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Computer-based problems, which needs effective interventions. Therefore, the present study aims to compare the
cognitive rehabilitation, effectiveness of computer-based cognitive rehabilitation and virtual reality intervention on visual and
virtual reality, auditory attention of children with reading learning disorder.
visual attention, Method: This study was a quasi-experimental study with pretest-posttest control group design. The
auditory attention, population included all the students with reading learning disorder who had referred to Omid
reading learning disorder Learning Disability Rehabilitation Clinic in Arak city during 2023. They were screened by Colorado

Learning Difficulties Questionnaire (CLDQ). A sample of 30 students were randomly selected and
assigned to computer-based cognitive rehabilitation group, virtual reality intervention group and the
control group, with 10 members per group. Then interventions were carried out for computer-based
cognitive rehabilitation group (twelve 30-min sessions) and virtual reality group (sixteen 30-min
sessions). Also, all three groups were assessed by the second edition of Integrated Visual and
Auditory Continuous Performance at the pretest and posttest stages. Finally, data were analyzed by
multivariate analysis of covariance and Benferroni post-hoc test in SPSS-26.

Results: Based on the findings, the computer-based cognitive rehabilitation therapy and virtual
reality intervention were both significantly effective in improving the visual and auditory attention
of students (P<0.05); however this effect was a little higher in computer-based cognitive
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Introduction

One of the most common specific learning disorders is reading
learning disorder or dyslexia (2). Based on the research results,
a prevalence of 6.10 has been reported for learning disabilities,
among which reading learning disorder is the most common
(4). One of the most important neuropsychological problems of
children with reading learning disorder is their impaired
executive functions, including visual attention deficit (5).
Attention is one of the most important higher mental functions,
which plays an important role in intelligence, memory and
perception. Attention is not a completely conscious process;
hence the concept of which should not be limited to conscious
activities (6). In fact visual attention is the ability of focusing
on visual stimuli (7); however, children with reading learning
disorder have deficit in this regard (8). Also, spatial attention
deficit causes the children to have some problems in perceiving
letters and words (10).

One other type of deficit in these children is related to auditory
attention (9). Research showed that children with word reading
difficulties gained lower scores in auditory process test
compared to the children without these difficulties (11). Still
another study showed that weak performance in auditory
process tasks may be due to the attention problems in children
(12). Other researches indicate the same results (13& 14).

Considering the auditory and visual difficulties in children
with reading learning disorder, it is important to carry out some
interventions. One of these interventions is computer-based
cognitive rehabilitation which aims to treat the cognitive
deficits and dysfunctions, including those concerned with
memory and executive functions (15). This therapy uses a
certain program which aims to improve the cognitive skill or to
create cognitive capabilities with the help of exercises that
change the functional and behavioral level (16). Another
suitable therapy for children with reading learning disorder is
virtual reality intervention which takes benefit from real time
3-D virtual design to treat different disorders (14).

Taking into account the results of different studies, it can be
said that over 25% of children’s failure in the elementary school
is originated from reading learning disorder. All children of
whatever gender, social class, mental level and geographical
area may experience dyslexia (29). Numerous studies are
devoted to this disorder and its rehabilitation strategies (28-36).

Although virtual reality intervention can be used to
rehabilitate individuals with specific learning disorder, its
application is still limited (28). Therefore, the present study was
concerned with this question that whether computer-based
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cognitive rehabilitation and virtual reality intervention are
significantly different in their effect on visual and auditory
attention of children with reading learning disorder.

Method

This study was a quasi-experimental study with pretest-posttest
control group design. The population included all the students
with reading learning disorder who had referred to Omid
Learning Disability Rehabilitation Clinic, Arak, Iran in 2023.
First, they were screened and matched by Colorado Learning
Difficulties Questionnaire (CLDQ) and last edition of Wechsler
Intelligence Scale for Children. Then, by using simple random
sampling, 30 students were randomly selected and assigned to
computer-based cognitive rehabilitation group, virtual reality
intervention group and the control group, with 10 members per
group. The inclusion criteria were suffering from reading
learning disorder based on the diagnosis of the clinicians and
diagnostic tests conducted by the researcher, having normal 1Q
according to the Wechsler Intelligence Scale for Children,
willingness to participate in the study as per the written consent
of the parents or legal guardian and oral consent of the student,
not suffering from any other mental disorder as per the
consultation file of the student in the clinic, and not taking
psychiatric medication. Also, the exclusion criteria included
receiving any simultaneous psychological intervention other
than the school routine interventions, being absent for more
than two sessions during the intervention. The demographic
characteristics of the sample indicated that the average age of
the participants was 10.33. Also, in terms of gender, 18 students
were boys and 12 were girls. For data collection, second edition
of Iranian standardized from of Integrated Auditory and Visual
Continuous Performance Test was used (38-42).The first
experimental group received the computer- based cognitive
rehabilitation (43, 44& 45) in the form of six 30-minute
sessions and the second experimental group underwent the
virtual reality intervention (30&31) in twelve 30-minute
sessions, while the control group underwent no intervention.
However, due to the ethical considerations, they received a
summary of both interventions at the end of the study. All three
groups were evaluated in the pre-test and post-test stages.
Finally, data were analyzed by multivariate analysis of
covariance and Benferroni post-hoc test in SPSS-26.

