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Accepted 28.06.2025 Chronic stress causes hormonal and neurochemical changes, disrupting the balance of excitation and inhibition processes in the
brain, which affects the rhythmic activity of neural networks, particularly in terms of power spectral density (PSD) in the alpha
frequency range. Also, stress negatively affects cognitive functions, including memory, attention, and executive control. This study
examined the relationship between PSD in the alpha band and performance of visual memory tasks in students with different levels
of perceived stress living near the front line of a military conflict. The study included resting-state electroencephalogram (EEG)
recordings and cognitive tests before and after a month of training on the CogniFit platform. The results showed that increased
alpha-band power in frontal regions was positively associated with visual memory performance in individuals with low stress lev-
els. Decreased alpha activity in parietal-occipital regions predicted improved task performance. Men with low stress showed domi-
nant activation in the right frontal area (Fp2), while women demonstrated more balanced bilateral prefrontal activity. The regression
analysis revealed weaker associations between alpha activity and memory performance in the moderate stress group, which may
reflect reduced neural efficiency and higher interindividual variability. After cognitive training, both groups showed increased alpha
activity in the frontal cortex and decreased alpha power in parietal-occipital regions, reflecting cognitive improvement. This was
associated with process automatization and a shift in activity to posterior brain regions in men. In women, prefrontal control in-
creased, indicating more deliberate cognitive regulation. Although the cognitive training effectively improves short-term visual
memory, sex-specific neural patterns were observed after training, reflecting differences in stress levels and brain organization. The
results highlight individual differences in brain neuroplasticity, which should be considered when developing cognitive training
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Introduction

In the context of military aggression in Ukraine, studying the
psychological state and cognitive functions of young people, especial-
ly in front-line areas, becomes especially important. The impact of
war on adolescents’ mental health has been documented in recent
research (Osokina et al., 2023). Memory is an essential cognitive
function that affects adaptation to stress, academic performance, and
professional development (Almarzouki, 2024). However, anxiety,
sleep problems, emotional exhaustion, and stress can negatively affect
visual working memory performance (Gong et al., 2024). Chronic
stress, by causing changes in the neurophysiology of the brain
(through the hypothalamic-pituitary-adrenal (HPA) axis, cortisol
(Sherman et al., 2023) and neurotransmitter imbalance), can alter the
bioelectrical activity of the brain, particularly the alpha rhythm, which
can lead to problems with memory, attention, and executive functions
(Schwabe et al., 2022, Dronse et al., 2023; Schwabe, 2025). Studies
(Marshall et al., 2018; Pei et al., 2024) have shown a connection be-
tween prolonged stress and changes in alpha oscillations. In this re-
gard, cognitive training is considered a promising way to correct
negative changes in the brain caused by stress.

Mental and acute stress reduce the activity of the alpha band in
the brain while increasing the activity of the beta components of the
EEG. Gert Vanhollebeke and co-authors (\Vanhollebeke et al., 2022)
showed that psychosocial stressors reduce alpha activity. The decrea-
se in alpha wave power is manifested in different phases of the stress
response and is accompanied by a parallel increase in beta activity
(Pei et al., 2024). This phenomenon is observed in people with anxie-
ty disorders, who work in a noisy environment, or who are under pro-
longed exposure to psychosocial stress (Alyan et al., 2021).

Typically, alpha rhythms are enhanced in relaxed states and re-
duced during cognitive load, especially in the frontal regions (Pei

etal., 2024). Alpha suppression reflects the transition of the brain to a
state of increased alertness and attention, high arousal, which can be
caused by motivation or stress. A prolonged decrease in the alpha
band's power spectral density (PSD) can serve as a neurophysiologi-
cal marker of chronic stress that persists over time and does not spon-
taneously normalize. Neurobiological mechanisms may explain the
disappearance of alpha oscillations during stress. Prolonged stress ac-
tivates the hypothalamic-pituitary-adrenal axis, leading to increased
levels of glucocorticoids such as cortisol, which affect the brain.
The latter induces neurochemical and structural changes, particularly
in areas that generate or regulate alpha rhythms. Studies show that
prolonged exposure to cortisol damages the hippocampus and neocor-
tex — brain regions critical for memory and executive functioning.
These effects are mediated by factors like reduced glucose uptake,
neuronal atrophy, and decreased neurogenesis (Marshall et al., 2018).
Stress-induced changes can disrupt the excitation-inhibition balance
necessary for sustained alpha oscillations. In addition, stress increases
the noradrenergic and sympathetic tone, contributing to cortical hy-
peractivation (reflected by increased beta and decreased alpha power)
(Pei et al., 2024).

Chronic stress “keeps” the brain in a constant “fight or flight”
mode, suppressing the calm alpha band. Over time, this neural state
can exhaust regulatory circuits and impair the brain’s ability to gene-
rate stable alpha activity. The reduction in alpha power is more pro-
nounced during cognitively demanding or uncontrollable stressors
(Pei et al., 2024). Some studies under stress have noted frontal alpha
asymmetry (Alyan et al., 2021).

There is a strong link between alpha activity levels and cognitive
function. When stress suppresses alpha power, it can impair these
functions through several mechanisms. Alpha oscillations are thought
to play a role in sensory information processing and attention mainte-
nance. Higher alpha power, particularly in areas not involved in the
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task, is consistent with functional inhibition of distracting inputs,
which aids focus (Alyan et al., 2021). During stress, widespread sup-
pression of alpha power may indicate a loss of this inhibitory filtering.
For example, a study (Marshall et al., 2018) showed that older adults
with high cumulative life stress showed reduced occipital alpha activi-
ty during a working memory task, which correlated with poorer atten-
tional control. People with high stress tended to suppress task-irrele-
vant brain activity, as evidenced by weaker alpha synchronization,
which reduced concentration. Stress-related alpha deficits can mani-
fest as difficulty concentrating, increased distractibility, and impaired
selective attention. Low alpha power has also been associated with
increased anxiety and hypervigilance (Attar, 2022), which inherently
diverts attentional resources from goal-directed tasks. Alpha oscillati-
ons are closely involved in memory processes. During working me-
mory storage, the brain often increases alpha power to protect stored
information (Marshall et al., 2018). If stress blunts this alpha respon-
se, working memory performance suffers. This suggests that stress
disrupts the mechanisms that support memory encoding and mainte-
nance. Brain stimulation studies support the causal relationship bet-
ween alpha rhythm and memory. Alpha brain stimulation that is out
of phase with natural rhythms (i.e., disrupting the internal synchroni-
zation of alpha waves) during information retention in working
memory leads to a significant decrease in parietal alpha activity and
accuracy in working memory tasks. This suggests an essential role for
alpha rhythm in maintaining cognitive function (Chen et al., 2023).
Conversely, synphasic alpha stimulation preserves alpha activity and
memory performance.

