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ABSTRACT

The “standard” definition of creativity as novel and useful describes creative products, but crea-
tivity is constituted by processes. This misalignment contributes to the oft-noted challenges of
operationalizing creativity. Here, we distinguish creativity as a process from creativity as an
attribute (i.e. “creative-ness”). Operating from a priori premises of creativity theory, we develop
a process definition of creativity. Specifically, creativity is defined as internal attention constrained
by a generative goal. This definition comprises three criteria: 1) attention is directed internally
(toward mental representations); 2) attentional operations (e.g. search, manipulation) are con-
strained to fit parameters of a to-be-achieved goal state (whether or not a goal is actually
achieved); and 3) the goal state is generative (not already precisely held in memory). We illustrate
how these three definitional process elements align with insights yielded by creativity neu-
roscience, clarify ontological distinctions (e.g. from mind-wandering and retrieval), and relate the
process definition to process-based models. The process definition provides minimal necessity and
sufficiency criteria for whether a process should be considered creativity, but does not exclude the
many other perceptual, emotional, etc. elements that can contribute to creativity processes.
Researchers should specify whether they are studying creativity-as-process vs. “creative-ness,”
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and consider including process-focused assessments.

Creativity has perhaps never been more universally
espoused as a virtue across wide-ranging sectors of the
academy, as well as in education, arts, and industry than
it is at the present moment. The science of creativity is
receiving increased investment, and creativity research-
ers are developing exciting new methods for both obser-
vation and enhancement of creative cognition.
However, it is the most fundamental question about
creativity — the definitional question - that has persis-
tently clouded scientific progress. Both the timely and
timeless importance of creativity make advancing the
mechanistic understanding of creativity, especially as
a process that can be taught and enhanced, a scientific
priority. The answer to the question, “what is creativ-
ity?” should provide a meaningful framework for
research aimed at understanding how creativity works.
In plain terms, if we hope to effectively research and
understand creativity as a process, we need to first
define it as a process.

Building on the rich history of theoretical develop-
ment in creativity, from Guilford (1950) to Stein
(1953) to Hennessey and Amabile (2010) to
Simonton (2012), Runco and Jaeger (2012) presented,
“A Standard Definition of Creativity,” twelve years ago
in CRJ, highlighting the criteria of originality and

effectiveness. This definition, henceforth referred to
as “the product definition,” provides a concise descrip-
tion of the attributes that make for a successful crea-
tive product. Because the terms, novelty and
usefulness, appear to be most frequently used in the
literature to convey the product-focused definition of
creativity that has emerged from historical and more
recent theoretical developments, we will primarily use
those terms here, though we note that other terms
such as effectiveness, value, meaningfulness, etc. can
be used instead with subtly different implications. The
product definition has been extremely valuable for
galvanizing the field around standards for assessing
creative products. However, there remains a widely-
appreciated need for greater theoretical specificity in
operationalizing the construct of creativity (Kaufman
& Gléaveanu, 2021). As we will argue below, the lack of
clarity may be due in large part to a linguistic ambi-
guity in the word, creativity, itself. A bit of linguistic
bad luck has led to a general conflation of different
constructs conveyed by different uses of the word that
instead should be understood as having different defi-
nitions, including a conflation of creativity as the
attribute of a product with creativity as a process.
While creativity as the attribute of a product is defined
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by the product definition, there is an increasingly
pressing need — particularly with the growth of pro-
cess-focused creativity research — for a process defini-
tion of creativity.

Of definitions and models

There are many excellent models of creativity that focus
on process. Several are derived from Guilford’s (1950,
1956) initial work rooted in the Structure of Intellect
model, including later expansions (Mumford et al.,
1991), suggested focuses (Reiter-Palmon & Robinson,
2009), and syntheses (Sawyer, 2012). There are also
models that share commonalities with Guilford’s core
processes yet bring their own unique perspective (e.g.,
Benedek, Beaty, Schacter, & Kenett, 2023, Finke, Ward,
& Smith, 1992, Simonton, 2011). By nature of being
models, their focus is on how various aspects of creative
processes work. They are intended to model the how of
creative processes, rather than to define the what of
creativity: their purpose is not to set out a minimal set
of necessary and sufficient criteria for what constitutes
creativity as process. Similarly, the design specs for a car
are intended to indicate how the car works, but their
intent is not to establish a standard for what is or is not
a car. As an example, the recently-proposed MemiC
model (Benedek, Beaty, Schacter, & Kenett, 2023) out-
lines multiple stages of episodic and semantic memory
involvement in divergent creative ideation, including
evaluation of the effectiveness of a potential product
via episodic mental simulation, which the authors note
has been associated with more successful products. The
model thus elucidates mechanisms that support the
production of successful creative ideas, with the intent
to provide insight into the how of divergent creative
ideation processes. The model does not, however, sug-
gest that only processes that include a stage of effective-
ness evaluation via episodic mental simulation, or
processes that yield successful products, should be con-
sidered creativity. Rather, it delineates this effectiveness
evaluation stage as a means of modeling how divergent
ideas that are evaluated as being creative are often gen-
erated (this stage can support creative ideation without
being a necessary component of any creative process).
By contrast, definitions seek to distill the minimal set of
criteria that constitute necessity and sufficiency.
Whereas models of creativity can address the workings
of a range of mechanisms that contribute to creativity in
different forms and domains, definitions cannot address
the full variety of what they are defining. The definition
of a car or a flower will necessarily focus on the core
definitive elements that are present across all cars or
flowers (e.g., provides transportation, has petals, etc.),

and will not address many of the details and colorful
variegation that characterize the range of cars and
flowers.

The product definition distills two core criteria that
are necessary and sufficient for a product to be consid-
ered creative. There are of course many attributes that
a creative product might have that are not directly
addressed by this necessarily minimal definition, and
many models of how these two criteria are manifested
(e.g., how a product can be made most useful, or how
the usefulness of a novel product is appreciated over
time), but those are not the domain of the definition
itself.

Importantly, the product definition addresses the
attributes of products; it does not provide a definition
of what constitutes creativity as process. This is impor-
tant because it leaves us without clear means to assess
the creativity of processes themselves. In particular,
what is lacking is a definition that provides a standard
to assess whether a process constitutes creativity, and to
inform related assessments of how creative a process is
(along a continuum). In some instances, definitions
need not be clearly relatable to empirical observations.
In science, however, greater burden is placed on defini-
tions, particularly definitions of processes, to provide
the framework for interpreting data and for theory and
model development. It is thus necessary to ensure that
definitions in science can be meaningfully linked to
observed data, including data about neurocognitive pro-
cesses such as creativity.

Definitions are also important for developing coher-
ent taxonomies in science. Science is built on taxonomic
classifications of phenomena in the natural world,
including ontological distinctions between the cognitive
constructs of the human mind. Notwithstanding worthy
philosophical questions about whether definitions can
ever be universal at the extremes, or whether taxonomic
distinctions can ever be absolute (Wittgenstein, 1922),
good definitions should be general for all practical pur-
poses, and taxonomies/ontologies in science should be
sturdy enough - based on empirical observation and
applicable to future empirical observation - to provide
a field of inquiry with a stable and consistent structure.
Here again, constructing a definition based on the
intrinsic properties of creativity (as process), rather
than extrinsic judgments of creations (as products)
appears more likely to provide the requisite stability
and relatability to empirical observation for distinguish-
ing creativity from neighboring constructs.

Toward that objective, the present paper was devel-
oped as a component of ongoing efforts of The Society
for The Neuroscience of Creativity via the SfNC
Ontology Initiative (e.g., Kenett et al., 2020, Saggar,



Volle, Uddin, Chrysikou, & Green, 2021). This initiative
seeks to engage theory alongside neural and cognitive
data to achieve greater clarity in the ontology of crea-
tivity. A promising example is the proof-of-concept for
a data-driven approach to test and improve the fit
between creativity tasks and the constructs they are
intended to measure based on the similarity/dissimilar-
ity of neural activity across a set of tasks (Kenett et al.,
2020). Ultimately, establishing a clear ontology of crea-
tivity will depend on clarifying definitions of creativity
as well as relevant constructs and sub-constructs.

In the decade plus since the publication of “A
Standard Definition,” the neuroscience of creativity
has come into its own, highlighted by the application
of advanced multivariate and network-neuroscience
methods, as well as a range of noninvasive neuromodu-
lation techniques, to elucidate and facilitate the inter-
play of neural systems that give rise to creative thought.
As CR] moves into a new era under the auspices of The
Society for the Neuroscience of Creativity (Green,
2022), the time is right for a process definition of crea-
tivity that can be directly related to the science of under-
standing creativity as a neurocognitive process. Here,
operating from first premises regarding necessity and
sufficiency for creativity, we propose a general defini-
tion of creativity as a process construct that is aligned
with key findings in the neuroscience of creativity, with
the aim of establishing an updated standard for what
constitutes creativity.

To be clear, we do not suppose that there is only one
creative process. Indeed, it is likely that no two creative
processes are ever the same. There are many facets that
vary with respect to objectives, external influences, spe-
cific neurocognitive implementation, etc. Considerable
research has identified distinct categories and forms of
creativity (e.g., Baer, 2022, Dietrich, 2019, Simonton,
2022a, 2022b, Weisberg, 2014)). We consider several
categories and forms of creativity below where we
address taxonomy and the generality of our definition,
but there are many more than we can consider here. Far
from suggesting that all the many forms of creativity are
the same, our goal is rather to identify a minimal set of
core process elements that represent criteria of necessity
and sufficiency across these many forms. Thus, as noted
above, the process definition proposed here is intended
to be general but it cannot capture the many vitally
important aspects that distinguish different creative
processes from each other.

While the neuroscience of creativity is growing
rapidly, it is still a new field. We are only beginning to
characterize the neural mechanisms that support crea-
tive thinking, and the generality of the mechanisms thus
far identified remains largely to be proven. In this light,
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it is worth clarifying that our aim here is not to derive
a definition of creativity from the currently available
neuroimaging data. Instead, the definition is derived
from a priori premises of necessity and sufficiency for
creativity. Nonetheless, the definition is aligned with
empirical observations of creativity in the brain; that
is, the definition is formulated and parsed such that
the elements of theory map to key elements of the
empirical evidence about creativity as a neural process.
Our aim is a definition that can operate on both the
theoretical and empirical levels. The definition we pro-
pose is thus explicitly deconstructed into constituent
criteria, each reflecting 1) a bedrock element of creativ-
ity theory, and 2) a neurocognitive process element of
creativity. Because each criterion of the definition maps
to a neurocognitive component of creativity, the defini-
tion can be readily related to process models that specify
neural and/or cognitive components of creativity, and to
new cognitive and brain-based data being collected in
relation to these cognitive components. The compo-
nents of the definition also provide a basis for taxo-
nomic distinctions between creativity and other related
constructs based on which constructs include or exclude
these components.

Relatedly, although the formulation of the present
definition is aligned with a particular set of empirical
findings that reflect key aggregations of the extant
brain-based evidence, the intent of the definition is to
be relatable to empirical data more generally. Because
the present definition is not derived from empirical
findings, its validity does not depend on the particular
findings reviewed here. If, as is likely, future research
leads to revisions of current brain-based characteriza-
tions of creativity, or expansion to artificial intelligence-
based characterizations of creativity, the present defini-
tion provides a framework that can be related to the new
data.

The product (“standard”) definition

As much as Guilford gets credit as a pioneer (and rightly
s0), his definition of creativity in his seminal 1950 paper
was that “creativity refers to the abilities that are most
characteristic of creative people” (p. 444). Obviously, he
went into more detail (specifically, focusing on the
importance and potential measurement of creativity),
but there is a common element to Boring’s (1923)
famous definition of intelligence as being whatever
intelligence tests measure. Barron (1955) offers a bit
more, calling originality the “capacity for producing
adaptive responses which are unusual” (p. 484). What
seems to be the first clearly articulated modern defini-
tion of creativity (also noted by Runco & Jaeger, 2012) is
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Stein’s (1953) offering that “[a] creative work is a novel
work that is accepted as tenable or useful by a group in
some point in time” (p. 311). Often the second compo-
nent of tenable or useful is termed task-appropriate
(Kaufman, 2016) or valuable (Hennessey & Amabile,
2010). Runco and Jaeger used the terms, “original” and
“effective,” to describe creative products. We have
adopted “novel” and “useful” here to match the most
frequently used terminology in the literature. While we
do not necessarily consider those two terms to be more
apt than others that have been suggested, these differ-
ences in terminology do not bear on the process vs.
product distinction that is our primary focus here.
There have been several additional components that
have been proposed to be added to creativity’s defini-
tion, ranging from surprising (Boden, 2004, Simonton,
2012) or unplanned (Amabile, 1996) to high quality
(Sternberg et al., 2002) to authentic (Kharkhurin,
2014). However, these main two dimensions are the
only consistent parts.

It is important to note that Stein’s (1953) original
proposition, along with the many revisions, suggestions,
nuances, and potential additional factors that have been
suggested, remains firmly centered around the creative
product. Yet Rhodes’ (1961) classic Four P framework
notes the importance not only of the Product but also of
the Person (i.e., the creator), the Process of being crea-
tive, and the Press (i.e., the environment). Despite the
existence of so much work on the creative process, there
has not been a definition of creativity offered that takes
a process perspective. It is commonplace for theories
and studies focused on the creative process to none-
theless use the standard product-focused definition as
a starting place (Boldt, 2019, Botella et al., 2013,
Medeiros et al., 2018, Simonton, 2011); those that do
not are most likely to simply not define creativity at all.

There are broader implications to the product focus if
it comes in lieu of a process focus. Consider the distinc-
tion between everyday and eminent creativity, also
known as little-c and Big-C. Kaufman and Beghetto
(2009) expanded on this dichotomy to propose the
Four C’s. They begin with mini-c, or personal creativity,
in creative actions are small but meaningful to the
creator (even if not to others). Everyday, or little-c,
creativity consists of the types of contributions that
most people can make that are enjoyable by other peo-
ple. If, after practice and improvement, a creator is able
to make some type of impact on a domain (even low
level; Sternberg et al., 2002), they can be considered to
be Pro-c, or expert-level creativity. Finally, if a creative
work or body of work lasts over time and generations
and continues to have lasting impact, it can be Big-C, or
genius-level creativity. It is natural to gravitate toward

Big-C or Pro-c for evidence of the importance or value
of creativity, and such arguments tend to focus on the
creative product, such as technological or economic
advances (Florida, 2012, Simonton, 2018). However,
there are countless benefits to be found in mini-c and
little-c (Kaufman, 2018, 2023, Kaufman et al., 2022).
These tend to be more process-focused, such as how
creativity can boost one’s personal mental health. If our
core vocabulary and definitions are slanted toward the
creative product, we risk over-valuing more exclusive
conceptions of creativity at the expense of a more demo-
cratic, inclusive view.

Product or process?

As described above, the product definition is an excel-
lent standard for assessing products. Assessing products
has a great deal of pragmatic value, and the novel and
useful criteria are particularly well-suited for relative
assessments of product attributes (e.g., which of these
products is more novel? Which is more useful?) because
judgments of novelty and usefulness are generally rela-
tive rather than absolute or binary. But is a description
of the attributes of creative products suitable as the basis
for the scientific study of creativity?

Frequently - and problematically in our view - the
product definition is phrased as a process definition; in
particular, creativity is frequently defined as “a process
that results in products that are novel and useful.”
Comparison to other domains of psychological science
suggests that this product-based framing is an ill fit. For
example, defining human development as “a process
that results in adult humans” might be accurate in
some oblique way, but it does very little to inform the
research of developmental psychologists or biologists to
understand how development works. Such a description
does not specify the constituent process elements of
development, and indeed the process of development
need not reach adulthood/maturity in order to qualify as
development.

Taking a nearer example, the definition of attention
as a cognitive construct focuses on processes and states
(e.g., selection, modulation, maintenance; Chun,
Golomb, & Turk-Browne, 2011, Fan, McCandliss,
Sommer, Raz, & Posner, 2002, Knudsen, 2007, Posner
& Petersen, 1990, Posner, 1994), and is not framed in
terms of any particular outcome or product. Attention
qualifies as attention if it meets these standards, whether
or not there is any product of the attentional process.
Likewise, definitions of memory in psychology focus on
processes (e.g., encoding, consolidation, storage, retrie-
val) (Craik & Jennings, 1992, Klein, 2015, Squire et al.,
1993). These process-based definitions are aligned with,



and have in-turn been the basis of, considerable con-
ceptual and empirical advances in the extensive fields of
attention and memory research.

The science of creativity is smaller (though it is now
growing rapidly), and generally younger than these
other fields. Hewing to a description of products, rather
than processes, may substantially impede the theoretical
and empirical development of creativity research toward
a more mature/adult form. Indeed, when the product
definition is applied for assessment in creativity
research, it is applied to assess products, not processes.
This is not a trivial concern because, as noted above,
scientific advancement requires empirically testable/fal-
sifiable predictions, and the mapping from the product
definition to the data that researchers collect on the
cognitive and neural mechanisms of creativity often
remains unclear.

