewed as a personality factor, in which respect it

closely resembles locus of control (Rotter, 1966), or as
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a perceptual factor, in which respect it resembles field

independence (Witkin and Goodenough, 1981).

Locus of control is most descriptive of what could be

termed "motivational set" (c.f., Hennessey and Amabile,

1988). Individuals who are classified as "internals" are

those who are primarily motivated by internal factors, while

"externals" are more dependent on social and material

sources of gratification. There is an extensive body of

literature relating locus of control tendencies to emotional

and psychological health, intellectual abilities and

productivity (with the bulk of the literature favoring an

"internal" style on nearly all dimensions tested). strong

(i.e., valid) indicators of the relationship of this test to

creative ability, however, are notably lacking. Intrinsic

motivation in creative production has been studied more

directly and extensively by Amabile (Hennessey & Amabile,

1988) .

The approach taken by Amabile and her colleagues is to

assess creativity in relation to a given task (using a

variety of measures including product evaluation and

consensual jUdgement), and then manipulate the motivating

properties of the environment (using, e.g., money, social

judgement, and a variety of constraints) and assess the

quality of the ensuing creative product. As predicted, the

products produced under intrinsic motivation conditions were

judged as more creative than those produced under external
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reward conditions. Subsequent experiments (reported in

Hennessey & Amambile, 1988) investigated the effects of

perceived contingency of reward (actual reward conditions

identical), labeling task as work or play, and the role of

choice (of task and/or reward conditions). They found no

effect with regard to labeling the activity. The effects of

perceived contingency were as strong as actual contingency.

Free choice with respect to task and task materials was

positively related to creative production, while choice with

respect to availability of external rewards seemed to

undermine creative production. They conclude that what is

most important with respect to the interaction of the

creative person and his or her environment is the perception

of contingency and control. Those individuals who feel

intrinsically motivated and in control of their environment

will tend to be more creative than those who feel that thev

at the mercy of a system upon which they depend for

gratification.

Interaction Effects of Personality and Environment

In the previous section, the creative person was

described as one who is intrinsically motivated (i.e., not

dependent on the social or physical environment for rewards

to maintain creative behavior). The potentially deleterious

effects of an environment which is perceived as controlling

were also described. Several authors have, however,

commented on the seeming paradox involved in two contrasting
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aspects of the creative personality: the simultaneous desire

for social recognition and need for autonomy (e.g.,

Hennessey & Amabile, 1988). It is clear from the research

presented, as well as numerous personal accounts, that the

creative individual will continue to create without concrete

external rewards.

The individual is not, however, creating in a vacuum.

Irrespective of the strength of one's intrinsic motivation,

the social and physical environment are bound to have

impact. At a very basic level the environment can impact in

the provision or lack of resources. This statement can be

considered at three levels: resources which fulfill primary

needs (e.g. food), resources which fill emotional needs

(e.g., peer support), and resources which fill intellectual

or artistic production needs (e.g., libraries, tools). The

social, cultural and political environment are involved in

each of these areas. Csikszentmihalyi (1988) notes that

from its inception, the creative product is bound to these

systems, as all judgments of creativity are socially,

culturally and temporally bound. Products which are not

judged as valuable will not be saleable, creating a

potential dilemma in the area of f~lfilling primary needs.

The availability of tools and intellectual resources will

also affect not only the quality of a creative product, but

its very feasibility. These effects are relatively self-
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evident. The effects of the deprivation of social resources

are not as self-evident.

The importance of social support is an area which has

recently begun to attract a great deal of attention (see,

e.g., Bloom, 1985). Social support networks have been shown

to affect emotional stability and psychological health in a

variety of settings and fields. Leary (1964) presented a

model (Figure 5, p. 41) for analyzing the interactions of

the creative individual with a society which is either

accepting or rejecting. He starts by delineating four

"types" based on a 2 x 2 interaction of ability and

productivity: the reproductive (non-innovative) blocked (not

producing), the reproductive creator, the creative blocked,

and the creative creator. He discusses the effects of

social acceptance or rejection on ~ach of these types, and

projects hypothesized personality traits based on this

interaction. It is suggested that social support or

rejection can partially determine the productivity of the

individual (on the blocked-productive dimension) RS well as

affecting psychological and emotional health.

McPherson (1964) investigated the social and cultural

factors affecting creative production as reported by

prominent scientists. This survey yielded information on

individual, group, supervisory, corporate and national level

factors which affect both creative production and a sense of

well-being. Individual factors re~orted as hindrances to
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Figure 5
Social Labels Used to Describe Creativity
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cr.eative work included: lack of self-confidence, fear of

being dominant, and tendencies to be too dependent. Group

factors included diversity of (cognitive) skills

represented, a relaxed at~nsphere, sense of loyalty to and

confidence in members, and a shared sense of goals and

values. Factors reported at the supervisory level included

directive and informational skills, an understanding of the

emotional make-up of the individual, willingness to

occasionally subordinate his or her ideas to those of the

researcher, and assistance in the provision of resources.

Factors operating at the corporate level include recognition

of the creativity of subordinates, an understanding of the

effects of corporate organization, provision of resources,

and stability of budget (for research) and position funding.

Factors operating at the national level include availability

and ease of obtaining funding, protection of the

individual's ideas, and available resources (MacPherson,

1964) .

Andrews (1975) investigated factors related to the

demonstrated disparity of creative ability and creative

productivity in a group of scientists. Among the more

significant factors he described were: confluence of

researcher and supervisor on research methodology (r = .88),

confluence of researcher and supervisor on interpretation of

results (r = .72), access to required supplies (r = .61),

stability of employment (r = .57), and responsibility for
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initiating new projects (r = .32). The most significant

finding of this research was that creative ability was

positively related to productivity under favorable

conditions, and negatively related under unfavorable

conditions (Andrews, 1975).

In sum, the trend of the literature in this area

indicates that social support may affect the likelihood or

quality of creative production and, perhaps more

importantly, the psychological health of the individual

creator. If this is so, research in this area could provide

a solution to the apparent paradox of the creative

personality. It is possible that the need for autonomy

pertains to more intellective matters, while the need for

social approval pertains to emotional and psychological

factors.

The social environment also has a great deal of impact

in shaping cognition and perception via education. Because

of the primarily cognitive nature of this effect, this area

will be discussed within the context of learning and memory.

Cognitive Abilities: Generalized Models

Guilford's (1956) pioneering research on intellective

factors may be said to have initiated the (ongoing) debate

regarding the relationship of creativity and intelligence.

In his description of I'the structure of the intellect,"

Guilford (1956) presented a factorial model of cognition
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which described both intelligence and, later, creativity

(1968) as artificial constructs or abstractions. Guilford

described these constructs as artificial because neither is

descriptive of what Thurstone (1948) termed "primary mental

abilities."

In his structure of the intellect model, Guilford

(1956) hypothesized the existence of 120 such factors based

upon the interaction of five classes of operation:

evaluation, convergent thought, divergent thought, memory,

and cognition (used in a more limited sense than in the

general literature, as knowledge and recognition); six

classes of product: units, classes, relations, systems,

transformations, and implications; and four classes of

content: figural, symbolic, semantic and behavioral. He

viewed both creativity and intelligence as concepts that

were possible to describe as combinations of primary

factors. At that time relatively few of these primary

factors had been empirically demonstrated, but by 1968,

Guilford had developed tests to measure 47 primary

abilities. His qualms with the accepted intelligence tests

were that they measured only a few of the factors which he

theorized were involved, and did so in a randomly weighted

fashion. At that time there were no accepted creativity

tests, and creativity was either jUdged subjectively or

estimated by means of an instrument which the researcher

believed to be related.
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Guilford devoted considerable time to the study of

creativity, as it was at the heart of his issues with

respect to intelligence testing. Factor analyses of the

tests most prevalently in use (the Binet and the Weschler

series) yielded two to three predominantly verbal factors.

creativity, he believed, involved non-verbal and symbolic

factors as well, which were being ignored by these tests.

Guilford (1968) also theorized that these two functions were

different at the operations level as well, with convergent

(deductive) thought as the dominant operation in IQ, and

divergent (associative, inductive) thought in creativity.

The factors which he proposed as descriptive of the

creative process included verbal and figural fluency,

flexibility, originality, and elaboration. The "fluency"

factors pertain to the number of ideas available.

"Flexibility" refers to a cross-categorical (associative)

function, "originality" to the unfamiliarity or rarity of a

response, and "elaboration" to the ability to fill in

details (or the complexity of an idea).

In 1968, Guilford published an operationalized model of

problem-solving processes (Figure 6, p. 46) which applies to

intellective and creative solution. It is difficult to

determine the amount of available empirical support for this

model, as most investigations of the structure of the

intellect model have used tests (e.g., Torrance Tests of

Creative Thinking (TTCT) derived from this model.
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Figure 6

Operationalized Model of the Problem-Solving Process
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The Creativity-IQ Debate

Guilford's comments on the relationship of IQ to

creativity, and subsequent analysis of the factors involved

are based on a hypothetical model which has not (yet) been

demonstrated empirically. with respect to the relationship

of these two abilities, researchers and theorists are

sharply divided: some posit no relationship, others posit a

relationship based upon shared underlying factors, and

others argue that they are both components of another

generalized factor. Before embarking on a discussion of the

factors presumed to be involved in creative thought, I will

review the available evidence for each of these positions.

Terman (1925) conducted a longitudinal study of

children identified as "intellectually gifted," as

determined by IQ scores of 140 and above. Twenty-five and

thirty-five year follow-up studies with this group (Terman

and Oden 1947, 1959) indicated that while they were

generally more successful and productive than a comparable

normative sample, none were distinguished as exceptional (by

recognized awards such as the Nobel or Pulitzer). In

addition, groups designated as the most and least successful

(from within the study group) were not distinguishable by

average IQ (with reported averages of 158 and 151

respectively), indicating that other factors were

responsible for performance differentials.
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c. W. Taylor and Holland (1964) report on a series of

early studies undertaken by Guilford and his colleagues in

an attempt to determine the presence or absence of a

relationship between the two abilities. "creative" sUbjects

were selected on the basis of Guilford's tests and compared

to a group selected by traditional IQ measures. Guilford

commented that there was negligible overlap between the

groups, and presented this finding as evidence of a lack of

relationship (or factorial distinction) between the groups.

contrary findings were reported by Getzels and

Csikzentmihalyi (1968), who compared students at the Art

Institute of chicago (presumably selected for creative

ability) to a normative college sample and found no

difference on average IQ scores (but significant differences

on personality measures).

A more direct approach to the study of this

relationship has been taken by Barron (1969), Shaw and

Demers (1986), and Wallach and Kogan (1965), who applied

correlational analyses to scores on various IQ and

creativity tests. In each of these studies a slight to

moderate relationship was found. The strength of this

relationship has been the sUbject of much debate, but cannot

be firmly ascertained based on these studies, as different

IQ and creativity measures were employed in each study (and

differing measures within subject groups in some).
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Jackson and Messick (1967) comment that correlational

research in this area is not of much value, in that it is

capable only of demonstrating the presence or absence of a

relationship, but does not provide an explanation.

Several researchers have attempted to delineate the

nature of this relationship via the use of multiple and

componential analyses. By dividing subjects into groups

based on IQ scores and comparing along theorized dimensions

of creativity, several researchers have argued that

creativity and IQ are linearly related in the lower but not

the upper ranges of intelligence (e.g., Barron, 1969;

Guilford, 1968; Shaw & DeMers, 1986, 1986-87; Wallach &

Kogan, 1965), an idea which is now commonly referred to as

the "threshold theory." Barron (1969), and Guilford (1968)

determine the cutoff score as falling between IQs of 120 and

130, while Shaw and DeMers (1986-87) argue for a cutoff of

115. The results of these studies have been questioned on

the basis of the measures used in the determination of IQ

and creativity, and the restricted range of scores sampled.

In most cases cited, non-conventional measures such as

achievement and Remote Associations Test (RAT) scores were

used as the basis of jUdgement. Many of the experiments

cited were performed exclusively with gifted populations.

Runco and Albert (1986) replicated these studies, using

standard tests to measure IQ (Wechsler), academic

achievement (California Achievement Test) and creativity
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(Wallach & Kogan divergent thinking tasks) within a school

population of which 47% were classified as gifted and 53%

normative. Scores on creativity and achievement were

compared across four levels of IQ (98-120, 121-130,

131-145, and 146-165) using linear, curvilinear, cubic and

quadratic analyses. No relationship between creativity and

IQ was demonstrated. However, between creativity and

achievement, significant linear, cubic and quadratic trends

were demonstrated. The authors concluded that, contrary to

the belief of many previous authors, achievement and IQ are

non-identical and ought not be used interchangeably, and

that this as~~mption of equivalence has confounded the

results of many studies, leading to erroneous conclusions.

In this analysis, the threshold theory was not upheld. The

authors additionally suggest that further research use

componential analysis of the tests in question in order to

determine what is actually being measured.

Another approach was taken by Cropley (1968), who

replicated Wallach & Kogan's (1965) study, applying a factor

analysis to the resulting intercorrelation matrix. His

correlational analysis also demonstrated a slight

intercorrelation among the tests (replicating Wallach &

Kogan's results); however, a factor analysis indicated that

they both loaded on the same general factor, indicating that

both abilities may be viewed as sUbcomponents of a larger

intellective ability.
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From the literature cited, it is clear that the

relationship between our current conceptions of IQ and

creativity has not yet been adequately elucidated. The

confusion in the area is, in all likelihood, related to the

lack of operational clarity in the definition of these

abilities. sternberg (1988) took an innovative approach to

the study of this relationship. using adjective checklists,

he surveyed "implicit theories" of creativity, intelligence

and wisdom (an approach likely to be endorsed by researchers

who have commented that we can all recognize creativity,

even if we can't define it, e.g., Barron, 1988; Torrance,

1988). Representatives from various disciplines were asked

to check those adjectives which they believed applied to

people who could be described as intelligent, creative, or

wise. The results were combined in questionnaire form and

distributed to a second group, who were asked to rate how

characteristic each statement was. An intercorrelational

analysis revealed a strong perceived relationship between

intelligence and wisdom (median r = .68), a slightly weaker

relationship between intelligence and creativity (median r =

.55), and a slight relationship between wisdom and

creativity (median r = .27). All relationships found were

positive, with the magnitude of the perceived relationship

differing across discipline (art, philosophy and physics

professors perceived a strong relationship between
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intelligence and creativity, while business and laypersons

saw them as weakly related).

Sternberg's research indicates that the source of noted

definitional variations may have its roots in individual

perception (rather than sloppily articulated concepts as

some authors have suggested).

Cognitive Abilities:

Specific Factors or Aspects of Functioning

Most theoreticians and resear~hers who view creativity

and intelligence as either unrelated or weakly related

emphasize the relative importance of different cognitive

abilities or styles of processing (although some, as

previously discussed, cite personality variables). The

cognitive abilities which have been hypothesized to playa

role in the creative process vary from general abilities

(e.g. verbal/non-verbal, convergent/divergent) to specific

factors or abilities (e.g., verbal associative or

metaphoric, imageistic memory and/or control). In this

section I will review theories and research on cognitive

abilities, factors, and sUbprocess~s which have been

hypothesized to play a role in the differentiation of

creative ability from other intellective abilities.

Cognitive style and processing variables will be reviewed in

the section which follows.
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convergent/Divergent Thought

As previously mentioned, Guilford's (1956) structure of

the intellect model has been the bdsis for many factorial

explanations of the creative process. Guilford hypothesized

that divergent thinking (the generation of alterna~ives) is

the primary mode of thought in creativity, while convergent

thought (the logical deduction of a single correct answer)

is primary in intelligence. Guilford (1968) proposed that

via combination of operation and object, eight factors could

be derived. The eight factors he described (verbal and

figural fluency, flexibility, originality and elaboration)

form the basis for scoring the Torrance Tests of Creative

Thinking (Torrance, 1971, 1974).

Torrance (1988) presents data from longitudinal

validation studies conducted between 1958 and 1981.

criteria for the assessment of creativity in the original

studies consisted of an index combining quantitative

production (of creative products) and sUbjective ratings (by

three independent judges) of the quality of these products.

Correlation coefficients range from .32 to .59, with most

correlations significant at the .01 level. The strongest

relationships found were fluency, flexibility and

originality, to qualitative rating. (The elaboration

measure of the TTCT has been challenged many times since.)

This research may be said to provide some evidence for

Guilford's model: however, caution should be exercised in
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the acceptance of these results, as both the reliability and

validity of the TTCT have been challenged (this research

will be presented in a later section). In addition, the

TTCT yields separate verbal and figural scores on each of

these factors, which were not reported by Torrance (1988).

It is presumed that he used a combined index in the

calculation of these coefficients (an index of questionable

validity given scale intercorrelations Welsh, 1975);

however, the relative contribution of verbal and visual

skills would provide more valuable information (especially

considering that many theorists conceptualize the verbal/

non-verbal dimension as the most significant differentiating

factor) .

Many other theoreticians and researchers have shared

Guilford's emphasis on the importance of divergent thought

without necessarily accepting his delineation of factors.

Divergent thought, or the generation of alternatives, as a

pure factor is generally measured quantitatively (e.g.,

counting number of Rorschach responses). This research will

not be presented, because (as previously discussed) criteria

for the evaluation of creativity involve qualitative

jUdgments as well.

While divergent thought might be viewed as a necessary

condition for creativity, it is clearly not a sufficient

condition. Some researchers (e.g., Barron, 1988; Sternberg,

1988) have suggested that the ability to select the best

54



55

response from among an array of alternatives is as important

as the ability to generate alternatives. This approach will

be discussed more fully under process models, as the

underlying assumption is that the creative individual is not

distinguished by a single ability, but by a combination of

abilities within a complex process.

The Verbal/Non-Verbal Dimension

The relative importance of non-verbal factors in

creative thought lies at the heart of the creativityfIQ

debate. IQ tests are predominantly verbal in nature

(Guilford, 1968). It has been demonstrated that IQ tests do

not select for creativity. This fact alone is insufficient

to argue that the basis for the noted selection differential

lies solely in the exclusion of non-verbal factors (as any

of a number of factors excluded from IQ tests could

hypothetically account for this differential). In order to

establish that non-verbal factors are the significant

differential, it is necessary to demonstrate that either

they co-vary with creative ability, or offer a more accurate

means of prediction.

As previously discussed, the notion that non-verbal

factors are significant in the creative process was

suggested by case studies and biographical accounts. The

biographical literature contains hundreds of accounts of the

use of visual, auditory and kinesthetic imagery (or



sensation) in the service of creativity. These experiences

are virtually impossible to measure directly (although some

researchers have tried, via electroencephalograms, or

radioactive tagging). The more common approach to the

measurement of mental imagery is via subjective rating

scales.

The first mental imagery scale developed, and the only

one inclusive of all modalities, is the Bett's Questionnaire

on Mental Imagery (QMI) (Betts, 1909; Richardson, 1969),

which was derived, in part, from Galton's (1883)

questionnaires. The QMI has not been used as extensively in

research as has Marks' (1973) revision, The Vividness of

Visual Imagery Questionnaire (VVIQ). The mostly likely

explanation for this is the predicted magnitude of effect

(i.e., greater likelihood of visual imagery use than other

modalities such as olfactory, auditory or tactile).

Both the QMI and VVIQ are subjective self-rating scales.

Subjects are presented with a verbal description of an

object or scene and asked to rate the vividness of the

elicited image on a 1 (as clear as normal vision) to 5 (no

image) scale. In a study comparing sUbjective ratings of

experienced imagery to accuracy of recall, Marks (1973)

reports high reliability (test-retest = .74, split-half =

.85) and validity (significant at .005 level) coefficients.

Significant sex differences were reported as well, with

female subjects scoring significantly higher than male
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subjects (replicating the findings of Ernest and Paivio,

1971). No interaction effect was demonstrated.

Another self-rating test in common use is Gordon's

(1949) Test of Visual Imagery Control (TVIC) (Richardson,

1969). The TVIC is designed to measure the ability to

manipulate or control mental images. SUbjects are given an

object or scene to imagine, and then asked to manipulate

aspects of the image (e.g., color, motion), and report on

the vividness of the resulting image. The TVIC differs from

the VVIQ in the complexity of the phenomenon measured,

including aspects of spatial memory as well. The TVIC is

generally accepted as a valid indicator, with correlations

to objective measures (e.g., Flags, Minnesota Paper Form

Board) surpassing those of the QMI and VVIQ (Ernest, 1977;

Forisha, 1983). Moderate correlations between the TVIC and

VVIQ have been demonstrated as well (ibid). As reported by

Ernest (1977), both the TVIC and VVIQ are relatively

untainted by social desirability effects, while there was a

significant effect on this dimension with male subjects on

the QMI.

Both the VVIQ and TVIC have been extensively used in

the study of the relationship of mental imagery to

creativity. other tests in common use include mental

rotations, a spatial memory and manipulation task (Shepard &

Cooper, 1982), and various objective performance measures

(Ernest, 1977; Forisha, 1978).
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The strength of the reported relationship of mental

imagery to creativity has varied extremely with the type of

measure used (both in the assessment of imagery strength and

creativity) and with sex (Forisha, 1978). Ernest (1977)

reports that scores on Guilford's Alternate Uses (a

divergent thinking task) were significantly correlated with

imagery control (TVIC) and three objective spatial tasks,

but not with vividness (QMI). Suler and Aizziello (1978)

found no relationship between creativity and imaging

ability. In their study, creativity was measured with a

composite score based on three of Guilford's subtests

(associational fluency, sketches, alternate uses), and

imaging ability was measured with a composite score based on

the QMI and an objective imaging task (imagining block

letters, and counting the corners). Correlational analyses

were additionally conducted with each measure independently,

and no significant effects were found (although the authors

note that this may be explained, in part, by the low

variability in imaging scores, and the sUbsequent difficulty

in creating significantly different high and low imagery

groups). Among the most significant findings of this study

was the failure to demonstrate a significant correlation

between objective and self-report imagery measures.

Forisha (1978) reports on a series of studies comparing

men and women's performance on the TTCT to imagery vividness

(VVIQ) and control (TVIC). When regression analysis was
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used across all scores, a slight negative relationship

between vividness and creativity, and slight positive

relationship between control and creativity was demonstrated

in men, and a uniform positive (but insignificant)

relationship in women. A second analysis was conducted, in

which the mid-range imagery scores were dropped out,

creating high and low imagery groups. A 2 x 2 analysis

revealed a significant interaction effect, with subjects

rated high in both imagery vividness and control scoring

(significantly) higher on creativity measures. Forisha

concluded that effective use of imagery is more likely

related to cognitive style and personality variables,

suggesting further research in the area.

