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Full-scale war creates conditions of prolonged and unpredictable stress that may affect cognitive functions and
the neurophysiological mechanisms underlying them. One important neurophysiological marker of cognitive pro-
cesses is alpha activity in the EEG, which is associated with attention and memory. However, the extent to which
chronic stress modifies the relationship between brain alpha activity and cognitive performance remains poorly
understood, particularly among individuals living in frontline regions.

The aim of the study was to determine whether perceived stress modifies the relationship between EEG alpha
activity and short-term visual memory performance in students from a frontline region, and to assess the effect of
auditory alpha stimulation on this relationship.

A longitudinal study was conducted involving 86 students (44 women and 42 men), selected from 1200 partic-
ipants who underwent baseline screening in 2024, and divided into groups with decreased and stable moderate
levels of perceived stress. Visual memory was assessed using the WOM-REST test (CogniFit), while alpha activity
was quantified using EEG power spectral density (PSD). Statistical analysis included paired t—tests and regression
analysis.

Regression analysis revealed stable positive associations between alpha—band EEG PSD and task accuracy, pre-
dominantly localized in posterior parieto—occipital cortical regions, with a tendency toward right—hemisphere lat-
eralization in men. After auditory alpha stimulation, these associations became stronger, and in some subgroups
their spatial distribution changed. In women with stable moderate stress levels, additional involvement of central
recording sites and a more symmetrical distribution of associations in occipital regions were observed. In men, these
associations remained more localized in the right parieto—occipital region, whereas in the subgroup with decreased
stress levels, additional associations appeared in the right frontal electrode after stimulation.

The obtained results indicate that auditory stimulation in the alpha range modifies the spatial organization of the
relationship between brain alpha activity and visual memory performance. The pattern of these changes depends on
the level of stress and participant sex. The findings also suggest that moderate stress may increase neural network

sensitivity to rhythmic sensory stimulation.
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Connection of the publication with planned re-
search work.

This work is part of the research project “Physiolog-
ical and biochemical changes resulting from prolonged
stress: adaptation and risk factors” (state registration
number 0125U002225).

Introduction.

Contemporary neurobiological models consider
chronic stress as a persistent functional brain state that
develops under conditions of prolonged uncertainty
and limited control over the situation. According to the
concept of allostatic load proposed by McEwen, chronic
stress is accompanied not only by hormonal changes but
also by a reorganization of large-scale brain networks
[1]. It has been shown that stress alters the oscillatory
characteristics of brain activity, which may reflect a shift
in the balance between excitation and inhibition in neu-
ral networks and be manifested in the EEG spectrum [2].
Meta—analyses also indicate that EEG oscillatory charac-
teristics are sensitive markers of the neurophysiological
effects of stress and reflect changes in the functional or-
ganization of brain activity [2].

Previous studies suggest that psychological stress
may affect executive functions, particularly working
memory [3]. When stress is prolonged, especially under
conditions of uncertainty, cognitive performance often
becomes more variable, and the retention of visual in-
formation becomes less stable [3]. Experimental stud-

ies have also demonstrated that acute stress may shift
the balance toward hippocampus-dependent memory
processing and away from more automated striatal re-
sponses, thereby reducing the flexibility of cognitive
control [4].

Models of neural entrainment emphasize the dis-
tinction between evoked responses and true phase
synchronization [5]. Rhythmic auditory stimulation has
been shown to modulate local brain activity and func-
tional brain networks [6]. Therefore, rhythmic stimula-
tion is considered not only a method of modulating local
bioelectrical activity but also a potential tool for net-
work-level neuromodulation [7].

However, the effectiveness of rhythmic stimulation
largely depends on the brain’s initial functional state
[8]. In some cases, electrophysiological “entrainment”
of neural rhythms may occur without pronounced im-
provements in behavioral performance, as changes in
alpha—band power do not always lead to measurable
cognitive effects. This suggests that the outcomes of
rhythmic stimulation depend on both the individual
sensitivity of neural networks and stimulus parameters,
particularly the degree of correspondence between the
external rhythm and the individual alpha frequency [8].

