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ARTICLE INFO ABSTRACT

Article type: Background: Deficits in response inhibition are a core difficulty among students with attention-

Research Article deficit/hyperactivity disorder (ADHD) and may adversely affect their academic performance and behavioral
) ) adjustment. Although cognitive rehabilitation and transcranial direct current stimulation (tDCS) have been

Article history: used to improve executive functioning, evidence regarding their comparative effectiveness in improving
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response inhibition in these students remains limited. Comparing these interventions may therefore inform
the selection of more effective approaches and enhance the quality of educational and clinical interventions.
Accepted 12 October 2026 Aims: Th.IS §tl_Jc_iy a_lmed to compare the effectiveness of cognitive rehabilitation and tDCS in improving
1 : response inhibition in students with ADHD.
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2026 Methods: A quasi-experimental pretest—posttest design with a control group was employed. The study
population comprised female students in Grades 4-6 attending primary schools in Hamadan, Iran, during
the 20242025 academic year. Forty-five students with ADHD were selected through purposive sampling

Keywords: and randomly assigned to cognitive rehabilitation, tDCS, or control groups, with 15 participants in each
cognitive rehabilitation, group. The cognitive rehabilitation group received 12 sessions of an intervention based on the framework
electrical brain stimulation, proposed by Miyake et al. (2000). The tDCS group received ten 10-minute sessions of stimulation at an
response inhibition, intensity of 1.5 mA using an ActivaTek device. Data were collected using the Behavioral Inhibition
attention-deficit/hyperactivity System/Behavioral Activation System Scales (Carver & White, 1994) and the ADHD Rating Scale (DuPaul
disorder (ADHD). et al., 1998). Multivariate and univariate analyses of covariance were conducted using SPSS version 28.

Results: After controlling for pretest scores, the effect of group on improvement in response inhibition was
statistically significant (p < .001). Bonferroni-adjusted pairwise comparisons indicated that both
interventions were more effective than the control condition, and tDCS was more effective than cognitive
rehabilitation (p < .001). A significant linear trend was also reported across the groups ordered as control,
cognitive rehabilitation, and tDCS.

Conclusion: The findings highlight the potential of cognitive rehabilitation and tDCS to enhance response
inhibition in students with ADHD. Incorporating these interventions into clinical programs, while
accounting for individual needs and ensuring professional supervision and adherence to safety
considerations, may help improve behavioral control in these students.
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Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a

common neurodevelopmental disorder of childhood
and adolescence characterized by inattention,
hyperactivity, and impulsivity, with potentially
adverse academic, social, and psychological
consequences. According to the 2022 U.S. National
Survey of Children’s Health, 11.4% of children had
ever received an ADHD diagnosis, while the
prevalence of current ADHD was 10.5%; moreover,
77.9% of children with current ADHD had at least
one co-occurring disorder (Danielson et al., 2024).
Many students with ADHD experience difficulties in
executive functions, particularly working memory,
inhibitory  control, and cognitive flexibility
(Salehinejad, 2020). Response inhibition, a
fundamental component of self-regulation, enables
individuals to stop or withhold inappropriate
responses, and deficits in this ability may be
associated with dysfunction in frontal networks and
the basal ganglia (Coutinho et al., 2018). The
persistence of ADHD symptoms into adolescence and
adulthood,  together  with  their  long-term
consequences, underscores the need for effective
interventions tailored to these students’ needs
(Ogundele & Ayyash, 2023).

Although pharmacological treatments are effective in
reducing the core symptoms of ADHD, potential
adverse effects, variability in treatment response, and
residual cognitive difficulties highlight the need for
complementary nonpharmacological interventions
(Cortese et al., 2018). Cognitive rehabilitation uses
structured exercises of progressively increasing
difficulty to target processes such as attention,
working memory, and response inhibition, drawing
on approaches aimed at restoring impaired cognitive
functions or compensating for cognitive deficits
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(Ghasemi Mehrabadi et al., 2025; Jalilvand et al.,
2022; Loetscher et al., 2019). However, its benefits
are often observed on tasks similar to those practiced
during training, while their generalization to
academic performance and everyday functioning
remains uncertain (Westwood et al, 2023). In
contrast, transcranial direct current stimulation
(tDCS) is a noninvasive technique that modulates
cortical excitability by delivering a weak electrical
current through electrodes placed on the scalp
(Salehinejad et al., 2020; Soleimani & Kazemi-
Monir, 2020). The involvement of prefrontal regions
in executive control provides a theoretical basis for
investigating the potential of this approach to improve
response inhibition (Friedman & Robbins, 2022).
Nevertheless, differences in stimulation parameters,
participant ~ characteristics, and  assessment
instruments have been associated with heterogeneous
findings across studies (Huang & Liu, 2025).

