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Exploring the neural basis of
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In school-aged children
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Creativity is a fundamental aspect of human cognition, particularly during
childhood. Exploring creativity through electroencephalography (EEG) provides
valuable insights into the brain mechanisms underlying this vital cognitive
process. This study analyzed the power spectrum and functional connectivity
of interhemispheric and intrahemispheric brain activity during creative tasks
in 15 Argentine children aged 9 to 12, using a 14-channel EEG system.
The Torrance test of creative thinking (TTCT) was used, incorporating one
figural and one verbal task. EEG metrics included relative power spectral
density (rPSD) across Delta, Theta, Alpha, Beta, and Gamma bands. Spearman’s
Rho correlations were calculated between frequency bands and performance
on creativity tasks, followed by functional connectivity assessment through
coherence analysis across the [1-50] Hz spectrum. The results revealed
significant increases in rPSD across all frequency bands during creative tasks
compared to rest, with no significant differences between figural and verbal
tasks. Correlational analysis revealed positive associations between the Beta
band and the innovative and adaptive factors of the figural task. In contrast,
for the verbal task, both the Beta and Gamma bands were positively related
to flexibility, while the Alpha band showed a negative relationship with
fluency and originality. Coherence analysis showed enhanced intrahemispheric
synchronization, particularly in frontotemporal and temporo-occipital regions,
alongside reduced interhemispheric frontal coherence. These findings suggest
that creativity in children involves a dynamic reorganization of brain activity,
characterized by oscillatory activation and region-specific connectivity changes.
Our study contributes to a deeper understanding of the brain mechanisms
supporting creativity during child development.
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1 Introduction

Creativity is characterized by the expression of new ideas,
the ability to view things from different perspectives, and the
capacity to combine unrelated concepts in novel ways (Benedek
et al, 2012a,b). Creativity has been examined from multiple
angles, including social, psychological, cognitive, and historical
perspectives, resulting in a variety of theories (Amabile, 1983;
Csikszentmihalyi, 1988; Guilford, 1956; Mednick, 1962; Simonton,
1988; Sternberg and Lubart, 1993). However, the brain mechanisms
underlying creative thinking, particularly in children, remain not
fully understood.

Creativity arises from basics mental processes (Boden, 1998),
linking it, to cognitive science and neuroscience. Theories of
creativity must align with the current understanding of brain
function (Pfenninger and Shubik, 2001). Recent research indicates
that creativity is not a single, unified faculty, but rather evolves
from the dynamic interaction among various distributed neural
networks (Dietrich, 2024; Pearl, 2024). This creative process is not
isolated; it builds upon prior knowledge and is enriched through
the combination of different perspectives. Current neuroscientific
evidence indicates that creativity requires both the activation of
networks associated with the default mode during spontaneous
idea generation and the involvement of central executive networks
during the elaboration and refinement of these ideas (Pearl,
2024).

