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Abstract

The cognition that gives rise to creadve thinking is not a singular process or operation; rather, it
consists of many different cognitive structures and processes that can collaborate in a variety of ways
to construce different types of creative producrs. Cogniton that is often relevant wo creatvig includes
remote association, conceprual combinartion, visualization, rerrieving and mapping analogies, reasoning,
insight problem solving, implicic and explicit cognition, abstraction, and mental models.
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How do our minds produce creative ideas? Clearly,
there can be no formulaic answer to this enormous
question. Part of the prﬂH:m is that a consensual def-
inition of creativity is difhcult to construct. Therc are
many domains of creative endeavor, such as art, engi-
necring, literature, business, or athletics, and creativ-
ity might systematically differ for different domains.
Furthermore, cven within a single domain there are
usually many different ways that creative ideas come
into b:ing. Evena sing|c individual can be creative in
different ways at different times. To know how our
minds produce creative ideas, we undoubtedly need
to understand the many factors that affect creativity,
and there are multiple approaches to understanding
thosc factors. For example, motivational factors, emo-
tional factors, individual differences, environmental
factors, and historical facrors can srrongl}' influence
creativity. One of those factors, clearly, must be cog-
nition: Creativity is at lcast in part influenced or even
determined by cognition. In this chapter we focus on
the question of how cognition supports or gives risc
to creative work—the crearive COFHITION app roach.

The creative cognition approach begins with the

rather obvious assumption that cognitive processes
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play a critical role when people get creative ideas.
Creative idcas arc ones that arc novel and poten-
tia“}r of value. There are similarities among cascs
in which people have had historically influential
ideas, or idcas that arc consensually judged as cre-
ative. Rescarch in creative cognition is based upon
the premisc that similar experiences can be cvoked
in laboratory cxperiments. Metrics of creativity
that emerge from these studics measure aspects of
creativity but gcncr:aﬂ}' not how creative the ulti-
mate product is. Most who usc this creative cogni-
tion approach endorsc the notion that there is no
singular cognitive process or mental operation that
we could call #be creative process. Rather, we man-
age our cognitive resources in various ways to try to
produce idcas with novelty and potential value, and
the way thosc cognitive resources are managed may
differ for different domains, different individuals,
and different situations. In the course of pursuing
creative ideas, people often experience certain phe-
nomena or use certain heuristics to make creative
ideas more likely.

We also endorse the notion that the cognition

involved in creative activities resembles the cognition



that operates in other arcas of cognition that arc not
commeonly considered creative. For cxample, false
memorics arc created by the same processes that
affect creative ideation, analogics are mapped in cre-
ative and noncreative cognition, we create language
when we speak, and we create mental models of our
environments. Novel and uscful outcomes emerge in
many domains of cognition. What is special about
creative cognition is that the insights and idcas pro-
duced are usually unexpected (c.g., Metcalfe, 1986).
The less surprising the product, the less creative it
seems to be; nonobviousness is a requircment of all
U.5. patents (Smith, 2008). Furthermore, uncxpected
insights and idcas that have valuc prompt the experi-
cnce of delight. Although it engages the same basic
cognitive mechanisms involved in domains such as
memory, concept formation, problem solving, deci-
sion making, and metacognition, creative cognition
is not limited to gencrating planned or deliberately
intended products. Truly creative cognition can bring
into being uncxpected products of delight.

Domains of Cognition Involved
in Creative Thinking

There are multiple domains of cognition that arc
involved in creative thinking, cssentially, the same
that arc involved in noncreative cognition. The
most noteworthy of these domains include concep-
tualization, visualization, memory, problem solv-
ing, language, decision making, and scveral arcas of

implicit cognition.

Concepts and Categories:
The Structures of Imagination

Ward’s (1994) structured imagination theory cen-
ters on the notion that the ideas imagined by creating
minds arc based, at lcast in part, on the conceptual
cognitive structures that must be used, extended,
and combined during the course of creative cogni-
tion. Understanding the ways that concepts are flex-
ibly constructed and tailored for different contexts,
how they are combined, and what guides the way
that people extend categories in order to recognize
or generate new instances of those concepts is cssen-
tial to this structured imagination view.

Humans acquire vast storchouses of knowledge
as a result of their experiences in the world. Because
of the ccntra|ir}r of this type of knowlcdgc to what
it means to be human, considerable research has
been devoted to the nature and structure of our
concepts and categorics, how they are acquired, and

how th:}' guidc our actions and thought (Barsalou,

1985; Murphy & Medin, 1985; Rosch, 1973, 1975;
Rosch, Mervis, Gray, Johnson, & Boycs-Bracm,
1976; sec Rips et al., Chapter 11). Rather than being
randomly organized collections of scparate picces
of information, concept representations are highly
organized and, at lcast from a functional perspec-
tive, hicrarchical (c.g., Bower, Clark, Winzenz, &
Lesgold, 1969). Both of these propertics have impli-
cations for understanding the role of cognition in
creativity.

Before considering the structured and hicrarchi-
cal aspects of concepts, it is worth noting that the
formation of concepts is itsclf a kind of creative, or
at the very least gencrative, activity. This is because
cxpericnees with entities in the world are dis-
crete, and the structures that tic those experiences
together must be generated by the learner. Consider
the child who ultimately lcarns the category “dog”
from expericnces with the family pet, others scen
from the window, in the park, in books, or other
places. Each of the experiences occurs at a scparate
time point, and the “gluc” holding them together
must be generated by the child. At a more extreme
level, even the conclusion that the family pet is
really the same entity across multiple discrete expo-
sures is a kind of construction, not given directly
by the input. Although this type of construction of
conceptual structures is much simpler than those
typically thought of when considering creativity,
vicws of creativity arc broadening to include a wider
range of phenomenon. For example, Kaufman and
Beghetto (2009) introduced the four C model of
creativity to deal with the perceived inadequacy
of carly suggestions regarding the split between
small-c (everyday) and Big-C (cminent) creativity.
The latter split docs not really allow a distinction
between, for example, the songwriting of an ama-
teur amusing himself with simple creations and a
profcssional making her living writing songs, both
of which would be small-c creativity, in contrast to
the lasting, Big-C works of acknowledged master
composcrs, such as Mozart. Nor docs the small-c
versus Big-C split allow the type of personally con-
structed understandings that are developed by indi-
viduals as they attempt to make sense of their world
to be thought of as creativity, because they may not
result in observable products that a qualified audi-
ence would judge to be novel and uscful. Yet those
understandings arc clearly an instance of generative
thinking. To deal with the latter problem, Kaufman
and Beghetto (2009, scc also Beghetto & Kaufman,
2007} introduced mini-c creativity to capture the
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notion that such personal understandings arc a kind
of creative construction. By cxtension, the concep-
tual structures people generate in service of organiz-
ing and understanding experiences can be thought
of as instances of creativity, albeit at a very simple
level. Thus, Kaufman's four Cs include mini-c
(personal realizations), small-c (everyday insights),
pro-c (advanced enough to be making a carcer of
some creative domain}, and Big-C (eminent contri-
butions to chosen domain).

