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This research aims to explore and analyze the relationship between
neuroscience and creative processes in order to gain a more
comprehensive understanding of the neural mechanisms underlying
human creativity. The method used was qualitative research with a
descriptive approach through literature studies, with data collection
techniques in the form of searching scientific literature from journal
articles, academic books, and other credible sources, and analyzed
using the stages of theme identification, data reduction, concept
categorization, and inductive conclusion drawn. The results of the
study show that creativity is a multidimensional neurocognitive
process that involves dynamic interactions between various brain
networks, especially the default mode network, executive control
network, and salience network, which plays a role in the generation,
evaluation, and implementation of ideas. In addition, creativity is also
influenced by cognitive factors such as memory and thinking
flexibility, as well as emotional and motivational factors such as
mind wandering and flow conditions. These findings confirm that
creativity is not singular or static, but rather the result of complex
integrations between various neural systems and individual
experiences. The implications of this research make an important
contribution to the development of the theory of neuroscience of
creativity and its application in the field of education and human
resource development. Thus, this research strengthens the
understanding that creativity can be studied scientifically and
potentially developed through a neuroscience-based approach.

INTRODUCTION

Creativity is one of the most complex cognitive abilities that humans possess and plays
an important role in the advancement of science, technology, and culture. In recent decades,
the study of creativity is no longer limited to the perspective of psychology, but has grown
rapidly in the realm of neuroscience. This approach allows for a deeper understanding of the

biological mechanisms underlying the creative thinking process, including how the brain
generates new ideas that are original and adaptive (Liu et al., 2024).
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The development of neuroimaging technology such as functional magnetic resonance
imaging has opened up great opportunities to observe brain activity directly during the creative
process. Research shows that creativity is not the result of the work of one specific brain area,
but rather involves complex interactions between large-scale neural networks. Networks such
as default mode networks, executive control networks, and salience networks are known to
play an important role in supporting various stages of the creative process (Huo et al., 2025).

Default mode networks are often associated with internal mental activities such as
imagination, self-reflection, and mind wandering which are important foundations in the
generation of creative ideas. This spontaneous activity allows individuals to access memory
and connect seemingly unrelated concepts (Koelsch et al., 2021). On the other hand, the
executive control network plays a role in evaluating and filtering ideas, resulting in relevant
and applicable solutions.

The relationship between the two networks suggests that creativity depends not only on
spontaneous processes, but also on directed cognitive control. The dynamic interaction
between the default mode network and the executive control network has been shown to
improve the ability to generate creative ideas through coordination between idea exploration
and rational evaluation (Beaty et al., 2015). This shows that creativity is the result of a balance
between freedom of thought and cognitive control.

In addition, recent research suggests that functional connectivity between brain
networks can significantly predict an individual's level of creativity. Individuals with high
creative abilities tend to exhibit more efficient and flexible connectivity patterns between
different brain networks, especially in the frontal and parietal areas (Beaty et al., 2018). These
findings reinforce the view that creativity is an integrated neurocognitive phenomenon.

In the context of cognitive processes, creativity is often associated with the ability to
think divergently, which is the ability to produce various solutions from a single problem.
These activities involve memory, attention, and complex semantic association skills
(Takeuchi et al., 2020). In addition, flexibility in semantic memory structures allows
individuals to connect distant, conceptually distant, thus resulting in new innovations (Hérault
et al., 2024).

Research has also shown that the search process in semantic memory plays an important
role in creativity. Mechanisms such as clustering and switching in memory search allow
individuals to move between different ideas flexibly and generate unique combinations of
concepts (Ovando-Tellez et al., 2022). This process confirms that creativity involves the
interaction between exploration and cognitive control.

On the other hand, emotional factors and mental states such as mind wandering also
contribute to the creative process. Studies show that a free, unfocused state of mind can
improve the ability to think creatively through the integration of various brain networks (Feng
et al., 2024). This shows that creativity is not only influenced by cognitive factors, but also by
affective dynamics.