1.1 EEG and creativity

Research employing electroencephalography (EEG) has
extensively studied brain activity during creative processes,
highlighting variations in neuronal activity patterns across diverse
creative tasks, including those that assess remote associations
and artistic expressions such as creative storytelling, metaphors,
humor, paintings, and melodies (Arden et al., 2010; Dietrich and
Kanso, 2010; Bazanova and Aftanas, 2008; Danko et al., 2009;
Fink and Benedek, 2014; Fink et al., 2009; Grabner et al., 2007;
Razumnikova et al., 2009; Pidgeon et al.,, 2016; Rominger et al.,
2019; Stevens Jr and Zabelina, 2019; Sun and Zhou, 2024; Volf and
Razumnikova, 1999). Research on the power spectrum in young
adults indicates that significant changes occur during creative
tasks (Rominger et al., 2019; Volf and Razumnikova, 1999). These
changes are particularly evident in the alpha band across the
frontal, parietal-occipital, and right hemispheric regions (Fink
et al., 2009; Grabner et al., 2007; Jauk et al., 2012; Rominger et al.,
2019). This activity has been associated with internal attention
processes (Benedek, 2018) and the inhibition of irrelevant stimuli,
decreasing when attention is focused outward (Benedek et al,
2011; Stevens Jr and Zabelina, 2020). Consistently, in their study
on EEG and creativity, Ahad et al. (2023) analyzed brain patterns
during creative ideation, finding a marked decrease in alpha
power in the parieto-occipital region (O1/2, P7/8). This pattern
could be explained by the differential activation of specific brain
regions: while alpha synchronization in the frontal region indicates
high demands for internal processing, desynchronization in the
posterior areas (parieto-occipital) reflects a greater demand on
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the visual system during creative processing. In this regard, alpha
synchronization has been correlated with divergent thinking, as
opposed to convergent thinking, especially in fronto-parietal areas.
Alpha synchronization is interpreted as top-down processing and
internal attention, while alpha desynchronization, more prominent
during convergent tasks, is related to remote associations and the
consolidation of semantic memory. These patterns suggest that
modulation of the alpha band is linked to the specific processing
demands that each creative task requires, rather than to creative
cognition itself (Eymann et al., 2024). Earlier brain imaging studies
have reported that different frequency bands, such as delta, theta,
beta, and gamma, also show distinctive patterns during creative
tasks (see e.g., Boot et al., 2017; Wokke et al., 2019). Specifically,
changes in beta and gamma bands in the temporal and central
brain regions, along with a decrease in theta in parieto-occipital
areas, have been associated with the creative process (Danko et al.,
2009; Pidgeon et al., 2016; Shemyakina et al., 2007). Studies in this
line, have documented changes in alpha and gamma oscillations
associated with creative idea generation and problem-solving
(Jauk et al., 2012). Jung-Beeman et al. (2004) identified specific
changes in theta and beta oscillations during creative insight
phases. Regarding the theta band, an increase in fronto-occipital
functional connectivity has been observed in individuals with
high creativity (Wokke et al., 2019; Cavanagh and Frank, 2014).
Razumnikova et al. (2009) found that theta coherence increases
during visual tasks and decreases during verbal tasks, while beta
activity increases during visual tasks compared to the baseline.
Additionally, Volf and Razumnikova (1999) documented that
high levels of creativity are associated with theta and beta activity
in frontal-occipital and lateral regions, while Bhattacharya and
Petsche (2005) observed notable changes in neural synchronization
patterns, with emphasis on the theta band during creative problem-
solving. More recently, Bartoli et al. (2024) examined creativity’s
neurophysiological mechanisms using direct brain recordings
(EEG) during divergent thinking tasks. Their findings revealed
specific patterns in the Default Mode Network (DMN): an increase
in gamma waves (30-70 Hz) and a decrease in theta waves (4-8
Hz), especially in lateral temporal regions during the initial phase
of creative processing. As the authors note: “DMN activity was
characterized by a stronger increase in gamma band power coupled
with lower theta band power” (p. 3409), providing crucial evidence
on the brain mechanisms underlying the generation of original
ideas.

EEG studies have revealed specific activation patterns regarding
the key brain regions involved in the creative process. For example,
Beaty et al. (2015) found increased activation in the frontal areas,
particularly in the dorsolateral prefrontal cortex (DLPFC) during
creative tasks, while Fink et al. (2009) documented significant
synchronization patterns between frontal and temporal areas.
Rominger et al. (2022) highlighted that brain activation patterns
during the generation and evaluation of creative ideas vary by brain
region, reflecting different aspects of the creative process. Increases
in parietal and occipital areas would be linked to internal attention
and inhibition of external information, while changes in temporal
regions would be related to memory and associations. A decrease
in alpha power in the parietal and occipital areas is associated
with heightened sensory processing and convergent thinking.
Conversely, an increase in alpha power in these regions is linked
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to greater internal attention and working memory, particularly in
individuals with lower levels of metacognitive monitoring.

The heterogeneity in EEG findings can be explained in a more
fundamental way. In this regard, Dietrich (2024) suggests that
conceptualizing creativity as a unitary brain faculty is problematic.
The neurocognitive mechanisms of creativity are diverse and
depend on the specific type of creative process involved. This
suggests that there is no single neural pattern that can define all
forms of creative activity. Different creative tasks show unique
activation patterns in EEG readings, as each type of creativity
This view of distributed
processes is supported by recent research on brain networks

activates different neural networks.

and creativity (Pearl, 2024). Research involving musicians has
highlighted two key networks during improvisation: the default
mode network (DMN), which is engaged in the medial prefrontal
cortex during creative improvisation, and the central executive
network (CEN), activated during a repetitive musical performance.
Neuroimaging studies indicate that during improvisation, the
medial prefrontal cortex becomes activated, while the dorsolateral
and lateral orbital prefrontal regions are deactivated. This suggests
that creativity arises from the interaction of different neural
networks. A relaxed mental state can enhance creativity, while
heightened executive control may inhibit it (Pearl, 2024).

