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ABSTRACT

Creativity, the ability to engage in abstract thought, novel idea production and concept construction, along with
artefacts transcending everyday experience, has long been recognized as a defining feature of human cognition.
Creativity has typically been defined as the capacity to generate original, effective, and expressive output. The
phenomenon has been examined via diverse theories and methodologies, from psychometric assessments to
neurocognitive approaches. We review how semantic processing - the integration and convergence of meaning -
has been explored as a mechanism underpinning creative cognition. Research has shown that semantic flexibility
and associative richness aid in creative ideation. Recent studies in cognitive neuroscience show that semantic
networks and brain regions implicated in memory and language support creative thinking. The paper highlights
how converging semantic processes serve to bridge conceptualization and practical measurement. We examine
the application of the N400 event-related potential (ERP) method as a neuroscientific measure of semantic

integration.

1. Introduction

Over recent decades creativity has gained increasing attention
among the scientific community. There are many reasons why creativity
is gaining much attention, many of which can be seen with the rapidly
developing techno-economic conditions unfolding on the global market.
With exponential developments in the field of information technology
(IT) in areas such as artificial intelligence (AI - including large language
models (LLMs) and generative AI), machine learning (ML), deep
learning (DL) and other big data and analytics-based solutions, not only
are we striving to form a vision of what is the ‘next’ in terms of products,
services, and other innovations, but also what exactly is it that makes us
human. This last point is particularly pertinent in light of current con-
cerns regarding the role of human beings in the unravelling era of Al
(Shahghasemi, 2025).

Knowledge of humanity, and indeed emphasis on creativity as a
human activity, is often emphasised as being the long-term function of
human beings in an ever-intelligent society (Kasparov, 2017; Winner,
1978). The rise of LLMs has, however, challenged this unique posi-
tioning in recent times, drawing attention towards whether or not Al
development has already gone too far (Sztra, 2023). We argue that
despite convincing evidence regarding the capabilities of current and
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emerging IT, humans and their creative processes remain distinct from
what is witnessed in unfolding Al technology, and this is due to the issue
of consciousness and intentionality (Chalmers, 2002; Gondek, 2021).
These aspects in themselves require justifications that separate cognitive
from neuroscience, as all matters pertaining to the mind cannot be
accounted for in the brain and its activity (Hohwy & Frith, 2004; Sperry,
1952). This challenge is beginning to emerge in Al system development
due to inabilities to fully frame and contextualise, while lacking chains
of significance defined by other factors such as history (experience),
personal characteristics (see e.g., Hamilton et al., 2024), and sense of self
(Barnes and Hutson, 2024).

Creativity in everyday situations entails finding novel solutions to
problems or situations. Acts of choosing some pre-existing solution from
a repertoire or alternatives or mechanically copying something that has
already been created without any objective or intention is not creativity.
On the other hand, there must be some set of preliminary building blocks
from which a new structure of creative ideas can be created (see for
instance, Duff & Sumartojo, 2017).

1.1. Defining creativity

Understanding whether creativity and the capacity for creative

Received 11 June 2025; Received in revised form 14 September 2025; Accepted 15 September 2025

Available online 17 September 2025

2713-3745/© 2025 The Authors. Published by Elsevier Ltd on behalf of Academy of Creativity. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0001-5771-3528
https://orcid.org/0000-0001-5771-3528
https://orcid.org/0000-0001-8222-8540
https://orcid.org/0000-0001-8222-8540
mailto:pauli.erik.laine@gmail.com
www.sciencedirect.com/science/journal/27133745
https://www.elsevier.com/locate/yjoc
https://doi.org/10.1016/j.yjoc.2025.100111
https://doi.org/10.1016/j.yjoc.2025.100111
http://creativecommons.org/licenses/by/4.0/

P. Laine et al.

cognition are exclusively human traits requires first establishing a clear
and operational definition of creativity. The question “What is crea-
tivity?” has been explored across a range of disciplines, including
cognitive science, neuroscience, artificial intelligence, education, and
the humanities. Each field offers distinct conceptualizations and
frameworks, leading to a variety of methodologies for investigating and
measuring creativity.

The subsequent discussion focuses on creativity within the context of
semantic processing and convergent thinking. Classical methods for
examining creativity, particularly those related to convergent thinking
and the neural mechanisms underlying semantic processing, are out-
lined. These methodologies are presented in terms of their potential
applications for understanding the cognitive processes involved in cre-
ative thinking. Following this, we briefly review recent neuroscientific
insights into the nature of creativity. The paper concludes with a sum-
mary of the key points discussed and an exploration of potential di-
rections for future research.

