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Background: One of the most influential factors in creativity is brain waves. Among brain waves,
alpha and theta waves are considered the most effective in fostering creativity in individuals. Alpha
wave activity represents the dominant oscillatory activity of the human brain and is associated with
fundamental and complex cognitive functions such as divergent thinking. Previous research has often
conceptualized creativity as a cohesive concept that can be assessed using questionnaires, which may
not seem sufficient for the underlying mechanism.

Aims: The aim of the present study was to investigate the differences in the patterns of alpha and
theta brain waves in the posterior regions of the right hemisphere during divergent and convergent
thinking.

Methods: The current study employed a semi-experimental pre-test-post-test design with a two-
month follow-up period. The research population consisted of all graduate students aged 20 to 46
years in psychology and cognitive sciences at Payam Noor University and the Cognitive Sciences
Research Institute in 2023. The sample included 32 participants (16 men and 16 women) selected
using purposive sampling and randomly assigned to experimental conditions (divergent and
convergent). The research instruments included the Chapman Superiority Scale (Chapman, 1987), a
64-channel Ant EEG system, tasks for divergent thinking (snake counting, alternate uses), and tasks
for convergent thinking (number counting, Tower of London).

Results: The repeated measures analysis of variance showed significant differences between the two
study conditions (divergent and convergent) in the posterior region. The difference between divergent
and convergent conditions was statistically significant in favor of divergent thinking for both alpha
(P< 0.05) and theta (P< 0.01) bands.

Conclusion: The findings of the present study can provide a basis for further investigations into
brainwave neurofeedback and other quantitative electroencephalogram (QEEG) components, such
as absolute power, coherence in other frequency bands, in relation to divergent and convergent
thinking differences.
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Introduction

Understanding the neural processes underlying
divergent and convergent thinking is a fundamental
pursuit in cognitive neuroscience, contributing to our
comprehension of creativity and problem-solving
(Zhao et al., 2019). Divergent thinking involves the
generation of a variety of novel ideas, often with
loose constraints, while convergent thinking focuses
on evaluating and selecting the best solution from
available options (Liu et al., 2023). This study aims
to investigate the distinct neural signatures associated
with these cognitive processes, particularly focusing
on differences in alpha and theta band activity in the
posterior region of the right hemisphere.

Recent research has underscored the importance of
electroencephalography (EEG) in elucidating the
neural correlates of cognitive functions like
creativity. Studies by Mazza et al. (2023) have
highlighted the role of alpha-band activity beyond
conventional understanding, demonstrating its
association with creative thinking. Similarly,
Matsumoto et al. (2022) explored the effect of
physical activity on divergent and convergent
thinking, underscoring the interplay between neural
dynamics and cognitive processes.

In parallel, investigations by Jia and Zeng (2021)
have examined how EEG signals respond differently
to idea generation, evolution, and evaluation,
shedding light on the nuanced neural mechanisms
involved in creative thinking. Moreover, the work of
Jiang et al. (2023) emphasizes the role of
metacognitive abilities in influencing both divergent
and convergent thinking processes, indicating
complex interrelationships  between cognitive
functions and neural activity.

Building on these advancements, this study employs
EEG to investigate alpha and theta band activity
specifically within the posterior region of the right
hemisphere during divergent and convergent thinking
tasks. By leveraging  cutting-edge  EEG
methodologies and integrating insights from recent
literature, this research aims to deepen our
understanding of the neural substrates associated with
divergent and convergent cognitive processes. Such
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knowledge holds promise for advancing cognitive
neuroscience and refining theoretical models of
creativity.

This investigation builds upon the foundation laid by
previous studies, utilizing advanced EEG techniques
to explore the nuanced differences in alpha and theta
band activity during divergent and convergent
thinking tasks. The posterior region of the right
hemisphere is of particular interest due to its known
involvement in visual and spatial processing, aspects
often engaged during creative and problem-solving
tasks.

Recent findings by Liu et al. (2023) underscore the
role of individual differences in metacontrol on alpha
ERS-ERD patterns during divergent and convergent
thinking, pointing towards the complexity of neural
dynamics underlying these cognitive processes.
Additionally, Mazza et al. (2023) have highlighted
the neural correlates of creative thinking beyond the
alpha band, suggesting a multifaceted interplay of
neural oscillations during cognitive tasks.

By focusing on alpha and theta band activities in the
posterior right hemisphere, this study aims to
contribute novel insights into the neural mechanisms
supporting divergent and convergent thinking. The
utilization of EEG allows for real-time monitoring of
brain activity, providing a window into the dynamic
interplay of neural networks during creative and
analytical cognition.