The fact that our conceptual knowledge is orga-
nized and structured into identifiable groupings
also relates to another aspect of creativity, namely,
the degree to which it is domain gencral versus
domain specific (c.g., Finke et al., 1992). This issuc
is concerned with the question of whether creative
capacity is better thought of as a gencral ability that
could be applicd to a wide range of domains or a
more specialized ability that would facilitate perfor-
mance in a single domain. Whether people possessa
more general or more specific creativity capacity, the
fact is that they creatc within domains that can be
described at various levels of breadeh, such as writ-
ten communication, fiction writing, novel writing,
romance novel writing, and so on. To the cxtent
that people posscss differing amounts of knowledge
and differently structured knowledge about a given
domain, a consideration of conceptual structure
would scem to favor a domain-specific view of cre-
ativity. Certainly, as noted later, domain knowledge
will influence the form of newly created ideas with
a domain. Alternatively, since some of the basic
processes by which concepts arc retricved, com-
bined, and used might represent general cognitive
tendencics, a focus on conceptual processing could
be readily compatible with a more domain-general
view of creativity.

Our organized knowledge structures allow us to
function cffectively in the world and communicate
with others. At a most fundamental level they allow
us to identify and correctly classify new entities
rather than have to treat cach newly encountered
object as something novel to be learned about (sce
Rips et al., Chapter 11). We can readily classify a
furry, four-legged, barking, tail-wagging creaturc
with floppy cars dangling from the sides of its head
as a dog even if we have never seen it or even another
of its breed before because of the stored informa-
tion we have acquired about previously encountered
dogs. Although this capacity for rapid, cfficient clas-
sification serves us well in most circumstances, it
can also underlic our tendency to miss potentially

creative solutions to even the simplest of problems.
One classic cxample of this is the two-string prob-
lem, in which would-be solvers must find a way to
tic together two strings suspended from the ceiling
that arc too far apart to be grasped simultancously
(Maicr, 1931). Even though a pair of plicrs is pres-
ent that could serve as a pendulum weight for swing-
ing the distant string closer to the one the solver is
grasping, most do not readily scc that possibility,
duc at lcast in part to the cfficient tendency to cat-
cgorize them as pliers rather than as a heavy object.
Glucksberg and Weisberg (1966) showed that this
so-called functional fixedness cffect was prevented
somcwhat if participants verbally labeled the critical
incidental stimulus, adding evidence that categori-
zation can powerfully impact fixation.

The hicrarchical aspect of conceprual structure
is also important in considering creativity from a
cognitive perspective. To illustrate, the same entity
could be thought of as a tabby, a cat, a feline, a
mammal, a living thing, and so on. Classic rescarch
cstablished that, rather than all levels being equally
prominent, the basic level, intermediate between the
most general and the most specific, tends to predom-
inatc in initial classification, labeling and reasoning
about a given cntity (Rosch, 1973; Rosch et al,,
1976; Rosch, 1975). In the example given here,
“cat” would be the basic level. The importance of
this phenomenon for creativity is that, as described
morc fully in a later scction, the basic level also
plays a powerful role in the gencration of new ideas
within a domain (Rosch, 1973; Rosch et al., 1976;
Rasch, 1975).

Our concepts also allow us to go beyond simple
classification and to reason and draw inferences about
known and novel category instances (Gelman, 1988;
Hecit, 2000; Osherson, Smith, Wilkic, Lopez &
Shafir, 1990; Rips, 1975). Conceptual knowledgc
includes considerably more information than just
that which might be used to classify objects. It also
includes known or assumed propertics that we can
generalize to new instances. Even without sceing
the entity described in the previous paragraph, on
being told that it is a dog, we would make certain
inferences with varying degrees of certainty, includ-
ing the likelihood that it posscssed those identifying
propertics, as well as a number of others includ-
ing that it might have a heart, lungs, or a stomach,
be someonc’s pet, go for walks in the park with its
owner, cat and drink from bowls, and be susccprible
to fleas and heartworms. The extent to which cach of
those inferences is warranted could be debated, and
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considerable research has been devoted to under-
standing the factors that influence the tendency of
people to draw inferences (e.g., Heit, 2000). Burt
such tendencies are also direct determinants of the
novelty or unusualness of newly gencrated prod-
ucts. As noted earlier, pcoplc tend to create within
domains, and they show a striking tendency to
incorporate properties of known domain instances
into the novel items they gencrate (c.g., Bredam,
Ward, & Marczewski, 1998; Ward, 1994; Ward,
Dodds, Saunders, & Sifonis, 2000; Ward, Patterson,
Sifonis, Dodds, & Saunders, 2002) (sce Fig. 23.1).
According to the path-of-lcast-resistance theory
(Ward, 1994, 1995), when people develop new
ideas, such as designing imaginary life forms, they
tend to begin by retricving highly representative
cxemplars of creatures, such as a dog, a fish, or a
bird. MNext, they project the propertics of those spe-
cific instances onto the novel ideas they are develop-
ing. Taking this path of least resistance leads to less
original idcas and thwarts more flexible uses of con-
ceptual knowledge. Abstracrion can help onc avoid
this reliance on representative instances, making
one more likely to produce creative ideas (Ward &

Sifonis, 1997).

Memory

The link between memory and creativity may
seem  counterintuitive, because memory seems
designed to converge upon real cvents of the past,
whereas creativity scems more divergent, dealing
with imaginative possibilitics. In fact, memory
and creativity have much in common, even if the
products of memory processes arc often quite dif-
ferent from the products of creative cognition.
Both creativity and memory involve both conscious
and implicit processes, both are sensitive to recent
and frequent expericnces, both show blocking and
recovery cffects, and both involve constructive cog-
nitive processes.

Implicit memory is a cognitive resource that
supports conscious opcrations in many ways (scc
Evans, Chapter 8). For example, in automatization,
a repetitious sct of operations is offloaded from the
explicit system to an automatic, implicit set of pro-
cesses; this offloading frees up cognitive resources for
other attention-demanding activitics. Unforunately,
when implicit memory makes inappropriatc material
too accessible, it can block access to more appropri-
ate information. Worse, this type of block happens
without conscious awareness, so it is difficult for one
to detect onc’s own implicit memory blocks. Smith

and Tindell (1997) showed that reading a word (c.g.,
ﬂNﬁLﬂG‘I"}thatisord'mgmphicaﬂ}rsim“a:mthccor—
rect completion of a word fragment (e.g., A_L__GY)
can causc an implicit memory block for the solution
(ALLERGY) (scc Fig. 23.2).

Participants who were warned that previously
seen blocker words were incorrect solutions still
remain susceptible to these implicit memory blocks.
Similarly, in creative invention tasks, designers auto-
matically incorporatc features of previously scen
cxamples, even when those features are problematic
andexplicitly forbidden intheinstructions(Jansson &
Smith, 1991; Landau & Lehr, 2004; Smich, Ward, &
Schumacher, 1993). Only when the specific reasons
that necgative features arc problematic are clearly
cxplained to participants is this design fixation effect
mitigated (Chrysikou & Weisberg, 2005). Thus,
implicit memory of inappropriate material appears
to block creative design (see Figs. 23.3 and 23.4).

