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Abstract:

Objective: This study aimed to examine the effectiveness of EEG biofeedback on interpretation
bias, self-focused attention, and anxiety severity in patients with generalized anxiety disorder.

Methods and Materials: This study employed a quasi-experimental pretest—posttest design with
an experimental and a control group. The statistical population consisted of female patients with
generalized anxiety disorder who referred to the Ofoq Clinical Psychology Center in 2025, from
which 30 participants were purposively selected and randomly assigned to two groups of 15. The
experimental group received EEG biofeedback intervention in 20 sessions of 45 minutes (twice
weekly), while the control group was placed on a waiting list. Instruments included the
Interpretation Bias Questionnaire, Self-Focused Attention Scale, Beck Anxiety Inventory, and
GAD-7. Data were analyzed using multivariate analysis of covariance (MANCOVA) in SPSS-28.
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Findings: The results indicated a significant reduction in anxiety severity, self-focused attention,
and interpretation bias in the experimental group compared to the control group (p<0.05). Effect
sizes were very large, with 0.94 for anxiety severity, 0.96 for self-focused attention, and 0.99 for
interpretation bias. These findings demonstrate that EEG biofeedback had a strong and statistically
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Conclusion: EEG biofeedback appears to be an effective therapeutic approach for reducing
Final Publish: 22 December 2026 symptoms of generalized anxiety disorder and modifying underlying cognitive processes. By
facilitating self-regulation of brain activity, this intervention improves both emotional and cognitive

@ aspects of anxiety and can be considered a valuable complementary method in clinical treatment
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Extended Abstract

Introduction

Generalized anxiety disorder is a highly prevalent and
impairing psychological condition characterized by
excessive, persistent, and uncontrollable worry that extends
across multiple life domains and is accompanied by
cognitive, emotional, and somatic symptoms that
significantly disrupt daily functioning (Kilic-Bayageldi,
2026; Yessimova et al., 2026). Epidemiological findings
consistently indicate that the disorder affects a substantial
proportion of the population, with higher prevalence rates
observed among women, suggesting the importance of
gender-sensitive investigation and intervention development
(Dong et al., 2025; Nolting et al., 2025). Beyond its
prevalence, generalized anxiety disorder is associated with
profound consequences including reduced quality of life,
increased disability, and considerable economic burden on
healthcare systems (Mohammadi & Rahimi Taghanaki,
2025). From a cognitive perspective, interpretation bias has
been identified as a central mechanism in the development
and maintenance of anxiety, referring to the tendency to
interpret ambiguous stimuli or situations in a threatening or
negative manner (Butler & Mathews, 1983; Wirtz et al.,
2025). This maladaptive cognitive pattern perpetuates a
chronic state of hypervigilance and reinforces worry cycles,
thereby sustaining the disorder (Hoge et al., 2020).
Empirical research further indicates that interpretation bias
is not only a psychological phenomenon but is also
associated with physiological and neural processes,
suggesting an  integrative  cognitive-neurobiological
framework (Collins et al., 2022). In parallel, self-focused
attention represents another critical factor, defined as an
excessive inward orientation of attention toward one's own
thoughts, emotions, and bodily sensations, often at the
expense of external environmental processing (Woody et al.,
1997). Elevated self-focused attention has been shown to
exacerbate anxiety symptoms by intensifying emotional