Previous research has shown that the default mode network plays an important role in
imagination, self-reflection, episodic memory, and mind wandering, all of which are closely
related to the generation of creative ideas. Beaty et al. found that creative thinking depends on
cooperation between spontaneous idea generation and executive control, while later findings
emphasized that functional connectivity can predict individual creative ability. These studies
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indicate that creativity is not merely an unconscious or spontaneous process, but also requires
cognitive control to evaluate and organize ideas into meaningful outcomes.

Other relevant studies from neuroscience and cognitive psychology highlight the
importance of divergent thinking, working memory, semantic association, and emotional
states in the creative process. Research discussed in the manuscript shows that individuals
with higher creativity tend to demonstrate flexible brain connectivity, efficient semantic
memory search, and the ability to connect distant concepts. This evidence supports the view
that creativity is a multidimensional neurocognitive process shaped by both brain mechanisms
and individual experience.

However, existing studies still show several limitations. Many previous investigations
focus separately on specific components, such as only the default mode network, only
divergent thinking tasks, or only emotional factors. As a result, there is still a lack of integrated
explanation regarding how brain networks, memory, cognitive control, emotions, motivation,
and individual differences interact in a complete creative process. This research gap is
important because fragmented explanations may limit the development of practical strategies
for enhancing creativity in education and human resource development.

The specific issue addressed in this study is the need for a more comprehensive
understanding of the relationship between neuroscience and creativity. Although creativity
has been widely discussed in psychology and education, the neural mechanisms behind
creative thinking still require deeper synthesis. This is particularly relevant because modern
education and workplace systems increasingly demand creative thinking, while many
institutions still lack scientific guidance on how creativity can be developed systematically.

The novelty of this research lies in its attempt to integrate findings on brain networks,
cognitive processes, semantic memory, biological mechanisms, emotional dynamics, and
individual variation into one conceptual explanation of creativity. Unlike studies that focus
only on isolated neural regions or single creative tasks, this research emphasizes creativity as
a dynamic interaction among multiple systems. This integrative perspective can provide a
stronger theoretical foundation for designing creativity-based learning, training, and
intervention programs.

The purpose of this research is to explore and analyze the relationship between
neuroscience and the creative process in order to understand the neural mechanisms that
support human creativity. Specifically, this research aims to map the role of the default mode
network, executive control network, and salience network; synthesize findings related to
memory, divergent thinking, emotion, motivation, and biological factors; and formulate
theoretical and practical implications for creativity development.

This research is expected to contribute both theoretically and practically. Theoretically,
it enriches the neuroscience of creativity by presenting creativity as an integrated
neurocognitive phenomenon rather than a single mental ability. Practically, the findings can
benefit educators, researchers, psychologists, and human resource practitioners by offering
scientific insight into how creativity may be cultivated through learning design, cognitive
training, emotional regulation, and neuroscience-based intervention. Thus, this study is
relevant not only for advancing academic knowledge but also for supporting innovation-
oriented education and human development.
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METHODS
The research in this article used a qualitative approach with a descriptive design

through a literature study. The qualitative approach was chosen because it is able to provide a
deep understanding of complex phenomena such as the relationship between neuroscience and
creative processes that cannot be explained quantitatively. Qualitative research emphasizes
the exploration of meaning, interpretation, and contextual understanding of data obtained from
various relevant scientific sources (Bingham, 2023). In addition, the latest development of
qualitative methods also emphasizes the importance of transparency and systematics in the
analysis process to increase the credibility of research results (Pratt, 2025).

A descriptive approach is used in this study to systematically and accurately describe
the phenomenon studied without manipulating variables. This approach allows researchers to
comprehensively outline concepts, theories, and empirical findings related to creativity and
neuroscience. In the context of qualitative research, descriptive design also provides flexibility
in interpreting data and emphasizes the clarity of the methodological foundation so that
research results can be scientifically accounted for (Doyle et al., 2019). This approach is also
relevant for studying multidimensional phenomena such as creativity involving cognitive,
neural, and affective aspects (Abraham & P, 2024).

The data sources in this study come from various credible academic literature,
including scientific journal articles, academic books, and research reports relevant to the topic
of neuroscience and creativity. Literature studies as the main method allow researchers to
review, compare, and synthesize various existing scientific findings. Research shows that
literature studies are an effective approach in integrating various scientific perspectives and
mapping the development of research in a particular field (Granikov et al., 2020). In addition,
the use of diverse literature sources also enriches the analysis and strengthens the validity of
research findings (Bandaranayake, 2024).