Another area in which memory and creative cog-
nition share a great deal of overlap involves recovery
from blocks. Two m}rstcrious phcncmcna, FERTIRES-
cence (and the related phenomenon fypermnesia) in
memory, and éncubarion effects in creative problem
solving, have been linked to the same underlying cog-
nitive mechanisms. Reminiscence refers to a phenom-
cnon in which memorics that arc initally inaccessible
arc subsequently retrieved without re-exposure to the
to-be-remembered material. Hypermnesia, a closely
rclated phenomenon, is a net increasc in recall from
onc recall attempt to the next (c.g., Erdelyi & Becker,
1974). These memory phenomena fly in the face of
the long-established rule that memory gets worse as
the retention interval increases, because time clapses
from onc test to the next. The mystery of incubation
cffects is that key ideas for difficult problems some-
times occur when one takes a break from the prob-
lem, rather than working on it uninterrupted (c.g.,
Smith & Blankenship, 1989, 1991). Thesc key ideas
arc not predictable by the people who experience
the moments of insight (c.g., Metcalfe & Weibe,
1987), and they may result from cognitive opcrations
that operatc outside of awareness (e.g., Schooler &
Melcher, 1995).

Although there are multiple explanations of rem-
iniscence and of incubation effects, and these phe-
nomecna may be multiply caused, a single theory
has been proposed to cxplain both. The forgesting
fixation theory (c.g., Kohn & Smith, 2009; Smith
& Blankenship, 1989, 1991) states that both rem-
iniscence and incubation cffects can be caused by
recovery from initial blocks (i.c., fixation) when
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Fig. 23.1 At the top, a novel imaginary creature desipned by a participant includes features of known creatures (e.g., head with sense
organs, appendages, bilateral symmetry). The four sketches at the bottom are from conditions in which participants were told to create
{4} any creature from an imaginary planet like Earth, (#) one with feathers, () one with fur, and (&) an imaginary creature with scales
(Ward et al., 2002). Created ideas also tend to include propertics generalized from known creatures with feathers (birds), fur {mam-
mals), or scales (fish).
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Blocker Fragment Solution
ANALOGY A_L__GY ALLERGY
BRIGADE B GAE BAGGAGE
COTTAGE C_TA_ G CATALOG
CHARTER CHAR_T_ CHARITY
CLUSTER C_U_TR_ COUNTRY
CRUMPET cu_P__T CULPRIT
DENSITY D__NITY DIGNITY
FIXTURE F_I_ URE FAILURE
HOLSTER H_ST_R_ HISTORY
TONIGHT T NG__T TANGENT
TRILOGY TR G__Y TRAGEDY
VOYAGER VO_ _AGE VOLTAGE

Fig 23.2 Word fragments, their correct solutions, and blocker
words used to show an implicit memory blocking effect (Smith &
Tindell, 1997).

blocking responses are put out of mind. In the casc
of incubation cffects, many puzzles or insight prob-
lems initially may promote idcas or ways of think-
ing that are ultimately found to be inappropriate
solutions—blockers—for those problems. The for-
getting fixation hypothesis states that getring block-
crs out of mind can bencht creative problem solving.
The same hypothesis explains reminiscence by focus-
ing on ouiput interference that occurs on the inital
recall test; as items are recalled from a memory sct,
their subscquent probability of being retricved again
is increased. This results in a biased retrieval set in
which initially recalled (and strengthened) items
block recall of other items in the same memory sct.
The forgetting fixation hypothesis cxplains reminis-
cence as a decrease (after a time lag) in the block-
ing effect exerted by initially retrieved items in the
same memory sct, thereby allowing inidally blocked
items to be retricved (c.g., Smith, 1995a).
Empirical tcsts of the forgetring fixation hypoth-
esis in reminiscence and incubarion show clear
support for the hypothesis. Reminiscence, defined
as recalling on a sccond test items not recalled on
an carlier test, can be explained by the incremen-
tal hypothesis as the result of continued retrieval
cfforts, and since more attempts will eventually
find initially unrccalled items, thosc items mighe
be recalled on a seccond test (Roediger & Thorpe,
1978). What if a second (unexpected) recall test is
given after a delay during which participants arc
kept busy? The incremental hypothesis predicts that
reminiscence should drop if the retest is delayed
because initially unretrieved items are even harder
to retricve after a delay. The forgetting fixation
hypothesis, however, predicts that a delay permits

weakening of initial output interference, resulting
in greater reminiscence on a delayed test. Smith and
Vela (1991) showed incubated reminiscence effects,
consistent with the forgetting fixation prediction:
More initially unretrieved items were recalled if a
retest was delayed.

A similar pattern of results has been found in crea-
tive pchm scrhring, using puzzh: pchms (Smitch &
Blankenship, 1989) and Remote Associates Test prob-
lems (Kohn & Smith, 2009; Smith & Blankenship,
1991; Vul & Pashler, 2007) (sec Fig 23.5). To cnsurc
that initial fixation occurs, some participants in these
studies were exposed to misleading hints before their
first attempt at sulving these pmH:ms, so initial fix-
ation was cxperimentally introduced, and its cffect
verified by poorer initial performance relative to con-
trol group conditions. Retesting immediately versus
after a delay yiclds consistent incubation effects; that
is, problems not initially solved are more likely to be
solved after a delay, as compared to immediate retest-
ing conditions. Furthermore, these incubation effects
are more robust when fixation is experimentally intro-
duced. Thus, the forgetting fixation hypothesis, which
cxplains reminiscence cffects, also explains incubation
ctfects in creative problem solving (Fig 23.6).

Incubation effects in tip-of-the-tongue (TOT)
resolution have also been reported. When a name
or word that could not be retricved inidally is
later remembered, it often scems to happen in the
absence of the initial TOT experience. Because
TOT states have sometimes been attributed to
momentary memory blocks (c.g., Jones, 1989;
Jones & Langford, 1987; Reason & Lucas, 1983),
these TOT recovery experiences may reflect the
same underlying cognitive processes that give risc
to incubation effects. Choi and Smich (2005) asked
participants to name cight capitnl cities, cach cued
by the names of the country, eight names of discases
cued by discase descriptions, cight names of celeb-
ritics cucd by their photographs, and so on, ask-
ing for graded TOT judgments whenever a name
or word could not be remembered. Resolution of
TOT states (i.c., successful recall of initially unre-
called items) was greater if retesting followed an
incubation period than if retesting was not delayed,
and this TOT incubation effect was greater for
TOT states that had been judged stronger. It was
assumed that some of these TOTs were caused by
blocking because not one, but cight questions werc
given for cach category, a procedure known to cause
output interference {c.g., Brown & Hall, 1979). On
the other hand, Kornell and Metcalfe (2006), who
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Fig. 23.3 The left panel shows examples seen by half the participants, who all tried to create life forms that might evolve on an imagg-
nary Pl:mr.t similar to Earth. The top right shows an idea from a participant who saw the three r_ta.'mpln:s: this sketch contains all three
of the mm]:r]iﬁnd features ( four lcgs, antennae, tail), a ccnfurmit}r effect that is found even when participants are asked to dr.sign ideas
that are as different as possible from the examples. The bottom right shows an idea with none of those features, sketched by a participant

who saw no examples (Smith et al., 1993).

also found incubation effects in TOT resolution,
found that incubation did not interact with initial
blocking sclf-reports, and reminding participants of
their reported blockers at retest did not affect TOT
resolution, casting doubt on the forgetting fixation
hypothesis of TOT resolution. In that study, block-
ing was not dircctly manipulated but rather defined
in terms of metacognitive reports of blocker experi-
ences. Thus, whether incubated TOT resolution can
be explained by forgetting blockers remains in ques-
tion, probably duc to the likelihood that TOTs have
multiple causes, such as partial activation, memory
blncking, and cxperiment demand characteristics.