Recent studies indicate that living under war-
time conditions is associated with sleep disturbanc-
es, increased anxiety, and cognitive difficulties even in
non-clinical populations [9-11]. Studies of brain net-
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work dynamics show that prolonged exposure to threat
is accompanied by changes in functional connectivity. In
particular, weakening of hippocampal-prefrontal circuits
and increased dominance of limbic systems have been
reported [12]. Such changes in the organization of brain
networks may influence mechanisms of cognitive con-
trol and information processing.

Overall, contemporary research highlights several
key points. Chronic stress is associated with changes in
oscillatory brain activity [1-2], and alpha rhythms can be
modulated by auditory stimulation [5-6]. At the same
time, relatively few studies have examined the relation-
ship between alpha dynamics and behavioral perfor-
mance under conditions of allostatic load [3]. There is a
particular lack of studies conducted in real wartime con-
texts [9-12]. Moreover, the mechanisms through which
chronic stress may modulate the relationship between
oscillatory brain activity and cognitive performance re-
main insufficiently understood.

The aim of the study.

To investigate whether perceived stress modifies the
relationship between EEG alpha—band power spectral
density and short—term visual memory performance in
students from a frontline region, and to examine the
effect of auditory alpha—band stimulation on this asso-
ciation.

Object and research methods.

The study was conducted in accordance with the
Declaration of Helsinki (1964, revised in 2013) and the
Convention on Human Rights and Biomedicine (Oviedo,
1997). The study protocol was approved by the Bioethics
Committee of Oles Honchar Dnipro National University
(Protocol No. 1, October 17, 2023). All participants pro-
vided written informed consent prior to participation.

The study employed a within-subject repeated-mea-
sures experimental design. The experimental protocol
consisted of three sequential stages: a short-term visual
memory task with simultaneous EEG recording (2 min),
a 10-minute period of auditory stimulation with 8-Hz
amplitude modulation during rest, and repetition of the
cognitive task with EEG recording.

This design allowed assessment of short-term mod-
ulation of EEG alpha activity following rhythmic audi-
tory stimulation. Each participant served as an internal
control, which reduced the influence of interindividual
variability in cognitive and neurophysiological parame-
ters. Short—term visual memory was assessed using the
WOM-REST Recognition Test (CogniFit, USA). The plat-
form automatically generates new stimuli and varies
their presentation order, which reduces potential prac-
tice effects.

Participant selection was based on a 2024 screening,
as described earlier [13]. During this stage, 1200 stu-
dents living in frontline regions of Ukraine completed
the Perceived Stress Scale (PSS—10) questionnaire.

In the present study, a subsample of students with
moderate baseline perceived stress in 2024 was includ-
ed in the analysis. The study had a longitudinal design
and included a repeated assessment of the same partic-
ipants one year later (2024-2025). The participant inclu-
sion scheme is presented in figure 1.

The final sample consisted of 86 students (44 women
and 42 men) aged 20-24 years, who had complete data-
sets for both cognitive testing and EEG recordings in
both study years (2024-2025).

Based on changes in PSS—10 scores between 2024
and 2025, participants were divided into two subgroups.

The first subgroup included participants whose per-
ceived stress decreased in 2025 (transition from moder-
ate to low stress levels).

The second subgroup included individuals whose
stress level remained within the moderate range.

The study included healthy right-handed partici-
pants without neurological or psychiatric disorders, not
taking psychotropic medications, and with normal or
corrected-to-normal vision.

Cognitive status was assessed using the Mini—Men-
tal State Examination (MMSE) and the CogniFit Memory
Test. Emotional state was evaluated using the Positive
and Negative Affect Schedule (PANAS), and psychologi-
cal resilience was assessed using the Connor—Davidson
Resilience Scale.

