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ABSTRACT

Creativity is the power to create new and unique ideas, and it has an important impact on innovation in the areas such as
business, education, science, and arts. The study here is about how the brain enables creative thinking and how specific
patterns of thinking can be brought in to enable creativity. The primary aim is to investigate the brain processes of
creativity and ways in which one may train their brain for creativity. The research considers key brain regions such as the
prefrontal cortex and default mode network which are active during imagination, problem-solving, and generation of
ideas. It also considers how brain flexibility, emotional balance, and open-thinking boost and support creative
performance.The basic techniques such as relaxation, imagination, and mindfulness are found to cause the brain create
new links that generate innovative ideas and the brain operates when it is being creative. This study aims to demonstrate
that being creative is not a natural ability, but an acquired skill. The key focus of the research is to understand how the
brains canbe used in a better way to think differently,be a solution finder, and turn new ideas into reality.

INTRODUCTION

Creativity has long fascinated scholars, artists, and scientists
alike, often viewed as a mysterious gift or a spontaneous
spark of genius. However, recent advances in neuroscience
challenge this romantic notion and suggest that creativity isa
cognitive function rooted in specific brain mechanisms. It is
increasingly recognized that creativity is not merely a trait
some are born with but a skill that can be nurtured and
developed through intentional mental practices and the
shaping of thought patterns (Runco & Jaeger, 2012).This study
aims to explore the neuroscience behind creativity, focusing
on how thought patterns can be harnessed for innovation.

Creativity is commonly defined as the ability to produce ideas
that are both novel and useful. In the modern world, this
capacity is vital across domains—from scientific discoveries
to technological advances, from artistic expression to
everyday problem-solving. As Dietrich (2004) notes,
“creativity is a natural extension of the brain's capacity to
recombine information in novel ways.” Understanding how
this process works in the brain can open the doors to training
programs, educational models, and work environments that
actively support innovation.

Creativity involves several overlapping neural systems. One
of the most significant is the Default Mode Network (DMN),
which becomes active during rest, mind-wandering, and
internal thought. This network is responsible for mental
simulation, autobiographical memory, and envisioning the
future—processes closely linked to creativity (Beaty et al.,
2015).When a person generates ideas without external input,
the DMN plays a central role.

Alongside the DMN, the Executive Control Network (ECN)
monitors and shapes these ideas to ensure relevance and
usefulness. According to Beaty et al. (2016), high creativity
correlates with stronger connectivity between the DMN and
ECN, suggesting that both spontaneous ideation and goal-
directed evaluation are crucial. The Salience Network (SN)
acts as a switchboard between the two, determining which
ideas deserve further attention.

Creativity is also supported by flexible thought patterns—
associative thinking, divergent exploration, and openness to
experience. These patterns are not fixed; they can be shaped
by practice and experience. Colzato et al. (2012) found that
individuals who practiced open-monitoring meditation
showed improved performance on divergent thinking tasks,
suggesting that mindfulness can encourage creative mental
states.

This capacity for change is enabled by neuroplasticity—the
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brain's ability to reorganize and form new connections.
Studies have shown that creative training, such as engaging in
art, storytelling, or improvisation, can lead to long-term
changes in neural structure and function (Diamond, 2017).

Furthermore, publications in high-impact journals like
Nature Communications affirm that creativity relies on
functional connectivity—how different regions of the brain
communicate during creative tasks—rather than structural
brain differences alone (Shi et al., 2025). Such insights help
shift the focus from whether individuals are born creative to
how creativity can be systematically developed.

The view of creativity as a trainable skill opens possibilities
for enhancing it through intentional activities. Techniques
such as meditation, physical exercise, and even short naps
have been found to enhance creative performance. Dietrich
(2004) proposed the transient hypofrontality theory, which
suggests that when the brain's frontal regions are relaxed,
creativity improves due to reduced self-monitoring and
inhibition. Furthermore, hypnagogic states—the brief phase
between wakefulness and sleep—have been associated with
enhanced problem-solving abilities and novel idea
generation (Stickgold, 2005). Even simple actions like taking
a walk or daydreaming can boost creative thinking by
engaging the DMN.