The data collection technique is carried out through a systematic literature search of
relevant academic sources. This process includes identifying, selecting, and collecting
documents based on suitability for the research topic. The researcher uses a targeted search
strategy to obtain up-to-date and high-quality literature, so as to be able to support the
discussion comprehensively. Literature studies also allow for in-depth theoretical analysis of
key concepts in neuroscience and creativity (Jimenez et al., 2024). Thus, this technique not
only collects data, but also builds a strong conceptual framework.

The data analysis procedure in this study is carried out in stages through several main
processes, namely theme identification, data reduction, concept categorization, and inductive
conclusions. The analysis begins by identifying the main themes of the literature studied, then
continues with a process of data reduction to filter out relevant information. Furthermore, the
data is categorized into related concepts, thus forming a systematic pattern of understanding.
This analytical approach is in line with the qualitative analysis model that emphasizes iterative
processes and continuous development of meaning (Belotto, 2018). In addition, both
deductive and inductive coding techniques are also used to strengthen the structure of the
analysis (Fife & Gossner, 2024).

The inclusion criteria in this study include literature relevant to the topic of
neuroscience and creativity, published in reputable scientific journals, and have significant
theoretical and empirical contributions. Meanwhile, exclusion criteria include sources that
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have no academic validity, are irrelevant to the research focus, or do not meet scientific
standards. To maintain the validity of the data, this study applies source triangulation by
comparing various references and ensuring the consistency of the findings. In addition, the
validation process is also strengthened through a trail audit approach and systematically
documented analysis (Kalpokaite & Radivojevic, 2018). Thus, this descriptive qualitative
approach through literature studies is able to produce valid, reliable, and academically
accountable findings (Vila-Henninger et al., 2022).

RESULTS AND DISCUSSION

The results of the literature review show that creativity is a complex neurocognitive
process that involves dynamic interactions between brain networks, rather than a single
activity in one specific area. Various studies show that creativity is supported by the
integration between the default mode network, the executive control network, and the salience
network. This network plays a role in the simultaneous idea generation, evaluation, and
implementation stage (Huo et al., 2025). These findings confirm that creativity is the result of
the coordination of brain systems that interact with each other flexibly.

One of the key findings is the dominant role of default mode networks in the creative
thinking process, particularly in internal mental activities such as imagination, mind
wandering, and episodic memory invocation. This networking activity allows individuals to
combine past experiences with future possibilities in generating new ideas (Beaty et al., 2018).
In addition, the default mode network is also involved in the process of self-referential
thinking that enriches the creative perspective of individuals (Davey et al., 2016).

However, creativity does not depend only on such spontaneous processes. The
executive control network has an important role in controlling, evaluating, and refining the
resulting ideas. Research shows that the interaction between the default mode network and the
executive control network is the main key in generating ideas that are not only original but
also relevant and implementable (Beaty et al., 2015). In fact, increased connectivity between
these two networks has been shown to causally improve individual creative performance
(Luchinti et al., 2025).

In addition, studies on divergent thinking show that creativity is closely related to
working memory activity and cognitive flexibility. Individuals with high levels of creativity
showed greater activation of the attention system as well as decreased deactivation of the
default mode network during cognitive tasks (Takeuchi et al., 2020). This shows that creative
individuals are able to maintain a balance between external focus and internal processes.

Other findings suggest that creativity is also influenced by semantic memory
dynamics, specifically the ability to associate widely distant, concepts that are far apart. This
process involves memory search mechanisms such as clustering and switching, which allow
individuals to flexibly explore a variety of possible ideas (Ovando-Tellez et al., 2022). This
ability is the basis for generating innovative and unconventional ideas.

