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ABSTRACT: Although a number of factors
condition the success of creative efforts, most in-
vestigators recognize the fundamental import-
ance of novel problem solutions. As a result, a
number of systems intending to describe the pro-
cesses contributing to the generation of innova-
tive problem solutions have been proposed. In
the present article, earlier models describing the
processes contributing to creative problem solu-
tions are reviewed. The common themes appear-
ing in these models are then considered in rela-
tion to the use of extant information structures.
Certain implications of cognitive information
processing for understanding the nature and
ontogeny of the creative act are then discussed,
along with their potential contributions to the
identification and development of creative
potential.

Mumford and Gustafson (1988) argued
that creative behavior is reflected in the
production of novel, socially-valued prod-
ucts. Although this conclusion is by no
means unique (Briskman, 1980; Busse 8c

Mansfield, 1980; Ghiselin, 1963; Hocevar,
1981), it does have an important, albeit
often overlooked, implication. More specif-
ically, creativity does not represent a uni-
tary psychological attribute, but rather an
outcome of a dynamic interplay of certain
individual and situational variables (Amab-
ile, 1983; Taylor, 1972). According to Mum-
ford and Gustafson (1988), five basic kinds
of variables are likely to condition a cre-
ative outcome: (a) the processes contribut-
ing to the individual's capacity for generat-
ing novel problem solutions, (b) the
characteristics of the individual facilitating
process operation, (c) the characteristics of
the individual facilitating the translation of
these solutions into action, (d) the attri-
butes of the situation influencing the
individual's willingness to engage in cre-
ative behavior, and (e) the attributes of the
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situation influencing evaluation of produc-
tive efforts.

In our view, without an initial prob-
lem solution, a creative product cannot
be brought into existence. Numerous in-
vestigators have attempted to identify
the processes contributing to the gener-
ation of new problem solutions. The in-
tent of the present article is, broadly
speaking, to summarize and extend un-
derstanding of the processes contribut-
ing to the generation of creative prob-
lem solutions by drawing upon recent
work in cognition and prior work on
creative thought.

Cognition and Creativity

Problem Solving

To understand the role of cognition in cre-
ative problem solving, one must first look
at the creative act as a totality. When a per-
son formulates a new idea that proves use-
ful in addressing some social need, he or
she has generated and implemented a
novel course of action, one of many poten-
tial alternatives, that has brought about a
valued end-state ranging from a new scien-
tific theory (Kuhn, 1970; Zuckerman,
1974) to a joke facilitating group interac-
tion (Firestein & McCowan, 1988) or a
piece of artwork evoking a certain emo-
tional state (Deschenes, 1989). Given
Scandura's (1977) definition of problem
solving as the generation and selection of
discretionary actions to bring about a de-
sired end state, it becomes apparent that
creativity entails an important problem-
solving component. In generating this
problem solution or potentially useful ac-
tion sequence, a series of mental opera-
tions referred to as cognition are required.
These mental operations serve to guide in-

dividual behavior and may not be, in es-
sence, different from those required in
other problem-solving efforts (Bailin, 1984;
Simonton, 1988; Sternberg, 1988a, 1988b;
Weisberg, 1988).

Cognition and Problem Solving

At this juncture, the question arises as to
the nature of the cognitive elements con-
tributing to potential problem solutions
and eventual production of novel, socially-
valued products. Most discussions of prob-
lem solving focus on two basic kinds of cog-
nitive elements. The first of these elements
is knowledge or an organized set of facts
and principles pertaining to the character-
istics of objects lying in some domain (Chi,
Glaser, & Rees, 1982; Fleishman & Mum-
ford, 1989). The second element is re-
flected in those cognitive processes contrib-
uting to effective application of extant
knowledge structures in solution genera-
tion (Sternberg, 1986a).

The availability of well-organized
knowledge structures has been shown to
have a marked impact on problem-solv-
ing capabilities. For instance, studies
contrasting experts and novices indicate
that more skilled problem solvers have
more extensive and diverse knowledge
structures, organize information into
categorical systems based on underlying
principles rather than on superficial
content similarities, and have more effi-
cient strategies for organizing informa-
tion in memory via chunking (Chi et al.,
1982; deGroot, 1966). Other work sum-
marized by Siegler and Richards (1982)
indicates that expertise in a given do-
main will influence the efficacy of prob-
lem solving, not only through the direct
recall and application of available infor-
mation, but also through more subtle ef-
fects on the efficacy of information ac-
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Process Analytic Models

quisition and solution monitoring. Re-
cently, Medin and Ross (in press) ex-
tended this argument with their propo-
sition that reasoning is case-based and
results from the accumulation and orga-
nization of domain-specific examples,
rather than from the generation of ab-
stract principles.

As might be expected, substantial ev-
idence has also been accrued for the
importance of domain-specific knowl-
edge to creative undertakings. Historic,
theoretically-driven efforts by Koestler
(1964), Kuhn (1970), and Mumford and
Gustafson (1988) indicate that the
identification of discrepant facts and
subsequent reorganization of extant
knowledge structures to take these dis-
crepancies into account may represent a
key component of creativity. In a series
of empirical studies, Weisberg and his
colleagues (Weisberg, 1988; Weisberg,
DiCammillo, & Phillips, 1978; Weisberg
& Suls, 1973) found that experimental
manipulations conditioning appropriate
information search and application con-
tributed to the solution of problems
calling for novel or creative responses.
Similarly, Langley, Simon, Bradshaw,
and Zytkow (1987) and Langley and
Jones (1988) developed models capable
of replicating scientific discoveries
using systematic information search and
testing procedures. In a somewhat dif-
ferent vein, Simonton (1984, 1988) pro-
vided evidence indicating that knowl-
edge is, up to some point, related to
creative achievements, and that the
number of previously uncombined
knowledge configurations may condi-
tion creative capacity.

Ample evidence is available showing
that some degree of knowledge or ex-
pertise is required for creative problem
solving. It is, however, open to question

whether knowledge per se provides a
fully adequate basis for idea generation
and problem solving. As Anderson
(1985) noted, "If we had only domain-
specific production rules, we would be
incapable of solving problems in novel
domains" (p. 220). Sternberg (1988b)
has shown that unusually high degrees
of domain-specific expertise may inhibit
the creation of new knowledge through
channeling and cueing effects. This
point is also underscored in a study by
Gentner and Block (1983). They found
that domain-specific knowledge does
not differentiate between experts' and
novices' solutions to novel analogy prob-
lems intended to tap a given domain of
expertise.

Observations of this sort have led
many investigators to emphasize the
role of cognitive processes in problem
solving. Newell and Simon (1972), for
instance, describe the role of various in-
formation search strategies in problem
solving. Similarly, Anderson (1985)
stressed the importance of various pro-
duction rules. In an extensive series of
studies, Sternberg (1986b) has shown
how various cognitive processes, such
as information encoding and stimulus
transformation, contribute to the solu-
tion of analogy problems along with
metacognitive processes, such as re-
source allocation and solution monitor-
ing. The significance of these general-
ized rules for information application
(Medin & Ross, in press) is illustrated in
the work of Gick and Holyoak (1980,
1983). They found that general rule sys-
tems derived from training on several
related tasks influenced performance
on a creative problem-solving task.

Again, there is ample reason to sus-
pect that these processes or general rule
systems for information application play
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an important role in creative problem
solving. For instance, studies by Getzels
and Csikszentmihalyi (1976), Okuda,
Runco, and Berger (1991), Runco and
Okuda (1988), and Smilansky (1984) in-
dicate that problem construction pro-
cesses, or the general strategies used in
initial problem definition, have a
marked impact on long-term creative
production. Other work by Cronbach
(1968), Guilford (1950, 1967), and Med-
nick and Mednick (1967) has illustrated
how solution monitoring, divergent
thinking, and associational processes in-
fluence creative problem solving. Fur-
thermore, if intelligence represents the
ability to formulate abstract rules or
principles (Humphreys, 1979; Tyler,
1965), the significance of these pro-
cesses leads one to expect the kind of
curvilinear, task-dependent relationship
with creativity remarked upon by
Guilford and Christensen (1973) and
Mumford and Gustafson (1988).

Creative Problem Solving

We argued above that creativity begins with
problem solving. Hence, both knowledge
and rules for applying this knowledge
should contribute to creative capacity. Be-
cause creativity requires the production of
novel, socially-valued products, however, cre-
ative problem solving may make certain de-
mands not found in other kinds of problem
solving efforts. Broadly speaking, it appears
that creative problem solving differs from
standard problem solving in four ways.

First, unlike many problem-solving
tasks, creativity typically occurs in ill-de-
fined situations (Anderson, 1983).
These ill-defined situations, characteris-
tic of creative endeavors, do not clearly
specify the goals, information, and re-
sources to be used in problem solving.

Thus, a greater burden is placed on the
individual with respect to defining the
nature of the problem and identifying
the information and rules used to solve
the problem. As a result, problem con-
struction, or alternatively, problem find-
ing, is likely to be emphasized in cre-
ative efforts, although it is not given
much weight in other kinds of problem-
solving tasks (Baer, 1988; Getzels 8c
Csikszentmihalyi, 1975; Okuda et al.
1991).

In most problem-solving efforts, peo-
ple search for, and typically apply, avail-
able previously acquired solutions
(Nutt, 1984). Further, as Cyert and
March (1963) pointed out, people often
satifice applying the first available solu-
tion identified. Creativity, however, re-
quires the production of novel problem
solutions. Because creativity requires
people to generate new solutions that
will, hopefully, solve the problem at
hand, this satificing strategy is unlikely
to contribute much to creativity. Rather,
creativity requires the generation and
exploration of novel, alternative prob-
lem solutions or divergent thinking
(Guilford, 1950). Creativity, however, is
not solely a matter of divergent thought.
Because selected alternatives must yield
viable solutions, they need to be evalu-
ated with respect to their potential util-
ity. This evaluation component implies a
need for convergent thinking. Of
course, convergent and divergent think-
ing must be applied in an integrative
fashion so that evaluation does not pre-
clude the generation and application of
potentially viable alternatives (Isaksen 8c
Parnes, 1985). This need for both diver-
gent and convergent thought is a sec-
ond characteristic of creative problem
solving.

The need to balance convergent and
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Process Analytic Models

divergent thinking points to a third
characteristic of creative problem-solv-
ing efforts. In traditional problem-solv-
ing tasks, there is often no real need to
generate and evaluate alternative
solutions. Thus, problem solving can
proceed in an additive fashion, using
simple activation, generation, and appli-
cation mechanisms (Langley 8c Jones,
1988). In generating new alternatives,
however, initial approaches may prove
attractive, but need substantial refine-
ment. Thus, individuals are likely to
cycle through multiple stages of diver-
gent and convergent thought as they re-
fine and extend plausible initial solu-
tions. As a result, creative problem
solving will make stronger attentional or
resource demands and require more ac-
tive and flexible controlled processing
efforts (Ackerman, 1986).

The fourth characteristic of creative
problem solving is related to the appli-
cation of existing knowledge. Current
theory holds that information is stored,
recalled, and understood through the
application of categorical structures or
schema (Barsalou, 1982, 1983). Because
these categories are a result of prior
learning, except under conditions
where existing categories are applied in
a new situation, they are unlikely to give
rise to new, alternative problem solu-
tions. Rather, it appears that new solu-
tions are derived from the systematic
combination and reorganization of ex-
isting categories (Hausman, 1988; Hod-
der, 1988; Mumford & Gustafson, 1988;
Mumford & Mobley, 1989; Rothenberg,
1988). Research by Rothenberg and his
colleagues (Rothenberg, 1986; Rothen-
berg & Sobel, 1980; Sobel & Rothen-
berg, 1980) indicates that experimental
manipulations intended to facilitate cat-
egory combination did in fact contrib-

ute to creativity. Historic studies of cre-
ative achievement by Kuhn (1970) and
Koestler (1964) have also provided evi-
dence indicative of the importance of
category combination and reorganiza-
tion for creative problem solving.

