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ABSTRACT

[EIYTTE Students’ academic success is crucial for families, educators, and the community. Specific learn-
ing disorder reduces students’ academic performance and makes education difficult. Because of the
rising prevalence of learning disorders (especially dyscalculia), it is necessary to pay more attention to
dyscalculia, its diagnosis, and assessment to develop new interventions and scientific strategies to reduce
symptoms. Negative consequences of math problems in early childhood probably affect the individual
and social aspects of life until adulthood. As far as we know, most children with dyscalculia have significant
problems in executive functions, so the application of effective educational methods on executive func-
tions will improve cognitive functions and learning. The present study was conducted to determine the
effectiveness of a cognitive rehabilitation program on the executive functions of students with dyscalculia.
This research was a quasi-experimental study with a pre-test-post-test design with a
control group. The statistical population consisted of all 8 to 12 years old students who were studying in
specific schools for learning disorders in the 2020-2021 academic year in Sanandaj City, Iran. Thirty children
(17 boys and 13 girls) were selected by convenience method and assessed using the Iranian Key Math
Test. Then, 28 students with one standard deviation lower than the mean (<85 points) were diagnosed as
dyscalculic, and their parents signed a written consent form. Students were excluded if they had seizures
and epilepsy, or other neurodevelopmental disorders or were absent more than two times from interven-
tion sessions. All students were matched according to gender and age and randomly assigned to the exper-
imental (7 boys and 7 girls) and control groups (8 boys and 6 girls). The executive functions of all students
were assessed by the Behavioral Rating Inventory for Executive Functions (BRIEF). The experimental group
individually participated in 12 sessions (twice a week; 30 to 45 minutes per session) and was trained by the
cognitive rehabilitation program. However, the control group only attended the mainstream curriculum.
Again, all students were assessed by the BRIEF in the last session and 5 weeks later in the follow-up. The
obtained data were analyzed by using analysis of variance with repeated measures.

[{HITE The findings showed that the cognitive rehabilitation program has significantly influenced executive
functions and their components (behavior regulation and metacognition) in students with dyscalculia. Ac-
cording to the eta quotient, 42%, 32%, and 43% of the variances of executive functions, behavior regulation,
and metacognition of the experimental group, respectively, have been explained by participating in the cog-
nitive rehabilitation program. In addition, the program’s effectiveness lasted for a 5-week follow-up later.
[T Considering the effectiveness of cognitive rehabilitation programs on executive functions, de-
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Introduction

pecific learning disorder (SLD) refers to

a group of neurodevelopmental disorders

that cause problems in daily life activities

[2]. Math disorder is one of the types of

SLD. Since the perception and perfor-
mance of mathematical calculation depend on cognitive
and executive functions, the disorder in these two com-
ponents harms math performance [5]. SLD is associated
with problems in cognitive processes [8] and executive
functions. Executive functions include a wide range of
cognitive abilities, including working memory, process-
ing speed, and spatial processing [10]. A review of the
literature [11, 12] reveals that the three components of
working memory, cognitive flexibility, and cognitive in-
hibition are the main components of executive functions
[14, 15]. Various studies have confirmed the effectiveness
of working memory training [16, 17], response inhibition
[18-21], and the regulation of behavior and cognitive flex-
ibility [22] on improving executive functions. However,
some contradictory research findings indicate the lack of
effectiveness of cognitive programs on executive func-
tions [23] and math performance [24]. In recent decades,
games have been used to treat various disorders [25] and
cognitive problems [13]. Practicing cognitive games
along with computer tasks improves cognitive skills and
prepares children for entering school [6]. Cognitive games
regulate attention and the level of provocation. With these
games, the child experiences the surrounding world via
simulated scenarios [26]. The attentive rehabilitation of
attention and memory (ARAM) is one of the cognitive
rehabilitation programs consisting of computer games
and numerous practices. It is based on Baddeley’s model,
working memory, and the hierarchical model of attention
that works by using a computer and focusing on attention
and working memory. ARAM practices are performed in
a progressive and 10-step manner. It uses restorative and
compensatory methods to strengthen and improve cogni-
tive functions. Using the flexibility of neuroplasticity, it
attempts to restore or improve the abilities of the damaged
areas in the brain via continuous practices [27]. The effec-
tiveness of the ARAM cognitive rehabilitation program
has been confirmed in the attention and working memory
of the elderly [27], children with attention-deficit/hyper-
activity disorder [32], and deaf children with cochlear
implants [33].

The high prevalence of SLD in the world (5.7%) [6] and
Iran (between 1.13% and 6.1%) [7] and the negative im-
pact of failure in executive functions on other behavioral,
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cognitive, and social aspects make it necessary to carry
out research in this area. We should take steps toward de-
veloping children’s talents by designing multifaceted edu-
cational activities. Playing cognitive games and strength-
ening children’s attention helps them integrate verbal,
visual, and auditory information and prevent weakness
in academic performance (especially mathematics) in
school years and its unpleasant psychological conse-
quences (peer rejection, decreased self-confidence, anxi-
ety, and depression) in the coming years. Therefore, the
current research aims to investigate whether the ARAM
cognitive rehabilitation program affects the executive
functions of children.