Shaw and Bellmore (1982-83) compared subjects

(volunteer university students, 29 male, 39 female) on three

measures of creativity (RAT, Just Suppose: a verual

divergent subtest of the TTCT, Circles: a figural-divergent

subtest of the TTCT) , two measures of imagery (VVIQ, and an

objective visual memory task), and vocabulary and

abstraction measures (Shipley Institute of Living Scale).

They report an inconsistent relationship between creativity

and imagery, however, an analysis of their data indicates

that the relationship is stronger than reported. The

figural-divergent task correlated significantly with both

measures of imagery, and the verbal-divergent task with

vividness. Their statement of inconsistency is based upon
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failure to find any relationship between RAT and imagery

measures, reporting that most of the variance is accounted

for by vocabulary. An alternate interpretation of these

results is that the RAT is not an adequate creativity

measure (as has been empirically demonstrated by its

correlation with IQ but not other creativity measures) .

Analyses by sex were not performed.

Shaw and DeMers (1986, ~986-87) did a series of studies

comparing the performance of high IQ and average children

on selected creativity measures, imagery vividness (VVIQ),

imagery control (TVIC), and visual memory. In one study

(Shaw & DeMers, 1986) TTCT subscale scores (originality and

flexibility) were found to be significantly related to both

imagery vividness and control in the high IQ, but not in the

comparison group. A different pattern was found with

fluency subscales. Figural fluency was correlated with

vividness in high IQ subjects, and visual memory in the

comparison group. A second study was conducted using the

same groups and measures, with the addition of the RAT. IQ

was significantly related to RAT scores in both groups, and

to the figural-divergent thinking cask in the comparison

group (in both groups IQ accounted for most of the variance

in RAT scores). with respect to imagery, vividness and

control were positively related (p < .0001) to both verbal

and figural divergent tests (but not RAT) in the high IQ

group. In the comparison group the only significant
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relationship found was between figural divergent thinking

and imagery vividness. TTCT subscale scores were not

reported in this study.

Parrott and strongman (1985) administered the TTCT,

VVIQ and TVIC to 70 sUbjects (56 males, 14 females, selected

from university academic, technical and secretarial staff).

The only significant result reported was the relationship of

verbal fluency and originality to imagery vividness. These

results contradict those reported by Forisha (1978), but may

be explained by the predominance of males in the subject

sample. An analysis by sex was not conducted.

Recent research conducted by Dean and Morris (1991) may

shed some light on noted inconsistencies in the research

reviewed. Mental imagery is a complex phenomenon which

involves multiple factors, many of which have not yet been

identified (see also, Kosslyn, 1991). They indicate that

the TVIC and VVIQ sample abilities which are not

comprehensive, nor factorially pure, and are treated in a

randomly weighted fashion. Recent research with a newly

developed questionnaire indicated that factors such as ease

of evocation, maintenance, and transformation of an image

correlated more strongly with objective measures than either

the TVIC or VVIQ (Dean & Morris, 1991).

The literature cited suggests that: 1. Objective

spatial and memory tasks may not ba measuring the same

ability as the most commonly used imagery self-report
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measures. 2. Men and women demonstrate mediational and

cognitive style differences with respect to performance on

imagery and creativity measures, which deserves further

investigation. 3. Data which has been described as

inconsistent (Forisha, 1978, Shaw & Bellmore, 1982-83) or as

a threshold effect (Shaw & DeMers, 1986, 1986-87) may be

interpreted as reflective of the need for an integrative

style of processing with respect to verbal and non-verbal

abilities (as suggested in theoretical descriptions; e.g.

Arieti, 1976; Wallas, 1926).

The pattern of results reported in those studies which

account for IQ suggests that either verbal or non-verbal

skills may be a limiting variable with respect to creative

production. For individuals who demonstrated superior verbal

skills, imagery factors were found to be significantly

related to creativity scores, while for individuals who

scored lower on IQ measures, tests of verbal reasoning were

found to contribute more to v3rian~e in creativity.

Richardson (1969) and Forisha (1978, 1983) have suggested

that cognitive style variables may be significant in

determining the relative utility of imagery, while Paivio

(1971), in a similar vein, suggests that mediational

strategy, task demands and stimulus characteristics may be

related as well. Research in this area will be considered

in the section which follows.
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cognitive style and Processing Variables

A number of cognitive style and processing variables

have been suggested by theoretical analyses, as well as by

research derived from biographical accounts and personality

surveys, although few have been empirically investigated.

Among the variables which have received the most attention

in the research literature are the dimensions of field

dependence/independence (Forisha 1978, 1983; witkin &

Goodenough, 1981), verbalizer/visualizer (Paivio, 1971;

Richardson, 1969), preference for cognitive complexity

(Barron, 1969, 1988), associative- metaphoric/linear thought

(Mednick, 1962; Sternberg, 1988; Torangeau & Sternberg,

1981), holistic- intuitive/deductive reasoning (Davidson &

Sternberg, 1984; MacKinnon, 1961; Metcalfe, 1986) and iconic

autonomy/control (Ernest, 1977; Paivio, 1971).

Field Dependence/Independence

The dimension of field dependence/independence has

received the most attention over the years as it relates to

emotional and psychological factors (e.g., witkin, Dyk,

Faterson, Goodenough & Karp, 1962), while its measurement

(witkin & Goodenough, 1981) more clearly involves perceptual

processing factors. Theoretical m~dels and personality

research on creativity have tended to stress the relatively

independent style of the creative individual (e,g., Barron,

1969; Hennessey & Amabile, 1988; MacKinnon, 1961). with

respect to field dependence/independence, the prediction of
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an "internal" style predisposing towards creativity has not

been demc~strated consistently. Noppe & Gallagher (1977)

found weak support for this hypothesis, while spotts &

Mackler (1967) found no (significaut) relationship. Forisha

(1978) suggests the addition of a third category, reflecting

an integrated style of processing, as creative thought

requires both the ability to integrate and to analyze. In

subsequent research, Forisha (1983) found no relationship

between field dependence/independence and creativity, but

demonstrated a strong personal inclination towards synthesis

(as measured by her Personal Expectations Inventory) in the

highly creative.

Verbalizer/Visualizer

As an aspect of cognitive style, the verbalizer/

visualizer dimension pertains not to relative ability. in

either domain, but to an inclination to preferentially use

language or imagery as a mediational strategy or coding

device. In spite of numerous references in the theoretical

and biographical literature to the importance of non-verbal

processes in creative production, this area has received

relatively little empirical research, except as it relates

to cerebral hemispheric specialization (Richardson, 1977).

This research will be reviewed in the section which follows.

Richardson (1977) has developed a verbalizer-visualizer

(cognitive style) survey which has been validated on

hemispheric preference and visual imagery measures, but to
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the best of my knowledge, this instrument has not been used

in conjunction with creativity measures.

In the absence of the availability of other empirical

research, I will report the results of a study which I

conducted ten years ago (Lefkowitz, 1981). Twenty-four

subjects (volunteer, undergraduate students) were

administered the TTCT, the conjugate-lateral eye movement

test (a measure of cerebral hemispheric dominance), and a

tachistoscopic test designed to measure preferential

encoding of verbal or figural stimuli. The tachistoscopic

task consisted of the presentation of abstract and concrete

(defined by cross-modal translation ability), verbal and

figural stimuli to the right and left visual fields.

stimulus presentation was balanced such that on half the

trials verbal information was presented to the left visual

field and figural to the right, and vice versa. The

presentation of abstract and concrete information was

similarly balanced. stimuli were presented at such a rate

as to allow preferential attention to, and encoding of, one

of the stimuli (utilizing an interval determined in numerous

trials by Paivio, 1971). The data was analyzed using a

sensitivity index (hits/false alarms X probability of

occurance). A 2 x 2 analysis of variance (high/low

creatives, preferential encoding of verbal or figural

stimuli) demonstrated a significant relationship (p < .01)

between high creativity and preferential encoding of figural
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stimuli (as measured by the sensitivity index). Two

additional measures of sensitivity to figural stimuli were

derived: accurate recognition of abstract figural (verbally

uncodable stimuli), and cross-modal translation errors.

Both measures were found to accurately discriminate between

groups on the creativity measure. Highly creative

individuals demonstrated greater accuracy in the recognition

of abstract figural stimuli (p < .01), and had a larger

percentage of errors due to figural encoding of verbally

presented stimuli (p < .05). No hemisphericity effects were

demonstrated. This study lends some support to the notion

that highly creative individuals tend to rely more heavily

on non-verbal stimuli than their less creative counterparts,

irrespective of actual imaging ability. The small sample

size, and lack of other studies in this area precludes

drawing any firm conclusions.

Iconic Autonomy/Control

Another perceptual processing variable which has been

studied in relation to creativity is iconic autonomy versus

iconic control (Forisha, 1978). In this instance, the

autonomy/control distinction applies to the availability of

imagery as a mnemonic strategy, or coding device (as opposed

to its use in the TVIC, which measures ability to manipulate

images, once formed). Richardson (1969) suggested that

autonomous images (spontaneous, involuntarily produced)

could be a hinderance (i.e., distractor) in problem solving,
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while images produced under voluntary control might be

helpful.

This dimension has received very little empirical

investigation (as it is difficult to create "spontaneous"

images on demand), however, in some studies (e.g., Paivio,

1971) subjects were questioned on their spontaneous imagery

(following serial learning tasks in which the presence of

absence of instructions use imagery as a mnemonic device

served as the dependent variable). It was suggested that

the appearance of spontaneous, uncontrolled images may have

accounted for the results in some studies which reported a

negative relationship between imagery vividness and

creativity (Forisha, 1978). This analysis is supported by

the results of a study conducted by Suler and Aiziello

(1978) in which instructions to use imagery in responding to

creativity tests (associational fluency, sketches, alternate

uses) was treated as the main dependent variable. A

significant negative effect (p < .01) was demonstrated on

the verbal- associative task, and non-significant (p < .06)

"negative trends" on the non-verbal, and verbal-divergent

tasks.

cognitive complexity

Another cognitive style variable which has been

theoretically related to creativity is preference for

cognitive complexity (Barron, 1969, 1988). Cognitive
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complexity has been alternately defined as related to the

tendency to use divergent rather than convergent thought in

constructing approaches to problem solving (Barron, 1969, p.

38), as an aesthetic preference for complex visual displays

(Barron, 1969, p. 97), and as a personality variable

(Charlton & Bakan, 1988-89). Empirical studies using each

of these definitions have yielded positive results.

In an early study Barron (1969) measured cognitive

complexity with number of integrated "whole blot" responses

on the Rorschach and found a relationship to IPAR creativity

ratings. He has since developed two measures of cognitive

complexity: the Barron-Welsh Art Scale (which measures

preference for complex visual displays), and the complexity

of Outlook Scale (based on verbal measures derived from the

art scale). Barron (1988) reports on a series of studies in

which these two instruments were used. In the IPAR studies,

the Barron-Welsh Art Scale was found to be linearly related

to (subjectively determined) creativity rankings (Barron,

1969). In a more recent study (Barron, 1983; cited in

Barron, 1988) original responses to "what if" questions were

found to be related (r = .50) to independence of judgement,

and complexity of outlook. Barron (1988, p. 93) however,

adds the caveat that "To prefer a complex phenomenal display

is not in itself a mark of creativity, unless it is coupled

with an unrelenting drive to find a simple order."

Indicating, again, that the capacity or propensity for
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divergent thought, while necessary, is insufficient unless

accompanied by a capacity for convergent thought.

Charlton and Bakan (1988-89) investigated the

relationship of creativity and cognitive complexity as a

personal construct (based on Kelly's personal construct

theory). The operational definition that they used was not,

however, much different from Barron's and reflects an

inclination to use divergent thought processes: "Loose

constructs lead to varying predictions while tight

constructs lead to unvarying predictions" (p. 315). Scores

on the "How Do You Think Test" (a creative personality

inventory) were compared to a measure of cognitive

complexity (number of constructs used in a written

description), and a significant relationship

(p < .05) was demonstrated. The validity of this approach

might be questioned based on the similarity of measures

(i.e., the measure used to determine cognitive complexity

bears striking resemblance to fluency and flexibility

measures of creativity).

Linear/Gestalt Reasoning

The final dimension of cognitive style which I shall

discuss has been variously described as associative

(Mednick, 1962), analogical (Ribot, 1900), intuitive

(Davidson & Sternberg, 1984) and metaphoric (Torangeau &

Sternberg, 1981) reasoning, as contrasted with linear

deductive. The focus in associastionist studies on
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creativity is generally on metaphoric association, as

opposed to association by temporal or spatial contiguity;

(although these types of associations have been studied

extensively within the Gestalt school, and will be discussed

as aspects of perceptual processing).

The focus on holistic reasonng is largely derived from

early theoretical and biographical descriptions. Ribot

(1900) described association by contiguity as leading to

stereotyped responses, whi:e association by analogy is more

likely to produce novel responses. Koestler (1964) coined

the term IIbisociation" to describe the novel analogic

associations which he believed characterize creative

thought. IIBisociative ll analogies, as he described them,

differ from more typical analogies in the association of

elements from two distinct planes (or conceptual spheres),

as opposed to those that occur within a single plane (and

typically do not introduce any novel information).

Koestler's concept of bisociative chought is echoed nicely

in artist, Max Ernst's description of the process by which

he creates: liThe mechanism of collage amounts to the

exploitation of the chance meeting on a suitable plane of

two mutually distinct realities ll ( in Ghiselin, 1952, p.

59) .

Mednick (1962) described three types of association,

which embody the distinctions discussed: serendipitous,

similarity and mediational. These three types of
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association are viewed as responsible for different levels

of creativity, with more remote associations sUbsuming

greater amounts of information, and producing more novel

responses. This idea was based on the notion of an

associative hierarchy, in which associations are influenced

by the number of ideas (c.f. Guilford's associational

fluency) and the richness of the interconnections. The

majority of empirical research conducted in this area has

employed Mednick's (1962) Remote Associations Test. This

research is somewhat problematic (as previously discussed)

in that the RAT is a purely verbal measure, and has been

shown to load on the same factor as IQ scores. IQ tests,

however, generally sample knowledge and linear-deductive

reasoning abilities rather than the associative type of

thought measured by the RAT. Some authors (e.g., Barron,

1969) indicate that the type of responses which are highly

scored on the RAT, would be equally highly penalized on

traditional IQ measures where original responses are not

valued. This may explain why IQ scores account for only

part of the variance on the RAT (the highest percentage

reported, r = .70, Taylor & Getzels, 1975).

Recent research on metaphoric properties conducted by

Torangeau and Sternberg (1981) may elucidate the

relationship of IQ and RAT scores, as well as emphasizing

distinctions related to analogic quality as described by

both Koestler and Mednick. Torangeau and Sternberg (1981)
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described two types of analogy: those based on similarity

within a given domain (alternately, as described by other

authors: concept, plane or field), and those based on

similarity of position within a do~ain. Analogies or

metaphors occurring between domains (based on similarity of

position) may be viewed as qualitatively better by the

criteria described by Mednick (1962), in that they are the

more remote associations, and subsume more information; and

by Koestler (1964) in that they introduce novel information

from two distinct planes.

Torangeau and Sternberg (1981) performed a series of

studies designed to determine qualitative aspects of

metaphor, and their perceived !'aptness" or utility. The

initial study determined factor loadings and relationship

strengths (determined by factor analysis of data rated on a

likkert- type scale) for elements of several conceptual

categories or domains. Based on factorial strength, eight

elements were selected for each of eight domains, yieJ.ding

64 metaphors based on an 8 x 8 combination matrix. A second

group of subjects were asked to rank the aptness and

comprehensibility of each metaphor. Based on averaged

subject ratings, they determined that perceived aptness

relates to proximity within a domain, and perceived quality

to distance between domains. The strength of the determined

relationships was found to be significant at the .01 level

of probability. An additional experiment was conducted to
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determine "popularity" of metaphors. Subjects were asked to

rank order metaphors by preference without being offered any

decision criteria. Preferential ordering was found to be

related to within domain distance, increasing as a function

of proximity. Torangeau and Sternberg (1981) conclude that

the two traditional views of metaphor (one based on

proximity, and the other on distance) each represent

"partial truths," in that the two opposing trends (related

to aptness and quality) combine graphically to form an

inverse U. This data relates to the relationship of IQ and

RAT scores in that the former emphasizes aptness, while the

later emphasizes quality (according to definitions used in

this study). Taking this analogy a step further, it may be

shown that the more "apt" and comprehensible the metaphor,

the more popular, and less creative it is.

A second line of research in this area concerns the

insight process, of which metaphor, or analogic reasoning,

is believed to be a part. The "insight" process may be said

to be the most elusive aspect of the creative process. This

is the phase referred to by Wallas as "incubation" and

described by many authors as largely unconscious. Several

theoreticians (most notably those from the "information

processing" school, e.g., Langley & Jones, 1988; Weisberg,

1988) argue that "unconscious" thought proceeds in a similar

manner to conscious thought, i.e., in a predictable linear

fashion based on past knowledge and insights. This model
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runs counter to that proposed by the Gestalt school, which

describes the process as spontaneous, non-linear, and based

on different principles of association (e.g., closure,

temporal contiguity).

Metcalfe (1986) investigated the extent to which the

insight process may be described as conscious or rational by

asking sUbjects to predict their performance on a variety of

tasks ranging from discursive knowledge to simple logical

solutions to insight problems. The premise of this

experiment was that if "unconscious" processes operate in a

similar fashion to conscious processes, subjects should be

equally facile at predicting their performance on all of

these tasks (based on knowledge of their own past

performances). Metcalfe (1986) reasons that alternately "If

the solution to insight problems involves a radical

transformation in the gestalt, then there is no reason to

expect that sUbjects, before solving the problems, have

diagnostic partial information available to consciousness"

(p. 289). In the first experiment, subjects were given a

series of trivia questions to answer. On those questions

which they could not immediately answer, they were asked to

rank order the questions in terms of likelihood that they

could produce the answer at a later time (in a

mUltiple-choice format). The same procedure was employed

with a set of logical problems, which included a subset of

insight problems. The prediction scores on these two
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measures were compared, and it was found that sUbjects could

reliably predict their ability to solve knowledge-based

trivia questions, but not logical problems. The difference

in the two reliability coefficients was significant at the

.01 probability level. Of additional interest is that on

all problems, subjects, as a group, over-predicted their

ability to solve. The increased likelihood of solving a

logical problem when allowed additional time, over randomly

guessing the correct solution to a knowledge-based question

adds additional weight to the reported results. The second

study conducted was basically a replication of the first,

eliminating the more difficult knowledge-based questions

(which had eliminated some sUbjects from the data pool in

the first analysis) and the non-insight based logical

problems. The results of prediction accuracy were similar

to those obtained in the first experiment, with an even

stronger distinction (p < .001) between memory-based and

problem solution predictions. These results provide support

for the gestalt (non-linear) model of problem solving.

Significant Aspects of the Insight Process

Up to this point, I have focused primarily on research

which has emphasized the relative importance of a single

ability, personality trait, motivational set, or cognitive

style. The available research on creativity has primarily

emphasized the distinction between creative and other

intellective processes. The primary focus of much of this
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research has been the elucidation of unconscious or

"preconscious" (Kubie, 1958) processes believed to be active

in the "incubation" phase. As stated in my introduction, it

is abundantly clear that creativity, or the creative process

is not distinguished by a single skill or disposition.

Although the current theoretical literature abounds with

more complex process descriptions, few have been tested

empirically.

One theory which has received some empirical support is

Sternberg I s (1988) "triarchic thec:"y." The model presented

by Sternberg emphasizes the interaction of three factors:

the individual's relation with his or her internal world

(cognitive processes), the relationship of knowledge to

experience, and the relationship to the external (social)

world. While this approach to the study of psychological

factors is certainly not new (representing a rather direct

phenomenal approach as described by Binswanger, 1963), its

application to the study of creativity is. One of the

questions posed by this interactive theory is: what is the

relationship of knowledge to experience? Alternately

phrased in the context of the issup. at hand, we might ask;

from whence do these novel insights arise? As Perkins

(1988) states, it is not ad nihlim.

Davidson and Sternberg (1984) propose that novel

insights are generated via combination of selective

encoding, selective comparison, and selective combination.



The operations involved in these processes include focusing

on relevant information, synthesis and analogy. Davidson

and Sternberg describe these operations as continuous and

interactive, rather than proceeding in a serial fashion, and

note that not all instances of selective encoding,

comparison and combination constitute insight. This

evaluation, they state, is made only when the resultant

product is novel (although we might also want to consider

other criteria previously discussed, e. g., aptness and

veridicality). Having developed operational definitions for

each of these processes, Davidson and Sternberg (1984)

conducted a series of studies comparing performance in

"gifted" middle school students (selected on the basis of IQ

and TTCT scores, teacher recommendation and achievement

tests) to a normative sample drawn from the same school.

The first experiment studied selective encoding.

Students were presented with either "cued" or "uncued"

problems. In the cued problems, information relevant to

problem solution was underlined. In addition, a subset of

the problems were designated as "encoding" problems because

they contained both relevant and irrelevant information,

while the other problems contained only relevant

information. It was predicted that gifted students would

outperform non-gifted students, that cued problems would be

easier to solve than uncued, that cued "encoding" problem

would be easier than uncued non-encoding problems, that
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there would be a significant cuing x encoding interaction,

and finally that there would be a significant group x cuing

x coding interaction. All predictions were born out by the

data.

A second experiment was performed involving insight

problems which required selective combination. The design

and predictions were the same as in the first experiment,

and a significant group x cuing inceraction was again

demonstrated, indicating that the non-gifted students

benefited more from cuing than did the gifted.

A third experiment was performed to test the

disciminative ability of selective comparison. In this

experiment some subjects were provided with two examples of

insight problems which resembled (some) problems which they

would subsequently be asked to solve. A third condition was

provided by the inclusion of "relevance" information, in

which subjects were told that the example would be relevant

to the solution of another problem. These manipulations

combined to form four experimental conditions: no examples,

examples- no relevance information, examples- limited

relevance information (i.e., examples would be relevant, but

not to which problems), examples-full relevance information.

Data analysis demonstrated a significant group x condition

interaction, with the gifted group benefitting from the

examples, but not beyond that (i.e., no effect with respect
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to relevance information), and the non-gifted group

benefiting incrementally from additional information.

These studies provide evidence, not only for the

specific processes described, but additionally, for the

notion that "insight" is based on an integration of

knowledge, experience and skill. other interactive models

have been proposed, although without the inclusion of

empirical tests. These models will be presented following a

discussion of mediational factors (learning and memory).