Thus, a regulated alpha rhythm is critical for working memory,
and stress-induced alpha suppression can lead to memory deficits.
In addition to short-term memory, chronic stress is known to impair
hippocampal-dependent learning and long-term memory consolidati-
on, partly through the effects of cortisol (Marshall et al., 2018). De-
creased alpha power associated with high cortisol and anxiety may be
a biomarker for these memory impairments, as low alpha has been
observed with short-term memory problems (Attar, 2022). Thus, de-
creased alpha activity during stress correlates with poor memory
retention and learning performance. Alpha rhythms in the frontal and
parietal areas contribute to executive processes such as inhibition,
cognitive flexibility, and decision-making (de Ramoén et al., 2022).
Practical executive function often requires short-term increases in
alpha power to avoid distractions or to switch between tasks. Under
conditions of prolonged stress, people usually exhibit executive dys-
function, for example, impaired inhibitory control and impulsive
decision-making. Altered alpha activity may be one contributing
factor. Studies have found that low resting alpha power is associated
with executive function deficits, as well as with conditions such as de-
pression and post-traumatic stress disorder when stress is chronic
(Attar, 2022). Conversely, when alpha power is abnormally high in
states of inattention, as observed in some cases of attention deficit
disorder, it reflects insufficient arousal and poor executive function
(de Ramén et al., 2022). Both extremes indicate that proper alpha mo-
dulation is necessary for optimal executive function. In stressed indi-
viduals with low alpha power, one would expect the frontal cortex to
be over-engaged in emotional or stress-related processing, leaving fe-
wer neural resources for executive control. Taken together, alpha os-
cillatory changes serve as an index of the balance between a calm,
well-regulated cognitive state and excessive arousal. Insufficient
alpha power (along with the accompanying excess high-frequency ac-
tivity) during chronic stress may compromise the neuronal efficiency
required for attentional focus, memory retention, and executive func-
tion regulation.

Neurofeedback is a technique in which people learn to increase or
decrease specific brainwave frequencies using real-time EEG feed-
back. Numerous studies have shown that training people to increase
alpha power leads to cognitive benefits. For example, in a memory
study (Zoefel et al., 2011), the authors showed that just five sessions
of neurofeedback training to increase the amplitude of the alpha com-
ponent of the EEG led to improved spatial memory performance.
A comprehensive study (Jacques et al., 2024) found that increasing al-
pha oscillations through neurofeedback improved working memory
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and attention in healthy adults. This approach strengthens the brain’s
capacity to generate alpha waves, potentially counteracting stress-re-
lated reductions in alpha power. In the military context, alpha neu-
rofeedback has been proposed to preserve cognitive function during
operational stress.

Empirical evidence indicates that alpha neurofeedback can redu-
ce anxiety and symptoms of post-traumatic stress disorder. Nicholson
et al. (2020) reported that individuals undergoing correction of alpha
rhythm by neurofeedback experienced a decrease in PTSD symptom
severity, suggesting that this approach may help restore cognitive-
emotional balance in individuals exposed to prolonged stress. Some
protocols train individuals to suppress excessive frontal alpha activity
when it is maladaptively high. Overall, neurofeedback offers a direct
mechanism for correcting alpha abnormalities, and studies suggest
that it can thus improve attention, memory, and resilience to stress.

Traditional cognitive training, such as repetitive tasks targeting
memory, attention, or other skills, can also affect alpha activity and
stress-related cognitive abilities. A recent study by Loock & Schwabe
(2024) provides striking evidence that six weeks of intensive training
completely prevented stress-induced working memory deficits in he-
althy adults. Participants who underwent daily adaptive memory trai-
ning were resilient to acute stress, performing significantly better on a
memory test after stress than an untrained control group. This occur-
red even though both groups had similar hormonal and subjective
responses to stress, suggesting that the training enhanced cognitive
function even under stressful conditions. Although EEG was not mea-
sured in this study, cognitive protection suggests that training impro-
ved the functional capacity of brain regions, likely through plasticity.
Indeed, prolonged training was associated with structural changes in
the prefrontal cortex and hippocampus that could support brain bioe-
lectrical activity (including alpha) during stress. The authors (de
Ramoén et al., 2022) reported that a 12-week digital cognitive stimula-
tion program for children with attention-deficit/hyperactivity disorder
(ADHD) resulted in significant increases in posterior alpha power
compared to a sham training group. The increase in power in the
alpha band was accompanied by improvements in attention, working
memory, and cognitive flexibility. Interestingly, the degree of alpha
enhancement correlated with a reduction in ADHD-related inattention
symptoms. Although this study focused on ADHD, the results
demonstrate how cognitive training can normalize abnormal alpha
activity, moving it in the direction seen in healthy peers.

Furthermore, cognitive training may help restore alpha activity
and related cognitive functions in individuals with chronic stress who
exhibit reduced EEG alpha power. Combined lifestyle interventions
show promise: in Parkinson’s disease patients with cognitive impair-
ment, a regimen of physical activity and cognitive training resulted in
improved executive function, which correlated with increases in
frontal theta and alpha power after the intervention (Trenado et al.,
2023). This supports the idea that increased brain plasticity through
training may be reflected in EEG biomarkers such as alpha, which
serve as indicators of cognitive recovery. Among various mental
training techniques, mindfulness meditation — often facilitated
through digital platforms — has also been explored for its impact on
stress regulation and neural oscillatory patterns. Meditation practices
induce a relaxed but focused state, and EEG studies have shown in-
creases in alpha power with regular meditation. A review by Lee et al.
(2018) reported that during mindfulness and open-ended monitoring
meditation, practitioners showed increased alpha activity in the poste-
rior regions of the brain compared to non-meditators. Some medita-
tion styles have also been shown to increase alpha oscillations bilater-
ally (Soriano et al., 2024). Increased power in the alpha band through
meditation is consistent with subjective reductions in stress and anxie-
ty. In essence, meditation can counteract the effects of stress by creat-
ing an alpha-rich state, similar to deep relaxation. Experimental stud-
ies have shown that even beginners can learn self-regulation and
increase alpha power through guided meditation and neurofeedback.
Such mindfulness-based interventions have been associated with
improvements in attention and emotional regulation, which are typi-
cally impaired by chronic stress (Lee et al., 2018, Lee et al., 2025).
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By naturally training the brain to shift into an alpha state, medita-
tion can restore the balance between excitation and inhibition neces-
sary for optimal cognitive function. In the context of prolonged stress
(e.g., in military personnel on the front lines or in individuals with
high levels of anxiety), the use of mindfulness training has shown
benefits in both reducing perceived stress and normalizing biomarkers
(Li et al., 2024). While more research is needed on EEG outcomes in
chronically stressed populations, the available evidence strongly sug-
gests that cognitive training and mindfulness training can induce
neuroplastic changes that lead to healthier alpha activity and im-
proved cognitive function during stress.

