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Derived from the psychometric tradition of creativity research, divergent thinking (DT)
tests are the major instrument for measuring people’s creative potential. Although still
prevalent, DT testing has received substantial criticism of its validity and practical value.
This article focuses on the issue of how to reliably and validly assess and predict people’s
real-world creative potential. Based on reviews of the literatures on the concept of crea-
tivity, creative thinking process, the psychometric approach, and DT tests, we examine 6
major weaknesses of traditional DT instruments: lack of construct validity; not testing
the integrated general creative process; neglect of domain specificity and expertise; and
poor predictive, ecological, and discriminant validities. This evaluation calls for develop-
ment of improved psychometric instruments to better capture people’s creativity in
specific professional domains of interest. Broadening the conceptions of creativity and
assessment instruments should allow development of more realistic models and theories
and enable the psychometric approach to studying creativity to thrive.

To pursue sustained development, society has placed
more emphasis on creativity than ever before. It has
been appreciated that creativity is a powerful propellant
for social transformation and economic growth
(Shneiderman, Fischer, Czerwinski, Myers, & Resnick,
2005), and that without creativity there would be no
potential for continuous product=service innovation
(Howard, Culley, & Dekoninck, 2008). Despite its
importance, creativity has been covered by a patina of
mystery throughout history, and its complexity leads
many researchers to shun studying this phenomenon.
Guildford’s (1950) historical presidential address to
the American Psychological Association motivated
researchers to study this abstruse topic and inspired
the now-thriving research field of creativity (Kurtzberg
& Amabile, 2000–2001).

Over decades of research, creativity has been demys-
tified to a large extent. However, a number of controver-
sies still exist that are yet to be fully resolved. Among
them, two of the most critical issues are: (a) How can
an individual’s real-life creative potential be reliably

and validly measured? (b) What constitutes the general
creative process, and how can people’s creativity be
sparked? Answers to these two questions are still far
from being complete, which affords broad room for
further investigation. As to the first issue, researchers
largely resort to the psychometric approach and rely
heavily on divergent thinking (DT) tests to measure
people’s creativity. Yet, traditional DT instruments have
been criticized for a perceived lack of validity and over-
reliance on content generality, which has caused many
researchers and practitioners to dismiss the psycho-
metric approach (Chase, 1985; Gardner, 1988; Plucker,
1999). But, rashly abandoning the psychometric tra-
dition may not buy researchers much. Instead, a careful
appraisal of the weaknesses of conventional DT tests
may help improve the measurement quality of current
psychometric instruments and open doors to new
research (Plucker & Runco, 1998). As to the second
question, researchers have made rapid progress in unra-
veling the processes that underlie creative cognition, and
thus understanding of the creative process has been
expanded. General models of the creative thinking
process have been proposed, but their validity has yet
to be evaluated (Howard et al., 2008; Zeng, Proctor, &
Salvendy, 2009b, 2010).
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This article concentrates on addressing the issue of
how to reliably, validly assess and predict people’s real-
world creative potential. We review relevant literatures
regarding the concept of creativity, creative process,
the psychometric approach, and DT tests to pinpoint
weaknesses of traditional DT instruments. We then
summarize insights derived from this evaluation and
discuss the benefit of developing creativity assessment
tools tailored for specific professional domains.

THE CONCEPT OF CREATIVITY

In developing a measure of creativity, it is important to
first clarify the theoretical position the researcher holds,
define the concept to be measured and its constitutional
constructs, and specify the measurement criteria
(Fishkin & Johnson, 1998; Kilgour, 2006). There is con-
sensus that creativity is a multifaceted phenomenon,
which renders it complex and suggests that a definition
of creativity should depend on specific research interests.
In the literature on creativity, Rhodes’ (1961) four-
perspective (4-Ps) model has gained wide acceptance.
This model views creativity as a dynamic phenomenon
comprised of four interactive components: person
(people), process, product, and press (Couger, Higgins,
& McIntyre, 1993; Fishkin & Johnson, 1998; Thompson
& Lordan, 1999; Zeng et al., 2010).

With regard to the first component, creativity is
assumed to be present in every individual, although
creative geniuses are rare (Kurtzberg & Amabile,
2000–2001). It is found that the creative elite possess
certain personality traits that would assist the creative
thinking process. Creative thinking process, also referred
to as creative cognition, involves cognitive processes and
metacognitive strategies used by people to generate
creative productions (Satzinger, Garfield, &
Nagasundaram, 1999; Zeng et al., 2009b). A creative
product should be one that is both novel and of value
(Horn & Salvendy, 2006; Paulus, 2000; Runco &
Charles, 1993; Zeng, Salvendy, & Zhang, 2009a).
Researchers have developed quantitative tools to mea-
sure creativity of traditional hardware products and
Web sites (e.g., Amabile, 1982; Besemer & O’Quin,
1986; Horn & Salvendy, 2009; Zeng et al., 2009a).
Finally, the term press refers to the environmental or con-
textual factors affecting germination of creative produc-
tions (Couger et al., 1993; Thompson & Lordan, 1999).

This 4-Ps model suggests that researchers can delve
into creativity from distinct approaches, and thus a defi-
nition of creativity should reflect the specific aspects of
research interest. Although the multiple facets discussed
previously make it difficult to provide a precise, unified
definition of this elusive phenomenon, the literature has
given multiple generic definitions that regard the

outcome aspect (i.e., product) as the distinguishing sign
of creativity (Amabile, 1983). The rationale is that not
only must a creative individual’s personality characteris-
tics be justified via the final work, but any cognitive
process identified as creative must also be judged on
its fruit. In addition, the influences of press can only
be examined on a reliable, valid measure of the creative
product (Amabile, 1982; Horn & Salvendy, 2006; Zeng
et al., 2009b).

Based on a comprehensive review of over 50 years of
research, the Handbook of Creativity (Sternberg, 1999)
summarized various definitions of creativity as the
‘‘creation of new and useful products including ideas
as well as concrete objects’’ (Mayer, 1999, p. 450). Horn
and Salvendy (2006) defined creativity as ‘‘the individual
or group process that results in an artifact (solution,
thought, product, art, music, etc.) that is judged as
original and useful’’ (p. 157). In addition, Weisberg
(2006) defined creativity to be ‘‘the goal-oriented
production of novelty’’ (p. 761).

These definitions indicate that two predominant attri-
butes of creative products, novelty and appropriateness,
are key in defining creativity (Zeng et al., 2009b). This
contention is consonant with the perspective of creative
realism that Finke (1995) suggested to adopt in the con-
text of business and industry. Creative realism advocates
the notion that a creative product should not only be
original and inspiring, it must also effectively tackle
real-world issues to satisfy shareholders’ wants. In his
research framework, Finke contrasted creative realism
with three other views: creative idealism, conservative
realism, and conservative idealism. Among the four,
only creative realism emphasizes that novel creations
should make sense in actuality. It requires a creative
solution to be original and meaningful, but not excess-
ively fanciful and infeasible. A product that is only
novel, but odd, bizarre, and serves no purpose should
not be considered as truly creative at all. The theoretical
position of creative realism undergirds the most widely
accepted two-aspect criteria of creativity, novelty and
appropriateness (Amabile, 1998; Horn & Salvendy,
2006; Paulus, 2000; Warr & O’Neill, 2005; Zeng et al.,
2010).

For the purpose of this study, creativity is broadly
defined as the goal-oriented individual=team cognitive
process that results in a product (idea, solution, service,
etc.) that, being judged as novel and appropriate, evokes
people’s intention to purchase, adopt, use, and appreci-
ate it. It should be noted that this definition emphasizes
customer satisfaction and business success, reflecting
the notion of commercial creativity (Zeng et al., 2009b,
2010). We argue that this emphasis should be applied
to a variety of domains. Even in some special domains
like art where self-actualization=self-expression is of
much importance, customer reaction is still indispensable
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in assessing the product’s creativity if public recognition
is desired.