Aside from providing an information
base for generating new problem solu-
tions from earlier learning, the combi-
nation and reorganization of existing
categories leads to a number of other
features of creative thought worthy of
mention. To begin, category combina-
tion and reorganization can be accom-
plished in a number of ways ranging
from the creation of totally new infor-
mation categories for use in problem
solving to a relatively simple rearrange-
ment of the linkages among existing cat-
egories and category elements or exem-
plars (Barsalou, 1983). Additionally, the
information contained in these new cat-
egories or category linkages will be de-
pendent on both the characteristics of
the individual at hand, the categories
available to them, and the history of the
problem-solving effort. Thus, the con-
tent and implications of these restruc-
turings may be somewhat idiosyncratic
and only loosely linked to consensual,
culturally-defined knowledge structures
(Mumford 8c Mobley, 1989). Finally, the
nature of these categories and category
combination operations implies some
degree of domain specificity in the na-
ture of creative thought, just as depen-
dence on these categories and basic op-
erating processes allow for some
generality.

Process Models

Many efforts in the creativity arena have ex-
plicitly focused on general processes. One
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reason for this focus is that creativity entails
confronting problems or generating prob-
lem solutions that go beyond extant knowl-
edge. This substantive reason aside, a prag-
matic concern also contributes to this focus
on general processes. Creativity researchers
are often concerned with the identification
and development of creative potential
under conditions where specific problem
content is diverse, ill-defined, and quite
variable across individuals. Under these
conditions, effective interventions require
a focus on general, cross-domain factors
contributing to the generation of new
problem solutions (Covington, 1987). Be-
cause these processes play a crucial role in
solution generation by providing a frame-
work guiding information application, they
provide a general structure for the identifi-
cation and development of creative poten-
tial. The ensuing discussion examines prior
attempts to define the major processes in-
volved in creative problem solving.

Prior Process Models

One of the first process models bearing on
creative problem solving was proposed by
Dewey (1910). He was interested in how
the mind identifies problems and in the de-
velopment of problem-solving capacities.
As part of his effort to train thought, he
attempted to break problem solving into a
series of elementary steps which, in effect,
yielded an initial process model of the cre-
ative act. In Dewey's (1910) system, these
basic stages included: (a) a difficulty is per-
ceived or felt, (b) the problem is located
and defined, (c) possible solutions are sug-
gested, (d) implications of the suggested
solutions are elaborated, and (e) testing of
the solution leads to its acceptance or rejec-
tion. Although somewhat archaic in lan-
guage, Dewey's (1910) system contains the
antecedents of current concerns with prob-

lem construction and idea evaluation,
while specifying an intriguing element of
emotion or affect. This emotional feeling is
held to serve as a trigger or guide for prob-
lem generation representing a somewhat
unique process worthy of renewed investi-
gation.

Like Dewey's (1910) conceptualiza-
tion, our next major model is also con-
cerned with general problem solving.
Wallas's (1926) model, however, was the
first which explicitly focused on inven-
tion as a topic in its own right. Wallas
(1926) proposed four stages: (a) prepa-
ration, or problem investigation knowl-
edge acquisition, (b) incubation, or a
period of rest accompanied by uncon-
scious work, (c) illumination, or the
sudden appearance of a solution, and
(d) verification, where the validity of an
idea is tested. The significance of this
model lies in the two middle stages
which laid a groundwork for later ef-
forts by Patrick (1941), Poincare
(1952), Gordon (1973), Vinacke (1974),
Landau (1978), Rubenzer (1979), and
Moriarty and Vandenberg (1984),
among others, which stress the role of
uncontrolled, unconscious processing
in idea generation.

Osborn (1953) proposed a model of
the creative process that incorporated
elements of Wallas's conceptualization.
Starting from the proposition that cre-
ative problem solutions derive from the
association of ideas, he proposed a
model specifying processes of (a) orien-
tation, (b) preparation, (c) analysis, (d)
hypothesis generation, (e) incubation,
(f) synthesis, and (g) verification. The
major point of departure from Wallas
(1926) lay in the addition of an orienta-
tion process involving active construc-
tion of the problem. The addition of
the analysis, hypothesis, and synthesis
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Process Analytic Models

stages is also important. The addition of
these three latter processes can be
viewed as an attempt to refine the con-
cept of illumination by breaking up rel-
evant material, picking up significant al-
ternatives by way of ideas, and linking
these parts through associational mech-
anisms. Thus, Osborn's (1953) work
took us away from the view of creative
problem solving as a mystic, inarticulate
event driven by illumination. He re-
placed this concept with the generation
and associational linkage of alternative
ideas.

The next significant advance in the
development of process analytic models
came with Merrifield, Guilford, Chris-
tensen, and Frick's (1962) attempt to
apply Guilford's (1967) structure of in-
tellect model to the generation of novel
problem solutions. This model explicitly
recognized the significance of both con-
vergent and divergent thinking, as well
as the cyclical nature of creative problem
solving. They proposed a five-process
model involving (a) preparation, or
problem recognition, (b) analysis, or de-
veloping familiarity with situational po-
tentialities and goal requirements, (c)
production, or generating a tentative so-
lution bridging the gap to goal states,
(d) verification, or solution evaluation,
and (e) reapplication, which permits a
return to earlier stages to select another
tentative solution. The addition of con-
vergent and divergent elements in a cy-
clical system represented an important
advance. This model, however, also had
substantial impact by tying creativity to
explicit problem-solving capacities and
by indicating the directed, goal-oriented
nature of creative thought.

This practical, goal-oriented view of
creative problem solving had a marked
impact on later process-analytic models.

Kepner and Tregoe (1965), for instance,
proposed a 14-step model, which deem-
phasized the cyclical nature of creative
thought. This model, however, did em-
phasize the significance of goals and
controlled solution implementation, as
well as the need to take practical con-
straints into account during process op-
eration.

Parnes' (1967) model displays a sim-
ilar orientation. He proposed a five-step
model which consisted of fact finding,
problem finding, idea finding, solution
finding, and acceptance finding. The
substantive character and implication of
these processes was then used to formu-
late interventions intended to facilitate
creative problem solving, such as over-
coming habits or deferring judgment.
This conceptualization has been success-
fully applied in attempts to improve cre-
ative problem solving over the last 20
years (Baer, 1988; Covington, 1987;
Reese, Parnes, Treffinger, & Kaltsounis,
1976). Recent versions of this model
(Isaksen & Parnes, 1985) have, however,
added (a) an objective-finding process as
a first step where "messes" are selected,
along with (b) substages of divergent
and convergent thought within each
major process. This notion of subordi-
nate processes, adding to the richness
and texture of process models, has since
been incorporated in the work of other
investigators (e.g., Basadur, Graen, &
Green, 1982).

Cognitive Models

In recent years, processing models flowing
from the creative thought tradition have
been influenced by the theoretical ap-
proach employed in cognitive psychology.
Of signal import in this regard is Newell
and Simon's (1972; Simon & Newell, 1971)
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work on the role of cognition in problem
solving. Within Newell and Simon's (1972)
system, the proposed processes include (a)
translation of the input, or generation of a
problem statement, (b) internal represen-
tation, or the encoding of stimuli in mem-
ory, (c) selection of a problem-solving
method, and (d) application of the prob-
lem-solving method. Perhaps the most sig-
nificant aspect of Newell and Simon's
(1972) work is that it goes on to specify
specific problem-solving strategies, such as
means-ends analysis, heuristic search, and
difference reduction, by which information
is employed in an attempt to generate via-
ble problem solutions. By explicidy ac-
knowledging the role of information acqui-
sition and utilization in their work, they
provided a groundwork for process-analytic
models recognizing the importance of do-
main-specific expertise in process applica-
tion.

A recent extension of Newell and
Simon's (1972) approach can be found
in Silverman (1985). In Silverman's
(1985) model, one finds the same em-
phasis on information use and represen-
tation. However, analogical reasoning is
viewed as the key mechanism underlying
idea generation. This principle led to
specification of the following processes:
(a) problem identification, (b) acquisi-
tion of information concerning similar
problem structures, (c) acquisition of
information concerning similar prob-
lem solutions, (d) analog knowledge
transfer, where the solution is mapped
onto the previously generated solution
structure, (e) analog knowledge trans-
formation, where critical revisions in
the solution structure are made, and (f)
application of the problem solution. Al-
though this model finds some support
in Gick and Holyoak (1980, 1983), its
reliance on a specific strategy for infor-

mation linkage (e.g., analogical reason-
ing) may set undue limits on generality,
while ignoring significant aspects of cre-
ative problem solving that do not in-
volve this mechanism.

Facet Models

Newell and Simon's (1972) work also had a
marked impact on the process models pro-
posed by Busse and Mansfield (1980) and
Mansfield and Busse (1981). This later
work, however, provides a better illustration
of the promise of this approach when mul-
tiple problem-solving strategies are taken
into account. In Busse and Mansfield's
(1980) model, five basic processes for the
application of information in creative prob-
lem solving are proposed: (a) selection of
die problem, (b) expending effort to solve
the problem, (c) setting constraints or
using conscious and unconscious mental
sets to put bounds on die nature of the
problem, (d) changing constraints or alter-
ing original constraints that later prove in-
correct, and (e) verification and elabora-
tion of die problem solution. Although
Busse and Mansfield (1980) did not retain
Newell and Simon's (1972) problem repre-
sentation notion, they did add a significant
motivational or attentional component,
noting that these processes are applied in a
dynamic, selective fashion bound by real-
world constraints. Their work, however,
illustrated an important characteristic of
facet models, pointing out that the effi-
ciency of process application is likely to be
influenced by a host of personality, devel-
opmental, and social influences condition-
ing available information, skill utilization,
and problem definition (Mumford & Gus-
tafson, 1988).

This same trend is manifest in recent
work by Amabile (1983), who noted that
solution generation is likely to be condi-
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Process Analytic Models

tioned by three categories of variables:
(a) domain-relevant skills, or the re-
sponse possibilities, factual knowledge,
and technical skills available to the indi-
vidual, (b) creativity-relevant skills, in-
cluding cognitive style, working style,
and heuristic cognitive processes, and
(c) task motivation. Within this frame-
work, five basic cognitive processes are
thought to have an impact on the gener-
ation of creative problem solutions: (a)
problem or task presentation, including
both presented and discovered prob-
lems, (b) preparation, where the person
gathers or recalls relevant procedural
and declarative knowledge, (c) response
generation, (d) response validation, and
(e) outcome assessment, permitting the
individual to stop processing or to re-
turn to the first stage.

A similar approach can be seen in
Sternberg's (1986a, 1986b, 1988a)
three-facet model of creativity which is
comprised of personality, stylistic, and
intellectual constructs. All three of
these facets are held to interact in a dy-
namic fashion to condition the nature
and content of creative problem solu-
tions. Of special interest is the intellec-
tual function or intellective style compo-
nent, where intelligence is viewed as a
form of mental self-government serving
adaptation through application of inter-
nal and external components. The
internal component is of significance
because it underscores the role of meta-
cognitive components, such as problem
recognition, problem definition, and
strategy formulation, in aiding process
application to external, experiential in-
formation. Sternberg (1986a, 1986b,
1988a) proposed three basic informa-
tion processes contributing to solution
generation: (a) selective encoding, in
which relevant information is stored in

working memory, (b) selective compari-
son, where information from long-term
memory, potentially relevant to the
problem solution, is recalled and where
mechanisms, such as analogical or asso-
ciative thought, are applied, and (c) se-
lective combination, where information
in working memory is put together to
generate a problem solution.

Conclusions Concerning Existing Models

This review of process-analytic models indi-
cates a progressive maturation in our con-
ception of the mechanisms underlying idea
generation. Initially, models viewed creativ-
ity as a mysterious, inherently inarticulate
phenomenon. Over the years, however, the
core components of this mysterious entity
have been specified in greater detail. Re-
searchers have also begun to display
greater sensitivity to the dynamic, perhaps
cyclical nature of process application, the
goal-oriented nature of creative problem-
solving efforts, the significance of real-
world constraints, and the impact of moti-
vational, developmental, and personality
attributes which can condition the effi-
ciency of process application.

It should also be recognized that
these models display some marked simi-
larities in the nature and sequencing of
the proposed processes. For instance, a
number of the models reviewed above
propose some kind of problem-defini-
tion or problem-construction process, as
well as an information-encoding mecha-
nism (Amabile, 1983; Busse & Mans-
field, 1980; Sternberg, 1988a). Other
common elements appear in information-
evaluation, information-linkage, and so-
lution-generation processes.