Results

Table (1) shows the mean and standard deviation of the studied
variables in all three groups (two experimental groups and one
control group).

Table 1. Mean and standard deviation of the studied variables

. pre-test pos-test
el VIR Mean SD Mean SD
Computer-based Cognitive Visual Attention 71.70 15.53 106.90 11.12
Rehabilitation Auditory Attention 66.10 20.56 100.10 16.90
Virtual Reality Visual Attention 67.70 12.91 104.20 11.52
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Auditory Attention
Visual Attention
Auditory Attention
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73.10 14.11 104.00 13.06
82.90 20.98 83.80 19.32
81.60 17.69 80.90 16.64

As can be seen, the mean and standard deviation of each
variable in the pre-test and post-test stages are reported in Table
1. According to this table, the average auditory attention and
visual attention have increased in both groups of computer-
based cognitive rehabilitation and virtual reality intervention.
At the inferential level, multivariate covariance analysis was
used to investigate the effect of computer-based cognitive
rehabilitation and virtual reality intervention on visual and
auditory attention. Firstly, its assumptions were checked and
confirmed. Then, the test results showed that there is a
significant difference between the two groups in terms of visual
attention and auditory attention (Wilks' Lambda= 0.104, F=
25.150, P= 0.000). To investigate the type of attention, on
which the computer-based cognitive rehabilitation group,
virtual reality intervention group and control group are
different, univariate covariance analysis was used, the results
of which showed that the F statistic for visual attention (55.222)
and auditory attention (66.854) is significant at the level of
0.001, indicating that the groups are significantly different in
these variables. Also, the amount of Eta-squared shows that
group membership explains 81.5 % of changes in visual
attention and 54.2 % of changes in auditory attention. To
investigate the difference of these variables between the studied
groups, the Benferroni test was used, the results of which
showed a significant difference between the computer-based
cognitive rehabilitation and virtual reality groups in terms of
visual and auditory attention, in a way that the mean score of
both groups was higher at the post-test (Table 1). In other
words, both interventions improved the level of visual and
auditory attention in the participants. However, based on the
obtained results, this effectiveness was higher in the computer—
based cognitive rehabilitation group compared to the virtual
reality group.

Conclusion

This study aimed to compare the effectiveness of computer-
based cognitive rehabilitation and virtual reality intervention on
visual and auditory attention of children with reading learning
disorder. One of the results was that both the computer-based
cognitive rehabilitation and the virtual reality intervention
significantly increased the visual attention of the participants;
however this effect was higher in computer-based cognitive
rehabilitation group. Based on the previous researches (10, 15,
18-20) which are in line with this finding, this result can be
explained in this way that deficit in visual attention in children
with reading learning disorder can be due to the problems in
spatial attention which decreases the understanding of visual
elements like letters and words during the reading (10).
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Cogpnitive rehabilitation exercises are provided to the children
with reading learning disorder in a hierarchical form and with
different degrees of difficulty in the field of visual attention.
Also, computer-assisted training can use different senses at the
same time in the process of multi-sensory experience.

On the other hand, therapy based on virtual reality can also be
effective for students with reading learning disorder. In this
regard, the specialists assert that the educational program based
on virtual reality has a significant effect on the scores of the
visual attention assignments in the participants of the
experimental group (32). Another study found that virtual
reality therapy is effective in rehabilitating the visual
perception skills (26). Still other experts (16) believe that this
therapy can cause significant changes in the behavioral,
neuroanatomical and functional levels.

The present study also showed that both computer-based
cognitive rehabilitation and virtual reality had significant
effects in increasing the auditory attention in the participants at
the post-test stage. Based on the previous researches (25, 27&
28) which are in line with this finding, the result can be
explained in this way that in this kind of therapy, the person is
immersed in the computer simulated environment and
confronts his disease or problem via his senses (23). This
therapy has been created as a new approach to improve various
disorders in a way that advantages of real time three-
dimensional virtual design can be discovered in it (14). In fact,
the effective mechanism of cognitive rehabilitation is based on
this fact that the brain is flexible; hence appropriate and timely
stimulation can cause the growth and non-destruction of the
brain and synapses and even can result in the formation of new
synapses and the start of normal activity in them (especially in
centers that are related to auditory attention) (34). In other
words, the increase of auditory attention in students with
reading learning disorder can be related to the functional or
structural changes of the students’ brain due to the computer-
based cognitive rehabilitation. Therefore, it can be expected
that this intervention may improve the auditory attention in the
participants. Among the limits of this research, it can be
mentioned that the computer-based cognitive rehabilitation
group and the virtual reality intervention group were different
in terms of demographic characteristics. Future researchers are
suggested to conduct a similar study on individuals with other
disorders such as attention deficit hyperactivity disorder and to
compare the results with these. Also, whereas the participants
of this study were only children with reading learning disorder,
the generalization of the results to children with dysgraphia or
dyscalculia should be done with caution. Totally it can be said
that both interventions carried out in this research can be used
to improve visual and auditory attention.
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3. Integrated Visual and Auditory Continues Performance Test
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1. Colorado Learning Difficulties Questionnaire
2. Wechsler Intelligence Scale for Children
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1. Computer-based Cognitive Rehabilitation Therapy
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