THE CREATIVE PROCESS

The creative thinking process refers to the sequence of
cognitive activities that can lead to novel, yet appropri-
ate, productions in a given problem context (Lubart,
2000–2001). Researchers who study the creative process
are dedicated to unraveling the underlying cognitive
constructs and subprocesses that inspire people’s crea-
tivity. Historically, people have held that creativity is a
special gift for a few select elite, and thus mundane
people can hardly improve their creativity (Treffinger,
Isaksen, & Dorval, 1994). Such a view leads to the
assumption that the creative process is mysterious and
cannot be studied rigorously. Yet, over decades of
research, the seemingly abstruse phenomenon of creativ-
ity has been demystified, to a large extent, via the scien-
tific approach. Researchers found that the so-called
creative cognition and people’s normative cognition
share a lot in common in terms of basic cognitive opera-
tions. Creative cognition does not possess a specific,
unitary cognitive process fundamentally different from
that associated with standard cognition (Gardner,
1988; Smith, Ward, & Finke, 1995). Instead, it is the
special combinations and patterns of the same cognitive
elements as in noncreative endeavors that spur creative
productions (Smith et al., 1995). This means that people
can become more creative if they are trained to effec-
tively apply appropriate metacognitive strategies to
stimulate their creativity (Kilgour, 2006; Kurtzberg &
Amabile, 2000–2001). The significance of studying the
creative process thus becomes obvious: Although crea-
tivity is subject to the influences of a number of factors
(e.g., personality, environment, etc.), it ultimately
depends on how people think. Therefore, the creative
process is deemed to be ‘‘the essence and the engine of
any creative endeavor’’ (Smith et al., 1995, p. 1).

The creative process can be conceived of as a form of
problem-defining and problem-solving. The abstract
term problem refers to any goal an individual=team
seeks to achieve, such as developing innovative
products=services for a target market (Lubart,
2000–2001; Sternberg & Grigorenko, 2000–2001). A
multitude of creative process models have been pro-
posed in the literature, and a comprehensive review
reveals that the general form of these models can be
summarized as a linear sequence of four phases: prob-
lem analysis, ideation, evaluation, and implementation
(Howard et al., 2008; Zeng et al., 2010; see Figure 1).

As the first phase, problem analysis initiates the entire
creative process. The necessity of this stage is owing to
the fact that an individual engaged in creative activities

often works in a problem-space that is initially not well
defined. This entails appreciable redefining of the
problem-space, reorganizing and narrowing down of
operations, and so forth (Gardner, 1988). In this phase,
people look for information to help them fully under-
stand the immediate problem context and subsequently
set up concrete problems to solve. Problem-finding
and problem-formulating are the two major subpro-
cesses in problem analysis (Isaksen & Treffinger, 2004;
Lubart, 2000–2001). Problem-finding requires an
individual to actively and continuously seek new oppor-
tunities that could help accomplish prespecified funda-
mental goals. Finding new and meaningful problems
to solve is deemed to be more critical than merely find-
ing solutions to already identified problems (Basadur,
1994). Subsequently, problem-formulating asks one to
frame a general (and often vague) problem in multiple
meaningful and concrete ways that would suggest poss-
ible solutions. It is suggested that one could discover
even more new questions and possibilities by formulat-
ing a problem from multiple perspectives and at differ-
ent levels of abstraction (Csikszentmihalyi & Getzels,
1971; Smith et al., 1995; Zeng et al., 2009b, 2010).
Problem analysis is an indispensible stage in the creative
process, and the way of defining a problem has a sig-
nificant effect on the creativity of the final product
(Kilgour, 2006; Volkema & Evans, 1995). In our opi-
nion, this proposition should hold across different
domains, even in art where self-expression is of much
concern. In fact, a seminal study has evinced that
the amount of effort made in problem analysis can
significantly predict the creativity of artwork
(Csikszentmihalyi & Getzels, 1971).

FIGURE 1 General model of the creative process.
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The second stage, ideation, motivates an individual to
generate a variety of alternative solutions to already
identified problems by employing DT. Evaluation is
not allowed in this phase to support sustained idea
generation (Basadur, 1994; De Bono, 1973). DT, in
which unconventional possibilities, associates, and inter-
pretations are explored, is the key engine to produce a
wide range of ideas to a problem where more than one
solution would work (Dacey, 1989). Ideation involves
the following cognitive subprocesses: retrieval of
pertinent information and categories from long-term
memory, formation of links among those categories
and their combinations, mental synthesis of new cate-
gories, mental transformation of existing categories into
new forms, and analogical transfer of categories from
one domain to another (Ward, Smith, & Finke, 1999).

With mainly convergent thinking involved, evalu-
ation calls for specifying a set of criteria derived from
those preindentified fundamental goals, and then using
such criteria to analyze, refine, and select ideas gener-
ated. It helps the problem solver to see both positive
and negative aspects of each proposed solution, refine,
combine, and finally select the most promising ideas
for implementation (Basadur, 1994; Lobert & Dologite,
1994). Evaluation also requires one to analyze the feed-
back information gleaned from actual implementation
and then make necessary adjustment accordingly (Zeng
et al., 2009a).

Finally, the stage of implementation recognizes that
having proposed promising solutions is merely the end
of the beginning. Unless the selected proposal is
effectively executed and widely accepted, the creative
process will not be considered as complete or successful
(Basadur, 1994).

It is important to note that this general model of the
creative process does not suggest a simple linear pattern
composed of four segmented phases. Rather, the
creative process should be recursive, dynamic, and evolv-
ing, instead of being a simple, static process where
sequentially going through the four stages would guaran-
tee producing highly creative solutions. The feedback
from implementation may evoke the discovery of new
challenges and possibilities as the press (or environment)
reacts to the impact of implementation. Furthermore, the
output from each of the four phases may indicate poten-
tial opportunities for adjustment, improvement, etc.,
which will suggest proceeding into subsequent phases or
returning to previous stages for any necessary adjustment
(Basadur, 1994; Lubart, 2000–2001; Zeng et al., 2010).

Last, but not least, it should be noted that there may
never be a unitary model to completely capture humans’
creative processes (Simonton & Damian, in press).
There may exist a variety of mental processes that can
stimulate creativity under different circumstances, which
challenge an exhaustive search for the phases in creative

cognition (Mayer, 1999). The intent of our proposing a
general creative process model is to lay a preliminary
theoretical foundation that helps explain people’s
creative cognition and may even suggest possible inter-
ventions that can manipulate and enhance human crea-
tivity (Zeng et al., 2010). The proposed model of creative
process is general, operational, and developmental,
rather than unitary, prescriptive, and complete. The
underlying rationale of proposing this model is not to
assume the existence of a single, correct creative
process, but to provide a theory that can be tested and
may benefit human creativity development, rather than
hold a worthless stance that creativity is mysterious
and its process cannot be explained.

THE PSYCHOMETRIC APPROACH
TO MEASURING CREATIVITY

A wealth of research over past decades has developed
diversified instruments to measure creativity, each focus-
ing on specific aspects of creativity. Presently available
measures of creativity can be classified into 10 cate-
gories: psychometric tools (DT tests), personality inven-
tories, attitude and interest batteries, biographical
inventories, peer nominations, teacher nominations,
supervisor ratings, judgments of productions, eminence,
and self-reported creative activities and achievements
(Hocevar, 1981). Developing an appropriate instrument
for assessing creativity thus hinges on the specific defi-
nition and research interests pertaining to this concept.