Creativity is a construct that has puzzled scholars throughout his-
tory. Creativity has traditionally been defined in two different ways: 1)
as originality - the generation of something new and authentic; and 2) as
effectiveness (fluency) - the ability to swiftly make connections and
unite information and elements to, for example, solve problems and
multitask (Runco & Jaeger, 2012). Yet, this approach to defining crea-
tivity remains too superficial to capture the complexity of not only the
phenomena that creativity represents but also how its study has been
undertaken. Brown (1989) argued that creativity had been approached
from several incompatible theoretical angles. Yet, he postulated that
creativity comprises at least four different elements: 1) creative process;
2) creative product; 3) creative person; and 4) creative situation (see
also, MacKinnon, 1970; Mooney, 1963). Boden (2004) emphasized the
relationship between ability and product in her description of creativity
as the capacity to generate novel ideas or objects that are value-laden,
triggering emotional responses such as surprise. In the same vein,
Mayer (1999) claimed that creativity could be expressed as production
that is both useful and rare.

While creativity theory has advanced continuously, not all frame-
works maintain pace in light of the complexity of modern thought. In
addition to Brown’s (1989) four-element approach, Beghetto and
Kaufman’s (2007) Four-C Model of Creativity, which comprised Mini-c,
Little-c, Pro-C, and Big-C, has both gained traction, yet simultaneously
drawn substantial critique. The four levels the model attempts to classify
are: Mini-c — personal insights and internal creative cognition; Little-c —
everyday creative acts in known contexts (i.e., food improvisation);
Pro-C - professional-standard creative output (writing, design, engi-
neering); and Big-C — eminent creativity disrupting paradigms and
re-directing cultural discourse.

Scholars (see e.g., Puente-Diaz, Maier, Brem & Cavazos-Arroyo,
2016) have however argued that the Four-C framework represents cat-
egorical rigidity and overly linear assumptions. The problem with
dividing creativity into distinct levels is that it risks instilling a hierar-
chical view. This hierarchical, and rather fixed view of creativity, veils
the fact that creative thought and expression is recursive, fluid and
contextually dependent. Moreover, as Puente-Diaz and colleagues
(2016) pointed out, creativity is predominantly shaped by sociocultural
factors, emerging dynamically between domains and via feedback loops.
Thus, while the Four-C model affords an easy-to-apply heuristic, it seems
to oversimplify the nuanced realities of creativity.

Challenging the traditional Four-C framework is for instance, Cor-
azza’s (2016) dynamic definition of creativity, that cited creativity as
requiring “potential originality and effectiveness” (p. 262). Thus, there
is acknowledgement of the fact that creativity may involve both or either
achievement or inconclusiveness in processes. Mullen’s (2020) concept
of the Hidden-c referred to latent creative potential that is influenced by
environmental factors and self-belief. Similarly, to the dynamic defini-
tion (or dynamic theory of creativity), ‘potential’ is the key word as not
all creativity, and creative propensity is actualized. These newer

Journal of Creativity 35 (2025) 100111

approaches emphasize creativity as a complex and multidimensional
space where creativity fluidly morphs in significance and definition
depending on context, purpose, and opportunity.

The above theoretical classifications describe creativity as phenom-
ena and in terms of its definition, while we are interested in under-
standing what it actually means within the mind, and how this can be
explained within the brain. Rhodes (1961) proposed that creativity
comprises 4 P’s: the person — individual traits, personality, intelligence,
cognitive style, motivation and emotional factors; the process — mental
operations and strategies, idea generation, problem-solving, divergent
and convergent thinking, insight and incubation; the product - the
outcome of the creativity (tangible and intangible), such as art, in-
ventions, theories, ideas; and press — external influences, including cul-
tural, social, organization, and physical environments.

The terms ‘divergent’ and ‘convergent’ thinking are regularly
referred to in studies focusing on creativity (see e.g., Ashton-James &
Chartrand, 2009; Cropley, 2006; Lubart, 2016). Divergent thinking is
often associated with the idea that creativity is the generation of
something new, surprising, and perhaps artistic. In many forms of
divergent processes, individuals deconstruct existing information to
inspect from and construct new meanings (Cilliers, 2016; Khakzand &
Rakhshani, 2021). This is why it is attributed to originality (Cho et al.,
2010). Originality is achieved through the ideation, identification,
deconstruction, and re-arrangement of knowledge, information, objects,
and other phenomena to produce something novel (Runco, 2010).

