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ABSTRACT

Objective: To compare the effectiveness of emotion regulation training and
transcranial direct current stimulation intervention on improving executive
functions (attention, cognitive flexibility, response inhibition, emotion control)
and impulsivity in male students with attention deficit hyperactivity disorder.
Materials and methods: The current research is semi-experimental with pre-test-
post-test and control group. The statistical population of this research included
all male students of the second year of high school with attention deficit and
hyperactivity disorder in Ardabil city in the academic year of 1402-1403.
Sampling was also clustered. The research tools included: N-Beck computer test,
Wisconsin card sorting test, dual Stroop task test, impulsivity and interventions
including emotion regulation training protocol and transcranial direct current
stimulation intervention. Findings: Emotion regulation training and transcranial
direct current stimulation intervention have improved executive functions and
reduced impulsivity in male students with attention deficit hyperactivity disorder.
The results of Bonferroni's post hoc test also showed that there is a significant
difference between the training groups of emotion regulation transcranial direct
current stimulation intervention with the control group (p<0.05). Discussion and
conclusion: Emotion regulation training and transcranial direct current
stimulation intervention have improved executive functions and reduced
impulsivity in male students with attention deficit hyperactivity disorder.
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Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the most prevalent
neurodevelopmental disorders, characterized by persistent inattention, impulsivity, and/or
hyperactivity that is inconsistent with developmental expectations. Affecting approximately 3—
7% of children and adolescents, ADHD leads to significant academic, social, and psychological
challenges. Neurobiological factors, such as dysfunction in the prefrontal cortex, reduced gray
matter volume, and abnormalities in cortico-striato-thalamo-cortical circuits, contribute to its
etiology. While pharmacological treatments are effective in the short term, they often fail to
fully address attention deficits or optimize long-term outcomes. Consequently, non-
pharmacological interventions, such as emotion regulation training (ERT), which focuses on
managing emotional responses, and transcranial direct current stimulation (tDCS), a
neuromodulation technique that alters cortical excitability, have gained attention. Previous
studies have demonstrated the efficacy of both interventions in enhancing executive functions
and reducing impulsivity, yet direct comparisons in adolescent male students with ADHD
remain limited. This study aimed to compare the effectiveness of ERT and tDCS on improving
executive functions (including attention, cognitive flexibility, response inhibition, and emotion
control) and reducing impulsivity in male students diagnosed with ADHD in secondary schools.

Materials and Methods

This quasi-experimental study employed a pretest-posttest design with a control group. The
study population consisted of all male secondary school students diagnosed with ADHD in
Ardabil, Iran, during the 2023-2024 academic year. A sample of 45 students was selected
through convenience sampling and randomly assigned to three groups (15 per group: ERT,
tDCS, and control). Inclusion criteria included male gender, a clinical ADHD diagnosis by a
psychologist, informed consent, absence of comorbid disorders, and normal 1Q. Exclusion
criteria were missing more than two sessions or unwillingness to participate. Assessment tools
included the N-back Task (working memory), Wisconsin Card Sorting Test (cognitive
flexibility), Dual-Task Stroop Test (response inhibition), and Barratt Impulsiveness Scale-11
(impulsivity). The ERT intervention followed an 8-session, 60-minute protocol (based on Gross
and Thompson, validated in Iran), conducted twice weekly. The tDCS intervention involved 10
sessions of 10-minute stimulation (using a NEUROSTIM device, 1-2 mA, anode over the
dorsolateral prefrontal cortex) delivered twice weekly. The control group received no
intervention. Pretests and posttests were administered, and data were analyzed using
multivariate analysis of covariance (MANCOVA) in SPSS-26, after confirming assumptions
(normality, homogeneity of variance, and regression slope homogeneity).

Results

Descriptive statistics revealed improvements in mean scores for executive functions (working
memory, response inhibition, cognitive flexibility) and reduced impulsivity in both intervention
groups post-treatment, with no significant changes in the control group. MANCOVA results
confirmed statistically significant differences between groups (p<0.05, with moderate to large
effect sizes). Post-hoc Bonferroni tests indicated that both ERT and tDCS groups significantly
outperformed the control group (p<0.001), but no significant difference was observed between
the ERT and tDCS groups.

Discussion and Conclusion

Both ERT and tDCS were effective in enhancing executive functions and reducing impulsivity
in male students with ADHD, consistent with prior studies (e.g., Emadi Chashmi et al., 2023;
Nejati et al., 2024). ERT improves attention, cognitive flexibility, and emotion control through
techniques such as mindfulness, problem-solving, and cognitive reappraisal, while also reducing
aggressive behaviors. tDCS enhances cognitive and emotional regulation by modulating neural
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activity in prefrontal regions, improving attention, flexibility, and response inhibition. The lack
of significant differences between ERT and tDCS suggests comparable efficacy, though
combined interventions may warrant further exploration. Limitations include the focus on male
students, lack of long-term follow-up, and small sample size. It is recommended that these
interventions be integrated into school-based educational and counseling programs to mitigate
ADHD-related challenges.

Keywords
attention deficit disorder and hyperactivity, emotion regulation training, executive functions,
impulsivity, transcranial direct current stimulation.
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3. The Wisconsin Card Sorting Test (WCST)
4. Greve, Stickle, Love, Bianchini & Stanford
5. Stroop task on dual-task
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1. Computerized of the N-back task
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1. Barratt Impulsivity questionnaire
2. Karadag & Demir
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Structural differences among children,
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