The criteria of novelty and usefulness present addi-
tional challenges to the advancement of creativity
research because they are largely based on external
evaluation rather than inherent to a process (or even
inherent to a product; Diedrich, Benedek, Jauk, &
Neubauer, 2015). There is considerable ambiguity
about what should constitute novelty or utility (e.g.,
Who should decide whether a product is novel or use-
ful? How novel or useful should it be relative to other
products in order to be creative? In what context?;
Amabile, 1996, Kaufman & Baer, 2012). Plentiful exam-
ples from history and from everyday life illustrate the
ambiguity of these judgments. Alfred Russel Wallace’s
development of a theory of evolution very similar to
Darwin’s theory is a well-known historical case
(Gruber & Wallace, 1999). Should elements of
Darwin’s theory that overlap with Wallace’s be consid-
ered less creative because one of these men conceived of
the ideas just after the other one did? Analogous situa-
tions are common in everyday circumstances. If you are
a math teacher and you have a student who finds a valid
way to solve a problem that you did not teach them, this
might rightly be considered creative. But is the solution
less creative if another student generated that solution in
an earlier class period? Or perhaps in a class you taught
10 years earlier? Some of the answers may depend on
the scope of creativity; the construct of mini-c would
suggest that if the solution is new to the creator, then it
would still be considered creative (Beghetto & Kaufman,
2007). As one progresses up the Four C’s, however, the
novelty as perceived by the world becomes more and
more crucial.

As noted earlier, translating empirical understanding
of how creativity works into strategies that can mean-
ingfully improve creative performance is a timely goal
for the science of creativity. In addition to the
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theoretical challenges of a product-based definition,
conceptualizing creativity in terms of products may
also limit the useful application of creativity research
in both real-world and laboratory contexts. Put another
way, focusing on the process of creativity (rather than
defining creativity in terms of products) has several
advantages, especially when considering the goal of fos-
tering and enabling creativity. A focus on process, rather
than product, is far better suited to educational contexts
(Beghetto & Kaufman, 2014). You can teach the “how”
of a process, but you cannot teach the “how” of
a product. Math teachers don’t focus on the answers to
solved problems, they teach students the processes by
which the problems can be solved - the particular
numerical answer is useful for external evaluation pur-
poses, but somewhat incidental to the actual learning of
mathematics. Relatedly, in any learning context (educa-
tional, professional, or otherwise) a specification of pro-
cess is crucial for effective practice. You can practice
a process, but you cannot practice a product. The devel-
opment of more direct interventions to support creative
performance also relies on understanding the processes
and subprocesses of creativity. This is the case for cog-
nitive interventions that seek to scaffold elements of the
creative process (Scott et al., 2004), and is perhaps most
clearly the case for brain-based interventions. Intriguing
advances have been made in the application of neuro-
modulation techniques, including transcranial electrical
stimulation and transcranial magnetic stimulation, to
support creative cognition (Green et al., 2017, Kenett
et al,, 2021, Kleinmintz et al., 2018, Lifshitz-Ben-Basat &
Mashal, 2021, Lucchiari et al., 2018, Weinberger, Cortes,
et al,, 2018, Weinberger, Green, & Chrysikou, 2017). By
its nature, this work relies on first observing a creativity-
related process in the brain and then leveraging the
observations to target and titrate the intervention.

In view of the above considerations, while novel
and useful appear to be apt descriptions of creative
products, they do not suffice to characterize the pro-
cess of creativity in a way that can effectively advance
empirical creativity research. Extending this product-
level description to define creativity as a process that
results in products that are novel and useful leaves the
actual process as essentially a black box. We thus
argue for a distinct definition of creativity as
a process, which can be used in the context of scien-
tific inquiry separately from, or in conjunction with,
the definition of creative products. Such a process
definition can help to address several interpretative
issues associated with the product-based definition,
and would bring creativity research more closely in
line with other areas of psychology and neuroscience
in which process-based definitions have underlain
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advancements. Focusing on process also provides
a stronger foundation for the useful application of
creativity research toward improving
performance.

creative

Creativity as process or creative-ness?
Recognizing and overcoming creativity’s
linguistic bad luck

What has made the definition of creativity so elusive
and unsatisfying? The cloudiness of creativity owes in
part — likely in large part - to a generally unappreciated
division in the usage of the word itself, an innocent but
insidious linguistic duplicity. The word, creativity, has
multiple usages that are actually importantly different in
their meanings and implications. One usage of the word
is adjectival; it describes something or someone that has
creative attributes. For example, in the sentence, “Before
we hire an engineer, we evaluate their creativity,” crea-
tivity is used in an adjectival sense to refer to an attribute
of an agent (an inventor); and in the sentence, “The
creativity of this invention is truly remarkable,” creativ-
ity is used in the adjectival sense to refer to an attribute
of an output (invention). In adjectival usages, the “~ity”
word ending yields a noun form of the adjective, “crea-
tive,” and retains the adjectival/descriptive sense.
Perhaps the clearest way to explain this is that, in adjec-
tival uses of creativity, the sense conveyed by the “~ity”
word ending is the same as the sense conveyed by the
more common word ending, “-ness,” as might be used
to describe a person’s hopefulness, or an object’s heavi-
ness. Thus, what is really meant by creativity in this
usage is “creative-ness.”

The other sense of the word is nominal; it is used to
name the process(es) that constitute creativity, as in
the sentence, “Keeping an open mind can help crea-
tivity happen.” The construct conveyed by this nom-
inal sense of creativity (i.e., creativity as process) is the
primary focus of the definitional account we offer
below. Of course, the root word of creativity is, “cre-
ate.” Because create is a verb, the nominal sense of
creativity can be considered an action noun (Merriam-
Webster, n.d). Thus, when creativity is used in the
nominal sense, the particular kind of thing that it
names is not static (like non-action nouns such as
stone or independence); it names an action (i.e., the
process(es) of creativity). Another “—ity” word, “activ-
ity,” might provide a useful comparison. The nominal
sense of activity as a name referring to dynamic move-
ments, changes, or processes, rather than the adjectival
sense referring to the attribute of a person’s level of
active-ness, carries its verb root (i.e., act). This root
makes it an action noun, such that it does not refer to

an ordinary kind of static thing; the thing it refers to is
itself a dynamism.

Both the nominal and adjectival senses are correct
and widely accepted uses of the word, creativity, but
their meanings should not be conflated. Transcending
this earthly discourse for a moment, we can consider the
case yet of another “—ity” word, divinity, which, like
creativity, has come to have a distribution of meanings
that spans the nominal and the adjectival. It is possible
to use the word, divinity, in the nominal sense to name
a thing (i.e., a god). It is also possible to use divinity in
the adjectival sense, i.e., to describe the “divine-ness” of
a person, place, experience, etc. As above, both are
correct uses of the word, but the two senses refer to
two constructs that are quite different in meaning.

Because the different senses of the word, creativity,
refer to different constructs, they require different defi-
nitions. The frustration our field has experienced in
defining creativity has not come from lack of thought
or imagination, but because, without distinguishing the
different senses of the word, we've been trying to
accomplish an inherently impossible task: fitting
a single definition to fundamentally distinct constructs.
Indeed, we think that our field has suffered a somewhat
unlucky fate. If only the noun form of the adjective,
creative, happened to end in “—ness” rather than “~ity”
(if only creative-ness was an accepted word), then the
nominal noun form of creativity would have to be more
overtly/orthographically distinct from the noun form of
the adjective. With better luck, we would have distinct
words where instead we only have one. If we had dis-
tinct words instead of one shared word, then much
handwringing over operationalization and confuddling
of theory might have been avoided. But it is not so, and
here we are, and the use of the word, creativity, in the
common parlance is unlikely to change. This does not,
however, mean that our field of research needs to be
perpetually hamstrung by this ambiguity in our effort to
develop a clearer and more maturely structured
discipline.

Recognizing that creativity has different usages, and
that these different senses of creativity are actually dif-
ferent constructs, can substantially clarify the defini-
tional effort, and the ontology of creativity by
extension (see also Kenett et al., 2020). Each construct
can be defined individually (see Figure 1), without try-
ing to accommodate an awkward fit to another con-
struct. We think this effort might be helped by adopting
terms that are overtly distinct: “creativity as process” for
the nominal sense of creativity, and “creativity as attri-
bute” (or “creative-ness”) for the adjectival sense of
creativity. The present paper introduces a process defi-
nition of creativity. This definition applies to the
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Distinguishing the Definitions of Creativity

Definition:

(the process definition)

Definition: Definition:

(the product definition)

Figure 1. The word, creativity, is generally thought of as referring to a unitary construct that, although multifaceted, has a single
definition. Instead, because of the particular linguistic construction of the word, creativity, it is actually used in substantively different
ways that refer to different constructs. These different constructs require different definitions. In particular, the nominal construct of
creativity as process, which is the focus of the process definition that we present here, should be definitionally distinguished from the
adjectival construct of creativity as attribute (“creative-ness”). This distinction and the subsumed distinction between the process vs.
product definitions are the primary foci of the present paper. We additionally offer a tentative definition of creativity as an attribute of
an agent, situating this definition between the process and product definitions. As revisited briefly below, a person (or other agent) is
considered creative based not only on their output but whether they generate that output via a process of actual creativity. While we
think this positioning is generally aligned with the treatment of agentic creativity in the literature, an in-depth consideration of this
definition is beyond the present scope - though such consideration would be a worthwhile undertaking. Distinguishing the different
meanings of creativity provides a definitional framework for parsing the 4 P’s (as shown in the lower panel of the figure), and can be
similarly applied to other accounts of the components and facets of creative processes, products, persons, contexts, and more.
Because the “Press” category of the 4 P's account is somewhat loosely specified, the dotted line indicates a tentative placement within

the definitional taxonomy.

nominal sense of creativity as process. By contrast, the
product definition of creativity applies to the adjectival
sense of creativity as attribute (creative-ness), at least for
the attributes of products.

Please parse the P’s

As noted above, Rhodes’ (1961) well-known account
holds that there are 4 P’s of creativity: Process,
Product, Person, and Press, where Press is variously
supplemented or substituted with other P’s, including
propulsion and public (Sternberg & Karami, 2022),
phases (Cropley, 2015, Tan, 2015), perception
(Kharkhurin & Yagolkovskiy, 2019), and persuasion
(Simonton, 1988), not to mention Gliveanu’s (2013)
thorough reworking of the 4 P’s into the 5 A’s, integrat-
ing a sociocultural perspective. We posit that, while each
of the P’s is quite important, they would be best served
by a clearer parsing. There is considerable ontological

hazard in the conceptualization of creativity as
a conglomeration of all 4 (or maybe more) P’s at once.
Indeed, this conglomerized notion seems to be a direct
consequence of the unfortunate ambiguity of the word,
creativity (i.e., the use of the word in multiple senses
that convey different meanings). It is this conglomerized
ambiguity that, for example, leaves us futilely trying to
apply the same definition to a product and a process.
Forcing all 4 P’s into one construct with one definition
has muddied the definition and the operationalization
of any of the P’s. Rather than simply calling all 4 P’s
creativity, recognizing the distinction between the nom-
inal construct of creativity (referring to the process
construct) and the adjectival sense of creativity (refer-
ring to creative-ness), provides a clear basis for parsing
the P’s to enable clear understanding. As illustrated in
Figure 1, the process P does not fall under the same
construct as the other P’s; it falls under the nominal
construct of creativity as process, while the other P’s fall
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The Creativi-Tree

A taxonomy of
creativity-related constructs

Knowledge/

Experience/
Learning

Widely Applied/
Influential
Usefulness

Ingenious Novelty
(Paradigm Changing)

Usefulness
Recognized by
Qualified Consensus

Novelty
Recognized by
Qualified Consensus

Big-C

Generative
Goal

Goal
Constraint

Creativity as Process

Retrieval

Internally-
Directed
Attention

Mind
Wandering

Figure 2. The Creativi-Tree illustrates how the three criteria of the process definition provide a basis for taxonomic distinctions
between creativity and related constructs. These distinctions are also described in the text. On the left side of the tree, the brackets
for each construct indicate the minimum set of creativity-related elements required to constitute that construct, but not always the
maximum set of elements that the construct can encompass. For example, all the process constructs that comprise elements of the
tree trunk can yield products listed among the branches of the tree. Also, whereas the tree includes elements relevant to creativity,
constructs might also include some other elements not included in the tree. Mind-wandering, for example, is a complex construct, but
here we indicate only the overlap of mind-wandering with the process elements of creativity (i.e., mind-wandering involves internally-
directed attention, but is not goal-related so it does not involve the goal-related process elements, and thus does not meet the two
goal-related criteria of the process definition). Retrieval involves internally-directed attention and goal state constraint, but the goal is
to retrieve rather than to generate (so it does not meet the generative criterion). Colored brackets at the far left indicate the
demarcation between process (including internally-directed attention and all goal-related elements), and product (including elements
of product novelty and usefulness). On the right side of the tree, brackets for levels of creative eminence (mini-C, little-C, Pro-C, Big-
Q) indicate how these levels map onto the process and product elements that constitute the tree (as described below). Above the
tree, the sun and rain cloud represent the elements of external attention/perception and knowledge/learning/experience that often
support creativity — nourishing the tree in this metaphorical rendering.

under the adjectival construct of creativity as attribute.
Further, although the present paper focuses on the pro-
cess definition, it is interesting to at least briefly consider
the different ways that the adjectival sense of creativity
applies to Product, Person, and Press respectively.
While both a product and a person can be described in
terms of their creative-ness, the implications of these
adjectival descriptions seem to be quite different. It
might be, for example, that the adjectival creative-ness
of a creative person actually corresponds to an attribute
construct comprising qualities of ability or personality,
which is somewhat distinct from the adjectival creative-

ness of a creative product (i.e., having novel and useful
effect or function).

We mention the 4 P’s account here because it is well
known and provides an illustrative example of how
clarifying definitional distinctions between the different
constructs hidden within the word, creativity, can pro-
vide a basis for parsing the sometimes conglomerized
accounts that arise when creativity is treated as a single
over-arching construct. However, the 4 P’s account is
not entirely aligned or redundant with the distinct con-
structs of creativity we delineate here. The intent of the 4
P’s is to position the P’s relative to each other, rather



than to provide definitions (because it treats creativity as
having a single multifaceted definition). By contrast, the
present account has a definitional intent. Distinctions
between the definitions of constructs are a priori dis-
tinctions of theory (i.e., what is the fundamental mean-
ing of each construct of creativity?). By contrast, the 4
P’s account makes a posteriori distinctions at the level of
exemplars (what are primary contributors that we
observe to be related to the ways creativity is often
manifested and studied?). One way in which these dif-
ferent intents yield different kinds of insights is that
a priori definitional distinctions allow for broader clas-
sifications (e.g., inclusive of non-person systems, such as
animals, Al, group dynamics, etc.), whereas a posteriori
accounts must be either subdivided or inexactly fitted
for particular observed cases/exemplars (making the
Press P especially difficult to conceptualize as
a coherent category). Continuing to parse the P’s, and
appreciating that they are not all associated with one
ambiguous construct of creativity, but with fundamen-
tally distinct constructs that should be separately oper-
ationalized, seems an important next step in the
maturity of creativity research as a scientific discipline.

To this end, it is vital that researchers clarify their
own representations of the constructs they are actually
studying, particularly whether they are studying the
nominal or adjectival construct of creativity. It is of
course possible to study both of these constructs, just
as one can study both affect and personality, but they are
not the same thing. Keeping them separate in our own
minds as we approach our experimental questions is
essential for valid, meaningful operationalization and
inference. Relatedly, achieving greater theoretical and
empirical clarity in the field will require researchers to
specify what we mean by “creativity” in our scholarly
publications and presentations. Just as it is important to
specify whether one is studying divergence or conver-
gence (or a combination of the two), it is important to
indicate whether one is studying the process of creativity
or the creative-ness of objects, persons, etc.
Interestingly, the convergence vs. divergence distinction
appears to be largely orthogonal to the distinction
between creativity as process and creativity as attribute.

The data: Empirical insights from the cognitive
and brain-based study of creativity

Creativity has a long history of being conceptualized as
a confluence of cognitive processes (Finke, Ward, &
Smith, 1992). More recently, empirical research has
provided support for this view, pointing to the interac-
tion of memory, attention, and cognitive control
(Benedek & Fink, 2019; Krieger-Redwood et al., 2022).
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Evidence from a growing body of individual differences
research indicates positive correlations between creative
thinking and cognitive control abilities, such as verbal
fluency (Gerver, Griffin, Dennis, & Beaty, 2022) and
fluid intelligence (Gerwig et al., 2021). This evidence is
consistent with a role for executive influences, such as
goal maintenance, in guiding and constraining the gen-
erative process to meet specific creative goals. In a study
of verbal fluency, for example, Silvia et al. (2013)
reported a large correlation between verbal fluency
and performance on the alternative uses of objects task
(AUT; both fluency and rated originality of ideas; cf.
Avitia & Kaufman, 2014), suggesting that the ability to
strategically search memory, in a goal-directed fashion,
is important for creative thinking (Schneider &
McGrew, 2018). Likewise, fluid intelligence (Gf) was
found to support goal maintenance during creative
thinking: Gf predicted AUT performance when partici-
pants were explicitly instructed to “think creatively”
(Nusbaum, Silvia, & Beaty, 2014). In this case, partici-
pants had to maintain the goal of coming up with
creative ideas when searching memory for alternate
uses, and not simply retrieve known uses. Other work
has shown that Gf correlates with people’s ability to use
cognitive strategies when thinking creatively (Nusbaum
& Silvia, 2011), further supporting the relevance of goal
maintenance in creative thinking.

