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EXTENDED ABSTRACT

Introduction: Adolescence represents a peak period for mental health issues, which often continue into adulthood
(Nota et al., 2023). Exams are one of the most important stressors in schools, which can lead to a decrease in student
performance during the exam (Abe et al., 2024) and are associated with experiences of different levels of anxiety, the
most important of which is exam anxiety (Qasemi et al., 2023). According to the reports of the American Psychiatric
Association, the prevalence of test anxiety among students is 4-25% (Robson et al., 2023). It can be said that anxiety
can affect working memory (Angelopoulou & Drigas, 2021). Working memory is a dynamic process involving the
ability to hold and update information for a short time to perform a task (Qin & Basak, 2020).

Declining cognitive ability is one factor that can significantly affect working memory. Deficits in working memory
affect a wide range of cognitive abilities and are one of the aspects that explain individual differences in the domain
of global intelligence, with at least 40% of the variance (Avery et al., 2020). According to cognitive models, test
anxiety includes worrying thoughts, mental ruminations, and decreased cognitive flexibility, and the behavioral model
includes physiological reactions in the test situation and decreased performance (Doghan et al., 2024).

Increases in individual working memory capacity are associated with higher amplitudes of alpha oscillations
(Sauseng, 2009). Another oscillation that is important in working memory is the beta band oscillations. Diber et al.
(2007) hypothesized that the beta band is associated with item retention and active maintenance for subsequent task
requirements. If two sound signals with different frequencies are broadcast from the two ears, the frequency of the
internal sound perceived by the brain will be equal to the difference between these two signals, which is called the
binaural beat (Basu and Banerjee, 2023).
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Given the high and persistent prevalence of anxiety and its association with cognitive, academic, and social
dysfunction, as well as the lack of appropriate interventions to reduce test anxiety and enhance working memory,
implementing effective intervention programs to enhance working memory can be of great importance for adolescent
students in reducing their test anxiety.

Method: The present study is a quasi-experimental, pre-test-post-test design with a control group. The statistical
population consisted of male high school students from a government school in Qazvin city. From 200 people who
were tested by the Friedman and Jacob anxiety test, 30 students who scored lower were selected by convenience
sampling and randomly assigned to two groups of 15 people, experimental and control. First, participants in both
groups were evaluated at the pre-test stage using cognitive ability tests and a Corsi Blocks Test. The test anxiety
questionnaire score was also recorded as the participants’ score in the pre-test. Then, the participants of the
experimental group received 10 Hz binaural beats through headphones for 30 minutes, 4 times a week, for four weeks.
Then, participants of both groups were evaluated again in the post-test stage using the pre-test stage tools.

Data collection tool included: The Test Anxiety Questionnaire (TAQ), consisting of 23 questions with three
components of social humiliation, cognitive error, and tension. The Corsi Blocks Test, designed and used by Corsi in
the early 1970s to measure visual-spatial memory. This test was administered using a computer. After the examiner
explained the procedure, participants performed the task. The Cognitive Ability Questionnaire (CAQ; Nejati, 2013),
which assess seven separate factors of cognitive ability: memory, selective attention and inhibitory control, decision-
making, planning, sustained attention, social cognition, and cognitive flexibility.

The Brainwave synchronization using binaural beats in which the audio stimulus was created according to the
protocol used by Cooper (2021) to create binaural beats in the alpha band for the treatment of anxiety. For this purpose,
a base frequency of 400 Hz and a second frequency of 410 Hz were selected using Gnaural software, and a frequency
of 10 Hz was generated. The output file format was WAV format and lasted for 30 minutes, and was presented to the
participants through binaural headphones.

Results: Before conducting the MANOVA, its assumptions were examined. The results of the Kolmogorov-Smirnov
test for each variable showed a normal distribution, and the results of the Levene test also showed that the assumption
of homogeneity of variances was met. The results of the M-box test showed that the assumption of homogeneity of
the variance-covariance matrix was met. The Wilks Lambda test results showed a significant difference between the
experimental and control groups in the components of cognitive ability, working memory, and test anxiety. Covariance
analysis was used to examine the nature of this difference.

The results of the covariance analysis showed a significant difference between the experimental and control groups’
post-test scores in the dependent variables of test anxiety, cognitive abilities, and working memory. Furthermore, the
eta squared showed that brainwave synchronization explains 15% of the variance in test anxiety, 31% in cognitive
abilities (excluding inhibitory control, planning, and social cognition), and 28% in working memory.

Table 1. Results of the Analysis of Covariance of the Effectiveness of Brainwave Synchronization on
Research Variables

Independent variables Source SS df MS F p Effect Size
Exam anxiety GErr?gP %ig% 217 12372;:_’007 4.80 0.03 0.15
Grou 41.94 1 41.94
Memory Errof 16160 » o8 7.004 0.01 0.20
- Group 9.80 1 9.80
Inhibitory control Error 12323 27 456 2.14 0.15 0.07
.. . Group 18.96 1 18.96
Decision making Error 12134 27 449 4.22 0.05 0.13
planning Sroup o S 0.17 0.68 0.006
. . Group 25.13 1 25.13
Sustained attention Error 9135 27 3138 7.24 0.01 0.21
. . Group 11.81 1 11.81
social cognition Error 8413 27 311 3.79 0.06 0.12
- - Group 23.76 1 23.76
Cognitive flexibility Error 137.66 27 509 4.66 0.04 0.14
. - Group 645.99 1 645.99
Cognitive Ability (Total) Error 1389.14 27 5145 12.55 0.001 0.31
. Group 3.54 1 3.54
Active memory Error 8.75 27 0.32 10.92 0.003 0.28
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Discussion: This study was conducted to investigate the effect of binaural beats on test anxiety, cognitive ability,
and executive function memory in students with test anxiety. The results showed that binaural beats can affect memory
performance, cognitive ability, and test anxiety. Binaural beats can improve spatial working memory performance and
increase cortical connectivity. Based on graphical network analyses, cortical activity during 15 Hz binaural beats
produced networks characterized by high information transfer with consistent connectivity strengths across a visual
spatial working memory task. Students who fail are distracted and unable to pay attention to the parts of the
assignment. This lack of distraction and focus is due to anxiety. Binaural beats play an important role in working
memory processing and can increase student performance by creating a sense of calm and reducing anxiety.
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