It is also true, however, that the mod-
els reviewed above differ from each
other in terms of the number and na-
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ture of the proposed processes. Some
models, for instance, emphasize uncon-
scious processes, and others do not.
Nonetheless, the existence of these com-
monalities suggests that it might be pos-
sible to organize this literature and
identify a general set of core processes
by attending to both the essential char-
acteristics of creative problem solving
and the information-processing de-
mands common to all forms of problem
solving. Of particular import is the fact
that creativity does not arise in a vac-
uum: Instead, it requires the generation
of new understandings derived from al-
ready available understandings. Thus,
the proposed processing mechanisms
must contribute to the generation of
new understandings based on knowl-
edge already available to the individual.
The ensuing discussion will examine
how this cognitive information-process-
ing approach might be used to specify
the core processes contributing to cre-
ative problem solving through the sys-
tematic restructuring of available infor-
mation.

Core Processes

Background Principles

We will take as our point of departure the
fact that any successful problem-solving ef-
fort requires information. This observation
leads to our definition of a process as an
organized set of operations performed on
some information set resulting in one or
more outcomes required for eventual solu-
tion generation. It is assumed that multiple
operations are likely to be required in most
complex problem-solving efforts, and that
individuals may differ in the efficiency and

appropriateness with which they apply
these operations (Sternberg, 1986a, 1988a).

It is also assumed that the informa-
tion to which these operations are ap-
plied reflects knowledge. Knowledge,
however, should not be automatically
equated with information. Rather, in ac-
cordance with current views of human
cognition, we postulate that information
is stored and interpreted in categorical
structures (Chi et al., 1982; Siegler &
Richards, 1982). These categorical struc-
tures or schema represent an organized
interrelated set of discrete pieces of in-
formation, where organization is de-
rived from the central features of the
category (Barsalou, 1982, 1983). Fur-
ther, these categories may be either pro-
cedural or declarative in nature. Declar-
ative categories refer to the objects and
object properties in some domain, and
procedural categories refer to principles
for applying or acquiring declarative in-
formation. It is further assumed that
these procedural and declarative catego-
ries are created from past experience
and are systematically related to each
other in associative networks (Langley &
Jones, 1988).

If it is granted that extant informa-
tion is organized and understood
through the application of categorical
structures, then the question arises as to
how these categories might be used to
generate new understandings. Based on
our earlier comments, and the observa-
tions of Koestler (1964), Kuhn (1970),
Mumford and Gustafson (1988), Sobel
and Rothenberg (1980), Rothenberg
(1986, 1988), and Rothenberg and
Sobel (1980), it appears that the new
understandings providing a basis for
novel problem solutions are derived
from either the combination or reorga-
nization of these categorical knowledge
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Process Analytic Models

structures. More specifically, individuals
might generate a novel approach to a
problem by applying extant categories
to a new type of problem or applying
these categories in a different sequence.
Alternatively, a new ad-hoc category
might be created by combining certain
elements of existing procedural and de-
clarative categories. By providing new
sets of information for use in problem
solving, these alternative combinations
and reorganizations will yield the new
understandings that permit the genera-
tion and implementation of novel prob-
lem solutions.

Processes

Any problem-solving effort in ill-defined
domains requires definition of the problem
to be solved. Thus, in accordance with
many prior models (e.g., Osborn, 1953;
Parnes, 1967), the first core process we
wish to propose is problem construction. Al-
though the impact of problem construc-
tion activities may vary with the degree of a
priori structuring (Dillion, 1982), studies
by Getzels and Csikszentmihalyi (1975),
Runco and Okuda (1988), and Smilansky
(1984) indicate that differences in the effi-
ciency of problem-construction efforts will
have a marked impact on creative problem
solving. This process is especially likely to
prove important in real-world settings,
where the degree of a priori structure is
minimized (Okuda et al., 1991).

At this juncture, the rules and opera-
tions employed in problem construction
are difficult to specify with complete
conviction (Csikszentmihalyi, 1988).
Based on the findings of Barsalou~
(1983) and Gick and Holyoak (1980,
1983), however, it seems reasonable to
hypothesize that, using the outcomes of
prior problem-solving efforts, individu-

als will form ad-hoc categories reflecting
crucial elements in the problem, includ-
ing goals, constraints, outcomes, key
steps in problem solution, and essential
declarative information. Contextual
stimuli will, of course, trigger certain
problem schema. It is anticipated that
individuals will screen these activated
schema to identify commonalities in the
significant elements. At this juncture,
clear-cut evidence is not available as to
the rules and operations employed in
screening or how these elements are
synthesized, or combined, to provide co-
hesive problem definitions. Regardless
of the specific operations that are ap-
plied, similarities in the most highly ac-
tivated schema seem to provide a plausi-
ble basis for problem definition and will
result in a tentative set of new problem
schema, each reflecting an integrated
set of initial goals, key procedures, sa-
lient information, and significant con-
straints.

These tentative schema derived from
the problem-construction process may
be quite idiosyncratic in ill-defined do-
mains. For instance, the individual's
values may influence the salience of var-
ious goals just as the individual's knowl-
edge, skills, and abilities will condition
the available repertoire of available
problem schema (Howe, 1982). To com-
plicate matters further, a variety of con-
textual factors may influence this pro-
cess, including the time and attentional
resources available to the individual, the
salience of cues indicating the desirabil-
ity of certain goals or the importance of
certain restrictions, the degree of accept-
able risk, and the nature of other cur-
rently activated categorical structures.

Initial understandings of the prob-
lem provided by the problem-construc-
tion process will not provide a fully suf-
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ficient basis for problem solving. Rather,
problem constructions serve to specify
the kinds of knowledge applicable to
the problem. Thus, problem construc-
tions will be used to guide the retrieval
of pertinent information from long-
term memory or the search for new, ap-
parently necessary information (Amab-
ile, 1983). Thus, information encoding
represents a second, potential core pro-
cess.

Sternberg (1986a) illustrated the im-
pact of effective encoding on both prob-
lem solving and creativity. Although a
number of studies have examined the
mechanisms by which information is re-
trieved from long-term memory (Siegler
& Richards, 1982), less attention has
been devoted to procedures underlying
the acquisition of new information. It
can, however, be expected that informa-
tion acquisition will be strongly influ-
enced by extant activated procedural
and declarative knowledge structures
guiding information search and re-
trieval, where activation is engendered
by prior problem construction, associa-
tive networks, and stimulus cues (Nor-
man, 1980; Reif & Heller, 1982). Fur-
thermore, under conditions where new
information or knowledge structures
must be acquired, it can be expected
that this process will be prolonged and
will involve intense, active processing
drawing out elaborations and implica-
tions of this knowledge (Schmeck &
Grove, 1979; Snow & Lohman, 1984;
Thompson, 1985).

Once information has been obtained
or retrieved, it must be placed in a con-
text where it can be understood. Thus,
the next core process contributing to
creative problem solving will be a cate-
gory search intended to specify relevant
schema or knowledge systems for under-

standing factual information pertinent
to the problem, as well as rules for ap-
plying this information. Based on the
findings of Alissa (1972), Gough (1976),
Harrington (1981), Kogan, Connor,
Gross, and Fava (1980), Mednick and
Mednick (1967), Poze (1983), and
Runco (1986, in press-a), it appears that
the breadth and efficiency of this search
process may have a marked impact on
creativity. Although a variety of mecha-
nisms, such as associational and analogi-
cal thought, may serve to guide cate-
gory search, the intent of this effort is
to define a set of categories that will
allow pertinent procedural and declara-
tive information to be organized and in-
terpreted. In essence, then, this cate-
gory search will define a problem space
specifying relevant categories of proce-
dural and declarative knowledge.

Although the preceding paragraphs
have distinguished between information
encoding and category search, in many
complex problem-solving efforts these
processes are likely to operate in tan-
dem. Thus, initial information will acti-
vate certain categories. These categories
will then influence further encoding,
while serving to activate still other cate-
gories through new information and cat-
egory relationships. In other cases, how-
ever, especially those where there is no
real need to acquire new information,
these processes may operate as relatively
discrete entities. Aside from problem
complexity, operation of the encoding
and search processes might be influ-
enced by a number of other individual
and situational influences. Expertise is,
of course, likely to condition the
amount and nature of the information
encoded, along with other differential
variables, such as energy levels, problem
sensitivity, tolerance for ambiguity, in-
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Process Analytic Models

terests, and mastery motives (Barron &
Harrington, 1981; Dweck, 1986). Fur-
ther, situational variables influencing at-
tentional resources or information ac-
cess will play a role in this process,
along with instructional sets condition-
ing information search procedures
(Dinnel & Glover, 1985).

As illustrated in the work of Langley,
Simon, Bradshaw, and Zytkow (1987),
this search process will lead a number of
categorical structures to be included in
the resulting problem space. Thus,
some constraints must be placed on the
number and nature of the categories
used. This observation leads to specifi-
cation of our next major process: specifi-
cation of the best fitting categories. The cat-
egory specification process may involve
many operations. For instance, Barsa-
lou's (1983) work suggests that catego-
ries having the best fit in terms of ideal,
frequent, or typical exemplars with en-
coded information are likely to be re-
tained. It might also be argued, how-
ever, that categories associated with
significant constraints will be eliminated,
along with goal-inappropriate categories.
Similarly, categories closely linked to
each other through prior association
and effective use, especially associated
procedural and declarative categories
(Krietler & Krietler, 1987a, 1987b), are
likely to be retained as an integrated set.

Our foregoing observations indicate
that category specification represents a
systematic evaluative process. Thus, one
might expect expertise and intelligence
to influence the efficiency of process
operation. However, a number of other
variables, such as cognitive complexity,
flexibility, and openness, might influ-
ence the nature of evaluation criteria
and, therefore, the outcomes of process
operation. In addition to these differen-

tial constructs, performance pressures
and environmental stressors might influ-
ence the operation of this process
(Fiedler 8c Garcia, 1987), along with en-
vironmental conditions, such as social
pressure, influencing perceptions of cat-
egory appropriateness.

Once a set of categories has been
identified, these categories must be
used to generate new problem solu-
tions. As noted earlier, generation of
the new understandings from extant
knowledge requires that relevant catego-
ries be combined and reorganized in such a
way as to generate an integrated se-
quence of actions likely to bring about
the goals inherent in this problem-solv-
ing effort. The importance of this com-
bination and reorganization process was
discussed earlier, and its relevance to
creative thought has been underscored
in the work of Mumford and Gustafson
(1988), Owens (1969), and Rothenberg
(1986).

The exact mechanisms by which indi-
viduals attempt to combine and reor-
ganize categories represents one of the
important remaining mysteries of cre-
ative thought (Barsalou, 1989). It seems
likely, however, that overlap in organiz-
ing principles and category exemplars,
commonalities in elemental or proce-
dural steps, and available analogical
models and divergent thinking skills all
play an important role here (Holyoak,
1984; Medin & Ross, in press; Mumford
& Gustafson, 1988; Owens, 1969; Runco
& Albert, 1985). It can also be expected
that this linking of procedural and de-
clarative categories within themselves
and with each other to generate an ac-
tion plan (Krietler & Krietler, 1987a,
1987b) will involve substantial reasoning
capacity and concerted active process-
ing. Further, differential variables, such
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as self-esteem, organization, indepen-
dence, flexibility, and openness, condi-
tioning the individual's willingness and
capability for working with multiple cat-
egories might influence the efficiency of
process operation (Feldhusen & Hob-
son, 1972; Houtz, Jambor, Cifone, &
Lewis, 1989; McCrae, 1987), along with
climatic influences, such as communica-
tion, peer support, and norms stressing
the value of alternative ways of looking
at things (Abbey & Dickson, 1983;
Knapp, 1963).

Having generated a potential prob-
lem solution through the structuring,
combination, and organization of exist-
ing categories, the potential utility of
this problem solution must be evalu-
ated. This process of idea evaluation has
been discussed by a few theorists (e.g.,
Dewey, 1910; Wallas, 1926; Osborn, 1953).
This core process has not received a
great deal of attention (Runco, in press-
a). Nonetheless, the evidence provided
by Runco and Albert (1985) and Har-
rington, Block, and Block (1983)
pertaining to the predictive value of fre-
quency-controlled, high-quality diver-
gent thinking scores is considered,
along with Cronbach's (1968) com-
ments regarding the importance of idea
evaluation indicates that there is reason
to suspect that this evaluative step may
constitute an important determinant of
"real-world" creativity. It can be ex-
pected that the ability of a proposed so-
lution to satisfy the goals at hand in an
efficient manner within the constraints
set as part of the initial problem con-
struction will play an important role in
evaluation, as will projected contingen-
cies and expected payoffs from solution
implementation (Hogarth, 1980; Ruben-
son & Runco, in press; Torrance, 1965).
Thus, idea evaluation will be influenced

by climatic, motivational, and environ-
mental contingencies, such as role mod-
els and reinforcement contingencies, as
well as by concrete intellectual func-
tions, especially variables conditioning
decision biases and decision-making op-
erations (Einhorn 8c Hogarth, 1981; Ho-
garth, 1980; Kahneman, 1972). This lat-
ter point has been illustrated in recent
studies by Runco (in press-a) and Runco
and Vega (1990), who noted that the
locus of evaluation, either intra- or in-
terpersonal, may be related to creativity.
Similarly, differential constructs, such as
risk-taking, curiosity, and self-esteem, in-
fluencing the individual's willingness to
pursue untried, new ideas, may also in-
fluence process operation.