Female participants were tested during the follicular
phase of the menstrual cycle (days 5-10).

EEG signals were recorded using the Neurocom sys-
tem (KhAl-Medika, Ukraine) in a sound- and electrically
shielded chamber. Ag/AgCl electrodes were placed ac-
cording to the international 10-20 EEG system.

The following electrodes were used for analysis: Fp1,
Fp2, F3, F4, C3, C4, P3, P4, 01, 02, Fz, Cz, and Pz. This
electrode set covers frontal, central, parietal, and occip-
ital cortical regions of the brain involved in visual infor-
mation processing and working memory.

Electrode impedance was maintained below 5 kQ,
and the sampling rate was 500 Hz.

The EEG signal was filtered in the 0.3-45 Hz frequen-
cy range. Artifacts were automatically removed, followed
by a subsequent visual inspection. Recordings were seg-
mented into non-overlapping 10-second epochs.

Power spectral density (PSD) in the alpha band (8-13
Hz) was calculated using the Fast Fourier Transform (FFT)
method. EEG and cognitive data were analyzed by a re-
searcher blinded to participant subgroup allocation.

Auditory stimulation was delivered using an ampli-
tude-modulated audio signal (envelope modulation) at
a modulation frequency of 8 Hz (alpha range), presented
via stereo headphones for 10 minutes. The sound level
was adjusted to a comfortable level for each participant
and kept constant throughout the experiment.

Statistical analyses were performed using RStudio
(version 2023.12.1). Between-year differences in short-
term memory performance were evaluated using the
paired t-test. Before analysis, the normality of the data
distribution and homogeneity of variances were verified.

Quantitative data are presented as mean * standard
deviation (M+SD). Effect size was additionally calculated
using Cohen’s d.

To analyze the relationship between PSD values and
task accuracy, linear regression models were used. The
level of statistical significance was set at p<0.05. Bonfer-
roni correction was applied to control for Type | error in
multiple comparisons.

Research results and their discussion.

In the follow-up phase of the 2025 longitudinal
study, 86 students (44 women and 42 men) participated.
All participants had complete datasets for both cognitive
testing and EEG recordings at both time points (2024—
2025). The participant selection scheme is presented in
figure 1.
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Screening (2024)
n= 1200

|}

Moderate stress group (62%)
n="744

3

Invited for follow-up

assessment (2025)

l

Final sample
n=521

L

EEG subsample
n=_86

L

A

Lost to follow-up
n=223
Left the country n= 186
No response n = 37

Decreased stress, n = 43
22 women, 21 men

Stable moderate stress,
n=43
22 women, 21 men

Figure 1 — Participant selection and allocation scheme in the longitudinal study (2024-2025).

Analysis of Perceived Stress Scale (PSS—10) scores
showed that most participants decreased their per-
ceived stress levels over the course of the year. In the
overall screening sample, approximately 80% of stu-
dents demonstrated a decrease in perceived stress lev-
els, whereas about 20% maintained moderate levels.
For the present analysis, comparable subgroups were
formed based on these patterns of change.

According to these changes, participants were divid-
ed into two groups: a decreased-stress group and a sta-
ble moderate—stress group. Within each subgroup, the
sample sizes and sex distributions were comparable (22
women and 21 men), reducing the likelihood of sex—re-
lated confounding in the subsequent analysis of cogni-
tive and neurophysiological parameters.

The between—year analysis showed that the dynam-
ics of short-term visual memory performance depended
on the pattern of changes in perceived stress levels. In
the subgroups with consistently moderate stress lev-
els, task accuracy in 2025 was significantly higher than
in 2024 in both men (t=3.64,
p=0.001, d=1.12) and women
(t=2.09, p=0.042, d=0.63). In

consistently moderate stress levels, the stimulation ef-
fect was more pronounced.

Overall, auditory alpha stimulation was associated
with improved short-term visual memory performance
in all groups, with the largest effect observed in partic-
ipants with consistently moderate perceived stress lev-
els. This pattern is consistent with the hypothesis that
neural network sensitivity to rhythmic sensory stimula-
tion may depend on stress level.

