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Extended Abstract
1. Introduction

pecific Learning Disabilities (SLD) are
neurodevelopmental disorders arising
from genetic and environmental
interactions that impair the efficient
processing of verbal and non-verbal
information, leading to persistent
difficulties in reading, writing, and mathematics despite
average intellectual abilities (American Psychiatric
Association, 2022; Yasar et al., 2024). Although children
with SLD typically show normal physical, social, and
communicative development, they encounter substantial
academic challenges upon entering formal education
(Lillich etal., 2025).
Research indicates that children with SLD frequently
exhibit deficits in cognitive domains such as attention,
working memory, information processing speed,
executive functions, and visual-spatial perception (Peng
& Fuchs, 2016). Processing speed, defined as the
efficiency and accuracy of cognitive operations, is a
fundamental construct within the Cattell-Horn—Carroll
theory and is often impaired in children with SLD
(Cornoldi et al., 2014; Pouletti, 2016). Reduced
processing speed has been associated with academic
difficulties, emotional problems, and weaker
visuospatial and verbal functioning (Yigit et al., 2021;
Borrelli et al., 2023; Diamond et al., 2008).
Visual-spatial perception plays a critical role in spatial
orientation, symbol recognition, and academic skills
such as reading and mathematics (Goldstein—Markuson
et al., 2020; Baksehorn et al., 2020). Deficits in visual-
spatial processing are common among children with
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SLD and negatively affect learning outcomes (Farhang-
Ranjbar et al., 2019; Giri, 2015). Previous studies
indicate that interventions targeting visual-spatial skills
can enhance cognitive and academic performance in this
population (Pourfarahmand & Taher, 2020; Panahi &
Bayat Mokhtari, 2024).

Computer-based cognitive rehabilitation has recently
emerged as an effective intervention for improving
cognitive functions through structured and motivating
exercises. Evidence suggests that these interventions
enhance neural plasticity, attention, processing speed,
and visual-spatial abilities, often yielding superior
outcomes compared to traditional approaches (Wiseme
et al., 2023; Derili et al., 2024; Kim et al., 2024;
Esmaeilzadeh-Rozbehani & Esmaeilzadeh-Rozbehani,
1401). Accordingly, the present study aimed to
investigate the effectiveness of computerized cognitive
rehabilitation on information processing speed and
visual-spatial perception in students with SLD.

2. Materials and Methods

A quasi-experimental pretest—posttest design with a
control group was used. The population included male
students aged 9-10 years with SLD referred to the
Darakhshesh Child and Adolescent Counseling Center
in Najafabad during the second half of 2024 (N = 87).
Using purposive sampling, 30 students were selected
and randomly assigned to an experimental group (n =
15) and a waiting-list control group (n = 15). Due to
absenteeism and non-cooperation, data from 27
participants were analyzed. Inclusion criteria included a
DSM-5 diagnosis of SLD, age 9-10 years, male gender,
primary school enrollment, IQ > 90 based on Raven’s
Colored Progressive Matrices, absence of comorbid
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neurodevelopmental disorders, and no prior intervention
within six months. Information processing speed was
assessed using the Coding and Symbol Search subtests of
the WISC-V, while visual-spatial perception was
measured using the Block Design and Visual Puzzles
subtests. The experimental group received 12 individual
sessions of computerized cognitive rehabilitation using
the ARAM program (45 minutes, three sessions per
week). The control group received no intervention. Data
were analyzed using SPSS version 27 with MANCOVA
and ANCOVA.

3. Results
The sample consisted of 27 male primary school students,
including 13 in the experimental group and 14 in the
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control group. Mean ages were 8.99 +0.22 and 8.97 £ 0.33
years, respectively. The distribution of SLD types included
reading (51.9%), writing (22.2%), and mathematics
disorders (25.9%).Descriptive analyses showed notable
improvements in information processing speed and visual—
spatial perception in the experimental group, while
minimal changes were observed in the control group.
Assumption testing confirmed normality, homogeneity of
covariance matrices, and equality of error variances.
MANCOVA revealed a significant multivariate group
effect after controlling for pretest scores (Wilks’ Lambda
=0.274, F(2,22) = 29.10, p < 0.001, partial n? = 0.726).
Follow-up ANCOVA results showed that the
experimental group significantly outperformed the control
group across outcome measures, with large effect sizes.

Table 1. Results of analysis of covariance (ANCOVA) for examining the significant differences between groups in the main variables

Variable Source SS df MS F Sig. Eta
e S Pre-test 385.181 1 385.181 499.302 0.001 0.956
Group 32.329 1 32.329 41.907 0.001 0.646

Visual-Spatial Perception Pre-test 301.674 1 301.674 180.349 0.001 0.887
Group 48.433 1 48.433 28.955 0.001 0.557

4. Discussion and Conclusion

The purpose of this study was to examine the
effectiveness of computerized cognitive rehabilitation
(ARAM) on information processing speed and visual—
spatial perception in students with specific learning
disabilities. The results showed that the intervention
significantly improved both domains. Specifically, the
experimental group showed increased information
processing speed and notable improvement in visual—
spatial perception. These findings align with previous
research indicating that targeted, computer-based
cognitive training can enhance fundamental cognitive
processes, executive functions, and neural plasticity,
leading to greater accuracy and speed in information
processing (Karbach & Verhaeghen, 2014; Derili et al.,
2024; Shafiei et al., 2021). These interventions, through
structured exercises, immediate feedback, and an
engaging interactive environment, help students manage
cognitive resources more efficiently and improve
coordination between sensory inputs and motor
responses. The programs also enhance foundational
cognitive skills such as attention, working memory,
information processing, and executive functions, which
in turn contribute to academic performance and cognitive
development.

Despite these positive outcomes, the study has limitations,
including the lack of long-term follow-up to assess the
sustainability of the intervention effects, a sample limited
to male students from a single geographic area, and
restricted measurement tools. Therefore, generalization

should be approached with caution. Future studies are
recommended to include larger, more diverse samples,
different regions, and additional assessment tools.
Overall, the findings suggest that the ARAM
computerized cognitive rehabilitation intervention can
effectively enhance information processing speed and
visual-spatial perception in students with specific
learning disabilities, providing a practical and evidence-
based method for special education and cognitive
rehabilitation.
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