Before ending my discussion of individual differences

factors, I will briefly review the available literature on

proposed neurological correlates.

Neurological Factors

The empirical investigation of individual differences

in neurological functioning related to creativity is

relatively recent. Most of the research in this area has

been limited to the use of psychological surveys with

demonstrated neurological correlates (e.g., conjugate

lateral eye movement test, dichotic listening), although

some studies have made use of physiological measures (e.g.,

electro-encephalogram, CAT-scan). Theories related to

neurological correlates have focused on one of three levels:

cerebral hemispheres, organ specialization, and dendritic.

The vast majority of theory and research in this area

pertains to cerebral hemispheric specialization. Bakan
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(1978) notes that speculation related to the notion of "dual

consciousness," in which the left hemisphere was ascribed

all verbal, and the right hemisphere all non-verbal

processes, ran wild, following Broca's discovery of a speech

center in the left hemisphere in the mid 1950's, and became

further instantiated following Sperry's work with surgically

commisurated patients. Current research in neuroanatomy

indicates that descriptions of the left brain as exclusively

verbal, and the right brain as exclusively non-verbal,

represents a dramatic over-simplification (Bakan, 1978;

Farah, 1984; sinatra, 1984).

A more appropriate generalization is one based on

process. The left hemisphere appears to be specialized for

symbolic processes including hierarchic and order

information, while the right hemisphere is more integrative

and associative in function, and more effective at

processing spatial information (Bakan, 1978). Research on

neurological correlates of the creative process apparently

has not caught up with the available physiological data.

The bulk of theory and research in this area has been

focused on establishing a link between right brain activity

and creative thought (e.g., Arieti, 1976; Forisha, 1978;

Richardson, 1977). Sinatra (1984) states that in 43 of the

68 publications in the area between the years of 1973 and

1982, this was the central issue (although only "two studies

actually measured laterality in a gifted population). The
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implicit assumption here is that the right cerebral

hemisphere is responsible for iconic processing, which in

turn mediates insight processes during the incubation phase.

This assumption is occasionally stated explicitly, as it was

by Gowan (1981), who began his article on the topic: "Right-

hemisphere imagery is the vehicle through which incubation

produces creativity" (p. 247). There is not, however,

adequate empirical evidence to support this assumption.

sinatra (1984) states that in the two studies which measured

laterality in gifted populations, neither reported

significant effects.

Torrance and Mourad (1981) report on a study comparing

a measure of laterality (treated as a cognitive style

dimension and determined by a psychological survey) to eight

measures of creativity. Their results were extremely

inconsistent, with right hemisphere dominant (RH) , and

integrated (1) sUbjects scoring sUbstantially higher on some

measures (personality and creative achievement), RH sUbjects

outperforming both integrated and left hemisphere dominant

(LH) on some measures (figural originality and elaboration),

and LH outperforming both 1 and RH sUbjects on the RAT. For

the majority of measures used in t~is study, laterality

effects did not reach significance. The authors conclude

that the effects of laterality may be task-specific.

Bakan (1978) reviewed the literature in the area and

reported inconsistant results as well, with most studies
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showing no effect and two studies reporting opposite effects

(ironically on the same measure-- the RAT). Many of the

early studies may be considered faulty, due to their failure

to include sUbjects who demonstrated an integrated style of

functioning (i.e., sUbjects who did not demonstrate clear

laterality were either dropped from the study, or included

in one of the other groups). Current research indicates

that the most significant effects have been demonstrated

with this previously neglected group.

Bakan (1978), Forisha (1983), and sinatra (1984) report

that subjects with an integrated style of functioning

consistantly outperform either RH or LH sUbjects. Two

alternate explanations may be offered for this finding. One

explanation focuses on overall cognitive functioning, and

the notion that both verbal and non-verbal processes, left

and right hemispheres are required for the successful

completion of a creative product. An alternate explanation,

focused entirely on imageistic processes is possible as

well, given Farah's (1984) recent discovery of imageistic

representation in the left hemisphere.

Theories related to the organic and dendritic level

focus on associational properties. Some researchers (e.g.,

Barron, 1969) speculate that the size or density of the

corpus callosum may be an individual differences factor,

while others (e.g., Arieti, 1976) focus on the richness of

dendritic connections. Neither of these theories have



received direct empirical support, although there is some

evidence of sub-cortical involvement at the dendritic level

(Sinatra, 1984).

In sum, although many researchers have speculated on

the role of various aspects of neurological functioning in

the creative process, empirical evidence is sparse and weak.

What evidence is available tends to support an integrated

style of functioning at all levels.

Empirical Evidence for Individual Difference Factors

The literature cited thus far has been concerned with

individual difference factors related to personality,

motivation, cognitive abilities and processing variables,

cognitive style and neurological structures. Most of the

research presented utilized correlational analyses, which at

best, answer questions regarding the presence or absence of

a relationship. This type of research can not, however,

answer the more challenging questions of how these factors

are related, or why they are important. In the two sections

which follow I will attempt to answer these questions.

The "why" questions will be addressed via a discussion

of mediational factors involved in learning and memory; the

"how" questions, in a presentation of current models. All

of these variables are viewed as intricately inter-
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connected, and as such, will be presented in an embedded

models format in which models of specific aspects of

functioning will be plugged into t~e "black boxes" of the

more general models.
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CHAPTER 4

LEARNING AND MEMORY

The body of psychological literature concerning the

study of human learning and memory is so vast that it is

impossible to do justice to in a paper of this scope. My

intent, with respect to the information presented in this

section, is to provide a brief overview of aspects of verbal

and non-verbal learning and memory with and eye towards

similarities and differences in processing and storage

mechanisms. It is my belief that these processing variables

are key to understanding both the distinction between, and

interaction of, conscious and unconscious processes.

In the first section, I will present general models of

human learning. These models will be evaluated in terms of

how well they describe the acquisition of knowledge and

skills in both verbal and non-verbal domains, and the extent

to which they account for novel production. In the two

sections which follow, I will examine unique aspects of

verbal and non-verbal learning and memory. This discussion

is intended to elucidate the content and representational

format of various types of knowledge, alternately described

by Wallas (1926) as "elements," and Vygotsky (1978) as

"basic elements" of thought. In the final section, I will

present current models of the interaction of verbal and non

verbal thought systems.
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General Models of Human Learning

The intent of a general model of human learning is to

explain individual acquisition and development of knowledge

and skill. The process of learning has been further

described as the transfer of knowledge from an external

(social or physical) plane to an internal (representational)

plane (Vygotsky, 1978). The basic issue in the study of

learning is the relationship of knowledge to experience.

Theories of human learning have been developed over the

course of thousands of years (predating Aristotle).

What seems to be at issue in the various models

developed is the role of the individual (i.e., relative

activity or passivity in relation to the process) and the

extent to which knowledge is acquired (directly through

sensory representations of external stimuli, or social

communication) or developed (via internal associative and

mediational processes). Over the millennia theories

covering both extremes have been proposed: the description

of the human mind as a "tabula rasa" which receives imprints

of sensory experiences of the external world, or conversely,

the Cartesian proposition that all one can know is that one

thinks, assigning primacy to intuitive and intellective

powers.

This continuum is represented within the psychological

literature in theories ranging from basic
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stimulus-response (SR) mechanisms in which the individual is

viewed as relatively passive in the acquisition of

information, to intuitive and interpretive models (e.g.,

Gestalt), in which the individual is viewed as actively

creating internal knowledge and representations. In this

section, I will review current models of information

processing, evaluating each for the capacity to explain

novel response.

Wingfield (1979) states that prior to a discussion of

models of learning, it is necessary to distinguish knowledge

which is innate from skills which are acquired by maturation

or rote memory.

Innate knowledge, by definiti~n, does not involve

learning or experience. Innate knowledge includes the

identification of basic biological drives, and a capacity to

use existent cognitive structures. How far innate knowledge

extends beyond latent abilities is the subject of heated

debate. The recent discovery of specific visual pattern

receptors is one example of an innate structure which may be

viewed as constituting innate knowledge. Other examples

include instinctive knowledge and behavior patterns.

Instinctive knowledge generally pertains to survival skills,

and is more common and more primary in less evolved species

(c.f., Wingfield, 1979).

Maturational learning refers to skills which emerge as

the organism reaches a state of anatomical and neurological



readiness without the implication of experience (e.g.,

walking) .

Rote learning may be distinguished from other forms of

learning in that it is a predominantly memory-based

phenomenon; i.e., there is no implication of meaning or

understanding. Rote memory is activated via repeated

exposure to a stimulus, producing familiarity or

recognition.

Innate knowledge, maturational skills and rote memory

may not be viewed as learned ideas or responses but,

nonetheless, constitute knowledge or elements of thought

which may produce insight via internally mediated

associations. How these associations occur has been the

subject of some research although, typically, externally

introduced knowledge is considered equally (if not more)

important.

Associationist Models

Among the most basic models of human learning are

"associationist" models, of which Pavlov's (1927) classical

conditioning is but one example. The basic premise of these

models is that people integrate knowledge based on repeated

association. The classic example of associative learning is

Pavlov's conditioning of a salivation response in a dog

following repeated simultaneous presentation of food and a

bell. In this example the bell could be described as a sign.
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A sign takes its meaning from direct association with a

stimulus.

Language is basically a sign system, in that words

acquire meaning by association. Language learning has also

been described as an associative process. Ninio and Bruner

(1978) describe a child's acquisition of language through

"joint referrential activity" in which the parent focuses

the child's attention on an object, points, and names the

object. In this way the word, or sign, comes to be

associated with the object. The word then becomes an

internal representation of the object. Language has been

referred to as the "second signalling system" (Vygotsky,

1978) because the words or signs, by association, corne to

serve as signals in much the same way as Pavlov's bell.

Tarpy and Mayer (1978) note that this principle was also

discovered by early British Empiricists (circa 1600-1800)

who described ideas as direct representations of experience,

and the accumulation of knowledge via temporal association

or contiguity. While it is clear that association is one

means of acquiring knowledge, it can not explain novel

production, or even the elaboration or development of a

response.

Early stimulus-response (SR) theories were based on the

notion of association, but expanded the base of associations

to include stimuli which were not temporally contiguous.

The initial description of instrumental conditioning is
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frequently attributed to Thorndike (1898), but has been more

thoroughly elucidated in recent years by Skinner (1974). In

instrumental conditioning, responses are learned by

association with strong positive stimuli (rewards), or

strong negative stimuli (punishment) which either precede or

follow a response. A spontaneously emitted response may be

strengthened (increased in frequency) or weakened (decreased

in frequency) by following its occurrence with reward or

punishment.

Instrumental conditioning models are more complex than

operant models, in that they can account for the development

of a simple response by "shaping" (rewarding successive

approximations to the desired response), and a more complex

response by "chaining" (association of two or more

previously learned routines). In addition, complex

behaviors may be learned by imitation of a model. The model

of learning described by instrumental conditioning has been

criticized many times for its inability to account for novel

responses. The basic paradigm is learning by example, or

alternately, learning fitted to an example. The individual

is viewed in a more or less passive role, responding to

stimuli which shape his or her behavior.

Gestalt Models

Gestalt approaches come from a fundamentally different

perspective. The individual is viewed as actively shaping



and interpreting his or her environment. Most research in

the Gestalt tradition is focused on perception and

representation, and the lack of a direct correspondence

between the two (as posited by associationist theories).

Research on various perceptual illusions suggests that

cognitive processes actively shape perception (e.g., a pair

of parallel lines may be viewed as curved given appropriate

context cues). The explanation offered for these phenomena

is that experience is a gestalt, or unity (rather than a sum

of discrete elements) in which stimuli are interpreted

within the context of the environment.

An understanding of interpretive processes is crucial

to understanding the correspondence between stimuli and

their internal representations. Evidence of cognitive

interpretation has been presented for both verbal and non

verbal perception (see Tarpy and Mayer, 1979). In addition,

the production of novel responses may be explained by well

delineated principles (e.g., closure).

The gestalt model has been criticized as incomplete.

While empirical data has supported the notion of cognitive

interpretation (or mediation), neither the nature nor the

origin (i.e., process of acquisition) of this mechanism has

been described.
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Developmental Models

0evelopmental models stress the interaction of the

individual and the environment, and the idea that learning

occurs in evolutionary stages in which complex ideas or

responses are predicated upon knowledge (or prior learning).

The various developmental theories vary primarily in the

extent to which they emphasize interaction with the physical

or social environment.

Piaget

Piaget stressed the interaction of the individual and

the physical environment. He described the acquisition of

knowledge as related to concepts which evolved as

individuals acted upon their environments and noted the

effects of these interactions (Ginsberg & Opper, 1978).

Piaget described the acquisition and development of

knowledge via two hereditary (innate) cognitive operations:

organization and adaptation (ibid).

organization refers to the tendency to integrate

physical or psychological data into higher order structures

(e.g., catagories and concepts). Adaptation refers to the

tendency of an individual to adapt to their environment.

Piaget describes adapt ion as occurring through the processes

of accommodation and assimilation. The operation of

assimilation involves the integration of an object or idea

into existent categorical structures via principles of

similarity. Accommodation refers to an individual's
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capacity to alter existent (internal) structures to suit

environmental demands. Piaget also describes learning by

imitation, but (in opposition to incidental models)

describes the individual as actively involved in the

process, again, employing the operations of assimilation and

accommodation. The emphasis in Piaget's model is on the

student, not the teacher.

Piaget describes language as serving a predominantly

representational function. Words are described as

signifiers, deriving their meaning from their relationship

with the signified (object or event). Language is

considered an element in a symbolic system, which places

equal or greater emphasis on non-verbal representation. At

issue here is the distinction between sign and symbol.

Signs and symbols are both representational codes.

Signs are essentially meaningless symbols, in that the

association between code and object is arbitrary, and

conditional upon definition (e.g., words, traffic signs).

Symbols are more direct representations based on sensory

experience, and therefore universally meaningful in an

intuitive sense (e.g., the image of a fire, or a clenched

fist), predicated only on experience. Piaget's discussions

of knowledge acquisition and concept development center

primarily on sensory experience and symbolization, assigning

language a secondary role in the mechanism of thought

(Ginsberg & Opper, 1978).
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Piaget's model of learning is similar in many ways to

that of the Gestalt theorists, in that the individual is

viewed as actively construing and constructing his or her

environment and representations thereof. Piaget's analysis

of the acquisition and evolution of concepts goes further

than that elucidated by the Gestalt theorists, but may be

viewed as harmonious and complimentary in many ways in that

it provides an explanation of the acquisition of a

"perceptual set." Piaget's model has, however, been

criticized on the basis of his rigid notion of developmental

stages and lack of attention to aspects of social learning,

as well as de-emphasis on the contributions of verbal

thought.

Vygotskian Models

Vygotsky's (1978) developmental model of learning

differs from Piaget's primarily in the emphases on social

learning, and verbal factors. In his four stage model of

acquisition, Vygotsky (1978) focuses on the transfer of

knowledge from a social or cultural plane to an intra

psychic representational plane. The key element in this

transfer, he believed, was language in that words were

viewed as the essential unit mediacing between social and

intra-psychic representation (Wertsch, 1985).

The four hypothesized stages (stage one: assistance

from others, stage two: self-assistance, stage three:

internalization/fossilization, stage four: deautomatization/
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recursiveness) describe a temporal sequence of events in

which the individual becomes increasingly self-reliant as he

or she internalizes the knowledge and assistance initially

provided by others (see Figure 7, p. 97).

stage one is characterized by joint productive

activity. The adult (or teacher) creates a structured

environment by setting limits and, if necessary, rearranging

the physical environment (Valsiner, 1984). The purpose of

this restructuring is to focus attention on the task at

hand. The individual is initially given instruction (or

talked through) the performance of the task as it is being

modeled. As the individual attempts independent

performance, assistance is provided by the teacher. This

phase of the process has been referred to as "guided

participation" (Rogoff et aI, 1984j.

In stage two (self-assistance), the individual who has

not quite achieved competency may talk him or herself

thro~gh the stages as initially inst~ucted (Vygotsky, 1978).

The individual at this stage has, in essence, memorized the

original instruction, and will repeat the self-instruction

as necessary.

The individual at stage three (internalization/

fossilization) has become sUfficiently competent with the

skill that it has become automatized, mechanized, or

habituated. Vygotsky (1978) referred to this stage as

II fossilization" because to all outvard appearances, the
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skill is no longer developing. It is at this stage that the

skill may have been said to have become a tool (or with

respect to abstract knowledge, a concept) in that its use no

longer requires assistance.

stage four (deautomatization) represents the stage at

which an individual who has fully learned a skill or concept

which is no longer in active use, and has been (at least in

part) forgotten. He or she will, dccording to Vygotsky

(1978), have to relearn the skill by cycling through the

stages again (in all likelihood at a more rapid pace).

Depending upon the extent to which the individual has

"unlearned" the skill, he or she will re-enter the cycle at

stage one or two.
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Towards a New Model: A developmental hybrid

While Vygotsky's model provides an excellent

description of individual acquisition of social knowledge

and skills it is less adequate as a model of performance

which is described herein as "fossilized," giving the

impression that it is no longer subject to growth and

change~ and poorer still as a model of artistic performance

(which implies, at least, novel use of skills or

information). The primary reason, I believe, that this

model has difficulty explaining modified and artistic

performance, is that once the skill or concept has reached a

level where it is "fossilized," and may be termed a "tool,"

it is no longer necessarily social. While this is implied

in Vygotsky's (1978) description (in the notion of transfer

to an internal, representational plane), it is never

explicitly stated, nor is the mechanism of interaction with

external (sensory) sources of information, or other socially

learned concepts or skills.

I believe that modified and artistic performance may be

more adequately described by a combination of Vygotskian and

piagetian principles (see Figures 8 & 9, pp. 97 & 100). In

this model, the external environment (e.g., task demands) or

internal environment (e.g., perceived gap or inadequacy)

necessitates a change in individual performance. This need

(or perceived inadequacy in the system) initially requires

deautomatization, or a change in "fossilized," automatic
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performance. The cognitive representation of the skill or

concept interacts with old knowledge (previously learned

routines, sensory information... ) and novel information

(either social or perceptual in origin) in the formation of

new knowledge or skills. It may be further hypothesized

that the content, source, and representational format of the

knowledge (treated as elements in the equation), in addition

to the type of operation (e.g., associative, linear

deductive) will determine the quality of the resulting

product.

In line with the description of levels of creative

production provided by I. A. Taylor (1959); Vygotsky's model

of skill acquisition may be adequate to explain level one:

expressive performance. The modified performance model

presented (Figure 8, p.97) provides a better explanation of

levels two and three: technical and inventive creation;

while levels four and five: innovative and emergenative

creation are better explained by the model of artistic

production (Figure 9, p. 100).
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Figure 9
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The models discussed present a description of the

acquisition of knowledge and skills in verbal and non-verbal

domains. Up to this point, distinctive aspects of verbal

and non-verbal processing and representation have been

alluded to, but not elaborated. In the following section, I

will discuss unique aspects of verbal and non-verbal

processing and representation, and ways in which these

variables may impact on creative production via the

mechanisms of selective encoding and retrieval, as well as

accuracy of representation, and decay.

Specific Features of Verbal and Non-Verbal Learning and Memory

In the preceding section general process models of

learning were presented. A review of these models indicates

that those models which focus on verbal learning are more

socially oriented; that is, to a gLeater extent, the learner

is viewed as passively receiving knowledge and conceptual

(cognitive) structures from the social and cultural

environment. Models which focus on non-verbal

(experiential) learning tend to view the learner in a more

active role with respect to concept formation. To the

extent that these theories are focusing on different

phenomena it is not necessary to question which is the more

veridical description. We may accept that these two
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descriptions are accurate with respect to (relatively)

independent phenomena. The questions we must then ask is how

these differences impact on other cognitive operations, and

how the two systems interact.

The operations which seem to be the most immediately

involved relate to input (perception, selective attention

and encoding), storage (representational format and

organizational schema, short and long term memory buffers,

accuracy, rate of decay) and retrieval. Secondary variables

relate to interactions within and between these systems

(e.g., linear-sequential versus aS30ciative or holistic

processing) •

As with the area of learning, the literature on

perception and memory is far too vast to adequately cover in

a paper of this scope. It is my intent to present only

information which is directly relevant to processing issues

in creative thought.

Perception

Sensation and perception may be distinguished by the

amount of cognitive processing involved. Whereas sensation

refers to the (relatively) passive receipt and processing of

sensory information (at an organic and neurological level),

perception refers to the cognitive processing

(interpretation) of sensations (cf. Schiff, 1980).
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Perceptual processes may additionally be distinguished by

relative volition or intent.

Incidental learning involves interpretation of random

and unexpected stimuli. Intentionnl learning involves an

orienting response as well as selective attention to

elements of the external field. There is ample evidence

that incidental and intentional learning involve different

processing mechanisms, and are more or less well suited to

verbal or non-verbal coding and storage.

In this section, I will focus on cognitive operations

which are viewed as mediators between sensation and

perception. The two primary operations of interest are

"perceptual filtering " (cf. Whorf, 1956) or selective

attention, and cognitive interpretation (the assignment of

meaning, conceptual ordering) (cf. Paivio, 1971a & 1971b,

1977; Schiff, 1980). To a large extent, these two

operations are inextricably intertwined; i.e., cognitive

interpretation influences selective attention and vice

versa. However, they may be distinguished to some extent in

the consideration of differences between intentional and

incidental learning (which does not involve an orienting

response) .

Selective Attention

Selective attention refers to the process by which we

focus on or attend to elements of the external environment
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(physical and social). Selective attention is believed by

many authors (e.g., Barron, 1988; Sternberg, 1988) to be an

essential component of the creative process. Creative

individuals have been described as those who perceive gaps

(in current knowledge) or elements which challenge

traditional conceptions, creating a need for new theories.

A number of authors have described selective attention

as mediated by a set of concepts or ideas related to the

organization of experience, alternately described as a

perceptual (Hessessey & Amabile, 1988) or cognitive (Barron,

1969, 1988) set, world view (Whorf, 1956) or paradigm (Kuhn,

1970). The common theory underlying each of these

descriptions is that each individual carries with him or her

ideas about how the world is organized, and these ideas

influence what aspects of the environment an individual will

attend to (and subsequently remember). It is in this sense

that perceptual processes have been described as a "filter

for experience" (Whorf, 1956). A corollary of this theory

is that individuals will attend to those elements most

harmonious with his or her world view (cf. Kuhn, 1970).