Regression analysis revealed statistically significant
positive associations between EEG alpha—band power
spectral density (PSD) and accuracy in the visual mem-
ory task. The analysis was performed for 13 EEG chan-
nels, but only statistically significant associations are
presented in the table. The spatial distribution of these
relationships differed depending on participant sex, per-
ceived stress level, and experimental condition (before
and after auditory alpha stimulation) (table 2, figure 2).

In men with decreased stress levels, positive associ-
ations between alpha—band EEG PSD and task accuracy
before stimulation were primarily observed in parietal—

Table 1 — Accuracy of short-term visual memory task performance
before and after auditory alpha-band stimulation

the groups with decreased
stress levels, no statistically sig-

nificant between-year changes

were observed.

After auditory alpha—band
stimulation, an increase in task

accuracy was observed in all

Group 2024|2025 (pre) (i%if) téggf)_ P d
Men (decreased stress) 77.016.6 | 80.3+4.8 | 83.9+4.9 | 4.21 | 4.3x10* | 0.74
Women (decreased stress) 82.0£9.0 | 83.7+6.5 | 87.2+5.8 | 3.18 |4.51x1073| 0.58
Men (stable moderate stress) 59.8+8.8 | 69.5+8.5 | 78.0+8.7 | 4.86 | 9.5x10° | 0.98
Women (stable moderate stress)| 69.0+14.0 | 76.9+11.0 | 86.1+10.5| 3.92 | 7.9x10* | 0.83

subgroups (table 1). In groups
with decreased stress levels,
the improvement was moder-

ate, whereas in subgroups with sample size N=86.

Notes: The decreased-stress group included participants whose perceived stress level decreased
from moderate (2024) to low (2025); M — mean value; SD — standard deviation; 2025 before — values
before stimulation; 2025 after — values after 10 minutes of auditory alpha-band stimulation; t — paired
Student’s t-test value (before—after stimulation); d — effect size (Cohen’s d); n=21-22 per subgroup; total

ISSN 2077-4214. Bicuuxk npo6nem Gionorii i meanuunn — 2026 — Bun. 2 (181) / Bulletin of problems in biology and medicine — 2026 - Issue 2 (181)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

201



KNIHIYHA TA EKCMEPUMEHTAIbHA MEQULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

Table 2 — Regression analysis of the relationship between EEG alpha—-band power spectral density (PSD)
and visual memory task accuracy in men (n=21) and women (n=22), depending on perceived stress level
and experimental condition before and after auditory alpha stimulation

" Standardized o Statistical Correlation 2
e Cenelen s e tzanel coefficient (B) A significance, p | coefficient, r i

. Pz 0.31 [0.18; 0.39] 1.0 x 1072 0.36 0.13
Before P4 0.41 [0.31;0.49] 1.76 x 10~ 0.49 0.24

Men stimulation S
(decreased 02 0.43 [0.33; 0.55] 1.83 x 10 0.50 0.25
stress) . F4 0.42 [0.33; 0.50] 3.4x 1072 0.45 0.20
After P4 0.65 [0.51; 0.72] 2.5 x 10~ 0.67 0.45

stimulation

02 0.70 [0.54; 0.88] 3.2x 10 0.68 0.46
Bt Pz 0.45 [0.30; 0.51] 1.2 x 102 0.47 0.22

erore _
Men (stable stimulation P4 0.63 [0.51; 0.70] 1.51x 107 0.59 0.35
moderate 02 0.65 [0.52; 0.72] 1.42x10™* 0.59 0.35
stress) After P4 0.71 [0.62; 0.88] 1.65 x 10~ 0.65 0.42
stimulation 02 0.73 [0.55; 0.79] 1.45 x 10~ 0.69 0.48
‘ Pz 0.29 [0.15; 0.41] 4.5x1072 0.32 0.10
Before o1 0.41 [0.33; 0.52] 1.64x 10 0.50 0.25