Moreover, recent advances in neuroimaging, such as
those highlighted by Matsumoto et al. (2022),
demonstrate the impact of physical activity on
cognitive  processes, further emphasizing the
interdependence of neural and behavioral outcomes.
Understanding how alpha and theta band oscillations
are modulated during divergent and convergent
thinking tasks can inform theoretical models of
creativity and problem-solving, ultimately advancing
our understanding of human cognition.

In summary, this study aims to deepen our
understanding of the neural underpinnings of
divergent and convergent thinking by investigating
alpha and theta band activities in the posterior right
hemisphere. By integrating insights from recent
literature and leveraging cutting-edge EEG
methodologies, this research seeks to elucidate the
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complex interplay between neural dynamics and
cognitive functions, paving the way for new
perspectives on creativity and problem-solving.

Method

The present research utilized a quasi-experimental
pretest-posttest design with a two-month follow-up
period. The target population included all male and
female graduate students aged 20 to 46 in psychology
and cognitive sciences at Payame Noor University,
Tehran South Branch, and master's and doctoral
students in cognitive sciences at the Cognitive
Sciences Research Institute, Pardis, in 2023. A total
of 32 participants (16 males, 16 females) were
purposefully selected and randomly assigned into two
equal groups, divergent (n=16) and convergent
(n=16). Inclusion criteria stipulated that participants
must be right-handed, hold at least a master's degree,
have normal vision, not suffer from serious
psychological disorders, not have a history of
psychiatric medication use, substance dependence or
abuse, epilepsy or seizures, asthma, heart attack, or
stroke, all confirmed through self-reporting.
Exclusion criteria included the presence of artifacts in
brain waves, non-participation in more than 2
sessions of active memory training, or non-
cooperation at any stage of the experiment.

Results

According to the demographic findings of the
research population, the average age in the divergent
(experimental) group was 30.70 years, while in the
convergent (experimental) group, it was 33.75 years.
The frequency of master's degree qualifications in the
experimental groups was 22 individuals (68.75%)
and for doctoral qualifications, it was 10 individuals
(31.25%). Furthermore, the mean and standard
deviation of alpha and theta waves in the posterior
region were assessed during the pretest and posttest
stages for both experimental groups (divergent and
convergent).

The mean and standard deviation of alpha wave data
in the posterior region of the brain were presented
across three stages: pretest, posttest, and follow-up,
for both divergent and convergent groups. The results
indicate that in the divergent group, there was an
increase in means during the posttest phase, but this
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increase was not substantial during the follow-up
phase. Conversely, in the convergent condition, a
decrease in mean values was observed during the
posttest compared to the pretest in the experimental
group. Specifically, in divergent thinking, the mean
alpha and theta waves increased to (19.787 and
26.836), (8.023 and 13.376), respectively. In
convergent thinking, the mean alpha and theta waves
decreased to (1.238 and 16.741), (9.631 and 5.538),
respectively. To test the research hypothesis, a
parametric test (repeated measures analysis of
variance) was utilized. Initially, the assumption of
covariance homogeneity was assessed using
Mauchly's sphericity test. The results indicated that
for alpha waves, Mauchly's statistic was 0.968 with
an approximate F-ratio of 0.886, which was not
statistically significant at the 0.643 level. Similarly,
for theta waves, Mauchly's statistic was 0.814 with an
approximate F-ratio of 0.897, which was not
statistically significant at the 0.610 level. These
results demonstrate that the assumption of within-
subjects covariance homogeneity was upheld, with
the Mauchly's sphericity test significant above the
0.05 threshold for both alpha and theta waves,
indicating uniformity of covariance. The results from
the repeated measures analysis of variance are
presented in Table 1.

As inferred from Table 1, the significance level and
effect size differed significantly across the two
conditions. For alpha waves, the significance level
was 0.001 (F = 7.415) with an effect size of 0.209,
while for theta waves, the significance level was
0.024 (F = 3.362) with an effect size of 0.160,
indicating statistical significance. In the interaction
effect of waves and groups, the significance level was
0.003 (F = 5.381) with an effect size of 0.221 for
alpha waves, and 0.015 (F = 3.925) with an effect size
of 0.239 for theta waves, both demonstrating
statistical significance. This suggests that the
observed changes in the variables are explicable by
the effects of alpha and theta waves, as well as the
interaction effect of waves and groups. Based on
these results, the next step was to determine which
pair of conditions exhibited significant differences,
using post-hoc Tukey tests, the results of which are
presented in Table 2.
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Table 1. The results of the multivariate test for the effect sizes of alpha and theta waves in two experimental groups at the posterior region

of the head
Source Wave SS df MS F Sig Eta
ves Alpha 702.69 2 35.345 7.415 0.001 0.209
Theta 44.718 2 25.359 3.362 0.024 0.160
. Alpha 392.64 6 66.441 5.381 0.003 0.221
I heta 288.33 6 48.146 3.951 0.015 0.239
Error Alpha 653509 56 47.384 i i -
Theta 919007 56 16.414 -