After a decision has been made to
implement a proposed problem solu-
tion, the next necessary step is actual
implementation. Although this process
may be of little import in laboratory
problem-solving tasks, in actual creative
undertakings it will represent a crucial
execution process involving the mar-
shalling of many task-relevant knowl-
edges, skills, and abilities, as well as per-
sonality characteristics ranging from
energy level to persuasion (Barron &
Harrington, 1981; Simonton, 1988).
Further, attentional allocation and con-
trolled processing coupled with oppor-
tunistically-driven extension or revision
of an initial plan may constitute a signif-
icant and necessary component of this
process and account for changing envi-
ronmental contingencies (Carroll &
Gillen, 1987, Hayes-Roth & Hayes-Roth,
1979). These conclusions are by no
means unique. Similar observations
have been made by Newell and Simon
(1972) and Silverman (1985) in their
work on process analytic models of
"real-world" problem solving.
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Process Analytic Models

The complex nature of "real-world"
creativity underscores the need for a
final core process: monitoring. In es-
sence, this process entails the systematic
search for information about the condi-
tions and success of problem solutions.
This monitoring process is of substantial
import in complex situations, where
feedback is often ambiguous and subject
to certain biases in interpretation (Ho-
garth, 1980). Further, recent work by
Hayes and Flower (1986) and Brown
and Campione (1986) indicates that
monitoring may provide a groundwork
for learning and for new problem-solv-
ing efforts by denoting key elements in
problem solutions and by suggesting
necessary revisions in categorical struc-
tures. Given these observations, it is
hardly surprising that some time ago
Kepner and Tregoe (1965) and Parnes
(1967) also argued for the potential sig-
nificance of this process. In fact, the sig-
nificance of this process suggests that
evaluative skills and self-awareness may
prove of some import to understanding
creative thought, along with the nature
and accuracy of environmental feedback
(Morgan, 1985).

Relationships Among Core Processes

In considering the nature of these core
processes and their anticipated inter-
dependencies, it becomes apparent that
creative thought is likely to represent a
complex, integrated phenomenon. Figure
1 presents the model derived from the hy-
pothesized process relationships. However,
it also reflects the dynamic cyclical interre-
lationships likely to be observed as these
core processes are applied in complex, cre-
ative, problem-solving efforts. More specif-
ically, it is assumed that if a satisfactory out-

come cannot be obtained, individuals may
cycle back to any one of the earlier stages.
The particular stage chosen will, to some
extent, depend on the nature of the defi-
ciency at hand. However, the principle of
cognitive efficiency suggests a tendency in
people to cycle back to the immediately
preceding process. Not only does this cycli-
cal processing seem consistent with many
descriptions of creative thought (Howe,
1982; Koestler, 1964; Rothenberg, 1986), it
also suggests how integration occurs and
why phenomena arise, such as the impact
of available categorical structures and prior
life history on information search (Gruber,
1983; Siegler & Richards, 1982).

A second noteworthy characteristic
of the relationships specified in Figure 1
may be found in the sequential arrange-
ment of processes. One implication of
this structure is that successful process
application in the later phases of prob-
lem solving is contingent on adequate
"up front" work. Not only does this
serial dependency explain why creative
efforts are often difficult and time con-
suming, it also indicates that relation-
ships among processes may prove diffi-
cult to ferret out, because of the
operation of intervening steps or medi-
ating mechanisms. These sequential de-
pendencies should not, however, be
taken to imply that these processes are
of equal import in all settings. For in-
stance, if a problem is fully defined, rel-
atively little effort may be devoted to
problem construction, or if category
search and specification yields adequate
declarative and procedural categories,
little effort may be expended on cate-
gory combination and reorganization.
These observations in turn imply that
the relative import of these processes
will vary across problem domains, with
creative thought being least difficult
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when the problem domain emphasizes
application of the latter process.

A third, perhaps less obvious, charac-
teristic of the relationships presented in
Figure 1 may be found in its im-
plications for divergent and convergent
phases of thought (Chambers, 1969;
Isaksen & Parnes, 1985). The relation-
ship between category search and speci-
fication of best-fitting categories pro-
vides one illustration of this principle,
as does the relationship between cate-
gory combination and idea evaluation.
Thus this model underscores the im-

\ Problem Construction '

$/

Information Encoding

^ i
\ /

Category Search r

\ t

Specification of Best-Fitting Categories

, /

Combination and Reorganization of
Best-Fitting Categories £ .

v£
Idea Evaluation

^ — ^ — ^ — ^ — i ^ ^ — — — — ^

> /

Implementation

\£
Monitoring

Figure 1. Hypothesized relationship among
core processes

portance of both convergent and diver-
gent processes.

Based on Isaksen and Parnes'
(1985) comments, this observation
might argue for a "mess-finding" pro-
cess to be coupled with the problem
construction process. Although further
evidence is required prior to incorporat-
ing a core process of this sort, some sup-
port for this proposition may be found
in discussions pertaining to the role of
discrepancy identification (Kuhn, 1970;
Reitman, 1964), issue awareness
(Zuckerman, 1974), and political frag-
mentation (Simonton, 1984) in cre-
ative thought.

Implications of Core Processes

Of course, the processes and model
sketched out above have a number of ante-
cedents in the literature. Thus, one might
ask what the present effort has contributed
to our understanding of creative problem
solving. Our observations indicate that cre-
ative problem solving involves a number of
processes, some of which might not be ob-
served in more routine problem-solving
tasks. More specifically, this model suggests
that problem construction, category
search, and category combination and re-
organization play a crucial role in generat-
ing new problem solutions. This observa-
tion, in turn, suggests that work, such as
Baer's (1988), attempting to break these
processes down into discrete steps and elu-
cidate the rules underlying their applica-
tion in various domains, may contribute
much to our understanding of creativity.

Unlike other efforts for which the
same claim might be made, the present
effort has explicitly tied the operation
of these processes to the categorical
knowledge structures or schema. This
extension of the traditional process ana-

106 Creativity Research Journal

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0



Process Analytic Models

lytic framework was most directly mani-
fested in the hypothesized role of the
combination and reorganization process.
One implication of this principle is that
the nature and quality of creative prob-
lem solutions may vary with the kind of
information considered in combination
and reorganization. For instance, it is
possible that the use of procedural, as
opposed to declarative, structures may
involve different types of rules and lead
to very different kinds of creative prod-
ucts. Alternatively, problem construc-
tions based on goals may have different
implications than constructions derived
from content similarities.

This explicit linkage of information
to process operation has three other
noteworthy implications. First, the qual-
ity and organization of categorical struc-
tures may have a marked impact on cre-
ativity. Poorly defined or inarticulate
categories may well prohibit effective
application of these processes, just as
highly articulated, well-differentiated
structures can, thereby giving rise to a
curvilinear relationship between exper-
tise and creativity (Simonton, 1984).
Second, information encoding and
search heuristics probably warrant more
attention in discussions of creative
thought than has hithertofore been the
case. Third, the nature of this model
and its emphasis on categorical informa-
tion structures suggests that some strate-
gies for organizing information are
more likely to facilitate operation of the
search, construction, and combination
processes. Thus, there is a need for
research intended to explicate the inter-
actions between information organiza-
tion and process operation. This obser-
vation points to a somewhat broader
substantive implication of the present
effort. More specifically, domain-spe-

cific, knowledge-based approaches to
creative problem solving are not neces-
sarily incompatible with process-based
models. Rather, they should be viewed
as interactive systems such that diver-
gent thinking may represent both a do-
main-specific capacity and a generaliz-
able characteristic of individuals.

The importance of this approach
might be illustrated by considering
some of the ways an understanding of
information structures might be used to
facilitate the application of these core
processes. In the case of the combina-
tion and reorganization process, novel
combinations might be facilitated by (a)
restrictions prohibiting the application
of simple hierarchical combination
strategies (Mobley, 1990); (b) an ex-
plicit emphasis on the need to incorpo-
rate discrepant observations or diverse
categories (Kuhn, 1970); and (c) activa-
tion of atypical category exemplars or
exemplars of associated multiple catego-
ries (Doares, 1990). By encouraging in-
dividuals to consider similarities in the
goals, constraints, and strategies used in
prior problem-solving efforts, as well as
content similarities, it might be possible
to facilitate novel problem constructs
and potentially viable new solutions
(Reiter-Palmon, 1990). Similarly, events
contributing to the application of multi-
ple extended search strategies might
also contribute to the generation of
novel problem solutions through more
effective application of the category
search process.

Although the foregoing discussion
has focused on the role of problem con-
struction, category search, and category
combination process as crucial to the
generation of new problem solutions,
this model also indicates the potential
importance of processes, such as infor-
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mation encoding, specification of best-
fitting categories, and idea evaluation.
For the most part, processes of this sort,
focusing on the convergent elements of
creative thought, have not received a
great deal of attention in the literature,
although there is reason to expect that
they contribute to creative thought
(Runco, in press-b). In a recent series of
investigations, Runco (in press-b) and
Runco and Vega (1990) have expressly
examined the role of idea evaluation.
Their findings indicate that evaluative
skill is related to creativity, as measured
by divergent thinking tests and captures
something beyond intelligence. It also
appears that the locus of evaluation, ei-
ther intra- or interpersonal, may play a
role in the operation of evaluative pro-
cesses. Further studies along these lines
are needed to elucidate the import of
encoding and category specification in
creative problem solving. In the specifi-
cation of best-fitting categories, for in-
stance, one might expect that creativity
would be restricted by retention to too
large or too small a number of catego-
ries. Similarly, Alissa's (1972) work on
overinclusion suggests that encoding di-
verse, apparently relevant information
may also contribute to creativity, up to a
point.

In considering the relationships
among these processes, another import-
ant conclusion comes to fore. This
model does not assume rote process ap-
plication. Rather, it is held that individ-
uals will apply these processes selec-
tively, as called for by the demands of
the problem-solving situation, cycling
back through these or earlier processes,
wherever criteria for movement to the
next process have not been met. Thus,
this model indicates the need to attend
to decision heuristics in studies of cre-

ative problem solving. Although deci-
sion rules guiding process application
have not received a great deal of atten-
tion in the literature, illustrations of the
potential utility of this approach may be
found in the influence of satisficing
strategies or creative problem solving
(Cyert & March, 1963; Nutt, 1984), the
influence of instructions to be creative
(Harrington, 1981), and the potential
impact of premature convergence
(Basadur, Wakabyashi, & Graen, 1990).
It seems likely that analysis of the deci-
sion rules guiding process application
will not only enhance our understand-
ing of creativity in general, but also our
understanding of cross-domain differ-
ences.

These observations concerning the
controlled nature of process application
point to two other implications of these
core processes. First, analysis of the er-
rors made in creative problem solving,
along with the location of these errors,
may prove useful in elucidating process-
ing rules and the potential impact on
effective process operation in various
domains. Second, people's resources are
inherently limited, and controlled pro-
cessing may make strong resource de-
mands (Ackerman, 1986). Thus, task
motivation may constitute a crucial de-
terminant of effective process applica-
tion. Although this conclusion is not es-
pecially novel, it should be recognized
that the goals and values leading re-
sources to be devoted to one process
may not be the same for all other pro-
cesses. For instance, performance goals
may encourage solution evaluation, and
learning goals might contribute to cate-
gory search. It is of note that effects of
this sort will be attenuated by aggrega-
tion over processes, thereby indicating
the risks involved in drawing simple
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Process Analytic Models

conclusions about general relationships
holding for all phases of creative prob-
lem-solving efforts.