Thus, prolonged stress affects the brain, reducing alpha power
density and leaving signs of increased arousal in EEG profiles
(Vanhollebeke et al., 2022). In essence, when the brain’s alpha oscil-
lations are disrupted by chronic stress, the mind’s ability to filter in-
formation, maintain working memory, and exercise top-down control
is also disrupted.

Encouragingly, research over the past decade has highlighted the
potential of cognitive training as a digital correction for these effects.
Those who have been or are experiencing stress can benefit from vari-
ous methods to improve their cognitive function and increase alpha
power, including neurofeedback that targets the alpha range, structu-
red cognitive activities, and mindfulness meditation. Such training
influences neuroplasticity to restore a more balanced bioelectrical sta-
te of the brain, mitigating the effects of stress. Studies have shown
improved working memory performance during acute stress (Loock
& Schwabe, 2024) and increased resting alpha power after training.
These interventions target the same neural circuitry disrupted by
stress, promoting functional recovery. Thus, chronic stress and EEG
alpha activity are inversely related, with stress attenuating alpha
rhythms and impairing cognitive performance. However, targeted
cognitive training can reverse or reduce these neural and cognitive
changes. By enhancing alpha oscillations and, consequently, the brain
networks they represent, training interventions offer a promising way
to improve cognitive resilience to prolonged stress. Future research
should continue to refine these digital therapeutics, explore personal-
ized protocols (e.g., neurofeedback) for people under chronic stress,
and test the long-term efficacy of alpha interventions on stress-related
cognitive decline. Integrating stress neuroscience with cognitive train-
ing has great potential for creating effective techniques to enhance
brain health and cognitive function in today's demanding society,
where stress is becoming an increasingly prevalent burden.

The study aims to investigate the effects of stress and cognitive
training on the neurophysiological functioning of visual memory by
analyzing power spectral density in the alpha range and coefficients
of determination across different brain regions.

Materials and methods

Formation of study groups. Before the study, each participant
was familiarized with the study design and signed an informed con-
sent. The study was approved by the Bioethics Commission of Oles
Honchar Dnipro National University (protocol No. 1, dated 17 Octo-
ber 2023). The Declaration of Helsinki, the UNESCO Declaration of
Principles on Tolerance, and the Convention for the Protection of
Human Rights in Biology and Medicine conducted it.

Volunteers from among the students who signed an informed
consent to participate in the study were selected based on stable phys-
ical and mental health and the absence of mental, neurological, or
cognitive problems. Subsequently, individuals were selected from
those who had high positive and low negative affect on the emotional
well-being scale (PANAS), slept at least 7 hours in the last 5 days,
and had general cognitive functional status (according to the Mini-
Mental State Examination method) within normal limits, a level of
memory and attention assessed by the CogniFit Memory Test, at
computerized cognitive assessment tool (CogniFit Inc., San Francis-
co, California, USA) at not lower than average, and an average or
high level of emoational resilience (Connor-Davidson Resilience
Scale). All were right-handed, as determined by a battery of generally
accepted tests, with normal or corrected-to-normal vision. Participants

with a history of serious eye diseases that could affect visual function
were excluded. To ensure that the results reflected real cognitive pro-
cesses, a balance was found between experimental control and envi-
ronmental validity.

In the first stress test, 1200 students participated in the test of the
Perceived Stress Scale (PSS-10) (Cohen, 1983). For the main study,
160 students aged 18-24 years were selected who voluntarily agreed
to participate. This age range was chosen because it corresponds to
the period of intensive cognitive function development. For further
analysis, participants were divided into groups with low and medium
levels of perceived stress, each consisting of forty women and men, to
investigate sex differences in their visual memory.

The women were tested during the follicular phase of the men-
strual cycle (days 5-10) to reduce hormonal influences on cognitive
function. The menstrual cycle phase was determined using the calen-
dar method. In one of the five individuals, hormone levels (luteinizing
hormone, estradiol, and progesterone) were analyzed, which allowed
us to minimize errors associated with individual variations in cycle
length.

Procedure for collecting and analyzing electrophysiological data.
The Neurocom complex (KHAI Medyka, Ukraine) was used to re-
cord the brain's bioelectrical activity. To minimize external influen-
ces, participants were placed in a separate noise-insulated chamber.
Signal recording was carried out using silver chloride electrodes lo-
cated according to the international system “10-20%.” Conductive
gel improved the contact between the electrodes and the skin, and the
resistance did not exceed 5 kOhm. Recording was carried out at a
sampling frequency of 500 Hz.

After obtaining the sketch, artifacts were removed automatically
and, if necessary, manually. The entire recording was divided into
10-s periods for analysis.

The study participants were asked to relax and avoid active think-
ing to reduce the impact of stress factors before the start of the study.
All data were stored in the Neurocom Professional database for fur-
ther analysis, real-time signal monitoring was performed, and settings
were adjusted if necessary.

The study was carried out in the following stages: EEG at rest
(eyes closed, 1 min); EEG at rest (eyes open, 1 min); EEG during a
visual memory task (CogniFit); EEG after training for one month
(CogniFit).

Visual memory study. To evaluate short-term visual memory, we
employed the CogniFit platform (USA) using the WOM-REST
Recognition Test. This assessment is derived from classical cognitive
paradigms, including the Symbol Search subtest of the WAIS, the
Wisconsin Card Sorting Test (Heaton, 1981), and Raven’s Progres-
sive Matrices. During the task, participants were asked to memorize a
series of visual stimuli and subsequently identify them among distrac-
tor images (www.cognifit.com, USA).

