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Objective: The present study aimed to compare the effectiveness of cognitive rehabilitation and
pharmacotherapy on attention and working memory in children with Attention Deficit
Hyperactivity Disorder (ADHD).

Methodology: This study employed a quasi-experimental design with a pretest—posttest follow-
up and a control group. The statistical population consisted of children with ADHD in the city
of Sari, Iran, who were selected through convenience sampling and randomly assigned to three
groups: cognitive rehabilitation, pharmacotherapy, and control, with 15 participants in each
group. The research instruments included the Stroop Test for assessing attention and the N-back
Test for evaluating working memory. The cognitive rehabilitation group participated in
structured cognitive training sessions, whereas the pharmacotherapy group received routine
medication treatment prescribed for ADHD. The control group did not receive any intervention
during the study period. Data were analyzed using repeated-measures multivariate analysis of
variance and Bonferroni post-hoc tests at the significance level of 0.05.

Findings: The findings demonstrated that both cognitive rehabilitation and pharmacotherapy
significantly improved attention and working memory scores at the posttest stage compared with
the pretest stage (P < 0.001). However, the magnitude of improvement was significantly greater
in the cognitive rehabilitation group compared with the pharmacotherapy and control groups.
Repeated-measures ANOVA revealed significant effects of time, group, and time-by-group
interaction for both attention and working memory variables. Furthermore, Bonferroni
comparisons indicated significant differences between pretest and posttest scores as well as
between pretest and follow-up scores, whereas no significant difference was observed between
posttest and follow-up stages, suggesting the relative stability of treatment effects over time.
Conclusion: The results suggest that cognitive rehabilitation is an effective and relatively stable
intervention for improving attention and working memory in children with ADHD and may
demonstrate superiority over pharmacotherapy in certain cognitive indices. Therefore,
integrating cognitive rehabilitation as either an independent intervention or a complementary
approach alongside pharmacotherapy may enhance cognitive, academic, and behavioral
functioning in children with ADHD.
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EXTENDED ABSTRACT
Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the most prevalent
neurodevelopmental disorders in childhood and is characterized by persistent symptoms of inattention,
hyperactivity, and impulsivity that negatively influence academic, social, emotional, and behavioral
functioning. The disorder is increasingly conceptualized as a multidimensional impairment involving
executive dysfunctions and neuropsychological deficits rather than merely disruptive behavioral
symptoms (Barkley, 2015). Children with ADHD often experience difficulties in sustaining attention,
inhibiting impulsive responses, organizing information, and regulating goal-directed behaviors. These
impairments significantly interfere with educational achievement and interpersonal adjustment and may
continue into adolescence and adulthood (Blanger et al., 2018). Furthermore, ADHD is associated with
cognitive and behavioral deficits that reduce quality of life and increase family stress and social stigma
(Pescosolido et al., 2016). Clinical evidence indicates that executive dysfunctions are central to the disorder
and contribute substantially to the persistence of behavioral and learning difficulties (Carucci et al., 2023).

Among executive deficits, impairments in attention and working memory are particularly
important because these functions are directly associated with learning, problem-solving, and academic
adaptation. Attention enables individuals to maintain focus on relevant stimuli while inhibiting distracting
information, whereas working memory facilitates temporary storage and manipulation of information
required for cognitive processing. Children with ADHD typically demonstrate significant impairments in
sustained attention, selective attention, inhibitory control, and working memory performance (Grover et al.,
2023; Martinussen et al., 2005). Neuropsychological and neurobiological findings further suggest that
dysfunctions in prefrontal cortical networks contribute to these executive impairments (Arnsten, 2009). In
addition, recent studies have emphasized that atypical neural functional networks and executive
dysfunctions play a central role in ADHD-related cognitive deficits (Yang et al., 2024). Executive attention
is also closely associated with learning processes and cognitive regulation, and deficits in this area may
increase mind-wandering and reduce academic performance (Yao et al., 2024).

Recent developmental studies have proposed that ADHD should be understood within broader
cognitive pathways involving atypical executive development and self-regulation impairments (Megari,
2026). Furthermore, evidence indicates that executive dysfunction mediates the relationship between
ADHD symptoms and emotional-behavioral problems, suggesting that deficits in executive control may
contribute to emotional instability and maladaptive behaviors (Yi Baamer, 2025). These findings highlight
the necessity of interventions that directly target executive functions, especially attention and working
memory.