This effect serves to limit creative production to the

extent that most individuals fail to notice disharmonies or

inconsistent elements which necessitate a chang!= in the

paradigmatic system. Kuhn's description of scientific

revolution (an abrupt, rather than evolutionary change) is

based on the notion that it is the notation of one or more
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previously undetected disharmonies which creates the need

for a new system.

Selective attention may be influenced by predominantly

verbal or non-verbal, social or personal schema. It seems

relatively obvious, from a logical standpoint, that more

creative ideas will arise from a less socially-oriented

perspective (because "social knowledge," by definition, is

not unique or original). To a large extent, this statement

may also be applied to the distinction between verbal and

non-verbal thought. Words are signifiers of previously

described phenomena; therefore original thought in a purely

verbal domain is less likely than in a non-verbal (or mixed)

domain.

The effects of verbal (Sapir, 1927; Whorf, 1956) and

non-verbal (Ginsberg & Opper, 1978) cognitive sets have been

extensively discussed; however, to the best of my knowledge,

comparative studies have not been pUblished. Several years

ago, I conducted an infor~~l study to test the relative

consistency of conceptual schemas based on predominantly

verbal or non-verbal stimulus attributes. Subjects

(students enrolled in a cognition seminar) were given a bag

of common words, and a bag of glass beads to sort. While no

decision rules were presented, half the group was asked to

sort each into two piles (a difficult task given the variety

of both words and beads), and half were just asked to sort.

In both experimental conditions, conceptual homogeneity (as
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determined by identical groupings) was greater for the words

than the for the beads. In addition, when sUbjects were

questioned on their strategy, verbal sorting was more

clearly governed by socially guided ccncepts than was non

verbal sorting. This study may be said to provide some

evidence for increased social penetrability in verbal

thought, however, the small subject pool and the informal

nature of data collection prohibit drawing any firm

conclusions.

As discussed in the previous section, learning occurs

in both verbal and non-verbal, social and personal domains.

The issue is additionally clouded by the fact that while

verbal learning is more clearly a social phenomena, social

learning also involves non-verbal aspects (e.g., focusing an

individual's attention on an object or phenomena). The same

may be said of the formation of personal constructs, which

have been described by Piaget as p~imarily non-verbal, but

may also include verbal components discovered via individual

associative thought.

As has been demonstrated with respect to other

cognitive phenomena, individual differences in selective

attention may be a matter of cognitive style. This notion

has been investigated to some extent in the realm of

cross-cultural psychology. Greenfield and Lave (1972), and

Scribner and Cole (1973) conducted comparative studies of

formal, school-based (predominantly verbal) and informal,
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apprenticeship (predominantly non-verbal) educational

systems. As described by Scribner and Cole, the cognitive

consequences of this differential were more non-verbal and

personal constructs, and less ability to abstract and

generalize in students trained via an apprenticeship model.

cognitive Interpretation

Interpretation is involved at many levels of cognitive

processing. As discussed in the previous section,

interpretive processes influence w:lat features of the

environment will be attended to and coded. Cognitive

interpretation is also involved in the determination of how

stimuli will be coded (i.e., verbally or non-verbally), as

well as governing likely interactions between coded

materials. Cognitive interpretation (with respect to

perceptual processes) involves the attribution of meaning to

sensory stimuli (cf. Schiff, 1980).

Paivio (1971a, 1971b, 1977) describes cognitive

interpretation as a primarily verbal process to the extent

that labeling involves reductive analysis, while perceptual

representation does not. The diff~rences in verbal and

non-verbal processing are evident at the levels of encoding,

storage, and retrieval. Paivio (1971a, 1972, 1977, 1986)

conducted an extensive series of experiments on paired

associate learning, free and serial recognition and recall,

incidental and intentional learning. The results of this
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research will be presented in summary fashion; (the reader

is referred to the original sources for more detail).

The verbal system has been de~onstrated to function in

a sequential-linear and hierarchic fashion, and to preserve

less information more accurately. Studies of serial

learning demonstrate that overall item recall varies with

stimulus concreteness (favoring more concrete items), while

order information is better preserved with verbally

presented materials. Paivio explains this as a dual coding

effect; i.e., more concrete items may be verbally and non

verbally coded, increasing the overall likelihood of recall.

In recognition studies, memory for non-verbal materials has

been found to far exceed that for verbal, indicating that

more information is preserved in visual than verbal memory.

This effect has been demonstrated with respect to incidental

versus intentional learning, as well. In unexpected recall,

memory for elements of an unstructured visual array has far

exceeded that for similar information presented verbally.

One implication of this finding is that in order to be

effectively encoded and stored words must be analyzed and

placed within a meaningful context (implying a greater need

for cognitive interpretation).

In sum, the information presented in this section

indicates that verbal information is more sUbject to

cognitive interpretation, more socially influenced, and more

accurately remembered than non-verbal information. Non-
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verbal information is preserved in greater detail (excluding

order information) but with varying accuracy with respect to

specific stimulus attributes. Each of these attributes

contributes to the superiority of the non-verbal system as a

vehicle for creative thought. Aspects believed to be of

particular importance (at the incubation stage) are

selective attention (sternberg, 1988), selective forgetting

(Langley and Jones, 1988), and memory for previously uncoded

detail (Barron, 1988). As previously noted, both verbal and

non-verbal thought are required for completion of a creative

product. In the next section, I will examine models of

interaction between these two systems these systems.

Models of Interaction in

Verbal and Non-Verbal Thought Systems

Kosslyn (1980) describes general systems models as

falling into one of five classes: propositional, sequential,

mixed propositional-sequential, holistic or gestalt, and

parallel processing. For the sake of brevity, essential

features of each model will be discussed, and the model

presented in schematic form.

The most active proponent of the first class of model

is Pylyshyn (1973, 1981) who states that words and images

may share a propositional (mathematical-descriptive)
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representational format, eliminating the need to posit two

separate systems, or a mechanism for their interaction. His

argument for a shared format is that science need not

explain unsubstantiated subjective data (i.e., mental

images), and that the objective information regarding the

existence of such systems may be explained by the

penetration of tacit knowledge or belief systems into

general cognitive structures. Pinker (1984) indicates that

this argument is not valid, in that Pylyshyn does not

explain how this "penetration" occurs, which aspects are

penetrable, or offer an alternative explanation.

The next two classes of model, sequential and mixed

propositional-imageistic (Figure 10, p. 116), both posit

independent dedicated modules for verbal and non-verbal

representation. The two classes of model differ primarily

in which information is believed to be accessed first.

These models were proposed to explain reaction-time

differentials in the processing of verbal and non-verbal

information (reviewed in Kosslyn, 1980, and Paivio, 1971).

Sequential models have, for the most part, been abandoned,

as reaction-time differentials may be explained by

differentials in ability (Marks, 1977) and task demands

(Glushko & Cooper, 1978).

Seymour (1979) presents a holistic model of processing,

in which he posits separate systems for the processing of

graphemic, pictorial, acoustic and lexical information
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(Figure 11, p. 117). In this model processing is viewed as

terminating in a shared code in long term memory with no

inter-connections prior to that level. Translations between

systems are explained via a parallel structure within each

system. Processing within each system is viewed as a

gestalt or "blob" (Seymour, 1979, p. 247) rather than either

sequential or parallel.

The final class of model discussed, and the most

prevalent is parallel processing. The prototype for this

class of model is Paivio's (1971a, 1977, 1986) dual coding

model (Figure 13, p. 119). Several authors have since

offered variations (e.g., Anderson & Bower: Figure 12, p.

118, 1973; Kosslyn, 1980; Shepard & Cooper, 1982). Rather

than engage in lengthy descriptions of each model, I will

describe the proposed operations and contents of each node,

and allow the appended diagrams to illustrate the mechanism

of each working model.

Each of the models presented describes aUditory and

visual buffers which act as temporary retaining tanks for

unfiltered perceptual information (i.e., short-term memory

systems). In Kosslyn's model (Figure 14, p. 120), the

buffer serves the additional purpose of providing a

background spatial grid. Information in the buffer is

filtered and encoded in the appropriate scheme. Of the

three authors cited, only Kosslyn (1980) discusses the

encoding process in any detail. Kosslyn views the imagery
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system as acting as a third code which permits the exchange

of information at an earlier level than that proposed by

other authors. The two primary systems proposed in this

model are propositional (verbal-descriptive) and pictorial

(direct representation). In each of the three parallel

processing models translation is accomplished via a shared

code (Anderson & Bower, 1973; Kosslyn, 1980) or an

unspecified executive (Paivio, 1977).

The parallel processing models differ primarily in

attributions regarding the source and locus of meaning.

Paivio (1971a, 1977) asserts that verbal and visual

representational systems subserve different functions in

this regard. His premise is based on the fundamental

differences between sign and symbol. Paivio views the

imaginal system as a symbolic system where meaning is

inherent to and inseparable from the item itself. Language

is alternately treated as a system of signs with arbitrary

learned meaning.

Paivio (1971b) treats images as intrinsically more

meaningful than words, and describes a hierarchy of meaning

based on each representation alone, or in combindtion. The

first two levels of meaning, iconic and representational,

refer to the levels of sign and symbol. The third level,

referrential, assumes a concrete (defined by inter-modal

translability) associational correspondence between word and

image. The fourth level, associational, involves sequences
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of patterns, intra- verbal and imaginal, presumably

occurring at the level of long-ter~ memory.

Kosslyn (1980), by contrast, does not view meaning as

inherent in either word or image. He refers, instead, to an

underlying deep structure (Chomsky, 1965) which is the

source of meaning for both, and is evidenced in his model at

the levels of propositional representation and long term

memory.

within the context of the creative process, these

models may be said to serve as functional descriptions of

the illumination phase. According to Wallas's (1926) model,

the first stage, preparation, refers to the gathering of

information. This phase is viewed by most authors as

relatively conscious and directed, and mediated by logically

sequenced verbal thought. My review of the literature on

learning suggests that information is also gathered via

relatively unconscious sensory processes. Information (both

verbal and non-verbal) is coded and stored. The type of

representational code may be said to directly influence the

next stage of the process, incubation.

Posited mechanisms for the incubation stage include

associational thought (e.g., Barron, 1969, 1988; Mednick,

1962), gestalt closure (Wertheimer, 1945), and simple search

operations (Langley & Jones, 1988). Each of the proposed

mechanisms functions optimally with different types of

information. Novel production via associative processes
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presumes that novel elements are compared or combined in

traditional (analogic or metaphoric) patterns. The creation

of novel elements depends on either partial decay

(forgetting), or selective encoding. To this end an

imaginal code would function best, as it is (relatively)

more sUbject to partial decay (Kin1, 1972), and more

ambiguous (Chambers & Reisberg, 1985). Gestalt closure

relies on a relatively more accurate representation, and may

be better explained by a combination of verbal and visual

process. Simple search operations rely on highly accurate

representation, and are best explained via a propositional

model.

Each of the proposed mechanisms would terminate in a

different type of product. Associational processes would

produce a relatively ambiguous (i.e., undefined) image.

Gestalt processes would produce a spatially defined image.

Each of these products would require cross-modal translation

for effective communication and objective verification.

Search operations would produce a relatively well defined

(propositionally coded) product, which would not require

translation, because propositions are treated as a common

code.

At this point in time, the bulk of the evidence

supports an associational model, and parallel processing of

verbal and non-verbal information. It is possible, however,

that there is no single explanation of the creative process.



115

Each of the models reviewed can explain novel creation. It

is possible that each of these processes is relatively more

or less available to different people (depending on

individual abilities and cognitive style) at different times

(given varying task demands). An alternate possibility is

that each of these process is descriptive of different

levels of creativity (as defined by Taylor, 1959).

In the section which follows, I will review current

models of the creative process. As stated in my

introduction, these models are presented in outline form.

The following system models represent global overviews of

the creative process. Each node of the model may be treated

as a subroutine which has been discussed in greater detail

in previous sections.
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Figure 11

Gestalt Model
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Figure 12
Parallel Processing
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Figure 13
Dual Coding Model
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Figure 14
Parallel Processing
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CHAPTER 5

CURRENT MODELS OF THE CREATIVE PROCESS

In my review of the literature, I found only two models

which sUbstantially improved upon Wallas's (1926) original

model (Sternberg's "Triarchic Theory" and Cagle's revised

model) and one class of model which offered a different

interpretation (artificial intelligence/ computational). In

this section, I will outline each of these models and

discuss their capacity to explain the phenomenon of creative

production and to account for available data (as presented).

Artificial Intelligence Models

As a class, Artificial Intelligence (AI) models

generally follow a straight forward problem-solving format

(similar to that proposed by Guilford, 1968--see Figure 6).

These models generally focus on the preparation and

incubation stages. Creative production is viewed as

differing from other types of problem solving in the

selective encoding of pertinent information and in the

restructuring of the original question or problem.

Conscious and unconscious processes are treated as operating

in a similar (linear) fashion (Langley & Jones, 1988).

Verbal and non-verbal information is believed to be stored
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as propositional codes and treated in the same manner by the

system. The period of time which elapses during incubation

is explained by Langley & Jones (1988) as time required to

make a thorough search of long-term memory. The model of

search which they endorse is the "spreading activation"

model. This model describes knowledge as hierarchically

organized by increasingly broad categorical structures;

connections between conceptual groupings are similar to

those in overlapping sets. According to this description,

illumination may occur in a sequence of evolutionary stages,

in which the problem is refined and reorganized, and

independent memory searches are conducted.

While the AI models offer an adequate explanation of

the problem-solving process, the creative process has been

demonstrated to be different in many ways from typical

problem solving. The primary issue at hand is the

explanation of the production of novel responses. AI models

and many other classes of model explain novel responses via

analogic combination; however, while ana logic reasoning has

been demonstrated as a vehicle for insight, truly novel

insights cannot be generated strictly by combination of

previously discovered elements. In essence, the AI models

may explain improvements on old systems of thought (Taylor's

levels 1-3), but can not explain paradigm shifts (Taylor's

levels 4 & 5).



123

Wallas's Model Revised

Cagle's (1987) model (Figure 15) is a cognition based

model which expands on Wallas's model by considering

transformations in both abstract and concrete domains and

using several levels of evaluation and verification. Figure

15 represents a schematic of the process as described by

Cagle (1987, p. 3). Each of the four stages is treated as a

separate process, with a terminal product which is sUbject

to evaluation and verification prior to being entered as an

element at the next stage. The stages are viewed as

alternating between the use of abstract and concrete

materials, linear-deductive and associational thought.

Figure 16 depicts the proposed dimensions of thought which

result from the combination of operation and content.

My evaluation of this model is that it provides a very

good description of the cognitive processes involved in

creativity, with one notable exception. I believe that it

is unnecessary and counterproductive to posit evaluation and

verification processes during the incubation phase. If

these stages are unconscious as has been proposed by Wallas

(1926) and endorsed by Cagle (1987), evaluation is highly

unlikely. In addition, one of the primary reasons for

proposing this type of stage or process is to allow for

unhindered, unevaluated divergent production. According to

the widely accepted description proposed by Wallas (1926),



alternation between conscious and unconscious processes is

necessary to allow for freedom and constraint (cf.

Johnson-Laird, 1988). This criticism of the model is not,

however, especially damaging, as the model may be revised

without sUffering any loss of information. In addition, I

believe this revision would provide a more accurate

representation of the process.

124
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Figure 15

Wallas's Model Revised
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sternberg's Triarchic Model

sternberg's (1988) Triarchic model is the first I have

seen which combines aspects of personality functioning,

cognitive style, and cognitive abilities. This model will

be presented in outline form, as components of the process

have been fully discussed elsewhere.

The intellectual facet of creativity is described as

composed of three primary meta-components (sternberg, 1988,

pp. 132-138): problem recognition, problem definition, and

knowledge acquisition. sternberg describes problem

recognition similarly to Barron (1988) as sensitivity to

gaps and inconsistencies. Problem definition is described

as an ability to restructure problems and overcome

perceptual and cognitive sets. Knowledge acquisition is

described as a process of selective encoding, selective

comparison, and selective combination (cf. Davidson &

Sternberg's [1984] insight model). Sternberg's general

model of intellective application may be summarized as

insightful problem solving within the context of a newly

structured field.

Sternberg's (1988) analysis of the contributions of

cognitive style follows an analogy to "mental self

government" (p. 139). He characterizes cognitive style as

composed of five major aspects: function (legislative,

executive or judicial), form (monarchic, hierarchic,

126
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oligarchic or anarchic), level (global or local), scope

(internal or external), and leaning (conservative or

progressive). A full description of all aspects of this

model would amount to a reiteration of Sternberg's article.

This is not my intent, and the reader is referred to the

original source for a more detailed description than that

provided here. I will, instead, highlight those features

described as characteristic of the creative individual.

Creative individuals are described as having a primarily

legislative (functional) style (creating their own

structures and rules), anarchic form (no structural

hierarchy of needs, goals, or priorities), a global level of

focus on the problem with the ability to focus on localized

aspects, an internal orientation, and a progressive leaning.

The personality characteristics described by Sternberg

(1988) are well documented in the literature and contribute

positively to tendencies to use intellective ability in a

creative way. The highlighted characteristics include: a

tolerance for ambiguity, a willingness to surmount

obstacles, a willingness to grow, intrinsic motivation,

moderate risk-taking, a desire for recognition and a

willingness to work for recognition.

Sternberg's Triarchic theory represents a very thorough

analysis of creative production. The only flaw which I find

with this theory is the absence of a working model of the

process. This deficit may be remedied by combining
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sternberg's Triarchic model with a revision of Cagle's

model, for a more complete description.

Conclusion

The literature reviewed illustrates that the creative

process has been more adequately described than is generally

acknowledged. The bulk of the available literature may be

faulted for assuming too narrow a view, as the majority of

research in the area has been focused on one aspect of the

process or inclination of the creative individual. By

combining models, a fairly thorough description of the

process is possible.

The literature reviewed suggests that the creative

process involves a number of integrated abilities and

responses. The relative utilization of these abilities may

depend to a large extent on cognitive style and personality

factors.

with respect to abilities, either verbal (intellectual)

or non-verbal (imageistic) skills may act as a limiting

factor. It is my impression that reported effects related

to superior imaging skills may be a cultural artifact to the

extent that we live in a predominantly verbal culture. This

has been noted by other authors as well (e.g., Arieti, 1976;

Scribner & Cole, 1973). While considerable research has

been done in the area of intellectual threshold effects,
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very little similar research exists in the area of non

verbal abilities. I propose that this is an area which

should be studied more directly.

Research is just emerging whiGh treats personality,

motivation, cognitive abilities, and cognitive styles as

interrelated factors. Thus far, these factors have been

studied only from a theoretical perspective. Direct

empirical study of these relationships is another area of

promise.

Finally, although many factors have been shown to be

related to creative functioning (via correlational studies),

it has yet to be determined whether these attributes are

predisposing or acquired. In order to begin to answer this

question, it is necessary to conduct research which

considers maturational changes in cognitive abilities and

cognitive style. Research which would contribute to

elucidating maturational changes includes longitudinal

research starting with very young subjects, and research

which samples individuals at various ages.
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CHAPTER 6

RESEARCH

Statement of Need

As noted in the preceding literature review, although

much research has been conducted on the creative process

over the course of the past century, the bulk of this work

has focused on the identification of a single factor or

trait which predisposes towards creative production. The

wide variety of measures used to study each hypothesized

characteristic has made comparability of research and

synthesis of data quite difficult. More recent trends in

the literature (see e.g., Sternberg, 1988; West, 1991)

acknowledge the multitude of factors which contribute to the

process and successful completion of the creative product;

nonetheless, comprehensive empirical research which

addresses the complexity of the process is extremely scarce.

Also of note is the lack of data on changes in cognitive

abilities and cognitive style which occur with maturation

and education.

My review of the literature leads me to believe that

the most salient factors of the creative process are likely

to be interactive, involving both verbal and non-verbal or

intellective and imageistic abilities and mediating

(cognitive style) factors. This view is not only consistent

with current information-processing theories (see, e.g.,

Kosslyn, 1991; Paivio, 1986; Sternberg, 1988; West, 1991),
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but also with demonstrated neuropsychological functioning

(Bogen & Bogen, 1988; Hoppe, 1988; Kaplan, 1988).

While it is not feasible in a single study to sample

all of the factors and abilities believed to contribute to

the creative process , it is possible, via combination of

some specific and general measures, to tap into some of the

more salient features of the process. As previously noted,

a comprehensive study would involve measures of creative

ability, verbal (intellectual) and non-verbal (imageistic)

abilities, and higher-order mediators (i.e., cognitive style

and personality factors). In addition, information related

to changes which occur with maturation and education may be

gathered by including sUbjects from a variety of age groups,

and grade levels.

studies

In order to address the stated areas of need, two

studies were conducted. The first study was conducted with

a sample population which is relatively homogenous with

respect to age, education, and other background variables.

This study focused on individual differences in cognitive

abilities, cerebral hemispheric laterality and cognitive

style as they relate to creative ability (as measured by a

standard creativity test). The second study focused on the

relationship between differentials in non-verbal ability,

cerebral hemispheric laterality, cognitive style and
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creative ability as determined by an objective indicator

(regional winners of the national invention fair compared

with randomly selected control subjects). The sample

population of the second study is relatively more

heterogenous with respect to background variables than the

first because a subset of the sample population was randomly

selected. In addition, the second study is designed to

provide maturational data because subjects were selected

from each of five grade levels.

Study 1

Method

subjects

Testing was conducted with two classes enrolled in

Waianae High School's Imua program. The students in these

classes are those who have not been successful (as measured

by standard academic achievement measures) in regular

classrooms and have been placed in an alternative classroom

to obtain high school equivalency degrees. These students

are similar in their academic backgrounds, as each has

received 11 years of classroom training in a similar

environment. This group of subjects is ethnically diverse,

with the majority of native Hawaiian or mixed ancestry.

The group consisted of 17 subjects, ten male and seven

female. The age range for this sUbject group is 16-19.
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In accordance with the "Ethical Principles of

Psychologists" (American Psychological Association, 1981),

participation in this study was encirely voluntary, and

prior consent was obtained from the students who

participated, as well as from their parents or legal

guardians. Consent to conduct this study was also obtained

from the principal and classroom teacher in order to ensure

minimal disruption of the curriculum. In addition,

debriefing sessions were held at the end of each testing

session to provide information on the nature of each test,

and the purpose of the study.

Measures

I. Creativity: The Torrance Test ~f Creative Thinking

(TTCT) Verbal and Figural Form A (Torrance, 1974) was used

as the criterion measure in this study. See appendix for

sample items.