From a neurobiological perspective, creativity is also related to genetic factors and
neurotransmitters, specifically dopamine. Studies show that creative activity is associated with
a dopaminergic system that affects motivation, cognitive flexibility, and exploration of ideas
(Liu et al., 2024). This indicates that creativity is not only a cognitive process, but is also
influenced by more fundamental biological mechanisms.
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In addition to cognitive and biological factors, mental conditions such as mind
wandering and emotions also play a role in the creative process. Research shows that free
mind wandering can enhance creativity through the integration of various brain networks
(Feng et al., 2024). On the other hand, positive and negative emotions can both enhance the
originality of ideas through different neural mechanisms (Khalil et al., 2025).

Individual variation is also an important finding in the study of creativity. Research
suggests that differences in brain functional connectivity may explain differences in creative
abilities between individuals. Individuals with high creativity exhibit more flexible and
complex connectivity patterns than individuals with low creativity (Li et al., 2025). This
confirms that creativity is unique and influenced by the neural characteristics of each
individual.

To clarify the main findings, the following is a summary table of research results:

Table 1. Summary of Key Findings of Neuroscience and Creativity

Creativity
Aspect

Key Findings Source

Integration of DMN, ECN, and SN
supports creativity

Brain Tissue (Huo et al., 2025)

Cognitive A combination of imagination and (Beaty et al.,

Processes cognitive control 2015)
Memo The role of episodic and semantic (Beaty et al.,

Yy memory 2018)

Divergent . ot (Takeuchi et al.,
Thinking About working memory and flexibility 2020)
Semantic Clustering and switching in creative (Ovando-Tellez et

Associations ideas al., 2022)

Biological The role of dopamine and the neural (Liu et al., 2024)
Factors system

Emotional Emotlgns and mind Wandermg (Feng ct al., 2024)
Factors increase creativity

Ind1V}dual Differences in braln' connectivity affect (Li et al., 2025)
Variant creativity

Source: Compiled from previous studies (Huo et al., 2025; Beaty et al., 2015; Liu et al., 2024).

When compared to previous studies that tended to see creativity as a function of one
hemisphere of the brain or one specific area, the new findings suggest a more holistic
approach. Creativity is now understood as the result of dynamic and contextual multi-network
interactions. In addition, recent research also places more emphasis on integrative approaches
that combine cognitive, emotional, and biological aspects simultaneously (Cubillos-Pinilla et
al., 2025).

Overall, the results of this literature study show that creativity is a multidimensional
phenomenon that involves various brain systems, cognitive processes, as well as biological
and emotional factors. These findings provide a solid basis for further discussion of how
neuroscience mechanisms can be harnessed to enhance creativity in a variety of life contexts.
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DISCUSSION

The main findings of this literature study confirm that creativity can no longer be
understood as a function of one specific brain region, but rather as the result of dynamic
coordination between large-scale neural networks. Theoretically, these results are in line with
a paradigm shift in the neuroscience of creativity from a localizationist approach to a network
approach. While in early studies creativity is often associated with the dominance of a specific
hemisphere or a certain frontal area, more recent findings suggest that creativity involves
integrated work between the default mode network, executive control network, salience
network, sensorimotor network, and reward system (Beaty et al., 2015). Thus, creativity is
more accurately understood as an integrative process that brings together idea generation, idea
evaluation, and idea execution simultaneously.

The involvement of the default mode network in the results of this study reinforces the
concept that creativity is rooted in internal mental processes such as imagination, future
simulation, episodic memory retrieval, and mind wandering. These findings are consistent
with the view that network mode defaults favor constructive processing, i.e. the ability to
reconstruct past experiences into new combinations of ideas (Beaty et al., 2018). In this
context, creativity is not only born from spontaneity, but from the brain's capacity to
reconstruct experiences, symbols, and semantic associations into new possibilities. This
interpretation is also reinforced by studies showing the involvement of the hippocampus and
parahippocampal gyrus in the creative thinking process, particularly when individuals
combine memory with mental simulations to generate unprecedented ideas (Beaty et al.,
2018).