reactivity and maintaining maladaptive cognitive loops (Jalili

& Aleyasin, 2025; Kebritchi & Abolghasemi, 2025; Leigh et
al., 2021). Moreover, this attentional style is associated with
reduced cognitive flexibility and increased rumination,
further contributing to the persistence of anxiety (Noda et
al.,, 2022). Despite the availability of established
psychological interventions such as cognitive-behavioral
and metacognitive therapies, treatment outcomes remain
limited for many individuals, highlighting the need for
innovative and complementary approaches (Papola et al.,
2024; Tolin et al., 2020). Advances in neuroscience have
provided valuable insights into the neurophysiological
correlates of anxiety disorders, particularly through
electroencephalography, which allows for high-resolution
temporal assessment of brain activity (Park et al., 2026).
Research has demonstrated that individuals with generalized
anxiety disorder exhibit abnormal neural connectivity
patterns and dysregulated brainwave activity, including
increased beta and theta activity and decreased alpha power,
which are associated with heightened arousal and impaired
emotional regulation (Chu et al., 2025; Hao et al., 2025;
Najafi et al., 2022). In this context, EEG biofeedback has
emerged as a promising intervention that enables individuals
to gain voluntary control over their brain activity through
real-time feedback, thereby promoting self-regulation and
neuroplasticity (Wang et al., 2023). Previous studies have
shown that EEG biofeedback can reduce anxiety symptoms
and improve emotional and cognitive functioning across
clinical populations (Alaros et al., 2021; Melo et al., 2025;
Tong et al., 2025). However, most existing research has
focused primarily on symptom reduction, with limited
attention to the underlying cognitive mechanisms such as
interpretation bias and self-focused attention (Luo et al.,
2023). Accordingly, the present study sought to investigate
the effectiveness of EEG biofeedback on interpretation bias,
self-focused attention, and anxiety severity in women with

generalized anxiety disorder.
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Methods and Materials

This study employed a quasi-experimental pretest—
posttest design with an experimental group and a control
group. The statistical population consisted of female patients
diagnosed with generalized anxiety disorder who referred to
a clinical psychology center. From this population, 30
participants were selected using purposive sampling and
randomly assigned into two groups of 15 participants each.
The experimental group underwent EEG biofeedback
intervention across 20 sessions of 45 minutes each,
administered twice weekly, while the control group
remained on a waiting list and did not receive any
intervention during the study period. Inclusion criteria
ensured diagnostic accuracy and participant homogeneity,
including confirmed diagnosis, absence of comorbid
psychiatric or neurological conditions, and treatment
stability. Data were collected using standardized instruments
measuring interpretation bias, self-focused attention, and
anxiety severity. Ethical considerations were strictly
observed, including informed consent and confidentiality of
participant data. Statistical analyses were conducted using
multivariate analysis of covariance to control for baseline
differences and evaluate the effects of the intervention.

Findings

The results revealed significant differences between the
experimental and control groups across all dependent
variables  following the intervention. Specifically,
participants in the experimental group demonstrated a
substantial reduction in anxiety severity compared to the
control group, indicating the effectiveness of EEG
biofeedback in alleviating core symptoms of generalized
anxiety disorder. In addition, a significant decrease in self-
focused attention was observed, suggesting that the
intervention effectively modified maladaptive attentional
processes. Furthermore, the findings indicated a marked
reduction in interpretation bias, reflecting improvements in
cognitive processing and a decreased tendency to interpret

ambiguous situations negatively. The effect sizes associated

with these outcomes were notably large, demonstrating the
strong impact of the intervention on both clinical symptoms
and cognitive mechanisms. These results support the
hypothesis that EEG biofeedback can produce meaningful
and multidimensional improvements in individuals with
generalized anxiety disorder.

Discussion and Conclusion

The findings of the present study provide strong evidence
for the effectiveness of EEG biofeedback as a
comprehensive intervention that targets both symptomatic
and underlying cognitive processes in generalized anxiety
disorder. The observed reduction in anxiety severity can be
understood in terms of enhanced neurophysiological
regulation, as the intervention facilitates the normalization
of brainwave activity and reduces excessive arousal.
Moreover, the significant decrease in self-focused attention
suggests that EEG biofeedback contributes to improved
attentional control and reduced maladaptive inward focus,
thereby disrupting cycles of rumination and worry. The
reduction in interpretation bias further indicates that the
intervention influences higher-order cognitive processes,
leading to more adaptive interpretations of ambiguous
stimuli and reduced threat perception. Importantly, the
concurrent improvement across these domains highlights the
interconnected nature of cognitive, emotional, and
neurophysiological processes in anxiety disorders. These
results underscore the value of integrative treatment
approaches that address multiple dimensions of dysfunction
simultaneously. From a clinical standpoint, EEG
biofeedback represents a promising adjunctive therapy that
can enhance the effectiveness of traditional psychological
interventions and contribute to more sustainable treatment
outcomes. Overall, the study supports the growing
recognition of brain-based interventions as valuable tools in
the treatment of anxiety disorders and emphasizes the
importance of

incorporating neurophysiological

perspectives into psychological research and practice.
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