The hierarchical nature of this
model indicates that errors made early
on in creative problem solving will carry
through the system. This characteristic
of the model implies that creative
thought will often be a difficult and
chancy undertaking, especially in the ill-
defined problem-solving situations posed
by real-world tasks. Thus, time spent in
the application of initial processes may
make a disproportionate contribution to
creative problem solving (Getzels &
Csikszentmihalyi (1975). In accordance
with this hypothesis, Okuda et al. (1990)
found that problem finding or problem
construction is more strongly related to
creative activities than divergent think-
ing.

This observation brings us to a few,
final comments bearing on the im-
plications of this model. Divergent-
thinking tests have frequently been crit-
icized for their weak validity coefficients
(Runco, 1986). This result, however,
might be attributed to the tendency of
these tests to focus on a limited number
of processes ignoring interactions with
other processes and available informa-
tion structures. Similarly, the overlap
observed between certain processes in-
volved in creativity and those underlying
intelligence (Sternberg, 1986b) might,
in part, account for the observed corre-
lation between these measures. Because
of the hypothesized interdependencies
among these processes, it might also
provide an alternative explanation for
the triangular relationship described by
Guilford and Christensen (1973). Fi-
nally, given the nature of these pro-
cesses and the importance of viable cat-
egorical structures to effective process

application, certain characteristics of
the individual, such as mastery motives
(Dweck, 1986), problem sensitivity
(Fleishman & Quaintance, 1984), open-
ness (McCrae, 1987), and interest co-
herence (Terman 8c Ogden, 1959),
probably deserve more attention as pre-
dictors of creative capacity than they
have received to date. The significance
of these characteristics, of course, lies in
their potential contributions to knowl-
edge structure development and appli-
cation.

Taken as a whole, it appears that the
present effort has contributed some-
thing to our understanding of creative
problem solving. This is not to say that
the proposed processes are completely
unique. Rather, by explicitly linking pro-
cess operation to categorical knowledge
structures, it becomes possible to ex-
tend our understanding of the nature
and implications of the role of cognitive
processes in creative problem solving.
Further efforts intended to extend this
approach to the analysis of specific pro-
cesses will, hopefully, yield similar gains
in description, prediction, and under-
standing.

Alternative Conceptions of Creative
Problem Solving

Having considered the processes contribut-
ing to creative problem solving, it would
now seem germane to examine the relation
of process analytic models to other concep-
tions of creative capacity. Perhaps the most
common view of creative problem solving
may be found in Guilford's (1950) diver-
gent-thinking construct, which reflects a
trait approach to creative capacity. Trait
models define capacity in terms of individ-
ual differences in performance on some set
of tasks (Fleishman 8c Quaintance, 1984).
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Process-analytic models, on the other hand,
do not specifically focus on performance
differences, but instead search for common
elements that shape the performance of all
individuals. Although these two approaches
are quite different, studies by Keating and
Babbitt (1978), Keating, List, and Merri-
man (1985), and Lansman, Donaldson,
Hunt, and Yantis (1982) indicate that indi-
vidual differences in the speed or efficiency
of process operation can account for the
performance differences observed on trait
measures of intelligence and spatial ability.

Although research is needed indicat-
ing how differential process execution is
related to performance on standard
trait measures of creativity, one might
expect demonstrated relationships of
this sort to contribute much to descrip-
tion, prediction, and understanding.
For instance, the limited predictive
power of divergent-thinking measures
(Runco, in press-a) might be traced to
their tendency to focus on certain pro-
cesses, such as category search and com-
bination, to the exclusion of evaluative
and encoding processes. By examining
shifts in the significance of these pro-
cesses across subpopulations, such as
younger and older adults, or trait mea-
sures, using items drawn from different
domains, much might be revealed about
the nature of creative problem solving.
As Snow and Lohman (1989) pointed
out, this enhanced understanding
should in turn allow for the design of
more sophisticated trait measures ex-
plicitly designed to tap the application
of certain processes in certain problem-
solving domains.

Not only do processing models have
some important implications for under-
standing traditional trait measures, they
also have some bearing on associational
models for understanding creative prob-

lem solving. For many years, the capac-
ity to generate new associational link-
ages has been used to account for cre-
ative problem solutions (Mednick 8c
Mednick, 1967). These associational
models range from Mednick and Med-
nick's (1967) concept of remote associa-
tions to more recent discussions of node
linkages (Lumsden 8c Findlay, 1988;
Simonton, 1988). Typically, these mod-
els attribute creative problem solutions
to useful, new element linkages empha-
sizing stimulus activation, association of
activated elements, and subsequent
trial-and-error evaluation.

Although evidence is available ar-
guing for the potential utility of these
models (Langley & Jones, 1988), Mum-
ford and Mobley (1989) noted that they
suffer from certain deficiencies as a gen-
eral framework for understanding cre-
ative problem solving. More specifically,
simple associationalistic models fail to
account for a number of phenomena,
including (a) the active, effortful nature
of creative problem solving (Howe,
1982); (b) the internal direction that
occurs in creative problem solving
(Getzels & Csikszentmihalyi, 1975); (c)
the restrictions prior categorization
places on possible linkages (Perkins,
1983); and (d) the apparent importance
of discrepancies (Kuhn, 1970). On the
other hand, Redmond (1990) and Rei-
ter-Palmon (1990) argued that associa-
tional mechanisms, when combined
with the selection, generation, and ap-
plication of rules for applying these
linkages, may play an important role in
the operation of certain processes, such
as problem construction and category
combination. Thus, the integration of
process and associational models may
provide a more comprehensive basis for
understanding creative thought through
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Process Analytic Models

research elucidating the kind of associa-
tions and rules applied in different pro-
cesses operating in various domains.

A third major alternative to process
analytic models may be found in the var-
ious theories emphasizing the role of
unconscious or primal thought in cre-
ative problem solving (Arieti, 1976;
Dudek 8c Verreault, 1989; Kris, 1952;
Suler, 1980). Although we agree with
Guilford's (1982) position that uncon-
scious, inarticulate thought processes
are unlikely to play a direct role in cre-
ative problem solving, they may play a
significant supporting role. For in-
stance, unconscious process might pro-
vide new kinds of category combina-
tions or bring to awareness new kinds of
relationships among categories (Mum-
ford & Gustafson, 1988). Alternatively,
they might reflect the outcomes of on-
going, albeit unconscious, process oper-
ation. In either case, however, there is a
need for research examining how this
material is subsequently employed in
more directed, conscious processing ef-
forts.

Our foregoing comments bring us to
our final, alternative conception of cre-
ative problem solving. Here, we refer to
the stylistic view of creativity reflected in
MacKinnon's (1962) work, where cre-
ativity is held to flow from certain tem-
peramental or personality characteris-
tics. Process analytic models do not
typically view temperamental attributes
as central to the production of novel
problem solutions. It should, however,
be recognized that individual differ-
ences in these temperamental con-
structs may contribute to the relative ef-
ficiency of process operation under
different conditions. Tolerance for
stress and energy level, for instance, are
often related to creative performance,

perhaps because they permit individuals
to devote more resources to process exe-
cution. Similarly, tolerance for ambigu-
ity, openness to experiences, and cogni-
tive complexity might contribute to the
individual's willingness to seek out and
apply multiple categories (McCrae,
1987). Processing models do not pre-
clude temperamental constructs, and in
fact might do much to elucidate how
these attributes act to condition creative
problem solving in different situations.

Practical Implications

Earlier, it was noted that our interest in cre-
ative processes is often driven by practical
concerns. We invest time in the analysis of
these processes hoping that they will lead
to useful conclusions concerning the iden-
tification, development, and facilitation of
creative thought. In the ensuing discussion,
we will examine some practical implica-
tions of the core processes with regard to
these objectives.

Facilitating Creative Thought

Because creative problem solving involves
the cyclical application of a number of pro-
cesses, creative thought takes time. Thus,
interventions encouraging people to de-
vote adequate time to effective process ap-
plication may do much to facilitate creative
performance (Gettinger & White, 1979).
One way this use of time might be accom-
plished is by establishing creative perfor-
mance goals (Harrington, 1981; Rubenson
& Runco, in press; Torrance, 1965) and by
ensuring some intrinsic task motivation
(Amabile, 1983; Amabile, Hennessey, &
Grossman, 1986). Similarly, attempts to call
forth mastery motives might prove useful
by encouraging people to extend search
and combination processes, while cycling
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through these processes a number of times
in their search for a viable problem solu-
tion (Dweck, 1986). Another way one
might encourage people to devote time to
process application is by removing blocking
or inhibitory factors. One might, for in-
stance, attempt to minimize competing
time commitments, reduce stress, and min-
imize pressure for immediate production
(Feldhusen & Hobson, 1972; Fiedler & Gar-
cia, 1987; Wallach & Kogan, 1965).

Another significant implication of
these processes may be found in their
implications for convergent and diver-
gent thinking. In the divergent stages of
thought, one might facilitate creativity
through interventions encouraging peo-
ple to suspend judgment and to explore
diverse alternatives. This principle has
been illustrated in Parnes' (1981)work
on brainstorming techniques. In addi-
tion, it seems likely that the role of
dreams and unconscious processes is
that they permit a more extensive, un-
constrained category search. When con-
vergent stages of thought are being ap-
plied, actions which encourage people
to seek feedback from others and to
identify action constraints might prove
useful when applied by appropriate
times so as not to inhibit divergent
thought.

Although these structural character-
istics of the core processes have some
important implications, the specific na-
ture of the proposed process also sug-
gests certain strategies for facilitating
creativity. To begin, consider the nature
of problem construction. The nature of
this process suggests that creativity
might be enhanced by avoiding specific
problem statements and by presenting
broad objectives which allow people to
construe the problem in different ways.
Alternatively, one might incorporate

multiple, diverse elements in problem
definitions. Problem construction, of
course, provides a basis for information
encoding. Thus, conditions that permit
the generation of richer, more diverse
knowledge structures might also con-
tribute to creativity. Here, tacit knowl-
edge and technology, such as computer
literature searches, might prove useful
by facilitating information gathering, as
well as by providing bibliographies and
literature summaries pointing to new in-
formation and viable mechanisms for
organizing the information. Alterna-
tively, openness of communication,
interpersonal trust, and cooperative
group organizations might serve to
encourage information gathering (An-
drews, 1975; Pelz, 1956) as may situa-
tional influences emphasizing explora-
tion and openness to new experiences.
People's openness in information
search may, moreover, be influenced by
self-esteem and emotional support, es-
pecially when unfamiliar information
must be obtained and mastered (Knapp,
1963).

The category search, specification,
and combination processes also make
crucial contributions to idea genera-
tion. Again, the nature of these pro-
cesses suggests certain interventions
that might prove useful in enhancing
creativity. Because extended category
search should contribute to creativity,
actions taken to encourage overinclu-
sion should prove useful. Many actions,
of course, fall under this rubric, such as
providing incubation time, calling for
multiple category listings, and encour-
aging acknowledgment of alternative
perspectives (Torrance, 1981; Whitting,
1958). In category specification, creativ-
ity is likely to be enhanced by blocking
an overly restrictive definition of appli-
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Process Analytic Models

cable categories. Thus, interventions,
such as instructions to be creative (Har-
rington, 1981), that inhibit satisficing by
calling for unique, high-quality problem
solutions may prove useful, as may in-
terventions encouraging discrepancy
recognition and sensitivity to multiple
alternative features of the categories
through intellectual values, indepen-
dence, and task involvement (Kuhn,
1970; Mumford & Gustafson, 1988; Ross,
1976; Wolf & Larson, 1981.)

In category combination, however,
these elements must be reorganized
into a potential problem solution. Here,
one might expect that by calling for al-
ternative arrangements of elements and
for application of different linkage strat-
egies, creativity might be enhanced
(Allen, 1962). Given the need for
unique combinations, however, inter-
ventions encouraging independence,
playfulness, and exploration should also
contribute to creative thought.

Idea evaluation, implementation,
and monitoring represent the last three
processes proposed in this model. In
the case of idea evaluation, which repre-
sents a decision-making component,
one might expect that the many tech-
niques proposed by Hogarth (1980),
such as consequences analysis, might
prove useful. Additionally, attempts to
encourage risk taking, supportive feed-
back, and recognizing accomplishment
might also prove useful (Abbey & Dick-
son, 1983). Relatively little work is avail-
able that is pertinent to implementation
and monitoring. However, interventions
focusing on the social support, indepen-
dence, self-confidence, resources, and
motivation required to implement new
problem solutions may prove useful, as
well as interventions contributing to
careful monitoring and opportunistic

adjustments (Andrews, 1975; Hayes-Roth
& Hayes-Roth, 1979; Mumford & Gustaf-
son, 1988).