Researchers who are interested in aspects of people
and cognitive processes have been mainly relying on
the psychometric approach to studying creativity. By
far, the largest amount of research in creativity assess-
ment has been derived from the psychometric tradition,
which forms the foundation of current understanding of
this concept (Gardner, 1988; Plucker & Runco, 1998).
DT tests are the major type of psychometric instrument
in creativity testing. DT, the ideation phase of the cre-
ative process where a variety of ideas are generated in
a problem context, has been viewed as a major determi-
nant of creativity. DT batteries yield observable and
quantifiable measures representing the individual’s cre-
ative potential (i.e., the likelihood of producing creative
solutions in a problem context; Fishkin & Johnson,
1998). It is viewed that the quest to quantify the creative
process and people’s potential for creative productions
by way of using DT inventories has been ‘‘a lightning
rod for the psychometric study of creativity’’ (Plucker
& Renzulli, 1999, p. 39). More than the contribution
of any other approach to studying creativity, DT testing
sets the stage for developing creativity training pro-
grams in education and business. In addition, the DT
measures are frequently used to identify creative
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students and researchers globally (Plucker, 1999). In this
section, four predominant creative thinking tests in crea-
tivity research and education are reviewed. These four
batteries are quite similar in terms of test structure.
Because the Torrance Test of Creative Thinking (TTCT)
is most widely used and accepted of the four, it will be
reviewed in greater detail.

Structure of the Intellect (SOI) Divergent
Production Test

The SOI divergent production test is based on Guilford’s
(1967) SOI model. The SOI battery captures an indivi-
dual’s potential of divergent productions in several areas,
involving those of semantic systems (e.g., thinking of
consequences if people no longer need to sleep), figural
systems (e.g., constructing meaningful figures from sets
of elements), and symbolic units (relating a set of num-
bers in different ways to get a certain result). There are
several dozen such tests in the SOI divergent production
inventory, and the scoring mechanism is based on the
four criteria: fluency (the number of relevant ideas), flexi-
bility (the number of categories which the responses fall
into), originality (the number of unusual answers determ-
ined by relative statistical frequency), and elaboration
(the number of details for a response).

Wallach–Kogan and Getzels–Jackson Tests
of Creative Thinking

The Wallach–Kogan Creativity Tests (WKCT) and
Getzels–Jackson Creativity Tests (GJCT) are quite simi-
lar to the SOI inventory and the TTCT. The develop-
ment of the WKCT is based on the associative
conception of creativity, ‘‘the forming of associative ele-
ments into new combinations which either meet specified
requirements or are in some way useful’’ (Mednick,
1962, p. 221). Thus, the task performance is scored on
the number of associational responses generated under
various contexts and the uniqueness of these responses
(Wallach & Kogan, 1965). Table 1 summarizes the test

activities in the WKCT with their descriptions and
examples.

The Getzels–Jackson (1962) battery consists of five
major subtests: word association (generating definitions
to stimulus words), uses for things, hidden shapes
(finding the geometric figure hidden in a more complex
pattern), fables (composing different endings for a
fable), and make-up problems (proposing math pro-
blems in a context). Scores of these tests are also based
on fluency, flexibility, originality, and elaboration.

TTCT

The TTCT is the most well-known and -researched
creativity test, enjoying widespread international use
(Almeida, Prieto, Ferrando, Oliveira, & Ferrandiz,
2008; Cramond, Matthews-Morgan, Bandalos, & Zuo,
2005; Kim, 2006; Plucker & Renzulli, 1999; Treffinger,
1985). This instrument was developed by E. P. Torrance
(1966a) and is based on many aspects of the SOI test
(Plucker & Renzulli, 1999). Torrance’s aim of develop-
ing TTCT was to provide a tool that can better capture
an individual’s creative potentialities and can accommo-
date people with different demographic properties.
According to an analysis of diversified definitions of
creativity and the emphasis on scientific research creativ-
ity, Torrance (1966a, p. 6) defined creativity as

a process of becoming sensitive to problems, deficien-
cies, gaps in knowledge, missing elements, disharmonies,
and so on; identifying the difficulty; searching for solu-
tions, making guesses, or formulating hypotheses about
the deficiencies: testing and retesting these hypotheses
and possibly modifying and retesting them; and finally
communicating the results.

This definition serves as the foundation for developing
the TTCT, yet the test itself is not an entire operational
translation of such definition, or in other words it does
not test the whole part of the definition. Torrance
(1966a) acknowledged that he was not prepared to claim

TABLE 1

Test Activities in the Wallach–Kogan Creativity Tests

Activity Description Examples

1. Instances (Verbal) Generate possible instances of a class concept. ‘‘Name all the round things you can think of.’’

‘‘Name all the things you can think of that move on

wheels.’’

2. Alternative uses (Verbal) Think of possible uses for an object. ‘‘Tell all the different ways you could use a newspaper.’’

3. Similarities (Verbal) List possible similarities between two objects. ‘‘Tell all the ways in which a cat and a mouse are alike.’’

4. Pattern meanings (Figural) Figure out possible interpretations of the given pattern

in a drawing.

‘‘Tell all the things each complete drawing could be.’’

5. Line meanings (Figural) Guess possible meanings of the line shown in a drawing. ‘‘Tell all the things each drawing of line could be.’’

Note. This table is developed from the discussion in Wallach & Kogan (1965).
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how many dimensions of creativity the TTCT assessed,
nor did he suggest that the results of TTCT should be
the basis for decision-making. With Torrance’s focus
on understanding and nurturing people’s creativity, the
TTCT is not designed merely as a measure of creativity,
but serves to foster people’s creative thinking.

This test battery has two forms, verbal and figural.
The verbal test includes seven activities, and the figural
test has three tasks. The activities as well as their
descriptions and rationale for inclusion in the TTCT
are summarized in Tables 2 and 3. It is argued that some
of the most important creative products are generated
from the cognitive process in verbal and figural forms,
although creative thinking may manifest itself in
additional forms. In addition, the two forms should
not be viewed as redundant. On the one hand, very little
correlation (r¼ 0.06) was found between performance
on the verbal and figural tests (Cramond et al., 2005).
On the other hand, the figural test can be administered
to individuals who have verbal disabilities, are inter-
national and thus have language problems, or are young
children with quite limited literacy. The verbal test takes
45min in total to administer, with each subtest taking 5

to 10min. The figural test requires a little less time
(30min in total).

In regard to the scoring criteria, the TTCT figural test
scores an individual’s creative potential in terms of orig-
inality and elaboration, and task performance on the
picture completion and parallel lines is scored on fluency
and flexibility. The scoring of the TTCT verbal test is
simplified to involve only fluency, flexibility, and orig-
inality, due to the difficulty in attaining satisfied interra-
ter reliability on elaboration with untrained referees
(Cramond et al., 2005; Torrance, 1966a). Scores of sub-
tests on each form can be aggregated to give total scores
such as figural fluency, figural flexibility, and so on.
These aggregated scores can then be transformed into
standard T scores (Torrance, 1966a). Intersubtest corre-
lations are moderate, generally ranging from 0.30 to
0.50. Yet there are high intercorrelations among the ver-
bal fluency, flexibility, and originality, ranging from 0.74
to 0.80. Therefore, there is considerable overlap between
these criteria, and an overall score might have more
summation power (Chase, 1985).

The reliability of the TTCT battery involves two
aspects, interrater consistency and test–retest consistency.
High interrater consistency has been reported in the

TABLE 2

Test Activities in Torrance Test of Creative Thinking Verbal Form A

Activity Description Rationale

1. Asking Ask questions to know for sure what is happening in the

drawing.

The essence of thinking (especially scientific thinking) is

captured by the abilities of asking and guessing, which

also reveals one’s curiosity.2. Guessing causes Give possible causes that lead to the action shown in the

drawing.

3. Guessing consequence List possible consequences resulting from the action in

the drawing.

4. Product improvement List the cleverest, most interesting and unusual ways of

changing a stuff toy elephant to make it more fun to

play with.

This complex task has high face validity and a desirable

type of thinking is involved.

5. Unusual uses Think out possible uses for cardboard boxes. It is a test of one’s ability to overcome mental fixation.

6. Unusual questions Propose questions about cardboard boxes. To measure one’s divergent power.

7. Just suppose List things that would happen in an improbable

situation (i.e., clouds had strings attached to them

which hang down to earth).