Problem Solving

Creative and noncreative problem solving can be
distinguished. Using known algorithms or heuristics
to solve a problem, or simply retrieving a known solu-
tion from memory, would be considered noncreative
problem solving, whercas creative problem solving
involves solving new problems or solving old prob-
lems in new ways. Not all creative thinking can be
described as creative problem solving, but much cre-
ative cognition rescarch frames the activity that way.

One distinction that scparates creative and non-

creative pn:-blcm snlving is the concept nfwsff—:iﬁnm’
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versus ill-defined problems. A problem is considered
well defined (and not creative) if its beginning state
and goal state arc thoroughly specified, in addition to
the operations to be used in getting from the begin-
ning to the goal (Reitman, 1965). Creative problems
are considered ill defined, primarily because multiple
hypothetical solutions might satisfy the goals of the
problem. Another approach distinguishes divergent
from convergent problem solving: Whercas a conver-
gent problem has a single correct answer, divergent
problems have many possible solutions (c.g., Finke,
Ward, & Smith, 1992). Divergent problem solving
will be discussed in the next section.

The topic of insight (c.g., Dominowski & Jenrick,
1972; secalso van Steenburgh ct al., Chapter 24) often
has been studied as a type of creative problem solving.
It is important to distinguish the concepts of insight,
insight problems, and insight experiences. Whereas
insight refers to a clear and/or deep understanding,
insight experiences (also known as aha! experiences) arc
insights that arc expericnced suddenly and unpredict-
ably. Insight problems are puzzle problems that are typi-
cally (but not necessarily) solved by insight experiences
(Finke ct al., 1992; Smith, 1995a). Insight problem
solving, as discussed carlicr, often has been described

as accumpa.nicd by a p:m:ptual—likc restructuring of
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Fig. 23.4 Example spill-proof coffee cup given to some partici-
pants in Jansson and Smith (1991). Although the example uses
a straw and a mouthpicce (which could lead to scalded mouths),
these features were explicidy disallowed for desipns sketched by
participants. Nonetheless, dcsign students who saw this r.xa.mpln:
were far more |i]-.'.c|]." to include straws and muuthpi:c:s in the
designs they sketched, as compared with students wha did not
see the example.

the problem, that is, discovering a new or different
way to frame a problem in a manner similar to the
way thatan altcrnative interpretation of an ambiguous
ﬁgu.rc might be discovered I:c.g., Dominowslki, 1981;
Duncker, 1945; Ellen, 1982; Maier, 1930; Metcalfe,
1986) (scc Fig. 23.7). Initial attempts to solve insight
problems often result in fixation, impediments caused
by retricval of inappropriate prepotent responscs or
methods. Recent research suggests that inhibition of
prepotent responscs may facilitate insight problem
solving by providing a mecans by which to overcome

fixation (Storm & Angello, 2010).

Implicit Cognition

Cognitive processes that occur without explicit
awareness or deliberate intention can be described
as implicit cognitzon. Implicit or unconscious cog-
nition has long been considered to play a critically
important role in the creative process. The idea that
insights or solutions to problems can be arrived at via
unconscious processes has been long endorsed as the
rcason that creative solutions scem to appear unbid-
den, and often occur outside of the typical problem-
solving context, cven when conscious work has been
put aside. On the onc hand, no cvidence indicates
that unconscious cognitive processes, like conscious
processes, are capable autonomously of carrying out
sequences of knowledge states, with cach step using
the products of previous states. On the other hand,
there has been evidence that unconscious processes
similar to spreading activation might be responsible
for intuitive hunches (c.g., Bowers, Farvolden, &
Mermigis, 1995), that impending solutions to insight
problems cannot be predicted more in advance than
about 10 seconds (Metcalfe, 1986), and that inven-
tors and students in creative ficlds are often subject to
involuntary conformity cffects (c.g., Smith, Ward, &
Schumacher, 1993).

The type of implicit cognition most often referred
to in reference to creadve thinking is spreading
activation that occurs below the level of conscious
awarcncss. Below-threshold activation has been the
mechanism for a theory that implicit cognition can
lcad incrementally, but below the level of conscious
awarcness, toward an insight, and the final stcp in
the process that completes an idea is simply the
product of numerous incremental steps, not a cog-
nitive restructuring (c.g., Weisberg, 1992). Yaniv
and Mecyer (1987) found that answers to gencral
knowledge questions were responded to faster in a
lexical decision task even if a participant could not
consciously retricve the answer, and furthermore,
the stronger the fecling-of-knowing report accom-
panying the initial retricval failure, the clearer the

lexical decision advantage. They attributed this

Remote Associates Test Problems Blockers Solutions
SALAD HEAD GOOSE lettuce epg
BED DUSTER WEIGHT room feather
APPLE HOUSE FAMILY green tree
CAT SLEEP BOARD black walk
WATER SKATE CUBE supar ice
ARM COAL STOP rest pit

SMITH, WARD

Fig. 23.5 Remote Associates Test (RAT) problems, along with examples of blockers (related to two but not all three test words) and

solutions {a single word related to each of the three test words).
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priming cffect to below-threshold activation of target
items, caused b}r the unsuccessful retrieval attempts.
Although Connor, Balota, and Necly (1992) later
challenged the interpretation of their results, Yaniv
and Meyer claimed that such activation could be the
mechanism underlying incubation cffects. Scifert et
al. (1994) cxpand:d upon this idea, arguing that “fail-
ure indices” may become attached to initially unsuc-
cessful retricval attempts, and chance encounters
with related stimuli are more likely to trigger insights
or aha! experiences. This “opportunistic assimilation”
theory, based on unconscious activation of concepts,
has been offered as a theory of incubation effects.

Another feature of creative thinking, insusrion,
has been treated as below-threshold activation by
Bowers and n:r1|cagucs (Bowers ex al., 1990, 1995).
In contrast with insight, an idea one becomes con-
sciously aware of, intuition is treated as a “hunch”
by Bowers and collcagues. According to this view,
intuitive guiding, rising from unconscious activa-
tion, can lead one toward more coherent solutions.
A similar aspect of implicit cognition has been
cxamined in terms of predicting insight experi-
cnces in problem solving (Metcalfe, 1986; Metcalfe
& Weibe, 1987). These studies introduced a meta-
cognitive definition of insight experiences, based
on repeated subjective reports known as warmih
razings. Because intuition is defined as a hunch, or
an incffable “gut fecling,” warmth ratings might be
considered estimates of intuition. For noninsight
problems, this metacognitive measure shows regu-
lar increases over time until a solution is reached.
For insight problems, however, increasing warmth
ratings did not prcdict imp:nding solutions; rather,
they predicted impending failures. Metcalfe’s
rescarch shows that intuition may not be a good
predictor of insight.