Cognitive rehabilitation and tDCS target executive
functioning through distinct and potentially
complementary pathways: cognitive practice and
learning, and the modulation of neural activity,
respectively.  Research  examining  combined
approaches has also suggested potential benefits from
integrating cognitive training with brain stimulation
(Berger, 2021). However, evidence directly
comparing these interventions in comparable
populations using common outcome measures
remains limited, particularly within the Iranian
cultural and educational context. Furthermore,
uncertainty regarding the generalization of cognitive
rehabilitation gains and the dependence of
stimulation outcomes on implementation conditions
reinforce the need for comparative research. Such
comparisons may support more informed
professional decisions about interventions suited to
students’ needs. Accordingly, the present study
addresses the following question: Do cognitive
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rehabilitation and transcranial direct current
stimulation differ in their effectiveness in improving
response inhibition in students with ADHD?

Method

This applied, quantitative study employed a quasi-
experimental pretest—posttest design with two
intervention groups and one control group. The study
population comprised girls aged 10-12 years in
Grades 4-6 in Hamadan, Iran, who had attended
counseling and psychological service centers for
attention-deficit/hyperactivity-related difficulties
during the 2024-2025 academic year. Of 143
attendees, 45 eligible students were selected through
purposive sampling following screening, a review of
clinical records, and specialist confirmation of an
ADHD diagnosis based on DSM-5 criteria.
Participants were then randomly assigned to three
groups of 15. Data were collected using the parent-
report ADHD rating scale attributed to DuPaul et al.
(1998) and the seven-item Behavioral Inhibition
System subscale developed by Carver and White
(1994). The cognitive rehabilitation group received a
program adapted from the executive functions
framework proposed by Miyake et al. (2000),
comprising twelve 60-minute sessions delivered over
three months, supplemented with home practice
assignments. The transcranial direct current
stimulation group received ten 10-minute sessions at
an intensity of 1.5 mA, three times per week, with the
anode positioned at F4, corresponding to the right
dorsolateral prefrontal cortex. The control group
received no targeted intervention and participated
only in activities unrelated to the study variables.
Assessments were conducted before and immediately
after the interventions. Written parental informed
consent, data confidentiality, the right to withdraw,

Vol. 25, No. 164, 2026

and specialist supervision of stimulation safety were
ensured. Data were analyzed using descriptive
statistics and analysis of covariance, controlling for
pretest scores, in SPSS version 28. Statistical
assumptions were examined before analysis, and the
significance level was set at .05.

Results

The study sample comprised 45 female students aged
10-12 years, equally allocated to the cognitive
rehabilitation, transcranial direct current stimulation
(tDCS), and control groups, with 15 participants in
each group. The mean ages of the groups were 11.13,
10.87, and 10.93 years, respectively. Eleven-year-
olds constituted the largest age category, while
fourth-grade students constituted the largest grade-
level category, each comprising 16 participants
(35.6%). In the cognitive rehabilitation group, the
mean outcome score increased from 66.40 (SD =
3.52) at pretest to 86.27 (SD = 2.87) at posttest. In the
tDCS group, the mean score increased from 64.00
(SD = 2.67) to 86.60 (SD = 2.32), whereas the
corresponding scores in the control group were 65.00
(SD = 3.25) and 65.33 (SD = 2.12). Thus, the mean
increases in the cognitive rehabilitation, tDCS, and
control groups were 19.87, 22.60, and 0.33 points,
respectively. Regarding statistical assumptions, the
Shapiro-Wilk tests provided no evidence of
significant departures from normality (all p > .05),
and Levene’s test was nonsignificant (p = .143).
Box’s M test for the multivariate model was also
nonsignificant (Box’s M = 35.234, F = 1.516, p =
.065). These findings supported the assumptions
examined; however, the use of analysis of covariance
additionally requires assessment of the linear
relationship between pretest and posttest scores and
the homogeneity of regression slopes.
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Table 1. Univariate Analysis of Covariance (ANCOVA) Results for Response Inhibition

Source E df p Observed power Mean square
Group 615.590 2 .001 1.000 2211.474
Covariate (pretest score) 114.289 1 .001 1.000 410.576