This type of thinking is important in creative behavior,

and the task attempts to be more effective with

children.

Note. This table is developed from the discussion in Torrance (1966a, 1990).

TABLE 3

Test Activities in Torrance Test of Creative Thinking Figural Form A

Activity Description Rationale

1. Picture construction Draw a picture with a given tear drop shape as an integral

part, and give a title for the drawing.

Test one’s ability to find purposes and achieve them in

different ways with adequate elaboration, which calls

into play the tendency towards structuring and

integrating.

2. Picture completion Add lines to incomplete figures and give tiles for the

drawings.

3. Parallel lines Make picture from pairs of straight lines and entitle the

drawings.

Note. This table is developed from the discussion in Torrance (1966a, 1966b).
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literature, ranging from 0.66 to 0.99 for trained classroom
teachers (Chase, 1985). The test–retest studies reported
consistency figures mostly lying between 0.50 and 0.93,
which can be considered as satisfactory (Kim, 2006;
Treffinger, 1985).

The validity of the TTCT mainly involves issues of
construct validity and predictive validity. A majority of
criticism has been directed toward its construct validity.
It is not yet clear exactly what or how many dimensions
of creativity is measured by the TTCT, as acknowledged
by Torrance (1966a). In addition, it is doubtful whether
individuals with high scores on the TTCT are truly cre-
ative (Sternberg & Lubart, 1996). Much of the research
investigating the validity of the TTCT has taken a
vulnerable approach by first sorting individuals on
TTCT measures and then explaining the individual dif-
ferences in terms of intelligence and personality (Chase,
1985). However, the correlation between the TTCT
scores and measures of intelligence and personality does
not make much sense due to a lack of theoretical back-
grounds explaining what the real relation between those
different measures should be (Chase, 1985). It is more
desirable that examinees be first sorted on theoretically
relevant objective criteria, and the construct validity of
the TTCT battery can be upheld if the TTCT measures
would agree with such sort.

With regard to its predictive validity, there is empiri-
cal evidence supporting that the TTCT measures can
be significant predictors of later creative achievements.
A 22-year follow-up study of elementary school students
who took the TTCT indicated a predictive validity of
0.63, which is the value of a multiple correlation coef-
ficient calculated from a stepwise multiple regression
involving five criteria of creative achievement. A 40-year
follow-up study of students from the same sample
reported that TTCT could explain 23% of the variance
in creative production (Cramond et al., 2005). Other
variables such as motivation and opportunity can
mediate creative productions.

So, to sum up, it is of paramount importance to recog-
nize that the TTCT inventory only measures certain
aspects of creative thinking abilities, but not all

dimensions of creativity. It has adequate reliability, yet
does not have a firm base for its construct validity. Its
scoring mechanisms could be further improved. The mer-
its of the TTCT lie in that it has one of the largest norm
samples and has been subjected to extensive longitudinal
validations to demonstrate its predictive validity over wide
age groups (Chase, 1985; Kim, 2006; Treffinger, 1985).

Table 4 summarizes similarities and differences
between these four most widely used DT batteries. All
of them are similar to each other in terms of test struc-
ture and scoring criteria. The major difference lies in
administration conditions. Unlike other batteries with
strict time limits, the WKCT adopts game-like, permiss-
ive, and untimed administration. The introspections of
highly creative individuals suggested that a relaxed, per-
missive atmosphere is more conducive than a coercing,
evaluative atmosphere to maximizing the generation of
association. However, the effects of different test con-
ditions on creative productions are far from being con-
clusive (Crockenberg, 1972; Plucker & Renzulli, 1999).
It is interesting to note that those most popular DT
instruments reviewed in this article have changed very
little since their debut, which may indicate that this line
of research is not inexhaustible (Plucker & Renzulli,
1999). Nonetheless, great room for improvement in
testing creative thinking abilities can be identified upon
scrutinizing presently existing DT batteries.

APPRAISAL OF TRADITIONAL CREATIVE
THINKING BATTERIES

Although they are still popular measurement tools for
people’s creative potential, DT inventories have received
substantial criticism of their value. Besides positive
results, an amount of negative evidence has also accumu-
lated, which indicates underlying limitations of current
DT batteries and considerable room for further develop-
ment. In this section, we appraise the weaknesses of
conventional DT tests in six major aspects that weaken
both reliability and validity of DT instruments, with
the goal of identifying opportunities for amelioration.

TABLE 4

Similarities and Differences Between the Four Divergent Thinking Tests

Similarities Differences

. Mostly emphasizing the role of divergent thinking. . Task conditions: most batteries have time constraint in

administration, while the WKCT does not.

. Similar task types, all requiring divergent generation of responses; . Task contents: may be suitable for different domains.

. Similar scoring criteria, generally based on fluency, flexibility, originality, and

elaboration.

. Abstract tasks, most being different from real-world problems.

. Mainly assessing children’s creative potential for educational purpose, and

accommodating people from children to adults.
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Construct Validity: Neglect of the Critical Criterion
of Appropriateness

An assessment instrument should be designed in terms of
the definition of the construct that it is supposed to mea-
sure. According to the definition of creativity in the
literature, two crucial evaluation aspects (i.e., novelty
and appropriateness) have been highly emphasized and
most widely accepted, especially when the topic is
real-life creativity (e.g., Amabile, 1998; Horn &
Salvendy, 2006; Paulus, 2000; Weisberg, 2006; Zeng
et al., 2009b, 2010). Empirical evidence has accumulated
to substantiate that both novelty and appropriateness
are indispensable in defining creativity across various
domains, for example, creativity of traditional hardware
products (Horn & Salvendy, 2009), of information
technology products=services (Couger & Dengate, 1992;
Zeng et al., 2009a; Zeng et al., 2010), and in the advertis-
ing industry (Kilgour, 2006).

Although the requirement of novelty=originality is
represented in the scoring mechanism of presently avail-
able creative thinking tests, the criterion of appropriate-
ness is neglected in those most popular DT inventories.
Appropriateness refers to the extent to which a
proposed solution can satisfy the demands posed in a
problem context. Under the most prevalent scoring
mechanism (i.e., fluency, flexibility, originality, and elab-
oration) as advocated by the TTCT, whether the
response to a problem is appropriate and of practical
value is not considered. The fluency and originality view
of creativity held in conventional DT tests leads to con-
siderable vulnerability of the current psychometric
approach, because any idea, no matter how bizarre
and inappropriate, would count as evidence of crea-
tivity. It is no wonder that some researchers have
concluded that ‘‘fluency, flexibility, originality, and
elaboration scores failed to capture the concept of crea-
tivity’’ (Sternberg & Lubart, 1996, p. 681).

One might argue that this problem can be easily fixed
by adding appropriateness as a scoring criterion. How-
ever, should it be that simple, why would those developers
of traditional DT tests not have tackled this issue? We
argue that the key reason is that tasks in conventional
DT tests do not have innate goals, which is possibly
caused by employing abstract, unrealistic tasks. Evaluat-
ing an idea’s appropriateness is not operational if funda-
mental goals of problem-solving cannot be clearly
identified. For instance, to a DT task such as ‘‘list as
many uses of a brick as possible,’’ a crazy idea such as
‘‘use the brick to hit an old lady’s head’’ would at least
score on fluency, originality, and flexibility, providing
that few others gave this use. In most real-world situa-
tions, this idea would be regarded as malicious, inappro-
priate, and not truly creative. Yet, it might be novel
and appropriate under some special circumstances.

Consequently, the lack of problem contexts in prevalent
DT tests makes it impossible to clearly identify funda-
mental goals that solutions should meet, and thus validly
measuring the real creativity of interest becomes
questionable.