The TTCT yields three primary measures: a verbal index

(VI), a figural index (FI), and a creativity index (CI), and

six subscales (three verbal and three figural). Verbal

items are scored for fluency (total number of appropriate

responses), flexibility (number of distinct categories into

which appropriate responses fall), and originality

(appropriate responses which deviate from the normative

sample's typical responses). Figu~al items are scored

similarly for fluency and originality, and are additionally



134

scored for elaboration (number of details which elaborate

the response beyond what is required for identification).

Raw scores on all scales may be converted to age-corrected

standard scores and percentile ranks based on extensive

national normative data.

II. IQ: In order to test the prevalently held "threshold

theory," an IQ measure was included in this study. The

Shipley Institute of Living Scale (SILS) (Shipley, 1982) was

chosen as the IQ measure, because it can be administered as

a group test. Time constraints imp0sed by the classroom

setting prohibited the use of a more lengthy battery.

The SILS samples vocabulary and abstract reasoning, and

has demonstrated adequate comparability with standard IQ

measures. The SILS yields three measures: a verbal quotient

(VQ) and an abstract quotient (AQ) , reported as aT-scores,

and a transformed full scale IQ (FSIQ).

III. Verbal abilities: Two measures of verbal ability were

used, one sampling linear-deductive thought and one sampling

divergent thought.

a. Convergent thinking: The SILS AQ was used as the

primary measure of convergent thoujht, and the SILS FSIQ as

a secondary measure (because it is not as factorially pure

as the AQ). The SILS VQ provides an additional measure of

verbal knowledge.

b. Divergent thinking: The Alternate Uses Test (TTCT

Verbal Form A) is a test of divergent verbal thought, which
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comprised part of Guilford's original battery. The primary

benefit of administering this test as part of the TTCT lies

in the availability of current national norms.

IV. Imaging Ability: Because of the lack of demonstrated

confluence, and evidence that they may be sampling different

abilities or components thereof (Dean & Morris, 1991), both

subjective rating scales, and an objective measure were

used.

a. Subjective scales: Because they are the most well

validated scales currently available, Marks' (1973)

Vividness of Visual Imagery (VVIQ) and Gordon's Test of

Visual Imagery Control (TVIC) (Richardson, 1969) were used

as the sUbjective imagery measures. Sample items from both

of these scales are presented in the appendix.

The VVIQ is a 16 item questionnaire in which the

subjects are presented with various scenes and objects to

imagine. They are then asked to rate the vividness of the

images they produce along the following scale: 1 = Perfectly

clear and as vivid as normal vision, 2 = Clear and

reasonably vivid, 3 = Moderately clear and vivid, 4 = Vague

and dim, 5 = No image at all-- you are only aware that you

are thinking of the object. The VVIQ was scored as an

averaged response over all items.

The TVIC is a 12 item questionnaire in which subjects

are presented with various scenes and asked to imagine

manipulations of the images they produce. They are then
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asked to indicate, by circling yes, no, or unsure, whether

or not they were able to manipulate the image. The TVIC was

scored as a summary of the numeric values of subject's

responses.

b. Objective measure: The Figural Memory subtest from

the Wechsler Memory Scale (WMS) (Wechsler & Stone, 1973) was

used as the objective measure. This test consists of the

presentation of four increasingly complex abstract stimuli

for ten seconds each. The students were instructed to

reproduce each design immediately upon the removal of the

stimulus and again at the end of two hours. This test

yields two scores, one for immediate (WMS 1) and one for

long-term (WMS 2) iconic memory. The primary consideration

in the selection of this measure was the availability of

extensive normative data, which allowed for the conversion

of raw scores to age-based percentile ranks.

V. Cerebral Hemispheric Laterality: Numerous authors have

noted the similarities between the opposing (verbal and non

verbal, conscious and unconscious) processes involved in the

creative process and discussed the differing roles of the

two cerebral hemispheres in cognition (see e.g., Bogen &

Bogen, 1988; Kaplan, 1988; Hoppe, 1988). As noted in the

preceding review of the literature, direct empirical

evidence relating to the role of hemisphere dominance in the

creative process has been sparse and inconsistent, perhaps

due to the exclusion of "integrated" processors in the
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groups sampled. It is therefore desirable to include a

measure of hemisphericity which allows for the determination

of a relatively dominant or integrated style of processing.

Two measures of laterality were used in this study.

a. The conjugate-lateral eye movement test (CLEM)

(Bakan, 1969) was administered because it has been, to

date, the most widely used measure of laterality in

psychological research. The CLEM is an interview procedure

in which the sUbject is posed ten questions, five of which

invoke logical or mathematical processes and five of which

invoke iconic or spatial memory. The direction of gaze is

noted and an average score obtained. Logical and

mathematical questions involve pri,narily left cerebral

hemispheric processes, while spatial questions involve

right hemispheric processes. The direction of gaze is

contra-lateral to the active hemisphere. The averaged score

reflects the preferred cerebral hemisphere.

b. A dichotic listening task (Johnson et al. 1984) was

administered as well, because of more extensive validation

with other cognitive measures. students listened to a taped

recording of a male voice reading 30 number sequences,

dichotical]y presented through stereo headphones. The

presentation consisted of ten trials each of sequences of

three, four and five numbers. Testing time was

approximately 20 minutes. students were instructed to write

down the numbers they heard, in the correct order,
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immediately following each sequence. The test was scored

for the total number of sequences presented to each ear

correctly recalled. Laterality determinations ~Jere based on

a ratio of the total number correct to each ear versus the

total number correct for each individual (DL-H). This

procedure also yielded information regarding auditory verbal

memory. This data was obtained by utilizing a ratio of

correct responses to total possible responses for each ear

of presentation and over the total response set. In data

tables, auditory memory scores will be coded as: Total

correct responses (DL-T), correct responses to right

hemisphere presentation (DL-R), and correct responses to

left hemisphere presentation (DL-L).

VI. Cognitive mediators: Of particular interest among the

host of cognitive mediators proposed to playa role in the

creative process is the relative extent to which an

individual tends to preferentially use verbal or visual

processes. The only available measure of this cognitive

style variable is Richardson's (1977) Verbalizer-Visualizer

Questionnaire (VVQ). This measure has been validated against

other cognitive style measures (Richardson, 1977), but has

not yet been used within the context of creativity research.

Sample items from this scale will be presented in the

appendix.

The VVQ consists of 15 questions which have been

factorially determined to distinguish between individuals
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with a predominantly verbal or non-verbal cognitive style.

The VVQ was scored so that items answered in the keyed

direction (visualizer) received a dcore of 2, and items

answered in the opposite direction received a score of o.

This produced a 0-30 scale, with individuals scoring < 15

being described as "verbalizers" and individuals scoring>

15 being described as "visualizers."

Procedure

All tests were administered in two one-hour testing

sessions with a fifteen-minute break between the two. The

WMS was administered at the beginning and end of the testing

session for each group (a two hour lag time) in order to

collect data on long-term iconic m~mory. The order of

presentation of the other tests differed for each group of

four subjects. This was necessitated by limitations imposed

by the apparatus used to present the dichotic listening

stimuli. In addition, the mixed-presentation design should

have eliminated any order effects which might have

influenced the data. Group administration procedures were

used for all tests, excepting conjugate-lateral eye movement

which was administered individually.
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Results

Because of the large amount of data collected on each

subject and the variety of scales which were used, several

separate statistical analyses were conducted.

The primary focus of this study was the relationship of

imaging ability and cognitive style to creative ability.

Based on the historical literature and prevailing models, it

was predicted that individuals with good imaging skills

would tend to be more creative than those with poor imaging

skills. It was also predicted that cognitive style (i.e.,

preference for a verbal or visual style of processing

information) would help or hinder the process in such a way

as to demonstrate a strong interaction effect with imaging

ability.

To the extent that cognitive style is viewed as related

to cerebral hemispheric laterality, it was predicted that

individuals with a strong preference for visual or verbal

thought would also show laterality to the associated

hemisphere, and that this in turn would be related to

imaging ability and to creative performance.

Because the relationship of IQ to creative ability has

been the subject of much controversy, this relationship was

examined as well. The "threshold theory" maintains that

this relationship holds in the lower but not the upper

ranges of IQ (Barron, 1969; Guilford, 1968; Shaw & DeMers

1986, 1986-87; Wallach & Kogan, 1965). In the research
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conducted by these authors, a slight to moderate

relationship was reported in subjects with IQs in the 100

120 range. None of these authors, however, has conducted

research with sUbjects whose IQs fall below 98. Subsequent

research (e.g., Runco & Albert, 1986) found no relationship

between these abilities, and attributed earlier results to

the use of inadequate measures. It was predicted in this

study that no relationship between these two abilities would

be demonstrated, but that IQ could be a limiting factor in

achievement (cf. Runco & Albert, 1986). The final analysis

conducted is an analysis of creative ability, imaging

ability, hemisphere dominance and cognitive style by sex.

Previous research (e.g., Forisha, 1978) has indicated that

women tend to have stronger imaging abilities and a greater

tendency to be right hemisphere dominant or integrated

processors (LeMay, 1986). This information suggests that

women are more likely to be visual processors, a hypothesis

which has not yet been tested.

Results

Descriptive statistics.

Normative data are available for the TTCT, SILS, WMS,

and cerebral hemispheric laterality. This data will be

reported as the basis for comparing this sample to the

population at large.
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Scores on the TTCT are reported in Table 1 (p. 144) as

percentile ranks based on national norms reported by

Torrance (1990). Standardized scores are also available for

the TTCT, which uses a standardized scale with a mean of 100

and standard deviation of 20 (Torrance, 1990). Percentile

ranks are reported here, as they aLe viewed as being more

useful as a basis for comparison. Reported standard

deviations (SD)s are for standardized scores. Sample norms

for the SILS are reported in Table 2 (p. 144). For the

SILS, only standardized scores are available. The SILS uses

T scores with a mean of 50 and standard deviation of 10 for

the VQ and AQ, and a transformed FSIQ with a mean of 100 and

standard deviation of 15 (Shipley, 1982).

Scores for the WMS are reported in Table 3 (p. 145).

WMS scores are reported as age-based percentile ranks. The

WMS is the only one of the three imagery measures used in

this study for which normative dat3 are available.

Sample norms for the two hemisphericity scales are

reported in Table 4 (p. 145). The CLEM was scored as 3 =

right hemisphere dominant, 2 = integrated processor, 1 =

left hemisphere dominant. Dichotic listening is reported as

percentage of an individual's total correct responses to the

right cerebral hemisphere; scores above 50 indicate a

greater tendency to preferentially use the right hemisphere.

Galaburda (1984) reports on several physiological studies of

cerebral laterality in the general population. These



studies, which used a variety of measures, are extremely

consistent and confirm the trends reported by Geschwind and

Levitsky (1968): 65% left hemisphere dominant, 24%

integrated, 11% right hemisphere dominant.

Population norms are not available for the three

subjective scales used in this study (VVIQ, TVIC, VVQ) or

for aUditory verbal memory (% correct on DL). For these

scales, sample norms will be p~esented in order to

illustrate the range of ability and cognitive style

represented in this group. This data will be presented in

Table 5 (p. 146).

143



Table 1

Sample Data for the TTCT

144

Scale Range Mean Median S.D

Primary Indices

CI 1-88% 50.76% 61% 18.09

FI 2-99% 69.59% 94% 21.58

VI 2-96% 60.00% 64% 19.49

Figural Scales

Fluency 6-96% 79.94% 87% 16.32

Originality 2-81% 37.24% 43% 19.10

Elaboration 1-99% 65.8% 99% 47.9

Verbal Scales

Fluency 2-98% 51. 0% 43% 20.27

Flexibility 3-99% 73.18% 84% 21. 38

Originality 1-94% 50.82% 46% 21. 35

Table 2

Sample Data for the SILS

Scale

AQ

VQ

FSIQ

Range

38-61

26-48

60-108

Mean

50.53

38.47

89.12

Median

54

40

90

S.D.

7.49

6.34

13.59



Table 3

Sample Data for the WMS
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Scale Range Mean Median S.D.

Short-term 35-96% 76.94% 85% 20.83
memory

Long-term 1-99% 78.12% 87% 25.95
Memory

Table 4

Sample Data for Hemisphericity Scales

Scale Range Mean Median S.D.

CLEM 1. 36-2 .88 2.17 2.17 .51

Dichotic 41-74% 53.35 51 9.16

Hemispheric classifications by measure:

Scale Classification N £:. of population0

CLEM

RH Dominant 6 35%

Integrated 9 53%

LH Dominant 2 12%

Dichotic Listening

RH Dominant 3 18%

Integrated 14 82%
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Table 5

Sample Dat.a for Subjective Scales

Scale Range Mean Median S.D.

VVIQ 1.25-3.75 2.25 1. 84 .83

TVIC 7-24 16.7 18 4.98

VVQ 8-26 16.24 16 4.68

DL-Total 45-82% 58.24% 58% 10.08

DL- LH 23-83% 56.53% 50% 15.03

DL-RH 40-80% 60.0% 60% 9.63

Population description.

The data presented in Tables 1-5 describes the

normative trends in the population of study 1 as compared to

the general population. In this section, a summary of the

tabled data will be presented.

1. Creativity: Subjects in this study may be described

as of average to superior creative ability. The normative

score on the creativity index (CI) fell almost a full

standard deviation above the population average. Scores on

the figural (FI) and verbal (VI) indices were even more

remarkable, with mean scores in the 69th and 60th

percentiles and median scores in the 94th and 64th

percentiles. On these indices, variability in the sample

population is comparable to that found in the general

population, and a t-test demonstrated no significant

difference between sample and population means (Cl,
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T = 1.90, P > .075; FI, T = 2.01, P > .061; VI, T

p>.26).

While average performance on figural scales was greater

than average performance on the verbal scales as reflected

by the differences in the two indices (FI vs. VI),

performance on the figural subscales was considerably more

variable. Standard deviations on the figural scales ranged

from 16.32 to 47.9, while those for the verbal scales ranged

from 20.27 to 21.38.

The greatest strengths exhibited by this group were on

the figural fluency and elaboration scales and on verbal

flexibility. Scores on these scales fell one to two

standard deviations above the norm, while scores on figural

originality, verbal fluency and originality were average to

below average.

2. IQ: In this sample, IQ scores were average to below

average, with mean and median scores on the FSIQ falling in

the "low normal" range. Scores on the AQ (a measure of

verbal reasoning) ranged from two deviations below average

to one deviation above, with mean and median scores in the

average range. Scores on the VQ (a measure of verbal

knowledge) ranged from two deviations below average to

average, with mean and median scores one deviation below

average, in the "dull normal" range.

3. Hemisphericity: Classifications on this dimension

were different for the two measures used. The CLEM
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classified the group as 35% right hemisphere dominant 53%

integrated processors, and 12% left hemisphere dcrni~3nt.

The dichotic listening task classified the group as 18%

right hemisphere dominant and 82% integrated processors.

The noted classification differences may be explained by the

nature of the differences in the two measures used. The use

of number sequences in dichotic listening is more sensitive

as a measure of left hemisphere dominance (Johnson et al.,

1984). Since this group of subjects has demonstrated a

greater inclination to preference for right hemisphere

processing and integrated thought, their performance on this

task was likely to be less than optimal.

Both the CLEM and dichotic listening describe this

group of subjects as differing sUbstantially from the normal

population, with a pronounced shift towards right hemisphere

dominant, and integrated processors.

4. Imagery and Cognitive Style:

a. WMS: Performance on the WMS was consistently in the

superior range, with group means and medians for short and

long-term memory falling in the 75th to 90th percentile

range. A T-test indicated that obtained sample means are

significantly higher than population means (T = 5.33,

P < .0001).

b. VVIQ: Scores on the VVIQ ranged from 1.25 to 3.75,

with a group mean of 2.25 and median of 1.84 as compared to

a scale mean and median of 3.0. These scores define a trend



149

towards high vividness of visual imagery. Because

population norms are not available for this scale, group

norms were used as the basis for classification into high

and low imagery groups for subsequent (ANOVA and chi

square) analyses. The mean score of 2.25 was used as the

turning point. This cutoff score effectively separated the

group into high versus average to low imagers. This cut off

point was determined by the application of nonparametric

techniques (Mood's median test and chi-square analyses) to

group data as the point at which differences in responding

(on related scales) are significant. Additional analyses

were performed, treating the VVIQ as a continuous variable.

Scaling was reversed for correlational and regression

analyses so that scoring would correspond to other measures

used (i.e., high scores = high imagery).

c. TVIC: Scores on the TVIC ranged from 7 to 24, with

a group mean of 16.7 and median of 18 as compared to a scale

mean of 12. These scores define a trend towards high

imagery control. In the absence of population norms, the

group mean was used as the basis for dividing the group into

high and low imagery control groups for subsequent (ANOVA

and chi-square) analyses.

d. Scores on the VVQ ranged from 8 to 26 with a group

mean of 16.24 and median of 16 as compared to a scale mean

of 15. These scores define a trend towards integrated

processing, with a slight shift towards visual thinking. In



the absence of population norms, the scale mean of 15 was

used as the basis for classifying members of this group as

"verbalizers" or "visualizers" for sUbsequent analyses.

e. AUditory verbal memory: Mean and median scores on

DL ranged from 56 to 60% correct with greater recall and

more consistent performance in right hemisphere

presentation. Because there is no normative data available

for this task, it is impossible to judge the quality of

overall group performance. However, the demonstrated range

of scores permits individual comparisons.

Data Analysis

Correlational analysis.

The first statistical analysis performed was a

correlational analysis over all scales for the group

considered as a whole. This analysis provided an overview

of significant trends and relationships among data sets.

Pearson's r with df = 15 was used as the basis for

determining significant effects. The following

relationships were determined to be statistically

significant:

1. Creativity scales:

a. TTCT intercorrelations: Scale intercorrelations

will be reported as a means for jUdging the extent to which

the TTCT may be viewed as a uniform or factorially pure

measure.

150
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The CI is significantly related to all scales. Because

of the derivative nature of this scale (CI is calculated

from a total of T scores) this does not provide any useful

information. The correlation between VI and FI is not

significant (r = .347, P > .05). This indicates that verbal

and figural scales of the TTCT are measuring different

abilities. If these scales measured factors of a "larger"

ability, at least moderate correlation would be expected.

For the scales which comprise the verbal index (VI)

strong intercorrelations were demonstrated: Verbal fluency

is related to verbal flexibility, r = .760, P < .0005, and

to verbal originality, r = .879, P < .0005. Verbal

flexibility is related to verbal originality, r = .639,

P < .005.

For the scales that comprise the figural index (FI),

intercorrelations were found for figural elaboration and

figural originality, r = .644, P < .005. Neither scale is

significantly related to figural fluency, which is, however,

significantly related to all three verbal scales: verbal

fluency r = .525, P < .025; verbal flexibility r = .686,

P < .005; verbal originality r = .533, P < .025.

The pattern of intercorrelation among the scales which

comprise the TTCT indicates that it is measuring at least

two distinct factors. The strong relationship among the

verbal scales indicates that VI may be a factorially pure

measure of verbal divergent thought, or a factor of a more



152

general ability. The relationship of figural fluency to all

the verbal scales provides an indication that they may all

be factors of a more general ability. The failure to find

such a relationship among the figural scales indicates that

it is not a factorially pure measure. The relationship of

figural originality to figural elaboration indicates that

they may be factors of another general ability (since the

scoring of these two scales is mutually distinct).

b. Correlation with other measures: For the primary

indices (CI, VI, and FI) the following significant

relationships were found: CI is positively related to

imagery vividness (VVIQ), r = .432, P < .05, and negatively

related to hemisphericity as determined by dichotic

listening (DL) , r = - .447, P < .05. No other significant

effects with CI were found. VI is positively related to

imagery vividness, r = .55, P = .01, and negatively related

to hemispericity as determined by DL, r = -.417, P < .05.

FI is negatively related to hemisphericity as determined by

DL, r = -.532, P < .025.

For the TTCT subscales, the following significant

relationships were found: Verbal fluency is related to

VVIQ, r = .504, P < .025. Verbal flexibility is related to

VVIQ, r = .551, P < .01, and negatively related to

hemisphericity as determined by DL, r = -.449, P < .05.

Figural fluency is related to both VVIQ, r = .448, P < .05,

and to long-term iconic memory (WMS) , r = .482, P < .025,
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and negatively related to verbal knowledge (VQ) , r = -.498,

P < .025. Figural originality is negatively related to

hemisphericity as determined by DL, r = -.432, P < .05.

Figural elaboration is negatively related to iconic short

term memory (WMS) , r = - .516, P < .025.

In this analysis, significant trends were demonstrated

in the relationship of creativity to imaging abilities. The

strength of this relationship varies significantly among 'the

factor scales of the TTCT. In this group, imaging ability

appears to have a greater impact on verbal divergent thought

than on figural divergent thought. This may provide some

evidence for the hypothesis that either verbal or non

verbal skills may be a limiting factor in creative

production. It is notable that imagery was found to be

significantly related to the four scales of the TTCT which

correlated significantly with one another, and unrelated to

the other two scales. This provides additional evidence

that the TTCT measures at least two distinct factors.

In this group, the demonstrated trend was towards high

imaging ability and average to low verbal convergent

thought. The demonstrated relationships provide an

indication of mediational strategies involving the use of

imaegeistic processes in verbal divergent thought, perhaps

as a means for compensating for weak verbal convergent

thought. Cognitive mediation and interaction effects will

be more thoroughly examined in another section.
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2. Imagery Scales: Relationships among these scales

determine extent to which they may be viewed as

measuring the same ability or factors of a more general

ability. In addition, relationships between sUbjective and

objective scales provide an index of how good this group of

subjects is at describing their abilities (or how aware they

are of the extent of their abilities).

The VVIQ was found to be positively related to iconic

short-term memory (WMS) , r = .524, P < .025, iconic

long-term memory (WMS) , r = .536, P < .025, and sex,

r = .618, P < .005, and negatively related to age,

r = -.629, P < .005.

The TVIC was unrelated to either the VVIQ or the WMS,

but was significantly related to FSIQ, r = .416, P < .05,

and verbal reasoning (AQ) , r = .538, P < .025.

Short-term iconic memory (WMS) is significantly related

to sex, r = .532, P < .025, and negatively related to age,

r = -.50, P < .025.

AUditory verbal memory (as determined by DL % correct)

is significantly related to sex, r = .473, P < .05, with the

women scoring higher overall than the men. Percent correct

to the left hemisphere is significantly related to AQ,

r = .438, P < .05 and percent correct to the right

hemisphere is significantly related to FSIQ, r = .415,

p < .05. Percent correct to the left hemisphere is

negatively related to right hemisphere dominance, as
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determined by percentage of an individual's correct scores

to the right hemisphere, r = - .715, P < .005.