Cognitive and brain-based studies of creativity
have also focused on the role of attention, particu-
larly internally-directed attention (Fink & Benedek,
2014). In contrast to external attention - which
requires focusing attention outwardly to stimuli in
the environment - creative thinking is characterized
by a distinct state of internal attention, in which
cognitive processes are “shielded” from sensory
input. Perhaps the most compelling evidence for
the contribution of internal attention to creative
thinking comes from studies using electroencephalo-
graphy (EEG). Benedek and colleagues have consis-
tently shown that when participations engage in
creative idea generation, the brain exhibits increased
alpha power, an EEG waveform that has been linked
to internal attention (Cooper, Croft, Dominey,
Burgess, & Gruzelier, 2003). In one experiment, for
example, EEG alpha was found to be higher when
participants had to maintain the task stimulus (e.g.,
an AUT object cue) in the “mind’s eye” when think-
ing creatively (requiring internal attention), com-
pared to when the stimulus remained on a screen
(requiring external attention; Benedek et al., 2014).
EEG alpha was particularly pronounced in the right
anterior inferior parietal cortex, a region previously
associated with internal attention (Ray & Cole,



10 A. E. GREEN ET AL.

1985). In a follow-up functional magnetic resonance
imaging (fMRI) study, using the same experimental
paradigm, Benedek and colleagues again implicated
the right parietal cortex in internal attention during
creative thinking (Benedek et al.,, 2016). Internal
attention (compared to external attention) was also
associated with reduced activity of the occipital cor-
tex, as well as increased functional connectivity
between occipital cortex and the right parietal cor-
tex. The authors suggested that deactivation of occi-
pital cortex reflected reduced sensory input during
internally-directed attention, while occipital-parietal
connectivity may relate to suppression of sensory
input by the parietal cortex to shield ongoing inter-
nal processes.

fMRI studies have provided additional insights into
the neural correlates of creative idea generation. One
insight has been to distinguish the creative thought
process from non-creative processes (e.g., memory
retrieval). Early studies contrasted tasks that involve
creative thinking of object uses (AUT) vs. tasks that
simply require thinking about or listing the character-
istics of objects (e.g., object characteristics task), finding
stronger activity for creative thinking within frontal,
parietal, and temporal regions (e.g., Fink et al., 2009).
Subsequent work aimed to further distinguish creative
thinking from memory retrieval, since old ideas can be
sometimes retrieved from memory, even when partici-
pants are asked to think of creative ideas (Gilhooly,
Fioratou, Anthony, & Wynn, 2007). For example,
Benedek et al. (2014) asked participants to freely gen-
erate alternative uses for objects during fMRI; their
ideas were recorded, and after the scan, they were
asked to identify whether each use was either old (some-
thing they had seen or thought of before) or new (some-
thing they came up with for the first time). Compared to
recalling old ideas from memory, generating new ideas
was associated with activation in the left anterior infer-
ior parietal lobe - a region associated with cognitive
control and high-level integration of multimodal infor-
mation. Subsequently, Benedek et al. (2018) extended
this work by distinguishing creative thinking from two
types of memory retrieval with respect to the AUT:
recalling common object uses (from semantic memory)
and recalling original object uses (from episodic mem-
ory; i.e., atypical uses that people had thought of or seen
before). In addition to replicating the left parietal find-
ing from Benedek et al. (2014), the authors found com-
mon engagement - for generating new ideas and
recalling original uses from episodic memory - of the
parahippocampal gyrus and medial prefrontal cortex,
areas that contribute to episodic retrieval and prospec-
tion. These findings help to dissociate the creative

thought process from related but distinct cognitive pro-
cesses, such as memory retrieval.

Benedek and Fink’s (2019) neurocognitive frame-
work of creative cognition posits that the generation of
creative ideas is marked by goal-directed memory pro-
cesses, including searching, retrieving, integrating, and
simulating information. These processes are sustained
by internally-directed attention and can be contrasted
with cognitive activities that lack goal-directedness,
demand continuous external attention, or involve mini-
mal constructive memory processes, such as mind-
wandering or mental arithmetic. This framework pro-
vides insights into the cognitive mechanisms that are
likely to underlie creative thinking (see also Benedek,
Beaty, Schacter, & Kenett, 2023).

In recent years, creativity neuroscience has seen an
increasing focus on large-scale functional brain net-
works or “functional connectivity.” In contrast to con-
ventional/univariate activation studies, which identify
activity patterns of brain regions in isolation, network
neuroscience examines the coordinated activity of mul-
tiple regions across the brain. Two brain networks that
have been consistently associated with creative thinking
are the default (mode) network (DN) and the fronto-
parietal control network (FPCN; also known as the
executive control network; for reviews, see Beaty,
Benedek, Silvia, & Schacter, 2016, Beaty, Kenett, Hass,
& Schacter, 2022). The DN consists of cortical midline
regions, including the posterior cingulate cortex and
medial prefrontal cortex, as well as lateral temporal
and parietal regions, including the angular gyri and
middle temporal gyri, in addition to subcortical regions
within the medial temporal lobe (e.g., hippocampus).
The DN is strongly activated “at rest”—i.e., in the
absence of external task engagement - and during
many other cognitive states, particularly when cognition
and attention are internally focused, such as mind-
wandering, episodic memory retrieval, and future simu-
lation, among others. The FPCN consists of lateral pre-
frontal regions (e.g., dorsolateral prefrontal cortex) and
anterior inferior parietal regions (e.g., intraparietal sul-
cus). The FPCN activates during tasks that require cog-
nitive control, such as response inhibition, task
switching, and goal maintenance. Note that the key
nodes of these two networks are largely overlapping
with the findings of the early studies comparing AUT
to control tasks focused on characteristics/description.

Functional connectivity between the DN and FPCN
is one of the most robust neural signatures of creativ-
ity. DN-FPCN connectivity has been reported across
diverse tasks and creative domains, from divergent
thinking (Beaty, Kenett, Hass, & Schacter, 2015,
Beaty, Thakral, Madore, Benedek, & Schacter, 2018,



Beaty, Cortes, Zeitlen, Weinberger, & Green, 2021) to
artistic drawing (Ellamil, Dobson, Beeman, &
Christoff, 2012) to musical improvisation (Pinho
et al. 2014). For example, Ellamil and colleagues
reported stronger functional connectivity between
DN and FPCN when visual artists were evaluating
ideas for a book cover, compared to when they were
initially brainstorming cover ideas. Likewise, Liu et al.
(2015) found increased DN-FPCN coordination when
poets were creatively revising poems, compared to an
earlier brainstorming phase. Regarding divergent
thinking, Beaty, Thakral, Madore, Benedek, &
Schacter (2018) found that people with stronger func-
tional connections between DN and FPCN regions
tended to produce more original ideas on the AUT.
Together, these findings indicate that DN and FPCN
support creative thinking across domains.

Yet DN and FPCN do not always work in concert.
Indeed, neuroscientists initially discovered that the
DN and FPCN typically worked in opposition: when
one network activated, the other network deactivated
(Fox et al., 2005). From a cognitive perspective, this
antagonistic relationship aligns with their seemingly
opposing roles in cognition. On the one hand, the DN
is often active when attention is focused inwardly; on
the other hand, the FPCN tends to activate when
attention is focused externally. Recently, Dixon and
colleagues reported different connectivity profiles for
subnetworks within the larger FPCN (Dixon et al,
2018). One FPCN subnetwork, FPCNa, showed
a positive correlation with DN at rest and during
various tasks; another FPCN subnetwork, FPCND,
however, showed the characteristic “anticorrelation”
with DN.

How might these subnetworks operate during
creative thinking? We aimed to address this question
in a recent reanalysis of a large sample of partici-
pants who were scanned during the AUT (Beaty,
Cortes, Zeitlen, Weinberger, & Green, 2021). We
replicated the findings of Dixon et al. (2018), finding
negative connectivity between FPCNb and DN at
rest. Interestingly, however, this connectivity profile
reversed, from negative to positive, when partici-
pants were thinking creatively. Moreover, the
strength of FPCNb-DN connectivity positively corre-
lated with performance on the divergent thinking
task (i.e., the originality of ideas). To our knowledge,
this study was the first to report a behavioral benefit
(enhanced creative ability) to FPCNb-DN coopera-
tion, pointing to a unique neurocognitive state
invoked by creative thinking. Ovando-Tellez et al.
(2022) recently examined the relation of whole-
brain functional network connectivity to different
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stages of creative search processes. This work found
that creative search is related to attention and FPCN
networks, suggesting goal-directedness. In addition,
switching between different topics was related to
DN-FPCN coupling.

Aligning theory with data: The process
definition of creativity

Observing how the brain carries out cognitive opera-
tions can empirically inform and constrain theory about
those cognitive operations. This is among the most
valuable contributions of cognitive neuroscience to the
psychological sciences, and the inferences that neural
observations allow have become increasingly meaning-
ful as cognitive neuroscience has matured both in meth-
odological sophistication and in scale of aggregation
across studies. The above-reviewed insights into the
function and connectivity of neural systems during
creative thinking point to ways in which fundamental
elements of creativity theory can be translated to specific
neural processes that implement creativity.

Informed by these data, but starting from a priori
premises, we propose a process definition of creativity
as internal attention constrained by a generative goal. This
definition combines three core elements of evidence-
aligned theory: 1) that attention is directed internally
(i.e., toward mental representations in memory; as dis-
tinct from external/perceptual attention); 2) that atten-
tional operations (e.g., search, manipulation of
representations in memory) are constrained to fit para-
meters of a to-be-achieved goal state (whether or not
a goal is actually achieved); and 3) that the goal state of
the creative process is generative (a representation not
already precisely held in memory; as distinct from rote
retrieval of extant representations). This is intended as
a general definition of creativity. The aim is to provide
a general process-based standard for what creativity is,
distinct from but relatable to more specific models of how
creative processes, or specific facets of creative processes,
work. In other words, we posit that satisfaction of these
three criteria is necessary and sufficient for creativity.
Below, we lay out the theoretical considerations under-
lying each of these criteria, and explicate the alignment of
these considerations with the above-reviewed brain-
based data. We note that, as indicated in the above
criteria, the attentional processes we specify are atten-
tional interactions with memory, thus, the definition
does not de-emphasize memory by emphasizing atten-
tion. As discussed below, creativity can manifest in a wide
variety of ways, and many forms of creativity involve
other processes elements in addition to the minimal
definitive criterion elements we delineate. Thus, the
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process definition can be more completely worded as
follows: any process that includes internal attention con-
strained by a generative goal, often involving other cog-
nitive, perceptual, emotional, or motoric operations.

Internally-directed attention

The first criterion, that attention is directed internally,
distinguishes creativity from perceptual processes that
are characterized by attention to external stimuli.
Observing the outside world can often support and
inspire creativity. However, even in such cases, attention
to external stimuli would not be a sufficient basis for
creativity. Simply seeing a beautiful scene in nature, or
even photographing it — as an aerial drone might do - is
not sufficient for creativity. Internal attentional pro-
cesses are required, which act on the information that
is represented internally (often on the basis of external
perception as well as strong internal influences on per-
ceptual processing; Baluch & Itti, 2011, Gilbert & Li,
2013, Gilbert & Sigman, 2007). When a person engages
in creativity, they are directly operating on their internal
representation of the outside world (not the external
stimuli themselves). Further, it is not always evident
whether or how the representations that are the sub-
strates of creativity relate to any particular external
stimuli. Certainly, such relationships to the external
world need not be on the immediate timescale of exter-
nal attention, and even a person who has no capacity to
attend external stimuli can presumably still think crea-
tively. Thus, while attention to the outside world can
rightly be considered an antecedent stage of many crea-
tive processes, it is not a part of all creative processes (at
least not in any direct or proximate way). We therefore
posit that internal attention is a necessary condition for
creativity, whereas external attention often contributes,
but is not a necessary condition. Put another way, this
criterion reflects the theoretical consideration that crea-
tivity requires origination (i.e., that a person - or other
system — can only be considered a creator if creativity
happens within that system). This criterion is aligned
with the above-noted empirical data indicating that
creative thinking is associated with higher spectral
power of EEG alpha, which appears to mark internally-
directed attention (Agnoli, Zanon, Mastria, Avenanti, &
Corazza, 2020, Benedek, Bergner, Konen, Fink, &
Neubauer, 2011, Benedek, Schickel, Jauk, Fink, &
Neubauer, 2014, Fink & Benedek, 2014, Klimesch,
2012, Kounios & Beeman, 2014), and with the evidence
that visual processing and attention to external stimuli is
dampened during creative thinking (Benedek, 2018,
Benedek et al., 2016).

Goal constraint

The second criterion, that attention is constrained by
parameters of a goal state, reflects the theoretical con-
sideration that creativity is a meaning-based process
(i.e., that internally-directed attention has
a meaningful/nonrandom basis for generating and
selecting representations). Here, the term “goal” does
not imply a goal that is an overt, consciously accessi-
ble representations. While overt goals are represented
in many explicitly targeted creative processes, it is also
often the case that the goal(s) of a creative process are
not consciously accessible, at least not fully accessible
during the process. In our view, the goal state of
creativity can include the range of conscious, uncon-
scious, and even self-surprising end states to which
creative processes lead. Parameters of a goal state can
include any attributes of representations that are pre-
ferable to the individual in the process of generating
and selecting candidate representations. For example,
an individual might prefer representations of things
that are beige, nonsensical, slippery, beautiful, named
Gary, analogous to the changing of the seasons, sur-
prising, sweet-tasting, etc. Importantly, the presence of
goal state parameters does not imply that there is
a definite or fully-specified goal state that is guiding
attentional processes in creativity. Indeed, if the goal
was already fully represented, then the process would
not actually be creative (see the below discussion of
the generative criterion). Likewise, as noted above,
a process that does not result in the achievement of
a goal (e.g., if no representation is generated that fits
the goal state parameters) can still be considered crea-
tivity so long as goal state parameters constrained
attention within the process.

Fitting the parameters of a goal provides 1)
a framework for meaningful generation (a creative
process is meaningful to the creator in relation to
the parameters of the goal state; fitting the parameters
of a goal state constitutes the meaningfulness of the
process); and 2) a basis on which the attentional
deployment in a creative process can be completed
(i.e., can result in a created outcome). A substantial
body of evidence has demonstrated the role of con-
straint in supporting creative ideation (Diaz, Nelson,
Beaujean, Green, & Scullin, in press, Medeiros et al.,
2014, Tromp & Sternberg, 2022, Yang et al., 2022); in
our view, fitting the parameters of a goal state consti-
tute the most basic form of constraint in creative
processes. In the absence of such constraint, the
deployment of internally-directed attention/ideation
would be a means without an end (a search and/or
selection and/or manipulation process with no goal



state). Ideation that lacks the meaningful frame of goal
state parameters, or that is end-less (without a goal
end state) may characterize the intrusive thoughts and
disordered, uncontrollable associations that present in
pathologies such as schizophrenia (Spitzer, 1997).

In all cases of creativity in which the process actually
results in a product, a meaningful selection of a product
must occur (where meaning reflects the fitting of the
end-state parameters). However, as we have just noted,
the presence of goal state parameters does not require
that we deliberately set out to find a particular repre-
sentation when we deploy our internally-directed atten-
tion. Indeed, the presence of goal state parameters does
not imply that we are always aware of what our para-
meters are, that we are aware that we have parameters at
all, or even that parametric constraints influence our
internal attention before the final stages of a creative
process. Sometimes we are mind-wandering with mini-
mal constraint, and simply happen upon a mental repre-
sentation that we only then identify as meaningful with
respect to some set of end-state parameters. In these
instances, goal state parameters constrain/bias the selec-
tion of particular internal representations at the final
stages of an attentional deployment. The mental repre-
sentations of the end-state parameters are present, even
if they are not being actively considered during the
mind-wandering attentional deployment. In other
words, end-state parameters are still a necessary element
of the creative process, even if they are primarily rele-
vant to the attentional selection that completes the pro-
cess, rather than to directing attention throughout the
process.

A related point, which is addressed in greater depth
below, concerns the taxonomic relationship between
mind-wandering and creativity. Like attention to exter-
nal stimuli, mind-wandering is sometimes part of crea-
tive processes, and studies have focused on this
connection (Baird et al., 2012, Gable, Hopper, &
Schooler, 2019). However, mind-wandering alone (if
goal state constraints are never imposed) is neither
necessary nor sufficient for creativity (Murray et al.,
2021). Moreover, it is not sufficient that a person who
engages in mind-wandering also maintains some super-
posed goal state(s) if the constraints of that goal state
never intersect with the mind-wandering. Mind-
wandering is only considered part of creativity in cases
where a candidate representation is identified such that
attention is deployed to determine the fit of that repre-
sentation to the constraints of a goal state.

