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Keywords: Background and Purpose: Dyslexia as one of the most prevalent learning disabilities that may cause
Cognitive rehabilitation, problems in other fields academic and failure of primary school students. Thus, the present study was
working memory, conducted to compare the effect of computer cognitive rehabilitation (ARAM) and practical
response inhibition, rehabilitation games (attention games) on working memory, response inhibition, and reading
reading comprehention, comprehention of students with special learning disorder (dyslexia).

dyslexia Method: The current research was a quasi-experimental study with a pre-test post-test desing that

included two experimental group and one control group. The population of this study consisted of all
primary school students from second to fifth of Andimeshk City who that are studying in the 2021-
2022. Sixty student were selected trough convenient sampling and placced in three groups of 20
people (two experimental groups and one active control group). For the first group, a computerized
cognitive rehabilitation game and for the second group, a practical rehabilitation game was performed
in 11 sessions of 45 minutes; while the control group did not receive intervention. The three groups
in pre-test and post-test, were answered, wechsler working memory Test , Go/no go Test and Reading
and Dyslexia Test (NEMA) and the data from these tools were analyzed using the multivariate
covariance analysis and Benferoni's paired comparison test

Results: The results of data analysis showed that cognitive rehabilitation games (computer and
practical) improve working memory, response inhibition, and reading comprehention of students
with dyslexia (p< 0/05). Also bonferroni test showed that computer rehabilitation is more effective
compared to practical games.
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Extended Abstract

Introduction

Reading is one of the most crucial elements of language and a
vital tool for students learning, serving as a bridge to other
skills. The main objective of reading is to achieve
comprehension and develop various skills in students,
ultimately leading to an improved understanding of content (3-
1). Sometimes, students may experience a reading difficulty
known as "dyslexia." Dyslexic individuals struggle to obtain
language skills, read, write, and spell effectively (4). Cognitive
psychologists have identified a theory related to a deficit in
executive functions as one of the main theoretical foundations
in this area, where working memory and response inhibition
have been introduced as two important variables (6, 7).
Working memory is assumed as an active and dynamic system
that has the capacity to retain and manipulate information for
cognitive tasks and goal-directed behavior (8). Additionally,
response inhibition refers to the suppression of dominant
responses and irrelevant and intrusive information, playing a
significant role in oral communication, reading comprehension,
and other cognitive processes (15).

Reading disorder is the most common and well-known
learning disorder worldwide, which has significant outcomes in
the academic domain. Implementing appropriate intervention
programs to address this issue is considered crucial (18). In
recent decades, neuroscience-based therapeutic approaches
have been developed, some of which involve game-based
interventions (20). Games come in two forms: computer-based
and practical, and the effectiveness of each has been separately
reported in improving cognitive functioning through research
studies (22-27). Overall, considering the research gap in
comparing the effects of computer-based and practical
cognitive rehabilitation methods, the current study aims to
answer the question: Do computer-based and practical
cognitive rehabilitation games have an impact on improving
working memory, response inhibition, and reading
comprehension in children with dyslexia? Furthermore, which
one is more effective?

Method

The current study employed a quasi-experimental design with
a pre-test-post-test three-group setup, consisting of two
experimental groups and one control group. The statistical
population consisted of all elementary school students from
second to fifth grade suspected of having dyslexia in
Andimeshk County during the academic year 2021-2022. The
research sample consisted of 60 individuals selected through
convenience sampling, divided into three groups (20
participants in the computer-based cognitive rehabilitation
group, 20 participants in the practical rehabilitation group, and
20 participants in the control group) through random allocation.
For the experimental groups, an 11-session, 45-minutes-long
training program was conducted using Attentive Rehabilitation
of Attention and Memory software (ARAM) (37) and Attention
Practical Games (APG) (38), but the control group did not
receive any intervention. The inclusion criteria for the study
were obtaining a score of 90 or above in the Raven's
Progressive Matrices Test (RPMT), adhering to health
guidelines related to the COVID-19 pandemic, and not taking
any prescribed psychiatric medications. The exclusion criteria
included being absent for more than three sessions during the
intervention sessions and incomplete completion of the study
instruments. The research instruments used to collect data
included the Go/No Go Test developed by Hoffman (1984) to
measure response inhibition (30), the Wechsler Working
Memory Test (WWMT), the Sina Research Institute version
developed by Khodadadi & Amani (32) to assess working
memory, and the Reading and Dyslexia Test (NEMA)
developed by Karami Nouri & Moradi (31) to measure reading
comprehension. At last, the collected data were analyzed by
multivariate analysis of covariance (MANCOVA) and the
Bonferroni test using SPSS software version 24.