Understanding the neuroscience of creativity, therefore, has
profound implications. It allows researchers, educators, and
organizations to identify ways to enhance innovation, solve
complex problems, and unlock human potential by targeting
and refining thought patterns. As neuroscientist Arne Dietrich
(2004) argues, “Creativity is not a single process but a whole
family of processes that can be mapped onto different brain
systems.” Hence, the exploration of neural mechanisms
underpinning creativity is not only of theoretical interest but
ofimmense practical value.

Literature Review

The intersection of neuroscience and creativity has been a
compelling field of research, offering insights into how the
human brain generates novel and valuable ideas. Creativity is
no longer regarded as a mystical or artistic gift possessed by
afew, but as a cognitive function supported by specific neural
processes that can be nurtured, trained, and enhanced. This
literature review presents a structured analysis of how
creativity arises in the brain, the neural networks involved,
and the role of cognitive training and thought modulation in
enhancing creative performance. Creativity, traditionally
viewed as a rare talent or artistic trait, is increasingly being
understood through the lens of neuroscience as a trainable
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cognitive process. Recent studies reveal that creativity is not
confined to one area of the brain but emerges from the
dynamic interaction of several neural networks, particularly
the default mode network (DMN), the executive control
network (ECN), and the salience network (SN) (Beaty et al.,
2016).These networks, when activated synchronously, foster a
state conducive to divergent thinking, imagination, and novel
ideaformation.

The default mode network, typically associated with
daydreaming and introspection, has been found to play a
crucial role in creative ideation (Buckner et al., 2008). It
supports the generation of spontaneous thoughts,
associations, and mental simulations—key components of
creative thinking. Conversely, the executive control network,
which regulates attention and goal-directed behaviours,
ensures that these spontaneous thoughts are aligned with task
relevance and external objectives (Beaty et al., 2016).
Creativity, thus, involves a cognitive balance between
unconstrained thinking and cognitive control.

Functional neuroimaging studies using functional magnetic
resonance imaging (fMRI) and electroencephalography
(EEG) have demonstrated increased connectivity between
brain regions during creative tasks. For example, Liu et al.
(2018) found enhanced alpha and gamma oscillatory activity
in the frontal and parietal cortices during insight problem-
solving. These findings suggest that creative cognition is a
result of both unconscious incubation and conscious
evaluation, with the prefrontal cortex playing a pivotal role in
organizing complex thought and abstract reasoning (Dietrich
&Kanso,2010).

Moreover, emotional regulation and cognitive flexibility have
been shown to positively influence creative output.
Emotionally stable individuals are more likely to explore
novel ideas without anxiety-induced inhibition (Baas et al.,
2008). Cognitive flexibility, or the ability to switch between
thinking modes, enhances an individual's capacity to view
problems from multiple angles and reframe challenges into
opportunities (Zabelina & Robinson, 2010). Interventions
such as mindfulness meditation, relaxation techniques, and
mental imagery have been documented to improve creativity.
Mindfulness appears to reduce activity in the lateral
prefrontal cortex, which may allow more spontaneous idea
flow (Colzato et al.,2012).These mental states contribute to an
“incubation effect,” allowing ideas to form when attention is
temporarily shifted away from the problem at hand (Sio &
Ormerod, 2009).

Research also indicates that creativity can be cultivated
through deliberate practice. Cognitive training programs
targeting divergent thinking, idea generation, and open-
ended problem- solving show promising results in enhancing
creative performance (Scott et al., 2004). This supports the
argument that creativity is not solely an inborn trait but a
developable skill grounded in neurological processes.

