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Abstract 

Background/Objectives: Children growing up in families with alcohol-related problems are 

considered a high-risk group for developmental, emotional, and cognitive difficulties, although this 

condition is not classified as a clinical diagnosis in DSM-5 or ICD-11. The aim of this study was to 

develop a neurofunctional profile of such children based on electroencephalographic (EEG) markers, 

in order to identify indicators of neurodevelopmental risk and explore their potential relevance for 

pedagogical and social interventions. Methods: The study employed resting-state EEG recordings in 

children aged 6–10 years from alcohol-affected families and a control group. Quantitative EEG 

(qEEG) indices were analyzed, including theta–beta ratio (TBR), frontal alpha asymmetry (FAA), 

temporal beta activity, and beta2 power in parietal regions. Standard preprocessing procedures were 

applied, and between-group comparisons were conducted using Welch’s t-tests with correction for 

multiple comparisons. Results: Children from alcohol-affected families exhibited significantly 

elevated TBR indices (global, frontal, prefrontal, and midline), increased temporal beta activity and 

SMR composite values, and higher beta2 power in parietal regions. Additionally, reduced alpha 

power in the prefrontal region (Fp1) was observed. These patterns are consistent with differences in 

attention, executive functioning, emotional regulation, and stress reactivity. No significant 

differences were found for frontal alpha asymmetry after correction. Conclusions: The findings 

indicate the presence of distinct group-level EEG patterns associated with children from alcohol-

affected environments. These results may contribute to understanding developmental variability in 

high-risk populations; however, they should not be interpreted as indicators of individual 

impairment or causal mechanisms. The study highlights the potential, but still limited, applicability 

of EEG-based measures in informing educational and social support strategies and underscores the 

need for further research integrating neurophysiological and environmental perspectives. 

Keywords: neuroeducation; EEG; children; alcohol-affected families; executive functions; emotional 

regulation; social intervention 

 

1. Introduction 

1.1. Neuroprofile as the Basis for Intervention with Children 

A neuroprofile is a synthetic representation of an individual’s nervous system functioning across 

multiple domains, including cognitive, emotional-regulatory, executive, and social processes. It 

reflects the complex relationships between brain structure and function, behavior, learning, and 

adaptation to environmental demands [1–3]. 
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The construction of a neuroprofile involves the integration of multiple sources of data. These 

include neuropsychological assessments of cognitive functions such as working memory, attention, 

executive functions, and processing speed [4,5], as well as neurobiological indicators derived from 

techniques such as electroencephalography (EEG), functional near-infrared spectroscopy (fNIRS), or 

functional magnetic resonance imaging (fMRI) [6,7]. Environmental variables influencing brain 

plasticity, including chronic stress, trauma, emotional deprivation, and instability of the family 

system, also play a critical role [8,9]. In addition, factors that may modify neural development—such 

as emotional support, educational interventions, social relationships, and cognitive stimulation—

should be taken into account [10,11]. 

From this perspective, the neuroprofile represents a concept situated at the intersection of 

diagnostics, education, and intervention, serving as a framework for translating neurobiological 

knowledge into pedagogical and social practice [3,12]. It enables the analysis of individual patterns 

of brain functioning and their impact on learning, emotions, and children’s social behavior [1,7]. 

In the context of children from alcohol-affected families, the neuroprofile may be conceptualized 

as a multidimensional model integrating neurophysiological data (e.g., EEG markers) with 

assessments of emotional and social functioning. Such an approach enables early identification of 

developmental risks and supports the design of targeted pedagogical and social interventions. 

Importantly, knowledge of an individual neuroprofile allows for the personalization of support 

strategies in both educational and social domains, particularly by addressing the biological 

consequences of stress, deprivation, and disrupted attachment relationships [10,13,14]. 

This approach is consistent with contemporary definitions of social intervention, which 

encompass coordinated public and private actions aimed at reducing vulnerability, protecting 

individuals at risk, and facilitating access to essential social resources. The primary goal of these 

activities is to reduce economic and social vulnerability and to remove barriers to accessing support 

systems [15]. 

The individualization of interventions based on neurobiological knowledge may therefore 

enhance the effectiveness of support strategies and enable more precise responses to the complex 

needs of children at risk of social exclusion. 

1.2. EEG-Based Markers of Disorders in Children from Alcohol-Affected and Abusive Families 

In the context of neuropedagogical approaches to social intervention, electroencephalography 

(EEG) provides valuable markers for identifying neurodevelopmental difficulties in children 

growing up in high-risk family environments. EEG-based indicators enable the objective assessment 

of neurofunctional processes related to attention, executive control, emotional regulation, and stress 

reactivity, thereby offering insight into the biological mechanisms underlying behavioral and 

cognitive difficulties. 