The strength of the relationship between the VVIQ and

WMS scales indicated that it is a good index of imaging

ability for this group (see Figure 16, p. 156). It also

indicated that this group is relatively insightful regarding

the strength of their imaging abilities. The lack of any

significant relationship to either of the other imagery

measures, and the presence of a st~ong relationship to IQ

measures indicates that the TVIC may not be a good index of

imaging ability.

Negative relationships between age and the VVIQ and WMS

scales provides an indication that these abilities may

decline with age (see Figure 17; p 157). The strong

relationship of imaging ability to sex (see Figure 18, p.

158) confirms trends reported in the literature (e.g.,

Forisha, 1978) and will be discussed further in another

section.

Relationships between scores for auditory verbal memory

and IQ scales indicate that this ability is more strongly

linked to verbal convergent thought than to divergent

thought, or iconic memory. The strong negative relationship

between right hemisphere dominance and correct recall to the

left hemisphere may provide an indication of a compensatory

relationship.



Figure 16

The Relationship of Visual Memory to

Imagery Vividness
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Figure 17

The Relationship of Age to Visual Memory

and Imagery Vividness
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Figure 18

Gender Differences in Imaging Ability
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relationship. That is, individuals who are weak with

respect to skills required for left hemisphere processing

shift to right hemisphere processing in order to utilize

skills at which they are more adept.

3. Mediational variables: Th3 mediational variables

examined in this study are hemisphericity as determined by

CLEM and DL and preference for a more verbal or visual style

of thought (VVQ). The relationship between VVQ and

hemisphericity is likely to be interactive, if present, and

may not be demonstrated by a correlational analysis. The

same is true for the relationship between imagery ability

and each of the proposed mediational variables, to the

extent that mediational variables are likely to be

influenced more directly by cultural, educational, and

personality factors than are cognitive measures. The

relationship between hemisphericity and convergent thought

(IQ) should be more direct, as convergent thought is

believed to be dominated by left hemisphere processes. In

this group of sUbjects, the following relationships were

found.

The relationship between the two hemisphericity

measures is weak (i.e., insignificant) and negative;

r = -.333, P > .05.

The VVQ was unrelated to either measure of

hemisphericity. VVQ X CLEM, r = .12, P > .05; VVQ X DL,

r = .006, P > .05.
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CLEM is significantly related to iconic short-term

memory (WMS) , r = .559, P < .01, and negatively related to

both FSIQ, r = -.481, P < .025, and to verbal convergent

thought (AQ) , r = -.466, P < .05.

DL is negatively related to iconic long-term memory,

r = -.447, P < .05.

The demonstrated relationships indicate that CLEM and

DL are measuring different inclinations. For this group,

CLEM appears to be a more sensitive indicator of

hemisphericity. This may be explained by the preponderance

of right hemisphere dominant and integrated processors in

this sample (as indicated by both measures). As discussed

previously, the DL task used in this study is more sensitive

to left hemisphere dominance.

4. IQ: IQ measures were included in this study to test

the "threshold" effect in the lower ranges of IQ. As

reported in the section on creativity scales, in this study

IQ and creativity were found to be unrelated, except in the

case of figural fluency where verbal knowledge (VQ) was

found to have an inhibitory effect.

In general, all three of the IQ scales used in this

study (FSIQ, VQ and AQ) were found to be weakly (i.e.,

insignificantly) related to creativity, with a consistent

negative association. On two scales, verbal fluency and

originality, this effect approached statistical significance

(r = -.362, and r = -.402 respectively). This provides some
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corroborative evidence for the eypothesis that either verbal

or non-verbal abilities may have a limiting effect on

creative production. In this instance, in individuals with

strong imageistic abilities, weak verbal skills and an

inclination towards right hemisphere dominance, IQ appears

unrelated or negatively related to creative production.

Analysis of Variance

The second set of analyses utilized analysis of

variance (ANOVA) to examine higher-order relationships among

several variables. Two-way ANOVAs were performed with

variables which could be used to validly classify sUbjects

into distinct groups based on factor levels. Such

classification was possible with the VVIQ, TVIC, VVQ and

sex. Although it would have been desirable to collect data

on three-way interactions among these variables, this was

not possible because of the high degree of relatedness

between sex and imaging ability. All females in this group

scored as high imagers, prohibiting the application of

either ANOVA or chi-square techniques to the analysis of

this relationship. In order to more fully elucidate the

nature of this relationship, two other analyses were

applied. The first (reported following the general

analysis) treated sex as a covariate and examined the

strength of relationships over all scales. The second set

of analyses involved the application of various statistical
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techniques to the study of factors in each group (gender)

treated separately. These analyses will be reported in a

separate section.

While the remaining scales (CLEM, DL, SILS, and WMS)

may be used as means for classification it would not yield

much useful information in this sample because of the

relative homogeneity or else the skewness of the scores.

For these scales, regression analysis and nonparametric

techniques were applied. A variety of techniques was

required because of the small number of sUbjects in this

group and the variety of scaling methods in the instruments

used.

Analysis of variance for sample data.

In this section I will examine the relationship between

imagery vividness and mediational variables across each of

the creativity scales. The first analysis conducted treats

the group as a unit, without the consideration of

confounding factors. These data will be presented in Table

6 (p. 163-165).



Table 6

Analysis of Variance in Creative Performance

by cognitive style and Imaging Ability-

Scale Factor F p

-----------------------------------------------------------

Primary Indices

CI VVIQ 3.62 .079

VVQ 0.08 .782

VVIQ X VVQ 2.74 .122

VI VVIQ 10.37 .007

VVQ 0.46 .509

VVIQ X VVQ 10.71 .006

FI VVIQ 1.10 .314

VVQ 0.73 .407

VVIQ X VVQ 0.02 .894

Verbal Scales

Fluency VVIQ 7.25 .018

VVQ 0.06 .808

VVIQ X VVQ 8.19 .013

Flexibility VVIQ 10.80 .006

VVQ 1. 09 .315

VVIQ X VVQ 10.74 .006

Originality VVIQ 3.15 .099

VVQ 0.60 .453

VVIQ X VVQ 6.48 .024
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Table 6 (continued)

Figural Scales

Fluency VVIQ 9.77 .008

VVQ 7.82 .015

VVIQ X VVQ 10.41 .007

Elaboration VVIQ 0.15 .708

VVQ 0.19 .672

VVIQ X VVQ 0.17 .684

Originality VVIQ 1. 93 .188

VVQ 1.41 .257

VVIQ X VVQ 0.68 .425

Group Means by Factor Level

Scale VVQ
VVIQ 1 2 Marginal Means

-----------------------------------------------------------

CI 1 44.60 11. 50 28.05

2 45.00 65.88 55.44

44.80 38.69

VI 1 55.00 8.00 31. 50

2 51. 00 78.38 64.69

53.00 43.19

FI 1 64.00 41. 00 52.50

2 91. 50 74.75 83.13

77.75 57.87
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Table 6 (continued)
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Verbal Scales

Flu 1

2

FIx 1

2

Or 1

2

Figural Scales

Flu 1

2

EI 1

2

Or 1

2

44.00

33.50

38.75

69.2

68.00

68.60

52.20

41. 00

46.60

81. 6

87.5

84.55

60.20

50.50

55.35

35.60

49.00

42.30

9.50

70.13

39.81

20.50

90.13

55.31

2.00

64.63

33.31

29.5

89.63

59.56

60.00

74.50

67.25

6.00

43.13

24.56

26.75

51. 81

44.85

79.06

27.10

52.81

55.55

88.56

60.10

62.50

20.80

46.06

Key to levels, and abbreviations used in Tables:

VVIQ: 1 = low, 2 = high vividness of visual imagery.

VVQ: 1 = verbctlizer, 2 = visualizer. Flu = fluency, FIx

flexibility, Or = originality, EI = elaboration.
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In the current analysis, the following relationships

were found to be significant:

Imagery vividness is significantly related to verbal

divergent thought (VI), verbal fluency and flexibility, and

figural fluency (see Figure 20, p. 167). No significant

effect was noted related to cognitive style as an

independent factor, but significant interaction effects were

found on verbal divergent thought (VI), across all verbal

scales, and on figural fluency (see Figure 21, p. 168). On

each of the scales, the interaction of imagery vividness and

cognitive style was th~ strongest effect noted.

A review of the tabled means by factor levels indicates

that there are significant effects on several of the other

creativity scales which are masked by the nature of the

interaction. On the creativity index, and across all verbal

scales, there is a consistent pattern in which individuals

who are both high imagers and visual processors outperform

those who are verbalizers at both levels of imageistic

ability, who in turn outperform individuals who are high

imagers and verbal processors. The significance of this

effect is demonstrated by reviewing the average cell means

for each of these conditions. Individuals who are both high

imagers and visual processors consistently score 1 to 3

deviations above the norm, while verbal processors score in

the average range: and individuals who are low imagers and

visual processors score 3 deviations below the norm. This



Figure 19

The Relationship of Imagery Vividness to

Selected Creativity Measures

The regression of ITeT verbal fluency and flexibility, and figural fluency on VVIQ

key: Ffl = figural fluency, VfI = verbal fluency, Vfx =verbal flexibility
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Figure 20

The Interaction of Imagery Vividness and Cognitive Style

in Verbal Divergent Thought
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pattern makes a great deal of sense within the context of

the theory which has been presented. Visual imagery is

facilitative for individuals who have a high level of

imaging ability and habitually use this information. For

individuals who are inclined towards verbal thought, imagery

skill has no impact. Individuals who are inclined towards

visual processing but who don't have the requisite skill

level are hindered in their creative production.

On the figural scales, a similar pattern was

demonstrated, although the only significant effect was in

contrasting individuals who are high imagers and verbal

processors to the other three groups. The failure to find

significant effects across the figural scales may be

explained, in part, by the skewness of scores on these

scales. It is also possible that the factor tapped by

figural originality and elaboration scales is unrelated to

either imaging ability or cognitive style.

This statistical analysis did not fUlly elucidate the

nature of the relationships among various factors due to

partial confounding among some of the factors. Because sex

was found to be so strongly related to imagery skill

(r = .618, P < .005) a second ANOVA was conducted, treating

sex as a covariate. This analysis will be reported in Table

7 (p. 170-173).

In addition, a review of cell means suggested that the

nature of the interaction of cognitive style and imaging
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ability was different for individuals with different styles

of processing. In order to more closely examine these

relationships, separate analyses were conducted by group

membership (verbalizer versus visualizer). These analyses

will be reported in Tables 8 and 9 (pp. 175-176).



Table 7

Analysis of Variance in creative Performance

by Cognitive Style and Imaging Ability

with sex treated as a covariate.

171

Scale

CI

VI

FI

Fluency

Flexibility

Originality

Factor

Primary Indices

VVIQ

VVQ

VVIQ X VVQ

VVIQ

VVQ

VVIQ X VVQ

VVIQ

VVQ

VVIQ X VVQ

Verbal Scales

VVIQ

VVQ

VVIQ X VVQ

VVIQ

VVQ

VVIQ X VVQ

VVIQ

VVQ

VVIQ X VVQ

F

9.92

0.03

4.40

17.33

0.40

15.22

2.52

0.61

0.05

8.52

0.012

9.35

12.23

0.99

12.34

7.62

0.53

8.96

p

.008

.875

.058

.001

.541

.002

.138

.451

.830

.013

.736

.010

.004

.338

.004

.017

.482

.011



Table 7 (continued)

Figural Scales

Fluency WIQ 5.12 .043

WQ 7.33 .019

WIQ X WQ 9.52 .009

Elaboration WIQ 1. 71 .216

VVQ 0.34 .571

WIQ X WQ 0.31 .586

Originality WIQ 2.54 .137

WQ 1. 23 .571

WIQ X WQ 0.75 .403

Group Means by Factor Level

172

Scale

WIQ 1

WQ

2 Marginal Means

CI

VI

FI

1

2

1

2

1

2

31. 32 1. 78

50.54 76.43

40.91 37.17

46.10 0.90

54.71 85.23

50.40 42.17

53.41 30.41

95.91 82.91

74.66 56.66

14.77

63.32

22.60

69.97

41. 91

89.41



Table 7 (continued)

Verbal Scales

Flu 1 37.29 2.79 20.04

2 36.29 75.29 55.79

36.79 39.04

FIx 1 63.16 14.46 38.81

2 70.52 94.78 82.65

66.84 54.62

Or 1 41.48 -8.72 16.38

2 45.47 72.89 59.18

43.47 32.08

Figural Scales

Flu 1 82.10 30.00 56.05

2 87.29 89.24 88.26

84.70 59.62

EI 1 42.07 41. 87 41. 97

2 58.05 88.48 73.26

50.06 65.17

Or 1 30.90 1. 30 16.10

2 50.96 46.75 48.85

40.93 24.02
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This analysis did not yield much in the way of new

information, to the extent that the trends and patterns

reported in the last analysis were echoed in the current

analysis. However, the exclusion of sex as a factor in

responding demonstrated that reported trends are stronger

than those demonstrated when this factor was not considered.

statistical significance was indicated for several factors

which did not reach significance in the last analysis (CI,

imaging ability and interaction; verbal originality and

imaging ability; figural originality, imaging ability and

interaction).

Analysis of variance by cognitive style.

In the next set of analyses (Tables 8-9, pp 175-176),

cognitive style will be treated as a group factor, and the

relationship between creative ability and cognitive style

examined by group membership. Determinations of processing

style were based on VVQ scores, with individuals scoring

> 15 being designated as "visualizers" and those scoring

< 15 as "verbalizers." In this sample 10 SUbjects were

classified as visualizers, and 7 as verbalizers.
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Table 8

Analysis of Variance in Creative Performance

Related to Im9qery Skill

for Visual Processors.

Scale Level Mean SD F P

-----------------------------------------------------------

CI 1 11.50 18.35 7.02 .029

2 65.88 9.18

VI 1 8.00 11. 70 28.95 .000

2 78.38 5.85

FI 1 41. 00 30.56 0.98 .352

2 74.75 15.28

Verbal Scales

Flu 1 9.50 15.53 12.18 .008

2 70.13 7.77

FIx 1 20.50 8.06 59.70 .000

2 90.13 4.03

Or 1 2.00 16.04 12.19 .008

2 64.63 8.02

Figural Scales

Flu 1 29.50 8.73 37.92 .000

2 89.63 4.37

EI 1 60.00 32.84 0.16 .703

2 74.50 16.41

Or 1 6.00 18.73 3.14 .114

2 43.13 9.37
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Table 9

Analysis of Variance in Creative Performance

Related to Imagery Skill

for Verbal Processors.

Scale level Mean SD F P

-----------------------------------------------------------

CI 1 44.60 14.18 0.00 .989

2 45.00 22.43

VI 1 55.00 10.73 0.04 .850

2 51. 00 16.96

FI 1 64.00 15.36 0.92 .383

2 91. 50 24.29

Verbal Scales

Flu 1 44.00 9.38 0.36 .576

2 33.50 14.83

FIx 1 69.20 11. 91 0.00 .959

2 68.00 18.83

Or 1 52.20 12.86 0.22 .661

2 41. 00 20.33

Figural Scales

Flu 1 81. 60 7.87 0.16 .705

2 87.50 12.45

El 1 60.20 25.30 0.04 .846

2 50.50 39.99

Or 1 35.60 10.08 0.51 .509

2 49.00 15.94
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The analyses presented in Tables 8 and 9 demonstrate

clearly the differential impact of imagery skill for

individuals with different processing styles. The figures

reported in Table 8 indicate that for individuals with a

visual processing style, the strength of their imaging skill

is a highly significant factor in creative ability. In this

group, all scales but figural elaboration and originality

reached statistical significance. The figures reported in

Table 9 indicate that imaging skill is not a significant

factor for individuals who use a verbal processing style.

There was no significant difference in group means

demonstrated on any of the creativity scales.

Regression Analysis

Several variables considered in this study are

continuous. The application of ANOVA techniques to

continuous variables results in a loss of information, as

the variance is reduced in the process of creating

dichotomous groups. In addition, several factors in this

study were confounded in such a way as to make the

application of ANOVA techniques impossible (e.g., no

individuals classified as left hemisphere dominant appeared

in the high imaging group). Regression analysis permits the

analysis of variance in continuous and confounded variables.

In this section, regression analysis will be applied to

all measures used in this study to determine the relative
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impact of each variable and set of variables on creative

ability. In addition to reviewing the main effects of each

variable, two-, three-, and four-way interaction effects

have been calculated for the two hemisphericity measures,

with cognitive s~yle, imagery vividness and control.

The first set of analyses reported are analyses for

the entire group over all scales. Additional analyses

consider differential relationships by group membership for

verbalizers versus visualizers and high versus low imaging

ability.

The first technique applied is a "best subset"

regression. In this procedure, the correlation matrix

(including partial and semi-partial correlations) is

reviewed to determine the best predictors for each variable.

Linear regressions are then performed to assess the amount

of variance accounted for by each variable and set of

variables. Significant effects are determined by the

application of a t ratio to each variable entered in the

regression equation, and an F ratio to the entire regression

equation.

The results of the best subset regression will be

reported in Tables 10 to 12. For each of the creativity

scales the best predictors will be reported, along with

their associated variance (r2) and the F ratio and

probability (p) associated with the regression. The best

four single predictors for each of the TTCT scales will be
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presented in Table 10 (pp. 180-181) in order to compare the

relative impact of various abilities on each of the scales.

In Table 11 regression coefficients will be reported for

each set of variables with a significant regression F ratio.
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Table 10

Best Predictors of creative Performance.

TTCT Scale Predictor r 2 F p

-----------------------------------------------------------

Primary Indices

CI VVIQ X CLEM 20.5 3.87 .068

DL - H 19.9 3.74 .072

VVIQ X TVIC X CLEM 19.8 3.71 .073

VVIQ 18.6 3.44 .084

VI * VVIQ X CLEM 40.3 10.13 .006

* VVIQ X VVQ X CLEM 32.9 7.36 .016

* VVIQ 30.0 6.43 .023

* VVIQ X VVQ 27.6 5.72 .030

FI * DL - H 28.3 5.91 .028

WMS 1 28.3 2.69 .121

VVQ X DL 15.2 1. 94 .184

DL - R 9.3 0.0 .949

Verbal Scales

Fluency * VVIQ X CLEM

* VVIQ X VVQ X CLEM

* VVIQ X VVQ

* VVIQ

46.5

44.0

29.9

25.4

13.04 .003

11.76 .004

6.38 .023

5.12 .037
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Flexibility * vvrQ 30.3 6.53 .022

* vvrQ X CLEM 28.6 6.00 .027

* vvrQ X VVQ 25.4 5.10 .039

* vvrQ X TVrC 24.0 4.74 .046

originality * vvrQ X CLEM 29.3 6.21 .025

vvrQ X VVQX CLEM 21.9 4.21 .058

VVIQ 13.6 2.35 .146

VVIQ X TVIC X CLEM 12.8 2.21 .158

Figural Scales

Fluency * VVIQ X DL-H 26.8 5.49 .033

* TVIC X VVQX DL- H 26.4 5.38 .035

* VVIQ 23,8 4.69 .047

* WMS 2 23.2 4.54 .050

Elaboration * WMS 1 26.6 5.43 .034

DL -H 15.6 2.78 .116

TVIC X CLEM 13.0 2.23 .156

VVIQ X TVIC X CLEM 12.0 2.04 .174

originality DL - H 18.7 3.45 .083

VVIQ X TVIC 17.9 3.26 .091

VVIQ 11.4 1. 92 .186

vvrQ X TVrC X VVQ 9.4 1. 55 .232

* indicates statistically significant effect
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Regression with a single predictor.

The data presented in Table 10 indicates that creative

performance is a complex phenomenon which can not easily be

explained by a single variable. Roughly one third of the

best predictors reached statistical significance, and the

majority of these are interactive. It is notable, however,

that as much as 46% of the variance in creative performance

can be explained by the interaction of imaging ability and

hemisphere dominance and as much as 30% by the interaction

of imaging ability and cognitive style.

The tabled data also reveals significant differences in

the relative importance of measured abilities on different

aspects of creative performance. On the verbal scales the

most significant effects are those related to the

interaction of imaging ability and hemisphericity as

measured by CLEM, while on the figural scales visual memory,

and hemisphericity as measured by DL were more important.

The noted effects highlight the differences between

convergent and divergent thought. CLEM (a measure of right

hemisphere activity) was significant on the verbal scales,

and DL (a measure weighted towards left hemisphere activity)

was more significant on the figural. On measures of

convergent processes (e.g., IQ) the reverse is true.

In Table 11 (p. 183-184), I will present the results of

regression equations using two variables. All combinations

which achieved statistical significance will be presented.
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Regression Coefficients for the Prediction of

Creative Performance with Two Variables.
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TTCT Scale Predictors F p

Primary rndices

cr WMS 1 + vvrQ 37.3 4.16 .038

WMS 1 + vvrQ X TVrC 36.0 3.94 .044

vr vvrQ + DL-R 52.5 7.72 .005

WMS 2 + vvro X CLEM 47.7 6.40 .011

CLEM + vvrQ X CLEM 46.6 6.11 .012

DL-R + vvrQ X VVQ 45.2 5.76 .015

Fr WMS 1 + vvrQ X TVrC 49.5 6.86 .008

WMS 1 + vvrQ 46.5 6.08 .031

Verbal Scales

Fluency VVQ + vvrQ X VVQ X CLEM 51. 0 7.28 .007

WMS 2 + vvrQ X CLEM 49.8 5.73 .015

CLEM + vvrQ X CLEM 49.2 6.77 .009

Flexibility vvrQ + DL-R 55.5 8.73 .003

vvrQ X VVQ +

VVQ X DL-H 50.4 7.11 .007

DL-R + vvrQ X TVrC 47.1 6.22 .012

VVQ + vvro X VVQ 46.2 6.02 .013
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Table 11 (continued)

Verbal

originality VVQ + VVIQ X VVQ X CLEM 39.5

VVQ + VVIQ X CLEM 37.0

DI-R + VVIQ X CLEM 35.4

4.56

4.10

3.83

.030

.040

.047

11. 09 .001

Figural Scales

Fluency

Elaboration

Originality

WMS 2 + VVQ X DL-H

WMS 2 + DL-H

VVQ + VVIQ X VVQ

WMS 1 + VVIQ X TVIC

WMS 1 +

VVIQ X VVQ X TVIC

WMS 1 +

VVIQ X TVIC X CLEM

WMS 1 + VVIQ

VVIQ X TVIC +

VVQ X DL-H

61.1

56.5

55.7

67.0

61.3

46.0

45.9

34.3

10.99

9.11

8.81

14.19

5.95

5.94

3.66

.001

.003

.003

.000

.013

.001

.050

Multiple regression analysis.

