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Abstract

Specific learning disorder (SLD) is one of the most prevalent academic difficulties in
children and may adversely affect cognitive functioning and academic performance. The
present study aimed to investigate the effectiveness of Computer-Based Cognitive
Rehabilitation (ARAM) on visual and auditory working memory in students with SLD. This
semi-experimental study employed a pretest—posttest design with a comparison condition.
The statistical population consisted of 9-10-year-old male students (Grades 3 and 4)
diagnosed with SLD who attended the Derakhshesh Child and Adolescent Counseling Center
in Najafabad during the second half of 2024. Inclusion criteria were: confirmed diagnosis of
SLD (reading, writing, or mathematics impairment) based on DSM-5 clinical interview and
center records; 1Q > 90 based on Raven’s Colored Progressive Matrices; absence of
comorbid  neurodevelopmental disorders; no psychiatric  treatment or other
educational/rehabilitative interventions during the previous six months; and informed
consent from both parents and students. Exclusion criteria included absence from more than
two consecutive sessions, withdrawal of consent, or receiving parallel educational services.
Thirty eligible students were selected through purposive sampling and randomly assigned to
intervention and non-intervention conditions (n = 15 per condition). After attrition, data from
27 participants were analyzed. Participants in the intervention condition received twelve 45-
minute individual sessions of ARAM (three sessions per week), while the comparison
condition received no intervention. Working memory was assessed using the Picture Span,
Digit Span (forward, backward, sequencing), and Letter—Number Sequencing subtests of the
WISC-V. Data were analyzed using multivariate and univariate analyses of covariance.
Multivariate analysis revealed a significant overall effect of Computer-Based Cognitive
Rehabilitation (ARAM) on visual and auditory working memory after controlling for pretest
scores (Wilks” A = 0.087, F(2, 22) = 116.09, p < 0.001, n> = 0.913). Univariate analyses
further demonstrated significant effects on forward digit span (F = 111.73, n?> = 0.842),
backward digit span (F = 62.22, n? = 0.748), digit sequencing (F = 74.27, n* = 0.780), letter—
number sequencing (F = 122.31, n? = 0.853), and picture span (F = 26.47, n2 = 0.524), all p
< 0.001. These findings indicate that ARAM produces large effect sizes in enhancing both
auditory and visual working memory in students with SLD. Therefore, implementing
computer-based cognitive rehabilitation programs such as ARAM in educational and clinical
settings is strongly recommended.
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Introduction

Neurodevelopmental disorders, including specific learning disorder
(SLD), emerge during childhood and lead to cognitive and adaptive
impairments (Grigorenko et al., 2020). SLD is characterized by
persistent difficulties in reading, writing, and mathematics, often
accompanied by academic underachievement, school dropout,
behavioral problems, anxiety, and depression (Bartlett et al., 2014).
Children with SLD frequently exhibit deficits in working memory,
especially visuospatial and auditory domains, affecting problem-
solving, information processing, and academic performance (Baddeley,
2003; Amir-Ateshani et al., 2018; Aghahi et al., 2019; Ranjbar et al.,
2019; Peng & Fuchs, 2016; Font-Alaminos et al., 2023; Kin, 2006;
Nassef et al., 2018). Computer-based cognitive rehabilitation, such as
the ARAM program, can improve working memory, attention, and
academic outcomes (Joules & Kron, 2012; Shah-Mohammadi et al.,
2019). This study examined ARAM’s effectiveness on visuospatial and
auditory working memory in students with SLD.

Literature Review

Previous studies indicate that computer-based cognitive interventions
effectively enhance working memory. Saeidmanesh et al. (2025)
reported significant improvements in working memory in children with
learning disabilities after eight 90-minute sessions. Other studies
confirmed positive effects on auditory and visual working memory in
students and patients (Alivand Vafa et al., 2024; Najjar et al., 2023;
Mehrabi et al., 2022; Amini et al., 2022; Melali et al., 2022; Damehri
et al., 2020; Trigueiro et al., 2024; Chan et al., 2024; Marska et al.,
2023).

Methodology

A quasi-experimental design with pre-test-post-test and control group
was used. Thirty male students aged 9-10 years with SLD were
randomly assigned to experimental and control groups (final N=27).
Auditory working memory was assessed via Digit Span and Letter—
Number Sequencing, and visual working memory via Picture Span
(WISC-V). Raven’s Colored Progressive Matrices controlled for
intelligence. The experimental group received 12 sessions of 45
minutes of ARAM training, while the control group was on a waiting
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list. Post-tests were identical to pre-tests. Data were analyzed using
descriptive statistics and MANCOVA/ANCOVA in SPSS 27.

Results

Computer-based cognitive rehabilitation significantly improved both
visual and auditory working memory (p<0.001). Multivariate analysis
indicated a strong group effect (Wilks’ A=0.087, F(2,22)=116.09,
p<0.001, n?p=0.913). ANCOVA showed significant improvements in
auditory (n?p=0.907) and visual (n?p=0.469) memory. Subscale
analysis revealed the experimental group outperformed controls across
all Digit Span, Letter—Number Sequencing, and Picture Span measures.

Table 1. ANCOVA Results for Visual and Auditory Working Memory

Dependent Variable Source SS df MS F p Eta

Auditory Working Memory  Group  163.013 1 163.013 224.282 P<0.001 0.907
Visual Working Memory ~ Group  26.425 1 26425 20.276 P<0.001 0.469

Discussion

ARAM training significantly enhanced visual and auditory working
memory in students with SLD (p<0.01), consistent with prior research
(Saeedmanesh et al., 2025; Hamidi & Bigmohammadlou, 2025;
Holmes et al., 2009). Its adaptive, interactive, and feedback-driven
exercises support neuroplasticity, strengthen prefrontal and parietal
functions, and increase engagement, leading to better information
processing, reading comprehension, auditory discrimination, academic
performance, and emotional regulation.

Conclusion

ARAM effectively improved visual and auditory working memory in
students with SLD. Limitations included a small, male-only sample and
a short-term intervention. Recommendations include larger samples,
long-term follow-up, teacher and parent training, school-based program
implementation, and development of interactive educational software.
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