Table 2. Pairwise comparison of the mean differences in alpha and theta waves across the pre-test, post-test, and follow-up stages in the

posterior region

Pretest-Posttest

Posttest-follow up

Pretest-Follow up

Mean Difference ~ SE Sig  Mean Difference  SE Sig  Mean Difference  SE Sig
Divergent Alpha 2.231 1.791 0.021 -2.516 1.811 0.361 2.305 1.720 0.022
Theta -4.415 2.323 0.002 -2.431 1.989 0.431 -4.387 2.497 0.003
Convergent Alpha 3.432 1.081 0.014 -1.508 1.490 0.311 -2.388 1.487 0.003
Theta -2.101 1.234 0.024 -1.033 1.224 0.412 -2.833 1.265 0.021

Table 2 presents the pairwise comparison results of
the mean differences in alpha and theta waves across
three stages: pre-test, post-test, and follow-up, within
the posterior region for two thinking styles, divergent
and convergent. The statistical significance levels for
the differences in means of alpha and theta waves
from pre-test to post-test and pre-test to follow-up, for
the divergent thinking style, are (p=0.021, p= 0.002)
and (p= 0.022, p= 0.003), respectively, indicating
significance. Similarly, the statistical significance
levels for the differences in means of alpha and theta
waves from pre-test to post-test and pre-test to
follow-up, for the convergent thinking style, are
(p= 0.014, p= 0.024) and (p= 0.003, p= 0.021),
respectively, also demonstrating significance.
Therefore, based on the descriptive statistics, it can be
concluded that there was a significant increase in the
mean relative power of alpha and theta waves in the
right posterior hemisphere electrode site O2 during
divergent thinking and a significant decrease during
convergent thinking in the post-tests. This
significance indicates a difference between divergent
and convergent thinking in the right posterior region.
Thus, the relative power of alpha and theta bands is
associated with a significant increase during
divergent thinking and a significant decrease during
convergent thinking in the posterior region.

Conclusion

This research aimed to investigate the differences in
alpha and theta brain waves during divergent and
convergent thinking among postgraduate students.
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The results indicated a significant difference in the
pattern of right occipital brain waves between
divergent and convergent thinking. Specifically, the
relative power of alpha and theta bands showed a
significant increase during divergent thinking and a
decrease during convergent thinking in the occipital
region. These findings align with previous studies by
Fink et al. (2006); Bandek et al. (2011), as well as
Fink et al. (2009). The research background
highlights an increase in alpha band synchronization
and a decrease during divergent thinking. Fink et al.
(2006) demonstrated alpha wave synchronization in
the right hemisphere's frontal lobe and peritemporal
areas during divergent tasks. Similarly, Fink et al.
(2009) observed alpha wave desynchronization in
both brain hemispheres during convergent tasks.
Additionally, Fink et al. (2011) compared neural
activity under three conditions during divergent
thinking tasks. They observed alpha wave
synchronization (increased activity) in the right
hemisphere's prefrontal areas and alpha wave
desynchronization (decreased activity) in the parietal,
occipital, and temporal regions. The study conducted
by Maniz revealed increased slow waves in the right
occipital region during divergent thinking and
decreased slow waves during convergent thinking.
However, despite evidence supporting alpha wave
synchronization during creative idea generation,
other studies have provided mixed results using
different methodologies, as seen in the work of
Razumnikova (2000) and Fink et al. (2011).
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To explain these findings, the increase in alpha waves
traditionally indicates a reduced state of cortical
activity, reflecting decreased information processing
in neural networks (Foster, 2000). This reduced brain
activity is associated with generating original and
innovative ideas during divergent thinking tasks.
Conversely, convergent thinking tasks involve
analytical approaches aimed at specific solutions,
leading to differences in wave activity.

The study concludes that brain wave activity,
particularly alpha and theta bands, is related to
specific cognitive processes such as creative thinking.
The observed changes in these frequency bands
during divergent and convergent tasks suggest
distinct mental states associated with each type of
thinking. This research contributes valuable insights
into cognitive processes and brain wave dynamics,
with implications for future studies using advanced
EEG techniques and combined EEG-fMRI
methodologies to enhance understanding of brain
function during cognitive tasks. One notable
limitation of this study was the presence of artifacts
during task execution. Future EEG recordings should
employ noise-canceling technology to ensure data
accuracy and reliability.
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