Assessing Creative Potential

Friedricksen (1984) and Snow and Loh-
man (1984, 1989) noted that a particularly
important application of process-analytic
models is in the specification of measures
for assessing problem-solving capacities.
The core processes outlined above might
be used to develop measures intended to
capture individual differences in the effec-
tiveness with which individuals apply cer-
tain processes within the across-problem
domains. Alternatively, they may be used to
specify the kind of differential characteris-
tics likely to contribute to creative poten-
tial.

In fact, the process-analytic model
outlined above provides some important
guidelines for application of traditional
differential measures in assessing cre-
ative capacity. Intelligence represents a
case in point. If it is granted that in-
telligence reflects that capacity to gener-
ate abstract rules and organizing princi-
ples (Humphreys, 1979; Tyler, 1965),
then to the extent that effective process
application in some domains requires
generation of these rules and organiz-
ing principles, one would expect some
relationship between intelligence and
creativity (Guilford & Christensen, 1973).
Similarly, category search might require
some ability to apply associational and
analogical skills. Thus, it is not surpris-
ing that measures of this sort have been
shown to be related to creative capacity
across a number of domains (Mednick
& Mednick, 1967; Poze, 1983). Diver-
gent thinking, or the individual's capac-
ity to generate multiple potential-prob-
lem solutions (Guilford, 1950), has also
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been shown to be related to creative
performance across a number of do-
mains (Runco, 1986, in press-b;Runco &
Albert, 1985). Although divergent-think-
ing measures have many facets, Mum-
ford and Gustafson (1988) argued that
it may reflect the capacity to identify
and reorganize categories. Given the
crucial import of the search and cate-
gory combination and reorganization
processes to creative thought, it is not
surprising that such measures have evi-
denced some general value in assess-
ment of creative potential.

Beyond its value in explaining the
substantive utility of available measures
of creative capacity, we believe this
model may prove useful in guiding the
development of new measures. For in-
stance, as might be expected based on
this model, Smilansky (1984) and
Runco and Vega (1990) developed mea-
sures of problem construction and eval-
uation skills evidencing some validity in
performance prediction. The nature of
the processes specified in this model,
however, indicates the need for a num-
ber of other measures. More specifically,
measures of information acquisition or
encoding skills are not commonly em-
ployed in assessments of creative poten-
tial, nor are measures of category speci-
fication and monitoring skills. Thus,
development of measures intended to
assess effective application of these pro-
cesses might do much to enhance our
ability to understand and predict cre-
ative potential.

Not only does this model underscore
the need to extend current measure-
ment systems to capture multiple pro-
cesses in a systematic multivariate frame-
work (Mumford & Gustafson, 1988), the
general structure of this model also sug-
gests some potential refinements in our

strategies for assessing creative poten-
tial. First, in addition to general process
measures, it might prove useful to for-
mulate measures focusing on process
application in specific problem do-
mains. The potential value of this ap-
proach has been illustrated in a study by
Owens (1969), where a measure of cate-
gory combination processes as applied
to mechanical problems was found to be
an unusually effective predictor of cre-
ative performance as measured by pa-
tent awards and rating criteria. Second,
because these processes must be applied
to domain-specific knowledge struc-
tures, it would seem desirable to extend
assessments of creative potential to do-
main-specific knowledge, as well as to
relevant skills and abilities involved in
solution implementation and motiva-
tional or interest variables conditioning
their development. Finally, the cyclical,
controlled nature of process application
suggests that measures of pertinent
metacognitive capacities might also
prove useful. This point is illustrated in
Friedricksen and Ward's (1978) work,
where assessment of creative potential
explicitly included a cyclical, controlled
processing element.

Developing Creative Capacities

Siegler and Richards (1982), Snow and
Lohman (1984, 1989), and Wagner and
Sternberg (1984) argued that the efficacy
of educational programs might be en-
hanced by the application of interventions
intended to facilitate the efficiency of pro-
cess operation. In fact, recent research by
Davey and McBride (1986), Day (1986),
and Hayes and Flower (1986) indicates that
educational interventions explicitly de-
signed to illustrate and provide practice in
the application of underlying processes
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may do much to facilitate learning and
problem solving. Thus, the nature of these
core processes might provide some useful
guidelines for the design of educational in-
terventions.

In a recent review of the literature
bearing on the development of human
capacities, Fleishman and Mumford
(1989) concluded that successful pro-
grams for developing these processes, or
the cognitive abilities which subsume
them, share certain characteristics. Ini-
tially, the nature of the component se-
quence and its utility is described, along
with the role these processes play in
problem solving. Subsequently, applica-
tion of these processes is demonstrated,
and individuals receive structured prac-
tice and feedback in process application
on a variety of problems designed to
illustrate and enhance process applica-
tion. Support for this general paradigm
may be found in the work of Alexander,
White, Hanesly, and Jeaner (1986),
Brown, Campione, and Day (1981), Day
(1986), and White and Alexander (1986).
Snow and Lohman's (1984) work, how-
ever, indicates that application of this
paradigm needs to be tailored to the
prior developmental experiences of the
target population.

In the context of creative problem
solving, application of this paradigm is
relatively straightforward. For instance,
with respect to category search, individ-
uals might be shown the reasons for and
the principles underlying the identifica-
tion of viable categories. They might
subsequently be provided with feedback
and practice on the problems intended
to illustrate these principles and to elim-
inate common errors. Similarly, the na-
ture of more and less effective strategies
for interrelating categories might be de-
scribed along with the principles under-

lying their construction. Then, practice
could be provided in combining and re-
organizing categories. After such pro-
cess-specific training has been provided,
later efforts might be targeting on con-
trolled application of these processes by
providing practice in determining when
more extensive encoding is required or
when the problem situation needs to be
redefined.

Of course, this process-analytic mod-
el presupposes that these processes will
be applied to knowledge structures.
Thus, educational interventions in-
tended to provide individuals with well-
developed procedural and declarative
knowledge structures might also act to
enhance creative potential. The devel-
opment of these knowledge structures
appears to be facilitated by providing
and illustrating key diagnostic facts and
principles (Bromage & Mayer, 1986),
along with expert principles for organiz-
ing these discrete elements (Halff, Hol-
lan, & Hutchins, 1986). Subsequently,
training material might be formulated
calling for the active application and
elaboration of these knowledge struc-
tures (Dinnel & Glover, 1985; Snow &
Lohman, 1984). The availability of these
well-organized knowledge structures is
an important requirement for effective
process application. In the case of cre-
ative problem solving, however, multiple
categories must be identified, com-
bined, and reorganized. Thus, optimal
educational interventions should also
attempt to provide multiple, relatively
diverse categories, delineate category
relationships, and illustrate principles
for organizing and interrelating these
categories (Friedricksen, 1984).

In keeping with the facet-model prin-
ciples employed throughout this article,
it should also be noted that effective
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educational interventions are likely to
consider a number of other potential in-
fluences on creative potential. For in-
stance, interventions might be designed
to ensure possession of those skills and
abilities required for solution im-
plementation and acceptance. Alterna-
tively, educational interventions might
be designed to enhance mastery mo-
tives, tolerance for ambiguity, and inde-
pendence by assigning practical, inde-
pendent projects requiring multiple
issues and points of view to be consid-
ered (Torrance & Myers, 1970; Treffin-
ger, Isaksen, 8c Firestein, 1983). When
interventions of this sort are formulated
with respect to basic processes and
knowledge structure requirements, it
seems likely that they may do much to
enhance creative capacity.

Conclusions

Over the course of this century, substantial
progress has been made in elucidating the
essential processes contributing to creative
problem solving. Not only have these mod-
els become progressively more precise con-
cerning the exact nature and role of pro-
posed processes, they have become more
sensitive to the fact that many individual
and situational variables act to condition
the efficiency of process operation. This
trend is of some import because it allows
process models to be integrated with the
broader literature on creative perfor-
mance, and because it facilitates develop-
ment of the hypotheses concerning the
kind of actions one might take to improve
creativity.

Process-analytic models have become
substantially more valuable as a tool for
enhancing creative potential with prog-

ress in our understanding of human
cognition. One result of these gains is
that it has become possible to draw
from the cognitive and educational liter-
atures in formulating strategies for de-
veloping creative capacities. This prog-
ress has also made it possible to specify
core processes with greater confidence
than hithertofore has been the case. In
part, this progress arises from the fact
that there is no longer a need to main-
tain an artificial distinction between
general processes and domain-specific
knowledge. By recognizing that pro-
cesses operate on categorical knowledge
structures, it becomes possible to formu-
late more powerful developmental in-
terventions while specifying process op-
erations in relation to the nature of
knowledge and its role in problem solv-
ing. The other important outcome of
this growing sophistication is that we
have become more sensitive to the or-
ganized, highly interdependent nature
of effective process application, as well
as to the need for multiple sequential
processing operations.

Of course, the core processes speci-
fied herein should not be viewed as pro-
viding a set of absolute entities. As with
any other theoretical effort, we expect
that future research will dictate adjust-
ments in the nature and relationships
among the hypothesized processes. Nev-
ertheless, we hope that this effort will
serve not only to provide some useful
guidelines for practical developmental
efforts, but also to suggest some promis-
ing new avenues for research intended
to extend and refine our understanding
of these core processes. When efforts of
this sort are coupled with ongoing re-
search into other major domains of in-
novation, they may do much to paint a
picture of the creative act that captures
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both its dynamism and power in condi-
tioning the course of human life.

REFERENCES

Abbey, A., & Dickson, J. W. (1983). R&D work climate
and innovation in semiconductors. Academy of Man-
agement Journal, 26, 362-368.

Ackerman, P. C. (1986). Individual differences in
information processing: An investigation of intel-
lectual abilities and task performance during prac-
tice. Intelligence, 10, 100-139.

Alexander, P. A., White, C. S., Hanesly, P. A., & Jeaner,
M. (1986). Analogy training: A developmental
study of effects on verbal reasoning. Journal of Edu-
cational Research, 80, 77-88.

Alissa, I. (1972). Stimulus generalization and over-in-
clusion in normal and schizophrenic subjects. Jour-
nal of Clinical Psychology, 34, 182-186.

Allen, M. S. (1962). Morphological creativity. Englewood
Cliffs, NJ: Prentice-Hall.

Amabile, T. M. (1983). The social psychology of creativity.
New York: Springer-Verlag.

Amabile, T. M., Hennessey, B. A., & Grossman, B. S.
(1986). Social influences on creativity: The effects
of contracted-for rewards. Journal of Personality and
Social Psychology, 45, 357-376.

Anderson, C. A. (1983). Imagination and expecta-
tion: The effect of imagining behavior scripts on
personal intentions. Journal of Personality and Social
Psychology, 45, 293-305.

Anderson, J. R. (1985). Cognitive psychology and its
implications. New York: W. H. Freeman.

Andrews, F. M. (1975). Social and psychological fac-
tors that influence the creative process. In I. A.
Taylor &J. W. Getzels (Eds.), Perspectives in creativity
(pp. 117-145). Chicago, IL: Aldine.

Arieti, S. (1976). Creativity: The magic synthesis. New
York: Basic Books.

Baer, J. M. (1988). Long-term effects of creativity
training with middle school students. Journal of
Early Adolescence, 8, 183-193.

Bailin, S. (1984). Can there be creativity without cre-
ation. Interchange, 15,13-22.

Barron, F., & Harrington, D. M. (1981). Creativity,
intelligence, and personality (pp. 439-476). An-
nual Review of Psychology (439-476). Palo Alto, CA:
Annual Reviews.

Barsalou, L. W. (1982). Context independent and

context dependent information in concepts. Mem-
ory and Cognition, 10, 82-93.

Barsalou, L. W. (1983). Ad hoc categories. Memory
and Cognition, 11, 211-227.

Barsalou, L. W. (April, 1989). Creativity and cognition.
Paper presented at the Georgia Institute of Tech-
nology Symposium on Cognition and Aging, At-
lanta, GA.

Basadur, M., Graen, G. B., & Green, S. G. (1982).
Training in creative problem solving: Effects of ide-
ation and problem finding and solving in an indus-
trial research organization. Organizational Behavior
and Human Performance, 30, 41-70.