The data presented in Table 11 indicates that it is

possible to explain a significant proportion of the variance

in all aspects of creative performance with two factors.

The most significant factor in performance on the general

creativity index, and on all figural scales, is visual
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imagery. The use of two imagery measures explained between

37 and 67 percent of the variance in creative performance on

these scales. On the verbal scale~, hemisphere dominance

and cognitive style figured more prominently in creative

performance. The data presented in Table 10 indicates that

imagery is the most salient factor in verbal divergent

thought. The current analysis indicates that cognitive

style and hemisphericity can have a significant impact on

the utilization of these skills.

stepwise regression.

The data presented indicates that imaging ability,

cognitive style and cerebral hemisphere dominance have a

significant impact on creative performance. On some scales,

these factors accounted for upwards of 50 percent of the

variance, providing an indication that these are the most

salient features of the process. On other scales, the use

of two predictors accounted for only 30-40 percent of the

variance, raising the question of what other factors are

significant. This question was addressed with the

application of a stepwise regression procedure across all

measured factors and interaction effects. The results of

these regressions indicate that it is possible to explain

upwards of 95 percent of the variance in creative ability

via combination of imaging ability, cognitive style,

hemisphericity, visual and aUditory memory.
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For this set of data, a stepwise regression allows for

prediction utilizing up to 15 variables (corresponding to

degrees of freedom in the data set). The combination of

main effects and interaction terms for the measures used in

this study produced 32 variables. An analysis utilizing all

of these factors across all scales of the TTCT would involve

the calculation of well over a thousand regression

equations. Obviously such an analysis is not possible in a

paper of this scope. A best subset procedure was used to

limit the analysis to the best predictors utilizing up to

eight variables. This allows for the examination of main

effects, and up to four-way interactions among mediating

variables. In Table 12 (pp. 187-191) I will present

regression coefficients for multiple regression equations

considering between three and eight factors. At each level,

the factors which account for the greatest proportion of

variance will be presented. In order to limit the number of

equations reviewed, higher-order equations will be presented

only if they explain at least 10% more of the variance than

lower-order equations. While this is unquestionably an

artificial constraint, the application of this procedure

yielded 72 "best predictors" on all scales and upwards of

250 statistically significant equations.
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Regression Coefficients for the Prediction of

Creative Performance with Multiple Variables.
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TTCT Scale Predictor(s) F p

Primary Indices

CI WMS 1 + WMS 2 +

3 factors VVIQ X TVIC 49.1 4.18 .028

WMS 1 + VVIQ + DL-R 48.2 4.04 .031

VVIQ + VVQ + VVIQ X VVQ 47.8 3.97 .033

WMS 1 + DL-R +

VVIQ X VVQ 47.3 3.90 .035

4 factors VVIQ + VVQ + DL-H +

VVIQ X DL-H 59.9 5.93 .007

5 factors VVIQ + DL-H + DL-R+ VVIQ X DL-H +

VVIQ X TVIC 70.5 5.26 .010

7 factors WMS 1 + VVIQ + VVQ + CLEM +

VVIQ X VVQ+ VVIQ X TVIC +

VVIQ X CLEM 79.6 5.02 .014

VVIQ + VVQ + VVIQ X VVQ 62.4

CLEM + DL-R +

VI

3 factors

VVQ + DL-R +

VVIQ X VVQ

VVIQ X CLEM

62.5

58.6

7.23

7.18

6.12

.004

.004

.008
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VI VVIQ + CLEM + DL-R 55.9 5.27 .013

4 factors VVIQ + TVIC + WIQ X VVQ+

TVIC X VVQ 78.7 11. 06 .001

8 factors VVIQ + TVIC + DL-H + DL-R + VVIQ X VVQ +

VVIQ X TVIC + VVIQ X DL-H +

VVIQ X VVQ X DL-H 92.9 13.17 .001

FI WMS 1 + CLEM +

3 factors VVIQ X TVIC X CLEM 59.0 6.25 .007

WMS 1 + CLEM +

VVIQ X TVIC 56.9 5.73 .010

WMS 1 + VVIQ X TVIC +

VVQ X DL-H 56.1 5.55 .011

WMS 1 + VVQ + CLE:·1 55.4 5.38 .013

4 factors WMS 1 + CLEM + TVIC

VVIQ X TVIC X CLEM 69.1 5.92 .007

8 factors WMS + TVIC + CLEM + SIQ + VVIQ X VVQ+

VVIQ X TVIC + VVQ X CLEM +

VVIQ X TVIC X VVQ X CLEM 84.3 5.38 .014

Verbal Scales

Fluency

3 factors

VVQ + VVIQ X VVQ +

VVIQ X VVQ X CLEM 56.9 5.42 .012
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Verbal Scales

Fluency VVQ + DL-R +

VVIQ X CLEM 55.6 4.20 .028

VVQ + CLEM +

VVIQ X VVQ X CLEM 55.1 5.32 .013

4 factors VVIQ + TVIC + VVIQ X TVIC +

TVIC X VVQ 74.2 8.62 .002

8 factors VVIQ + TVIC + DL-H + DL-R+ VVIQ X VVQ +

VVIQ X TVIC + TVIC X DL-H +

VVIQ X TVIC X DL-H 95.4 20.93 .000

Flexibility VVQ + DL-R + VVIQ X VVQ 67.1 8.83 .002

3 factors VVIQ + VVQ + VVIQ X VVQ 63.5 7.54 .004

DL-R + VVIQ X VVQ +

VVQ X DL-H 63.1 7.40 .004

TVIC + DL-R +

VVIQ X TVIC 62.7 7.27 .004

6 factors VVIQ + TVIC + DL-R + VVIQ X VVQ +

VVIQ X TVIC + VVIQ X VVQ X CLEM +

VVIQ X TVIC X VVQ X CLEM 81.5 5.66 .010

7 factors VVQ + WMS 2 + DL-R + VVIQ X VVQ+

VVIQ X TVIC + VVIQ X CLEM +

VVIQ X TVIC X CLEM 87.1 6.39 .008
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Table 12 (continued)

Verbal Scales

Originality VVQ + WMS 2 +

3 factors VVIQ X VVQ X CLEM 45.9 3.68 .041

VVQ + WMS 2 +

VVIQ X CLEM 44.6 3.48 .047

VVIQ + VVQ + VVIQ X VVQ 44.0 3.41 .050

4 factors VVIQ + VVQ + VVIQ X VVQ+

VVIQ X TVIC 63.3 5.18 .012

5 factors VVIQ + VVQ + VVIQ X VVQ + VVIQ X TVIC +

VVIQ X CLEM 81.5 9.70 .001

7 factors VVIQ + TVIC + VVQ + CLEM + WMS 2 +

VVIQ X VVQ +

VVIQ X TVIC X VVQ 92.3 11. 30 .002

74.4 12.60 .000

72.6 11.49 .001

Figural Scales

Fluency

3 factors

VVQ + WMS 2 +

VVQ X DL-H

WMS 2 + VVIQ X VVQ +

VVQ X DL-H

TVIC + WMS 2 +

TVIC X DL-H

DL-H + WMS 2 +

75.5 13.34.000

10.83 .001

4 factors

VVQ X TVIC X DL-H

VVQ + DL-H + WMS 2 +

VVQ X DL-H

71.4

86.9 5.52 .009
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Fluency

6 factors
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Table 12 (continued)

VVIQ + VVQ + DL-H + WMS 2 + VVIQ X DL-H +

VVQ X DL-H 94.5 28.87.000

8 factors TVIC + DL- H + AQ + WMS 2 + VVIQ X VVQ +

VVQ X DL-H + TVIC X DL-H +

TVIC X VVQ X DL-H 97.4 38.06 .000

Elaboration WMS 1 -I- DL-T +

3 factors VVIQ X TVIC 71.1 10.64 .001

WMS 1 + DL-R +

VVIQ X TVIC 70.04 10.32 .001

WMS 1 + DL-H +

VVIQ X TVIC 68.2 9.30 .002

WMS 1 + VVIQ X TVIC +

TVIC X CLEM 67.8 9.11 .002

5 factors WMS 1 + TVIC + DL-T + VVIQ X TVIC +

VVIQ X TVIC X VVQ 82.6 10.45 .001

originality

3 factors

4 factors

WMS 1 + VVQ +

VVIQ X TVIC X VVQ

WMS 1 + VVQ + AQ +

VVIQ X TVIC X v~vQ

44.3

53.6

3.45

3.46

.049

.042
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The data presented indicate that with all measured

factors considered, imaging ability, visual memory,

cognitive style, and hemisphere dominance account for most

of the variance in creative performance. Visual memory and

imagery vividness produced significant main effects on

several scales, while imagery control, cognitive style and

hemisphere dominance produced more significant interaction

effects, acting as mediators in the response. Long-term

visual memory was a more significant factor in creative

thought than short-term memory on all but two scales

(figural elaboration and originali~y) indicating that

differences in the type of memory store may be significant

in contributing to the relative importance of visual

imagery. Partial decay in visual memory is more amenable to

alteration than is verbal memory.

It is notable that as much as 92 percent of the

variance in creative performance may be explained by purely

non-verbal factors. It is also significant that neither IQ

nor the verbal quotient (vQ) figured as a significant factor

on any of the creativity scales. Abstract verbal reasoning

(AQ) contributed three percent of the variance on figural

fluency and nine percent of the v~riance on figural

originality.
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Analysis of Group Data

Regression analysis does not permit the review of

marginal means, as does analysis of variance. For this

reason it was not possible to consider the differential

impact of various factors for individuals with different

processing styles. Previous analyses demonstrated

significant differences in the impact of imagery vividness

on creative thought for verbal and visual processors. In

addition, imaging ability was found to be strongly linked to

sex, with all women in the sample scoring as high in imaging

ability. In this section, I will examine the differences in

relationships between creative ability, imaging ability,

visual and aUditory memory, hemisphericity and verbal

convergent thought by group membership.

Comparison of verbal and visual processors.

In Table 13 (pp. 194-195) I will present descriptive

statistics for verbal and visual processors. Tabled data

will include the mean and median scores for all measured

factors. In Table 14 (p. 197) I will present the results of

a best subset regression. Tabled data will include factors

which account for a significant proportion of the variance

in creative ability by processing style.
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Descriptive Statistics for

Verbal versus Visual Processors
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Verbalizers Visualizers

Scale Mean Median Mean Median

TTCT

CI 44.7 45.0 55.0 66.5

VI 53.9 50.0 64.3 75.0

FI 71.9 86.0 68.0 95.5

Vfl 41.0 33.0 59.0 56.0

Vflx 68.9 75.0 76.2 91.0

Va 49.0 46.0 52.1 53.0

Ffl 0") ") 01 n 77.6 87,0U...J • ..J J..L. v

Fe 57.4 99.0 71. 6 99.0

Fa 39.4 36.0 35.7 43.0

FSIQ

VQ

AQ

Imagery Scales

VVIQ

TVIC

WMS 1

WMS 2

92.7

38.6

51. 6

2.5

15.0

71.1

71.1

100.0

40.0

54.0

2.7

15.0

84.0

87.0

86.6

38.4

49.8

2.0

17.9

81.0

83.0

89.0

40.0

51.0

1.7

20.0

88.5

89.0
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Hemisphericity

CLEM 2.1 2.0 2.3 2.0

DL-H 53.3 52.0 53.4 51

Auditory Verbal Memory

DL-T 59.3 53.0 52.1 53.0

DL-L 60.0 50.0 54.1 55.0

DL-R 58.6 57.0 61. 0 63.0

Note: Data reported for the VVIQ is unconverted: 1 = high

imagery, 5 = low imagery.
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The data presented in Table 13 indicate that there are

subtle difference in measured abilities between individuals

classified as verbalizers and visualizers on the VVQ. The

trend in the data is towards verbalizers demonstrating

greater strength on left hemisphere skills (IQ and AUditory

Verbal Memory in presentation to the left hemisphere); and

visualizers demonstrating greater strength on right

hemisphere skills (Divergent thought, Auditory Memory in

right hemisphere presentation, imagery vividness and

control). Mood's median test was applied to tabled data in

order to determine significant differences between the

groups. Significant differences were found for aUditory

verbal memory for right hemisphere presentation (DL-R): chi-
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square = 3.55, P = .030; and VVIQ: chi-square = 4.5,

P = .002, with visualizers scoring higher on both measures.

The impact of differences in processing style will be

examined more thoroughly via regression analysis. In Table

14 (p. 197) I will present the results of best subset

regressions for verbal and visual processors. Data

presented will include the single best predictor for each of

the TTCT scales by group. Predictors which achieved

statistical significances will be marked with an asterisk.

In Table 15 (pp. 198-199) I will present coefficients for

regression equations which explain a significant proportion

of the variance on each scale by group.
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Verbalizers

Scale

Table 14

Best Predictors of Creative Ability

by Cognitive style

Factor p
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CI WIQ X TVIC X CLEM 40.2 3.36 .126

VI TVIC 51.4 5.29 .070

FI WMS 1 30.8 2.23 .196

Vfl TVIC 35.7 2.78 .156

Vfx DL-R 43.1 3.79 .109

Vo * TVIC 76.1 15.89 .010

Ffl * WMS 2 84.8 27.94 .003

Fe WMS 1 53.4 5.72 .062

Fo DL-H 51. 3 5.26 .070

-----------------------------------------------------------

Visualizers

CI * WIQ 46.8 7.02 .029

VI * WIQ 78.3 28.95 .000

FI WIQ 10.9 0.98 .352

Vfl * VVIQ 60.4 12.18 .008

Vfx * VVIQ 88.2 59.70 .000

Vo * VVIQ 60.4 12.19 .008

Ffl * VVIQ 82.6 37.92 .000

Fe WMS 1 18.0 1. 76 .231

Fo VVIQ 28.2 3.14 .114
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Table 15

Multiple Regression Coefficients for

the Prediction of Creative Production

in Verbal and Visual Processors

Scale Factors F p

Verbalizers

CI WMS 1 + CLEM + DL-R +

VVIQ X TVIC X CLEM 98.3 29.73 .033

No factors achieved statistical significanceVI

FI VVIQ + DL-H

VVIQ + DL-H + DL-T

85.0

91.3

11. 35

10.48

.022

.042

.02216.9894.4

DL-R + VQ 81.5 8.79 .034

No factors achieved statistical significance

TVIC + DL-T 83.0 9.76 .029

TVIC + CLEM +

TVIC X CLEM

Verbal Scales

Fluency

Flexibility

Originality

Figural Scales

Fluency TVIC + WMS 2

TVIC + CLEM +

TVIC X CLEM

88.0

94.0

14.64

15.78

.014

.024

Elaboration

Originality

No factors achieved statistical significance

No factors achieved statistical significance
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Table 15 (continued)

Visualizers

CI WMS 1 + VVIQ 63.9 6.19 .028

WMS 1 + VVIQ +

DL-L + CLEM 81.7 5.59 .043

VI VVIQ + CLEM 85.9 21. 31 .001

VVIQ + TVIC 85.5 20.67 .001

VVIQ + TVIC + CLEM 88.5 15.32 .003

FI WMS 1 + VVIQ + FSIQ 74.3 5.78 .033

Verbal Scales

Fluency VVIQ + TVIC 80.5 14.43 .003

VVIQ + TVIC + DL-L 88.1 15.95 .003

VVIQ + TVIC + CLEM 86.7 13.05 .005

VVIQ + TVIC + CLEM

+ DL-L 91. 0 11.12 .Oll

Flexibility VVIQ + DL-H 91. 6 37.97 .000

VVIQ + WMS 2 90.5

Originality VVIQ + TVIC 85.6 20.83 .001

VVIQ + TVIC + CLEM 88.2 14.90 .003

Figural Scales

Fluency VVIQ + DL-H 93.2 47.60 .000

VVIQ + WMS 2 + DL-L 95.6 43.63 .000

Elaboration No factors achieved statistical significance

originality No factors achieved statistical significance
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The data presented in Table 14 indicate that cognitive

style has a significant impact in determining the relative

utility of various cognitive abilities. For visual

processors, imagery vividness is the most significant factor

in creative responding, explaining as much as 88 percent of

the variance in performance. For verbal processors, visual

and auditory memory, and imagery control are more

significant factors in creative responding, although, as

single factors they accounted for a significant proportion

of the variance on only two scales.

The data presented in Table 15 indicate that a

significant proportion of the variance in creative

performance for verbalizers may be explained by a

combination of visual and auditory memory, hemisphericity

and imagery control. For visualizers, imagery vividness is

the most significant factor in creative performance, with

imagery control, hemisphericity, and visual memory

contributing significantly as secondary factors.

Differences in Cognitive style and Cognitive Abilities

in Males and Females.

The analyses conducted for sample data indicate that

there are significant differences in the processing styles

of men and women. While imagery vividness has been

indicated as the most significant determinant of creative

ability for the sample population, the fact that all wo~en
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in the sample scored as high imagers taken together with the

failure to find a significant difference in creativity

scores indicates that other factors are significant

determinants of women's creative performance.

In order to examine the diffeLences between males' and

females' cognitive abilities and processing styles the

following analyses were conducted: Descriptive statistics

on each group were calculated, and compared via chi-square

analysis. The results of this analysis are presented in

Table 16 (pp. 202-203). Best subset and stepwise regression

analyses were performed for each data set, in order to

determine the most significant determinants of creative

performance for males and females. The results of these

analyses will be presented in Table 17 (pp. 205-208).
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Descriptive statistics by Gender
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Females Males

Scale Mean Median Mean Median

TTCT

CI 47.5 47.0 52.5 55.0

VI 63.8 65.0 57.9 50.0

FI 65.7 91.5 71. 7 94

Verbal Scales

Fluency

Flexibility

originality

Figural Scales

Fluency

Elaboration

Originality

Imagery Scales

VVIQ

TVIC

T"lMS 1

WMS 2

56.5

79.7

48.7

89.8

50.2

38.8

1.6

17.2

91. 5

90.7

50.0

87.5

42.0

89.0

50.0

39.5

1.7

19.5

92.0

91. 0

48.0

69.6

52.0

74.6

74.3

36.4

2.6

16.5

69.0

71.3

43.0

75.0

64.0

87.0

99.0

43.0

2.7

18.0

67.0

94.0
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Table 16 (continued)

Hemisphericity and cognitive style

WQ

CLEM

DL-H

19.3

2.0

50.0

19.0

2.0

50.0

14.6

2.4

55.2

14.0

2.0

53.0

Auditory Verbal Memory

DL-T

DL-L

DL-R

64.5

64.5

64.3

63.5

65.0

63.0

54.8

52.2

57.6

53.0

50.0

57.0

VVIQ: 1= high vividness, 5= no image

Mood's median test and chi-square analyses were applied

to all data presented in Table 16. No significant

differences were found on measures of divergent thought

(TTCT), convergent thought (IQ), hemisphericity (CLEM and

DL-H) , or imagery control (TVIC). Significant differences

were found for cognitive style (chi-square = 4.00,

P = .046), imagery vividness (chi-square = 8.24, P = .004),

auditory verbal memory (DL-T), (chi-square = 4.90,

P = .027), aUditory memory for presentation to the left

hemisphere (chi-square = 4.90, P = .027), and short-term

visual memory (chi-square = 6.80, P = .009). Women scored

as more inclined towards a visual processing style, and



higher on imagery vividness, visual and aUditory memory.

In order to determine the impact of these factors on

creative production, best subset and stepwise regressions

were performed on both sets of data. The results of these

analyses are reported in Table 17 (pp. 205- 208). Tabled

data will include the best single predictor for each scale

of the TTCT, and, regression coefficients for those factors

which account for a significant proportion of the variance

in creative performance.
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Table 17

Best Predictors of Creative Performance

for Males and Females
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Scale

Males

CI

VI

FI

Verbal Scales

Fluency

Flexibility

originality

Figural Scales

Fluency

Elaboration

originality

Females

CI

VI

FI

Factor

* WIQ

* WIQ

* DL-H

* WIQ

* WIQ

WIQ

* WQ X TVIC X DL-H

* DL-H

* DL-H

DL-H

* CLEM

* WQ X CLEM

54.0

50.9

73.9

39.1

40.6

34.3

46.7

60.6

52.0

53.6

65.3

93.34

F

10.56

9.35

25.43

5.79

6.15

4.70

7.88

13.87

9.74

4.62

7.51

21.02

p

.010

.014

.000

.040

.035

.058

.020

.005

.012

.098

.050

.017
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Females

Verbal Scales

Fluency * CLEM 77.3 13.66 .021

Flexibility * VVQ 86.5 25.72 .007

originality * VVQ X CLEM 74.6 11. 78 .026

Figural Scales

Fluency

Elaboration

Originality

DL-L

* DL-H

* WMS 2

47.6

75.8

75.4

3.64

12.50

12.26

.127

.024

.025

Multivariate stepwise Analysis

Males

CI VVIQ + DL-H 78.03 14.21 .002

+ WMS 2 84.61 12.83 .003

+ vvrQ X DL-H 88.58 11. 64 .005

VI vvrQ + WMS 2 +

VVQ X TVIC X DL-H 84.17 6.87 .017

FI DL-H + vvrQ X DL-H 87.31 27.52 .000

+ vvrQ 91. 41 24.82 .000

Verbal Scales

Fluency vvrQ +

vvrQ X Tvrc X DL-H 57.83 5.48 .032

+ DL-H 67.12 4.76 .041

+ TVrC X DL-H 94.5 25.98 .001



Table 17 (continued)

207

Males

Verbal Scales

Flexibility VVIQ X TVIC X VVQ X DL-H +

VVQX TVIC X DL-H 82.00 18.23 .001

+ VQ 85.59 13.86 .002

originality VVIQ + VVQ X DL-H 52.27 4.38 .050

+ AQ 67.34 4.81 .040

+ WMS 2 96.94 31. 73 .001

Figural Scales

Fluency VVQ X TVIC X DL-H +

WMS 2 75.73 12.48 .003

+ VVQ X TVIC 90.21 21. 50 .001

+ DL-H 94.62 26.40 .001

Elaboration VVIQ X VVQ X DL-H +

DL-H 72.29 10.44 .006

+ WMS 1 78.54 8.54 .001

+ FSIQ 90.54 14.35 .003

Originality DL-H + WMS 2 85.09 22.83 .000

+ DL-R 89.65 20.21 .001

+ VVQ 94.62 26.37 .001
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Females

CI DL-H + TVIC + 92.97 19.85 .017

+ WQ X TVIC 99.89 94.32 .002

VI DL-R + WQ X CLEM 92.18 17.68 .022

+ WMS 2 96.71 19.62 .049

FI VVQ X CLEM + DL-R 99.22

Verbal Scales

Fluency WQ X CLEM + DL-R 86.35 9.49 .050

Flexibility WQ+ WMS 1 89.91 13.37 .032

+ WMS 2 99.75 261. 03 .004

Originality VVQ X CLEM + VQ 85.81 9.07 .050

+ Dl-R 97.04 21. 84 .044

Figural Scales

Fluency Dl-L + WMS 2

+ TVIC 90.15 4.10 .144

Elaboration DL-H + WMS 2 92.58 18.73 .020

+ VVQ X DL-H 98.96 63.54 .016

Originality WMS 2 + CLEM 93.65 22.14 .016
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The data presented in Table 17 indicates that vividness

of visual imagery is the most significant factor in creative

performance for males, followed by hemisphere dominance.