Convergent thinking can be seen as embodied in effectiveness or
fluency (Cho et al., 2010), in which one’s store of knowledge or exper-
tise is drawn upon when engaging in cognitively intensive activities such
as problem-solving and multitasking, that require uniting and arranging
data into meaningful patterns and solutions (Cropley, 2006; Tan, 2015).
Divergent thinking is popular in creativity discourse such as contem-
porary art, as it purports the idea that creative expressions are free,
without boundaries, spontaneous in their derision, and feature an
openness to experience (McCrae, 1987). Divergent thinking is often
associated with talent, “artistic genius” (Thagard, 2014), exceptionality,
and giftedness. It is seen as a deviation from the norm to produce
something unprecedented (Runco, 2010). Whereas convergent thinking
can be understood through the convergence or collection and assem-
blage of parts (information or other elements) to create one united
whole (Cropley, 2006).

These days from the perspective of technology development, there
are many efforts to program Al in ways that operationalise this idea of
convergence - or convergent computation (Gruner & Csikszentmihalyi,
2019). Yet, from a human perspective, we may observe key character-
istics of convergent thinking within fluent logic, accuracy, and speed of
assembling various information. In contrast to understandings of
divergent thinking, what must be emphasised regarding convergent
thinking is that it leads to a single ‘best’ option (answer or solution).

1.2. Creativity as a subset of intelligence?

Creativity is associated with intelligence. Intelligence tests such as
the Lorge-Thorndike Intelligence test (LTI) (Wodtke, 1964; Yamamoto,
1964) maintain correlations with tests of creativity like the Torrance
Tests of Creative Thinking (TTCT). There are long traditions of psy-
chometric theories that treat creativity as a part of intelligence (see e.g.,
Horn & Cattell, 1966; Renzulli, 1978). Plucker and colleagues (2015)
described the close associations made between creativity and intelli-
gence. Getzels & Jackson (1962) discussed how initial developers of
intelligent tests conceptualised creativity to either be a subset of intel-
ligence or fully separate from it (Plucker et al., 2015). This can be seen in
terms of the relational treatment exhibited regarding the two constructs
in traditions of psychometric research. In particular, Guilford’s Struc-
ture of the Intellect (Guilford, 1967) model considers divergent thinking
as a cognitive operation and constituent of intelligence. Subsequently,
divergent thinking assessments have been adapted from the SOI model.
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The Cattell-Horn and Carroll (CHC) model combines theories of fluid
and crystallized intelligence developed by Horn and Cattell (1966;
1967) with the Three-Stratum Theory (Carroll, 1993; Plucker et al.,
2015). The Three-Stratum Theory represents a three-layer (strata)
model of narrow, broad, and general cognitive ability. The theory was
developed based on a factor-analytic study in which 460 datasets con-
taining school grades, psychological tests, and competence ratings were
analysed to observe correlations between individual difference variables
(Carroll, 1993;1997). Here, Spearman’s (1904) General Intelligence (g
Factor) is added to the fluid component - Gf. Gf refers to the capacity to
engage in numerous mental operations to tackle new forms of problems.
Crystallized intelligence (Gc) on the other hand, describes the extent of
an individual’s stored knowledge, regarding a particular culture and
context and therefore, the individual’s capacity to solve problems via
that accumulated knowledge (Horn & Blankson, 2005).

It was previously hypothesized that creativity was mostly connected
to Gf, yet empirical research has not produced any strong evidence
supporting this theory (Batey et al., 2009; Plucker et al., 2015). The Dual
Process Theory (DPT) of Intelligence posits creativity as a subset of in-
telligence (Kaufman, 2013). DPT has evolved over centuries. From Plato
and Aristotle who described the tensions between the rational and ir-
rational, and Spinoza in the 17th century who discussed passions and
reason, DPT officially arose as an explicit concept in 1974 by Wason and
Evans, who articulate the term to describe processes involved in heu-
ristic versus analytic processes (Evans, 2012).

Kahneman (2011) and Kaufman (2013) have both made significant
contributions to the scholarship of DPT by classifying the cognitive
processing system into two systems (Kahneman, 2011) or types
(Kaufman, 2013). This follows from Wason and Evans (1974) who
categorized the two types of thinking into heuristic (fast, intuitive and
automatic) and analytic (slow, deliberate and effortful). For instance,
Kaufman (2013) reported a two-factor model of intelligence that posited
Type 1 as controlled cognition (goal-oriented thoughts and behavior),
and Type 2 as spontaneous cognition often associated with creativity
(thoughts and actions connected with the unconscious, including im-
plicit learning and daydreaming). Kahneman’s (2011) dual classifica-
tion involved System 1 (fast, automatic, emotional) and System 2 (slow,
controlled, logical).