Of course, there are other times when the deploy-
ment of internally-directed attention is much more
deliberate and we do set out to find a particular kind
of representation (e.g., a solution to a design problem,

CREATIVITY RESEARCH JOURNAL 13

or a joke to tell at a retirement party). In these cases, the
process can be characterized by meaningful constraints
on the implementation of idea generation, whether or
not the process actually results in an identifiable pro-
duct. These constraints might reflect goals (explicit goal
states) that constrain/bias the direction(s) in which
attention is deployed within the vast “semantic space”
of internal representation, making the attentional
deployment far more targeted and efficient. These con-
straints might also reflect particular ideational strate-
gies, such as analogy, which requires fitting the
constraints of relational structures and roles to achieve
valid creative mappings between source and target con-
cepts (Falkenhainer, Forbus, & Gentner, 1986, Green,
Fugelsang, Kraemer, & Dunbar, 2008, Green et al., 2014,
Lu et al., 2012).

There are thus two general types of process that meet
this second criterion of goal constraint: 1) Processes that
involve the evaluation of candidate representations to fit
the parameters of a goal state (e.g., when mind-
wandering results in representations that are candidates
to fit a superposed goal); 2) Processes that involve con-
straints on attentional search or other attentional
deployment strategies that reflect the parameters of
a goal state (e.g., when an individual is deliberately
trying to think of a creative solution to a particular
problem). Note that neither type of process has to actu-
ally result in the selection of a mental representation in
order to meet this criterion. Note also that the second
type of process, but not the first, meets the goal con-
straint criterion even if no specific representation is
even evaluated as a fit for a goal state. Finally, note
that many creative processes — perhaps most — are of
both types (e.g., a deliberate search that involves the
evaluation of several candidate representations).

The criterion of goal constraint is aligned with the
evidence concerning FPCN and its connectivity with
DMN during creative cognition (Beaty, Benedek,
Silvia, & Schacter, 2016, Beaty, Cortes, Zeitlen,
Weinberger, & Green, 2021). The evidence linking
FPCN (including FPCNb) to creative performance
strengthens empirical support for theories that empha-
size goal state constraints (particularly constraints of
overt goals). Across multiple domains, FPCN connec-
tivity appears to bias the function of other neural sys-
tems toward goals or expectations (Zanto & Gazzaley,
2013). As noted above, FPCN and DMN appear to
generally work in opposition, and this accords with
cognitive theory suggesting that dampening internally-
directed attention is advantageous for maintaining focus
during goal-directed cognition. Thus, the evidence that,
during creativity, the connectivity of FPCN (including
FPCND) to DMN reverses (i.e., becomes positive rather
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than negative) aligns with a theoretical framework in
which creativity involves a somewhat exceptional coop-
eration between internally directed attentional
resources and application of goal-related biases to
internally-directed attention.

Generative goal

The third criterion of the process definition is that
creativity is generative (i.e., that the to-be-achieved
goal state is a representation not already held in mem-
ory). This criterion is included to distinguish creativity
from internally directed attention with the non-
generative goal of retrieving, without alteration, mne-
monic representations that are already present before
engaging in the process of creativity. For example,
a reasonable case could be made that a simple search
of declarative memory (e.g., to recall the answer to
a Trivial Pursuit question) might fit the other two cri-
teria of the process definition, but this would not fit the
generative criterion because it would be retrieval, rather
than generation. Of course, much of creative ideation
relies on retrieving representations from memory
(Beaty, Thakral, Madore, Benedek, & Schacter, 2018,
Gilhooly, Fioratou, Anthony, & Wynn, 2007, van
Genugten et al., 2021), but retrieval alone does not
suffice; a goal state of generating some change with
respect to the retrieved representations is required for
creativity (e.g., Benedek, Beaty, Schacter, & Kenett,
2023). Generative goal states can take many forms,
including modification or manipulation of representa-
tions, combination or association of representations,
integration or synthesis of representations, and exten-
sion of representations to contexts or uses other than
the one in which the representation was acquired. Any
form of generation is sufficient to satisfy the generative
criterion, and multiple forms of generation can be com-
ponents of a superordinate goal state within the same
creative process in independent or interacting ways.

We have taken care here to refer to attention without
exclusively referring to attentional search. Attention can
be deployed not only in ways that search existing repre-
sentations, but also in ways that implement and/or
interact with traditional “working memory” resources
to actively operate on mental representations. Indeed,
attention and working memory are highly overlapping
constructs (Awh & Jonides, 2001, Awh, Vogel, & Oh,
2006, Gazzaley & Nobre, 2012, Oberauer, 2019), and
some have argued that they are not meaningfully dis-
tinct (Engle, 2002, Gazzaley & Nobre, 2012). In order to
create, it is not enough to search, it is also necessary to
generate. The generative criterion of the process defini-
tion reflects this requirement.

The cooperation between FPCN and DMN is consis-
tent with this generative criterion. Such cooperation
need not only reflect goal-based constraints on atten-
tional search, it is equally consistent with the interaction
of internally-directed attention with traditional working
memory resources in FPCN. We note that FPCNb
includes dorsal areas of lateral PFC that are robustly
implicated in manipulation of mental representations
(Dixon et al., 2018). Notably, this generative criterion is
also consistent with evidence that DMN activity during
creative ideation emerges for creativity tasks over-and-
above nongenerative control tasks that involve simple
descriptions of objects (e.g., Fink et al., 2009), and over-
and-above an internally-directed attention task devised
to minimize the generativity requirement (Benedek
et al., 2016).;

The way in which attentional resources are deployed
is likely to depend on the particular generative goal
state. For manipulation and integration, the role of
working memory operations is perhaps most evident.
Altering and integrating representations in working
memory has been well studied (D’Esposito, Postle,
Ballard, & Lease, 1999, Masse et al., 2019). Mental rota-
tion of objects, and relational integration in analogy are
prominent examples (Bunge, Helskog, & Wendelken,
2009, Cortes et al, 2023, Green, 2018, Green,
Fugelsang, Kraemer, Shamosh, & Dunbar, 2006,
Green, Kraemer, Fugelsang, Gray, & Dunbar, 2012,
Holyoak & Monti, 2021, Milivojevic et al., 2009, Zacks,
2008). For extension of a representation to a context or
use, the role of attentional search is more evident,
whereas the role of working memory is more subtle.
Working memory is likely to support the maintenance
of context or use parameters as components of the goal
state parameters, at least for deliberate forms of exten-
sion ideation. In both deliberate and mind-wandering
(or spontaneous) ideation, once a candidate representa-
tion is identified, working memory resources might
support adaptations or simulations to fit that candidate
representation to a target use, or test the aptness of the
candidate representation in a target context. Note that
attention is similarly deployed when creativity takes the
form of evaluating or selecting among products that
others have produced.

We readily acknowledge that the interaction between
traditional attentional processes, such as search, and
traditional working memory processes, such as manip-
ulation, remains loosely specified both in our descrip-
tion and in the extant literature and, again, this
interaction is likely to vary complexly depending on
the generative goal state parameters. Clarifying this
complexity is perhaps the most timely priority for cog-
nitive and brain-based research in creativity, and for



models of creativity as a process. Such models might
operate most fruitfully within constrained subsets of
creative processes (e.g., integration of representations
based on deliberate attentional deployment, or exten-
sion of representations to uses based on mind-
wandering attentional deployment), rather than gener-
alizing across the spectra of creative processes. As noted
above, our charter here is not to construct a specified
process model, but to provide a broader definitional
structure that can serve to frame empirical and model-
ing work.

Relationship of the process definition to the
product definition

There are some elements of the process definition pro-
posed here that relate to elements of the product (“stan-
dard”) definition, and other elements that do not. We
note that the generative criterion (i.e., ideating some-
thing not already represented in memory) implies
a form of novelty, but is substantially distinct from the
use of novelty in the product definition. Here, we specify
a frame of reference bounded by the mental representa-
tions present within the individual. If an individual does
not already hold a representation, then ideating that
representation is generative, whether or not it can be
considered novel in any context beyond the individual.
And, again, this criterion is process-based, rather than
product-based; there is no requirement that the out-
come is novel (even to the individual), or even, in
a strict sense, that there is an identifiable outcome of
the process at all, so long as parameters of a generative
goal state constrain the creative process. Relating this
again to the discussion of deliberate vs. mind-wandering
-based creativity, deliberate deployment of internally
directed attention with the constraints of generative
goal state parameters is always creativity, regardless of
whether there is an outcome. By contrast, in order to be
considered creativity, mind-wandering requires at least
the identification of a candidate representation and the
deployment of attention to determine the fit of that
representation to the parameters of a generative goal
state.

As regards the “useful” criterion of the product
definition, the presently proposed definition makes
no direct reference to usefulness. Usefulness, in the
product definition, is frequently tied to the value or
appropriateness externally ascribed to a product, espe-
cially for the application of the product to some exter-
nal circumstance or problem. Because the presently
proposed definition is process-based, it does not set
any requirements for the value of a product. It is worth
noting that the usefulness criterion is itself robustly

<
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contested among contemporary creativity theorists,
some of whom feel that only novelty is necessary for
creativity, even for product-focused assessment.
Accounts that employ the term “task-appropriate”
over “useful” or “valuable” (e.g., Kaufman, 2016)
implicitly argue that although creativity cannot be
random or chaotic, the questions of “use” or “value”
are fully context-dependent. Indeed, the concept of
mini-c (Beghetto & Kaufman, 2007, Kaufman &
Beghetto, 2009) includes the idea that such creativity
need only be original and useful/valuable to the crea-
tor, as opposed to any potential audience.

While the process definition does not require useful-
ness in a conventional sense, it retains what is perhaps
most useful about usefulness. The usefulness criterion is
generally taken to distinguish creativity from ideation
that is unrelated to any internally meaningful purpose
(e.g., as a means without an end in pathological thought
patterns). The present definition retains this distinction
by requiring that internally-directed attention is con-
strained by the parameters of a generative goal state.
Ideation entirely unconstrained by a goal would not
meet this standard.

Indeed, a fuller consideration suggests that the very
presence of goal state parameters implies at least some
degree of affordance. That is, for any goal state para-
meter that an individual prefers, generation that
achieves that goal would necessarily be affordant to the
individual in some way. Note that affordances can be of
any kind (aesthetic, practical, destructive, fun, etc.),
such that the term, “useful,” would be at best an awk-
ward fit (e.g., Gibson, 1977, Glaveanu, 2013, Glaveanu,
2016). At the most basic level, the achievement of
a generative goal state (or even an individual goal state
parameter) is itself affordant to the individual, even if
what is ideated remains entirely internal and no exter-
nally evaluable product is ever rendered (e.g., Matheson
& Kenett, 2020, 2021).

The fitting of internally-represented goal state para-
meters might be interpreted as a special, internally-
focused case of “appropriateness,” which is also some-
times used in the place of the usefulness criterion
(Cropley & Cropley, 2008, Hennessey & Amabile,
2010). However, note again that, because the presently
proposed definition is process-based, it only requires
that goal state parameters constrain the deployment of
internally-directed attention. Thus, it does not strictly
require that a goal (or even the fitting of a goal state
parameter) is actually achieved even internally. That
is, it does not require that the product is actually
appropriate (or affordant) even to the individual,
and indeed does not require that a product is actually
generated.
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The generative and end-state constraint criteria of
the process definition thus depart from the novel and
useful criteria of the product definition in several ways.
The criterion of internally-directed attention is perhaps
most evidently distinct. There does not appear to be any
relationship between internally-directed attention and
the product criteria of novelty and usefulness.

Applying the process definition to process
models of creativity

Most process-based models of creativity share four core
stages in common (Guilford, 1950, 1956, Sawyer, 2012).
The first stage in most models is problem-finding, in
which the creator determines the actual problem that
needs to be solved. In real life, problems tend to be ill-
defined so this stage is essential (Abdulla, Paek,
Cramond, & Runco, 2020). This stage can encompass
thinking of different ways to restate the problem
(Reiter-Palmon, 2017) and considering potential con-
straints that will be encountered along the way
(Medeiros et al., 2018). The second stage, divergent
thinking, is when many different possible solutions are
considered (Runco & Acar, 2019). After ideas have been
generated, convergent thinking occurs, in which the
creator tries to evaluate and determine the best possible
idea to pursue (Cropley, 2006). Finally, the creator aims
to validate the solution. Of course, most creative process
models are focused on problem-solving, which is a more
focused and direct approach to being creative. Ideas that
come from daydreaming, fantasy, play, or mind-
wandering (e.g., Smallwood & Schooler, 2015) may
emerge initially from less overt or intentional deploy-
ments of internally-directed attention.

How does the process definition inform the broad
model of the creative process? For one, each stage of the
creative process leans on different components of the
definition. Problem-finding has several different possi-
ble components, depending on the particular problem.
Sometimes identifying constraints is a key part (e.g.,
Damadzic, Winchester, Medeiros, & Griffith, 2022), in
which case goal constraint would be dominant. Other
times, searching for relevant information is essential
(e.g., Harms, Reiter-Palmon, & Derrick, 2020); if such
a search is focused initially on one’s own memory or
acquired knowledge, then internally-directed attention
would be the most relevant (it would still play a role
when processing and considering the new information,
even if the creator’s initial search was focused on an
external information source). Some of the other aspects
of problem-finding, which would likely draw on both
internally-directed attention and generative elements,
include considering the parameters of the problem,

restating it, attempting to give it structure, identifying
resources, and generally working to figure out the exact
problem that needs to be solved (Reiter-Palmon &
Robinson, 2009).

During divergent thinking, the creator generates
many different ideas and potential solutions. It is during
this stage when generativity (as opposed to recall)
becomes especially salient. The Cattell-Horn-Carroll
(CHC) model of intelligence (Schneider & McGrew,
2018), which is the model that underlies most IQ tests
(Kaufman and Beghetto, 2009), initially placed creativ-
ity under the GIr long-term storage and retrieval) factor.
This was subsequently split into GI (learning efficiency)
and Gr (retrieval fluency), with creativity closely tied to
Gr (A. S. Kaufman et al., 2019). Among widely-used
measures, Gl is commonly assessed; only the
Woodcock-Johnson IV includes Gr (Schrank &
Wendling, 2018). Although both divergent production
(Beaty, Silvia, Nusbaum, Jauk, & Benedek, 2014) and
rated creativity (Avitia & Kaufman, 2014) do correlate
with this ability, the process definition highlights how
creativity encompasses much more than simply being
able to quickly retrieve information. One must be seek-
ing to generate new ideas, such that access to knowledge
or past experience is necessary but not sufficient for
creative thought.

Both convergent thinking and solution validation
lean heavily on the ability to constrain attention to fit
goal state parameters (in this case, evaluating and select-
ing one’s best idea and then testing it) and on thinking,
reflecting, and other dimensions of internally-focused
attention. For example, Smith et al. (2013) conducted
a variation of the remote association task — the typical
task assessing convergent thinking (Mednick, 1962) in
which they asked participants to undergo the remote
association task, while speaking aloud their guesses to
the solution during each trial. Based on participants’
guesses, the authors modeled the search processes
involved in this task. The model indicated that conver-
gent thinking in the remote associates task involved two
stages: An initial divergent stage, where participants
generate alternative solutions to the task; and then
a second, convergent stage that involves solution match-
ing and evaluation (Smith et al., 2013).

Three process-oriented theories that merit further
discussion are the Geneplore model (Finke, Ward, &
Smith, 1992), the Blind Variation and Selective
Retention (BVSR) theory (Simonton, 2011), and the
MemiC model. Although all three have a commonality
in having one process or stage devoted to producing
ideas and another centered on some aspect of evalua-
tion, convergence, or selection, these theories are also
distinct. The Geneplore model focuses on how



creators conceive of preinventive structures, or the
initial mental representations of what will become
fully formed ideas. Creators generate these preinven-
tive structures and then explore and interpret them
within the context of potential constraints. Finke,
Ward, and Smith (1992) offer several examples of
cognitive processes that lend themselves to analysis
via the process definition. For example, one generative
process is retrieval, which the authors suggest is
a basic component and may occur automatically. It
is possible that some retrieval processes that do lead to
creative actions may not yet be fully distinguishable
from non-creative retrieval. It is the next steps, such as
associating the retrieved ideas with related ideas, that
might actually qualify the process to be considered
creativity. Subsequent generative processes, which
can include synthesizing different parts and trans-
forming them to be different and more applicable to
the problem in question, may be more clearly creative
(and, indeed, rely heavily on internal processing and
constrained attention), as are analogical transfer and
categorical reduction. Many of the exploratory pro-
cesses (which include attribute finding, conceptual
interpretation, functional inference, contextual shift-
ing, hypothesis testing, and limitation searching) par-
ticularly rely on being able to constrain one’s
attention.