Empirical findings indicate that children from alcohol-affected or abusive families exhibit 

distinct neurofunctional patterns associated with deficits in self-regulation and adaptive functioning. 

Studies have shown increased cortical excitability or disinhibition in offspring of individuals with 

alcohol use disorders, which is associated with impulsivity, reduced inhibitory control, and 

externalizing behavioral tendencies [16]. Further research using event-related potentials (ERP), 

particularly NoGo-P3 paradigms, has demonstrated reduced amplitude and altered topography of 

neural responses linked to response inhibition, suggesting deficits in executive control processes [17]. 

Subsequent studies have extended these findings, indicating broader motivational–executive 

dysfunctions and an increased vulnerability to alcohol use disorder (AUD) [18]. 

Additional evidence highlights the role of neurophysiological dysregulation in other domains. 

Sleep disturbances have been identified as early indicators of developmental risk and may precede 

substance use behaviors [19]. Research on children exposed to psychological maltreatment 

demonstrates impairments in emotional processing and regulation, reflected in altered neural 

responses to affective stimuli [20]. Differences in frontal alpha asymmetry (FAA) have also been 

observed, distinguishing resilient individuals from those exhibiting maladaptive outcomes within 
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maltreated populations [21]. Moreover, longitudinal findings suggest that early exposure to trauma 

is associated with later behavioral problems and increased risk of substance misuse [22]. 

Taken together, these findings support the view that EEG markers provide a valuable tool for 

identifying neurodevelopmental risk patterns in children exposed to adverse family environments. 

Their application in diagnostic and intervention contexts may facilitate early detection and enable 

the design of targeted, individualized support strategies. 

1.3. Long-Term Consequences of the Lack of Intervention in Children from Alcohol-Affected Families 

Children raised in alcohol-affected families are at increased risk of a wide range of long-term 

psycho-pedagogical and health-related consequences. Longitudinal research indicates a higher 

likelihood of developing substance use disorders, anxiety, and depression in adolescence and 

adulthood [23]. The Adverse Childhood Experiences (ACE) framework has demonstrated a robust 

dose–response relationship between the number of early adverse experiences and the risk of both 

psychological and somatic disorders later in life [24]. 

Parental alcohol use has also been linked to difficulties in school adaptation and academic 

functioning during adolescence, as well as to lower educational attainment in adulthood [25,26]. In 

addition, individuals raised in such environments more frequently experience difficulties in forming 

and maintaining stable interpersonal relationships [27]. A substantial body of evidence further 

indicates that childhood maltreatment and neglect significantly increase the risk of depression, 

anxiety disorders, post-traumatic stress disorder (PTSD), substance use disorders (SUDs), and poor 

physical health outcomes [28], contributing to long-term social and health inequalities [29]. 

From a neurodevelopmental perspective, the absence of early and targeted intervention may 

lead to the consolidation of maladaptive patterns of neural activity. This process can be understood 

in terms of experience-dependent plasticity, whereby repeated emotional and behavioral states 

strengthen corresponding neural pathways. At the same time, the capacity for large-scale 

reorganization of neural circuits decreases with age. This phenomenon is described within the 

framework of sensitive periods, which emphasizes that the brain’s ability to modify neural networks 

is greatest in early childhood and gradually declines over time [30,31]. 

These findings underscore the critical importance of early, targeted interventions aimed at 

mitigating the negative effects of adverse developmental environments and supporting adaptive 

neurocognitive and emotional functioning. 

EEG profiles of children raised in deprived environments, particularly those exposed to 

institutional care, consistently show increased power in slow frequency bands (theta) and reduced 

power in faster bands (alpha and beta). These patterns are commonly interpreted as 

neurophysiological indicators of delayed cortical maturation and deficits in cognitive and executive 

functioning. Evidence from the Bucharest Early Intervention Project demonstrates that the absence 

of early foster care sustains these atypical patterns, whereas timely intervention leads to partial 

normalization of the EEG spectrum, supporting the hypothesis of a sensitive period for neural 

plasticity and highlighting the long-term consequences of missed early intervention opportunities 

[32]. 