Against this background, Plucker et al. (2015) argued that intelli-
gence should be understood as a subset of creativity, rather than the
other way around. This is claimed through the argument that creativity
can be seen as a facilitator for mental function activation, attention, and
application of mentally bound information. Thus, even the systems or
types of thinking that DPT endeavors to explain, can be seen as sub-types
of cognition that are enabled through creativity and the propensity to
engage in creative thinking.

In other words, creativity is not simply about processing and pro-
ducing information. It is a broader concept that incorporates aspects
such as cognitive-affective (emotional) processing and control
(emotional intelligence) that enables one to effectively utilise mental
resources (Williams, 1969). While intelligence and creativity are still
treated distinctively from one another, theories such as Renzulli’s
(1978) three-ring (high intellectual ability, creativity, and task
commitment) foster the idea that human cognitive giftedness is based on
the unity of divergent and convergent thinking, stored knowledge,
motivation, and commitment.

Distinctive qualities of any individual - both convergent, seeing links
between information and phenomena that many cannot, as well as
divergent, devising alternative combinations and disruptive un-
derstandings of phenomena - can also be perceived as creative
(Nusbaum & Silvia, 2010). Interestingly, it has been noted that people
who are considered to be creative are often particular in terms of the
speeds of their information processing (Martindale, 1999). In his
research, Martindale found that earlier on in creative processes, in-
dividuals incorporate large amounts of information. Once issues within
the process become clarified and the scope more crystalised, people tend
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to hone in on smaller amounts of information and focus their attention
which, in turn, increases processing speed - smaller chunks of informa-
tion are processed more fluently and efficiently (Chater & Vitanyi,
2003). A common example of this can be seen in brainstorming exercises
during workshops, where massive amounts of information are produced
in response to specific problems, challenges, and tasks. Yet, as the
workshop progresses, the co-design process becomes more refined, and
greater detail can be attributed to fewer ideas, from which eventually
the actual design solution will be extracted. The basic premise behind
this initial surge of information production lies in the ability of people to
understand that by indulging in ideas initially, and exhausting alterna-
tive solutions (global planning), later on in the process they will not find
themselves in situations in which they need to return to the starting
point (local planning) to search for another alternative (Sternberg,
1981).

On this note, the question remains in regard to the true distinction
between convergent and divergent thinking, as potentially divergence is
convergent as it reformulates information that is already available. One
type focuses on bringing information together (convergent) while the
other imposes fragmentation through dissecting information and
providing many alternatives (Razumnikova, 2013). Indeed, neurosci-
entific research has also revealed that convergent and divergent
thinking utilize divergent brain regions and/or functional parts of the
brain Zhang, Sjoerds and Hommel (2020). In many real-life tasks, such
as design, both forms of thinking can be considered necessary parts of
the creative process depending on the stage of progress, motivations,
and goals (Goldschmidt, 2016).

Current state-of-the-art knowledge attributes cognitive connection-
ism and memory functions such as long-term storage (long-term mem-
ory) combined with retrieval capacity (Glr) (see e.g., Cho et al., 2010;
Gerver et al., 2023; Lloyd-Cox et al., 2023; Martindale, 1995; Sweller,
2009) to the ability to fluently undertake creative tasks. This means that
based on long-term memory and retrieval, individuals can efficiently
retrieve and apply knowledge to a variety of problems and contexts. Glr
comprises the two elements of learning efficiency and fluency. This, in
turn, has been described as the role of memory and learning contributing
to Glr, as well as idea production, or productivity (Carroll, 1993).These
insights prompt an exploration of the relationship between language and
creativity, particularly through the lenses of semantics, semantic dis-
tance, and analogical reasoning (Green et al., 2012; Kennett, Anaki &
Faust, 2014). Language, both in its expression and interpretation, is a
product of complex cognitive processes. At the conceptual level, lan-
guage functions as a highly interconnected network in which some
concepts are more proximally related than others, yet all are embedded
within an integrated semantic structure. This interconnectedness offers
a valuable framework for investigating cognitive and neural mecha-
nisms underlying higher-order, abstract, and associative thought
processes.