However, the results of the study also show that creativity is not solely driven by
spontaneous activities by default mode networking. The role of the executive control network
emphasizes that creative ideas require a process of selection, monitoring, inhibition of
dominant responses, and evaluation. This means that effective creativity is born from a
balance between freedom of association and cognitive control. This relationship theoretically
supports the dual process model in creativity, which places spontaneous processes and
deliberative processes as two complementary components. Evidence that the coupling
between the default mode network and the executive control network supports the production
of creative ideas suggests that creativity is not a contradiction between spontaneity and
control, but rather the result of the synergy of the two (Beaty et al., 2015). In fact, causal
evidence through neurofeedback shows that strengthening the connectivity of these two
networks can increase the originality of ideas, thereby strengthening the validity of the
integrative model (Luchini et al., 2025).

This interpretation also explains why research results on divergent thinking often show
the involvement of working memory, attention, and cognitive inhibition. Creativity is not only
the ability to generate a lot of ideas, but also the ability to keep ideas in mind, to divert
attention flexibly, and to reject associations that are too prevalent. The finding that originality
is related to working memory activity and reduced task induced deactivation at the default
mode network suggests that creative individuals are able to maintain access to internal
processes while still executing external task demands (Takeuchi et al., 2020). This expands
the classical view that considers creativity to be a product of free thought. On the contrary,
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the results of this study support the idea that high creativity actually demands efficient
cognitive coordination.

On the other hand, the findings regarding semantic memory enrich the interpretation
that creativity is strongly influenced by the knowledge structure that individuals have. Studies
highlighting clustering and switching in the search for semantic memory show that the creative
process depends on the ability to explore categories of meaning while moving flexibly
between association paths (Ovando-Tellez et al., 2022). This is in line with the theory of
creativity associations which states that ideas are born when distant concepts are successfully
connected meaningfully. Recent findings even suggest that creative individuals tend to assess
distant concepts as more related, and this has to do with the involvement of default networks,
controls, and semantic control networks (Hérault et al., 2024). Thus, creativity is not only a
product of inspiration, but also a reflection of a flexible and efficient memory architecture.

The results of the study also show that affective and motivational factors have an
important contribution to the creative process. Findings on mind wandering, emotion, reward,
and flow show that creativity develops optimally when the brain is in a state that allows the
exploration of ideas without too much evaluative pressure, but still maintains direction and
purpose. Free-moving mind wandering has been shown to correlate with creativity through
the dynamic integration of several brain networks (Feng et al., 2024). In addition, flow
conditions exhibit unique configurations, namely reduced excessive self-monitoring,
increased focus, and better connectivity between the default mode network and the executive
control network, which together support creativity and emotion regulation (Barnett & Vasiu,
2026). These findings suggest that creativity is not only a matter of cognitive capacity, but is
also influenced by a mental atmosphere that supports exploration and affective stability.

Another important contribution of the results of this study is the recognition of
individual variation. Creativity does not have one neural pattern that is uniform for everyone.
Studies on the variability of functional connectivity show that differences between individuals
in intra network and inter network connectivity are related to different levels of creativity (Li
et al., 2025). The interpretation is that creativity cannot be reduced to one universal neural
fingerprint. Factors such as experience, domain expertise, thinking habits, cognitive styles,
and possible genetic factors contribute to how brain networks are organized to support
creativity. These findings are particularly important because they challenge the assumption
that increased creativity can be achieved through one equal intervention for all individuals.

When compared to previous research, the results of this literature study show a
noticeable shift. Previous research has tended to focus on specific activation sites, while more
recent research has begun to emphasize connectivity, temporal dynamics, and relationships
between networks. Cross-domain meta-analysis shows that there are indeed general domain
mechanisms, such as working memory, conventional idea inhibition, interoception, and
internal goal orientation, but there are also domain-specific mechanisms that distinguish
linguistic, musical, and visual creativity (Cubillos-Pinilla et al., 2025). Thus, the results of this
study contribute to bridging two old poles in the literature, namely the view that creativity is
general and the view that creativity is highly domain-dependent. His findings suggest that
both are true to some extent.