Statistical processing of the obtained data. The study used strati-
fied randomization to balance the distribution of participants by gen-
der and stress level. Using a computer-generated random number,
students were randomly assigned to four experimental groups, each
consisting of 40 students. This method ensured an even distribution
between the groups and reduced the likelihood of confounding.
The experimenter who analyzed the EEG data and cognitive perfor-
mance did not have access to information about the participants' stress
level or their distribution into groups. This reduced the risk of subjec-
tive influence when analyzing the results. The sample size (40 parti-
cipants in each group) was determined based on the principles of sta-
tistical power. Considering the expected effect size, the level of statis-
tical significance (o = 0.05), and the required power of the test (1-§ =
0.80), preliminary calculations using G*Power showed that such a
sample is sufficient to obtain reliable conclusions. For each group, the
mean value of performance and standard error (SE) were calculated
to assess the variability of the results within the group. To determine
the changes in task performance in each group between the first test
and the retest one month later, a one-way analysis of variance
(ANOVA) was used, performed in the RStudio 2023.12.1 environ-
ment. Before performing the ANOVA, the normality of the residuals'
distribution was checked using the Shapiro-Wilk test. The homogene-
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ity of variances assumption was verified using Levene’s test. Post-hoc
analyses were conducted using the Bonferroni correction (P < 0.05) in
cases of statistically significant effects. Toassess the relationship
between the power spectral density (PSD) in different EEG bands (in
this example, in the alpha band) and the performance of visual
memory tasks, linear regression analysis was used in the same RStu-
dio 2023 12.1 environment. This analysis was limited to data previ-
ously identified as statistically significant. Before conducting the
analysis, the linearity of the relationship was checked using the resid-
ual plot and the Ramsey test; the normality of the residuals was as-
sessed using the Shapiro-Wilk test; and the homoscedasticity of the
residuals was checked using the Breusch-Pagan test (bp test). Regres-
sion graphs and heat maps were constructed to visualize the data.

Results

Perceived stress level among students in the frontline zone. At the
beginning of the study, we conducted a psychometric survey of
1,200 students in the frontline zone using the Perceived Stress Scale
(PSS). The purpose of the study was to assess the level of psy-
choemotional state of each participant and identify groups with differ-
ent levels of stress sensitivity.

All respondents were divided into three groups according to their
subjective perception of difficult life situations and ability to adapt to
stress. 22% of students showed a low level of stress, which indicates
their emotional stability and ability to self-regulate. 62% had an aver-
age level of stress, which corresponds to standard reactions to lear-
ning and life stress. 16% had a high level of stress, which indicates
significant psychological stress and the need for additional adaptation
methods (Fig. 1). For further study, groups of men and women (n =
40 in each group) were selected who had a low or moderate level of
perceived stress.

Comparison of visual memory test performance in men and
women with different levels of perceived stress before and after train-
ing on the CogniFit platform. In men with a low level of perceived
stress (hereinafter referred to as low stress for brevity), a repeated-
measures ANOVA followed by a post hoc Bonferroni correction
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revealed a statistically significant improvement in task performance
after cognitive training, F1,78 =260.67, P =5.07 x 107" (Fig. 2a).

The mean percentage of correctly completed tasks increased from
M = 76.06, SD = 3.15 before training to M = 89.4, SD = 4 after trai-
ning. A similar trend was observed in women: Fy, 39 = 10741, P =
1.67 x 10 (Fig. 2b); the mean percentage of correctly completed
tasks increased from M = 78.20, SD = 2.00 hefore training to M =
93.05, SD =5.98 after training.

Low stress
22%

High stress
16%

Moderate stress
62%

Fig. 1. Distribution of students (n = 1200, 2024) by level
of perceived stress (according to PSS-10)

Performance in men with medium levels of perceived stress
(mean stress level) was Fi, 79 = 42.19, P = 8.10 x 101 (Fig. 2¢); the
mean percentage of correctly completed tasks increased from M =
67.47, SD = 8.16 hefore training to M = 81.72, SD = 8.64 after train-
ing. A similar trend was found in women: the mean before training
was F1,38 = 12.95, P =7.61 x 10~ (Fig. 2d). The mean percentage of
correctly completed tasks increased from M = 75.13, SD = 13.95,
before training to M = 83.88, SD = 6.83 after training. This indicates
that digital exercises were practical in improving short-term visual
memory for people with different levels of stress.
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Fig. 2. Comparison of task performance before and after cognitive training in men and women with different perceived stress:
boxplots show the percentage of correctly completed tasks before and after the cognitive training; small squares represent the mean values (M),
and vertical lines (whiskers) represent the standard deviation (SD); boxes indicate the interquartile range (IQR): a — men with low perceived
stress; b —women with low perceived stress; ¢ — men with medium perceived stress; d —women with medium perceived stress
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Analysis of the relationship between neurophysiological indica-
tors and visual memory performance at the first test. In the second
stage, we conducted a regression analysis to study the relationship
between the power spectral density (PSD) in the alpha-band of the
EEG, recorded during the first visual memory test, and the perfor-
mance of the task, which allowed us to determine to what extent neu-
rophysiological indicators of brain activity can predict the effective-
ness of cognitive activity, especially visual memory. The results ob-
tained for men with low stress levels are presented in the graph
(Fig. 3), demonstrating the relationship between PSD in prefrontal
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brain areas and performance in visual memory tasks. A significant
positive regression coefficient was found at Fp1 between PSD and the
number of correct responses (f = 14.62, 95% CI [5.46, 23.78], P =
2.56 x 103, R2=0.22). According to the beta-independent regression
coefficient (), the number of correct responses increases by 14.62 on
average when the PSD increases by one unit (V2/Hz). The 95% con-
fidence interval for the § coefficient is denoted as the CI. The coeffi-
cient of determination R? shows that changes in the PSD at Fp1 can
explain 21.5% of the variation in correct responses. Other factors that
were not considered in this model account for 78.5% of the variation.
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Fig. 3. Regression analysis graphs between the power spectral density at points Fp1 (a) and Fp2 (b) (alpha-band) and the performance
of the visual memory task in men with low stress levels (first test): horizontal axis (X) is the PSD value (tV*Hz) in the alpha-band;
vertical axis () is the percentage of correctly completed visual memory tasks

Thus, this model shows a moderate relationship between activity
in the left prefrontal region and visual memory performance. This
means that although the left prefrontal cortex in this part of the left
hemisphere influences task performance, it is not the only factor that
determines the outcome.

At Fp2, a significant relationship was also found between the left
prefrontal cortex and performance (B = 18.59, 95% CI: [11.53;
25.64], P =4.66 x 107, R? = 0.43). The model explains 42.8% of the
variation in the results, indicating that the right prefrontal cortex has a
stronger connection with visual memory than the left and is the lea-
ding one in regulating cognitive processes related to memorizing vi-
sual information.

The following key statistical data for each EEG lead demonstrate
a relationship between power spectral density (PSD) at other EEG
points and visual memory task performance, presented in a general-
ized form (Table 1).

