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Background. The alpha band has been extensively studied in relation to cognitive
Article History: functions such as attention and inhibition, with alpha peak frequency considered a
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Keywords: Attention and response inhibition were assessed through an integrated auditory and visual

e Alpha peak frequency attention test.

o Attention Results. Results revealed a significant positive correlation between alpha peak frequency

e Brain map and both auditory and visual attention in both open- and closed-eye conditions.

e Integrated visual and Additionally, a negative correlation was observed between alpha frequency peak and
auditory attention test reaction time in auditory and visual aspects. The shorter the reaction time, the faster the

e Quantitative cognitive processing. However, the correlation with response inhibition was weaker.

electroencephalography Conclusion. These findings confirm the key role of alpha peak frequency in attention and
cognitive processing speed. The importance of brain activity recording conditions (eyes
open and closed) and auditory and visual modalities was also confirmed in this research.
Practical Implications. Alpha peak frequency can serve as a biomarker for assessing
cognitive functions and offers valuable insights into brain activity during tasks with
different sensory stimuli.

e Response inhibition

How to cite this article: Abbasi S, Heysieattalab S, Barzegar Z, Ghimatgar H, Nazari M A. Relationship of alpha peak
frequency of different brain regions with attention and inhibition of auditory and visual responses. Med J Tabriz Uni Med
Sciences. 2025;47(3):261-273. doi: 10.34172/mj.025.33828. Persian.

*Corresponding author; Email: heysieattalab@gmail.com

© 2025 The Authors. This is an Open Access article published by Tabriz University of Medical Sciences under the terms of the Creative Commons
Attribution CC BY 4.0 License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.


https://doi.org/10.34172/mj.025.33828
https://mj.tbzmed.ac.ir/
mailto:heysieattalab@gmail.com
mailto:heysieattalab@gmail.com
https://doi.org/10.34172/mj.025.33828
https://orcid.org/0009-0007-0986-0399
https://orcid.org/0000-0001-8325-4476
https://orcid.org/0000-0001-7834-2412
https://orcid.org/0000-0003-2342-3068
https://orcid.org/0000-0002-0340-994X

Abbasi, et al.

Extended Abstract

Background

The study of brain oscillations, particularly in the
alpha frequency band, is critical for understanding
cognitive functions such as attention and response
inhibition. Electroencephalography (EEG) is a non-
invasive method to monitor these oscillations, and
guantitative EEG (qEEG) enables a deeper analysis of
brainwave patterns. The alpha band (8-12 Hz) is often
associated with attention, and alpha peak frequency is
linked to various cognitive processes. Several studies
indicate that alpha peak frequency correlates with
attention performance, while others question its
relationship. This study aimed to clarify the
relationship between alpha peak frequency in different
brain regions, measured under both open and closed
eye conditions, and auditory and visual attention,
inhibitory control, and cognitive processing speed.

The purpose of this article is to investigate whether
alpha frequency peak can serve as a biomarker for
cognitive functions of visual and auditory attention
and response inhibition, in both eyes open and eyes
closed conditions.

Methods

In this study, a subset of data collected in 2023
from 632 non-clinical elementary school children
aged 6 to 11 years (251 girls and 381 boys), with a
mean (£SD) age of 7.07 + 1.499 years, was used. The
children were selected based on their normal cognitive
and neurological health. EEG data were recorded
using a Mitsar 201 amplifier and WIinEEG software,
employing 19 electrodes aligned with the international
10-20 system. The left and right earlobes served as
references, and the ground electrode was at AFz. Data
were collected at a sampling rate of 250 Hz using
appropriate bandpass and notch filters. Impedance
was maintained below 10 kQ. Each session included a
4-minute eyes-closed and eyes-open segment.
Aurtifacts were processed and removed using a z-score-
based algorithm in NeuroGuide software (version
3.2.1), followed by an expert review. Fast Fourier
Transform (FFT) was conducted on the cleaned EEG
data to extract alpha peak frequency scores from the
19 electrodes during both conditions. Attention and

inhibitory control were measured using the integrated
visual and auditory attention test (IVA2). The IVA2
test lasted approximately 15 minutes and included
warm-up, practice, main test, and cool-down phases.
Participants were required to respond by clicking the
mouse on one of the visual or auditory stimuli (1) and
to withhold a response to the other (2). The test
consisted of 500 trials, with each trial lasting 1540 ms.
The data were analyzed using Pearson correlation and
multiple regression models to explore the relationship
between alpha peak frequency and cognitive
variables.

Results

The findings showed that both in eyes open and
eyes closed conditions, alpha peak frequency had a
strong positive correlation with auditory and visual
attention (P<0.001). Specifically, in the eyes closed
condition, this correlation was significant in all brain
regions while in eyes open condition, this correlation
was still present (P<0.05) but it was weaker in some
brain areas such as F7 and F8 electrodes.

Auditory inhibition showed a significant positive
correlation with the alpha frequency peak in some
brain areas such as F3, Fz, and F4 electrodes in the
eyes open condition (P<0.05). In the eyes closed
condition, this correlation was stronger and was
observed in almost all brain regions (P<0.001).
However, visual inhibition did not show a significant
correlation with alpha peak frequency in any of the
eyes open or closed conditions.

One of the important findings of this research was
the strong negative correlation between alpha peak
frequency and reaction time in auditory and visual
responses (P<0.001). In other words, the higher the
alpha peak frequency, the shorter the reaction time.
This correlation was observed in both eyes open and
closed conditions, but it was slightly weaker in the
eyes closed condition.

The results of the multiple regression analysis
revealed several insights into attention and inhibition.
The auditory attention variable was not significant in
the eyes open condition; however, beta values
indicated the importance of FP2, 02, F8, and Pz
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electrodes in predicting auditory attention in the eyes
closed condition. For visual attention, the F7 electrode
was significant in the eyes open condition, while F3,
F7, and F8 were significant in the eyes closed
condition. The ANOVA test did not support the
significance of the regression model for auditory
inhibition in the eyes-open condition, though it was
significant in the eyes-closed condition, with F3 and
P3 electrodes playing a key role. Neither eyes open
nor eyes closed conditions showed significance for
visual inhibition. However, the regression models for
auditory reaction time were significant in both
conditions, with the F3 electrode being important in
the eyes closed condition. Visual reaction time was
also significant in both conditions, with the T3
electrode being crucial in eyes open and the O2
electrode in eyes closed.

Conclusion
These results were consistent with previous
research on alpha peak frequency and attention. The

study found a strong positive correlation between
auditory attention and alpha peak frequency,
indicating the crucial role of alpha oscillations in
auditory attention. Regional differences in alpha
frequency suggest that different brain areas are
involved in auditory processing. The strong
correlation between alpha peak frequency and visual
attention across all electrodes further supports the role
of alpha oscillations in improving visual focus and
minimizing distractions. While auditory inhibition
was associated with alpha peak frequency, visual
inhibition did not display a similar relationship,
highlighting the need to account for different sensory
modalities in studies and suggesting that visual
inhibition may rely on alternative neural mechanisms.
Overall, these findings support the role of alpha
oscillations in cognitive functions such as attention
and inhibition, confirming that alpha peak frequency
can serve as a valuable indicator for assessing these
processes.
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