The BVSR theory was articulated by Campbell (1960)
but advocated and expanded by Simonton (1999, 2011,
2015, 2022a). Taking an evolutionary perspective on
creativity, BVSR suggests that creative ideas are gener-
ated blindly, without the creator necessarily knowing
their level of utility. On this account, if a creator fully
knows beforehand whether an idea is useful then the
process is sighted — and not creative — because such
a response is either dependent on prior knowledge or
relying on a clear algorithm (e.g., Amabile, 1996).
Because a creator putting forth a blind idea does not
know whether it will be effective, there is a chance that it
will not work; as a result, such blind ideas come with
high levels of risk. In addition, a creator may think they
know an idea’s usefulness but be wrong about their
knowledge (i.e., having low metacognitive accuracy
about their creative process; Kaufman & Beghetto,
2013). When a creator tries an idea that they incorrectly
believe will not be useful, they may end up with
a discovery that is considered to be serendipitous.
Some variants on ideas, in extreme cases, may be gen-
erated by pure chance (which would be blind by their
very nature). The ideas that are selected to be pursued
(or retained), however, are the ones that are, presum-
ably, tested and valuable. In this circumstance, the blind
variations emphasize internally-directed attention and
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generativity, although it is important to note that exter-
nal tinkering is also allowed in this stage (Kantorovich,
1993). The selective retentions, meanwhile, likely would
emphasize attentional constraints. A brain-based frame-
work developed by Jung, Mead, Carrasco, and Flores
(2013) suggests aspects of the neural implementation of
BVSR that are consistent with the elements of intern-
ally-directed attention (including DMN involvement)
and attentional constraint (including prefrontal invol-
vement) that we have outlined in alignment with the
process definition.

Building on the above-described models of creativity,
and on the extensive empirical cognitive and neuros-
cientific research conducted on the role of memory in
the creative process over the past few decades, Benedek,
Beaty, Schacter, and Kenett (2023) recently proposed an
updated model for the role of memory in divergent
ideation (MemlIC). This model highlights the role of
different types of memory systems — focusing on seman-
tic and episodic memory - at different stages of the
creative process. The authors propose greater nuance
in the stages of ideation, arguing for two stages during
idea generation - search and connection - and two
stages during idea evaluation - evaluating novelty and
evaluating effectiveness (Benedek, Beaty, Schacter, &
Kenett, 2023). Relevant to the process definition of
creativity, the MemiC model highlights general aspects
of divergent creative ideation that include controlled
memory retrieval processes as well as constructive
memory processes (Benedek, Beaty, Schacter, &
Kenett, 2023).

In each of the above cases, the process definition can
be used as a framework for modeling creative processes.
As noted above, these models seek to elucidate the ways
that mechanisms of creativity work, and especially how
the most novel and useful ideas are generated. They do
not seek to present a definition of creativity (i.e., to
establish minimal necessity and sufficiency criteria).

Applying the process definition to develop
a taxonomy of creativity-related constructs

Levels of creativity

How are the levels of creative eminence reflected in the
Creativi-Tree (Figure 2)? The initial level of mini-c
would be achieved when the creator has either reached
or realized the generative goal state. This moment of
insight, understanding, or mental exploration can move
on toward having the goals of novelty and usefulness. At
the mini-c level, an explicit usefulness goal may be as
simple as the creator wanting to successfully amuse
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themself, or ponder an interesting notion; usefulness
does not necessarily mean a tangible product or even
a shared thought (Beghetto & Kaufman, 2007). Part of
the process of striving toward novelty and usefulness at
higher c-levels would be to share initial thoughts and
early experiments with other people; therefore, the pro-
cess will likely result in some sort of product, and this
point could be considered to be little-c. At this level, an
audience might initially only be one’s family or friends;
even as someone at little-c continues to grow and
develop, their audience may remain the local commu-
nity. The recognition of novelty and usefulness may well
be in relation to what is expected; in other words, few
people would mistake a local diner or community thea-
ter performance for a Michelin-starred restaurant or
Broadway. Its novelty and usefulness would be recog-
nized, but there would likely not be strong agreement
and such recognition may not come from an audience
with the experience or knowledge to discriminate high
and low quality. Simonton (2004b) notes that when
considering the hierarchy of sciences (i.e., what makes
one science more prestigious or elite than another), one
important marker is whether there tends to be higher
levels of consensus in peer (i.e., expert) evaluation of
contributions. Similarly, one distinction between little-c
and higher levels of creativity is that nearly any con-
sensus of a product’s novelty or usefulness (regardless of
the domain) would likely come from non-experts at the
little-c level. In other words, someone who cooks for
their family and friends would be less likely to have the
chance to cook for the best chefs in the world. As the
product is refined and, often, modified to reflect the
input of many others, it moves toward having
a consensus of qualified people (in some cases, experts)
who may agree that it is at a level of ingenious novelty
and at a level of widely accepted/influential usefulness.
Such a contribution would be considered Pro-c, with the
potential to persist over generations and continue to be
appreciated until it might reach Big-C. Thus, whereas
mini-C encompasses the minimally definitional process
elements that define creativity, little-C, Pro-c, and Big-C
are demarcated primarily by the extent of influence of
the products that creativity yields.

Divergence and convergence

Measures of creative thinking are often divided into
the categories of divergent and convergent. Broadly,
open-ended measures in which many possible answers
are valid fall into the divergent category, while the
convergence category applies to measures in which
a limited number of possible answers (usually just
one answer) is correct. Much of the work we have

described above, especially work related to the AUT, is
typically placed in the divergent category. Without
question the most frequently used convergent measure
in the creativity literature is the remote associates task
(Bowden & Jung-Beeman, 2003, Wu et al., 2020).
A typical implementation of this task presents three
prompt words (e.g., crab, pine, sauce), and partici-
pants respond with a word that is an associate of all
three prompts (i.e., apple). The relationship of this
task and other similar convergent tasks to creativity
has often been debated (Lee et al., 2014, Lee &
Therriault, 2013). We, and many others, have argued
that divergence and convergence are not cleanly separ-
able (Cortes, Weinberger, Daker, & Green, 2019,
Cropley, 2006, Goldschmidt, 2016) and that they are
best conceptualized as integrated, rather than distinct.
Regardless of whether or how one seeks to distinguish
divergence and convergence, we argue that the criter-
ion of generativity should supersede this distinction.
Traditional measures of both “divergent” and “con-
vergent” creativity easily meet the standards of intern-
ally-directed attention and goal constraint. The extent
to which they are generative is not always as clear.

In a divergent measure, like the AUT, simply retriev-
ing a standard use for an object (e.g., retrieving the use
of a brick to build a wall) is not generative in the sense
that this representation was likely already present in the
precondition. The AUT and other similar tasks reflect
this consideration in their scoring, which typically
favors responses that are nonstandard. However, it is
possible that even responses that are nonstandard (e.g.,
using a brick as a pet) might already be represented by
the participant in the precondition. Applying the pro-
cess definition, the cognition underlying AUT responses
should only be considered creative to the extent that
participants are seeking to generate representations not
present in the precondition (i.e., not already held in
memory). As with all behavioral measures, the internal
process of the participant cannot be fully inferred based
on their responses but, as discussed further below,
implementing process-focused elements of divergent
measures (e.g., debrief questions) has considerable
potential to inform the extent to which responses were
retrieved vs. generated and indeed can directly query
participants’ strategy (retrieval vs. generation).

In a convergent measure, like the remote associates
test, the place of generativity is somewhat less clear. In
order for an item to be solvable, the correct answer must
be a word that the participant already knows. Similarly,
each of the individual associations to the respective
prompt words also generally need to be already known
to the participant. Thus, applying the process definition
of creativity, the cognition underlying responses to the



remote associates test should be considered creativity to
the extent that the goal of linking a word to all the
prompt words is considered generative. It is likely that,
in most cases, the word is not already represented as
having all of those multiple associations simultaneously.
This could therefore be considered generation in the
form of extension to a context (the context of multiple
simultaneous associations) other that the context(s) in
which the response word was acquired.

Mental simulation/prospection

Mental simulation refers to envisioning characteristics
of an event that is imagined rather than simply remem-
bered. Mental simulation can be the basis of far-fetched
fantasies that are not tethered to events in the real world,
but it can also be applied to planning real-world events
that simply have not yet occurred. These activities may
range from spontaneous daydreams or musings to
extremely deliberate thoughts or fantasies (Barnett &
Kaufman, 2020). Applying the process definition,
many instances of the more fantastic kind of mental
simulation would readily qualify as creativity so long
as they involve fitting the goal state of generating items,
events, contexts, and combination of items and events
with contexts that were not represented in the precon-
dition (note that this criterion can be met irrespective of
any discernable product arising from mental simulation;
the definition applies to the process). Prospective men-
tal simulation for the purpose of planning could plau-
sibly also be considered a form of creativity if the intent
is to mentally situate items and events in a future con-
text because the association of those items and events
with that context would not have been represented in
the precondition (Matheson & Kenett, 2020). This is
subtly, but importantly, distinct from the goal of purely
retrieving past events and their contexts (such retrieval
would lack the generation of event-context combina-
tions). While this kind of prospection would qualify as
creativity in a minimal sense according to the process
definition, most such cases would not be considered
highly creative because they are far more retrieval-
based than generative (as noted below, the generativity
of a process should be understood along a continuum.

Accidental creativity/serendipity

Sometimes creative products result from accidental cir-
cumstances. If a clumsy chemist trips on a shoelace and
a test tube falls into a vat resulting in the accidental
creation of a compound that a clever colleague subse-
quently recognizes could be used as an effective sunsc-
reen, the creation of the new sunscreen could be
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described as “accidental creativity.” However, as has
been argued previously (Ross & Vallée, 2020,
Simonton, 2004a), the actual creativity in these
instances is not in the occurrence of the accidents them-
selves, but in the recognition of how the accidental
creation (the compound) could be further developed
or applied to problems or contexts other than those in
which it first arises. Accordingly, the process definition
of creativity does not describe the accident itself.
Tripping on a shoelace is not a creative process.
Instead, the process definition applies to how an indivi-
dual may operate on their mental representation of the
compound in ways that support the generation of
a representation of the compound as sunscreen.
Indeed, examples such as this one help to emphasize
the distinction between creative products and creative
process. If the process of creativity was simply defined
with respect to the product (i.e., a process that results in
the creation of something novel and useful), then the
clumsy chemist’s tripping on a shoelace would qualify as
creativity (this was the process by which the novel and
useful something was created), whereas the mental
operations of the clever chemist are not clearly repre-
sented in this product definition. In other words, just as
it is possible to have a creative process without a creative
product, it is possible to have a creative product without
a creative process (Simonton, 2022c). Again, this points
to a fundamental error in applying the product defini-
tion to the process of creativity.

Generality of the process definition

Here, we have primarily framed the process definition
in terms of creative ideation and problem solving,
however it is not our intent to indicate that the
definition is limited to these forms of creativity.
Rather, it is our view that the definitional framework
described here applies broadly across different
domains in which creativity manifests; that creativity
in any domain involves the three fundamental ele-
ments we have posited. A close consideration of
each creative domain is beyond the scope of this
paper, but a brief consideration of artistic domains
of creativity that are often — whether rightly or not -
considered less “cognitive” than the kind of creativity
that has been our primary focus here may still be
informative. Taking music or dance (composition or
improvisation) as examples, these forms of creativity
appear to require the deployment of internally-
directed attention (to mental representations of
sounds or movements) under the constraint of goal
state parameters. Because dance is perhaps at the
extreme end of action-oriented, ostensibly “non-
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cognitive” creativity, let’s consider that example a bit
further. Even as a dancer improvises movements in
the moment, abstractions of potential movements are
being represented in the dancer’s brain (largely in
superior parietal cortex; Grafton, Hazeltine, & Ivry,
1998, Hardwick et al., 2018, Hétu et al, 2013,
Johnson, 2000), as are neural representations of the
dancer’s own body position (Pellijeff et al., 2006). The
dancer’s mental operations with respect to these
representations are at the core of their creativity.
Certainly, some bodies enact mental representations
of movements more fluidly or athletically than others,
but being a better dancer purely on the basis of
execution does not make one a more creative dancer.
Imagine a dancer with prosthetic limbs that translate
signals from motor cortex into movements (such
prostheses have been developed; Collinger et al,
2013). Would a dancer with a more expensive set of
prostheses that can translate the neural signals more
fluidly be more creative in any meaningful sense?
Should a dancer who becomes paralyzed or loses
their limbs be considered less creative? As we have
noted above for other elements that often contribute
to creative processes (e.g., external attention, prior
learning), actions often play a role in the creative
process, especially in artistic domains, but it is the
mental process described by the process definition —
rather than the actions themselves - that are necessary
and sufficient for creativity even in these domains.
Consistent with prior examples described above, if
some of the moves are truly improvised in the sense
of being originated in the moment, then the genera-
tion of the mental representations of those moves
would be more creative than representations of pre-
viously-learned moves that an experienced dancer
might simply recall from memory - although such
recall can be a component of creativity if there is
also a generative element, such as generating
a representation of the remembered moves in relation
to a previously unassociated sequence or context.

As noted above, the proposed definition of creativity
derives from a priori premises of necessity and suffi-
ciency for creativity. It is thus not only intended to be
general with respect to various forms and expressions of
creativity, but also with respect to various mechanisms
by which creativity may be implemented. While the
alignments of the proposed process definition with
empirical data on the neural bases of creativity are
informative, the definition does not rely on these find-
ings, and can accommodate new evidence that is vir-
tually certain to arise about how brains instantiate
creativity. For example, if we find that internally direc-
ted attention is actually implemented differently from

the way neuroscience currently characterizes it, the
definitional framework we propose would nonetheless
accommodate the new data under the criterion of
internally-directed attention.

The recent advances in computational creativity via
machine-learning models such as ChatGPT, present an
interesting challenge for the terminology used to define
creativity. For example, whereas the search and manip-
ulation processes that are applied in computational
instantiations of creativity are conceptually aligned
with the intent of the word “attention” in our definition,
it remains to be seen how well the word, attention, will
be understood to apply to Al It is possible that
a somewhat wordier description such as, “search and
manipulation operations,” should eventually be substi-
tuted to make the definition more general for humans
and AL

Applying the process definition: Interpretation
and assessment

The process definition provides a framework for deter-
mining the extent to which a process constitutes crea-
tivity. Further, it provides a framework for the
interpretation of cognitive and brain-based data related
to creativity. For example, while cognitive and neural
findings that indicate internal vs. external attention, or
that indicate generation vs. retrieval, cannot be mean-
ingfully interpreted with respect to a product criterion
such as “novel,” such findings can be readily interpreted
with respect to the process criteria we have proposed
here. Such interpretive clarity is helpful for evaluating
not only processes in a pure sense but, by extension,
evaluating tasks and individuals.

The process definition can be applied to evaluate
tasks, paradigms, etc. that are intended to elicit creativ-
ity. A task that elicits processes that do not meet the
criteria of internally-directed attention, generation
(rather than retrieval), and goal state constraints on
attention would be a poorer measure of creativity than
a task that elicits processes that satisfy these three pro-
cess definition criteria.

Although it defines the process itself, rather than
defining an agent (e.g., person, animal, machine), the
process definition also applies to assessing the creative
ability of individuals. This is because the assessment of
how creative an individual is depends not only on what
they produce, but on the process they use to produce it.
If an individual produces ideas that are judged to be
highly novel and useful but is observed to rely primarily
on retrieval rather than generation, that individual
should be evaluated as less creative than a person
who’s responses might be less novel but are based on



generation. Simply recalling memorized information is
not a highly creative ability. Likewise, if an individual is
observed to generate without goal state constraint on
attention, as may occur in individuals with
Schizophrenia, they should be evaluated as less creative
than an individual who exhibits a creative process that
meets the goal constraint criterion (see, e.g., Acar, Chen,
& Cayirdag, 2018). Importantly, evaluations of indivi-
duals need not only focus on creativity as a trait.
Understanding the dynamics of creativity as a state,
within an individual across time, is a priority for crea-
tivity research (Cortes, Daker, Colaizzi, Pena, & Green,
in press, Green, 2016, Nusbaum et al., 2014, Weinberger
et al. 2016), and the process definition can be equally
well-applied to evaluate the creativity of an individual’s
process at different times and under different
conditions.

An important point to emphasize is that the pro-
cess definition, and the generative criterion in parti-
cular, provides a basis for assessing processes along
a continuum of creativity. If the observation of pro-
cess (e.g., via neuroimaging or a think-aloud para-
digm) indicates greater reliance on retrieval than
generation, that process may be considered less crea-
tive than one for which the data indicate greater
reliance on generation than retrieval (an earlier
example was raised when considering prospection
that is only minimally generative). Notably, the
more generative process should be considered the
more creative process, even if the products of the
more retrieval-based process are externally evaluated
as more novel and/or useful. Indeed, valuation of the
generative basis of creative ideas is consistent with
Mednick’s classic conceptualization of the associative
generation of creative ideas (Beaty & Kenett, 2023,
Kenett & Faust, 2019, Mednick, 1962).