Current studies highlight the importance of clearly defining
creativity and distinguishing it from other traditional mental
abilities, such as intelligence (Fink and Benedek, 2014). In this
regard, EEG represents a suitable tool for studying creativity
under optimal conditions (Fink and Benedek, 2014). Additionally,
when examining the specific neurocognitive processes linked to
creativity, it is essential to use widely recognized tasks with
strong psychometric properties, such as the Torrance Test of
Creative Thinking (1990). Particularly, the use of both verbal
and figural tasks from the TTCT in children is highly relevant,
as these tasks capture different aspects of divergent thinking
during this crucial stage of development. The figural tasks
evaluate visuospatial creative abilities (Torrance et al., 1992),
while the verbal tasks focus on creative linguistic expression
(Torrance, 1990). This complementary approach could provide
a more comprehensive understanding of children’s creativity
and its cognitive foundations. To our knowledge, no research
has examined brain connectivity/dysconnectivity during TTCT
performance in typically developing children. Investigating these
aspects of brain function is crucial, as it allows us to quantify
brain regions that exhibit increased or decreased information
exchange during cognitive tasks compared to a baseline state.
This understanding deepens our insight into the brain-behavior
relationships. Therefore, this study aims to analyze the power
spectrum, the correlation between the EEG-based parameters
and the behavioral results, and the functional inter- and intra-
hemispheric brain connectivity and dysconnectivity during the
TTCT performance test in school-aged children.

2 Materials and methods

2.1 Participants

The sample consisted of 15 Argentine children aged 9-12
years (M = 10.33; SD = 1.11) from a middle socioeconomic level.
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Inclusion criteria included: absence of neurological or psychiatric
history, normal or corrected sensory abilities, regular school
attendance, and no grade repetition. IQ, levels of inattention and
hyperactivity-impulsivity, and parental educational level on a five-
level scale from primary to postgraduate studies were evaluated.
The assessments were conducted individually in two sessions using
the Emotiv Epoc+ EEG recording device, which was introduced
to interested parents beforehand. Informed consent was obtained
from parents or legal guardians, and approval was granted by the
Ethics Committee of FCS-UAP (Resolution 5.7/2019). We present
a table detailing the sociodemographic characteristics of the sample
in the Supplementary Table S1.

2.2 Data acquisition

The EEG data were collected using the Emotiv Epoc+ device
(Emotiv, 2021) (Figure 1A), which features 14 electrodes positioned
according to the international 10-20 system (AF3, F3, F7, FC5,
T7, P7, O1, O2, P8, T8, FC6, F8, F4, and AF4) and two reference
electrodes (see Figure 1D). The acquisition sampling frequency was
128 Hz. Previous studies have demonstrated that the Emotiv Epoc
headset reliably captures high-resolution patterns of brain activity
(Bobrov et al., 2011) and exhibits strong test-retest reliability
(Amjad et al.,, 2019). Data acquisition was conducted separately
for each test. The process consisted of two stages: an initial stage
where data were recorded 5 min from the children in a resting state
with their eyes open (control condition), followed immediately
by recordings taken while they performed the assigned tasks (see
Figure 1E).

2.3 Cognitive tasks

The Raven's progressive matrices test

It assesses general intellectual ability (fluid intelligence). The
assessment scale used varied depending on the age of the children
in the sample (Raven and Raven, 2008). For children between 5 and
11 years old, the Color Scale (RCPM) was utilized, which consists
of three series. For 12-year-old children, the General Scale (RPM)
was employed, which includes five series.

The Swanson, Nolan, and Pelham rating
scale—fourth version

This scale is designed to assess hyperactivity, impulsivity,
and attention deficits in children. It features two versions: one
for parents and one for teachers. Each symptom is rated on a
scale from 0 to 3, with nine items focusing on attention and
nine addressing hyperactivity and impulsivity. The total score
can range from 0 to 27. In Argentina, the teacher version of
this scale has been utilized as a tool for identifying Attention
Deficit Hyperactivity Disorder (ADHD) in children aged 4 to 14
(Grafana et al., 2011).