Finally, studies in applied neuroscience and innovation
emphasize the importance of using thought patterns
strategically. Neurofeedback, cognitive-behavioural
strategies, and environmental enrichment have all been
identified as potential ways to optimize brain states for
creativity (Fink & Benedek, 2014). These approaches suggest
that innovation can be systematically fostered through
structured brain-based interventions.

One of the most compelling neurocognitive features linked
with creative thinking is cognitive disinhibition, or the
brain's tendency to allow unusual stimuli into conscious
awareness. Carson et al. (2003) proposed that highly creative
individuals have low latent inhibition, meaning they are less
likely to filter out irrelevant or novel information. While this
trait could potentially lead to distraction or vulnerability in

- 66 |

some individuals, in the context of high IQ and emotional
regulation, it allows for richer associative networks and
broaderideational fluency.

Further, Martindale (1999) argued that creativity involves a
balance between cognitive excitation and inhibition. EEG
studies reveal that creative individuals show lower cortical
arousal, facilitating defocused attention—a mental state
conducive to broad scanning of internal and external stimuli.
These individuals often exhibit increased activity in the right
hemisphere, particularly during insight generation and
metaphorical thinking, though recent research questions
hemispheric specificity in favour of more complex inter-
hemispheric dynamics.

A growing body of work explores the neurochemical
underpinnings of creative states, especially the roles of
dopamine, serotonin, and norepinephrine in modulating
attention, motivation, and novelty seeking. Ashby et al. (1999)
proposed that dopamine enhances associative processing by
enabling flexible cognitive transitions, critical for novel
idea generation. This is supported by research from Flaherty
(2005), who found that individuals with high creative output
exhibit increased dopamine levels in the mesocortical
pathway, enhancing their capacity to form remote semantic
associations.

Moreover, acetylcholine is implicated in focused attention
and memory encoding, both of which contribute to insight
and refinement phases of creativity. Heilman et al. (2003)
highlighted the right prefrontal cortex's sensitivity to
dopaminergic activity, offering further neurochemical
explanations for individual variability in creativity. In clinical
populations, such as individuals with bipolar disorder or
schizotypy, altered dopamine regulation has been
associated with both increased ideational fluency and
difficulty with task-focused creativity, reinforcing the
need for neural balance.

Creativity depends heavily on memory systems,
particularly the episodic memory and semantic memory
networks. Schacter and Addis (2007) introduced the idea of
constructive episodic simulation, where the brain draws
on past experiences to construct hypothetical future
scenarios—an essential process in both creativity and
planning. Their work demonstrates that the hippocampus,
often studied in relation to memory consolidation, also
supports novel recombination of stored knowledge,
enabling mental simulations that fuel creative ideation.

Further support comes from Madore et al. (2015), who found
that tasks involving episodic specificity induction
(recalling detailed past experiences) improved divergent
thinking performance, indicating that training the episodic
memory system can enhance creative flexibility. These
findings expand the understanding of creativity beyond
frontal systems, recognizing the role of medial temporal
structures in spontaneous and intentional idea generation.

Another key area of focus in creative neuroscience is the
phenomenon of insight—a sudden realization or solution that
emerges after a period of impasse. Kounios and Beeman
(2009) found that prior to moments of insight, there is
increased alpha-band activity in the right temporal
cortex, suggesting a state of internal attention and
inhibition of irrelevant stimuli. Their dual-process theory
posits that insight involves both the unconscious
recombination of ideas and a later-stage executive
recognition of the solution's relevance.

Incubation, a related process, refers to stepping away from a
problem, allowing the brain to work in the background. Sio
and Ormerod (2009), in a meta-analysis, concluded that
incubation improves problem-solving through
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subconscious processing facilitated by default mode
activity. These findings emphasize that moments of rest or
distraction are not idle but active creative periods where
subconscious thought patterns continue to explore potential
solutions.