It is thus our hope that establishing a process defini-
tion of creativity supports a shift toward greater con-
sideration of process in creativity assessment. At the
behavioral level, multiple approaches have been devel-
oped to assess process, including think-aloud paradigms
(Boldt, 2019), self-report measures (Pringle & Sowden,
2017), thought visualization/diagramming techniques,
and tracking of gamified creativity performance
(Rafner 2021, Rafner et al. 2022). Integrating such
approaches with the definitional framework proposed
here has potential to yield a next generation of creativity
assessment that focuses on 1) the extent to which an
individual’s creative processes exhibit the defining char-
acteristics of creativity as a process (especially genera-
tivity), and 2) the particular ways in which those
characteristics manifest across individuals, tasks,
domains, and contexts.
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Integrating process-based assessment to improve
standard product-based assessment

The process definition is not intended as a rubric for
direct assessment of externally observable creative pro-
duction, just as the product definition is not well-fitted to
measurements of processes. That said, there is consider-
able potential for the process definition to inform and
enable more effective assessments of creative production.
In general, the underlying purpose of assessing creative
production in creativity research is not to evaluate the
products themselves, but to assess the creative perfor-
mance/ability of individuals. Thus, introducing means
of assaying the process that individuals use (the processes
that yield the products) can enrich the assessment.

In standard versions of the AUT - likely the most
widely used creativity measure - it is not possible for
external evaluators to know the extent to which any
particular response given by a participant was generated
in that moment or whether it was wholly or largely
retrieved from a previous experience or exposure (the
assessors are simply observers of externally presented
responses). This points again to the distinction between
process and product. Creativity assessments generally
operate on the assumption that this distinction can be
ignored. Instead, efforts to assess the process behind the
product could inform standard assessments of creativity.
The work by Benedek and colleagues (Benedek et al.,
2014, Benedek et al,, 2018) that we have noted above
shows how this can be accomplished in relatively simple
ways. In addition to collecting alternative use responses
on the AUT, these researchers directly queried partici-
pants as to whether their responses were recalled from
prior experience or generated in the moment. Other
studies have examined the so-called “serial order effect”
in creative thinking tasks — an effect whereby ideas tend
to become more original over the course of idea genera-
tion - finding that people typically begin by recalling
common ideas from memory before eventually generat-
ing new ideas (Beaty, Kenett, Hass, & Schacter, 2022,
Beaty & Silvia, 2012, Gilhooly, Fioratou, Anthony, &
Wynn, 2007, Hass, 2017).

This kind of process-level assessment (generative vs.
recalled) aligns with the generative criterion of the pro-
cess definition, and has the potential to provide
a valuable addition to traditional product-based metrics
(e.g., as a weighting variable for originality scores in the
AUT). Querying the extent to which a response was
remembered (including in neuroimaging contexts) has
been used to great effect in the memory literature (e.g.,
in “Remember/Know” paradigms; Dunn, 2004).
Process-level assessments of creativity could plausibly
be integrated as weighting variables in combination
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with standard product-level assessments, or responses
judged to result from processes that do not sufficiently
meet the criteria of the process definition might simply
not be scored. Ultimately, the novelty or usefulness of
a product is only relevant to evaluating an individual’s
creativity, and can thus only be taken as construct-valid
assessment criteria, if the product actually reflects
a creative process. Assessment of generativity in the
AUT and similar paradigms can be readily extended to
include non-binary (e.g., Likert scale-based) self-ratings
of generativity vs. recall involved in a producing
responses. Evaluation of generativity can also likely be
informed by considering the distinctness of responses
from each other (e.g., if a person produces uses for
multiple objects as food for various fictional characters,
later response might be largely recalled from previous
responses rather than newly generated). Indeed, provi-
sion of at least some insight into generativity vs. recall is
one reason why it is considered preferable to have crea-
tive works evaluated by raters with a degree of expertise
in the domain (i.e., Amabile, 1996, Kaufman & Baer,
2012). If a rater does not have sufficient knowledge and
experience, then they may not recognize copied
responses that are merely retrieval (such as copying
a plot or image a participant may have seen and is
remembering).

While assessment of generativity, as in the above
examples, may prove particularly valuable, assessments
of attentional deployment with respect to goal state
constraints are also likely to afford insights. For exam-
ple, differences in the deployment of broader or nar-
rower attentional searches, or differences in the extent
to which individuals tend to manipulate individual
representations/concepts as opposed to seeking to inte-
grate multiple representations, may be informative. In
addition to behavioral indices, integrating neuroima-
ging of creative processes could further - and qualita-
tively — enrich the assessment of creative processes by
investigating 1) the extent to which individuals exhibit
characteristics of neural function that align with the
defining characteristics of creativity as a process (as
described above), and 2) differences in activity and
connectivity associated with these characteristic neural
operations across individuals, tasks, and contexts.
Combining assessment of products with cognitive and
brain-based assessment of process, within the structure
of the definitional framework proposed here, has poten-
tial to advance longstanding efforts to identify particular
features of creative processes that yield the most suc-
cessful outcomes for particular individuals in particular
contexts. Process-level insights also have substantial
value to inform education and training with the goal
of fostering effective creative processes.

Conclusions and recommendations

We propose a definition of creativity as a process, dis-
tinct from the “standard” product definition of creativ-
ity. This distinction derives from recognizing that the
word, creativity, actually refers to fundamentally differ-
ent constructs: the nominal construct of creativity as
a process; and the adjectival/descriptive construct of
creativity as an attribute (creative-ness). Aligning
empirical evidence on the neurocognition of creativity
with a priori considerations of creativity theory points
to a process definition of creativity as internally-directed
attention constrained by a generative goal. We propose
that, if this definition is met, a process can be rightly
considered creativity based on its intrinsic characteris-
tics even if the product is not externally judged to be
particularly novel or useful. Indeed, even if no product
results from the process, the process itself can still be
considered creativity if it meets these criteria.

Why does the definition matter? As a field, crea-
tivity research has long acknowledged that we need
greater theoretical specificity in order to make more
meaningful empirical advances. Indeed, this call for
greater theoretical clarity has become a nearly ubi-
quitous refrain in our journals and at our confer-
ences. As noted above, the SINC Ontology Initiative,
is an effort to address this need, including the devel-
opment of the process definition proposed here. To
the extent that creativity theory is currently unclear,
clarifying the boundaries/distinctions of our theore-
tical understanding will necessarily require some
revisions of common narratives regarding how we
define creativity. As noted above, while it is impor-
tant to study process, products, persons, contexts,
etc., and while the word, creativity, can be used for
each of these study targets, this does not mean that
they should all be considered components of a single
construct. If creativity is defined as so many things,
then it is hard for those inside or outside of the field
to move beyond the criticisms and confusions of
theoretical muddling (e.g., attempting to define pro-
cesses using terms that describe products). To make
the meaning of creativity research clearer to those
inside and outside the field, it is incumbent on
creativity researchers to be as clear as possible in
thinking and publishing about creativity. In order
to be clear in communicating our research, and to
identify points of conceptual overlap and distinctness
between studies, we recommend that, when research-
ers use the word, creativity, they specify whether
they are studying creativity as process or creativity
as attribute. Indeed, researchers should classify the
particular creativity-related construct they are



studying along as many dimensions as possible.
Ideally, the field might develop a minimal set of
classifications (e.g., as required keywords or as an
“ontology statement”) that can provide greater taxo-
nomic clarity across published works.

As we have described above, the process definition
provides a framework for interpreting the findings of
cognitive and brain-based creativity research (for
which the data are inherently about process), for
unifying process models of creativity, for taxonomic
organization of creativity-related constructs and phe-
nomena, and for assessing the creativity of processes,
tasks, and individuals (by distinguishing definitional
criteria for creative processes from definitional cri-
teria for creative products). The process definition
also provides a means by which current approaches
for assessing products can be enriched by consider-
ing the extent to which those products are truly the
result of a creative processes. In each of these ways,
the process definition helps to address gaps or con-
fusion at the theory level that have hindered
advancement in creativity research. Regarding assess-
ment in particular, it is our recommendation that,
whenever possible, researchers who are collecting
data on product-based assessments also collect at
least one measure of process. This might be as sim-
ple as asking participants whether (or to what extent)
their responses were generated or recalled (as
demonstrated by Benedek et al, 2014, Benedek,
2018), or as extensive as including think-aloud data
collection (Boldt, 2019) or gamified paradigms
designed to track process-level variables (Rafner
et al., 2022). Assaying the creativity of the process
would substantially bolster the construct validity of
creativity research.

Acknowledgments

AE.G. and RE.B. were supported by NSF grant DRL-
1920682. R.E.B and Y.N.K were supported by the US-Israel
Binational Science Fund (BSF) grant (number 2021040). A.
E.G. was additionally supported by NSF grant DRL-1661065
and DRL-2201305.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The work was supported by NSF grant DRL-1920682. R.E.B
and Y.N.K were supported by the US-Israel Binational Science
Fund (BSF) grant (number 2021040). A.E.G. was additionally
supported by NSF grant DRL-1661065 and DRL-2201305.

CREATIVITY RESEARCH JOURNAL 23

References

Abdulla, A. M., Paek, S. H., Cramond, B., & Runco, M. A.
(2020). Problem finding and creativity: A meta-analytic
review. Psychology of Aesthetics, Creativity, and the Arts,
14(1), 3-14. doi:10.1037/aca0000194

Acar, S, Chen, X., & Cayirdag, N. (2018). Schizophrenia and
creativity: A meta-analytic review. Schizophrenia Research,
195, 23-31. doi:10.1016/j.schres.2017.08.036

Agnoli, S., Zanon, M., Mastria, S., Avenanti, A, &
Corazza, G. E. (2020). Predicting response originality
through brain activity: An analysis of changes in EEG
alpha power during the generation of alternative ideas.
NeuroImage, 207, 116385. doi:10.1016/j.neuroimage.2019.
116385

Amabile, T. M. (1996). Creativity in context: Update to “the
social psychology of creativity.”. Boulder, Colorado:
Westview Press.

Avitia, M. ]., & Kaufman, J. C. (2014). Beyond G and C: The
relationship of rated creativity to long-term storage and
retrieval (glr). Psychology of Aesthetics, Creativity, and the
Arts, 8(3), 293-302. doi:10.1037/a0036772

Awh, E., & Jonides, J. (2001). Overlapping mechanisms of
attention and spatial working memory. Trends in
Cognitive Sciences, 5(3), 119-126. doi:10.1016/S1364-
6613(00)01593-X

Awh, E., Vogel, E. K., & Oh, S. H. (2006). Interactions between
attention and working memory. Neuroscience, 139(1),
201-208. doi:10.1016/j.neuroscience.2005.08.023

Baer, J. (2022). There’s no such thing as creativity: How Plato
and 20™ century psychology have misled us (elements in
creativity and imagination). Cambridge: Cambridge
University Press. doi:10.1017/9781009064637

Baird, B., Smallwood, J., Mrazek, M. D., Kam, J. W,
Franklin, M. S., & Schooler, J. W. (2012). Inspired by
distraction: ~Mind wandering facilitates creative
incubation. Psychological Science, 23(10), 1117-1122.
doi:10.1177/0956797612446024

Baluch, F.,, & Itti, L. (2011). Mechanisms of top-down
attention. Trends in Neurosciences, 34(4), 210-224. doi:10.
1016/j.tins.2011.02.003

Barnett, P. J.,, & Kaufman, J. C. (2020). Mind wandering:
Framework of a lexicon and musings on creativity. In
D. D. Preiss, D. Cosmelli, & J. C. Kaufman (Eds.),
Creativity and the wandering mind: Spontaneous and con-
trolled cognition (pp. 3-24). San Diego: Academic Press.

Barron, F. (1955). The disposition toward originality. The
Journal of Abnormal and Social Psychology, 51(3),
478-485. doi:10.1037/h0048073

Beaty, R. E., Benedek, M., Barry Kaufman, S., & Silvia, P. J.
(2015). Default and executive network coupling supports
creative idea production. Scientific Reports, 5(1), 10964.

Beaty, R. E., Benedek, M., Silvia, P. J., & Schacter, D. L. (2016).
Creative cognition and brain network dynamics. Trends in
Cognitive Sciences, 20(2), 87-95. d0i:10.1016/j.tics.2015.10.
004

Beaty, R. E,, Cortes, R. A,, Zeitlen, D. C., Weinberger, A. B., &
Green, A. E. (2021). Functional realignment of frontopar-
ietal subnetworks during divergent creative thinking.
Cerebral Cortex, 31(10), 4464-4476. do0i:10.1093/cercor/
bhab100



24 A. E. GREEN ET AL.

Beaty, R. E., & Kenett, Y. N. (2023). Associative thinking at the
core of creativity. Trends in Cognitive Sciences, 27(7),
671-683. https://doi.org/10.1016/j.tics.2023.04.004

Beaty, R. E., Kenett, Y. N, Hass, R. W., & Schacter, D. L.
(2022). Semantic memory and creativity: The costs and
benefits of semantic memory structure in generating origi-
nal ideas. Thinking ¢» Reasoning, 29(2), 1-35. doi:10.1080/
13546783.2022.2076742

Beaty, R. E., & Silvia, P. J. (2012). Why do ideas get more
creative across time? An executive interpretation of the
serial order effect in divergent thinking tasks. Psychology
of Aesthetics, Creativity, and the Arts, 6(4), 309-319. doi:10.
1037/20029171

Beaty, R. E., Silvia, P. J., Nusbaum, E. C, Jauk, E., &
Benedek, M. (2014). The roles of associative and executive
processes in creative cognition. Memory & Cognition, 42
(7), 1186-1197. d0i:10.3758/s13421-014-0428-8

Beaty, R. E., Thakral, P. P., Madore, K. P., Benedek, M., &
Schacter, D. L. (2018). Core network contributions to
remembering the past, imagining the future, and thinking
creatively. Journal of Cognitive Neuroscience, 30(12),
1939-1951. doi:10.1162/jocn_a_01327

Beghetto, R. A., & Kaufman, J. C. (2007). Toward a broader
conception of creativity: A case for” mini-c” creativity.
Psychology of Aesthetics, Creativity, and the Arts, 1(2),
73-79. doi:10.1037/1931-3896.1.2.73

Beghetto, R. A., & Kaufman, J. C. (2014). Classroom contexts
for creativity. High Ability Studies, 25(1), 53-69. doi:10.
1080/13598139.2014.905247

Benedek, M. (2018). Internally directed attention in creative
cognition. In R. E. Jung & O. Vartanian (Eds.), The
Cambridge handbook of the neuroscience of creativity (pp.
180-122). Cambridge: Cambridge University Press.

Benedek, M., Beaty, R. E., Schacter, D., & Kenett, Y. N. (2023).
The role of memory in creative ideation. Nature Reviews
Psychology, 2(4), 246-257. doi:10.1038/s44159-023-00158-z

Benedek, M., Bergner, S., Konen, T., Fink, A., &
Neubauer, A. C. (2011). EEG alpha synchronization is
related to top-down processing in convergent and diver-
gent thinking. Neuropsychologia, 49(12), 3505-3511.
doi:10.1016/j.neuropsychologia.2011.09.004

Benedek, M. & Fink, A.(2019). Toward a neurocognitive fra-
mework of creative cognition: The role of memory, atten-
tion, and cognitive control. Current Opinion in Behavioral
Sciences, 27, 116-122.

Benedek, M., Jauk, E., Beaty, R. E., Fink, A., Koschutnig, K., &
Neubauer, A. C. (2016). Brain mechanisms associated with
internally directed attention and self-generated thought.
Scientific Reports, 6(1), 1-8. doi:10.1038/srep22959

Benedek, M., Jauk, E., Fink, A., Koschutnig, K., Reishofer, G.,
Ebner, F., & Neubauer, A. C. (2014). To create or to recall?
Neural mechanisms underlying the generation of creative
new ideas. NeuroImage, 88, 125-133. doi:10.1016/j.neuro
image.2013.11.021

Benedek, M., Schickel, R. J., Jauk, E. Fink, A, &
Neubauer, A. C. (2014). Alpha power increases in right
parietal cortex reflects focused internal attention.
Neuropsychologia, 56, 393-400. doi:10.1016/j.neuropsycho
logia.2014.02.010

Benedek, M., Schiies, T, Beaty, R. E., Jauk, E., Koschutnig, K.,
Fink, A., & Neubauer, A. C. (2018). To create or to recall
original ideas: Brain processes associated with the

imagination of novel object uses. Cortex, 99, 93-102.
doi:10.1016/j.cortex.2017.10.024

Boden, M. A. (2004). The creative mind: Myths and mechan-
isms. Psychology Press. doi:10.4324/9780203508527

Boldt, G. (2019). Artistic creativity beyond divergent thinking:
Analysing sequences in creative subprocesses. Thinking
Skills and Creativity, 34, 100606. doi:10.1016/j.tsc.2019.
100606

Boring, E. G. (1923). Intelligence as the test measures it. New
Republic, 35, 35-37.