Admittedly, some researchers have tried to incorpor-
ate the criterion of appropriateness (or similar criteria
such as quality and effectiveness) in assessing creative
performance (e.g., Cropley & Cropley, 2000; Mumford,
Supinski, Baughman, Costanza, & Threlfall, 1997; Runco
& Charles, 1993; Runco, Illies, & Eisenman, 2005). How-
ever, this is not yet a standard practice of employing DT
measurements, and appropriateness is not a scoring cri-
terion of the four most prevalent DT inventories at all.
Furthermore, due to the employment of abstract tasks
lacking meaningful contexts in conventional DT bat-
teries, the evaluation of ideation quality=appropriateness
remains at a surface level, e.g., a brick is judged to be an
inappropriate instance of square things simply because
bricks are usually rectangular (Runco & Charles, 1993).

The lack of creative thinking measurement with
sound construct validity may lead researchers to draw
plausible conclusions from invalid empirical evidence.
Torrance (1968) reported discovery of a fourth-grade
slump in creativity, as indicated by the measures of
TTCT, and concluded that third-grade students are
more creative than fourth graders. Some researchers
have even stated that most people harness less of their
creativity ability as they mature (Couger et al., 1993).
However, this conclusion is contradictory to most
people’s accepted belief and practice that ‘‘creativity is
developmental and consistently increases with age and
education’’ (Torrance, 1995, p. 320; Weisberg, 2006).
Empirical evidence supporting the contention of consist-
ent development of creativity was found in the domain
of art (Baer, 1996). One possible explanation of this con-
flict is that people adopt more and more moral, ethical,
and other standards as they mature, so that they provide
fewer original but inappropriate responses, which is
misinterpreted by traditional DT inventories.

In all, neglect of appropriateness causes current DT
instruments’ failure to fully capture the concept of crea-
tivity. When an individual is identified as creative, care
needs to be taken to make sure that this person not only
can generate multiple original, unique responses, but
that the ideas generated are also of worth and value
(i.e., appropriate). Especially in design of products=ser-
vices, not only should a design be novel and unexpected,
but it also should be of practical and business value so
that people would like to purchase the product=service
(Horn & Salvendy, 2009; Zeng et al., 2009b; Zeng
et al., 2010). Neglect of appropriateness as a vital scor-
ing dimension is where existing creative thinking tests
fall short. Those most widely used creativity tests
reviewed earlier mainly emphasize novelty and
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acknowledge appropriateness as a criterion of creativity
only to a limited extent. The TTCTmight be more appro-
priately referred to as measures of fluency and originality,
and the WKCT as measures of associational fluency and
uniqueness (Crockenberg, 1972). Thus, it is reasonable to
expect that design geniuses who can come up with most
novel and commercially competitive products may not
be those who score highest on current DT tests.

Not Testing the Integrated General Creative
Process

Another major shortcoming of existing creative thinking
tests is that there is little relation between subtest activi-
ties. Each subtest may evaluate one aspect of creative
thinking, but neither a single subtest nor the task activi-
ties as a whole assess an examinee’s creative potential by
taking into account an integration of fundamental phases
in the creative process. According to the general creative
process discussed earlier, there are four major phases:
problem analysis, ideation, evaluation, and implemen-
tation (Howard et al., 2008; Zeng et al., 2009b). Most
existing creative thinking batteries, as represented by
the TTCT, emphasize ideation and, to a rather limited
extent, analysis, but the phase of evaluation has received
very little attention.

Wakefield’s (1991) situational theory of thinking skills
suggests that creative thinking is entailed in open-
problem, open-solution situations, in which one needs
to combine both problem invention and expressive
problem-solving skills. The current DT tests mainly
represent closed-problem, open-solution situations that
only call for problem recognition and expressive problem
solving. Consequently, current creative thinking tests
‘‘may be better thought of as measures of expressive
problem-solving than of creativity per se’’ (Wakefield,
1991, p. 191).

On the other hand, evaluative skill is also paramount
in identifying promising alternatives for further enrich-
ment. Explicit evaluation, with mainly logical and con-
vergent thinking involved, is a crucial constituent of the
entire creative thinking process. It is imperative whenever
a decision maker selects promising ideas for implemen-
tation or determines whether further iteration of the cre-
ative process is needed (Plucker & Renzulli, 1999; Runco,
1991). Both DT and logical reasoning play important
roles in creative production (De Bono, 1973; Holt,
1982). The latter, i.e., the evaluation phase, is unfortu-
nately neglected in most existing creativity tests. No won-
der it is likely that one would list a brick as an instance of
square things (Runco & Charles, 1993). In all, evaluation
is a vital constituent that operates throughout all stages
of a creative behavior sequence (Guilford, 1967).
Without taking evaluative skill into account, accurate
assessment of creative potential can never be achieved.

These facts may explain why most present assessments
of creative thinking only have moderate validity, as other
important components are not taken into account
(Runco & Vega, 1990). The research on testing creative
thinking abilities is occupied almost exclusively with
measuring and enhancing ideational productivity.
Because ideation is only one aspect of the entire creative
process, ‘‘its predominance devalues the integral role of
creativity in the solving of problems’’ (Plucker &
Renzulli, 1999, p. 41).

Furthermore, there are interactions among individual
phases within the creative process (Runco & Vega,
1990). Performance of problem-finding is significantly
related to problem-solving, and more highly correlated
with criteria of creativity than is problem-solving
(Chand & Runco, 1993). In addition, problem-finding
significantly explains additional variance in predicting
creative achievements (Runco & Vega, 1990). Problem-
finding and formulating is closer to the heart of scientific
and design creativity than problem-solving, as better
identified and formulated problems are often half-solved
(Wakefield, 1991). On the other hand, ideational pro-
ductivity and evaluative skill are significantly correlated
with each other. These two constituents are interrelated
but not redundant, and there may be a functional
relation between them (Runco, 1991). Individuals who
are highly capable of DT may have a better appreciation
for novel ideas (Runco & Vega, 1990).

Solely testing the original and divergent thought pro-
cess alone does not fully account for people’s ability in
generating creative breakthroughs (Kilgour, 2006). In
real-life problem contexts, the four fundamental phases
of the creative process should all function to produce
highly creative (i.e., novel and workable) solutions.
Numerous creativity researchers have pointed out that
DT should not be treated as synonymous with creative
thinking. Apparently, the task activities that make up
the current creativity tests are not conducive to high-level
creative responses (Crockenberg, 1972).

As Torrance (1966a) argued when developing the
TTCT, one would measure an athlete’s jumping poten-
tial by measuring the highest level she or he could jump.
The same rationale should apply to assessing an indivi-
dual’s creative potential. Because the four fundamental
phases are indispensible and conducive to high-level
creativity, one’s creative thinking ability should be mea-
sured at its peak when the individual has gone through
the entire creative thinking process. Therefore, a desir-
able instrument for assessing creative thinking should
consider all important phases of the creative process in
each subtest or in the test as a whole. We suggest that
tasks used in DT testing should include problem con-
texts that can help one first identify basic goals so that
the individual can then conduct goal-oriented creative
thinking by proceeding through problem analysis, DT,
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and convergent thinking recursively to produce
innovative and valuable products. It may be challenging
to integrate our expanded conceptions of creativity (i.e.,
problem analysis and evaluation) into psychometric
investigation instruments. However, upon this very
effort, more realistic models and theories can be
developed and tested (Plucker & Runco, 1998).

Domain Specificity and Expertise

Existing creative thinking measurement tools have been
criticized for overreliance on content generality and
failure to consider the role of domain-specific expertise
in creative productions. Gardner (1988) argued that
the assumptions that a creative proclivity in one domain
can predict that in another domain and that creative
products resemble one another across domains are both
quite vulnerable. Theoretical and empirical evidence
accumulates to support the notion that creativity is
domain specific (Plucker & Runco, 1998). Throughout
history, people’s significant creative works are almost
entirely restricted to a single domain. Although the
general creative process is the same across domains,
content-specific knowledge is a prerequisite for most
creative advances and such domain-specific expertise
cannot be easily transferred across domains (Proctor &
Van Zandt, 2008). Therefore, most people can
only make appreciable creative contributions to the
domains in which they have cutting-edge expertise
(Smith et al., 1995).