The TTCT figural form A, task 2
This task
incomplete figures and assigning titles to them in a time frame

(Torrance et al, 1992) requires completing
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(A) Schematic representation of the Emotiv Epoch system. (B) Example of the TTCT Figural Test (Task 2), which involves completing incomplete
figures and assigning titles within a 10-min timeframe. (C) Example of the TTCT Verbal Form B (Task 5), where participants list unusual uses for a
specific object (cans in this case) over 10 min. (D) EEG electrode topographic brain distribution. (E) Example of EEG signal recording, starting with an
initial baseline measurement (open eyes) followed by recordings during the different test tasks.

of 10 min. It measures creativity through fluency, originality,
elaboration, resistance to premature closure, and abstract title
(Figure 1B). These dimensions produce two correlated factors:
Innovative (fluency and originality) and adaptative (elaboration,
resistance to premature closure, and abstraction of titles).
Confirmatory Factor Analysis (CFA) with Argentine children
confirmed this bifactorial structure, showing invariance by gender
(Krumm et al., 2016b).

The TTCT verbal form B, task 5

This task (Torrance, 1990) requires listing unusual uses for a
specific product for 10 min (Figure 1C). The task evaluates three
dimensions of creative thinking: fluency (total number of relevant
responses), flexibility (diversity of categories), and originality
(novelty of ideas), excluding non-creative responses. CFA with
young Argentine adults showed a better fit for the six-factor model,
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where each activity represents a correlated factor that evaluates the
three dimensions (Krumm et al., 2016a).

2.4 Data analysis

2.4.1 Preprocessing

The first step involved preprocessing the EEG signals. A
bandpass filter was applied, which limits the frequency range to
[0.5-50] Hz. Channels with poor signal quality were manually
identified and replaced using an interpolation algorithm. The signal
was then segmented into 5-second epochs. A visual inspection of
the data was conducted to identify and remove epochs affected
by movement artifacts or other acquisition issues. One participant
was excluded from the analysis due to excessive noise in the EEG
recording. The epochs from both baselines (figural and verbal
tasks) were normalized using z-score approach. On average, each
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participant have 20 & 3 claen epoch in baseline and 52 £ 7 in
each the test (Figure 1E). Then independent component analysis
(ICA) was performed to isolate and remove components associated
with myographic, cardiac, and ocular artifacts. After completing
the preprocessing steps, the remaining epochs were categorized
into two conditions: baseline (BL) and task performance (figure
or verbal task). All analyses were conducted using the open-source
MNI Python Package (Gramfort et al., 2013).

2.4.2 Power spectrum analysis

The first analysis focused on the relative power spectrum
density (rPSD),
contribution of a specific frequency band relative to the total

a normalized metric that quantifies the

power across all frequency bands. The frequency bands analyzed
included Delta [1-4] Hz, Theta [4-8] Hz, Alpha [8-12] Hz,
Beta [12-30] Hz, and Gamma [30-50] Hz. Spectral analysis was
performed with a resolution of 0.25 Hz across the frequency range
of 0.5 to 50 Hz, using the Welch method implemented in the SciPy
signal package in Python. Segments were 1,000 points long, and
the butterworth filter was applied with third-order configuration.

2.4.3 Correlation analysis

Spearman’s Rho correlations were calculated between the
Figural and Verbal factors of the TTCT and the frequency bands
(Delta, Theta, Alpha, Beta, and Gamma). This non-parametric
test was chosen due to the small sample size and because the
Shapiro-Wilk test confirmed a non-normal distribution of the data,
especially in the Gamma band (p < 0.05).

2.4.4 Functional connectivity: coherence
Coherence analysis was used to evaluate functional connectivity
between EEG signals across different channels. Coherence
measures the degree of linear synchronization between two signals
based on their phase and amplitude relationships (Stoica and
Moses, 2005). Coherence values were computed using Welch’s
method. The analysis was performed in Python using the function
scipy.signal.coherence, with a Hann window of 800 ms and
50% overlap. Coherence was analyzed as a function of frequency
within the range of [2 — 50] Hz for all channel pairs. The mean
coherence was calculated across all epochs corresponding to the
same participant and experimental condition. Subsequently, a
statistical analysis was conducted to compare coherence values
across the different groups: baseline, verbal test, and figure test.