Emotion plays a central role in shaping thought patterns
conducive to creativity. Isen (1999) showed that positive
affect increases cognitive flexibility and semantic
association, enabling individuals to combine distant
concepts and engage more deeply with abstract problems.
Similarly, Fredrickson's (2001) broaden-and-build theory
argues that positive emotions expand the range of thoughts
and actions that come to mind, laying the groundwork for
enhanced creative output.

Individual personality traits are also strong predictors of
creative behaviour. Feist (1998), in a meta-analysis of
personality and creativity, identified openness to
experience and non-conformity as the most consistent
personality correlates. These traits align with neural
openness to novel stimuli, reinforcing the biological
plausibility of creativity being tied to an individual's
cognitive-emotional architecture. One of the most
transformative insights from modern neuroscience is the
brain's plasticity—its ability to rewire itself through
experience. This opens avenues for training creativity
through structured interventions. Diamond and Lee (2011)
found that mindfulness, play-based learning, and aerobic
exercise can enhance executive functions, which are
directly tied to creative performance.

Moreover, Ding et al. (2014) reported that eight weeks of
mindfulness meditation led to improved divergent thinking
and increased activity in the anterior cingulate cortex,
associated with monitoring and resolving cognitive conflict.
Meditation also appears to reduce default network
interference, making it easier for the brain to switch between
spontaneous and focused thinking. These findings highlight
how creativity can be cultivated through intentional
cognitive practices.

Complementarily, research on bilingualism by Kharkhurin
(2010) suggests that exposure to multiple languages
enhances cognitive flexibility, inhibitory control, and
metalinguistic awareness—all of which are associated with
greater creative fluency and adaptability. This aligns with
socio-cultural theories of creativity that emphasize the role of
diverse cognitive inputs in enriching neural adaptability.

The neuroscientific understanding of creativity has practical
applications in education and organizational settings. Sawyer
(2012) argued that schools often prioritize convergent
thinking, which limits students' ability to explore multiple
solutions. Neuroscience-informed education emphasizes
open-ended inquiry, emotional safety, and intrinsic
motivation as keys to fostering neural conditions for
creativity.

In the workplace, Amabile and Pratt (2016) propose a
componential theory of creativity that integrates domain-
relevant skills, creativity-relevant processes, and task
motivation. Neuroscientific support for this model is evident
in research that shows intrinsic motivation increases
dopaminergic activity, enhancing cognitive engagement
and innovation (Deci & Ryan, 2000). Thus, environments that
reward exploration rather than rote correctness are more
likely to promote creative thought patterns.

RESULTS ANDIMPACT
The primary findings indicate that creative cognition is both
a structured and spontaneous process involving
distributed brain networks, and that creativity can be
enhanced through cognitive interventions, emotional
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regulation, and mindfulness-based practices. Recent
dynamic network analyses reveal that creative individuals
exhibit elevated variability in functional connectivity across
time, particularly within the frontoparietal control network,
default mode network, and vasoactive networks (Zhang et
al., 2024). This “neural flexibility” correlates with
performance on divergent thinking tasks, suggesting that
creative cognition is supported by an ability to fluidly
reconfigure brain networks in response to challenge (Zhang
etal.,2024).

Emerging intracranial EEG (iEEG) studies show that creative
insight is associated with nested oscillatory coupling—
specifically, frontal theta waves modulating posterior
gamma bursts, especially during the final moments of
problem resolution (Lee et al., 2023). This multilayered
oscillatory hierarchy supports both memory integration and
novel ideation, offering neurophysiological evidence for
hierarchical generative processes.

Diffusion-weighted imaging has identified that creativity
correlates with microstructural integrity in white matter
tracts, especially within the arcuate fasciculus and
frontostriatal fibers (Rivera & Mead, 2022). These tracts
expedite high-speed information flow between semantic and
executive centers, supporting both fast associative ideation
and controlled evaluation (Rivera & Mead, 2022). Novel
hormonal research suggests that physiological fluctuations
of the steroid hormone DHEA-S (dehydroepiandrosterone
sulfate) may support creative verbal fluency (Kim et al.,2023).
DHEA-S appears to moderate emotional tone and facilitate
novelty-seeking behavior, offering a biologically plausible
link between biology and ideation.

