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Background: Many children with math learning disabilities encounter challenges related to
attention, response inhibition, and verbal comprehension. Cognitive rehabilitation has been
recognized as an effective intervention for enhancing the learning abilities of these children.
However, there is a lack of comprehensive research regarding the design, development, and
effectiveness of cognitive rehabilitation tools.

Aims: This study was conducted with the aim of examining the effectiveness of cognitive
rehabilitation on attention, response inhibition, and verbal comprehension in children with
mathematical learning disabilities.

Methods: This study employed a quasi-experimental design with pre-test and post-test
measurements, including a control group. The statistical population consisted of students with math
learning disabilities who were referred to centers for learning disorders and cognitive rehabilitation
in areas 2, 5, 15, and 18 of Tehran. From this population, a purposive sample of 30 individuals was
selected and randomly assigned to two groups: experimental (15 individuals) and control (15
individuals). To diagnose math learning disabilities, the Key-Math examination was used. The
experimental group received twelve 50-60 minute sessions of intervention using a researcher-made
package called Morva, while the control group did not receive any intervention. The children’s’
performance before and after the intervention was evaluated by the Children’s fourth Wechsler test
(Wechsler, 2003). Analysis of covariance for the data was conducted in SPSS 22 software.

Results: The results showed that the group receiving cognitive rehabilitation program had a
significant improvement compared to the control group in attention and response inhibition variables
(p<0.001), but had no significant effect on verbal comprehension (p>0.05)

Conclusion: Considering the positive impact on attention and response inhibition variables in
children with math learning disabilities, we recommend the utilization of the MORVA cognitive
rehabilitation package as an effective intervention for professionals working in this field.
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Introduction

Mathematical learning disabilities encompass four
groups of disorders, including mathematical skills,
language skills, attention skills, and perceptual skills
(Nikoubakht et al., 2019). Some studies have
attributed the origin of mathematical learning
disabilities in children to poor performance in
executive functions, particularly response inhibition
(Geary, 2011; Hilbert et al., 2019). Response
inhibition refers to the ability to suppress irrelevant,
interfering, incorrect, or inappropriate responses,
impulses, behavioral choices, and habits. The special
contribution of response inhibition to solving
arithmetic problems and achieving mathematical
success is well demonstrated (Xu et al., 2020).
"Attention” is another component of executive
performance and is known as an "essential cognitive
agent” for learning mathematics. Sustained visual
attention, the ability to identify and control attention
from irrelevant information, is one of the important
processes involved in mathematical problem-solving
(Clark et al., 2021). Studies have considered attention
as a cognitive component that can be improved
through training (Peng & Miller, 2016).

On the other hand, children with math learning
disabilities may have more difficulties in language
skills compared to their peers (Geary, 2011,
Kleemans & Segers, 2020). Previous evidence shows
that cognitive and educational rehabilitation
interventions might be effective in restoring and
improving the mentioned cognitive functions (Peng
& Miller, 2016; Cordero-Arroyo et al., 2021).
Therefore, various types of tools have been provided,
such as specialized software, pencil and paper, or
toys, each with its advantages and disadvantages.
Paying attention to cognitive rehabilitation and
designing tools with enjoyable, diverse, simple, and
educational games that are accessible to the public is
essential.

The aim of the present work was to evaluate the
effectiveness of a cognitive rehabilitation package,
Morva, on response inhibition, attention, and verbal
comprehension in children with math learning
disorder.
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Method

The study employed a semi-experimental research
design using a pre-test/post-test approach with a
control group. Purposive sampling was used to select
30 participants from the population of students
between the ages of 6 and 12 with math learning
disorder in Tehran. The participants were then
randomly assigned to either the experimental group
(n=15) or the control group (n=15).

In this study, the Key-Math diagnostic test
(standardized version) was utilized to diagnose math
learning disorder. Additionally, the Wechsler-4
(standardized version) was used to evaluate the
children's performance before and after the cognitive
rehabilitation program. The cognitive rehabilitation
program, called Morva, was designed by the
researchers and aimed at improving the cognitive
functions involved in mathematical competency. The
content validity of the Morva package was assessed
by experts in the field of cognitive sciences and
learning disorders, as well as child education
instructors. Then, the criteria of innovation,
application, coherence, comprehensibility and
comprehensiveness were evaluated using content
validity measures (acceptable value of.81 and content
validity of.83).

The Morva package was designed based on various
theoretical frameworks and valid tests, such as
Fletcher's Educational Program, Sweller's Cognitive
Load Theory, The PASS theory of cognitive
processing, Vygotsky's Zone of Proximal
Development and Scaffolding, Shepard and Metzler's
Mental Rotation Test, Color Trails Test of Di Elia et
al., Delis-Kaplan Executive Function System,
Wisconsin Card Sorting Test of Grant and Berg,
Conners Continuous Performance Test, Corsi block
Tests, and Andre Ray's Complex Figure Test.

The cognitive rehabilitation program was conducted
for each participant separately for 6 weeks, in 12
sessions of 50 to 60 minutes, after obtaining the
necessary permits from the General and Exceptional
Department of Education in Tehran. The data were
analyzed using covariance analysis in SPSS version
22.
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Results
This study include, 30 children with learning

disabilities in  mathematics, with 14 female
participants and 16 male participants. The mean age
of the experimental group is 9 years and 2 months,
while that of the control group is 9 years and 3
months. The youngest participant in the experimental
group is 6 years and 5 months old, and in the control
group, it is 7 years and 6 months old. The oldest
participant in the experimental group is 11 years and
2 months, and in the control group, it is 11 years and
3 months. Descriptive statistics in the pre-test and
post-test phases, are reported in Table 1. In the pre-
test phase, the mean values of the experimental and
control groups were similar, with no significant
difference found. However, in the post-test stage,
there is a considerable difference between the means
of the control and experimental groups in the
variables of attention and response inhibition.
However, no significant difference is observed in the
variable of verbal comprehension.