stimulation -
Women 02 0.42 [0.30; 0.51] 1.77x 10 0.50 0.25
(decreased Pz 0.55 [0.45; 0.60] 1.50 x 10™* 0.59 0.35
stress) After Cz 0.60 [0.54; 0.77] 1.48 x 107* 0.59 0.35
stimulation 01 0.34 [0.25; 0.42] 4.3x107? 0.37 0.14
02 0.35 [0.25; 0.44] 4.3%1072 0.39 0.15
Before Cz 0.30 [0.19; 0.47] 3.3x 102 0.39 0.15
stimulation Pz 0.35 [0.28; 0.41] 3.6 x 1072 0.45 0.20
Women Pz 0.40 [0.32; 0.51] 1.62 x 103 0.45 0.20
(stable P3 0.62 [0.49; 0.76] 1.42 x 10~* 0.55 0.30

moderate After - “a
stress) stimulation P4 0.65 [0.52; 0.72] 1.54 x 10 0.57 0.32
01 0.66 [0.50; 0.73] 1.55 x 107* 0.61 0.37
02 0.67 [0.60; 0.74] 1.58 x 10™* 0.62 0.38

Notes: Bonferroni correction was applied separately within each combination of group and experimental condition for all tested EEG channels
(adjusted significance threshold: a=0.05/k, where k is the number of tested channels in the corresponding analysis set). Results that remain

statistically significant after correction are shown in bold.

occipital electrodes (Pz, P4, 02). After auditory stimu-
lation, these associations persisted in posterior regions
and were also observed at the frontal electrode F4. In
men with consistently moderate stress levels, significant
associations before stimulation were also observed in
the parietal-occipital region (Pz, P4, 02). After stimula-
tion, they remained predominantly localized in posterior
cortical regions, particularly in electrodes P4 and O2.

In women with decreased stress levels, associations
between alpha-band EEG PSD and task accuracy before
stimulation were predominantly localized in the occipital
region (01, 02), whereas the effect in the medial parietal
electrode Pz was less pronounced. After stimulation, the
spatial pattern changed: in addition to parietal-occipital
electrodes, significant associations were also observed
in the central electrode Cz.

In women with consistently moderate stress levels,
significant associations were observed before stimula-
tion in the central-parietal region (Cz, Pz). After stimu-
lation, the spatial distribution of the effect expanded,
involving lateral parietal and occipital electrodes (P3, P4,
01, 02).

Overall, the results demonstrate that the positive
relationship between alpha—band EEG PSD and visual
memory task performance is consistently observed in
posterior cortical regions, particularly in the parietal-oc-
cipital area. The strength and topography of these as-
sociations vary depending on perceived stress level and
experimental condition (before vs. after stimulation).
The most stable effects were observed in right parietal—

occipital electrodes, particularly in the subgroups with
moderate stress levels after auditory alpha stimulation.

Regression analysis was performed separately for
each group and time point; direct comparison of regres-
sion coefficients between conditions would require ad-
ditional testing of interaction effects.

Topographic maps (figure 2) show that the relation-
ship between EEG alpha—band power spectral densi-
ty (PSD) and visual memory task accuracy is primarily
formed in posterior cortical regions. In most subgroups,
the strongest correlations are localized in the parietal—
occipital region, as shown in the pre-stimulation maps.

In men with decreased perceived stress, the poste-
rior correlation pattern remained after stimulation, al-
though an additional small region appeared in the right
frontal area. In women of this group, correlations before
stimulation were concentrated mainly in the occipital
region, whereas after stimulation they shifted toward
more medial central-parietal areas.

In the subgroups with consistently moderate per-
ceived stress, posterior cortical regions also dominat-
ed before stimulation. After stimulation, the spatial
distribution of associations broadened, particularly in
women, with lateral parietal and occipital regions also
involved, along with the central—parietal zones.