3 Results

3.1 Relative power spectrum density
analysis

The relative power spectrum density (rPSD) was analyzed
across the Delta, Theta, Alpha, Beta, and Gamma bands for
all EEG channels, comparing three conditions: baseline, figure
test, and verbal test. Figure2 left column illustrates the rPSD
values distributed across the brain topology, along with the
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average values across all channels (Figure 2 right column). For
all frequency bands, we observed a consistent pattern: rPSD
values during the baseline state were significantly lower than
those during the cognitive tasks. This difference was statistically
significant across all measured channels (p-values for each channel
are presented in Supplementary Figure S1). These findings are
even more pronounced when averaging across all channels.
Additionally, no significant differences in rPSD were observed
between the two tests (Figure and Verbal) for any of the frequency
bands analyzed.

3.2 Correlation analysis

For the TTCT figural (Figure 3A), results revealed significant
positive correlations between the Beta band and both the
Innovative factor (r = 0.717, p < 0.01) and the Adaptive
0.547, p < 0.05). In the verbal task (Figure 3B),
a significant positive correlation was found between the Beta
band and the Flexibility factor (r = 0.543, p < 0.05) and
between the Gamma band and Flexibility (r = 0572, p <
0.05). In contrast, the Alpha band exhibited negative correlations
with both Fluency (r = —0.546, p < 0.05) and Originality
(r = —0.544, p < 0.05).

factor (r =

3.3 Coherence analysis

Coherence analysis was conducted across all pairs of EEG
channels. Given the number of comparisons is N = 91, Figure 4
highlights the relationships for four pairs intra-hemispheric
electrodes on the left and right hemispheres, as well as four
pairs of inter-hemispheric connections. The coherence analysis
for all channel pairs is presented in Supplementary Figures S2-S6.
A clear observation from the intra-hemispheric connectivity
analysis is that both the left and right hemispheres exhibit a
significant increase (highlighted as shaded pink squares in the
figure) in coherence during the figure (violet line) and verbal
tasks (blue line) compared to the baseline state (green line). For
the left hemisphere (Figure 4 left column), the frontal channel
relationship (AF3-F3) shows increased coherence in both the
Beta and full Gamma bands. For the AF3-F7 electrode pair,
coherence increases across all bands during both tasks. The
temporo-occipital relationship (T7-O1) demonstrates an increase
in coherence within the Delta, Theta, Alpha, and most of the Beta
band. Finally, the temporo-parietal relationship (T7-P7) shows
increased coherence across all frequency bands. Similarly, for the
right hemisphere (Figure 4 right column), the frontal electrode
relationships (F4-F8) and (F8-AF4) display significantly higher
coherence during both tasks across all frequency bands. A similar
pattern is observed for the parieto-temporal relationship (P8-
T8). For the temporal-occipital connection (O2-T8), coherence
increases in the Delta,Theta, Alpha, Low-beta, and most of the
Gamma bands. In contrast to intra-hemispheric relationships,
inter-hemispheric connections (Figure 4 center column) exhibit
a general trend of decreased coherence when children perform
both tasks. However, this decrease is significant only for electrode
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FIGURE 2
Relative power spectrum density analysis (rPSD). The left column shows topoplots of rPSD values across the scalp for the following frequency bands:
(A) Delta [1-4 Hz], (B) Theta [4-8] Hz, (C) Alpha [8-12] Hz, (D) Beta [12-30] Hz, and (E) Gamma [30-50] Hz. The right column compares rPSD values
between groups, with each violin plot representing the average value across all measured channels. Statistical comparisons between conditions were
performed using the Kruskal-Wallis test, followed by Dunn’s multiple comparisons test to identify significant differences (**p < 0.0001).
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pairs in the frontal area (for example F3-F8, F7-F8, F7-FCe,
FC5-FC6). For the other electrode pairs, no clear or significant
trends are observed (see Supplementary material S2). For a more
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concise representation of the coherence results across bands,
a connected topoplot was generated encompassing all bands
(Supplementary Figure S7).
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(A) Heatmap of correlations between TTCT Figural factors (Innovative and Adaptive) and EEG-based parameters. FTalpha, Figural Test Alpha; FTbeta,
Figural Test Beta; FTdelta, Figural Test Delta; FTgamma, Figural Test Gammea; FTtheta, Figural Test Theta; Inno., Innovative Factor; Adap., Adaptive
Factor. Blue color indicates positive correlations, and red indicates negative correlations. *p < 0.05, **p < 0.01. (B) Heatmap of correlations between
TTCT Verbal factors and EEG-based parameters. Note: VTalpha, Verbal Test Alpha; VTbeta, Verbal Test Beta; VTdelta, Verbal Test Delta; VTgamma,
Verbal Test Gamma; VTtheta, Verbal Test Theta; F., Fluency; Fx., Flexibility; O., Originality. Blue color indicates positive correlations and red indicates
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4 Discussion

This study aimed to examine the characteristics of the power
spectrum and its relationship to behavioral performance, as well
as the functional brain connectivity/dysconnectivity within and
between hemispheres during the performance of two divergent
thinking tasks, including both verbal and figural components, in
school-aged children.