Regression analysis showed statistically significant inverse rela-
tionships between visual memory task performance in most studied
brain areas and SPD in the alpha band in men. The strongest relation-
ships were found in the occipital-parietal areas (Oz, P3, P4, P2z).
The coefficients of determination (R?) ranged between 0.68 and 0.71
(P < 0.001). These results show that reduced electrical activity in the
mentioned areas has a positive effect on visual memory performance.
The coefficient of determination in central regions reached up to 0.67
(P <0.001). The results indicate that the reduction in alpha SPD in the
central areas of the cerebral cortex largely explains the variation in
cognitive performance, with the most significant effect observed at
point C4. Regression analysis showed statistically significant inverse
relationships between the PSD in the alpha band and task performan-
ce in most of the studied brain areas (except the frontal regions) in
stress-resistant women during the first visual memory test. Frontal al-
pha enhancement (Fpl, Fp2) was associated with better task perfor-
mance and moderate effect sizes (R?> ~ 0.30; P < 0.001). A probable
(P <0.001) inverse effect is observed in the central, parietal, and occi-
pital areas. A decrease in alpha activity improves task performance.
This may be because low alpha activity in these areas reflects increa-
sed cortical excitability, enhancing spatial, visual, and sensorimotor
data processing. The most significant effects (P < 0.001) were obser-
ved in women ( in the occipital Oz (R? = 0.55) and central C3 (R2 =
0.65) areas. This emphasizes their essential role in visuospatial pro-
cessing and motor integration. For other EEG points, the regression

coefficients were not statistically significant (P > 0.05), indicating no
reliable relationship.

Table 1

The regression analysis of results between the PSD

in the alpha-band and the performance of the visual memory task
in men and women (first test), n = 40

Participant ~ EEG B 95% CI Level of statistical R2
group channels significance, P
C3 -6.00 -7.83;-4.17 7.77 %107 0.54
C4 -944  -1159;-7.28 8.55 x 10™ 0.68
Men with Cz -591  -791;-39 5.69 x 107 0.49
low stress P3  -29.34 -35.65;-23.03 1.81 x10™ 0.70
levels P4 2489 -30.55;-19.24 7.55x10™ 0.68
Pz  -27.01 -3291;-21.10 1.84 x 10™ 0.69
Oz 2291 -27.68;-18.15 7.12 x 1072 0.71
Men with C3 -6.46 -10.38;-2.54 1.93 x 107 0.23
STFZS?I?\ZI o Pz 1055 2072038  424x10° 011
Fpl 6.78 3.39;10.16 1.44 %10 0.30
Fp2 7.10 3.70; 10.51 240 x 10 0.32
C3 1487 -849;-11.25 445 %107 0.65
Women with Cc4 467 —-840,-094 1.56 x 102 0.14
low stress Cz 479 -7.69;-1.89 1.85x103 0.23
levels P3 624 -873;-3.75 1.07 x 107 0.40
P4 542 -7.13;-370 1.65x 107 0.52
Pz 535 -7.26;-343 1.81 x10° 0.46
Oz -6.74  -873;-4.75 3.84 %10 0.56
Women with
moderate C3 -799 -12.96;-3.03 236 %107 0.22
stress levels

The number of relationships between the PSD in the alpha band
and performance on the association task is limited in students with a
moderate stress level. A statistically significant inverse relationship
(P < 0.001) was found at point C3 in both men and women, explain-
ing approximately 23% of the variance in performance. A similar,
though weaker, negative association was observed at Pz in men (R2 =
0.11). At other EEG sites, the relationships were not statistically sig-
nificant.

Analysis of the relationship between neurophysiological indica-
tors and visual memory performance after training in the CogniFit
program. To assess the impact of cognitive training on brain activity
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and memory efficiency, the relationship between neurophysiological
indicators and visual memory performance after training on the Cog-
niFit platform was investigated. The study allows us to determine the
neurophysiological changes that occur after training and how these
changes are related to task performance. The results of the regression
analysis, indicating essential indicators that are associated with the
improvement or deterioration of visual memory, are presented below.

In men with low-stress levels after a month of training, significant
(P <0.001) relationships were found between the PSD and task per-
formance in the frontal sites: Fpl, R? = 0.590, and Fp2, R? = 0.963
(Table 2). The right prefrontal area is a key region with the highest
coefficient of determination, playing a crucial role in cognitive adap-
tations following training. In central areas, an inverse probable relati-
onship of varying strength is observed between the PSD level and
performance. An increase in PSD alpha band EEG in these regions is
associated with a decrease in task accuracy, which may indicate an in-
crease in cognitive load or ineffective compensatory mechanisms. C4
has the most significant influence (R2 = 0.96), which means it makes
an essential contribution to the control of cognitive processes. The
strong negative regression coefficient between PSD and task perfor-
mance in the parietal regions suggests that performance becomes less
efficient when neural activity in these areas increases. The coefficient
of determination values range from 0.734 to 0.890 (P < 0.001). In
women, similar to men, higher alpha PSD in the frontal regions posi-
tively predicted memory performance, according to the regression
analysis. The Fp1 model explained 78% of the variation, and the Fp2
model explained 70% of the variation. The central regions showed an
average level of performance. C3 (R? =0.65) has the most significant
effect, as a decrease in PSD is accompanied by the most significant
increase in performance. A strong inverse association between alpha
power and task performance was observed in the parietal (P3, P4) and
occipital (Oz) regions (p < 0.001), explaining up to 84% of the vari-
ance. This suggests that reduced alpha activity facilitates better cogni-
tive and visual memory performance.

After a month of training in men with an average stress level, sig-
nificant regression relationships between the PSD and performance of
visual memory tasks were found in the central and parieto-occipital
areas. A significant inverse relationship between PSD and performan-
ce was seen in C3, C4, and Pz, with explained variance ranging from
48% to 60%. The most pronounced effects were observed in C4, P4,
and Oz, each accounting for over 70% of the variability, suggesting
their central role in post-training cognitive improvements. The negati-
ve connection implies that a drop in PSD in these areas leads to im-
proved performance results, suggesting better cognitive integration

a

following training. Other EEG areas showed no notable associations.
In women with an average stress level after training, significant inver-
se relationships were found between power spectral density and task
performance in the central, parietal, and occipital areas (P < 0.001),
with explained variance reaching up to 74%. The most substantial
effects were found in P4 and Oz, highlighting their key role in cogni-
tive and visual memory processes. No statistically significant re-
lationship was found between spectral power density and task perfor-
mance in other EEG channels.