Implicit memory in the form of involuntary
retricval of recently encountered stimuli has been
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Fig. 23.6 Proportion of initially failed problems that were re-
solved on a retest that was given cither immediately, or after a
S-minute delay. Problems with no misdeading “hines™ on the
original test (Mot Fixated) did not show an incubation cffect
{defined as better resolution on the delayed retest), but those
with misleading hints (Fixated) showed a dear incubation effect
{from Experiment 1 of Smith & Blankenship, 1991).

linked to fixation and conformity effects in creative
invention and pn:rblcm s«ulving {c.g., Smith, 1995b,
2003). Smith and Tindell (1997) used word frag-
ment completion to induce implicit memory blocks,
priming with words orthographically similar to test
fragments, but that could not correctly complete the
fragments. The resulting implicit memory blocks
(e.g., Kinoshita & Towgood, 2001; Leynes, Rass, &
Landau, 2008; Logan & Balota, 2003; Lustg &
Hasher, 2001) arc not climinated when participants
arc explicitly warned not to think about rcad words
while they were completing the test fragments.
Parallel results have been reported, showing that
similar warnings do not mitigate conformity cffects
in creative idea gencration (Smithetal., 1993) or fix-
ation in creative design (Jansson & Smith, 1991).

Creative Operations, Procedures,
and Activities

Although no fixed sct of cognitive operations
or procedures is common for all creative activities,
there are, nonetheless, some that often are encoun-
tered and considered in the research literature on
creative thinking., These operations include the
practice of generating lists of idcas (also known as
idea generation, or ideation) and combining ideas.

Combination

One of the challenges people confront as a resule
of relying heavily on existing knowledge in per-
forming creative tasks is generating something new,
somcthing that goes beyond what is already known.
Indced, this requirement also represents a challenge
for rescarchers attempting to cxplain creativity. How
are we to account for the appearance of something
new if all people have to work with is their cxisting
knowledge? Onc process that can help with both
challen ges s mnffpmf combination, in which pmplc
merge together two concepts that were previously

COGNITION AND THE CREATION OF IDEAS
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Fig. 23.7 An insight problem, one whose solution tends to be
realized suddenly (e.g., Metcalfe, 1986).

completely separate or are otherwise discrepant or
dissimilar (c.g., Medin & Shoben, 1988; Shoben &
Gagne, 1997; Sifonis & Ward, 1998; Wisnicwski,
1997). Onc of the rcasons conceptual combina-
tion can be effective in provoking or explaining the
origins of novelty is that it can result in the emer-
gence of propertics that are not strongly associated
with cither of the parent concepts in the combina-
tion. The creative potential inherent in thosc emer-
gent properties can then serve as the basis for a new
idcas or products. A classic cxample of emergence is
scen in the interpretation of the somewhat unusual
combination “Harvard-cducated carpenter,” which
might be perceived as being nonmaterialistic, a
property not necessarily strongly associated with
Harvard-cducated people or carpenters in gencral
(c.g., Kunda, Miller, & Claire, 1990). Rescarch is
consistent with the idea that the more discrepant the
separate concepts are, the more likely it is that emer-
gent propertics will be observed (c.g., Estes & Ward,
2002; Hampton, 1987; Wilkenfcld & Ward, 2001},
possibly because discrepancy forees people to attempt
to resolve the contradiction between the component

terms (Hampton, 1997; Kunda et al., 1990).

Ideation

waergfnr :ﬁini’fng. the search for many varied
and imaginative possible problem solutions, has
been contrasted with convergent rirfm&-:'ng, a type of
problem solving or rcasoning in which cognitive
operations arc intended to converge upon the single
correct answer to a problem. In divergent thinking
tasks, people begin with an ill-defined or open-ended
problem, such as finding alternative uses for a com-
mon object (c.g., Finke et al., 1992). Performing a
divergent thinking task resembles the task of listing
members of categories; in both cases, the subject
brings all of the required knowledge to the task. There
is a tendency to think of these two activitics as fun-
damentally different. Whercas responses in category

generation tasks are often seen as passively residing
in 2 memory repository, ideas for an idea gencration
task scem to be created on the spot. However, both of
these assumptions are flawed. Most categorices (c.g.,
birds) have a graded structure, with some members
perecived as better members (c.g., robin) and others
as poorer lc.g., phoenix), and ad hoc catcgorics (c.g.,
Jf?f.-::;-_'y .rfn'rzgﬂ, in pa.rticu]ar, c|ca.rl].-r demand on-the-
spot imagination (e.g., & sumo wrestlers lunchbox; see
Barsalou, 1982, 1985). Divergent thinking, like cat-
cgory generation, requires both retrieval of material
from memory and imagination.

When done as a collaborative group, idcation is
usually referred to as brainstorming (e.g., Osborn,
1957). There are other collaborative methods
intended to cnhance idcation, but gencrating and
combining idcas is the basic goal of such activitics.

Creative Cognition Theories

It is not casy to demarcate theorics of creative
cognition from theorics of cognition. For example,
Gentner's structural mapping theory (c.g., Gentner,
1987; Gentner & Markman, 1994; see Holyoak,
Chapter 13) deals with analogical reasoning and is rel-
evant to important issues in creative cognition, yet we
would not call it a creative cognition theory; rather,
it is a theory of cognition that we use to describe
aspects of creative thinking. In comparison, Ward’s
(1994) structurcd imagination theory was specifically
designed to address certain aspects of creative think-
ing, and it is couched in terms of cognitive theory;
therefore, it qualifies as a theory of creative cognition.
Here we bricfly review theories that were intended to
capturc important aspects of creative cognition.

Remote Association

The theory of remoate association (e.g., Mednick,
1962; Mednick, Mednick, & Mednick, 1964),
inspired by studics of associative responses given by
schizophrenic patients (c.g., Mednick, 1962), took a
narrow view of creative thinking as a single associa-
tive process. The idea is that the process of accessing
or retricving a remote associate of a stimulus, rather
than a common or prepotent response, is a cogni-
tive event at the heart of all truly creative thinking.
This process, accessing a remote association, should
be uscful in the tricky sort of creative problem
solving in which the prepotent (“sucker™ inicial
responsc implicitly includes unnoticed assumptions
that prevent successful problem solving. The ability
o access a more remote association allows the crea-
tive problem solver to go beyond the initial fixation
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caused by the prepotent response. Furthermore,
remote access allows a person to combine more dis-
tantly related ideas or concepts; such unusual com-
binations might produce novel emergent propertics,
a hallmark of many creative idcas.

Martindale (1981, 1989, 1995) elaborated and
cxtended the theory of remote association, adding
mechanisms such as attentional defocusing (or nar-
rowing) that can impact the gradicnt of associative
hicrarchics. A steep associative hicrarchical gradicnt
(where prepotent responses are far more likely than
other associates to be accessed) can shift to a flacter
gradicnt, in which remote associates arc more acces-
sible (Martindale, 1995). Flattening of this associa-
tive gradient via defocused attention, according to
Martindale, should be dircctly related to sympa-
thetic arousal levels, because lower arousal acts to
increase the randomicity (temperature) function
in Martindale’s connectionist model, facilitating
cscape from local minima.