With regard to specific neurophysiological markers, prolonged lack of support is associated with 

persistently elevated theta–beta ratio (TBR; theta/(beta1 + beta2)) in fronto-central regions, reflecting 

impairments in attention and executive control. Although behavioral compensation may increase 

over time, modification of this marker is typically limited without targeted interventions, such as 

executive function training or neurofeedback. Chronic exposure to family-related stress may also 

sustain patterns of right-frontal alpha asymmetry (FAA), which are associated with withdrawal 

tendencies and increased risk of internalizing disorders. Additionally, increased beta-band activity 

in temporal regions—partly related to sustained muscle tension—may reflect difficulties in 

regulating arousal levels, further complicating adaptive functioning in the absence of structured 

intervention [33]. 
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In summary, the lack of early intervention contributes not only to the persistence of immature 

EEG patterns (increased theta and reduced alpha/beta activity), but also to a reduced capacity for 

normalization of key neurophysiological markers, such as TBR and FAA, due to age-related declines 

in neural plasticity. Evidence indicates that early, multicomponent interventions—including foster 

care placement, self-regulation and executive function training, as well as relational and educational 

support—can partially reverse these alterations. In contrast, the absence of such interventions 

increases the risk of long-term impairments in attention, emotional regulation, and learning processes 

[34]. 

Overall, insufficient psycho-pedagogical support increases the likelihood that early difficulties 

in attention, motivation, emotional regulation, and stress reactivity will become consolidated over 

time. These patterns may subsequently manifest as internalizing or externalizing disorders, lower 

educational attainment, impaired social functioning, and persistent alterations in EEG or event-

related potential (ERP) markers associated with cognitive control, inhibition, and emotional 

processing. These findings underscore the importance of early, multi-level interventions 

encompassing family, educational, and healthcare systems in order to effectively alter high-risk 

developmental trajectories. 

2. Materials and Methods 

2.1. Participants and Recruitment 

The study was conducted in 2022 among primary school children in Lublin (Poland). 

Participants were recruited in collaboration with school pedagogues, who distributed study 

invitations to parents. Interested caregivers received detailed information about the study and a 

consent form. In cases where school staff had knowledge of alcohol-related problems within the 

family, this information was noted in the screening documentation. 

Prior to participation, parents provided written informed consent and completed a health 

questionnaire to exclude children with neurological disorders or other conditions that could affect 

EEG recordings. 

The study aimed to develop a neurofunctional profile of children from alcohol-affected families, 

operationalized as patterns of EEG activity reflecting differences in attention, executive control, 

emotional regulation, and stress reactivity [35–37]. 

2.2. Procedure 

The experimental procedure consisted of two resting-state conditions: 

1. Eyes open (EO): the child remained still and focused on a fixed point for 3 minutes. 

2. Eyes closed (EC): the child remained still with eyes closed for 3 minutes. 

For the purposes of the present analyses, data from the eyes-open condition were used, as this 

condition provides higher comparability with existing EEG studies on attention and executive 

functioning.During recording, contextual variables were documented, including body position, time 

of day, medication use, sleep quality, handedness, and the presence of behavioral artifacts. EEG data 

were recorded using a 19-channel system based on the international 10–20 electrode placement (Fp1, 

Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, T3/T4, T5/T6, P3, P4, Pz, O1, O2). The reference electrode was 

placed at mastoids (A1/A2) or Cz. The sampling rate ranged from 500 to 1000 Hz, and electrode 

impedance was maintained below 5–10 kΩ. 

2.3. EEG Measures (Functional Markers) 

The study employed a set of quantitative EEG (qEEG) indicators reflecting neurofunctional 

processes associated with attention, executive control, emotional regulation, and somatic tension. The 

selection of metrics was integrative and based on established approaches in clinical, 

neuropsychological, and neurofeedback research. 
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The classification of these indices as biomarkers follows the BEST (Biomarkers, Endpoints, and 

other Tools) framework [38], which requires clear definition, validation, and specification of 

functional roles. 

The following markers were analyzed: 

1) Theta–Beta Ratio (TBR) 

Defined as θ/(β1 + β2), where θ = 4–7 Hz and β = 13–30 Hz. Elevated TBR is associated with 

attention deficits and reduced executive control, particularly in fronto-central regions [39–41]. 

2) Frontal Alpha Asymmetry (FAA) 

Calculated as ln(α right) − ln(α left), typically for Fp2–Fp1 or F4–F3 electrode pairs. Negative 

values are associated with withdrawal tendencies and risk for internalizing problems, whereas 

positive values reflect approach-related motivation [42–44]. 

3) Temporal Beta Stress 

Defined as mean beta-band power (13–35 Hz) in temporal regions (T3, T4). Increased values may 

reflect heightened emotional tension, although partial contamination by muscle activity should be 

considered [45–47]. 

4) Parietal EMG Tension Index 

Based on beta2 power (20–35 Hz) in parietal regions (P3, P4, Pz), reflecting somatic tension and 

muscular activation [46,47]. 