2. Semantic processing and creativity

Linguistic and creative language use have historically functioned as
primary modes of socio-cultural expression, and are recognized as cre-
ative outputs in their own right. Examples of such linguistic creativity
include jokes, poetry, fictional narratives (as well as non-fiction, which
necessitates the integration and synthesis of extensive information),
irony, and various forms of humour (Faust, 2012; Kennett et al., 2014;
Mirous & Beeman, 2012). These forms of expression engage complex
cognitive processes, including the activation of memory, the formation
of novel associations, the integration of disparate informational ele-
ments, and cognitive restructuring. Such processes enable the creation
of multiple semantic pathways between informational units, supporting
diverse interpretations, readings, and applications. Within this frame-
work, creativity is understood as the generation and manipulation of
meaning (semantic value), often through the connection of ideas that are
typically unrelated or distantly associated (Cushen & Wiley, 2011).
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Thus, social-psychological and associative linguistic aspects of
creativity are fertile ground for its study (Amabile, 1983). This is
coupled with the significance of context, and the socio-cultural framing
(Kemp et al., 1996) of the action/production in question. This acts as a
differentiator regarding whether an action or expression may be deemed
as genuinely creative. For instance, a recurring problem in fields of the
arts is that of occurrences in which cleaners mistake site-specific in-
stallations as accidental, or unintentional uncleanliness — by-products of
other events. One of the published instances of this happening was in the
case of Sala Murat’s work in the Flip Project Space (Naples) that was
mistaken for rubbish (BBC, n.d.). Similar events such as this have
happened to Damien Hirst’s installation of beer bottles, ashtrays, and
coffee cups at the Eyestorm Gallery (London) in 2001. These were in-
stances in which, despite the physical institutional contextual framing,
or defining the boundaries of art, actors (cleaners) did not possess the
social-psychological frames through which to perceive and interpret the
artworks.

The same occurs the other way around, whereby mere accidents may
be mistaken for creative production and/or wordplay (accidental and
unintentional puns). In the general sense, accidents have led to signifi-
cant innovations such as Fleming’s discovery of penicillin in the general
sense (Austin et al., 2012; Merton & Barber, 2011). In the linguistic
context, the speech production of misheard or misunderstood concepts,
i.e., ‘Sandy Arabia’ (Saudi Arabia) or ‘Adult-ry’ (the things that adults
do) (Winter-Froemel & Thaler, 2018) may be mistaken for creative
wordplay. Wordplay itself, defined as the utilization of structural lin-
guistic features that are exploited to generate “significant confrontation
of two (or more) linguistic structures with more or less similar forms and
more or less different meanings” (Delabastita, 1996, p. 128) is either
deliberately engaged in, or actively recognised in strategic
communication.

Thus, language use and semantic derivation can be seen to involve
association creation and problem-solving skills (Newell, Shaw, & Simon,
1962) inherent within creative production. Linguist Noam Chomsky
(1965) argued that inherent to all languages is a ‘creative aspect’. This
means that the very nature of language is its affordance in enabling the
expression of an indefinite number of thoughts. Language further en-
ables individuals to act and react appropriately within an endless
number of new situations. Based on Chomsky’s understanding, language
can be seen as both a process and a space for free creation and pro-
duction. While the principles and laws of languages may seem fixed, or
institutionalized, how languages are applied can be seen as infinitely
diverse. This creative linguistic engagement includes that of interpreting
language (Chomsky, 2003). While this seems to link with common un-
derstandings of particularly divergent thinking in creativity, Chomsky’s
theoretical rationale relates to the computational theory of the mind and
language. This is evidenced by his reference to rules, and then descrip-
tion of the infinite interpretations and creations. Thus, as with computer
programmes, Chomsky’s argument was that the languages comprise
particular rules that are innate to every individual from birth. These
biological (biolinguistic) rules aid in language development while
enabling linguistic production and interpretation. In other words, a
sentence is a sentence - the combination of words, that comprise a
particular structure (even if varied) that endows it with meaning (a
function). This is referred to as Universal Grammar (UG) and is said to
emerge through psychological development, independently of sensory
experience (Barsky, 2018).

With this said, it is worthwhile looking at the notion of generative
grammar, or in other words, “...a mechanical procedure by means of
which preferred descriptions are chosen from among several alterna-
tives” (Halle, 1962, p. 55). ‘Simplicity’ is the term used to describe the
grounds of this choice. Simplicity is often likened to brevity (Rousi &
Silvennoinen, 2018). This is often noticed in everyday situations when
we encounter long and complicated sentences. There is a ‘break-off
point’ in which the meaning and the function of the sentence is lost
through too many elements and random structures being introduced
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into the linguistic expression.

Generative grammar, or syntax, may also be understood as a recur-
sive merge operation within language and its creative use (Fujita, 2014).
This is where new sentences are merged into former and other sentences
to establish infinite amounts of new sentences based on varying com-
positions and information contents. The discipline of cognitive linguis-
tics presents distinctions regarding the inner language (UG or Language
of Thought (LOT), see Fodor, 1975) and external language (spoken and
written language). While syntax exists in the representative structure of
language (external), the semantic dimension, or meaning processing
element, exists in the inner language. In relation to Chomsky’s UG
tradition, Fodor (1975) who promoted LOT, explained that linguistic
semantics is enabled through LOT. This means that humans cannot
innately learn linguistic signification without an inbuilt linguistic sys-
tem already existing within the mind (brain). This is the baseline,
platform or stream of consciousness (conscious, subconscious, and un-
conscious) upon which external linguistic structures are connected and
made sense of (Davies, 2013).