Darwinian Model

A Darwinian model of creativity is one that
embraces the notion of random variation and selec-
tion at the level of ideas (e.g., Simonton, 1999; scc
Simonton, Chapter 25). That is, onc must continuc
to produce variations of ideas until, by chance, an
idea turns out to be creative and valuable. Key to
this theory is the idea that creativity is a stochas-
tic process, rather than a deterministic one. That is,
onc cannot produce creative products by virtue of a
preplanned step-by-step process. Rather, creativity
is scen as a lucky accident. Therefore, increasing the
chances of a providential accident can be accom-
plished by increasing the number of idcas that arc
generated and considered in the course of creative
ideation.

This Darwinian theory of creative ideation does
not really specify the cognitive mechanisms that
determine variations in the quantity of ideas that
can be generated and, in fact, does not depend upon
the empirical validity of any cognitive mechanisms,
cxcept for those that might contribute to the quan-
tity of ideas that are produced. Indeed, the quantity
of ideas, often measured as luency, is one of the most
common measurcs of creative productivicy. Most
cxperimental studics of brainstorming, for cxample,
have relied upon measures of the quantity of ideas
produced in various conditions. Shah et al. (2003)
referred to quantity as a process measure, rather than
an orfcome measurc of creativity. That is, more ideas
might increasc the chances that a highly creative
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idea will be produced (the Darwinian principle), but
quantity is not a necessary outcome if someone DI‘II}T

thinks of that singlc most creative idea.

Opportunistic Assimilation

The “prepared mind” theory, based on Pasteur’s
notion that “Chance favors the pr:parcd mind,”
is another cognitive model of aspects of creative
thinking. Encompassing the principle of the pre-
parcd mind is the opportunistic assimilarion theory
of Seifert and colleagues (e.g., Patalano & Seifert,
1997; Seifert eral., 1994; Seifere & Patalano, 2001).
This theory explains insight experiences with a com-
bination of scveral cognitive mechanisms, including
(unconscious) spreading activation, failure indices
cncoded with unsolved problems, and screndipi-
tous cnvironmental triggers. The theory states that
recognizing opportunitics to fulfill pending goals
is improved by predictively encoding one’s goal,
which allows people to take advantage of unfore-
scen opportunitics to achicve those goals. When
attempts to solve a problem result in initial failures,
these episodes can be encoded in memory as associ-
ations between pending goals and stimulus features
that might potentially solve the failed problem.
Unsolved problems that arc encoded in association
with these “failure indices” may be remembered
when stimuli with features related to those indi-
ces arc screndipitously encountered. Furthermore,
unconscious scmantic activation of failed problems
primes the encoded representations of unsolved
problems, making them more likely to be remem-
bered when such chance encounters occur (e.g.,
Yaniv & Meyer, 1987).

According to the opportunistic assimilation the-
ory, this combination of encoded failure indices and
unconscious spreading activation describes the pre-
pared mind, becausc it prepares the problem solver
to be able to usc relevant cues without requiring
the examination of every object in the environment
to consider its relevance to the unsolved problem.
Encoding more abstract versions of failure indices,
according to this vicw, is morc advantageous than
specific or concrete encodings because abstract
problem needs might be satisfied by an entire class
of objects, rather than requiring a specific object.
This opportunistic assimilation was designed to
cxplain incubation cffects in creative problem solv-
ing: When one initially fails to solve a problem, and
the problem is put aside, a serendipitously encoun-
tered object in onc’s environment can provide a rel-
evant clue, triggering an insight.

COGNITION AND THE CREATION OF IDEAS



Idea Roadmaps
Smith’s roadmaps theory (Smith, 1995a) pro-

vides a theoretical basis for a generative scarch of
onc’s knowledge, a search for information that
could potentially address onc’s goals and problem
solutions. The theory docs not assume that goals
or problem solutions arc necessarily stored in their
final form, but rather that goals are achieved via an
incremental construction process that can combine
precxisting knowledge with new ideas constructed
from combinations of cxisting knowledge. The
theory can be applied to creative problem solving,
design, or other similar constructive activities.

The multidimensional space in which ideas arc
constructed, according to an cxtension of this theory
(Smith, 1995b), is determined and bounded by the
plan adopted to guide thinking. This type of plan
includes a sct of operations for manipulating the
content of ideas that are under construction; these
operations, combined with the content that serves as
a problem’s initial representation, determine an idea
space that can be constructed and navigated as the
idea is developed. If this idea spacc is arranged hicr-
archically, with cach location dcfined in terms of the
idea’s specified content, then this idea roadmap can
be oricnted with the least specific content at the top
of the roadmap and the most specified ideas at the
bottom of the hicrarchy. Typical problem solving,
according to this theory, tends to begin at or near
the top of a roadmap and proceed incrementally
toward the bottom of the roadmap, where specific
solutions arc represented. During creative idea con-
struction, cach successive representation of an idea
on a roadmap tends to be a precursor for a more
specific representation, so there may be a tendency
to include cach represented sct of clements automat-
ically on subsequent problem-solving steps. Thus,
representations on the roadmap of ideas tend to
encode implicit knowledge, memorics, or assump-
tions about problem solutions.

Fixation, according to this theory, corresponds to
taking a dead-end branch in the path that is con-
structed in the course of creative problem solving.
If a problem solution or a creative insight is not
located on a projected idea map, and we assumc only
downward movement within the idea space, this
provides a way to view fixation in creative thinking.
“Upward” movement on an idea roadmap involves
removing clements from idea representations, which
can be especially difficult for clements that have
become implicitly included components of a rep-
resentation. Incubation, in this theory, allows onc

to cscape from dead-end fixated paths. If a break
or context shift enables a new idea representation
that docs not include fixating clements, then fixa-
tion may be resolved—an incubation effect, due to
restructuring of the problem.

This roadmaps theory blends well with Ward's
idcas about structurcd imagination and his path-of-
least-resistance thmr}; as described earlier. Thar is, a
hierarchically structured conceptual map forms the
basis of imagination in both cases. In the structured
imagination vicw, beginning idcation with a repre-
sentation that is too concretely specified can limit the
breadth of one’s search for ideas. In the roadmaps view,
fixation and conformity duc to recent experience can

likewise limit the breadth of idea generation.

Metrics of Creativity

How can wc recognize creativity when we
sce it? How can we measure creativity? The same
basic questions have been asked about other cog-
nitive domains, such as memory. Cued recall and
word stem completion are two different measures
commonly used to measure memory; which is a bet-
ter measure of the construct? Most cognitive psy-
chologists understand the absurdity of this question,
because the answer begins with “It depends on what
you want to mecasurc.” There is no “singlc™ or “best”
measurc of memory, because memory invelves many
complex interacting systems. The same can be said
about creativity. What is the best measure of creativ-
ity? It depends on what aspect of creative thinking
you want to measurc. Studics of creative thinking
often focus on specific aspects of creative cognition,
such as creative problem solving, idea gencration,
conceptual combination, or visualization.