5) SMR Composite Index 

A z-score-based composite including temporal beta activity, global theta power, and stress-

related symptoms. The index reflects the balance between arousal and relaxation and is grounded in 

classical SMR research [48–50]. 

A summary of the computational framework is presented in Table 1. 

Table 1. Computational framework used in the present study. 

ROI/canal Definition Metric 

mean z 19 canals θ/(β1+β2) Global TBR  

Fp1, Fp2, F3, F4, F7, F8, Fz θ/(β1+β2) Frontal TBR  

Fp1, Fp2, F3, F4 θ/(β1+β2) Prefrontal TBR  

Fz, Cz θ/(β1+β2) TBR midline 

Fp2–Fp1 (± F4–F3) ln(α right) − ln(α left) Frontal Alpha Asymmetry FAA 

T3, T4 (≈T7/T8) mean(β1+β2) Temporal beta stress 

P3, P4, Pz β2 Parietal EMG tension 

— 
Z (Temporal β stress, global θ, 

symptoms of stress) 
SMR composite  

1 on my own. 

2.4. Data Processing 

EEG preprocessing and analysis were conducted using EEGLAB software. Each EEG dataset 

was linked to a metadata file containing demographic and recording information. 

The preprocessing pipeline included: 

• channel standardization according to the 10–20 system, 

• removal of movement and ocular artifacts, 

• high-pass filtering (0.5–1 Hz) and low-pass filtering (40–45 Hz), 

• segmentation into 2–4 s epochs, 

• selection of ≥120–180 s of artifact-free data per condition. 

Absolute and relative power values were computed for the following frequency bands: 

• delta (1–3 Hz), 

• theta (4–7 Hz), 

• alpha (8–12 Hz), 

• beta1 (13–20 Hz), 
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• beta2 (21–30 Hz). 

Spectral power was estimated using the Welch method (2 s Hamming window, 50% overlap). 

Relative power was expressed as the proportion of total power within the 1–40 Hz range. 

All analysis scripts and quality control logs were archived in the project repository, with full 

anonymization of participant data. 

2.5. Statistical Analysis 

Derived EEG metrics were used to construct neurofunctional profiles of participants. Analyses 

focused on identifying patterns associated with attention, executive control, emotional regulation, 

and stress reactivity. 

Standardized (z-score) indices were used where appropriate to enable comparison across 

participants and measures. 

3. Results 

3.1. Sample Characteristics 

The study included two groups of children aged 6–10 years: a clinical group (n = 20) consisting 

of children from alcohol-affected families and a control group (n = 25) comprising children from non-

dysfunctional family environments. 

In the clinical group, the distribution of sex was balanced (50% girls, 50% boys), with a mean age 

of 8.5 years. In the control group, the mean age was 7.84 years, with a slightly higher proportion of 

boys (52%) than girls (48%). 

3.2. Between-Group Differences in EEG Markers 

Group differences were analyzed for key EEG markers associated with attention, executive 

control, motivation, emotional processing, stress, and somatic tension. 

Table 2 presents descriptive statistics (means and standard deviations), results of Welch’s t-tests, 

p-values adjusted using the Benjamini–Hochberg (BH) procedure, and effect sizes (Cohen’s d). 

Table 2. Group comparisons for EEG markers. 

Marker M_K SD_K M_Z SD_Z t p d p_adj 

SMS composite 0.814 0.438 -0.651 0.374 11.891 0.0 3.6 0.000* 

Frontal TBR 1.43 0.101 1.153 0.099 9.225 0.0 2.77 0.000* 

Global TBR 1.367 0.068 1.189 0.065 8.905 0.0 2.68 0.000* 

Prefrontal Theta Beta1 2.745 0.355 1.957 0.263 8.271 0.0 2.52 0.000* 

Motivation TBR midline 2.699 0.52 2.107 0.342 4.389 0.000 1.35 0.000* 

Temporal beta stress 19.774 2.224 17.435 2.204 3.52 0.001 1.06 0.002* 

Alpha Fp1 39.11 9.738 47.724 8.8 -3.077 0.004 -0.93 0.005* 

Parietal beta2 tension 15.824 2.74 13.721 2.043 2.856 0.007 0.87 0.009* 

Alpha  Fp2 42.271 7.549 46.568 7.693 -1.882 0.067 -0.56 0.074 

FAA ln 0.088 0.303 -0.021 0.24 1.309 0.199 0.4 0.199 

M_K - Mean of the experimental group; SD_K of the experimental group. M_Z - Mean of the control 

group; SD_Z of the control group. 