Taken together, the regression results and topo-
graphic maps indicate that the association between
alpha—band EEG PSD and visual memory accuracy was
most consistently expressed in parietal-occipital re-
gions. Auditory alpha-band stimulation was accompa-
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Men (low stress)

after stimulation

before stimulation

-
Men (moderate stress)

before stimulation after stimulation

1.0
0.5
0.0

Women (low stress)

before stimulation after stimulation

Women (moderate stress)

before stimulation after stimulation

Figure 2 — Topographic maps of correlations between EEG alpha-band power spectral density and visual memory task accuracy before and
after auditory stimulation, stratified by sex and perceived stress level.

Notes: Color indicates the value of the correlation coefficient (r); n=21-22 per subgroup; total N=86.

nied by stronger or more spatially extended associations
in several subgroups, particularly in participants with
consistently moderate perceived stress. These findings
suggest that the level of perceived stress may influence
not only cognitive performance itself but also the spatial
organization of EEG—behavior relationships.

After auditory alpha stimulation, task accuracy in-
creased in all subgroups. Regression analysis and topo-
graphic mapping revealed stable positive associations
between alpha—band PSD and task performance, pre-
dominantly localized in parietal-occipital electrodes.
After stimulation, these associations became stronger or
spatially more extensive in some subgroups

Conclusions.

Participants with consistently moderate perceived
stress levels demonstrated a more pronounced be-
tween-year improvement in short-term visual memory
performance than participants whose perceived stress
decreased from moderate to low levels.

Auditory alpha—band stimulation was associated with
increased accuracy in the visual memory task across all
subgroups, with the most pronounced effect observed
in participants with consistently moderate stress levels.

Stable positive associations were found between
EEG alpha—band power spectral density and task accura-

cy, predominantly localized in posterior parietal-occipi-
tal cortical regions, reflecting the involvement of cortical
networks involved in visual memory processing.

After stimulation, these associations became stron-
ger, and in some subgroups their spatial distribution
changed: in women with moderate stress levels, broader
involvement of centro-parietal and occipital electrodes
was observed, whereas in men the effects remained
more localized in the right parietal-occipital region.

The obtained results indicate that stress level mod-
ifies the relationship between brain alpha activity and
visual memory performance. The most pronounced ef-
fects were observed in participants with consistently
moderate perceived stress levels. These findings allow
us to hypothesize a potential “window of sensitivity” of
neural networks to rhythmic sensory modulation under
conditions of moderate stress.

Prospects for further research.

Further studies may focus on identifying the condi-
tions under which rhythmic sensory stimulation most
effectively modulates cognitive functions. Of particular
interest is testing the hypothesis of a potential “window
of sensitivity” of neural networks to oscillatory modula-
tion across different levels of stress.
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CTPEC3ANIEXXHA MOAynALIA B3AEMO3B’A3KY MIX AJIbdA-AKTUBHICTIO EIEKTPOEHUE®ATIOTPAMMU
TA EQEKTUBHICTIO 30POBOI MAM’ATI Y CTYAEHTIB NPUGPOHTOBOIO PEFOHY

LLka6apa A. B., Ywakosa I. 0., CeBepuHoBCbKa O. B.