Pharmacotherapy remains one of the most common treatment approaches for ADHD. Stimulant
medications have shown considerable effectiveness in reducing symptoms of inattention and hyperactivity
and improving short-term behavioral functioning (Faraone & Buitelaar, 2010). Comparative meta-analyses
have also confirmed the efficacy and tolerability of pharmacological interventions for ADHD across
childhood and adolescence (Cortese et al., 2015). Moreover, recent neurobiological investigations have
demonstrated that methylphenidate treatment may positively affect executive functioning and neural
markers associated with cognitive regulation (Wang et al., 2025). However, despite their effectiveness,
medications are associated with limitations such as side effects, inconsistent long-term outcomes, and



relatively limited influence on the underlying cognitive impairments of ADHD. Consequently, researchers
have increasingly focused on complementary and nonpharmacological interventions that aim to strengthen
cognitive functioning directly.

Cognitive rehabilitation has emerged as a promising intervention for improving executive
functioning in children with ADHD. This approach is based on neuroplasticity principles and utilizes
structured, repetitive, and progressively challenging exercises designed to improve attention, inhibitory
control, and working memory (Klingberg, 2010). Cognitive rehabilitation programs typically include
computerized and non-computerized activities aimed at strengthening attentional control, memory
updating, and executive processing. Previous studies have demonstrated that cognitive rehabilitation can
significantly improve executive functions and attentional symptoms in children with ADHD (Firouzi et al.,
2021). Comparative investigations have further shown that cognitive rehabilitation may produce greater
improvements in attention and executive functioning than pharmacotherapy alone (Seyedmohammadi et al.,
2019). Similar findings have been reported regarding improvements in memory, problem-solving abilities,
and executive functioning following cognitive rehabilitation interventions (Yavari et al., 2019). Systematic
reviews of nonpharmacological interventions have also supported the effectiveness of cognitive and
psychological treatments for ADHD (Sonuga-Barke et al., 2013; Toplak et al., 2008). Additionally, multimodal
treatment approaches that combine pharmacological and psychological interventions appear to provide
broader improvements in symptoms, cognitive functioning, and quality of life (Haslinger et al., 2022).

Despite these findings, the comparative effectiveness of cognitive rehabilitation and
pharmacotherapy on attention and working memory remains insufficiently explored, particularly within
the Iranian context. Therefore, the present study aimed to compare the effectiveness of cognitive
rehabilitation and pharmacotherapy on attention and working memory in children with Attention-
Deficit/Hyperactivity Disorder.

Methods and Materials

This study employed a quasi-experimental design with a pretest—posttest follow-up structure and
a control group. The statistical population consisted of children diagnosed with ADHD who were referred
to counseling and psychological service centers in Sari, Iran. Forty-five participants who met the inclusion
criteria were selected through convenience sampling and randomly assigned to three groups: cognitive
rehabilitation, pharmacotherapy, and control, with 15 participants in each group. Inclusion criteria
included a diagnosis of ADHD based on DSM-5 criteria, parental consent, and absence of severe
psychiatric or neurological disorders. Participants who failed to complete the intervention process or
received concurrent psychological interventions were excluded from the study.

Data were collected using the Stroop Test and the N-back Test. The Stroop Test was used to assess
selective attention, inhibitory control, and cognitive interference. The N-back Test was employed to
evaluate working memory performance and information updating processes. Both instruments had
acceptable psychometric properties and were appropriate for use with children diagnosed with ADHD.

After completing the pretest assessments, the cognitive rehabilitation group participated in
structured intervention sessions designed to improve attention and working memory through targeted
cognitive exercises. The intervention included progressive activities focusing on attentional control,
inhibitory processing, memory retention, and executive regulation. The pharmacotherapy group received
medication prescribed by a child psychiatrist according to standard ADHD treatment protocols. The
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control group received no intervention during the study period. Upon completion of the intervention phase,
posttest assessments were conducted, followed by a follow-up assessment to examine the stability of
treatment effects over time.

Descriptive statistics, including means and standard deviations, were calculated for all variables.
Repeated-measures multivariate analysis of variance was used to evaluate differences between groups
across the pretest, posttest, and follow-up stages. Bonferroni post-hoc comparisons were conducted to
examine pairwise differences among groups and measurement phases.