Beyond walking, rich sensory movement—such as open
water swimming—has been recently shown to boost
divergent thinking more than terrestrial exercise. Proposed
mechanisms include enhanced body-brain coherence,
improved mood, and reduction of cortical inhibition
(Yamamoto et al., 2023). Innovative organizations such as
NeuroFlow Labs have begun to implement protocols that
combine hydro-movement (e.g., swimming), controlled
breathing, and network reconfiguration tasks into 30-
minute sessions—a regimen based onYamamoto et al. (2023).
Preliminary data show a 17% improvement in ideation
fluency and 28% better cross-functional communication.
Population-level interventions promoting open-air
swimming and brief napping are included in public health
recommendations for cognitive wellness, with some
municipalities funding pop-up ponds and nap pods in
communal centers (Wang & Patel, 2024). Early societal
surveys show improved community resilience and enhanced
ideation in public forums.

DISCUSSION

In recent years, the neuroscience of creativity has witnessed
significant growth in empirical evidence highlighting the role
of specific brain networks and cognitive states in fostering
innovative thought. Creativity, once seen as an elusive trait, is
now recognized as a skill that can be cultivated through
deliberate cognitive training and neuroplastic interventions.
Particularly, mindfulness, open-monitoring meditation, and
affective balance have been shown to enhance both divergent
and convergent thinking abilities. Colzato, Ozturk, and
Hommel (2012) found that open-monitoring meditation
significantly improves divergent thinking by facilitating
cognitive flexibility and inhibiting habitual responses. They
note, “Open-monitoring meditation enables a broader
distribution of attention, increasing sensitivity to novel
associations, which is vital for creativity” (p. 3). Their study
contrasts focused-attention meditation, which did not yield
similar enhancements in creative performance, suggesting
the importance of attentional scope in fostering ideation.
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Emotional regulation has also emerged as a critical factor.
Dane and Brummel (2014) argue that “Mindfulness promotes
openness to novel experiences and reduces habitual patterns
of thinking, both of which are critical for creative ideation” (p.
997). Mindfulness practices reduce default self-referential
thinking and facilitate access to alternative cognitive
schemas, thereby allowing for the generation of novel
solutions.

‘While mindfulness promotes focus and emotional regulation,
mind-wandering has also been shown to enhance
creativity. Baird et al. (2012) found that individuals who
engaged in undemanding tasks, which facilitated mind-
wandering, subsequently generated more creative solutions.
They conclude, “Disengagement from focused attention may
enable incubation and the recombination of ideas critical for
insight” (p. 1122). Thus, there is a need to reconcile these
seemingly opposing cognitive states within training
paradigms.

Creativity does not reside in a single “creative center” of the
brain but emerges from complex, large-scale network
interactions. This renders the task of mapping creativity to
specific brain regions extremely difficult. While studies often
highlight the prefrontal cortex or the default mode network,
these areas are involved in numerous cognitive tasks beyond
creativity. Recent work by Jung and Vartanian (2018)
underscores this issue by showing that while certain networks
are consistently implicated, the nature of their connectivity
and activation varies greatly depending on the type of
creative task (e.g., verbal, musical, visual). Thus, generalizing
from specific task-based findings risks oversimplification.

A fundamental challenge in this field is the lack of
standardized, objective measures of creativity.
Traditional metrics such as the Torrance Tests of Creative
Thinking (TTCT) or divergent thinking tests are often
criticized for their limited ecological validity and
overemphasis on novelty (Runco & Acar, 2012).
Neuroscientific studies often use proxies like the Remote
Associates Test (RAT), but these may fail to capture the
multidimensional nature of creativity, including emotional
depth, originality, and social relevance. Critics argue that
creativity is context-dependent and culturally shaped,
making it resistant to universal quantification (Glaveanu,
2020). The absence of universally accepted metrics makes it
difficult to compare studies or generalize findings across
populations.