Interesting questions are formed through these theoretical un-
derstandings that challenge the relationship between inner and external
language in creative processes. These questions merge into the
convergent-divergent discussions regarding whether creative practice
(e.g., fine art and music etc.) and production is the expression of internal
language through external linguistic means. It has been argued, how-
ever, that the syntax of spoken language for instance, is not sufficient in
itself for formal symbol processing (Pinker, 1994). Nonetheless, this
essential human ability to speak and indeed understand language
without formal training demonstrates this inner language as a facili-
tating mechanism of a predetermined developmental path of every in-
dividual (Chomsky, 1965; Lenneberg, 1967; Fitch et al., 2005; Pinker,
1994). This disposition for language creation resonates with creativity -
creative production and innovation in itself. Through this, many scien-
tists have utilised language as an observable cognitive, neuroscientific
and expressive domain in which to study creativity.

2.1. Creativity in language

While Chomsky (Hauser et al., 2002) argued that all language has a
creative element, the relationship between language and creativity may
still be considered complex (Bergs, 2019). For instance, Sampson (2016)
suggested that in addition to the numerous types of discussed creativ-
ities, another two types should be introduced: E-creative - a form of
creativity that enlarges or extends understandings of alternatives and
products; and F-creative - activities that generate expressions or exam-
ples. These two ‘creatives’ do not exist in a dichotomy, but instead a
continuum. This continuum ranges from: 1) regular productivity - i.e.,
everyday language use and linguistic information processing; 2) ‘snow
clones’ - clichés, common sayings and multiple words for the same
phenomena (i.e., the more abundant particular phenomena are in
certain cultures the more words there are to describe them); 3)
mismatch/ coercion - the combination of seemingly incompatible con-
structs (see e.g., Goldberg, 1995; Francis & Michaelis, 2003; Jackendoff,
1997); and 4) aberration - the construction, production and application
of language that bi-passes rules and constraints.

From a linguistic creativity perspective, we may observe that crea-
tive expression is not fixed in certain categories, but rather, demon-
strates the dynamic interplay between cognitive, cultural, and
contextual factors. Instead of mapping linguistic creativity on a linear
continuum, such as what is presented in the 4-C model (Kaufman &
Beghetto, 2009) from Mini-c to Big-C, newer models emphasize the ways
in which people engage in recursive cycles of meaning-making. Thus,
individuals are influenced by personal insight, cultural norms and social
interaction. There is a convergence of divergent and convergent
thinking that renders them not as end points, but rather as ongoing
processes, shaping how language evolves, adapts and innovates. In in-
stances of either forming metaphors in conversations, or actively
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re-forming discourse via academic writing, we can understand linguistic
creativity as a fluid and progressive phenomenon, resisting fixed clas-
sification (see Fig. 1).

Linguistic productivity, its expression, and interpretation, provide
fertile ground for creativity research as they exemplify spontaneous and
active perception, interpretation, and production processes. Through
studies that for example, examine semantic distance, scientists are able
to readily observe the cognitive-behavioural (perception, responses, and
production) aspects of linguistic interaction from the mundane to the
unprecedented. Conceptual expansion (Ward, 1994) underpins trans-
formative creativity. This is where monumental or revolutionary de-
signs, engineering and artistic feats gain their ground, through
reconfiguring existing concepts. This form of creativity connects con-
crete innovation with abstract expression, including everything from
architecture to poetry, joke creation, and fictional narrative construc-
tion. Instead of being limited to categories such as “Big-C,” this type of
creativity could be more comprehensively understood as paradigm
shifting. That is, conceptual expansion reshapes cultural discourse,
re-imagining possibilities.

For instance, residents of Oulu, Finland have profound memories of
the way in which architect, design consultant and the world’s first City
Chief Design Officer, Anne Stenros, had created curvaceous floral hats
out of nothing more than office paper. Internationally, many will
remember former-Beatle, artist and poet, John Lennon in his later years
with his ‘out of this world’ wordplay that included album titles such as
Spaniard in the Works, In His Own Write, and Skywriting by Word of Mouth.
Or the words of his legendary Happiness is a Warm Gun, chanting
“Mother superi-jump-the-gun....” This coincides with Sampson’s E-
creativity, not only disrupting the norm to connect seemingly unrelated
constructs but also enlarging these concepts to illuminate relations that
may actually be there, yet are for the most part hidden (Kroger, 2015).