Although many studics have looked at perfor-
mance on insight problems to mecasurc creative
problem solving (c.g., Maicr, 1931; Metcalfe, 1986;
Smith & Blankenship, 1989, 1991), studies of cre-
ative thinking must go beyond puzzles to connect
cognition with creative products. In these cascs,
the most typical metrics used to measure creative
output are the guantity, quality, variety, and novelty
of responscs or products. For example, in a diver-
gent thinking task in which onc is asked to list the
altcrnative uscs of empty 2-liter soda bottles, the
number of ideas listed is the quantity, the number
of catcgorics of ideas (c.g., construction, weapon,
things that float) is the varicty, and the statistical
infrequency of cach idea, as measured by a norm, is
the novelty. Quality is usually subjectively judged.
Shah et al. (2000) distinguished process metrics from
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outcome metrics of creative ideation, stating that the
novelty and quality arc important for judging the
outcome or end product of creative work, whereas
quantity and varicty arc important only for judging
aspects of the creative process. These four metrics,
and variants of them, have proven uscful in different
ideation contexts, such as divergent thinking tasks
(c.g., Guilford, 1967), brainstorming (c.g., Kohn &
Smith, 2010}, and engincering design (c.g., Vargas-
Hernandez, Shah, & Smitch, 2010). Nonetheless,
there are important limitations of these creativity
metrics. One limitation has to do with domain dif-
ferences and idiosyncrasics (c.g., engincering design
may have many important creative needs that dif-
fer from those of music composition, business, and
science).

Some relatively new metrics of creative cognition
have been identified, induding measures of con-
formity, ecmergence, and abstraction. Smith et al.
(1993) defined conformity as using features of exam-
ples onc has scen in onc’s own creative ideas. They
and others (c.g., Dahl & Morcau, 2002; Jansson &
Smith, 1991; Vargas-Hernandez et al., 2010) have
shown that conformity may not be overcome by
instructions to avoid using features of examples.
Kohn and Smith (2010) showed that brainstorm-
ing participants tend to conform to the ideas of
others in their brainstorming group. Although the
term “conformity” typically is used pejoratively, it is
clearly the casc that conforming to uscful cxamples
in education and training is quitc uscful and impor-
tant. When examples block or unnecessarily limit
creative thinking, however, conformity is a prob-
lem. Emergence has been measured as a property
scen in creative thinking in which combinations of
ideas can produce concepts with qualities that are
not scen in the component concepts (c.g., Estes
& Ward, 2002; Wilkenfeld & Ward, 2001), and
it has been used as a measure of creative cognition
(e.g., Kerne, Smith, Koh, Choi, & Gracber, 2008a).
Another metric of creative thinking is abstraction,
that is, progressing from relatively concrete repre-
scntations to morc gcn:ra] levels, which p-cltcntiaﬂ}r
cnables a broader varicty of ideas. Abstraction can
circumvent fixation and overly structured imagina-
tion (c.g., Ward ct al., 2004), and it may promotc

access to remote associations and analc:gics.

Impediments and Aids to
Creative Thinking

There arc several known impediments and aids
to creative thinking that relate directly to patterns
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ofcugnitian. Here, we bricﬂ}r review some of these
impediments and aids.

Impediments
INADEQUATE KNOWLEDGE

Perhaps the most common impediment to creative
thinking is a lack of knowledge and resources (e.g.,
Weisberg, 1992, 2006). Both cveryday creativity and
cxtraordinary creativity (sec Simonton, Chapter 25)
require prior knowledge and experience. A myth of
creativity is that one needs no expertise, and that
an active imagination is all onc needs to create great
things; such notions arc nonsensc. A creative imagina-
tion is necessarily structured according to onc’s prior
knowledge (c.g., Ward, 1994), and the value of seren-
dipitous discoverics can only be noticed or realized by
thosc with some level of cxpertise in a domain.

IMPLICIT ASSUMPTIONS

Although knowledge and experience are neces-
sary for creative thinking, they arc not sufhcient
in many identifiable cases. Inappropriate idcas or
approaches to a problem can impede creative think-
ing via fixation [:.g., Smith & Blankcnship, 1989,
1991; Wiley, 1998) and the implicit usc of inap-
propriatc assumptions (c.g., Smith, 1994). Findings
that show fixation and implicit assumptions (e.g.,
Luchins & Luchins, 1959) can block creative cog-
nition and demonstrate that prior expericnee can,
at times, have negative consequences (see Fig 23.8).
What is insidious about the implicit assumptions
that can cause fixation is that such impediments are
hidden from onc’s conscious mind, making them

difhicult to detect and rcm:d}r.

COGNITIVE ILLUSIONS

Cognitive illusions, such as false memories (e.g.,
Rocdiger & McDermott, 1995), memory misattri-
butions (c.g., Jacoby, 1991). or misapplicd availabil-
ity heuristics (e.g., Tversky & Kahneman, 1974),
cause pr:dictch, systematic cognitive errors. One
cognitive illusion that can impede creative thinking
is hindsight bigs. The sensc that retrospective views
of ideas make them scem more obvious can impede
certain aspects of creativity (c.g., Fischhoff, 1975).
A good example of hindsight bias can be seen in the
patent process. A U.S. patent can be granted only
for inventions that are “nonobvious” to practitio-
ners of a profession. This nonobviousness criterion
may lcad to denial of patents for creative ideas that,

in retrospect, might seem obvious to patent examin-

crs (e.g., Scifert, 2008; Smith, 2008).
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Fig. 23.8 Luchins' water jar problem: Using only the jars A, B,
and C as measuring devices, measure out the desired amount
for each problem. The mental set B — A — 20, learned early in
the problem sequence, may become mindlessly reapplicd on cach
successive problem. This fixation cffect, that is, blind use of a
mental set, leads to use of a complicated solution (B — A - 2C)
where a simple one should be apparent on Problem 7 (A + C},
and it leads to the use of an incorrect solution (B — A — 2C) on
Problem &, even though a simple correct solution (A — C) should
be readily apparent.

PREMATURE CONCEPTUALIZATION

One may begin creative work on an idea with a
relatively specific or concrete representation, or one
may reach such a representation carly on in the pro-
cess. laking the path of lcast resistance, onc may
thercafter implicitly include all of those prematurcly
specified features in subsequently developed wver-
sions of a creative idea, never considering idcas that
lack those features,

Aidls

Creativity can be aided in many ways, such as
gaining knowledge and cxpertise, using analo-
gics, combining ideas, thinking abstractly, rede-
fining problems that are fixated, and noticing
ways in which a new idea could have important
implications.

COMBINATION

Ever since people have tried to encourage creative
thinking, the notion has flourished that combina-
tions of cxisting idcas can form the basis of creative
ideas {c.g., Osborn, 1957). As more interpretations
of a conceptual combination are generated, the
intcrpretations increase in their normative original-
ity, and they tend to be based more on idiosyncratic
knowledge of the components of the combina-
tion. One of the main goals in creative conceptual
combination is to discover new and potentially
uscful emergent propertics: that is, propertics not
commonly scen in the component concepts, but that

emerge only in combinations (e.g., Estes & Ward,
2002).