Statistically significant differences (after BH correction) were observed for all markers except 

Alpha Fp2 and FAA. The largest effect sizes were found for the SMR composite and TBR indices. 

3.3. EEG Profile of Children from Alcohol-Affected Families 

The pattern of results allows the identification of a consistent neurofunctional profile 

distinguishing children from alcohol-affected families from controls. 

This profile is characterized by: 
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• elevated TBR indices (global, frontal, prefrontal, and midline), indicating deficits in attentional 

control and executive functioning; 

• increased SMR composite and temporal beta activity, reflecting heightened stress and 

dysregulated arousal; 

• elevated beta2 power in parietal regions, suggesting increased somatic and muscular tension; 

• reduced alpha power in the prefrontal region (Fp1), associated with difficulties in emotional 

regulation; 

• increased midline TBR, indicating reduced motivational engagement and task persistence. 

These findings are illustrated in Figure 1. 

 

Figure 1. Summary of group differences. 

4. Discussion 

The present study demonstrates that children from alcohol-affected families exhibit a distinct 

pattern of neurophysiological differences related to attention, executive control, emotional 

regulation, and stress processing. 

The observed elevation in TBR indices is consistent with previous research linking this marker 

to attentional deficits and impaired executive functioning [39–41,51,52]. Similarly, reduced prefrontal 

alpha activity may reflect difficulties in emotional regulation, in line with findings from affective 

neuroscience studies [42–44,53]. 

Increased temporal beta activity and elevated SMR composite values suggest chronic stress and 

dysregulation of arousal systems, which has been documented in children exposed to adverse 

environments [45–47,54]. These results also align with research indicating that children from alcohol-

affected families exhibit impairments in motivational and executive domains [18]. 

From an applied perspective, these findings support the need for targeted interventions focusing 

on attention, executive functioning, and emotional regulation. Approaches such as neurofeedback, 

mindfulness-based training, and executive function interventions may be particularly beneficial in 

this population. Additionally, interventions addressing stress regulation and somatic tension, 

including relaxation techniques and body-based therapies, should be considered as part of 

comprehensive support programs. 

Overall, the results highlight the importance of early, multidimensional intervention strategies 

aimed at mitigating neurodevelopmental risk and supporting adaptive functioning in children 

exposed to adverse family environments. 

5. Conclusions 

The present study identified significant group-level differences in EEG markers between 

children from alcohol-affected families and those from non-dysfunctional environments. These 
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differences were observed primarily in indices related to attention, executive control, emotional 

regulation, and stress reactivity. 

However, the findings should be interpreted with caution. The observed EEG patterns reflect 

statistical associations at the group level and do not constitute evidence of individual impairment or 

direct neurobiological mechanisms underlying developmental difficulties. Consequently, causal 

interpretations are not warranted. 

The results highlight the potential relevance of neurophysiological measures for understanding 

developmental variability in children exposed to adverse family environments. At the same time, the 

limited number of studies integrating EEG data with educational and social contexts indicates that 

further research is required before such measures can be reliably translated into practice. 

From an applied perspective, the findings support the need for inclusive and non-stigmatizing 

forms of support that address cognitive, emotional, and social functioning. Interventions should 

focus on strengthening self-regulation, attention, and adaptive coping, while taking into account 

individual variability and environmental context. 

Neuroeducational perspectives may contribute to a more comprehensive understanding of child 

development by emphasizing the interaction between biological and environmental factors. 

Nevertheless, such approaches should complement, rather than replace, established pedagogical, 

psychological, and social frameworks, and should be applied cautiously to avoid overinterpretation 

of neuroscientific data or the medicalization of social conditions. 

6. Limitations 

This study has several limitations that should be considered when interpreting the findings. 

First, the relatively small sample size limits the generalizability of the results. Future studies 

should replicate these analyses in larger and more diverse populations. 

Second, the study relied exclusively on EEG data from children and did not incorporate multi-

informant perspectives, such as reports from parents, teachers, or social service professionals. 

Including such data could provide a more comprehensive understanding of children’s functioning 

across contexts. 

Third, no measures of academic performance were included, which limits the ability to directly 

relate neurophysiological markers to educational outcomes. 

Fourth, although efforts were made to control recording conditions, additional covariates—such 

as sleep quality, medication status, and environmental factors—should be systematically included in 

future analyses. 

Finally, EEG markers should not be interpreted in isolation. In clinical and applied contexts, 

their interpretation requires integration with psychological assessment, developmental history, and 

contextual information. Future research should also incorporate more advanced analytical 

approaches, including robust statistical methods and multivariate modeling, to strengthen the 

validity of findings. 
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