Table 2

The regression analysis of results between the PSD

in the alpha-band and the performance of the visual memory task
in men and women (after training), n =40

Participant  EEG Level of statisti-

grouF;) channels p 95% Cl cal significance ’
Fol 256 187,325  860x102 059

Fp2 1040 9731108  191x102 09

C3 1599 -1008;,-1289 132x105 074

Men with C4 462 492,431  131x105 096
low stress Cz —4.21 5.76; -2.66 2.66x10°% 0.44
levels P3 520 579461  542x10® 089
P4 525 591,460  112x10% 087

Pz 450 -53%-361  421x102 073

0z 487 567,407 634x10% 079

C3 469 627,310  610x107 049

Men wih C4 556 —716,-395  244x10° 056
el m o sw amas o

B a3 o

swesslevels o, 1264 1607:922 579x10" 059
0z 1865 —2217,-1513 278x10° 075

Fpl 581 483679  890<10% 078

Fo2 697 549,845  172x10% 070

C3 663 824,502 43x10° 065

wnlow &35 g 1 0E

A —O. .02, —93. K X B

swesslevels oo 705 807:-604  26x10® 084
P4 688 -797.-579  113x10® 081

0z 529 637,420 543x10 072

C3 420 543,297 322x10° 056

C4 -390 508273  589x10° 054

e . CZ 508 646,370  610x10° 050
S P3 599 746451  121x10° 063
i P4 654 -780.-528  887x10° 073
Pz 486 -605-366  606x10%° 064

0z 527 631,425  101x10" 074

Fig. 4. Topographic heatmaps illustrating the results of the regression analysis between spectral power density in the alpha band (812 Hz) and
visual memory scores in men and women with different levels of stress tolerance: a — men with high stress tolerance during the first test; b — men
with high stress tolerance after training; ¢ — men with moderate stress tolerance during the first test; d — men with moderate stress tolerance after
training; e —women with high stress tolerance during the first test; f —women with high stress tolerance after training; g — women with moderate
stress tolerance during the first test; h —women with moderate stress tolerance after training; the color scale represents beta coefficients: blue
areas indicate negative values, and red areas indicate positive values; the color intensity corresponds to the coefficient of determination (R?) —
the higher the R, the stronger the color
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To visualize and interpret the obtained data, we used heat maps
that display the value of the coefficient of determination (R?) and the
direction of the regression coefficient (). This method allowed us to
clearly show the strength and path of the interaction between spectral
power and task performance.

During the first task, low-stress men showed slightly increased
regression and determination coefficients in the prefrontal point Fp2,
indicating the dominance of right-hemisphere neural mechanisms in
spatial processing and memorization. WWomen showed a more balan-
ced prefrontal cortex involvement, indicating an even distribution of
neural activity between the hemispheres during the visual memory
tasks. Overall, the coefficients of determination suggest that higher al-
pha power in the frontal cortex predicts better cognitive performance.

At the same time, for men with low-stress levels during the first
attempt at a cognitive visual test, a decrease in PSD in the alpha band
in the posterior regions of the brain (parietal-parietal-occipital) was
also an essential factor in improving performance. In women, this re-
lationship is less pronounced, although a negative association bet-
ween alpha activity and performance is observed in the posterior brain
regions. Men and women with moderate stress levels performed
lower in the first visual memory test than those with low stress levels.
This is confirmed by the smaller number of significant ties (C3 and
C4 in men and C3 in women) and low R2 values. The values obtained
suggest a weaker association between brain activity and performance.
Our data shows instability or irregularity in neural patterns, indicating
problems with cognitive information processing in people under
stress.

Motor control, sensorimotor integration, and cognitive flexibility
are associated with central cortical areas, specifically C3 and C4.
The low regression connectivity values in these areas in men and
women with moderate stress may indicate less effective interaction
between sensory and cognitive processes, which makes it challenging
to perform visual memory tasks effectively. In addition, the central
left hemisphere (C3) is more associated with language functions, and
the fact that it was less critical in the group of students with moderate
stress may indicate a different cognitive strategy for completing the
tasks. After training, stress-resistant men showed an increased coeffi-
cient of determination (R?) in frontal areas, with dominance at Fp2.
Women demonstrated a similar performance dependence on the in-
crease in PSD in the alpha band of the frontal brain regions. Still, they
involved both hemispheres during the task, which is confirmed by
high R2 values in Fp1 and Fp2. As a result, decreased spectral power
density in the alpha band at points C3, C4, Cz, P3, and P4 improved
task performance. This trend was similar in men; there was also a
dependence on PSD in the alpha band at point Pz.

After training in the CogniFit program, values in the parieto-
occipital cortex of the brain decreased in people with a moderate level
of stress: the regression coefficient B decreased, indicating an impro-
vement in cognitive processes, and the coefficient of determination R?
increased, indicating a stronger relationship between brain activity and
mental performance. We can talk about improved results after train-
ing, but they remained lower than in individuals with a low stress level.

In summarizing the results, it is worth noting that in stress-resili-
ent men, after training, meaningful brain activity shifts from the
frontal zones to the parieto-occipital regions, indicating the automa-
tion of these processes. That is, task performance became more me-
chanical and less energy-consuming. In women, cognitive control
was increased after training due to the activation of the frontal zones
(Fp1, Fp2).

Thus, an increase in positive associations in the frontal areas and
a decrease in alpha activity in other cortical regions (particularly in the
parietal and occipital zones) indicate the optimization of cognitive
control and a more efficient use of brain resources. In general, all
groups demonstrated improved neural activity, which means they
involved adaptive mechanisms of brain plasticity in response to digi-
tal training.

Discussion

Group disparities in cognitive and EEG activity. Substantial vari-
ability in cognitive performance and EEG spectral characteristics ac-
ross different groups, influenced by factors such as gender, stress, and
baseline cognitive functioning, highlights the importance of subgroup
analyses for optimizing cognitive training interventions and under-
standing brain — behavior associations. Recognizing these group-spe-
cific variations is crucial for identifying individuals who are most li-
kely to benefit from mental training and for elucidating the relation-
ship between brain activity and task performance within each
subgroup.

Men and women often exhibit different EEG activity profiles
during cognitive tasks. For example, men typically exhibit higher beta
power, while women exhibit higher alpha power during cognitive
tasks (Corsi-Cabrera et al., 1993).

Despite similar task performance, women's and men's brains may
function differently. For example, Ghazi et al. (2021) found that wo-
men have greater modulation of peak alpha frequency, although wor-
king memory performance is similar to that of men.

There are also differences in connectivity: women show higher
interhemispheric (interparietal) EEG coherence than men when per-
forming cognitive tasks (Corsi-Cabrera et al., 1993). These data are
consistent with our findings on gender-specific variations in PSD in
the alpha-band EEG, indicating that the dynamics of neural oscillati-
ons during memory tasks may vary by gender, even when task perfor-
mance is the same.