Domain-specific expertise has been found to be closely
tied to creativity (Weisberg, 2006). Creative individuals
rely on their content-specific knowledge to reason about
the immediate problem situation and produce creative
solutions accordingly. In addition, domain-specific
expertise lays the foundation for transfer of knowledge
to new situations. Expertise does not just represent
mindless, automatic processing. Rather, it helps the
problem-solver build rich, complex mental models to rep-
resent and reason about various situations. Only by
expertise (i.e., deliberate practice and extensive experi-
ence) can an individual construct a detailed and appropri-
ate mental model of a situation needed to support
adaptive processing and creative thinking. Deliberate
practice, the basis for expertise, in turn, is responsible
for consistent superior performance that can be con-
sidered as creative (Ericsson, 1998, 1999;Weisberg, 2006).

Weisberg (2006) conducted case studies of world-
renowned creative elite and their works in multiple dis-
ciplines: music (Mozart and the Beatles’ masterpieces),
art (Picasso’s Guernica, Calder’s mobiles, and Pollock’s
poured paintings), and science (Watson and Crick’s
discovery of the double helix, the Wright brothers’ air-
planes, and Edison’s light bulb). His research provided
solid evidence to corroborate that (a) expertise is

necessary for creativity, and (b) the 10-year rule for
developing expertise also holds in the development of
creative thinking. In all, innovation depends on
domain-specific expertise, and deliberate practice plays
a vital role in the development of that expertise.

There is still debate about under what conditions
creativity will be domain general or specific (Plucker &
Runco, 1998). Empirical evidence in natural contexts
has indicated that creative thinking occurs in complex
and information-rich contexts that entail the use of
domain-specific expertise. In contrast, problem-solving
activities in laboratory contexts are much simpler and
bare of information, and thus general expertise by itself
can suffice (Weisberg, 2006).

Experts in one domain typically perform no better
than novices when they encounter problems in another
domain. Hence, creativity cannot be apprehended
exclusively from a unidisciplinary perspective. Thereby,
the extent to which standard DT tests can predict
creative potential in different domains is questionable.
Studies have shown that at the amateur, nonprofes-
sional levels, DT ability is positively correlated with
creativity in everyday life. However, the relations have
been too weak to state that enhancing performance in
DT tests would affect real-world creativity, let alone
foster creativity in different domains (Mansfield, Busse,
& Krepelka, 1978). Some studies found that the TTCT
measures of students from elementary and high schools
do not provide reliable prediction of nonacademic
achievements, and that TTCT lacks predictive validity
in identifying creative scientists or artists (Feldhusen &
Goh, 1995). So, to sum up, relevant research in expertise
should call attention to the lack of valid and reliable
creativity assessment tools in professional fields. We
suggest that the tasks used in creative thinking measure-
ment should incorporate testing of domain-specific
expertise according to the specific application area of
interest.

Predictive Validity

Given the weaknesses previously discussed, there is little
surprise that the predictive validity of existing DT inven-
tories has been criticized. Longitudinal studies showed
that the correlations between creative abilities as mea-
sured by DT tests and prediction of later creative
achievements typically range from 0.2 to 0.3 (Sternberg
& Lubart, 1996). Although Torrance reported significant
correlations between TTCT measures and later self-
reported and documented creative performance, many
researchers have failed to find such desired relations.
Consequently, there is widespread doubt of DT instru-
ments’ power in predicting consensually-validated cre-
ative accomplishments (Gardner, 1988). Additionally,
DT tests have proved inconsistent with other measures
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of creativity, because individuals who rank highly on one
instrument do not necessarily rank highly on others
(Hocevar, 1981).

With an emphasis on real-life creativity, Kogan and
Pankove (1974) conducted research to examine the pre-
dictive power of the WKCT in terms of nonacademic
achievement. Measures of fifth-grade DT performance
was of little prognostic value for nonacademic creative
achievement in high school, yet that of tenth-grade idea-
tional productivity was of marginally significant predic-
tive power. Because extracurricular attainment was
argued to be a joint function of divergent and conver-
gent productions, Kogan and Pankove concluded that
research on DT can be faulted due to lack of evidence
for predictive or concurrent validation of test perform-
ance against real-world criteria. In a recent investi-
gation, Brougher and Rantanen (2009) reported that
the measures given by conventional DT tests (i.e., TTCT
and remote association tests) are not significantly corre-
lated with design performance and concluded that
creativity measures by prevalent DT tests do not appear
to relate to design ability.

A number of assessments of the predictive validity of
existing DT batteries have been negative and pessimistic
(Plucker, 1999). More than any other factor, the per-
ceived lack of predictive power of DT instruments has
dissuaded researchers and educators from employing
them (Plucker & Runco, 1998). This fact calls for the
critical need to improve current instruments so that
they are able to better predict real-world creative
accomplishments.

Ecological Validity

Conventional DT tests that use abstract tasks have been
criticized for their low correlations with real-world cre-
ative performance across different domains (Feldhusen
& Goh, 1995; Mansfield et al., 1978; Okuda, Runco, &
Berger, 1991). This lack of ecological validity is prob-
ability due to the artificial and limited format of stan-
dard DT batteries. The traditional DT measures are
more highly correlated with performance in creative
writing than other domains. Therefore, researchers have
suggested that one should not equate measures of con-
ventional DT tests with real-life creativity, and that
real-world problems should be used to assess creativity
in a certain domain (Okuda et al., 1991).

It has been found that real-world problem-finding
performance is more reliable and predictive of creative
achievements than standard DT tasks that do not
involve real-life problems. The correlations between
standard DT measures and other assessments of creativ-
ity seldom exceed 0.30, yet the correlations between the
real-world problem-finding performance and creative
activities are all significantly greater than 0.30, with an

average of 0.49. In addition, real-world problem-finding
measures correlate significantly with creative perform-
ance across domains, including science, crafts, music,
writing, and public performance (Okuda et al., 1991).
Furthermore, it is suggested that the perceived relevance
of testing tasks to real-life activities may affect one’s
motivation and test performance (Kilgour, 2006). So
far, little research has been conducted employing real-
world problems to assess creative potentials in certain
domains, which implies appreciable room for further
improving conventional DT tests.

Discriminant Validity

Another issue related to construct validity is the discrimi-
nant validity of the scoring criteria. A good many of
studies demonstrated that the scoring factors of current
DT tests are dependent on contents of subtests (i.e., task
sensitive) rather than the claimed four scoring dimen-
sions of creativity (i.e., fluency, flexibility, originality,
and elaboration; Kilgour, 2006; Plucker, 1999). Further-
more, these four dimensions lack mutual independence
(i.e., discriminant validity). It was found in Guilford’s
(1967) DT tests that when fluency subscores are partialed
out, the originality subscores become unreliable. In the
TTCT verbal test, when fluency submeasures are par-
tialed out, both flexibility and originality subscores
become unreliable. In the TTCT figural test, one general
factor can adequately explain an examinee’s task per-
formance. It is suggested in these studies that fluency is
the major dimension measured in both Guildford’s DT
tests and the TTCT (Clapham, 1998). The TTCT scoring
mechanism has been criticized for its lack of discriminant
validity. Subscales are so highly intercorrelated (0.74 to
0.80) that each of them does not provide meaningfully
different information (Almeida et al., 2008; Clapham,
1998; Feldhusen & Goh, 1995; Kim, 2006; Mansfield
et al., 1978). It has even been contended that ‘‘the evi-
dence of consistently different meaning for the fluency,
flexibility and originality scores is almost vanishingly
small’’ (Heausler & Thompson, 1988, p. 466).

CONCLUSION

Our evaluation of DT research has led to the following
insights:

1. Novelty and appropriateness should be the
two predominant criteria in assessing creative
thinking products. Measurement tools that fail
to involve either of these two criteria do not have
sound construct validity.