The theoretical implications of this result are quite broad. First, the study reinforces an
integrative neurocognitive model that places creativity as a product of interactions between
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memory, cognitive control, emotions, motivation, and brain tissue dynamics. Second, these
results support the need to redefine creativity in neuroscience research, from a mere divergent
thinking score to a multidimensional construct that includes originality, usability, flexibility,
domain context, and affective factors. Third, these results add weight to the argument that
creativity can be learned and perhaps enhanced through interventions that target specific
neural mechanisms, such as neurofeedback, divergent thinking training, or structured aesthetic
experiences (Luchini et al., 2025). The practical implication is that education, talent
development, cognitive therapy, and creative professional training can utilize neuroscience
insights to design more targeted strategies.

However, there are a number of factors that can affect the outcome and need to be
critically discussed. First, the heterogeneity of the methods between studies is quite high, both
in terms of creativity instruments, types of tasks, brain imaging modalities, sample sizes, and
the domain of creativity studied. Second, many studies still use tasks such as the powerful
Alternative Uses Task to measure ideation, but may not yet capture the entire spectrum of
real-world creativity (Cubillos-Pinilla et al., 2025). Third, some evidence about intercellular
relationships is still correlational, although neurofeedback studies are beginning to provide
causal support (Luchini et al., 2025). Fourth, the influence of factors such as age, gender, skill
level, culture, emotional atmosphere, and training experience has not been fully integrated
into one consistent model. Fifth, some studies themselves acknowledge that neurochemical
underpinnings such as dopamine, as well as the role of individual differences in flow or
plasticity tendencies, still require stronger longitudinal evidence (Barnett & Vasiu, 2026).

The limitations of research in this literature study also need to be noted. Because this
article is based on a literature review, the strength of the conclusions depends heavily on the
quality, scope, and consistency of the studies being reviewed. In addition, the dominance of
laboratory experimental studies makes some findings at risk of under-representation of
creativity in natural and collaborative situations. Some reviews also highlight certain
methodological biases, for example the dominance of frontal stimulation in tDCS studies and
the limitations of cross-domain or cross-population generalization (Chan et al., 2025).
Therefore, suggestions for future research are to expand the use of longitudinal design, involve
a more diverse sample, integrate a multimodal approach, differentiate creativity by domain in
more detail, and test how training interventions or aesthetic experiences affect brain plasticity
in the long term (Arkhipova et al., 2026). Future research also needs to explore creativity more
in social, ecological, and collaborative contexts to make the neuroscience picture of creativity
more complete.

Overall, this discussion shows that the relationship between neuroscience and the
creative process is very close, complex, and multidimensional. Creativity arises from working
together with various brain networks that allow individuals to access memory, build new
associations, control evaluations, manage emotions, and execute ideas in specific contexts.
The main contribution of this study is to show that creativity is not just an abstract talent, but
a neurocognitive phenomenon that can be explained scientifically and potentially grown
through the right approach. Thus, this article provides a solid conceptual basis for the
development of research, education, and practical interventions based on the neuroscience of
creativity.

2541



CONCLUSION

This study shows that creativity is a complex and multidimensional neurocognitive
phenomenon that does not depend on a single brain area, but on the dynamic interaction of
various neural networks such as the default mode network, executive control network, and
salience network that work synergistically in the process of generating, evaluating, and
implementing creative ideas. Through a descriptive qualitative approach based on literature
studies, the results of this study confirm that creativity not only involves cognitive aspects
such as memory, attention, and thinking flexibility, but is also influenced by emotional,
motivational, and semantic memory structures of individuals. These findings reinforce and
expand on previous theories by emphasizing the importance of inter-brain network integration
and the role of individual variation in determining creative capacity. Academically, this
research contributes to enriching the conceptual framework of neuroscience creativity, while
practically providing implications for the development of neuroscience-based education and
training strategies. However, this study has limitations because it relies on a diverse literature
and there is still limited longitudinal evidence. Therefore, it is recommended that further
research use an empirical approach, triangulation of methods, and explore contextual factors
in order to produce a more comprehensive and applicable understanding. Thus, the research
objectives of mapping the role of key brain networks, integrating cognitive, biological, and
affective findings, and drawing practical implications for the development of neuroscience-
based creativity have been achieved through a comprehensive literature synthesis. However,
further empirical research and longitudinal design are needed to further test the proposed
integrative model and evaluate the effectiveness of neuroscience-based interventions in the
context of education and human resource development.
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