First, our results indicated an increase in relative power
spectral density (rPSD) during creative task performance compared
to the baseline state. This pattern was consistent across all
analyzed frequency bands: i.e., theta, alpha, beta and gamma. Our
findings align with previous research on brain activity during
divergent thinking tasks, reporting increases in the alpha (Benedek,
2018; Fink and Benedek, 2014), Theta (Danko et al., 2003; Jin
et al., 2006; Shemyakina et al., 2007), Beta (Danko et al., 2009;
Razumnikova, 2007), and Gamma (Bhattacharya and Petsche,
2002; Jung-Beeman et al, 2004) bands. Regarding the delta
band, while some studies suggest a decrease in activity during
divergent thinking tasks (Boot et al., 2017; Wokke et al., 2019),
increases in power have also been observed in specific temporal
regions during verbal creativity tasks (Danko et al., 2003). The
simultaneous activation of multiple bands aligns with the current
perspective on creativity, which is understood as a phenomenon
arising from the dynamic interaction between distributed neural
networks (Dietrich, 2024), involving the activation of default
mode networks during spontaneous idea generation and the
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engagement of central executive networks during idea elaboration
(Pearl, 2024).

Second, the correlation analysis revealed that in the figure task,
higher levels of innovation and adaptation were linked to increased
activity in the beta band. This suggests that this drawing task
may engage processes related to focused attention and sensory
processing in children. This finding is consistent with previous
research (Razoumnikova, 2000; Stevens Jr and Zabelina, 2020),
which reported increased beta activity during creative tasks. In
the verbal task, both beta and gamma were positively correlated
with flexibility, while alpha showed a negative relationship with
fluency and originality in creative responses. These results align
with research indicating changes in these bands during creative
problem-solving tasks (Vidal et al., 2006) and suggest that creative
writing engages processes related to focused attention (beta) and
complex processing (gamma). Our findings are also consistent with
earlier studies on language production (Luft et al., 2018; ElShafei
etal, 2022), that demonstrate a negative correlation between alpha
power and behavioral performance (ElShafei et al., 2022; van Ede
et al., 2017), suggesting that alpha may enhance task performance
by regulating inhibition in areas associated with lexical retrieval
(Zioga et al., 2024). Some authors have argued that the dynamics
of alpha and beta waves are essential for language comprehension,
supporting higher-order processes such as syntactic processing
(Meyer, 2017; Zioga et al., 2024). The effects observed in the beta
band may indicate an increased demand for retrieving linguistic
representations from memory (Hagoort, 2013).
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Coherence analysis: intra-hemispheric coherence analysis (left and right columns) and inter-hemispheric coherence analysis (central column).
Each graph represents the coherence between the channels specified in the title within the frequency range [0-50] Hz. Green lines indicate mean
values, and the shaded areas represent the standard deviation across all children: green for the baseline state, violet for the verbal test, and light blue
for the figure test. Pink shading highlights the frequency bands where differences between the test conditions and the baseline are statistically
significant (the shaded area represents a statistic with p < 0.05 using the Kruskal-Wallis test, followed by Dunn’s multiple comparisons test).

Finally, we observed a significant increase in coherence within
each hemisphere during both creative tasks, especially noticeable
between frontal-temporal and temporal-occipital regions. These
results align with Fink et al. (2009), which identified significant
synchronization patterns between frontal and temporal areas
during creative tasks. According to Rominger et al. (2022), these
patterns may indicate different facets of the creative process;
changes in the temporal regions could be related to memory
and associative processes, which are fundamental for creative
thinking. At the same time, increased coherence in the occipital
regions may be linked to internal attention and the suppression
of external information, both of which are essential for creative
processing. Relatedly, Cruz-Garza et al. (2020) noted that during
the preparation phase, there is a flow of connectivity from
the frontal areas to the temporal-parietal regions. This flow
is associated with the integration of multisensory information.
In contrast, during the generation phase, the direction of this
flow is reversed, indicating that the integrated information is
transformed into tangible creative products. This bidirectional