These actions align with what Ward (1994) described as conceptual
expansion—a process that involves stretching and redefining the usual
boundaries of familiar concepts. In essence, it challenges the established
understanding of concepts, whether that understanding is formally

Journal of Creativity 35 (2025) 100111

codified or informally maintained through socio-cultural norms
(Lambon Ralph, 2014). Framing this within the continuum from F-cre-
ative to E-creative offers an ideal lens for examining how the brain en-
gages in creative cultural production.

3. Measuring creativity

In addition to the efforts made in defining creativity, attempts to
measure it are equally as popular. In the history of psychology, there
seems to be resistance to initiating the endeavour to empirically study
creativity. This is possibly due to the complexity of the topic, as it rep-
resents numerous perspectives and understandings as seen above
(Rhodes, 1961). Yet, eventually, the need arose from the immense ef-
forts placed in theory development to empirically test these theories.
Early empirical research focused almost exclusively on extraordinarily
gifted people in relation to what is known as H-creativity (Albert &
Runco, 1999). H-creativity, otherwise known as ‘historical creativity’,
relates to the grandiose, society changing inventions or innovations that
are referred to in history (Boden, 1990). P-creativity, or ‘psychological
creativity’ on the other hand, focuses on the creativity that is innate to
any person. To fully understand the cognitive models that have
contributed to H-creativity, we must first understand how P-creativity
operates. P-creativity is not simply important when attempting to un-
derstand creative production, but also cognitive actions such as
learning. From a constructivist perspective, learning is the reconstruc-
tion of the mind (Boden, 1990). Thus, the activity of learning is also
imperative for understanding what is recognised as creativity since
creativity can often be seen as the re-configuration of already existing
information.

Guilford, a prominent psychologist, made significant contributions
to the study of human creative potential and performance (Guilford,
1966). He proposed four key dimensions for assessing creativity: (1)
fluency, referring to the quantity of generated responses; (2) flexibility,
indicating the diversity of response categories; (3) originality,
measuring the uniqueness or novelty of responses; and (4) elaboration,
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denoting the level of detail in the responses. While Guilford has often
been recognized for pioneering psychometric approaches to intelligence
and creativity, his broader Structure of Intellect (SOI) model (Guilford,
1967) conceptualized intelligence as a multidimensional construct. This
model encompasses three major components: operations (e.g., cogni-
tion, memory, divergent and convergent production, evaluation), con-
tents (e.g., units, classes, relations, systems, transformations,
implications), and products (e.g., visual, auditory, symbolic, semantic,
behavioural), providing a comprehensive framework for understanding
human intellectual functioning.

Although these two operations are considered different, psycho-
metric evidence on the relationship between intelligence and creativity
has been controversial. As noted above, the Torrance Tests of Creative
Thinking (TTCT) showed a significant correlation with the Lorge-
Thorndike Intelligence test (LTI) (Wodtke, 1964; Yamamoto, 1964,
1965), whereas it did not show a significant correlation with the Raven’s
Progressive Matrices test (RPM) (Esquivel & Lopez, 1988). The Cali-
fornia Test of Mental Maturity (CTMM) showed correlations from —.04 to
+0.70, with a mean of 0.32 with the Guilford creativity test (Guilford &
Hoepfner, 1966), yet it showed negligible correlations with the
Wallach-Kogan creativity tasks (Kogan & Pankove, 1972). When intel-
ligence and creativity tests were administered to people in various IQ
ranges, Schubert (1973) and Weinstein and Bobko (1980) demonstrated
that intelligence had stronger association with creativity in the bottom
half of the intelligence continuum than in the top half. Whereas research
by Preckel et al. (2006) did not show the same result.

4. Neuroscience and creativity

The question of whether creativity can be measured through brain
activity has gained increasing attention with the emergence of cognitive
neuroscience. This field has provided novel insights into the neural
underpinnings of creative thought. Numerous experimental studies have
examined brain activity while participants engage in established or
novel creativity tasks, employing a range of neuroimaging techniques
such as positron emission tomography (PET), functional magnetic
resonance imaging (fMRI), electroencephalography (EEG), and magne-
toencephalography (MEG). Each modality offers distinct advantages in
terms of spatial and temporal resolution, thus providing complementary
perspectives on the neural mechanisms supporting creativity.