Stress is known to negatively affect cognitive abilities, particular-
ly memory and attention (Cocenas-Silva et al, 2019). A meta-analysis
of the psychosocial consequences of stress showed that stress consist-
ently reduces alpha activity and tends to increase beta activity
(Vanhollebeke et al., 2022, Saffari et al., 2023). Such differences
show that stress can affect brain bioelectrical activity and cognitive
test results, meaning it needs to be controlled for maximum cognitive
learning effectiveness.

Also, a person’s initial cognitive abilities can influence EEG ac-
tivity and learning outcomes. Studies show that people with superior
memory and cognitive skills often have distinct neural signatures, for
example, higher peak alpha frequency or stronger alpha power. Peak
EEG alpha frequency distinguishes high-performing individuals from
low-performing individuals (Angelakis et al., 2004). This means that
the brain's basic oscillatory properties reflect its cognitive potential.
Cognitive learning studies show that basic EEG parameters can be
associated with individual differences in learning ability. It has been
found (Juras et al., 2025) that higher levels of alpha activity in the
parietal zone at rest are associated with significant improvements in
working memory training.

Our findings are consistent with these observations: participants
with higher initial performance levels and corresponding alpha-
activity profiles — demonstrated distinct neurophysiological mecha-
nisms during and after visual-memory training. Since individual cog-
nitive baselines and neural dynamics can shape the effectiveness of
mental training, accounting for such group differences is essential
when developing personalized cognitive-training approaches (Jaiswal
etal., 2019; Marakushyn et al., 2024).

Effects of cognitive training on attention, memory, and brain bio-
electric activity in the alpha-band. Brain games, working memory
tasks, and neurofeedback techniques are effective in improving cogni-
tive function while simultaneously inducing changes in EEG spectral
characteristics, particularly in the alpha rhythm. Our results demon-
strate an increase in visual memory task performance after a month of
training on the CogniFit platform, which is consistent with numerous
studies that confirm cognitive function improvements in response to
mental training.

Memory and related skills can be significantly improved through
cognitive training. For example, older adults who underwent working
memory training showed moderate to significant improvements in
performance on memory-related tasks (Spironelli & Borella.,, 2021).
In our study, both men and women improved their visual short-term
memory after training, with a ~17—19% increase in task performance,
consistent with the literature. Meta-analytic studies confirm that regu-
lar performance on working memory tasks significantly improves
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performance (Spironelli & Borella., 2021). Performance changes are
most noticeable on tasks that resemble the training tasks (near-transfer
effects), but in some cases, the effect may extend to untrained aspects
of memory.

In addition to memory, cognitive training can improve attention
and executive function. Many memory training programs improve
attention and reduce distraction as the brain learns to filter out relevant
information. In the example above (Spironelli & Borella., 2021),
training increased memory capacity and reduced errors through inhib-
itory control. This suggests an improved ability to maintain attention
and reduce the impact of external distractors on a task. Research
shows that working memory training improves sustained attention
and task-switching efficiency, even in individuals with attentional
control problems (Salminen et al., 2012; Luo et al., 2017). Thus, our
finding of improved task performance, with increased speed and re-
duced errors after training, is consistent with the broader evidence that
cognitive training promotes attention and memory.

Cognitive training is accompanied by changes in brain activity,
especially in the alpha frequency range (8-12 Hz), which is associa-
ted with a state of relaxed alertness and information processing.
In many cases, alpha power modulations reflect increased neural effi-
ciency. Asshown in studies of alpha neurofeedback (Zhou et al.,
2022a, 2022b), participants who learned to increase alpha activity
performed better on cognitive tasks. In addition, it was found that
people with the highest levels of alpha band activity showed the most
significant performance gains. Our participants also showed post-
training changes in alpha spectral power that included increases in the
prefrontal region and decreases in the parieto-occipital areas. These
patterns are consistent with the idea that training induces a rebalanc-
ing of bioelectrical activity — some brain regions exhibit higher alpha
activity to conserve resources and attention retention, while areas
most activated during the task demonstrate suppression of the PSD
alpha component to engage more actively. A study of elderly partici-
pants who underwent working memory training (Spironelli & Borel-
la.,, 2021) found an increased beta/alpha ratio in frontal brain regions,
indicating increased cortical activity. According to our data, the alpha
power spectrum during visual memory tasks shifts after training,
reflecting some neurophysiological adaptation. Taken together, these
results support the idea that cognitive training improves behavioral
performance and tunes brain bioelectrical activity, especially alpha
components, in a way that promotes mental performance.

Mechanisms of brain plasticity underlying EEG changes follow-
ing training. Functional and plastic changes in key neural networks
accompany the cognitive improvements related to training. Our find-
ings suggest that the prefrontal, parietal, and occipital cortices play es-
sential roles in developing training-induced neuroplasticity. Training
may improve attention and memory performance by enhancing
frontal-mediated cognitive control and optimizing alpha activity in the
brain's posterior regions, specifically the parieto-occipital areas.

The prefrontal cortex plays a crucial role in executive functions,
including attentional control, strategic thinking, and organizing work-
ing memory. Our study showed that after training, alpha activity in
the prefrontal cortex, specifically at the Fp2 site, was positively asso-
ciated with accuracy on visual memory tasks, indicating that frontal
regions predict cognitive success. These findings are consistent with
previous data indicating the involvement of frontal mechanisms dur-
ing mental training.

Increased coherence between the frontal and parietal cortices
demonstrates improved top-down regulation. As a result, after train-
ing, the prefrontal cortex has better control over the activity of poste-
rior regions. Neurofeedback studies support the idea that targeted
modulation of frontal cortex alpha activity can improve cognitive
function and strengthen functional connections between the parietal
and frontal cortices (Zhou et al., 2022). The results show that training
enhances the prefrontal cortex’s ability to coordinate cognitive pro-
cesses more effectively. Maintaining optimal levels of frontal alpha
activity, which promotes focus, helps achieve cognitive performance.
In other words, training improves task control and regulates neural
rhythms (such as alpha or beta) according to the needs of cognitive
performance. The parietal regions of the brain play a crucial role in
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visuospatial processing and storing information in working memory.
Our study showed that after training, alpha spectral power in areas P3
and P4 was inversely proportional to memory performance; that is,
lower levels of alpha band power were associated with better cogni-
tive performance. This suggests that the most effective participants
had more pronounced alpha desynchronization in parietal areas dur-
ing memory tasks, which led to better neural processing. It is known
that alpha desynchronization in the parietal cortex is an indicator of
active engagement of neural networks and improved information
processing efficiency (Strzelczyk & Langer, 2024). When a person
memorizes visual information, the alpha rhythm in the parietal and
occipital regions decreases, facilitating cognitive processing. Studies
show that the level of parietal alpha desynchronization during infor-
mation encoding is directly correlated with memory quality. Accord-
ing to simultaneous EEG and fMRI studies, it was found that a de-
crease in alpha activity in the parietal zone is accompanied by in-
creased frontoparietal communication and activation of the occipital
cortex, which indicates the effective involvement of executive regions
of the brain in controlling memory processes (Strzelczyk & Langer,
2024).