ANALOGY

Because analogices link conceprual domains that
arc similar, they can provide vehicles for construct-
ing creative solutions that cannot be found within
the domain of a problem (e.g., Gick & Holyoak,
1980; scc Holyoak, Chapter 13). Typically, the
most uscful analogics will be thosc that arc based
on the similarity of decper meaningful levels of
problem topics and solution vehicles, as opposed to
similarity of superficial features of topic and vehi-
cle domains. Local analogics arc those that arc con-
ceptually closer to a problem topic domain than
arc remote analogics. Like remote associations,
remotc analogics appear to be more uscful than
local analogies for creative design (c.g., Christensen
& Schunn, 2007), whercas Dunbar (c.g., 1997)
found the reverse for a group of scientists engaged
in scientific problem solving (also see Dunbar &

Klahr, Chapter 35).

ABSTRACTION

Because imagination is structured according to
underlying concepts in memory (c.g., Ward, 1994),
beginning creative idca development at a conve-
nicnt basic level and then taking the path of least
resistance can lead to premature conceptualization.
Abstract thinking, particularly carly on in the idca-
tion process, can lcad onc to cxplore a greater range
of idcas, cffectively cxpanding the conceprual space

under consideration.

NOTICING

Stumbling across a key cluc is not sufhcient; onc
must notice the implications of that clue and real-
ize its implications in terms of creative products or
unsolved problems. No mind can be prepared to
notice such clues without sufhicient cxpert knowl-
edge. Noticing may be facilitated by frustration
from initial failures, which potentiates unsolved
problems, helping them come to mind when rele-

vant clucs appear (c.g., Patalano & Seifert, 1997;
Scifert cr al., 1994).

KNOWLEDGE

Ideally, an expert always knows the correct
approach for any given problem. Even experts,
however, are susceptible to fixation and confor-
mity effects in inventive design tasks (e.g., Jansson
& 5Smith, 1991; Linscy ct al., 2009). Redcfinition
of a problem or goal can somectimes provide a key
insight, a restructuring of the problem, particu-
larly when problems cannot be solved using expert
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heuristics. One way to aid redchnition is via per-
spective shifts: thinking about problems in new
contexts, oncs that may not be associated with fix-
ated approaches. Another aid to redefinition is anal-
ogy (e.g., Linsey, Wood, & Markman, 2008).

SUPPORT TECHNOLOGIES

Although there arc many physical tools and tech-
nologies that aid the cognitive structures and opera-
tions that give risc to creativity, sketching is onc
of the oldest and most universal of these external
aids (sec Hegarty & Stull, Chapter 31). Sketching
provides a particularly good medium for expressing
and sharing spaces, schemas, and mental modcls
(Tversky & Hard, 2001), frecing up cognitive
resources, and cxtcnding our visualization abilities
in ways that arc particularly conducive to creative
cognition (Tversky, 2001, 2005). Becausc sketches
can be recxamined and reconsidered, they can sup-
port restructuring and discovery of unanticipated
relations (Goel, 1995; Goldschmide, 1994; Suwa &
Tversky, 2001; Tversky & Suwa, 2009).

Conclusions

Creative thinking involves all of the cognitive
systems. There is no single creative process; rather,
there are many different types of creative ideas, and
many ways in which idcas can bc gencrated, con-
structed, and developed. Many of these pathways to
creativity can be described and explained in terms
of the cognition that underlics the creation of idcas.
As in most other arcas of cognitive psychology,
the creative cognition approach has used cmpir-
ical scicnce to study the nature and functioning
of cognitive processes and structures that underlie
creative thinking. Cognitive operations that often
arc involved in creative cognition include diver-
gent idea gencration, the formation of conceprual
combinations, retrieval and mapping of analogies,
abstraction, visualization, and conceptual restruc-
turing. Commeon impediments to creative cogni-
tion include inadequate prior knowledge, implicit
assumptions, cognitive illusions, and premature
conceptualization in the development of creative
idecas. Methods and tools that can support creative
cognition must be bascd on the cognitive operations
and structures that give rise to creative ideas.

Future Directions
Cognitive Neuroscience

The role of the brain and nervous system in cre-
ative cognition is beginning to be explored by some
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cognitive neuroscientists, and thercare many ways in
which neuroscientific mechanisms might contribute
to creative thinki ng. Martindale, for cxamp|c, linked
access to remote associates with the effects that low
physiological arousal have on neural communica-
tion (c.g., Martindale, 1981, 1995). Another excel-
lent example is the work of Jung-Beeman, Kounios,
and others who have developed a theory of insight
and comprehension based on functional magnetic
resonance imaging (fMRI) and clectrocncephalog-
raphy (EEG) studics of participants solving insight
problems (c.g., Jung-Beeman, 2005; Jung-Beeman
et al., 2004; Kounios et al., 2006; Kounios et al.,
2008). These studies have found, for :x.amp|c, activ-
ity in the right anterior superior temporal gyrus
linked with awarcness of a solution to an insight
problem (c.g., Jung-Beeman et al., 2004; scc van
Steenburgh ct al., Chapter 24). Future rescarch on
the neuroscicnce of creative cognition must blend
ncuroscicnce with cognitive mechanisms that arc
well known for their link to creative thinking, as the
aforementioned studies have already begun to do.

Collaborative Cognition

Much of the cognition involved in real-world cre-
ativity is done collaboratively, using multiple typesof
media. Many studics have documented brainstorm-
ing deficits when participants arc in groups: More
idcas arc produced when the individuals brainstorm
individually (e.g., Dichl & Strocbe, 1987, 1991;
Kohn & Smith, 2010; Nijstad ct al., 2003; Nijstad
& Strocbe, 2006). Cognitive mechanisms such as
fixation and conformity to the idcas of others have
been shown to limit the number and the novelty of
ideas of brainstorming participants (Kohn & Smith,
2010). Parallel findings of collaborative inhibition
in memory recall show that more is recalled when
participants recall events individually (e.g., Weldon
& Bellinger, 1997). Future research must pursue
questions about the cognition that occurs in groups
and how that cognition affects creativity. Particularly
relevant to questions about collaborative creativity
is the increasing role of the Internet in customer-
driven design, and virtual tcams (e.g., Maher, 2010;
Ward, Guerdat, & Roskos, 2010).

Digital Tools

Digital tools that can aid creativity can be con-
sidered extensions of the types of human cogni-
tion that participate in creative cognition (Smith,

Kerne, Koh, & Shah, 2009) (see Fig. 23.9). These

digital tools can promote, for example, analogical
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reasoning (Markman, Wood, Linscy, Murphy, &
Laux, 2009), ccl-n:::pl:ua| combination of remote
associates (Kerne et al, 2008a), or abstract think-
ing (Ward, 2009). Futurc rescarch in creative
cognition should examine this fundamental link
between cognition and digital tools designed to
support and enhance creativity.

Creative Expertise

Do somec people gain creative cxpertise; that
is, do they become expert at recognizing blocks,
do they know good methods for escaping blocks,
redcfining problems, combining and transforming
concepts, drawing decply appropriate but remote
analogics, and so on? Is this type of creative exper-
tise something that can be effectively learned and
trained? Whether such putative expertise actually
cnhances creativity is an important question for
furure rescarch in creative cognition.
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