Botella, M., Glaveanu, V., Zenasni, F., Storme, M.,
Myszkowski, N., Wolff, M., & Lubart, T. (2013). How
artists create: Creative process and multivariate factors.
Learning and Individual Differences, 26, 161-170. doi:10.
1016/j.1indif.2013.02.008

Bowden, E. M., & Jung-Beeman, M. (2003). Aha! Insight
experience correlates with solution activation in the right
hemisphere. Psychonomic Bulletin & Review, 10(3),
730-737. doi:10.3758/BF03196539

Bunge, S. A., Helskog, E. H., & Wendelken, C. (2009). Left, but
not right, rostrolateral prefrontal cortex meets a stringent
test of the relational integration hypothesis. Neuroimage, 46
(1), 338-342. doi:10.1016/j.neuroimage.2009.01.064

Campbell, D. T. (1960). Blind variation and selective reten-
tions in creative thought as in other knowledge processes.
Psychological Review, 67(6), 380-400. doi:10.1037/
h0040373

Chun, M. M., Golomb, J. D., & Turk-Browne, N. B. (2011).
A taxonomy of external and internal attention. Annual
Review of Psychology, 62(1), 73-101. doi:10.1146/annurev.
psych.093008.100427

Collinger, J. L., Wodlinger, B., Downey, J. E., Wang, W,
Tyler-Kabara, E. C., Weber, D. J. ... Schwartz, A. B.
(2013). High-performance neuroprosthetic control by an
individual with tetraplegia. The Lancet, 381(9866),
557-564. doi:10.1016/S0140-6736(12)61816-9

Cooper, N. R, Croft, R. J., Dominey, S. J., Burgess, A. P., &
Gruzelier, J. H. (2003). Paradox lost? Exploring the role of
alpha oscillations during externally vs. internally directed
attention and the implications for idling and inhibition
hypotheses. International Journal of Psychophysiology, 47
(1), 65-74. doi:10.1016/S0167-8760(02)00107-1

Cortes, R. A., Colaizzi, G. A., Dyke, E. L., Peterson, E. G,
Walker, D. L., Kolvoord, R. A. ... Green, A. E. (2023).
Individual differences in parietal and premotor activity
during spatial cognition predict figural creativity.
Creativity Research Journal, 35(1), 23-32. doi:10.1080/
10400419.2022.2049532

Cortes, R., Daker, R., Colaizzi, G., Pefia, M., & Green, A. E. (in
press). The role of inhibition in state creativity: Evidence
for an asymmetric switch cost. Creativity Research Journal.

Cortes, R. A., Weinberger, A. B, Daker, R. J., & Green, A. E.
(2019). Re-examining prominent measures of divergent
and convergent creativity. Current Opinion in Behavioral
Sciences, 27, 90-93. doi:10.1016/j.cobeha.2018.09.017

Craik, F. I. M., & Jennings, J. M. (1992). Human memory. In
F. I. M. Craik & T. A. Salthouse (Eds.), The handbook of
aging and cognition (pp. 51-110). Mahwah, New Jersey:
Lawrence Erlbaum Associates, Inc.

Cropley, A. J. (2006). In praise of convergent thinking.
Creativity Research Journal, 18(3), 391-404. doi:10.1207/
§15326934crj1803_13



Cropley, D. H. (2015). Creativity in engineering: Novel solu-
tions to complex problems. Academic Press. doi:10.1016/
B978-0-12-800225-4.00007-0

Cropley, D. H., & Cropley, A. J. (2008). Elements of
a universal aesthetic of creativity. Psychology of Aesthetics,
Creativity, and the Arts, 2(3), 155-161. doi:10.1037/1931-
3896.2.3.155

Damadzic, A., Winchester, C., Medeiros, K. E., &
Griffith, J. A. (2022). [Re] thinking outside the box:
A meta-analysis of constraints and creative performance.
Journal of Organizational Behavior, 43(8), 1330-1357".
doi:10.1002/job.2655

D’Esposito, M., Postle, B. R., Ballard, D., & Lease, J. (1999).
Maintenance versus manipulation of information held in
working memory: An event-related fMRI study. Brain and
Cognition, 41(1), 66-86. doi:10.1006/brcg.1999.1096

Diaz, J., Nelson, S., Beaujean, A., Green, A., & Scullin, M. (in
press). The impact of adding a fourth item to the traditional
3-item remote associates test. Creativity Research Journal.

Diedrich, J., Benedek, M., Jauk, E., & Neubauer, A. C. (2015).
Are creative ideas novel and useful? Psychology of
Aesthetics, Creativity, and the Arts, 9(1), 35-40. doi:10.
1037/a0038688

Dietrich, A. (2019). Types of creativity. Psychonomic Bulletin
& Review, 26, 1-12. do0i:10.3758/s13423-018-1517-7

Dixon, M. L., De La Vega, A., Mills, C., Andrews-Hanna, J.,
Spreng, R. N., Cole, M. W., ... Christoff, K. (2018).
Heterogeneity within the frontoparietal control network
and its relationship to the default and dorsal attention
networks. Proceedings of the National Academy of
Sciences, 115(7), E1598-E1607. doi:10.1073/pnas.
1715766115

Dunn, J. C. (2004). Remember-know: A matter of confidence.
Psychological Review, 111(2), 524. doi:10.1037/0033-295X.
111.2.524

Ellamil, M., Dobson, C., Beeman, M., & Christoff, K. (2012).
Evaluative and generative modes of thought during the
creative process. Neuroimage, 59(2), 1783-1794. doi:10.
1016/j.neuroimage.2011.08.008

Engle, R. W. (2002). Working memory capacity as executive
attention. Current Directions in Psychological Science, 11(1),
19-23. doi:10.1111/1467-8721.00160

Falkenhainer, B., Forbus, K. & Gentner, D. (1986). The
Structure-Mapping Engine. Proceedings of the AAAI-86.
Philadelphia, PA.

Fan, J., McCandliss, B. D., Sommer, T. Raz, A, &
Posner, M. L. (2002). Testing the efficiency and indepen-
dence of attentional networks. Journal of Cognitive
Neuroscience, 14(3), 340-347. doi:10.1162/
089892902317361886

Fink, A., & Benedek, M. (2014). EEG alpha power and creative
ideation. Neuroscience ¢ Biobehavioral Reviews, 44,
111-123. doi:10.1016/j.neubiorev.2012.12.002

Finke, R. A., Ward, T. B., & Smith, S. M. (1992). Creative
cognition: Theory, research, and applications. Cambridge,
MA: MIT Press.

Fink, A., Grabner, R. H., Benedek, M., Reishofer, G.,
Hauswirth, V., Fally, M. ... Neubauer, A. C. (2009). The
creative brain: Investigation of brain activity during crea-
tive problem solving by means of EEG and fMRI. Human
Brain Mapping, 30(3), 734-748. d0i:10.1002/hbm.20538

CREATIVITY RESEARCH JOURNAL 25

Florida, R. (2012). The rise of the creative class revisited.
New York: Basic Books.

Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van
Essen, D. C., & Raichle, M. E. (2005). The human brain is
intrinsically organized into dynamic, anticorrelated func-
tional networks. Proceedings of the National Academy of
Sciences,  102(27), 9673-9678.  doi:10.1073/pnas.
0504136102

Gable, S. L., Hopper, E. A., & Schooler, J. W. (2019). When the
muses strike: Creative ideas of physicists and writers routi-
nely occur during mind wandering. Psychological Science,
30(3), 396-404. doi:10.1177/0956797618820626

Gazzaley, A., & Nobre, A. C. (2012). Top-down modulation:
Bridging selective attention and working memory. Trends
in Cognitive Sciences, 16(2), 129-135. doi:10.1016/j.tics.
2011.11.014

Gerver, C. R, Griffin, J]. W., Dennis, N. A., & Beaty, R. (2022).
Memory and creativity: A meta-analytic examination of the
relationship between memory systems and creative
cognition. PsyArxiv.

Gerwig, A., Miroshnik, K., Forthmann, B., Benedek, M.,
Karwowski, M., & Holling, H. (2021). The relationship
between intelligence and divergent thinking—A meta-
analytic update. Journal of Intelligence, 9(2), 23. doi:10.
3390/jintelligence9020023

Gibson, J. J. (1977). The theory of affordances. In R. Shaw &
J. Bransford (Eds.), Perceiving, acting and knowing: Toward
an ecological psychology (pp. 67-82). Hillsdale, NJ:
Erlbaum.

Gilbert, C. D., & Li, W. (2013). Top-down influences on visual
processing. Nature Reviews Neuroscience, 14(5), 350-363.
doi:10.1038/nrn3476

Gilbert, C. D., & Sigman, M. (2007). Brain states: Top-down
influences in sensory processing. Neuron, 54(5), 677-696.
doi:10.1016/j.neuron.2007.05.019

Gilhooly, K. J., Fioratou, E., Anthony, S. H.,, & Wynn, V.
(2007). Divergent thinking: Strategies and executive invol-
vement in generating novel uses for familiar objects. British
Journal of Psychology, 98(4), 611-625. doi:10.1111/j.2044-
8295.2007.tb00467.x

Gldveanu, V. P. (2013). Rewriting the language of creativity:
The Five A’s framework. Review of General Psychology, 17
(1), 69-81. doi:10.1037/20029528

Glaveanu, V. P. (2016). Affordance. Creativity—A New
Vocabulary, 10-17.

Goldschmidt, G. (2016). Linkographic evidence for concur-
rent divergent and convergent thinking in creative design.
Creativity Research Journal, 28(2), 115-122. doi:10.1080/
10400419.2016.1162497

Grafton, S. T., Hazeltine, E.,, & Ivry, R. B. (1998).
Abstract and effector-specific representations of
motor sequences identified with PET. Journal of
Neuroscience,  18(22), 9420-9428. doi:10.1523/
JNEUROSCI.18-22-09420.1998

Green, A. (2018). Creativity in the distance: The neurocogni-
tion of semantically distant relational thinking and
reasoning. The Cambridge Handbook of the Neuroscience
of Creativity, 363-381.

Green, A. (2022). A note from the incoming editor. Creativity
Research Journal, 34(1), 1-1. doi:10.1080/10400419.2022.
2030916



26 A. E. GREEN ET AL.

Green, A. E. (2016). Creativity, within reason: Semantic dis-
tance and dynamic state creativity in relational thinking
and reasoning. Current Directions in Psychological Science,
25(1), 28-35. doi:10.1177/0963721415618485

Green, A. E., Fugelsang, J. A., Kraemer, D. J., & Dunbar, K. N.
(2008). The micro-category account of analogy. Cognition,
106(2), 1004-1016. doi:10.1016/j.cognition.2007.03.015

Green, A. E., Fugelsang, J. A., Kraemer, D. J., Shamosh, N. A,,
& Dunbar, K. N. (2006). Frontopolar cortex mediates
abstract integration in analogy. Brain Research, 1096(1),
125-137. doi:10.1016/j.brainres.2006.04.024

Green, A. E., Kenworthy, L., Mosner, M. G., Gallagher, N. M.,
Fearon, E. W., Balhana, C. D., & Yerys, B. E. (2014).
Abstract analogical reasoning in high-functioning children
with autism spectrum disorders. Autism Research, 7(6),
677-686. doi:10.1002/aur.1411

Green, A. E,, Kraemer, D. ., Fugelsang, J. A., Gray, J. R, &
Dunbar, K. N. (2012). Neural correlates of creativity in
analogical reasoning. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 38(2), 264. doi:10.1037/
a0025764

Green, A. E. Spiegel, K. A., Giangrande, E. ],
Weinberger, A. B., Gallagher, N. M., & Turkeltaub, P. E.
(2017). Thinking cap plus thinking zap: tDCS of frontopo-
lar cortex improves creative analogical reasoning and facil-
itates conscious augmentation of state creativity in verb
generation. Cerebral Cortex, 27(4), 2628-2639. doi:10.
1093/cercor/bhw080

Gruber, H. E., & Wallace, D. (1999). The case study method
and evolving systems approach for understanding unique
creative people at work. In R. J. Sternberg (Ed.), Handbook
of creativity (pp. 93-115). New York: Cambridge University
Press. doi:10.1017/CB09780511807916.007

Guilford, J. P. (1950). Creativity. American Psychologist, 5(9),
444-454. doi:10.1037/h0063487

Guilford, J. P. (1956). The structure of intellect. Psychological
Bulletin, 53(4), 267-293. d0i:10.1037/h0040755

Hardwick, R. M., Caspers, S., Eickhoff, S. B., & Swinnen, S. P.
(2018). Neural correlates of action: Comparing
meta-analyses of imagery, observation, and execution.
Neuroscience & Biobehavioral Reviews, 94, 31-44. doi:10.
1016/j.neubiorev.2018.08.003

Harms, M., Reiter-Palmon, R., & Derrick, D. C. (2020). The
role of information search in creative problem solving.
Psychology of Aesthetics, Creativity, and the Arts, 14(3),
367. doi:10.1037/aca0000212

Hass, R. W. (2017). Tracking the dynamics of divergent think-
ing via semantic distance: Analytic methods and theoretical
implications. Memory & Cognition, 45(2), 233-244. doi:10.
3758/513421-016-0659-y

Hennessey, B. A., & Amabile, T. M. (2010). Creativity. Annual
Review of Psychology, 61(1), 569-598. doi:10.1146/annurev.
psych.093008.100416

Hétu, S., Grégoire, M., Saimpont, A., Coll, M. P, Eugene, F,,
Michon, P. E,, ... Jackson, P. L. (2013). The neural network
of motor imagery: An ALE meta-analysis. Neuroscience ¢
Biobehavioral Reviews, 37(5), 930-949. doi:10.1016/j.neu
biorev.2013.03.017

Holyoak, K. J., & Monti, M. M. (2021). Relational integration
in the human brain: A review and synthesis. Journal of
Cognitive Neuroscience, 33(3), 341-356. doi:10.1162/jocn_
a_01619

Johnson, S. H. (2000). Imagining the impossible: Intact motor
representations in hemiplegics. Neuroreport, 11(4),
729-732. doi:10.1097/00001756-200003200-00015

Jung, R. E., Mead, B. S., Carrasco, J., & Flores, R. A. (2013).
The structure of creative cognition in the human brain.
Frontiers in Human Neuroscience, 7, 330. doi:10.3389/
fnhum.2013.00330

Kantorovich, A. (1993). Scientific discovery: Logic and tinker-
ing. Albany, NY: State University of New York Press.

Kaufman, J. C. (2016). Creativity 101 (2nd ed.). New York:
Springer.

Kaufman, J. C. (2018). Finding meaning with creativity in the
past, present, and future. Perspectives on Psychological
Science, 13(6), 734-749. doi:10.1177/1745691618771981

Kaufman, J. C. (2023). The creativity advantage. New York:
Cambridge University Press.

Kaufman, J. C., Arrington, K. F., Barnett, P. J., Holinger, M.,
Liu, X., & Xie, L. (2022). Creativity is our gig: Focusing on
the positive and practical. Translational Issues in
Psychological Science, 8(1), 137-152. doi:https://doi.org/
10.1037/tps0000298

Kaufman, J. C., & Baer, J. (2012). Beyond new and appropri-
ate: Who decides what is creative? Creativity Research
Journal, 24(1), 83-91. doi:10.1080/10400419.2012.649237

Kaufman, J. C., & Beghetto, R. A. (2009). Beyond big and little:
The four C model of creativity. Review of General
Psychology, 13(1), 1-12. doi:10.1037/a0013688

Kaufman, J. C., & Beghetto, R. A. (2013). In praise of Clark
Kent: Creative metacognition and the importance of teach-
ing kids when (not) to be creative. Roeper Review, 35(3),
155-165. d0i:10.1080/02783193.2013.799413

Kaufman, J. C., & Gliveanu, V. P. (2021). An overview of
creativity theories. In J. C. Kaufman & R. J. Sternberg
(Eds.), Creativity: An introduction (pp. 17-30). New York:
Cambridge University Press.

Kaufman, A. S., Schneider, W. J., & Kaufman, J. C. (2019).
Psychometric approaches to intelligence. In R. J. Sternberg
(Ed.), Human intelligence (pp. 67-103). New York:
Cambridge University Press.

Kenett, Y. N., & Faust, M. (2019). A semantic network carto-
graphy of the creative mind. Trends in Cognitive Sciences,
23(4), 274-276. d0i:10.1016/j.tics.2019.01.007

Kenett, Y. N., Kraemer, D. J. M., Alfred, K. L., Collaizi, G. A,
Cortes, R. A., & Green, A. E. (2020). Developing a neurally
informed ontology of creativity measurement. NeuroImage,
221, 117166. doi:10.1016/j.neuroimage.2020.117166

Kenett, Y. N., Rosen, D., Tamez, E., & Thompson-Schill, S. L.
(2021). Noninvasive brain stimulation to lateral prefrontal
cortex alters the novelty of creative idea generation.
Cognitive, Affective, and Behavioral Neuroscience, 21(2),
311-326. doi:10.3758/s13415-021-00869-x

Kharkhurin, A. V. (2014). Creativity.4inl: Four-criterion con-
struct of creativity. Creativity Research Journal, 26(3),
338-352. doi:10.1080/10400419.2014.929424

Kharkhurin, A. V., & Yagolkovskiy, S. R. (2019). Preference
for complexity and asymmetry contributes to elaboration
in divergent thinking. Creativity Research Journal, 31(3),
342-348. doi:10.1080/10400419.2019.1641687

Klein, S. B. (2015). What memory is. Wiley Interdisciplinary
Reviews: Cognitive Science, 6(1), 1-38. doi:10.1002/wcs.
1333



Kleinmintz, O. M., Abecasis, D., Tauber, A., Geva, A.,
Chistyakov, A. V., Kreinin, I. ... Shamay-Tsoory, S. G.
(2018). Participation of the left inferior frontal gyrus in
human originality. Brain Structure and Function, 223(1),
329-341. doi:10.1007/s00429-017-1500-5

Klimesch, W. (2012). Alpha-band oscillations, attention, and
controlled access to stored information. Trends in Cognitive
Sciences, 16(12), 606-617. doi:10.1016/j.tics.2012.10.007

Knudsen, E. I. (2007). Fundamental components of attention.
Annual Review of Neuroscience, 30(1), 57-78. doi:10.1146/
annurev.neuro.30.051606.094256

Kounios, J., & Beeman, M. (2014). The cognitive neuroscience
of insight. Annual Review of Psychology, 65(1), 71-93.
doi:10.1146/annurev-psych-010213-115154

Krieger-Redwood, K., Steward, A., Gao, Z., Wang, X,
Halai, A., Smallwood, J., & Jefferies, E. (2022). Creativity
in verbal associations is linked to semantic control. bioRxiv.