The pre - assumptions of covariance analysis,
including the normality (P > 0.05) and homogeneity
of variances (P > 0.05), were demonstrated. The
results also support the hypothesis of regression slope
homogeneity for the response inhibition variable (F =
0.061, sig = 0.807), attention skills (F = 0.009, sig =
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0.927), and verbal comprehension (F = 0.032, sig =
0.859).

Concerning the acceptable values of skewness and
kurtosis, which are +2 and +5, respectively, it was
shown that the distribution has a normal distribution.
Moreover, the absence of outliers is confirmed based
on the Mahalanobis distance index, which was
compared with the chi-square table at a confidence
level of 0.99. Additionally, the Box's M test and the
significance levels (p = 0.371) support the assumption
of equal covariance matrices. Furthermore, the
variance inflation factor values for the inhibition
variable (VIF = 1.841), attention skills (VIF = 1.133),
and verbal comprehension (VIF = 1.935) indicate the
absence of multicollinearity. Therefore, all the
assumptions have been met and ANCOVA can be
used to check the hypotheses.

By referring to Table 2 and analyzing the F-value and
significance level, it can be concluded that the
research hypotheses regarding response inhibition
and attention variables are supported. However, the
F-value and significance level for the variable of
verbal comprehension are not significant. This
implies that the dependent variable does not
significantly affect the verbal comprehension of the
students.

Table 1. Descriptive statistics of research variables in pre- and post-test phases

Variable Group Mean SD Minimum  Maximum  Skewness  Kurtosis  Shapiro-Wilk Sig
response inhibition Experimental 69.46 25.56 34 101 ) )
(pre-test) Control 69.40 14.62 41 91 B9 L Yiehez s
response inhibition Experimental 80.86 22.38 50 108 ) )
(post-test) Control 73.60 13.90 45 98 O, )
attention Skils Experimental ~ 104.93  41.67 46 155
(pre-test) Control 11473  36.35 51 150 U L iRy O
attention Skils (post-  Experimental ~ 156.53  12.22 134 181 . ) 0.977 0.941
test) Control 137.86  11.42 121 165 ’ ’
verbal comprehension  Experimental 54.73 18.80 22 88
(pre-test) Control 56.53 17.59 33 90 Oy s Oil3) Ut
verbal comprehension  Experimental 56.80 17.92 30 91
(post-test) Control 56.33  17.09 38 91 ) ) e tligt
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Table 2. Analysis of covariance test to investigate the effect of cognitive rehabilitation

Variable Source  Sumofsquares dF  Mean Square F Sig Eta-squared

group 389.77 1 389.77 16.40  0.001 0.378
Response inhibition error 641.46 27 23.75 - - -
Total 189067.0 30 - - - -

group 2904.23 1 2904.23 23.74  0.001 0.468
Attention Skils error 3302.59 27 122.31 - - -
Total 656568.0 30 - - - -

group 5.13 1 5.13 0.535 0.471 0.019
Verbal comprehension error 259.24 27 9.60 - - -
Total 109786.0 30 - - - -

Conclusion

The findings indicate the effectiveness of cognitive
rehabilitation in improving inhibitory response in
children with learning disabilities in mathematics.
This result is consistent with the study of Jafari et al.
(2020). In the Morva rehabilitation package, children
were required to identify relevant information in the
presence of irrelevant, conflicting, or distracting
information. This increases blood flow to the
prefrontal, which plays a role in solving mathematical
problems (Ossmy & Mukamel, 2018).

Consistent with previous report (Peng & Miller,
2016), our results showed that cognitive
rehabilitation was effective in improving the attention
skills of children with math learning disorders.

The cognitive strengthening training in this package
also contribute to enhancing underlying cognitive
processes, and providing structured opportunities for
exercising different aspects of attention (Cordero-
Arroyo et al., 2021).

The findings also showed that cognitive rehabilitation
had no effect on improving students' verbal
comprehension. Therefore, one factor that may
contribute to the ineffectiveness is the weakness or
lack of control of working memory in the special
learning disabilities group (Zhang et al., 2017).
Working memory training before verbal training
could be necessary.

The improvement of the cognitive processes in this
study may be due to the physicality of the package,
and the possibility of creating different types of
games. This study has several limitations, including
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the small sample size and the lack of long-term
follow-up due to limited access to participants and the
closure of many learning disability centers during the
pandemic. Furthermore, it is suggested that the
effectiveness of the developed package be
investigated on other groups with learning disabilities
to eliminate that the shortcomings of the package.
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I, Wechsler Intelligence Scale for Children (WISC-1V)
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6, Conners Continuous Performance Test

7. Corsi blocks

8, Wisconsin Card Sorting Test devised by Grant, Berg
°. The Bivalent Shape Task devised by Esposito

10, Symbol Digit Modalities Test (SDMT)
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2, The PASS theory of cognitive processing

3. Sweller Cognitive Load Theory

4, Mental Rotation Test devised by Shepard, Metzler
5. Delis- Kaplan executive function system
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