Creativity is considered a higher-order cognitive function that likely
involves a widely distributed network of cortical and subcortical re-
gions. As such, its investigation necessitates imaging methods capable of
capturing large-scale neural dynamics with both high spatial and tem-
poral precision. Importantly, any attempt to identify the neural corre-
lates of creativity must begin with a clear operational definition of the
specific type or dimension of creativity under investigation. As previ-
ously discussed, the contexts in which creativity is conceptualized and
assessed vary widely, and at both cognitive and neural levels, there is no
single process or brain region that can be isolated as the definitive basis
of creative cognition.

Neuroscientific research, including studies of brain lesions, has
elucidated the primary functions associated with specific brain regions
(Genon et al., 2018; Jung et al., 2010; Wise et al., 1999). For instance,
damage to the left temporal lobe (Lorca-Puls et al., 2021)—particularly
in Broca’s area—is frequently associated with impairments in language
production. Higher cognitive functions are generally understood to arise
from the interaction of distributed neural networks across multiple brain
regions (see e.g., Pulvermiiller, Tomasello, Henningsen-Schomers, &
Wennekers, 2021). Consequently, complex phenomena such as crea-
tivity can be conceptualized as sequences of causally linked
information-processing states within the brain.

Early insights into the neural basis of semantic processing emerged
with the discovery of the N400 event-related potential (ERP), first re-
ported by Kutas (1980) and subsequently developed in later work (Kutas
& Federmeier, 2011). The N400 manifests as a negative deflection in
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EEG or MEG signal in response to semantically incongruent or unex-
pected stimuli, often within word lists or visually presented linguistic
sequences. Critically, the amplitude of the N400 is modulated by the
semantic relationship between stimuli: greater semantic relatedness
leads to a reduced amplitude, effectively providing a neurophysiological
index of semantic distance. The component is also sensitive to priming
effects, with diminished responses observed when a target word is pre-
ceded by a semantically, morphologically, or orthographically related
prime (Kutas & Federmeier, 2011). These characteristics position the
N400 as a robust marker of semantic integration processes, which are
highly relevant to the study of creativity, particularly in relation to
associative thinking, concept combination, and the flexible navigation
of semantic space. As discussed in the previous chapter, creativity can be
associated with the N400 paradigm through its involvement in semantic
processing. However, it is important to note that N40O responses alone
do not provide a definitive measure of an individual’s creativity.

A commonly held view suggests that creativity predominantly orig-
inates from neural activity in the right hemisphere of the brain, with
highly creative individuals frequently described as "right-brain
thinkers." Some neuroscientific studies lend support to this hemispheric
distinction—for example, research on jazz improvisation has demon-
strated increased engagement of right-hemispheric regions during cre-
ative performance (Rosen et al., 2020). This perspective is consistent
with the dual-process model of creativity (Runco, 2010), which posits
that creative cognition emerges from the dynamic interaction between
executive control processes, typically localized in the frontal lobes, and
associative processes, often associated with right-frontal cortical areas.
These mechanisms correspond broadly to the cognitive modes of
convergent and divergent thinking, respectively.

5. Discussion

Creativity is widely regarded as a core component of human cogni-
tion, and a phenomenon that is unique to human beings. It is typically
defined as the capacity to generate ideas, solutions, or products that are
both novel and valuable within a particular context. Over the years, a
diverse array of theoretical frameworks and measurement methodolo-
gies have been developed to investigate creativity. Among the most
promising developments in recent decades are those emerging from the
field of cognitive neuroscience (e.g., Frith et al., 2021). According to this
perspective, knowledge is represented in the brain as interconnected
concepts within semantic networks (Orwig et al., 2021). As individuals
acquire and integrate new information, these networks expand, forming
increasingly complex associative structures. Concepts within these net-
works are linked through various types of associations, enabling a single
idea to evoke multiple interpretations or meanings. As the size and
complexity of a semantic network increase, so too does the potential for
generating more remote or atypical associations. In this context, crea-
tivity can be understood as the ability to form uncommon or novel
connections between otherwise distantly related concepts.

Operationalizing creativity involves defining the concept in a clear
and measurable manner to facilitate its systematic study and assessment
in both research and practical contexts. Researchers typically decom-
pose creativity into specific, observable behaviours or constructs that
can be quantified or evaluated through a range of methodologies.
Creativity may be defined in terms of the outcomes of the creative
process, such as the novelty and utility of ideas, products, or solutions,
often requiring the establishment of criteria to assess originality and
practical relevance. Alternatively, creativity can be conceptualized as
the process of idea generation, encompassing divergent thinking, idea-
tion, or problem-solving through convergent thinking, with a focus on
the cognitive mechanisms that support creative performance. Oper-
ationalizing creativity is essential for its effective measurement and
understanding. For example, further neuroscientific investigation is
required to establish stronger correlations between the N400 and other
brain responses, and creativity.
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