Lee, C. S., Huggins, A. C., & Therriault, D. J. (2014).
A measure of creativity or intelligence? Examining internal
and external structure validity evidence of the remote
associates test. Psychology of Aesthetics, Creativity, and the
Arts, 8(4), 446-460. doi:10.1037/a0036773

Lee, C. S., & Therriault, D. J. (2013). The cognitive under-
pinnings of creative thought: A latent variable analysis
exploring the roles of intelligence and working memory in
three creative thinking processes. Intelligence, 41(5),
306-320. doi:10.1016/j.intell.2013.04.008

Lifshitz-Ben-Basat, A., & Mashal, N. (2021). Enhancing crea-
tivity by altering the frontoparietal control network func-
tioning using transcranial direct current stimulation.
Experimental Brain Research, 239(2), 613-626. doi:10.
1007/s00221-020-06023-2

Liu, S., Erkkinen, M. G., Healey, M. L,, Xu, Y., Swett, K. E,,
Chow, H. M., & Braun, A. R. (2015). Brain activity and
connectivity during poetry composition: Toward
a multidimensional model of the creative process. Human
Brain Mapping, 36(9), 3351-3372. doi:10.1002/hbm.22849

Lucchiari, C., Sala, P. M., & Vanutelli, M. E. (2018).
Promoting creativity through transcranial Direct Current
Stimulation (tDCS). A critical review. Frontiers in
Behavioral Neuroscience, 12, 167. doi:10.3389/fnbeh.2018.
00167

Lu, H., Chen, D., & Holyoak, K. J. (2012). Bayesian analogy
with relational transformations. Psychological Review, 119
(3), 617. doi:10.1037/20028719

Masse, N. Y., Yang, G. R, Song, H. F., Wang, X. ], &
Freedman, D. J. (2019). Circuit mechanisms for the main-
tenance and manipulation of information in working
memory. Nature Neuroscience, 22(7), 1159-1167. doi:10.
1038/541593-019-0414-3

Matheson, H. E., & Kenett, Y. N. (2020). The role of the motor
system in generating creative thoughts. Neuroimage, 213,
16697. https://doi.org/10.1016/j.neuroimage.2020.116697

Matheson, H. E., & Kenett, Y. N. (2021). A novel coding
scheme for assessing responses in divergent thinking: An
embodied approach. Psychology of Aesthetics, Creativity,
and the Arts, 15(3), 412-425. doi:10.1037/aca0000297

Medeiros, K. E., Partlow, P. J., & Mumford, M. D. (2014). Not
too much, not too little: The influence of constraints on
creative problem solving. Psychology of Aesthetics,
Creativity, and the Arts, 8(2), 198-210. https://doi.org/10.
1037/a0036210

CREATIVITY RESEARCH JOURNAL 27

Medeiros, K. E., Steele, L. M., Watts, L. L., & Mumford, M. D.
(2018). Timing is everything: Examining the role of con-
straints throughout the creative process. Psychology of
Aesthetics, Creativity, and the Arts, 12(4), 471-488. doi:10.
1037/aca0000148

Mednick, S. A. (1962). The associative basis of the creative
process. Psychological Review, 69(3), 220-232. doi:10.1037/
h0048850

Merriam-Webster. (n.d.). Action noun. Merriam-Webster.
com dictionary. Retrieved May 16, 2023, from https://
www.merriam-webster.com/dictionary/action%20noun

Milivojevic, B., Hamm, J. P., & Corballis, M. C. (2009).
Functional neuroanatomy of mental rotation. Journal of
Cognitive Neuroscience, 21(5), 945-959. doi:10.1162/jocn.
2009.21085

Mumford, M. D., Mobley, M. L., Uhlman, C. E., Reiter-
Palmon, R., & Doares, L. M. (1991). Process analytic mod-
els of creative capacities. Creativity Research Journal, 4(2),
91-122. doi:10.1080/10400419109534380

Murray, S., Liang, N., Brosowsky, N., & Seli, P. (2021). What
are the benefits of mind wandering to creativity? Psychology
of Aesthetics, Creativity, and the Arts. Advance online pub-
lication. https://doi.org/10.1037/aca0000420

Nusbaum, E. C., & Silvia, P. J. (2011). Are intelligence and
creativity really so different?: Fluid intelligence, executive
processes, and strategy use in divergent thinking.
Intelligence, 39(1), 36-45. doi:10.1016/j.intell.2010.11.002

Nusbaum, E. C,, Silvia, P. J., & Beaty, R. E. (2014). Ready, set,
create: What instructing people to “be creative” reveals
about the meaning and mechanisms of divergent thinking.
Psychology of Aesthetics, Creativity, and the Arts, 8(4), 423.
doi:10.1037/a0036549

Oberauer, K. (2019). Working memory and attention -
a conceptual analysis and review. Journal of Cognition, 2
(1). doi:10.5334/joc.58

Ovando-Tellez, M., Benedek, M., Kenett, Y. N., Hills, T. T.,
Bernard, M. ... Volle, E. (2022). An investigation of the
cognitive and neural correlates of semantic memory search
related to creative ability. Communications Biology, 5(1),
604. https://doi.org/10.1038/s42003-022-03547-x

Pellijeff, A., Bonilha, L., Morgan, P. S., McKenzie, K., &
Jackson, S. R. (2006). Parietal updating of limb posture:
An event-related fMRI study. Neuropsychologia, 44(13),
2685-2690. doi:10.1016/j.neuropsychologia.2006.01.009

Pinho, A. L., de Manzano, O., Fransson, P., Eriksson, H., &
Ullén, F. (2014). Connecting to create: Expertise in musical
improvisation is associated with increased functional con-
nectivity between premotor and prefrontal areas. Journal of
Neuroscience, 34(18), 6156-6163. do0i:10.1523/
JNEUROSCI.4769-13.2014

Posner, M. 1. (1994). Attention: The mechanisms of
consciousness. Proceedings of the National Academy of
Sciences, 91(16), 7398-7403. doi:10.1073/pnas.91.16.7398

Posner, M. I, & Petersen, S. E. (1990). The attention system of
the human brain. Annual Review of Neuroscience, 13(1),
25-42. doi:10.1146/annurev.ne.13.030190.000325

Pringle, A., & Sowden, P. T. (2017). The Mode Shifting Index
(MSI): A new measure of the creative thinking skill of
shifting between associative and analytic thinking.
Thinking Skills and Creativity, 23, 17-28. d0i:10.1016/j.tsc.
2016.10.010



28 (&) A E GREENETAL.

Rafner, J. (2021, June). Creativity assessment games and
crowdsourcing. Creativity and cognition, virtual event,
Italy (pp.1-5). New York, NY, USA: ACM. doi:10.1145/
3450741.3467465

Rafner, J., Biskjer, M. M., Zana, B., Langsford, S,
Bergenholtz, C., Rahimi, S. ... Sherson, J. (2022). Digital
games for creativity assessment: strengths, weaknesses and
opportunities. Creativity Research Journal, 34(1), 28-54.
doi:10.1080/10400419.2021.1971447

Ray, W. J., & Cole, H. W. (1985). EEG alpha activity reflects
attentional demands, and beta activity reflects emotional
and cognitive processes. Science, 228(4700), 750-752.
doi:10.1126/science.3992243

Reiter-Palmon, R. (2017). The role of problem construction in
creative production. The Journal of Creative Behavior, 51
(4), 323-326. doi:10.1002/jocb.202

Reiter-Palmon, R., & Robinson, E. J. (2009). Problem identi-
fication and construction: What do we know, what is the
future? Psychology of Aesthetics, Creativity, and the Arts, 3
(1), 43.-47. doi:10.1037/a0014629

Rhodes, M. (1961). An analysis of creativity. Phi Delta
Kappan, 42, 305-311.

Ross, W., & Vallée, T. F. (2020). Microserendipity in the
creative process. The Journal of Creative Behavior, 55(3),
661-672. doi:10.1002/jocb.478

Runco, M. A., & Acar, S. (2019). Divergent thinking. In
J. C. Kaufman & R. J. Sternberg (Eds.), Cambridge hand-
book of creativity (2nd ed., pp. 224-254). New York:
Cambridge University Press.

Runco, M. A., & Jaeger, G. J. (2012). The standard definition
of creativity. Creativity Research Journal, 24(1), 92-96.
doi:10.1080/10400419.2012.650092

Saggar, M., Volle, E,, Uddin, L. Q., Chrysikou, E., & Green, A.
(2021). Creativity and the brain: An editorial introduction to
the special issue on the neuroscience of creativity. NeuroImage,
231, 117836. doi:10.1016/j.neuroimage.2021.117836

Sawyer, R. K. (2012). Explaining creativity: The science of
human innovation (2nd ed.). New York: Oxford
University Press.

Schneider, W. J., & McGrew, K. S. (2018). The Cattell-Horn-
Carroll theory of cognitive abilities. In D. P. Flanagan &
E. M. McDonough (Eds.), Contemporary intellectual assess-
ment: Theories, tests, and issues (4th ed., pp. 73-163).
Guilford Press.

Schrank, F. A., & Wendling, B. J. (2018). The Woodcock-
Johnson IV: Tests of cognitive abilities, tests of oral lan-
guage, tests of achievement. In D. P. Flanagan &
E. M. McDonough (Eds.), Contemporary intellectual assess-
ment: Theories, tests, and issues (pp. 383-451). New York:
The Guilford Press.

Scott, G., Leritz, L., & Mumford, M. D. (2004). The effective-
ness of creativity training: A quantitative review. Creativity
Research  Journal, 16(4), 361-388. doi:10.1080/
10400410409534549

Silvia, P. J., Beaty, R. E., & Nusbaum, E. C.(2013). Verbal
fluency and creativity: General and specific contributions
of broad retrieval ability (Gr) factors to divergent thinking.
Intelligence, 41(5), 328-340.

Simonton, D. K. (1988). Creativity, leadership, and chance. In
R.J. Sternberg (Ed.), The nature of creativity: Contemporary
psychological perspectives (pp. 386-426). New York:
Cambridge University Press.

Simonton, D. K. (1999). Creativity as blind variation and
selective retention: Is the creative process Darwinian?
Psychological Inquiry, 10, 309-328.

Simonton, D. K. (2004a). Creativity in science: Chance, logic,
genius, and zeitgeist. Cambridge University Press.

Simonton, D. K. (2004b). Psychology’s status as a scientific
discipline: Its empirical placement within an implicit hier-
archy of the sciences. Review of General Psychology, 8(1),
59-67. doi:10.1037/1089-2680.8.1.59

Simonton, D. K. (2011). Creativity and discovery as blind
variation and selective retention: Multiple-variant defini-
tion and blind-sighted integration. Psychology of Aesthetics,
Creativity, and the Arts, 5(3), 222-228. doi:10.1037/
a0023144

Simonton, D. K. (2012). Taking the US patent office creativity
criteria seriously: A quantitative three-criterion definition
and its implications. Creativity Research Journal, 24(2-3),
97-106. doi:10.1080/10400419.2012.676974

Simonton, D. K. (2015). On praising convergent thinking:
Creativity as blind variation and selective retention.
Creativity Research Journal, 27(3), 262-270. doi:10.1080/
10400419.2015.1063877

Simonton, D. K. (2018). Creative genius as inherently relevant
and beneficial: The view from Mount Olympus. Creativity:
Theories — Research - Applications, 5(2), 138-141. doi:10.
1515/ctra-2018-0009

Simonton, D. K. (2022a). The blind-variation and
selective-retention theory of creativity: Recent developments
and current status of BVSR. Creativity Research Journal, 35
(3), 304-323. doi:10.1080/10400419.2022.2059919

Simonton, D. K. (2022b). Quantifying creativity: Can mea-
sures span the spectrum? Dialogues in Clinical
Neuroscience, 14(1), 100-104. doi:10.31887/DCNS.2012.
14.1/dsimonton

Simonton, D. K. (2022¢). Serendipity and creativity in the arts
and sciences: A combinatorial analysis. In W. Ross &
S. Copeland (Eds.), The art of serendipity (pp. 293-320).
London: Palgrave Macmillan. doi:10.1007/978-3-030-
84478-3_12

Smallwood, J., & Schooler, J. W. (2015). The science of mind
wandering: Empirically navigating the stream of
consciousness. Annual Review of Psychology, 66(1),
487-518. doi:10.1146/annurev-psych-010814-015331

Smith, K. A., Huber, D. E., & Vul, E. (2013). Multiply-
constrained semantic search in the remote associates test.
Cognition, 128(1), 64-75. https://doi.org/10.1016/j.cogni
tion.2013.03.001

Spitzer, M. (1997). A cognitive neuroscience view of schizo-
phrenic thought disorder. Schizophrenia Bulletin, 23(1),
29-50. doi:10.1093/schbul/23.1.29

Squire, L. R., Knowlton, B., & Musen, G. (1993). The
structure and organization of memory. Annual Review
of Psychology, 44(1), 453-495. doi:10.1146/annurev.ps.
44.020193.002321

Stein, M. (1953). Creativity and culture. The Journal of
Psychology, 36(2), 311-322. doi:10.1080/00223980.1953.
9712897

Sternberg, R. J., & Karami, S. (2022). An 8P theoretical frame-
work for understanding creativity and theories of creativity.
The Journal of Creative Behavior, 56(1), 55-78. d0i:10.1002/
jocb.516



Sternberg, R. J., Kaufman, J. C., & Pretz, J. E. (2002). The
creativity conundrum. Philadelphia: Psychology Press.

Tan, A. G. (2015). Convergent creativity: From Arthur
Cropley (1935-) onwards. Creativity Research Journal, 27
(3), 271-280. doi:10.1080/10400419.2015.1063892

Tromp, C., & Sternberg, R. J. (2022). How constraints impact
creativity: An interaction paradigm. Psychology of
Aesthetics, Creativity, and the Arts. Advance online pub-
lication. https://doi.org/10.1037/aca0000493

van Genugten, R. D., Beaty, R. E., Madore, K. P, &
Schacter, D. L. (2021). Does episodic retrieval contribute to
creative writing? an exploratory study. Creativity Research
Journal, 34(2), 1-14. doi:10.1080/10400419.2021.1976451

Weinberger, A. B., Cortes, R. A., Green, A. E., & Giordano, J.
(2018). Neuroethical and social implications of using tran-
scranial electrical stimulation to augment creative
cognition. Creativity Research Journal, 30(3), 249-255.
doi:10.1080/10400419.2018.1488199

Weinberger, A. B., Green, A. E., & Chrysikou, E. G. (2017).
Using transcranial direct current stimulation to enhance
creative cognition: Interactions between task, polarity, and
stimulation site. Frontiers in Human Neuroscience, 11, 246.
doi:10.3389/fnhum.2017.00246

Weinberger, A. B., Iyer, H., Green, A. E., & Runco, M. A.
(2016). Conscious augmentation of creative state

CREATIVITY RESEARCH JOURNAL 29

enhances “real” creativity in open-ended analogical rea-
soning. PloS One, 11(3), €0150773. doi:10.1371/journal.
pone.0150773

Weisberg, R. W. (2014). Case studies of genius: Ordinary
thinking, extraordinary outcomes. In D. K. Simonton
(Ed.), The Wiley-Blackwell handbook of genius (pp.
139-165). Oxford, UK: Wiley-Blackwell. doi:10.1002/
9781118367377.ch8

Wittgenstein, L. (1922). Tractatus logico-philosophicus.
London: Routledge & Kegan Paul.

Wu, C. L., Huang, S. Y., Chen, P. Z., & Chen, H. C. (2020).
A systematic review of creativity-related studies applying
the remote associates test from 2000 to 2019. Frontiers in
Psychology, 11. doi:10.3389/fpsyg.2020.573432

Yang, W., Green, A. E,, Chen, Q., Kenett, Y. N., Sun, J,,
Wei, D., & Qiu, J. (2022). Creative problem solving in
knowledge-rich domains. Trends in Cognitive Sciences,
26(10), 849-859. https://doi.org/10.1016/j.tics.2022.06.
012

Zacks, J. M. (2008). Neuroimaging studies of mental rotation:
A meta-analysis and review. Journal of Cognitive
Neuroscience, 20(1), 1-19. doi:10.1162/jocn.2008.20013

Zanto, T. P., & Gazzaley, A. (2013). Fronto-parietal network:
Flexible hub of cognitive control. Trends in Cognitive
Sciences, 17(12), 602-603. doi:10.1016/j.tics.2013.10.001