Materials and Methods

This quasi-experimental research has a pre-test-post-
test design with a control group and a 5-week follow-up.
The statistical population comprised children aged 8 to 12
years with math disorders living in Sanandaj City, Iran, in
the 2020-2021 academic year. The sample size was deter-
mined to be at least 14 people in each group (28 people in
total, including 15 boys and 13 girls) using similar studies
[34, 36] considering the type I error of 0.05, the test pow-
er of 0.80, and the probability of dropping out of 20%.
The samples were selected by the convenience sampling
method from the learning disorder center. To measure
mathematical skills, the Iran Key Math Test (IKMT) [35]
was used, and the behavior rating inventory for executive
function (BRIEF) [39] was used to measure executive
functions.

IKMT measures the math skills of children aged 6 to
12 years in three main areas: basic math concepts, opera-
tions, and applications. The average standard score is 100,
and its standard deviation is 15. By gaining score of one
standard deviation lower than the average (85 and below),
the subject receives a diagnosis of dyscalculia. This test
has been standardized in Iran, and various studies have
confirmed its validity. Also, its concurrent validity was
reported between 0.55 and 0.67 and Cronbach alpha be-
tween 0.80 and 0.86 [38].

Gioia et al. designed BRIEF to evaluate the executive
functions of children aged 6 to 12 years. It has 86 items
and measures executive functions in eight scales in two
indicators of behavior regulation (response inhibition,
switch attention, and emotional control) and metacogni-
tion (working memory, plan/organize, initiate, organizing
elements, and monitor). Gaining a score of 50 indicates
problems, and a score above 65 indicates a defect in the
index. The validity of the Persian version of BRIEF has
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been calculated as 0.80 to 0.98, and its reliability is in the
range of 0.68 to 0.86 [39].

After obtaining the code of ethics and study permission,
the research objectives were explained to the officials of
learning disorder centers in Sanandaj City. After receiving
the written consent of the parents, 28 children, according
to the inclusion criteria of entry (score of 85 and below in
IKMT, lack of other neurodevelopmental disorders) and
exclusion criteria (absence of more than two sessions of
the rehabilitation program) were selected with a conve-
nience method. After matching based on age and gender,
the children were randomly assigned to the experimen-
tal and control groups, and their parents completed the
BRIEF. The students of the experimental group received
the ARAM program in 10 individual sessions for 30 to 45
minutes, and the control group only participated in regu-
lar school programs. After the last training session and
five weeks later, all subjects were evaluated using IKMT
and BRIEF. The ARAM program protocol derived from
its original version [27] includes 10 main exercises. The
data were analyzed using the repeated measures analysis
of variance (ANOVA).

Results

The average age of students in the experimental and
control groups was 9.92 and 9.71 years. The significance
levels (P=0.633; P=0.705) obtained from the indepen-
dent t-test and the Chi-square test, respectively, for the
age and gender variables, indicated the homogeneity of
the groups. The number of participating boys (57%) was
more than girls (43%). In addition, most people in the
experimental and control groups (42% and 34%) were
aged 11 years. Table 1 presents the mean and standard
deviation of executive functions and their indicators in the
experimental and control groups in pre-test, post-test, and
follow-up situations.

The results in Table 1 show that the average variable of
executive functions, behavior regulation index, and meta-
cognition index in the experimental group in the post-test
and follow-up phases decreased compared to the pre-test
phase. In contrast, such a noticeable change in the control
group was not seen.

To investigate the research hypothesis, i.e. «cognitive
rehabilitation program improves the executive functions
(behavior regulation and metacognition) of students with»
the repeated measures ANOVA was used. Examining the
assumptions of repeated measures ANOVA showed the
quantitative assumption of dependent variable. The sec-
ond assumption is established because the dependent
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variable was measured not only twice but thrice. Exam-
ining and observing the data showed no outliers in the
data distribution; therefore, the third assumption is also
established. Skewness and kurtosis indices were used to
check the fourth assumption. If their absolute value is less
than 2, the data have a normal distribution. Observing the
value of the skewness and kurtosis index confirmed the
normality of the distribution of scores. Also, Mauchly's
sphericity assumption for executive function and the
metacognitive index was not established (P<0.001);
hence, Greenhouse correction values were used. How-
ever, this assumption was established for the behavior
adjustment index (P=0.14).

The repeated measures of ANOVA were used to com-
pare the average scores of executive functions [behavior
regulation and metacognition] of the experimental and
control groups in the pre-test, post-test, and follow-up situ-
ations because all assumptions were established (Table 2).