Pestome. Tpusane KUTTA B YyMOBaX HEBM3HAYEHOCTi Ta 3arpo3u, XapaKTePHUX ANA NPUPPOHTOBUX PerioHiB nig,
Yyac BiliHM, CYNPOBOANKYETLCA XPOHIYHUM CTPECOM, AKUIA MOXKE 3MIHIOBATU GYHKLIOHANbHWUIM CTAaH MO3KY Ta edeKTUB-
HiCTb KOTHITUBHMX MPOLLECiB, 30KPeMa yBaru i1 30poBoi nam’ati. OgHMUM i3 HelpodisionoriuHMx mexaHiamis, Lo be-
PYTb y4acTb y perynsuii umMx npouecis, € afibdpa-aKTUBHICTb enekTpoeHuedanorpamu (EET), nos’a3aHa 3 KOHTponem
KOPTMKanbHOI 36yANMBOCTi, CEHCOpPHO 06pobKoto iHbOpMaLLi Ta KOOPAMHALLIEID PYHKLIOHANbHUX MEPEXK MO3KY
nif, 4ac BUKOHaAHHA KOTHITUBHUX 3aBAaHb. B ymoBax TPMBAsIOro CTPeCOBOrO HAaBaHTAXKEHHA Lii MeXaHi3MU MOXKYTb
nepebynoByBaTMCs. BogHOYaC 3a1MWAETbCA HEAOCTATHLO 3’ ACOBAHUM, UM 3MIHIOE PiBEHb CMPUIAMAHOrO CTpecy B3a-
€MO3B’A30K MiXK aNbPa—0CUMNALIAMM MO3KY Ta ePEKTUBHICTIO KOTHITUBHOI AifiIbHOCTI, @ TAKOX HACKINIbKK LLel 3B'-
30K € YYTIMBMM 4,0 30BHILHbOT PUTMIYHOT CTUMYAALLIT.

MeToto focnigKeHHsA Byn0 OWiHUTM PO/ib PIBHA CNPUMMAHOrO cTpecy Yy moandiKkaLii B3aEMO3B A3KY MiXK CrneK-
TPa/IbHOO LWWiNbHICTIO NOTY»KHOCTI EEl B a—Aiana3oHi Ta epeKTUBHICTIO KOPOTKOYACHOT 30p0BOI Nam’ATi y CTyAEHTIB
nNpudPOHTOBOrO PErioHy, a TAKOX BU3HAYUTM BNAUB ayAiaibHOT O—CTUMYAALLT Ha LLei 3B'A30K.

JloHriTioaHe gocnigxeHHa (2024-2025 pp.) oxonuno 86 cTyaeHTiB (44 »iHKKM Ta 42 YyonoBikK), BiaibpaHux i3
1200 yyacHwmKiB 6a30BOr0 CKPUHIHIY 3a WKaaok cnpuiimaHoro ctpecy PSS—10. 3anexHo Big, AMHaMIKK piBHA cTpe-
Cy Y4YaCHMKiB 6y/I0 po3nogineHo Ha rpynu 3i 3SHUKEHHAM Ta 3i CTabiIbHO NOMIPHMM pPiBHEM CMPUMMAHOro CTpecy.
KopoTKkoyacHy 30poBy nam’ATb OLiHIOBaAM 3a gonomoroto Tecty WOM—REST (CogniFit), a anbda—aKkTUBHICTb — 3a
CNEKTPAIbHOO LWibHICTIO NoTyKHOCTI EEM y 13 BigBeaeHHAX. s CTaTUCTMYHOIO aHani3y 3aCTOCOBYBA/IM NMapHUI
t—KpwuTepin, perpeciiHnin aHani3 Ta TonorpadiyHe KapTyBaHHA KOpenAL,ii.

Halibinblw BMparkeHe MixpiyHe MOKpaLLeHHA NMOKa3HMKIB 30poBOi Nam’ATi crnocTepiranoca y nigrpynax 3i cra-
6inbHO NOMiIpHUM piBHEM CTpecy. AyAia/ibHa A—CTUMYANALLA CYyNpPOBOAKYBaNaca NiABULLEHHAM TOYHOCTI BUKOHAHHA
3aBAaHHA y BCiX Nigrpynax, npuyomy Haubinbll NOMITHUA ePEeKT TaKOXK PEECTPYBaBCA caMe 3a MOMIPHOro PiBHA
cTpecy. PerpeciltHnin aHani3 nokasas CTinKi No3nTMBHI acouiayii mixk o—CLLIM EET Ta TOYHICTIO BUKOHAHHSA 3aBAaHHA,
AKi NepeBa*KHO /I0KaNizyBaanca y NapieTaibHO—OKLUMNITaIbHUX BigBeaeHHsAX. [licna ctumynauji ui 38’a3ku cTaBanm
6iNblW BUParKEHMMM abO NOLIMPIOBANNCA Ha AOLATKOBI AiNAHKN KOPWU.

