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Introduction: Cognitive flexibility is essential for adapting to change and efficiency in everyday
life. Identifying the critical precedents of cognitive flexibility is significant for both professional
and academic success. This study aimed to examine the role of electrophysiological biomarkers in
cognitive flexibility among young adults.

Methods: A correlational research design was employed. The target population comprised all
employees of a service institution in Tehran, Iran, in 2022 (N=300). A purposive sampling method
was utilized to select 53 participants from this population. Cognitive flexibility was assessed using
the computerized Wisconsin Card Sorting Test (WCST). EEG recordings were performed using
the MITSAR 32-Channel EEG Amplifier. Spectral power analysis of these data was conducted
using MATLAB 2017 software and EEGLAB 2022 Toolbox. Data analysis was performed using
SPSS-26, utilizing partial correlation analyses.

Results: A partial and significant association was found between two cognitive flexibility indica-
tors and the left temporal lobe’s absolute alpha and theta power. The results showed a negative and
significant relationship between the number of categories completed indicator in the Wisconsin
Card Sorting Test and the absolute power of theta in the T5 region (r=-0.471, P=0.0001) and a

negative and significant relationship with the absolute power of alpha in the T5 region (r=-0.421,
P=0.002). Additionally, there was a negative and significant relationship between the number of
correct responses indicator and the absolute theta power in the T5 region (r=-0.423, P=0.002).

Conclusion: The findings indicated that alpha and theta band power, specifically in the left tem-
poral region, might be crucial for integrating information from various cognitive processes and
efficiently reconfiguring cognitive strategies. In this regard, this research highlights the role of the
left temporal region in one of the fundamental executive functions. Moreover, examining brain

doi.org/10.30514/icss.26.2.47 wave connectivity can provide further insights into these results.
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Extended Abstract

Introduction

Cognitive flexibility is a critical executive function that allowing for alternative solutions when initial strategies
enables individuals to adapt to change and problem-solve fail. This capacity for flexible thinking forms the founda-
in new situations. A key component of cognitive flexibili- tion for generating innovative and creative ideas.

ty is the ability to think beyond conventional frameworks, Cognitive flexibility is intricately linked to brain func-
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tion. Previous research has established a strong associa-
tion between cognitive flexibility, prefrontal cortex activ-
ity, as well as, frontotemporal region and fronto-parietal
networks, which are involved in higher-order cognitive
processes. Various neuroimaging technigues have been
developed to assess brain function, with Electroenceph-
alography (EEG) emerging as a particularly promising
tool for evaluation and clinical applications. The EEG
and Event-Related Potentials (ERPs) allow an inves-
tigation of brain large-scale networks with millisecond
precision. Therefore, high-density ERPs can capture the
brain dynamics of cognitive flexibility. Furthermore, this
method is non-invasive, making it particularly suitable
for studying mental disorders. The EEG monitors the
electrical activity within the brain using small electrodes,
measuring voltage fluctuations on the scalp. Studies have
demonstrated that EEG waves can serve as a predictor of
cognitive performance, specifically highlighting the rel-
evance of theta and alpha frequency bands to cognitive
functions.

Cognitive flexibility plays a vital role in our daily lives,
making it crucial to understand the factors that affect this
ability. In this regard, Several types of biomarkers have
been associated with cognitive flexibility. Neurotrans-
mitters such as dopamine and serotonin play critical roles
in modulating cognitive functions, with variations in
their signaling pathways linked to changes in cognitive
flexibility. Electrophysiological measures, such as ERPs
and EEG, offer insights into brain activity associated
with cognitive processing. EEG is considered a physio-
logical biomarker through signal processing. Addition-
ally, genetic and epigenetic markers provide a deeper
understanding of the underlying biological mechanisms
influencing cognitive flexibility. This study aims to ex-
plore the neural correlates of cognitive flexibility based
on electrophysiological biomarkers assessing among em-

ployees, thereby enhancing our understanding of how in-
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dividual differences in brain function impact workplace

performance and adaptability.

Methods

This study utilized a correlational research design. The
target population included all employees (N=300) at a
telephone counseling center in Tehran. From this popu-
lation, 53 participants (43 female, 10 male) were select-
ed through the purposive sampling method. Participants
were required to be over 20 years old and have no history
of brain damage or seizures to be included in the study.
The study was approved by the research Ethics Commit-
tee of the Faculty of Psychology and Education of Tehran
University, Iran, under the ethics code IR.UT.PSYEDU.
REC.1401.083. Cogpnitive flexibility was measured using
the Wisconsin Card Sorting Test (WCST). Brain activity
was recorded using the MITSAR 32-Channel EEG Am-
plifier. EEG data were collected from 19 electrodes posi-
tioned according to the international 10-20 system, with
the average of the channels used as a reference. The sam-
pling rate was set at 250 Hz. To remove electrical noise at
50 Hz, a 40 Hz low-pass filter was applied, and Indepen-
dent Component Analysis (ICA) was used to eliminate
artifacts from the EEG signals. After preprocessing, the
power of theta (4-8 Hz) and alpha (8-12 Hz) frequency
bands was calculated using the Welch method.

During data collection, participants first completed the
WCST. EEG data were then recorded while participants
sat in a comfortable chair in a quiet room free from en-
vironmental distractions. The scalp was prepared with
cleaning gels, and electrogel was applied to ensure prop-
er electrode contact for accurate brain signal recording.
Descriptive statistics, including mean and standard devi-
ation, were calculated. Partial correlation analyses using
Bonferroni correction were conducted to examine the
relationships between variables. All data analyses were

conducted using SPSS-26 software.
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Results

Fifty-three people (43 women and 10 men), with an aver-
age age of 27.7 years for men and 27.07 years for women,
participated in this research. The results revealed signifi-
cant correlations between the number of categories com-
pleted indicator in the WCST, the absolute power of theta
in the T5 region (r=-0.471, P=0.0001) and a negative and
significant relationship with the absolute power of alpha
in the T5 region (r=-0.421, P=0.002). Furthermore, sig-
nificant correlations were observed between the number
of correct response indicator and the absolute theta power
in the T5 region (r=-0.423, P=0.002). Partial correlation
analysis revealed that, among the electrophysiological
biomarkers of brain activity, alpha and theta activity in
the left temporal lobe significantly related to cognitive

flexibility indicators in adults.

Conclusion

In summary, the obtained findings highlighted significant
relationships between brain waves and indicators of cog-
nitive flexibility. This suggests that alpha and theta waves
in this specific brain area may serve as valuable biomark-
ers for assessing cognitive adaptability.

However, this research has certain limitations that should
be addressed in future studies. One limitation is the dis-
proportionate number of female participants compared to
male participants, which may affect the generalizability of
the findings. Additionally, the study’s cross-sectional de-
sign limits the ability to draw causal conclusions and assess
changes over time. Future research should include a more

balanced sample and employ longitudinal approaches to
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further elucidate biomarkers’ role in cognitive flexibility.
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