For females, hemisphere dominance and cognitive style are

the most significant factors in creative performance. The

multivariate analysis revealed that visual and aUditory

memory, and the interaction of imagery control and vividness

are significant components of the creative process for males

and females (although none of these factors explained a

significant proportion of the variance on their own).

The descriptive statistics for this group, and

population statistics indicate that males are more inclined

towards left hemisphere verbal processes, and females more

towards right hemisphere non-verbal processes. This

information taken together with the current analysis

indicates that right hemisphere processes are the most

significant factors in creative performance. Among the

males, those who have the strongest imaging abilities and

are right hemisphere dominant tend to be more creative.

since females uniformly demonstrate a high level of imaging

skill, their inclination to use this skill (as indicated by

hemisphericity and cognitive style) is a more significant

factor.
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Discussion

The results of study 1 indicate that non-verbal

processes (primarily imageistic) are of paramount importance

in the creative process. In addition, these data indicate

that cognitive mediators have a significant impact on the

relative utility cf these abilities. More specifically,

individuals who have a high degree of imaging ability

coupled with an inclination towards non-verbal processing

were found to be the most creative members of this group.

While right hemisphere dominance was found to have a

significant impact, it was not as 3ignificant a factor as

either imaging ability or cognitive style.

Convergent verbal-process thought did not contribute

significantly to creative production in this sample; i.e.,

the "threshold theory" was not upheld. The finding of high

creative ability in a sample with average to low IQ scores

provides support for the hypothesis that both convergent and

divergent abilities contribute to creative production. It

may further be hypothesized that divergent thinking

abilities provide the basis for creative ability, while

convergent abilities contribute to verification and

completion of the creative product,

significant differences were demonstrated in the way

that males and females process information. The females in

this sample were found to be more inclined towards non

verbal thought and to have a higher degree of imaging



ability than the males in this group. For males, the most

significant factors in creative production were shown to be

a high degree of imaging ability and a visual processing

style. For females, these factors were stable enough to be

described as "background variables," and consequently

contributed little to the variance in creative production.

Hemisphere dominance, visual and auditory memory were found

to be more significant factors in creative production for

females.

study 2

Method

211

sUbjects

Subjects for this study were selected on the basis of

an "objectj.ve" criterion: regional winners of the National

Invention Fair in grades one through six. My review of the

literature suggests that the use of "expert jUdges" is the

most valid means of determining creative ability (see e.g.,

MacKinnon, 1960; Mansfield & Busse, 1981; I.A. Taylor,

1975). Control sUbjects were randomly selected from the

classrooms in which each of these children were enrolled by

their homeroom teachers. All subjects participating in this

study were enrolled at Lunalilo Elementary School. The five
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invention fair winners were also enrolled in an "enrichment"

class.

The group consisted of 10 subjects, four male, and six

female. The age range for this subject group was 6-11.

In accordance with the "Ethical Principles of

Psychologists" (American Psychological Association, 1981),

participation in this study was entirely voluntary, a~d

prior consent was obtained from the students who

participated, as well as from thei~ parents or legal

guardians. Two weeks prior to the commencement of each

study consent forms were sent home with each of the

students. These forms provided a brief description of the

study, and the assurance that individual scores would

neither be reported to the school, nor influence the

student's grades in any way. Parents were additionally

encouraged to call if they desired more information or had

any concerns. Two consent forms were provided to each

parent: a consent form which could be returned to the

classroom teacher, and a post-paid form which they could

submit directly. On each form werA the options of giving or

refusing permission to participate. Each of the individuals

of whom consent was requested were informed that group

summary data would be made available to them (with any

identifying information deleted).

In order to ensure minimal disruption of the

curriculum, consent to conduct the proposed study was



213

additionally requested of the principal, and classroom

teachers involved. Each of these individuals was provided

with a full description of the study, and with copies of all

test instruments.

Measures

I. Creativity: The primary criterion measure in this study

is selection as a winner of the national inve~tion fair.

The Torrance Test of Creative Thinking (TTCT) Verbal and

Figural Form A (Torrance, 1974) was administered as well in

order to provide indices of verbal and visual divergent

thought.

II. IQ: IQ was not explicitly measured in this study. The

placement of these children in regular and enrichment

classrooms indicates that they are of average to above

average intelligence and achievement.

III. Imagery Scales:

a. SUbjective scales: Marks's (1973) Vividness of

Visual Imagery (\~IQ), and Gordon's Test of Visual Imagery

Control (TVIC) (Richardson, 1969) were used as the

subjective imagery measures.

b. Objective measure: The Figural Memory subtest, from

the Wechsler Memory Scale (WMS) (Wechsler & Stone, 1973) was

used as the objective measure.
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IV. Cerebral Hemispheric Laterality: The conjugate-lateral

eye movement test (CLEM) (Bakan, 1969) was used as the

measure of laterality in this study.

V. Cognitive mediators: Richardson's (1977) Verbalizer

Visualizer Questionnaire (VVQ) was used as the cognitive

style measure in this study. Unfortunately, the complexity

of the language used in this scales made it too difficult

for the younger children to complete, and data are available

only for grades four to six.

Procedure

All tests were administered in a one hour testing

session. Three testing sessions were conducted in order to

accommodate different curriculums at each grade level.

The WMS was administered at the beginning and end of

the testing session (one hour lag time) in order to collect

data on long-term iconic memory. The order of presentation

of the other tests differed for each group of subjects. The

mixed-presentation design should have eliminated any order

effects which might have influenced the data.

Group administration procedures were used for all

tests, excepting the CLEM, which was individually

administered. The instructions for each test were read

aloud as the test was administered, and subjects were

informed that definitions or explanations would be provided

for any terms which they did not understand.
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Results

Descriptive statistics

Sample data will be presented in Table 18 (p. 216).

This data will provide some information regarding how this

group of subjects compares to the general population.

Unfortunately, population norms are only available for the

TTCT. As mentioned previously, no norms have been published

for the subjecti.ve scales (VVIQ, TVIC, VVQ)i and while

general population norms are available for the WMS and

cerebral hemisphere dominance, they are not available for

this age group. The lack of norms for the WMS in this age

group offers one advantage. It is possible to consider

maturational changes in visual memory. This would not be

possible with age-corrected scores.
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Descriptive Data for Participants in study 2
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Scale Mean Median S.D. Z P

-----------------------------------------------------------

TTCT

CI 36.56 35.00 25.48 -2.02 .044

VI 29.56 23.00 26.25 -3.07 .002

FI 74.44 82.00 23.20 3.67 .000

Verbal Scales

Fluency 36.11 22.00 29.63 -2.08 .037

Flexibility 29.40 16.00 31. 70 -3.08 .002

Originality 28.89 25.00 25.89 -3.17 .001

Figural Scales

Fluency 39.20 32.00 30.30 -1.62 .110

Elaboration 96.67 99.00 4.80 7.00 .000

originality 44.78 50.00 29.90 -0.78 .430

VVIQ 1. 68 1. 75 .66

TVIC 19.56 18.0 3.91

WMS 37.44 40.00 3.68

WQ 14.0 14.0 7.35

CLEM 1. 92 1.90 .61

WMS scores are raw scores based on a 1-41 scale. WIQ

scores are unconverted: 1 = high vividness. CLEM scored as 1

= LH dominant, 3 = RH dominant.



The data presented in Table 18 indicate that the

creative performance demonstrated by this sample is average

to below average as compared to the general population. Z

tests were performed using standardized scores, and the

reported population mean of 50 and standard deviation of 20

(Torrance, 1990). Scores on the creativity index, verbal

index and all verbal scales, were significantly bp.low

average. Scores on the figural index and figural

elaboration were significantly above average, and scores on

figural fluency and originality we~e approximately average.

The demonstrated trend in this sample is towards

high imagery vividness and visual memory, and average

imagery control. Sample mean scores on the CLEM and VVQ

indicate integrated or undifferentiated processing on both

measures.

Data Analysis

Correlational analysis.

A correlational analysis was performed across all

measures, and selected interaction effects (VVIQ X TVIC,

VVIQ X CLEM, TVIC X CLEM). significant effects were

determined by Pearson's r with df = 8. The following

relationships were found to be significant:

Visual memory, as measured by the WMS, is unrelated to

either imagery scale, but significantly negatively related

to the interaction of the two (VVIQ X TVIC) r = -.623,

217
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p < .05, and positively related to right hemisphere

dominance, r = .641, P < .025. This indicates that, for

this sample, imagery processes may be inhibited by visual

memory.

The WMS was also found to have a significant negative

relationship to age: r = -.655, P < .025. A regression

analysis demonstrated that this relationship is described by

a significant linear trend: F = 5.39, P < .05 (See Figure

21, p 219).

Imagery vividness is strongly related to gender: r =

.835, P < .0005, with all of the girls in the sample scoring

as high in visual imagery (see Figure 22, p. 220).

Creativity as determined by the objective measure

(status as a winner of the invention fair) was unrelated to

any measure used in this study. This suggests that

judgments of the quality of the "creative products" may have

been based on factors more closely associated with lQ. This

hypothesis is reinforced by the fact that all winners were

enrolled in an "enrichment" class for which entry criteria

are IQ and academic achievement.

Scores on several of the TTCT scales were found to be

significantly related to imagery and hemisphere dominance,

although a different pattern was demonstrated than in the

first study. The creativity index (el) is related to the

interaction of imagery vividness and control: r = .588,
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The Relationship of Age to Visual Memory

Demonstrated by Participants in Study 2
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Figure 22 I
The Relationship of Gender to Imaging Ability

Demonstrated by Participants in Study 2
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WMS short-term visual memory reported as unconverted raw scores

key: 1 =male 2 =female



221

p < .05. The verbal index and verbal flexibility are

significantly related to imagery vividness: r = .602,

P < .05; and r = .795, P < . 005. Verbal fluency is related

to right hemisphere dominance: r = .551. The figural index

(FI), figural fluency (Ffl) and originality (Fo) are related

to the interaction of imagery vividness and control: FI,

r = .790, P < .01; Ffl, r = .607, P < .05; Fo, r = .644,

P < .025. Figural fluency and originality are negatively

related to visual memory r = -.774, P < .01; r = .597,

P < .05.

This pattern of results indicates that for this sample,

creative production is strongly linked to imageistic

processes, with both high imagery vividness and control

required for successful completion of the creative product.

comparative analyses.

The first analysis performed was a comparison of the

winners and control sUbjects on all measures. Descriptive

statistics were calculated for both groups, and compared

via Mood's Median test. The small number of subjects in

this group necessitated the use of non-parametric methods.

This data will be reported in Table 19 (p. 222).
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Comparative statistics for Participants in study 2
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Winners Controls

Scale

TTCT

CI

VI

FI

Verbal Scales

Fluency

Flexibility

Originality

Figural Scales

Fluency

Elaboration

Originality

WMS

VVIQ

TVIC

VVQ

CLEM

Mean

44.0

37.8

73.0

45.8

36.2

34.8

37.6

97.4

47.4

38.2

1. 75

17.80

15.33

1. 97

Median

37.0

23.0

88.0

52.0

16.0

25.0

32.0

99.0

50.0

40.0

2.0

17.0

14.0

1.5

Mean

27.30

19.2~

76.25

24.0

21. 0

21.5

41.5

95.8

41.5

36.5

1. 60

21. 75

12.00

2.00

Median

24.5

21.0

75.5

14.5

16.5

21.0

40.0

99.0

40.0

36.5

1. 44

23.0

12.0

1. 92
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A comparison of median scores for winners versus

controls yielded no significant differences on measures of

creativity, imagery vividness or cerebral hemisphere

dominance. A significant difference was found on imagery

control (TVIC). A t-test was used to compare the mean

scores, and control subjects were found to score

significantly higher. than contest winners on this measure

T = 3.03, P = .029. The use of this test is, however, of

questionable validity since a normal population can not be

assumed in a sample this small.

Discussion

The results of study 2 yielded little information of

value regarding the relationship of measured variables to

creative ability. There are a number of possible

explanations for the failure to find significant results in

this sample. One possible explanation is the small sample

size. wlth a sample this small, correlations over .55 are

required to demonstrate a significant effect. Another

possible explanation is that the criteria for winning the

invention fair may have been more strongly tied to

convergent than to divergent thought. The finding of

relatively low creativity scores (on the TTCT) in this

sample lends some support to this hypothesis. A third

possible explanation is the relative youth of the sample.

The failure to find significant relationships among the

223
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imagery measures may have indicated a low degree of

understanding of the items on the questionnaires. In

addition, population norms are not available for many of the

measures used in this study with subjects in this age range.

The most significant effects demonstrated in study 2

are the decline of visual memory with age, and the strong

relationship of ;~aglng ability to gender, even with a very

young sample. These results replicated those found in study

1. Further research with a larger and more diverse sample

is indicated.

CONCLUSION

The results of the two studies conducted provide

support for a general parallel processing model of

cognition. Evidence for this class of model was provided by

the relative strength of individual abilities in verbal and

non-verbal processing demonstrated at the level of short

term memory. A Gestalt model would have predicted similar

abilities in both verbal and non-verbal domains because they

are viewed as being processed simultaneously and in a

similar code. Sequential processing models predict exchange

of information only at the level of long-term memory. This

type of model would have predicted a greater disparity

between the verbal and figural indices of the TTCT than was

demonstrated in this study. The results obtained in study 1

suggest parallel processing with cognitive style and
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cerebral hemisphere dominance acting as mediators in the

process. Unfortunately, the absence of measures of inter

modal translation prohibits making any inference about which

of the parallel processing models best describes the

process.

These studies also provided some empirical support for

Wallas's model of the creative process. This model

predicted the existence of two complementary processes; one

predominantly verbal and linear in nature, and the other

predominantly non-verbal and holistic in nature. In

Wallas's model the two processes are viewed as responsible

for different stages of the creative process: logical,

predominantly verbal processes are believed to be more

active in the preparation and verification stages; while

holistic, non-verbal processes are believe to be more active

in the incubation and illumination stages. In the two

studies conducted right hemisphere, non-verbal processes

were found to be paramount in divergent, creative thought

and left hemisphere; verbal processes are acknowledged as

contributing more to convergent intellective processes.

Successful completion of a creative product involves both

sets of abilities. The accuracy of Wallas's model is

indicated by a comparison of the two groups studied. The

students who participated in the first study were found to

be relatively less verbal and more creative thinkers than

the students who participated in t~e second study. It is



226

possible that the failure of the first group to achieve the

level of recognition obtained by students in the second

group may be explained by their relative deficits in verbal

presentation skills. They have demonstrated a high capacity

for creative divergent thought, but are relatively less

adept at selecting the best solution from an array, and

verbally communicating the idea. The students who

participated in the second study have achieved recognition

in spite of their relatively low divergent thinking

abilities because they are more adept at elaborating their

ideas and presenting them verbally.

While non-verbal skills (imaging ability and visual

memory) were found to be the most salient factors in

creative ability, the relative utility of these skills were

found to be significantly impacted by cognitive style. The

mediating effect of a relatively verbal or visual style was

demonstrated by the interaction of cognitive style and

imaging ability in the prediction of creative ability.

Individuals who are both high in imaging ability and

inclined towards visual thought performed better than those

who were classified as verbal processors irrespective of

ability, who in turn performed better than individuals who

are visual processors and low in imaging skill on the

creativity measure (TTCT). Individuals who demonstrated a

high degree of imaging skill, and were classified as verbal

processors scored one to two deviations above the norm on
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the TTCT, while verbal processors scored at the norm, and

visual processors with poor imaging skills scored one to two

deviations below the norm. These results also indicate that

a predominantly verbal processing style may be inhibitory in

creative production, the first three "stages" of which are

predominantly non-verbal.

The demonstrated interaction effect may provide

evidence of a cultural press towards verbal convergent

thought, to the extent that many individuals classified as

high in imaging ability failed to use these skills. These

results may be explained if placed within a social context.

Most of our educational system is geared towards teaching

and promoting verbal, convergent tnought. Because of this,

most individuals have some degree of comfort with and access

to these processes. Culturally undervalued non-verbal

processes may become progressively less easily accessed with

increasing education and socialization, and therefore,

become the defining aspect of the process.

The descriptive data for the two populations studied

provides some additional support for this hypothesis.

Students who participated in the first study have

demonstrated a relatively low level of academic achievement,

as indicated by their placement in an "alternative"

classroom. In terms of cognitive ~kill, they may be

described as highly visual, highly creative, and of average

to below average verbal skill. students who participated
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in the second study are average to above average in verbal,

convergent skills, but performed poorly on measures of

creative ability. Their achievement levels are high (as

indicated by the "objective" measure) but this level of

skill corresponded only to the elaboration scale on the

creativity measure used. Some addi~ional confirmation of

this hypothesis is provided by the decline in both imaging

and visual memory skills with age, demonstrated in both

sUbject groups. It is not possible, however, to determine

if the noted declines are attributable to education or

maturation. Further research in this area is recommended.

Significant differences related to gender were

demonstrated in both studies. Females uniformly scored as

high in imageistic ability, and more inclined towards a

non-verbal cognitive style. Hemisphere dominance, verbal

memory and visual memory were found to have a significant

impact on female's creative produc~ion. The males in both

studies were more variable on imagery and cognitive style

measures. For males, these were found to be the defining

features of creative production. No significant differences

were found in creative ability as measured by the TTCT.

These results are consonant with the noted interaction of

cognitive ability and cognitive style. Females tend to

demonstrate greater strength on skills involved in right

hemisphere production, and may be aided or abetted by the

relative strength of their corresponding left-hemisphere
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skills. Males, conversely, demonstrated greater strength on

skills involved in left-hemisphere processes; their

productivity being determined by the presence or absence of

complimentary right-hemisphere skills.

In sum, the results of these studies provide empirical

evidence in support of Wallas's model of the creative

process. It was demonstrated that both verbal and non

verbal processes are required for successful completion of a

creative product, and that either may prove to be a limiting

factor. While non-verbal skills were found to be the most

significant determinants of creative ability, the

mediational effect of cognitive style was found to be even

more significant to the extent that it may determine the

relative utility of these skills. Significant gender- and

age-related effects were reported as well. It is

recommended that future research attempt to address

questions related to distinguishing maturational versus

educational effects in the atrophy of non-verbal skills.

This research would be facilliteted by the availability of

age-based popuation norms on both imagery measures, and by

the extension of WMS norms to include children.

In addition to criterion and age-related effects, noted

processing differences related to gender warrant further

study. Finally, the development and use of a creativity

measure which incorporates qualitative differences described

by Taylor (1959) might provide even more significant



insights into the nature of the creative process, and the

skills and mediators involved.
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ENDNOTES

1. Freud uses the term "secondary process thought" to

refer to the type of thought which characterizes normal

waking consciousness.

2. The terms "fringe" and "fringe-consciousness" were

taken from William James, Principles of Psychology,

vol. 1. P 258.

3. ibid p , 260.
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APPENDIX

SAMPLE ITEMS FROM MEASURES USED IN REPORTED STUDIES

The items presented are general examples, or

paraphrased versions of items in the actual measures used.

Reproduction of actual test items would constitute violation

of copyright laws.

I. Torrance Test of Creative Thinking (TTCT): The TTCT

is comprised of ten scales, seven verbal, and three figural.

The activities are designed to elicit divergent thinking, as

individuals taking the test are instructed to produce as

many alternatives as they can. A variety of fantasy

activities are presented. The verbal activities include such

items as story completion, and alternate uses for everyday

objects. The figural items involve creating pictures or

designs, given ambiguous stimuli.

II. Shipley Institute of Living Scale (SILS): The

SILS is an IQ measure which is comprised of two activities,

abstract verbal reasoning and vocabulary. The abstract

reasoning scale consists of simple mathematical

calculations, metaphors, and logical completion of a variety

of series. The vocabulary scale consists of mUltiple choice

items which increase in difficulty as the scale progresses.

On both scales scoring is terminated with three incorrect

answers.
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III. Weschler Memory Scale (WMS): The only item from

this scale used in the reported studies is the visual memory

scale. This scale consists of the reproduction of four

abstract figures immeniately following a ten second

presentation, and again at the end of an elapsed period

(greater than one hour).

IV: Conjugate Lateral Eye Movement (CLEM): The CLEM is

a ten item interview procedure. Five of the questions posed

elicit linear-verbal processes, and the other five spatial.

The verbal items consist of simple mathematical

calculations, spelling, and explanation of simple metaphors.

The visual items consist of imagining and manipulating

various scenes. As each question is posed, the examiner

notes the direction of gaze, which is contra-lateral to the

active cerebral hemisphere.

V: Vividness of Visual Imagery Questionnaire (VVIQ):

The VVIQ is a subjective rating device. Individuals are

asked to imagine various objects and scenes (e.g., the face

of a familiar person) and rate the image they produce on a

one to five scale.

VI: Test of Visual Imagery Control (TVIC): The TVIC

is a subjective rating scale. Individuals are instructed to

produce images which are generally described, and then to

attempt to manipulate these images in prescribed ways. They

are then asked to indicate whether or not they were able to

successfully manipulate the image. Several items include



234

tests of perseveration. An example of the type of item

included on this questionnaire is: Imagine the front of your

house. Can you see the front door? Can you change the

color of the door to red? Imagine now that it has been hit

by a bulldozer. Can you now see it as it originally

appeared?

VII: Verbalizer-Visualizer Qu~stionnaire (VVQ): The VVQ

is a forced-choice, self-report questionnaire. Individuals

answer yes-no questions regarding personal preference for

cognitive style. Example of the types of items on this

questionnaire are: I prefer reading about how to do

something to having someone show me (verbal), I often

remember my dreams in great detail (visual). Scoring is

based on relative preponderance of verbal or visual items

endorsed.
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