Results

Descriptive statistics, including means and standard deviations
of the variables of working memory, response inhibition, and
reading comprehension in the experimental and control groups,
are presented in Table 1.

Table 1. Descriptive indices of the studied variables by group

Computer-based
rehabilitation group

Practical
rehabilitation group

Control group

Variables Stages M SD M SD M SD SH-W P
Working memory Pre-test 4.85 1.81 4.95 il 475 1.48 0.96 0.66
Post-test 7.90 2.29 6.31 172 491 1.31 0.94 0.27

A Pre-test 19.30 2.01 19.60 2.30 19.40 21.18 0.94 0.25

S Post-test 29.30 3.02 24.25 454 21.10 2.90 0.92 0.12
reading comorehension PTe-eSt 0.33 0.22 0.29 0.22 0.20 0.35 0.93 0.18
g comp Post-test 073 0.27 0.52 0.28 0.25 0.40 0.95 0.49

The means and standard deviations of pre-test and post-test
scores of the research variables in the experimental and control
groups are provided in Table 1. Additionally, the Shapiro-
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Wilk’s test for assessing the normality of variable distributions
in the groups is included in this table, which is not statistically
significant (p > 0.05) for all variables, indicating their normal
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distribution. To investigate the effectiveness of computer-based
cognitive rehabilitation and practical rehabilitation on working
memory, response inhibition, and reading comprehension in
dyslexic students, MANCOVA was employed. Prior to the
analysis, the assumptions of MANCOVA were tested, and the
results indicated that the analysis could be conducted.

The results of the data analysis indicated that the F statistics
for the variables of working memory (F = 23.468), response
inhibition (F = 44.717), and reading comprehension (F =
42.164) were significant at the 0.001 level. These findings
suggest that there is a significant difference between the
experimental and control groups in the dependent variables.
Furthermore, the effect sizes indicated that group membership
accounted for 46.5% of the variance in working memory,
62.4% of the variance in response inhibition, and 0.61% of the
variance in reading comprehension. Additionally, the post-test
adjusted means indicated the computer-based rehabilitation
group mean scores in working memory (7.894), response
inhibition (29.610), and reading comprehension (0.711),
practical rehabilitation group mean scores of 6.300, 24.642, and
0.599, respectively, and the control group with mean scores of
4.091, 20.893, and 0.388, respectively. Based on these findings,
it can be concluded that computer-based and practical
rehabilitation games improve working memory, response
inhibition, and reading comprehension in dyslexic students.
Furthermore, computer-based games are revealed to be more
effective compared to practical games.

Conclusion

The aim of the presented study was to compare the
effectiveness of computer-based and practical cognitive
rehabilitation games in improving working memory, inhibitory
control, and reading comprehension in dyslexic students. The
findings regarding the effectiveness of computer-based
cognitive rehabilitation games align with previous research (23,
24), which concluded that these games improve working
memory and inhibitory control in dyslexic students. In
explaining these findings, it can be suggested that computer-
based rehabilitation, with its visual, auditory, attractiveness,
and immediate feedback to the player, engages brain regions,
particularly the prefrontal cortex, more effectively and
enhances these skills in dyslexic children. Individuals with
higher working memory capacity are able to retain more

Vol. 10, No. 1, Spring 2023

information during text reading and therefore exhibit better
coherence in textual comprehension. The ability of response
inhibition control directs the reader's focus toward relevant
information and disregards irrelevant information and causes
an enhancement in comprehension (14, 17). Moreover, the
findings obtained regarding the effectiveness of practical
rehabilitation games are consistent with previous research (25,
26) which found that practical rehabilitation leads to
improvement in working memory and inhibition response in
individuals with dyslexia. In explaining these findings, it can
be concluded that according to Reynolds and Fletcher, practical
games engage attention and, along with stimulating the
sensorimotor cortex, establish various connections between the
limbic region and the visual, auditory, and speech areas. The
repetition and continuity of such stimulations, coupled with the
creation of new learnings, have a positive impact on improving
brain function and the nervous system (27).

The current study had certain limitations, such as the use of a
quasi-experimental plan, convenience sampling, age, and grade
level variability, attending the curricular and extracurricular
classes during the research, and an imbalance between the
number of female and male participants. It is recommended that
future studies are performed with control over the gender of the
participants and utilized random sampling methods at all stages
of the study.
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1. Raven's Progressive Matrices Test (RPMT)
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1. Wechsler Working Memory Test (WWMT)
2. Go/No Go Test (GNG)
3. Hoffman
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2. Attention Practical Games (APG)
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1. Attentive Rehabilitation of Attention and Memory (ARAM)
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4. Hotteling trace
5. Roys largest root
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1. Levin’s test
2. Pillais trace
3. Wilks lambda
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