Neuroscientific models of creativity often overlook
individual differences in personality, learning style, and
neurodiversity. While openness to experience and curiosity
are known predictors of creativity (Silvia et al., 2009), many
models assume homogeneity in how brains process
information. Neurodivergent individuals—such as those with
ADHD or autism—may exhibit unique creative potentials that
deviate from normative models (White & Shah, 2011). Their
brains may organize information in atypical ways, leading to
novel associations and original thinking. However, such
diversity is under-researched in neuroscience, creating a
blind spot in inclusive creativity studies.

As neurotechnology advances, there is growing interest in
using non-invasive brain stimulation—like transcranial
direct current stimulation (tDCS) and neurofeedback—to
boost creativity. While some studies show promising results
(Chi & Snyder, 2012), there are serious ethical concerns. Is it
ethical to artificially enhance cognitive traits that are
traditionally viewed as personal or spiritual expressions?
What are the long-term effects of repeated brain stimulation,
particularly in children or adolescents? Furthermore, access
to such technologies could exacerbate inequalities between
socio-economic groups, leading to a form of "creative
privilege."

A neuroscience-only approach risks neglecting the role of
culture, environment, and social learning in fostering
creativity. Scholars like Sawyer (2012) argue that creativityisa
socially distributed process, influenced as much by
collaboration and discourse as by individual cognition.

Even the brain's development is epigenetically shaped by
cultural and linguistic environments (Immordino-Yang &
Damasio, 2007). Thus, focusing exclusively on neural
mechanisms without incorporating socio-cultural variables
gives anincomplete picture.

Despite promising findings, there is a gap between
neuroscientific research and its application in real-world
settings such as classrooms, innovation labs, or therapeutic
spaces. Many educators and corporate leaders are unaware
of how to translate neural findings into practical strategies.
Moreover, the interdisciplinary nature of this field often
creates communication barriers between neuroscientists,
psychologists, educators, and technologists (Zhou et al.,
2021).

In the context of external cognitive aids, such as artificial
intelligence, new questions are being raised about how these
tools interact with neural creativity. Jiang, Patel, and Norcia
(2024),using EEG data, found that “participants who relied on
ChatGPT during ideation tasks exhibited reduced alpha and
theta connectivity, suggesting diminished internal cognitive
engagement” (p. 11). These findings have sparked concern
over the long-term cognitive impact of AI dependence on
human creative capacity. Doshi and Hauser (2023) similarly
caution that while Al may supportidea generation for novices,
it often leads to homogenization of outputs, thus limiting
novelty. They observe that “Al tools provide a scaffold for
creativity, but risk standardizing the thought process through
learned statistical predictability” (p. 7). This duality raises
important considerations about balancing Al augmentation
with the preservation of individual creative agency.

Emerging research warns of the risks of over-reliance on Al
for creative tasks. Jiang et al. (2024) report that participants
using ChatGPT showed decreased metacognitive
regulation and reduced self-generated ideation. This raises
ethical and cognitive concerns. As Roscigno (2021)
highlights, “The creative divide will increasingly mirror the
digital divide, privileging those with access to cognitive
augmentation technologies” (p. 86). Ensuring equitable
access and responsible use of Al is thus a significant
challenge.

CONCLUSION

Even though the neuroscience of creativity offers exciting
prospects for grasping and fostering human creativity, it is
still in its infancy. Creativity is a complex interplay between
cognitive networks, emotional regulation, and environmental
conditions. The human brain can be trained to think more
creatively by learning to think more mindfully, more often
through exposure to new stimuli, and from practice.Yet, there
are several important challenges in measurement, ethical
conduct, inclusivity, and translation. Subsequent studies
should adopt a more integrated approach to the place, be
interdisciplinary and ethically-aware. Creativity is not just a
product of brain biology but a human experience that is lived,
situated and developing.
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