Basadur, M., Wakabyashi, M., & Graen, G. B. (1990).
Individual problem solving styles and attitude to-
ward divergent thinking before and after training.
Creativity Research Journal, 3, 22-32.

Briskman, L. (1980). Creative product and creative
process in science and art. Inquiry, 23, 83-106.

Bromage, B. K-, & Mayer, R. E. (1986). Quantitative
and qualitative effects of repetition on learning
from technical text. Journal of Educational Psychol-
ogy, 78, 271-178

Brown, A. L., & Campione, J. C. (1986). Psychologi-
cal dieory and the study of learning disabilities.
American Psychologist, 41, 1059-1068.

Brown, A. L., Campione, J. C, & Day, J. D. (1981).
Learning to learn: On training students to learn
from text. Educational Researcher, 10, 14-21.

Busse, T., & Mansfield, R. (1980). Theories of the
creative process: A review and a perspective. Journal
of Creative Behavior, 14, 91-103.

Carroll, R. S., & Gillen, D. J. (1987). Are classical man-
agement functions useful in describing managerial
work? Academy of Management Review, 12, 38-51.

Chambers, J. A. (1969). Beginning a multidimen-
sional theory of creativity. Psychological Reports, 25,
779-799.

Chi, M. T., Glaser, R., & Rees, E. (1982). Expertise in
problem solving. In R. J. Sternberg (Ed.), Advances
in the psychology of human intelligence (pp. 7-76).
Hillsdale, NJ: Erlbaum.

Covington, M. V. (1987). Instruction in problem solv-
ing and planning. In S. L. Friedman, E. K.
Scholnick, & R. R. Cocking (Eds.), Blueprints for
thinking: The role of planning in cognitive development
(pp. 469-511). New York: Cambridge University
Press.

Cronbach, L. S. (1968). Intelligence? Creativity? A
parsimonious reinterpretation of the Wallach-
Kogan data. American Journal of Educational Research,
5,491-511.

Creativity Research Journal 117

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0



M.D. Mumford, M.I. Mobley, C.E. Uhlman, R. Reiter-Palmon, and L.M. Doares

Csikszentmihalyi, M. (1988). Solving a problem is not
finding a new one: A reply to Simon. New Ideas in
Psychology, 6, 183-186.

Cyert, R. M., & March, J. G. (1963). A behavioral theory
of the firm. Englewood Cliffs, NJ: Prentice-Hall.

Davey, B., & McBride, S. (1986). Effects of question
generation training on reading comprehension.

Journal of Educational Psychology, 78, 256-262.
Day, J. (1986). Teaching summarization skills: Influ-

ences of student ability level and strategy difficulty.
Cognition and Instruction, 3, 193-210.

deGroot, A. D. (1966). Perception and memory ver-
sus thought. In B. Kleinmuntz (Ed.), Problem-solving
(pp. 19-50). New York: Wiley.

Deschenes, B. (1989). Creativity and music. Creativity
Research Journal, 2, 135-136.

Dewey, J. (1910). How we think. Boston, MA: Health.
Dillion, J. T. (1982). Problem finding and solving.

Journal of Creative Behavior, 16, 97-111.
Dinnel, D., & Glover, J. A. (1985). Advanced organiz-

ers: Encoding manipulations. Journal of Educational
Psychology, 77, 514-521.

Doares, L. A (1990). The relationship between sex and
category combination skills. Unpublished master's
thesis. Georgia Institute of Technology, Atlanta,
GA

Doyle, C. L. (1975). The creative process: A study in
paradox. Etc., 32, 346-359.

Dudek, S. Z., & Verreault, R. (1989). The creative
thinking and ego functioning of children. Creativity
Research Journal, 2, 64-86.

Dweck, C. S. (1986). Motivational processes affecting
learning. American Psychologist, 41, 1040-1048.

Einhorn, H. J., & Hogarth, R. M. (1981). Behavioral
decision theory. In M. R. Rosenzweig & L. W. Por-
ter (Eds.), Annual Review of Psychology (pp. 53-88).
Palo Alto, CA Annual Reviews.

Feldhusen, J. E, & Hobson, S. K. (1972). Freedom
and play: Catalysts for creativity. Elementary School

Journal, 73, 144-155.
Fiedler, F. E., & Garcia, J. E. (1987). New approaches to

effective leadership: Cognitive resources and organiza-
tional performance. New York: Wiley.

Firestein, R. L., & McCowan, R. J. (1988). Creative
problem solving and communication behaviors in
small groups. Creativity Research Journal, 1, 106-114.

Fleishman, E. A, & Mumford, M. D. (1989). Individ-
ual attributes and training performance: Applica-
tions of ability taxonomies in instructional systems
design. In I. L. Goldstein (Ed.), Training and career
development (pp. 183-255). San Francisco, CA:
Jossey-Bass.

Fleishman, E. A , & Quaintance, M. K (1984).
Taxonomies of human performance: The description of
human tasks. Orlando, FL: Academic.

Friedricksen, N. (1984). Implications of cognitive
theory for instruction in problem solving. Review of
Educational Research, 43, 363-407.

Friedricksen, N., & Ward, W. C. (1978). Measures for
the study of creativity in scientific problem solving.
Applied Psychological Measurement, 2, 1-24.

Gentner, D., & Block, J. (1983). Analogical development
and novice-expert shift (Report No. 5478). Cam-
bridge, MA: Bolt, Beranek & Newman.

Gettinger, M., & White, M. A. (1979). Which is the
stronger correlate of school learning? Time to
learn or measured intelligence? Journal of Educa-
tional Psychology, 71, 405-412.

Getzels, J. W, & Csikszentmihalyi, M. (1975). From
problem solving to problem finding. In I. A Taylor
& J. W. Getzels (Eds.), Perspectives in creativity (pp.
90-116). Chicago, IL: Aldine.

Getzels, J. W., & Csikszentmihalyi, M. (1976). The
creativity vision: A longitudinal study of problem finding
in art. New York: Wiley.

Ghiselin, B. (1963). Ultimate criteria for two levels of
creativity. In C. W. Taylor & F. Barron (Eds.), Scien-
tific creativity: Its recognition and development (pp. 30-
43). New York: Wiley.

Gick, M. L., & Holyoak, K.J. (1980). Analogical prob-
lem solving. Cognitive Psychology, 12, 306-355.

Gick, M. L., & Holyoak, K. J. (1983). Schema induc-
tion and analogical transfer. Cognitive Psychology, 15,
1-38.

Gordon, R. (1973). Reflections on creation, therapy,
and communication. Art Psychotherapy, 1, 109-112.

Gough, H. G. (1976). Studying creativity by means of
word association tests. Journal of Applied Psychology,
61, 348-353.

Gruber, H. E. (1983). History and creative work:
From the most ordinary to the most exalted. Jour-
nal of the History of the Behavioral Sciences, 19, 4-14.

Guilford, J. P. (1950). Creativity. American Psychologist,
14, 469-479.

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

Guilford, J. P. (1982). Is some creative thinking irra-
tional? Journal of Creative Behavior, 16, 151-154.

Guilford, J. P., & Christensen, P. R. (1973). The one-
way relation between creative potential and IQ.
Journal of Creative Behavior, 7, 247-252.

Halff, H. M., Hollan, J . D., & Hutchins, E. L. (1986).
Cognitive science and military training. American
Psychologist, 41, 131-139.

118 Creativity Research Journal

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0



Process Analytic Models

Harrington, D. M. (1981). Creativity, analogical
thinking, and muscular metaphors. Journal of Men-
tal Imagery, 6, 121-126.

Harrington, D. C, Block, J., & Block, J. H. (1983).
Predicting creativity in preadolescence from diver-
gent thinking in early childhood. Journal of Person-
ality and Social Psychology, 45, 609-623.

Hausman, C. R. (1988). Novelty and explanation in
F&L proposal for an evolutionary theory of discov-
ery and innovation. Journal of Social and Biological
Structures, 11, 96-98.

Hayes, J. R., & Flower, L. S. (1986). Writing research
and the writer. American Psychologist, 41, 1106-1113.

Hayes-Roth, B., & Hayes-Roth, K. (1979). A cognitive
model of planning. Cognitive Science, 3, 275-310.

Hocevar, D. (1981). Measurement of creativity: Re-
view and critique. Journal of Personality Assessment,
45, 450-464.

Hodder, I. (1988). The creative process in long-term
perspective. Journal of Social and Biological Structures,
11, 99-100.

Hogarth, R. M. (1980) . Judgment and choice. New York:
Wiley.

Holyoak, K. J. (1984). Mental models in problem
solving. In J. R. Anderson & K. M. Kosslyn (Eds.),
Tutorials in learning and memory (pp. 193-218). New
York: Freeman.

Houtz, J. C, Jambor, S. O., Cifone, A, & Lewis, C. D.
(1989). Locus of evaluation control, task direc-
tions, and type of problem: Effects on creativity.
Creativity Research Journal, 2, 118-125.

Howe, A (1982). Biographical evidence and the de-
velopment of outstanding individuals. American Psy-
chologist, 37, 1071-1081.

Humphreys, L. G. (1979). The construct of general
intelligence. Intelligence, 3, 105-120.

Isaksen, S. G., & Parnes, S. J. (1985). Curriculum
planning for creative thinking and problem solv-
ing. Journal of Creative Behavior, 19, 1-29.

Kahneman, D. (1972). Subjective probabilities and
judgments of representativeness. Cognitive Psychol-
ogy, 3, 430-454.

Keating, D. P., & Babbitt, J. R. (1978). Individual and
developmental differences in cognitive processing
components of mental ability. Child Development, 49,
155-167.

Keating, D. P., List, J. A, & Merriman, W. E. (1985).
Cognitive processing and cognitive ability. A multi-
variate validity investigation. Intelligence, 9, 149-190.

Kepner, C. H., & Tregoe, B. B. (1965). The rational
manager: A systematic approach to problem solving and
decision making. New York: McGraw-Hill.

Knapp, R. H. (1963). Demographic, cultural, and
personality attributes of scientists. In C. W. Taylor
& F. Barron (Eds.), Scientific creativity: Its recognition
and development (pp. 205-216). New York: Wiley.

Koestler, A (1964). The act of creation. New York: Mac-
millan.

Kogan, N., Connor, K, Gross, A, & Fava, D. (1980).
Understanding visual metaphor: Developmental
and individual differences. Monographs of Social Re-
search in Child Development, 183, 1.

Krietler, S., & Krietler, H. (1987a). Conceptions and
processes of planning: The developmental per-
spective. In S. L. Friedman, E. K Scholnick, & R. R.
Cocking (Eds.), Blueprints for thinking: The role of
planningin cognitive development (pp. 119-131). New
York: Cambridge University Press.

Krietler, S., & Krietler, H. (1987b). Plans and plan-
ning: Motivational and cognitive antecedents. In S.
L. Friedman, E. K Scholnick, & R. R. Cocking
(Eds.), Blueprints for thinking: The role of planning in
cognitive development (pp. 132-156). New York: Cam-
bridge University Press.

Kris, E. (1952). Psychoanalytic explorations in art. New
York: International Universities Press.

Kuhn, T. S. (1970). The structure of scientific revolutions.
Chicago, IL: University of Chicago Press.

Landau, E. (1978). Creative thinking as existential
therapy. Confinia Psychiatrica, 21, 179-182.

Langley, P., & Jones, R. (1988). A computational
model of scientific insight. In R. J. Sternberg (Ed.),
The nature of creativity (pp. 177-201). New York:
Cambridge University Press.

Langley, P., Simon, H. A, Bradshaw, G. L., & Zytkow,
J. M. (1987). Scientific discovery: Computational explo-
ration of the creative processes. Cambridge, MA MIT
Press.

Lansman, M., Donaldson, G., Hunt, E., & Yantis, S.
(1982). Ability factors and cognitive processes. In-
telligence, 6, 342-386.

Lumsden, C. J., & Findlay, C. S. (1988). Evolution of
the creative mind. Creativity Research Journal, 1, 75-
91.

MacKinnon, D. W. (1962). The nature and nurture
of creative talent. American Psychologist, 17, 484-495.

Mansfield, R., & Busse, T. (1981). The psychology of
creativity and discovery. Hillsdale, NJ: Erlbaum.

McCrae, R. R. (1987). Creativity, divergent thinking,
and openness to experience. Journal of Personality
and Social Psychology, 52, 1258-1265.