Frontiersin Computational Neuroscience

08

dynamic indicates that the creative process depends not only on
the strength of the connections between different brain regions
but also on the direction of information flow. Research by
Volf and Razumnikova (1999) and Fink and Neubauer (2006)
also supports the connection between alpha and theta frequency
bands concerning originality and the generation of creative ideas.
Overall, the integrated pattern of connectivity indicates that
various cognitive processes are coordinated in a complex manner
during creative task performance, with different brain regions
collaborating to facilitate both the generation and processing of
creative and innovative ideas, revealing the diverse facets of the
creative process. According to Dietrich and Kanso (2010) (see
also Ceausu, 2024), creativity engages an extensive network of
brain structures across both hemispheres. Additionally, our results
indicate a decrease in interhemispheric coherence during both
tasks, with a more significant effect observed in the frontal region.
These findings are consistent with Pearl (2024), which found that
creative processes involve the deactivation of both the dorsolateral
and lateral orbital prefrontal regions, while the medial prefrontal
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cortex remains active. The reduction in frontal interhemispheric
coherence may represent a neural mechanism that facilitates
creativity by temporarily reducing executive control. Pearl (2024)
suggests that a more relaxed and less constrained mental state,
characterized by reduced cognitive control, may enhance creativity,
while excessive executive control could hinder it. The decrease
in frontal interhemispheric coherence may indicate a functional
adaptation in the brain, enabling greater flexibility in information
processing. This flexibility could facilitate the generation and
exploration of creative ideas.

Before discussing the implications of the study, we must
recognize some limitations. First, our sample consisted of a small
group of middle-class children. Besides, while previous research
has validated the Emotiv Epoc+’s ability to capture brain activity
patterns (Bobrov et al., 2011; Amjad et al, 2019), its spatial
resolution is not as high as that of other higher-density systems.
Future research would benefit from examining the relationship
between the specific facets of creativity and their associated neural
patterns, using both divergent and convergent thinking tasks to
gain a clearer understanding of the neural mechanisms underlying
creativity in children. Additionally, future studies could explore
how different cognitive processes interact during creative tasks,
which may help clarify the observed correlations between brain
activity and behavioral performance. Finally, a promising direction
for future research is developing a normative EEG database
focused on creativity. This database would include measurements
such as relative Power Spectral Density (rPSD) and coherence
across the different frequency bands during various creative tasks.
While results can vary significantly due to factors like age, sex,
educational level, and the type of creative task, a well-constructed
database could help identify general patterns and explore how these
characteristics affect brain activity. The major challenges include
controlling for individual variables and ensuring a representative
sample. In the long term, such a database could enhance our
understanding of the brain mechanisms underlying creativity and
have clinical applications for conditions such as autism, ADHD,
and age-related disorders.

The present findings have important theoretical and practical
implications. Theoretically, our results underline the complexity
of creativity by differentiating between overall brain activation
during creative tasks and specific associations between EEG-based
parameters and creativity performance. While all frequency bands
were activated during both tasks, our correlations indicate that only
certain neurophysiological processes are linked to specific aspects
of creative performance in children. Despite the small sample size,
these results provide a basis for further investigation into how
specific brain dynamics contribute to creativity. From a practical
perspective, the overall increase in brain activity suggests that
creativity engages multiple cognitive processes, including attention,
flexibility, and the ability to form conceptual connections (Mateos
et al., 2022). This process reflects a neural orchestration in which
various regions of the brain work together.

5 Conclusions

We observed a significant increase in brain activity

(rPSD) across multiple frequency bands, indicating that
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the creativity process involves the engagement of different
mental processes through its distinct phases. Correlations
between EEG-based parameters and behavioral performance
yielded interesting results. In the figural task, greater levels of
innovation and adaptation were linked to increased activity
in the beta band. For the verbal task, flexibility showed a
positive correlation with activity in both the beta and gamma
bands. Additionally, fluency and originality were negatively
related to the alpha band. We also observed a reorganization in
brain communication, characterized by increased connectivity
within the hemispheres and reduced connectivity between
them in the frontal area. This suggests a balance between
information integration and mental flexibility. These findings
deepen our understanding of childhood creativity as a complex
process that involves the coordinated interaction of various
brain regions.
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