The univariate ANCOVA revealed a significant
group effect on posttest response inhibition scores

means were 87.494, 85.267, and 65.433 for the
transcranial direct current stimulation (tDCS),

after controlling for pretest scores, F(2, 41) = 615.59, cognitive rehabilitation, and control groups,
p = .001. The effect of the pretest covariate was also respectively.
significant, F(1, 41) = 114.289, p = .001. Adjusted
Table 2. Bonferroni-Adjusted Pairwise Comparisons of Response Inhibition Scores
Group comparison (I — J) Mean difference (I — J) Standard error Adjusted p

tDCS — Cognitive rehabilitation 2.227 0.714 .01

Cognitive rehabilitation — Control 19.889 0.700 .001

tDCS — Control 22.056 0.696 .001

Bonferroni-adjusted pairwise comparisons indicated
that both intervention groups had significantly higher
scores than the control group (p = .001). The tDCS
group also scored significantly higher than the
cognitive rehabilitation group (mean difference =
2.227,p=.01).

Conclusion

The present study compared the effectiveness of
cognitive rehabilitation and transcranial direct current
stimulation (tDCS) in improving response inhibition
in students with attention-deficit/hyperactivity
disorder (ADHD). After controlling for pretest
scores, significant between-group differences were
found, and Bonferroni-adjusted comparisons
indicated that both intervention groups had higher
scores than the control group. The difference between
the two interventions also significantly favored tDCS.
At the broader level of cognitive functioning, the
findings for cognitive rehabilitation are consistent
with evidence regarding the potential of structured
exercises to strengthen cognitive functions or
compensate for cognitive deficits (Ghasemi
Mehrabadi et al.,, 2025; Jalilvand et al., 2022).
Drawing on restorative and compensatory principles,
this approach uses repeated practice and alternative

strategies to enhance cognitive performance and
reduce the consequences of cognitive deficits
(Loetscher et al., 2019). Experience-dependent
learning and neuroplasticity may represent possible
mechanisms underlying these changes, although
neither was directly assessed in the present study
(Berger, 2021). Furthermore, given the limited
transfer of training effects, higher posttest scores
cannot be equated with sustained symptom reduction
or generalized improvements in academic and social
functioning (Westwood et al, 2023).

The findings for tDCS are also consistent with
evidence suggesting that neuromodulation may
improve certain cognitive processes (Salehinejad et
al., 2020). Given the association between cognitive
difficulties in ADHD and dysfunction in frontal
networks and the basal ganglia, modulating prefrontal
excitability may facilitate cognitive control and
response regulation (Coutinho et al., 2018; Friedman
& Robbins, 2022). However, heterogeneous findings
across studies suggest that stimulation outcomes may
depend on stimulation site, current intensity, number
of sessions, participant characteristics, and
assessment instruments (Huang & Liu, 2025). The
observed difference between the interventions may
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reflect their distinct pathways of action—practice and
learning in cognitive rehabilitation versus modulation
of neural activity in tDCS—but the mechanisms
underlying this difference were not directly
examined. Moreover, the absence of sham
stimulation and insufficient evidence of matched
intervention duration and therapeutic contact make it
difficult to distinguish intervention-specific effects
from factors such as treatment expectations and
participant engagement. Accordingly, the observed
advantage of tDCS is limited to the conditions of the
present study.

The study was limited by its small sample size, the
inclusion of only female students from a single
geographical area, the absence of follow-up
assessments, incomplete control over individual and
environmental factors, the use of a fixed stimulation
protocol, and the lack of neurophysiological
measures. The absence of comprehensive
assessments of academic, social, and emotional
outcomes also limits conclusions about the
generalization of changes to everyday functioning.
Future studies should include larger and more diverse
samples, medium- and long-term follow-up
assessments, parent and teacher reports, and validated
response inhibition tasks. Where feasible, they should
also incorporate sham stimulation and assessors
blinded to group allocation. Examining different
stimulation protocols and combining cognitive
training with brain stimulation may also be valuable,
given the potential of these approaches. Integrating
neurophysiological measures  with  functional
outcomes could help clarify the mechanisms of
action, the durability of changes, and the factors
determining intervention response.
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I, Cognitive Rehabilitation
2, Transcranial Direct Current Stimulation (tDCS)
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1, Behavioral Inhibition Scales
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I, Attention-Deficit/Hyperactivity Disorder Rating Scale
2, Transcranial Direct Current Stimulation Intervention
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I, Cognitive Rehabilitation Training Package
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