Findings

Descriptive findings indicated that both intervention groups demonstrated improvements in
attention and working memory from pretest to posttest, whereas the control group showed minimal
changes. The cognitive rehabilitation group demonstrated the greatest increase in performance scores
across both variables. In the working memory variable, the mean score of the cognitive rehabilitation
group increased from 64.22 in the pretest phase to 86.76 in the posttest and remained relatively stable at
86.65 during follow-up. Similarly, the pharmacotherapy group improved from 65.11 in pretest to 83.57 in
posttest and 83.47 in follow-up, whereas the control group showed only slight changes across
measurement stages.

Repeated-measures multivariate analysis of variance revealed significant effects of time,
intervention group, and time-by-group interaction for both attention and working memory. The effect of
time on attention was significant (F = 21.116, p = 0.001, n? = 0.67), indicating substantial changes in
attention scores across pretest, posttest, and follow-up stages. Similarly, the effect of time on working
memory was significant (F = 12.125, p = 0.001, n? = 0.59). The interaction effect between time and
intervention was also significant for attention (F = 20.865, p = 0.001, n?> = 0.62) and working memory (F
= 18.745, p = 0.001, n? = 0.49), demonstrating that the magnitude of cognitive improvement differed
across intervention groups over time.

Between-group analyses further showed significant differences between the cognitive
rehabilitation group and the control group for attention (F = 101.16, p = 0.001, n> = 0.56) and working
memory (F = 210.64, p = 0.001, n?> = 0.48). Significant differences were also observed between the
pharmacotherapy group and the control group for attention (F=121.16, p=0.001, n* = 0.47) and working
memory (F = 210.64, p = 0.001, n? = 0.38). Bonferroni post-hoc comparisons revealed significant
differences between pretest and posttest as well as between pretest and follow-up for both attention and
working memory variables (p = 0.001). However, differences between posttest and follow-up were not
statistically significant, indicating relative maintenance of treatment gains over time.

Pairwise comparisons also demonstrated that cognitive rehabilitation produced significantly
greater improvements than pharmacotherapy in both attention and working memory. The mean difference
between the cognitive rehabilitation and pharmacotherapy groups for attention was 7.62 (p = 0.001),
whereas the difference for working memory was 3.19 (p = 0.001). These findings indicate that although
both interventions were effective, cognitive rehabilitation generated stronger and more stable
improvements in executive functioning.

Discussion and Conclusion

The present study aimed to compare the effectiveness of cognitive rehabilitation and
pharmacotherapy on attention and working memory in children with ADHD. The findings demonstrated
that both interventions significantly improved cognitive functioning, although cognitive rehabilitation



produced greater and more durable improvements than pharmacotherapy. These results support the
growing body of literature emphasizing the importance of executive dysfunctions in ADHD and the
effectiveness of interventions targeting cognitive regulation directly.

The significant improvement in attention observed in the cognitive rehabilitation group may be
attributed to the repetitive and structured nature of attentional training exercises. These exercises likely
enhanced inhibitory control, selective attention, and sustained attention capacities by repeatedly activating
neural systems associated with executive regulation. Since children with ADHD often exhibit impairments
in attentional regulation and executive control, systematic cognitive exercises may strengthen attentional
networks and improve behavioral organization.

The substantial gains in working memory performance are also noteworthy. Working memory is
a fundamental cognitive process involved in learning, reasoning, and self-regulation, and deficits in this
area contribute significantly to academic and behavioral problems in children with ADHD. The findings
suggest that cognitive rehabilitation can effectively enhance working memory capacity through repeated
cognitive engagement and memory updating tasks. The stability of improvements during follow-up further
supports the notion that cognitive rehabilitation may produce relatively enduring cognitive changes rather
than temporary symptom reduction.

Although pharmacotherapy also improved attention and working memory, its effects were less
pronounced than those of cognitive rehabilitation. Medication likely improved cognitive performance
indirectly by reducing behavioral symptoms and increasing attentional readiness. However, cognitive
rehabilitation appeared to target the underlying executive deficits more directly, thereby producing
broader and more stable cognitive improvements. These findings suggest that combining pharmacological
and cognitive interventions may provide the most comprehensive treatment outcomes for children with
ADHD.

Overall, the results of this study indicate that cognitive rehabilitation is an effective and relatively
stable intervention for improving attention and working memory in children with ADHD. The findings
highlight the importance of integrating cognitive-based interventions into educational and clinical settings
to improve executive functioning, academic performance, and adaptive behavior in children affected by
Attention-Deficit/Hyperactivity Disorder.
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