Medin, D. L., & Ross, B. H. (in press). The specific
character of abstract thought: Categorization,
problem-solving, and induction. In R. J. Sternberg

Creativity Research Journal 119

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0



M.D. Mumford, M.I. Mobley, C.E. Uhlman, R. Reiter-Palmon, and L.M. Doares

(Ed.), Advances in the psychology of human intelligence
(Vol. 5). Hillsdale, NJ: Erlbaum.

Mednick, S. A., & Mednick, M. T. (1967). Examiner's
manual Remote Associations Test. Boston, MA:
Houghton-Mifflin.

Merrifield, P. R., Guilford, J. P., Christensen, P. R., &
Frick,J. W. (1962). The role of intellectual factors
in problem solving. Psychological Monographs, 76,
1-21.

Mobley, M. I. (1990). The influence of categorical knowl-
edge structures and their integration of creative thought.
Unpublished master's thesis. Georgia Institute of
Technology, Atlanta, GA.

Morgan, M. (1985). Self-monitoring and obtained
subgoals in private study. Journal of Educational Psy-
chology, 77, 623-630.

Moriarty, S. E., & Vandenberg, B. G. (1984). Advertis-
ing creatives look at creativity. Journal of Creative
Behavior, 18, 162-174.

Mumford, M. D., & Gustafson, S. B. (1988). Creativity
syndrome: Integration, application, and innova-
tion. Psychological Bulletin, 103, 27-43.

Mumford, M. D., & Mobley, M. I. (1989). Creativity,
biology, and culture: Further comments on evolu-
tion of the creative mind. Creativity Research Journal,
2, 87-101.

Newell, A., & Simon, H. (1972). Human problem solv-
ing. Englewood Cliffs, NJ: Prentice-Hall.

Norman, D. A. (1980). Cognitive engineering and
education. In D. T. Tuma & F. Reif (Eds.), Problem
solving and education: Issues in teaching and research
(pp. 109-133). Hillsdale, NJ: Erlbaum.

Nutt, P. C. (1984). Types of organizational decision
processes. Administrative Science Quarterly, 29, 415-
450.

Okuda, S. M., Runco, M. A., & Berger, D. E. (1991).
Creativity and the finding and solving of real-world
problems. Journal of psychoeducational Assess-
ment, 9, 45-53.

Osborn, A. F. (1953). Applied imagination: Principles
and procedures of creative thinking. New York: Scrib-
ner.

Owens, W. A. (1969). Cognitive, noncognitive, and
environmental correlates of mechanical ingenuity.

Journal of Applied Psychology, 53, 199-208.
Parnes, S. J. (1967). Creative behavior guidebook. New

York: Scribner.
Parnes, S. J. (1981). Guiding creative action. In J. C.

Go wan, J. Khatena, & E. P. Torrance (Eds.), Creativ-
ity: Its educational implications (112-191). Dubuque,
LA: Kendall/Hurt.

Patrick, C. (1941). Whole and part relationships in

creative thought. American Journal of Psychology, 54,
128-131.

Pelz, D. C. (1956). Some social factors related to
performance in a research organization. Adminis-
trative Science Quarterly, 1, 310-325.

Perkins, D. (1983). Novel remote analogies seldom
contribute to discovery. Journal of Creative Behavior,
17, 223-239.

Poincare, H. (1952). Science and method. New York:
Dover.

Poze, T. (1983). Analogical connections: The essence
of creativity. Journal of Creative Behavior, 17, 240-
258.

Redmond, M. R. (1990). The influence of leader behavior
on subordinate creativity. Unpublished doctoral disser-
tation. Georgia Institute of Technology, Atlanta, GA.

Reese, H. W., Parnes, S. J., Treffinger, D. J., &
Kaltsounis, G. (1976). Effects of a creative studies
program on structure-of-intellect factors. Journal of
Educational Psychology, 68, 401-410.

Reif, F., & Heller, J. I. (1982). Knowledge structure
and problem solving in physics. Educational Psychol-
ogist, 17, 102-127.

Reiter-Palmon, R. (1990). Cognitive models of problem
construction. Unpublished master's thesis. Georgia
Institute of Technology, Atlanta, GA.

Reitman, W. R. (1964). Heuristic decision proce-
dures, open constraints, and the structure of ill-de-
fined problems. In M. Shelley 8c G. Bryan (Eds.),
Human judgments and optimaticity (pp. 21-98). New
York: Wiley.

Ross, R.J. (1976). The development of formal think-
ing and creativity in adolescence. Adolescence, 11,
609-617.

Rothenberg, A. (1986). Artistic creation as stimu-
lated by superimposed versus combined-composite
visual images. Journal of Personality and Social Psychol-
ogy, 50, 370-381.

Rothenberg, A. (1988). Additive and nonadditive fac-
tors in creative thought. Journal of Social and Biolog-
ical Structures, 11, 135-139.

Rothenberg, A., & Sobel, R. S. (1980). Creation of
literary metaphors as stimulated by superimposed
versus separated visual images. Journal of Mental
Imagery, 4, 37-91.

Rubenson, D. C , & Runco, M. A. (in press). The
psychoeconomic approach to creativity. New Ideas
in Psychology.

Rubenzer, R. (1979). The role of the right hemi-
sphere in learning and creativity: Implications for
enhancing problem solving ability. Gifted Child
Quarterly, 23, 78-100.

120 Creativity Research Journal

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0



Process Analytic Models

Runco, M. A. (1986). The discriminant validity of
gifted children's divergent thinking test scores.
Gifted Child Quarterly, 30, 78-82.

Runco, M. A (in press-a). Children's divergent think-
ing and creative ideation. Developmental Review.

Runco, M. A. (in press-b). The evaluative, valuative,
and divergent thinking of children. Journal of Cre-
ative Behavior.

Runco, M. A., & Albert, R. S. (1985). The reliability
and validity of ideational originality in the diver-
gent thinking of academically gifted and nongifted
children. Educational and Psychological Measurement,
45, 483-501.

Runco, M. A., & Okuda, S. M. (1988). Problem dis-
covery, divergent thinking, and the creative pro-
cess. Journal of Youth and Adolescence, 17, 211-220.

Runco, M. A., & Vega, L. (1990). Evaluating the cre-
ativity of children's ideas. Journal of Social Behavior
and Personality, 5, 439-452.

Scandura, J. M. (1977). Problem solving. New York:
Academic.

Schmeck, R. R., & Grove, E. (1979). Academic
achievement and individual differences in learn-
ing processes. Applied Psychological Measurement, 3,
43-49.

Siegler, R. S., & Richards, J. D. (1982). The develop-
ment of intelligence. In R. J. Sternberg (Ed.),
Handbook of human intelligence (pp. 897-975). New
York: Cambridge University Press.

Silverman, B. G. (1985). The use of analogs in the
innovation process: A software engineering proto-
col analysis. IEEE Transactions on Systems, Man, and
Cybernetics, 15, 30-44.

Simon, H., & Newell, A. (1971). Human problem
solving: The state of the theory in 1970. American
Psychologist, 26, 145-159.

Simonton, D. K. (1984). Genius, creativity, and leader-
ship. Cambridge, MA: Harvard University Press.

Simonton, D. K. (1988). Age and outstanding
achievement: What do we know after a century of
research. Psychological Bulletin, 104, 163-180.

Smilansky, J. (1984). Problem solving and the quality
of invention: An empirical investigation. Journal of
Educational Psychology, 76, 377-386.

Snow, R. E., & Lohman, D.R. (1984). Toward a theory
of cognitive aptitude for learning from instruction.

Journal of Educational Psychology, 76, 347-376.
Snow. R. E., & Lohman, D.R. (1989). Implications of

cognitive psychology for educational measure-
ment. In R. L. Linn (Ed.), Educational Measurement
(pp. 263-332). New York: Macmillan.

Sobel, R. S., & Rothenberg, A. (1980). Artistic cre-

ation as stimulated by superimposed versus sepa-
rated visual images. Journal of Personality and Social
Psychology, 39, 953-961.

Sternberg, R. J. (1986a). Synopsis of a triarchic the-
ory of human intelligence. In S. H. Irvine 8c S. E.
Newstead (Eds.), Intelligence and cognition (pp. 161—
221). Dorrecht, Germany: Nijhoff.

Sternberg, R. J. (1986b). Toward a unified theory of
human reasoning. Intelligence, 10, 281-314.

Sternberg, R. J. (1988a). A three-facet model of cre-
ativity. In R.J. Sternberg (Ed.), The nature of creativ-
ity: Contemporary psychological perspectives (125-147).
Cambridge, MA: Cambridge University Press.

Sternberg, R. J. (1988b, August). A developmental
model of creativity. Paper presented at the meetings
of the American Psychological Association, Atlanta,
GA.

Suler, J. R. (1980). Primary process thinking and
creativity. Psychological Bulletin, 88, 144-165.

Taylor, C. W. (1972). Can organizations be creative
too? In C. W. Taylor (Ed.), Climate for creativity, (pp.
1-15). New York: Pergamon.

Terman, L. M., & Ogden, C. K (1959). The gifted
group at mid-life. Stanford, CA: Stanford University
Press.

Thompson, C. P. (1985). Memory for unique per-
sonal events: Some implications of self schema.
Human Learning, 4, 267-286.

Torrance, E. P. (1965). Rewarding creative behavior.
Englewood Cliffs, NJ: Prentice-Hall.

Torrance, E. P. (1981). Ten ways of helping young
children gifted in creative writing and speech. In J.
C. Gowan, J. Khatena, & E. P. Torrance (Eds.),
Creativity: Its educational implications (pp. 109-123).
Dubuque, IA: Kendall/Hunt.

Torrance, E. P., & Myers, R. E. (1970). Creative learn-
ing and teaching. New York: Dodd, Mead & Co.

Trefnnger, D. J., Isaksen, S. G., & Firestein, R. C.
(1983). Theoretical perspectives on creative learn-
ing and its facilitation: An overview. Journal of Cre-
ative Behavior, 17, 9-17.

Tyler, L. E. (1965). The psychology of human differences.
Englewood Cliffs, NJ: Prentice-Hall.

Vinacke, W. E. (1974). The psychology of thinking (2nd
ed.). New York: McGraw-Hill.

Wagner, R. K, & Sternberg, R. J. (1984). Alternative
conceptions of intelligence and dieir implications
for education. Review of Educational Research 54,
179-223.

Wallach, M. A., & Kogan, N. (1965). Modes of thinking
in young children: A study of the creativity-intelligence
distinction. New York: Holt, Reinhart & Winston.

Creativity Research Journal 121

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0



M.D. Mumford, M.I. Mobley, C.E. Uhlman, R. Reiter-Palmon, and L.M. Doares

Wallas, G. (1926). The art of thought. New York: Har-
court-Brace.

Weisberg, R. W. (1988). Problem solving and creativ-
ity. In R. J. Sternberg (Ed.), The nature of creativity:
Contemporary psychological perspectives, (148-176).
Cambridge, MA: Cambridge University Press.

Weisberg, R. W, DiCammillo, M., & Phillips, D.
(1978). Transferring old associations to new prob-
lems: A nonautomatic process. Journal of Verbal
Learning and Verbal Behavior, 77, 219-228.

Weisberg, R. W., & Suls, J. (1973). An information
processing model of Drucke's candle problem. Cog-
nitive Psychology, 4, 255-276.

White, C. S., & Alexander, P. A. (1986). Effects of
training on four-year-old's ability to solve geomet-
ric analogy problems. Cognition and Instruction, 3,
261-268.

Whitting, C. S. (1958). Creative thinking. New York:
Reinhold.

Wolf, F. M., & Larson, G. C. (1981). On why adoles-
cent formal operators may not be creative thinkers.
Adolescence, 16, 345-348.

Zuckerman, H. (1974). The scientific elite: Nobel
laureates' mutual influence. In R. S. Albert (Ed.),
Genius and eminence (pp. 171-186). New York: Per-
gamon.

122 Creativity Research Journal

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
E
B
S
C
O
H
o
s
t
 
E
J
S
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
 
-
 
S
u
p
e
r
c
e
d
e
d
 
b
y
 
9
1
6
4
2
7
7
3
3
]
 
A
t
:
 
1
9
:
2
5
 
2
0
 
J
u
l
y
 
2
0
1
0

View publication stats

https://www.researchgate.net/publication/311570071