Our results show that participants who exhibited reduced parietal
alpha activity (indicating activation of the parietal cortex) performed
better on a visual memory test after training. This suggests cognitive
training improves memory and concentration by improving coordina-
tion between the parietal cortex and frontal areas.

Our work provides evidence that a post-training reduction in oc-
cipital PSD alpha band is linked to improved memory performance,
thereby confirming its relevance in cognitive processes. These find-
ings support the idea that high occipital alpha activity may signal the
exclusion of visual information flow and that its decline shows active
involvement in visual data processing. The frontal cortex exerts top-
down regulation by reducing occipital alpha activity, which improves
visual processing (Lenartowicz et al., 2016).

During training on the CogniFit platform, students likely im-
proved their ability to regulate occipital alpha power: they learned to
reduce the alpha rhythm at critical moments to optimize the visual
cortex's function. This, in turn, could improve the connection between
the occipital and parietal areas (responsible for storing images) and
between the occipital and the frontal regions, which helps filter and
control attention more effectively. Studies (Ericson et al., 2024) con-
firm that after intensive training in visuospatial working memory,
synchronization of alpha waves occurs between different brain areas,
including the occipital and parietal regions. These improvements
contribute to better performance not only in tasks participants have
already learned but also in those they encounter for the first time.

Changes that occur at the level of neural networks indicate that
the occipital cortex becomes more integrated into the memory sys-
tem, which contributes to the improvement of visual information re-
tention and processing. Our data, which demonstrates an inverse rela-
tionship between occipital alpha power spectral density (PSD) and
memory accuracy, suggests that training activates the occipital cortex
more effectively. This may be due to reduced alpha inhibition, which
improves visual attention and encoding. Thus, during cognitive train-
ing, coordinated changes in brain function occur. The frontal cortex
controls alpha rhythms to optimize cognitive processes, while the
parietal and occipital cortices show adaptive dynamics of alpha activi-
ty: desynchronization during concentration and synchronization dur-
ing rest periods or when resisting distractions. The mechanism of
these changes is likely related to the modulation of alpha oscillations
in the posterior brain by regulatory signals from the prefrontal cortex,
which is consistent with the concept of impulse inhibition (Zhou
etal., 20223, 2022h). Regular training helps to strengthen this mecha-
nism, increasing the coherence and efficiency of neural connections.
Importantly, these changes can be transferred to other cognitive pro-
cesses. The study demonstrated that a gradual increase in alpha syn-
chronization between key frontal-parietal-occipital connections is
accompanied by the transfer of improvements in visuospatial working
memory to new tasks (Ericson et al., 2024). This supports the hypoth-
esis that alpha oscillations act as a regulatory mechanism of neural
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plasticity, contributing to more efficient functional interaction be-
tween brain regions.

Our results are crucial for grasping the physiological foundation
of cognitive development in light of the current studies. EEG spectral
power, particularly in the alpha band, is a primary biomarker in cogni-
tive function and its improvement. In practice, this means that initial
EEG parameters can help predict individual response to training, as
there is evidence that certain alpha rhythms can predict training suc-
cess (Juras et al., 2025). This may open opportunities for the develop-
ment of personalized cognitive training programs. First, individuals
with initially low alpha power or high stress can undergo relaxation or
neurofeedback sessions beforehand, which will help them better adapt
to the training program. Second, the differences related to gender and
stress factors confirm the need for an individualized approach — adap-
ting training to the characteristics of different groups can significantly
improve results. Third, the neurophysiological mechanisms identified
(frontal control and posterior alpha activity plasticity) highlight the
flexibility of neural networks, and that targeted cognitive training can
alter functional interactions between the prefrontal, parietal, and oc-
cipital cortices. This neuroplasticity has significant potential, which
means that cognitive functions such as memory and attention can be
improved in individuals with initial cognitive deficits.

Our findings support the idea that cognitive training improves
cognitive skills and promotes adaptive changes in brain rhythms and
interregional interactions, which are the basis for overall cognitive
resilience (Zhou et al., 2022a; Juras et al., 2025).

CogniFit is a popular platform for cognitive assessment and train-
ing in clinical and research settings. It has a proven scientific method-
ology, allows you to analyze more than 20 cognitive functions, and
offers practical methods for improving them. Its importance in cogni-
tive neuroscience is confirmed by its widespread use in more than
580 scientific institutions. Using the platform for studying cognitive
disorders and insomnia, doctors and researchers have digital tools for
assessing and correcting cognitive disorders (Preiss et al., 2013;
Haimov et al., 2013). It can also be used for comprehensive cognitive
screening of individuals, which makes it a valuable tool not only in
clinical diagnostics and treatment but also in education (Peretz, 2011;
Shatil, 2013). Qur studies indicate that cognitive performance and
neurophysiological processes can be improved using tasks from the
CogniFit platform. Alterations in alpha spectral power show neuro-
plasticity mechanisms following training. This means the training can
improve memory and reduce the effects of stress.

Conclusion

This study's results confirm that perceived stress significantly in-
fluences the neurophysiological mechanisms of visual memory. This
influence is reflected in the spectral power density in the alpha fre-
quency range and the coefficients of determination across various
cortical areas.

Stress affects emotional and physiological states and deeply regu-
lates cognitive and neurophysiological processes. Low-stressed males
demonstrated dominant proper frontal activation (Fp2), suggesting
hemispheric specialization. At the same time, females displayed a
more symmetrical prefrontal activation pattern, suggesting a more in-
tegrative or distributed approach to neural resource utilization.

Following cognitive training, functional brain changes became
evident in stress-resilient individuals: men demonstrated a shift in ac-
tivity from frontal to parietal-occipital regions, indicating increased
process automatization and reduced cognitive load; women retained
high prefrontal activity and bilateral engagement, suggesting enhan-
ced executive control and efficient adaptation strategies.

Participants with moderate stress levels exhibited reduced baseli-
ne neural efficiency and showed limited gains following cognitive
training, pointing to stress-induced barriers in neuroplastic adaptation.

Stress influences cognition on multiple levels, affecting cortical
activity and neural resource strategies. Although cognitive training
encourages adaptive physiological neuroplasticity, its effectiveness
depends on how well people handle stress and how their brains are

structured. These results highlight the need for tailored strategies in
cognitive improvement initiatives.
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