2. An individual’s creative potential would be more
validly and reliably measured based on the final
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productions resulting from the integrated creative
thinking process, instead of the individual pro-
ducts from separate, segmented cognitive phases.

3. Although the general creative thinking process
can be domain general, creative endeavors in
the natural world rely on the development of
domain-specific expertise. Thus, a creativity test
employing problems in a certain domain of inter-
est will have better face validity and may be more
predictive of an individual’s creative potential in
that specific field than a standard assessment
instrument.

In light of the preceding discussion, no creative think-
ing test can purport to represent a comprehensive and
adequate assessment of people’s creative potential across
multiple domains (Treffinger, 1985). Although conven-
tional, standard creative thinking tests can be used for
many different domains and purposes, they have not
proved satisfactory in terms of measurement validity
and reliability. Such tests might be better suited for
testing children’s creativity in educational settings where
domain-specific expertise is not yet developed and
required. The merit of an instrument specifically
designed for a professional domain of interest is that it
may do a better job in measuring and predicting creativ-
ity when specialty plays a critical role. It may be effort-
demanding to tailor creativity tests to different domains,
but such effort will be worthwhile if the quality of
measurement is of a serious concern in some major
domains. For example, in the industry of product=service
development, creativity is deemed to be an exceptionally
desirable characteristic of designers (Brougher &
Rantanen, 2009), and thus reliably and validly measuring
the designer’s creative potential is important for forming
productive research and development teams and evaluat-
ing the effectiveness of creativity training programs.
Due to our interest in measuring the designer’s creative
potential in real-life product=service innovation, we
aim to develop and evaluate a creative thinking test for
this application domain in our future studies.

Our general conclusion is that researchers need to
devote more effort to broadening assessment tools by
integrating into them expanded conceptions of creativ-
ity. By doing so, the psychometric approach to studying
creativity will not only rise from its rumored sick bed
but also begin to thrive again (Plucker & Runco, 1998).

REFERENCES

Almeida, L. S., Prieto, L. P., Ferrando, M., Oliveira, E., & Ferrandiz,

C. (2008). Torrance Test of Creative Thinking: The question of its

construct validity. Thinking Skills and Creativity, 3, 53–58.

Amabile, T. M. (1982). Social psychology of creativity: A consensual

assessment technique. Journal of Personality and Social Psychology,

43, 997–1013.

Amabile, T. M. (1983). The social psychology of creativity: A compo-

nential conceptualization. Journal of Personality and Social

Psychology, 45, 357–376.

Amabile, T. M. (1998). How to kill creativity. Harvard Business

Review, 76, 76–87.

Baer, J. (1996). Does artistic creativity decline during elementary

school? Psychological Reports, 78, 927–930.

Basadur, M. (1994). Managing the creative process in organizations. In

M. A. Runco (Ed.), Problem finding, problem solving, and creativity

(pp. 237–268). Norwood, NJ: Ablex.

Besemer, S., & O’Quin, K. (1986). Analyzing creative products: Refine-

ment and test of a judging instrument. Journal of Creative Behavior,

20, 115–126.

Brougher, S. J., & Rantanen, E. M. (2009). Creativity and design:

Creativity’s new definition and its relationship to design. In Proceed-

ings of the 53rd Annual Meeting of the Human Factors and Ergonom-

ics Society (pp. 605–609). San Antonio, TX: HFES.

Chand, I., & Runco, M. A. (1993). Problem finding skills as compo-

nents in the creative process. Personality and Individual Differences,

14, 155–162.

Chase, C. I. (1985). Review of the Torrance Tests of Creative

Thinking. In J. V. Mitchell Jr. (Ed.), The ninth mental measurements

yearbook (pp. 1631–1632). Lincoln, NE: Buros Institute of Mental

Measurements.

Clapham, M. M. (1998). Structure of figural forms A and B of the

Torrance Tests of Creating Thinking. Educational and Psychological

Measurement, 58, 275–283.

Couger, J. D., & Dengate, G. (1992). Measurement of creativity of I.S.

products. In Proceedings of the 25th annual Hawaii International

Conference on System Sciences (pp. 288–298). Kauai, HI: IEEE.

Couger, J. D., Higgins, L. F., & McIntyre, S. C. (1993). (Un)structured

creativity in information systems organizations. MIS Quarterly, 17,

375–397.

Cramond, B., Matthews-Morgan, J., Bandalos, D., & Zuo, L. (2005).

A report on the 40-year follow-up of the Torrance Tests of Creative

Thinking. Gifted Child Quarterly, 49, 283–356.

Crockenberg, S. B. (1972). Creativity tests: A boon or boondoggle for

education. Review of Educational Research, 42, 27–45.

Cropley, D. H., & Cropley, A. J. (2000). Fostering creativity in engin-

eering undergraduates. High Ability Studies, 11, 207–219.

Csikszentmihalyi, M., & Getzels, J. W. (1971). Discovery-

oriented behavior and the originality of creative products: A

study with artists. Journal of Personality and Social Psychology,

19, 47–52.

Dacey, J. S. (1989). Fundamentals of creative thinking. Lexington, MA:

Lexington Books.

De Bono, E. (1973). Lateral thinking: Creativity step by step. New

York: Harper & Row.

Ericsson, K. A. (1998). The scientific study of expert levels of perform-

ance: General implications for optimal learning and creativity. High

Ability Studies, 9, 75–100.

Ericsson, K. A. (1999). Creative expertise as superior reproducible

performance: Innovative and flexible aspects of expert performance.

Psychological Inquiry, 10, 329–333.

Feldhusen, J. F., & Goh, B. E. (1995). Assessing and accessing creativ-

ity: An integrative review of theory, research, and development.

Creativity Research Journal, 8, 231–247.

Finke, R. A. (1995). Creative realism. In S. M. Smith, T. B. Ward, &

R. A. Finke (Eds.), The creative cognition approach (pp. 303–326).

Cambridge, MA: MIT Press.

Fishkin, A. S., & Johnson, A. S. (1998). Who is creative? Identifying

children’s creative abilities. Roeper Review, 21, 40–46.

MEASURING AND PREDICTING REAL-WORLD CREATIVITY 35



Gardner, H. (1988). Creativity: An interdisciplinary perspective.

Creativity Research Journal, 1, 8–26.

Getzels, J. W., & Jackson, P. W. (1962). Creativity and intelligence:

Explorations with gifted students. Oxford, England: Wiley.

Guilford, J. P. (1950). Presidential address to the American Psycho-

logical Association. American Psychologist, 5, 444–454.

Guilford, J. P. (1967). The nature of human intelligence. New York:

McGraw-Hill.

Heausler, N. L., & Thompson, B. (1988). Structure of the Torrance

Tests of Creative Thinking. Educational and Psychological Measure-

ment, 48, 463–468.

Hocevar, D. (1981). Measurement of creativity: Review and critique.

Journal of Personality Assessment, 45, 450–464.

Holt, K. (1982). Creative problem solving. In G. Salvendy (Ed.),Hand-

book of industrial engineering (pp. 1.6.1–1.6.13). New York: Wiley.

Horn, D., & Salvendy, G. (2006). Consumer-based assessment of

product creativity: A review and reappraisal. Human Factors and

Ergonomics in Manufacturing, 16, 155–175.

Horn, D., & Salvendy, G. (2009). Measuring consumer perceptions of

product creativity: Impact on satisfaction and purchasability.

Human Factors and Ergonomics in Manufacturing, 19, 223–240.

Howard, T. J., Culley, S. J., & Dekoninck, E. (2008). Describing

the creative design process by the integration of engineering

design and cognitive psychology literature. Design Studies, 29,

160–180.

Isaksen, S. G., & Treffinger, D. J. (2004). Celebrating 50 years of

reflective practice: Versions of creative problem solving. Journal of

Creative Behavior, 38, 75–101.

Kilgour, M. (2006). Improving the creative process: Analysis of the

effects of divergent thinking techniques and domain specific knowl-

edge on creativity. International Journal of Business and Society, 7,

79–107.