Pe3synbTaTi AOCNiAMKEHHS CBiaYaTh, WO PiBEHb CNPUIMAHOr0 CTpecy MoandiKye B3aEMO3B A30K MiXK afibpa—ak-
TMBHICTIO MO3KY Ta eeKTUBHICTIO 30poBoi Nam’aTi. Halibinbl BupaxkeHni epeKT 3ByKOBOI a—CTUMYAALIT cnocTepi-
raBca y y4acHMKIB 3i cTabilbHO NOMipHMM piBHEM CTpecy, L0 MOKe BifobparkaTh HasBHICTb cneundiyHOro «BikHa
YYTIMBOCTI» HEMPOHHUX MEPEX A0 PUTMIYHOT CEHCOPHOI MoaynsLii.

KnouoBi cnoBa: XpoHiuHuMiA cTpec, anbda-akTUBHICTb EEl, cnekTpanbHa WifibHICTb MOTYXKHOCTi, 30poBa Nam’sATb.

STRESS-DEPENDENT MODULATION OF THE ASSOCIATION BETWEEN ELECTROENCEPHALOGRAPHIC
ALPHA ACTIVITY AND VISUAL MEMORY PERFORMANCE IN STUDENTS FROM A FRONTLINE REGION

Shkabara A. V., Ushakova G. O., Severynovska O. V.

Abstract. Prolonged exposure to conditions of uncertainty and threat, typical of frontline regions during war-
time, is accompanied by chronic stress that may affect brain functional state and cognitive performance, particu-
larly attention and visual memory. One of the neurophysiological mechanisms involved in the regulation of these
processes is alpha—band electroencephalographic (EEG) activity, which is associated with the control of cortical
excitability, sensory information processing, and the coordination of functional brain networks during cognitive task
performance. Under conditions of prolonged stress exposure, these mechanisms may undergo functional reorgani-
zation. However, it remains insufficiently understood whether the level of perceived stress modifies the relationship
between brain alpha oscillations and cognitive performance, and to what extent this relationship is sensitive to
external rhythmic stimulation.
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The aim of this study was to evaluate the role of perceived stress level in modifying the relationship between EEG
alpha—band power spectral density (PSD) and short—term visual memory performance in students from a frontline
region, and to examine the effect of auditory alpha-band stimulation on this relationship.

A longitudinal study (2024-2025) included 86 students (44 women and 42 men), selected from 1200 partici-
pants in the baseline screening, who completed the Perceived Stress Scale (PSS—10). Depending on stress levels,
participants were divided into groups with decreased perceived stress and consistently moderate perceived stress.
Short—term visual memory was assessed using the WOM-REST test (CogniFit), and alpha activity was quantified
using EEG power spectral density across 13 channels. Statistical analysis included paired t—tests, regression analysis,
and topographic correlation mapping.

The most pronounced between—year improvement in visual memory performance was observed in subgroups
with consistently moderate stress levels. Auditory alpha stimulation was associated with increased task accuracy in
all subgroups, with the most pronounced effect also observed under moderate stress conditions. Regression anal-
ysis revealed stable positive associations between alpha—band EEG PSD and task accuracy, predominantly localized
in parietal—occipital electrodes. After stimulation, these associations became stronger or extended to additional
cortical regions.

The findings suggest that perceived stress level modulates the relationship between brain alpha activity and
visual memory performance. The most pronounced response to auditory alpha stimulation was observed in partic-
ipants with consistently moderate stress levels, suggesting a specific “window of sensitivity” in neural networks to
rhythmic sensory modulation.

Key words: chronic stress, EEG alpha oscillations, power spectral density, visual memory.
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