Kim, K. H. (2006). Can we trust creativity tests? A review of the

Torrance Tests of Creative Thinking (TTCT). Creativity Research

Journal, 18, 3–14.

Kogan, N., & Pankove, E. (1974). Long-term predictive validity of

divergent-thinking tests: Some negative evidence. Journal of

Educational Psychology, 66, 802–810.

Kurtzberg, T. R., & Amabile, T. M. (2000–2001). From Guilford to

creative synergy: Opening the black box of team-level creativity.

Creativity Research Journal, 13, 285–294.

Lobert, B. M., & Dologite, D. G. (1994). Measuring creativity of

information system ideas. In Proceedings of the 27th annual Hawaii

International Conference on System Sciences (pp. 392–402). Wailea,

HI: IEEE.

Lubart, T. I. (2000–2001). Models of the creative process: Past,

present, and future. Creativity Research Journal, 13, 295–308.

Mansfield, R. S., Busse, T. V., & Krepelka, E. J. (1978). The effective-

ness of creativity training. Review of Educational Research, 48,

517–536.

Mayer, R. E. (1999). Fifty years of creativity research. In R. J.

Sternberg (Ed.), Handbook of creativity (pp. 449–460). New York:

Cambridge University Press.

Mednick, S. A. (1962). The associative basis of the creative process.

Psychological Review, 69, 220–232.

Mumford, M. D., Supinski, E. P., Baughman, W. A., Costanza, D. P.,

& Threlfall, K. V. (1997). Process-based measures of creative

problem-solving skills: V. overall prediction. Creativity Research

Journal, 10, 73–85.

Okuda, S. M., Runco, M. A., & Berger, D. E. (1991). Creativity and

the finding and solving of real-world problems. Journal of Psycho-

educational Assessment, 9, 45–53.

Paulus, P. B. (2000). Groups, teams, and creativity: The creative

potential of idea-generating groups. Applied Psychology, 49,

237–262.

Plucker, J. A. (1999). Is the proof in the pudding? Reanalyses of

Torrance’s (1958 to present) longitudinal data. Creativity Research

Journal, 12, 103–114.

Plucker, J. A., & Renzulli, J. S. (1999). Psychometric approaches to the

study of human creativity. In R. J. Sternberg (Ed.), Handbook of

creativity (pp. 35–61). New York: Cambridge University Press.

Plucker, J. A., & Runco, M. A. (1998). The death of creativity

measurement has been greatly exaggerated: Current issues, recent

advances, and future directions in creativity assessment. Roeper

Review, 21, 36–39.

Proctor, R. W., & Van Zandt, T. (2008). Human factors in simple and

complex systems. 2nd ed. Boca Raton, FL: CRC Press.

Rhodes, M. (1961). An analysis of creativity. Phi Delta Kappan, 42,

305–310.

Runco, M. A. (1991). The evaluative, valuative, and divergent thinking

of children. Journal of Creative Behavior, 25, 311–319.

Runco, M. A., & Charles, R. E. (1993). Judgments of originality

and appropriateness as predictors of creativity. Personality and

Individual Differences, 15, 537–546.

Runco, M. A., Illies, J. J., & Eisenman, R. (2005). Creativity,

originality, and appropriateness: What do explicit instructions tell

us about their relationships? Journal of Creative Behavior, 39,

137–148.

Runco, M. A., & Vega, L. (1990). Evaluating the creativity of chil-

dren’s ideas. Journal of Social Behavior & Personality, 5, 439–452.

Satzinger, J. W., Garfield, M. J., & Nagasundaram, M. (1999). The

creative process: The effects of group memory on individual

idea generation. Journal of Management Information Systems, 15,

143–160.

Shneiderman, B., Fischer, G., Czerwinski, M., Myers, B., & Resnick,

M. (2005). Creativity support tools. Retrieved July 21, 2008 from

http://www.cs.umd.edu/hcil/CST/report.html

Simonton, D. K., & Damian, R. I. (in press). Creativity. In D.

Reisberg (Ed.), Oxford handbook of cognitive psychology. New

York: Oxford University Press.

Smith, S. M., Ward, T. B., & Finke, R. A. (1995). The creative

cognition approach. Cambridge, MA: MIT Press.

Sternberg, R. J. (1999). Handbook of creativity. New York: Cambridge

University Press.

Sternberg, R. J., & Grigorenko, E. L. (2000–2001). Guilford’s struc-

ture of intellect model and model of creativity: Contributions and

limitations. Creativity Research Journal, 13, 309–316.

Sternberg, R. J., & Lubart, T. I. (1996). Investing in creativity.

American Psychologist, 51, 677–688.

Thompson, G., & Lordan, M. (1999). A review of creativity principles

applied to engineering design. Journal of Process Mechanical Engin-

eering, 213, 17–31.

Torrance, E. P. (1966a). The Torrance Tests of Creative Thinking:

Norms—technical manual (research edition). Princeton, NJ: Person-

nel Press.

Torrance, E. P. (1966b). The Torrance Tests of Creative Thinking:

Figural. Bensenville, IL: Scholastic Testing Service.

Torrance, E. P. (1968). A longitudinal examination of the fourth grade

slump in creativity. Gifted Child Quarterly, 12, 195–199.

Torrance, E. P. (1990). The Torrance Tests of Creative Thinking:

Verbal. Bensenville, IL: Scholastic Testing Service.

Torrance, E. P. (1995). Insights about creativity: Questioned, rejected,

ridiculed, ignored. Educational Psychology Review, 7, 313–322.

Treffinger, D. J. (1985). Review of the Torrance Tests of Creative

Thinking. In J. V. Mitchell Jr. (Ed.), The ninth mental measurements

yearbook (pp. 1632–1634). Lincoln, NE: Buros Institute of Mental

Measurements.

Treffinger, D. J., Isaksen, S. G., & Dorval, K. B. (1994). Creative prob-

lem solving: An overview. In M. A. Runco (Ed.), Problem finding,

problem solving, and creativity (pp. 223–236). Norwood, NJ: Ablex.

36 ZENG, PROCTOR, SALVENDY



Volkema, R. J., & Evans, J. R. (1995). Creativity in MS=OR:

Managing the process of formulating the problem. Interfaces, 25,

81–87.

Wakefield, J. F. (1991). The outlook for creativity tests. Journal of

Creative Behavior, 25, 184–193.

Wallach, M. A., & Kogan, N. (1965). Modes of thinking in young

children. New York: Holt, Rinehart and Winston.

Ward, T. B., Smith, S. M., & Finke, R. A. (1999). Creative cognition.

In R. J. Sternberg (Ed.), Handbook of creativity (pp. 189–212). New

York: Cambridge University Press.

Warr, A., & O’Neill, E. (2005). Understanding design as a social

creative process. In Proceedings of the 5th Conference on Creativity

and Cognition (pp. 118–127). London: ACM.

Weisberg, R. W. (2006). Modes of expertise in creative thinking:

Evidence from case studies. In K. A. Ericsson, N. Charness, P. J.

Feltovich, & R. R. Hoffman (Eds.), The Cambridge handbook of

expertise and expert performance (pp. 761–787). New York:

Cambridge University Press.

Zeng, L., Salvendy, G., & Zhang, M. (2009a). Factor structure of web

site creativity. Computers in Human Behavior, 25, 568–577.

Zeng, L., Proctor, R. W., & Salvendy, G. (2009b). Fostering creativity

in service development: Facilitating service innovation by the

creative cognition approach. Service Science, 1, 142–153.

Zeng, L., Proctor, R. W., & Salvendy, G. (2010). Creativity in

ergonomic design: A supplemental value-adding source for product

and service development. Human Factors, 52, 503–525.

MEASURING AND PREDICTING REAL-WORLD CREATIVITY 37



Copyright of Creativity Research Journal is the property of Taylor & Francis Ltd and its content may not be

copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written

permission. However, users may print, download, or email articles for individual use.