According to the results presented in Table 2, the mean
executive functions (behavior regulation and metacogni-
tion) in the pre-test, post-test, and follow-up are signifi-
cant in the two experimental and control groups. Based
on the Eta squared values, 43%, 32%, and 43% of the
changes in the variance of executive functions, behavior
regulation, and metacognition of students with can re-
spectively be explained via participation in the cognitive
rehabilitation program. Therefore, the research hypothe-
ses were confirmed. To investigate the effect of the group
at different times, the independent t test was used at each
time (Table 3).

According to Table 3, the mean values of executive
functions, behavior regulation, and metacognition of the
two experimental and control groups in the pre-test had a
significant difference (P<0.05), therefore the effect of the
cognitive rehabilitation program on the improvement of
executive functions (behavior regulation and metacogni-
tion) has remained even after five weeks of follow-up.

Discussion

The first finding of the research indicated that the
ARAM rehabilitation program had improved executive
functions in children. The recent finding is consistent with
the results of some types of research, including [41-45]
but inconsistent with others [23, 24]. In the recent expla-
nation, it is possible to refer to the underlying mechanisms
of brain plasticity. Therefore, the hypothesis is that if the
brain areas related to number processing in children [who
usually have less activity] are stimulated repeatedly and
appropriately, changes are expected to occur in the struc-
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Table 1. Mean and standard deviation of executive functions (behavior regulation and metacognition) in the pre-test, post-test, and

follow-up situations in the experimental and control groups

MeantSD
Variables Group
Pre-test Post-test Follow-up
Experimental 106.21+9.00 84.28+14.62 87.35+21.58
Executive function Control 94.50+12.85 95.14+13.51 93.57+12.95
Total 100.35+12.41 89.71+14.88 90.46%17.75
Experimental 38.28+5.239 30.7145.49 32.1447.83
Behavior regulation Control 31.9247.67 32.50+8.12 31.00+6.52
Total 35.10+7.212 31.60+6.86 31.57+7.09
Experimental 67.93+4.93 53.5749.98 55.21+14.11
Metacognition Control 62.57+7.96 62.64+7.97 62.57+8.88
Total 65.25+7.05 58.10+9.99 58.89+12.16

ture of the neurons of the mentioned areas that are stable
over time [46]. Programs based on cognitive flexibility
(including the ARAM rehabilitation program) are devel-
oped according to a specific method to target a specific
structure of the brain to improve the function and action
of that area. This program affects the inherent flexibility
of the brain and gives it a new shape, and adjusts it in
a way that ultimately increases the overall performance
of the person [47]. The brain is changed based on the
stimulation received from educational, social, and psy-
chological environments [48]. Therefore, by performing
educational and cognitive computer exercises, it can be
expected that the function of a certain brain area related to
executive functions improves.
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Other research findings indicate that the ARAM reha-
bilitation program had improved the indicators of behav-
ior regulation and metacognition in students. This finding
is consistent with the results of numerous studies [42, 44,
46]. One of the possible explanations is that cognitive
rehabilitation programs are mostly presented in a com-
puterized and entertaining form, which are designed and
adjusted from simple to difficult, and this issue makes the
child feel empowered and mastered in performing the
task. Also, in most computer programs, the role of im-
ages is much more important than words because images
give children the opportunity to follow a moving object
and determine its position at different times, and become
aware of reality. Also, computer-based programs signifi-
cantly affect children's learning with their competitive

Table 2. Results of repeated measures analysis of variance (ANOVA) to compare the average executive functions (behavior regula-

tion and metacognition)

Index Source of Changes df Mean of Squares F Statistics P EtaSquared  Statistical Power
Time 1.19 987.94 19.39 <0.001 0.427 1.000
Executive function
Timexgroup 1.19 1662.53 19.52 <0.001 0.429 0.996
Time 2 115.51 11.72 <0.001 0.313 0.992
Behavior regulation
TimeXxgroup 2 119.08 12.19 <0.001 0.319 0.994
Time 1.12 765.76 19.70 <0.001 0.431 0.99
Metacognition
Timexgroup 1.12 775.26 19.94 <0.001 0.434 0.99
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Table 3. The independent t test results at different times for the variable of executive functions [behavior regulation and metacogni-

tion] of the experimental and control groups

95% Cl for Mean Difference

Variables Time Test Statistics df P _Mean
Difference e .
Low Limit Upper Limit

Pre-test 2.79 26 0.010 1171 3.08 2033

Executive Post-test 2.04 26 0.052 -10.85 21.79 0.082
function

Follow-up 0.92 26 0.364 621 20.04 7.61

Pre-test 256 26 0.017 6.36 125 11.46

B Post-test 0.68 26 0.502 179 717 3.60
regulation

Follow-up 0.42 26 0.678 114 -4.45 6.74

Pre-test 2.13 26 0.042 250 0.207 10.50

Metacognition  Post-test 2.65 26 0.013 3.41 -16.09 2.05

Follow-up 165 26 0.111 4.45 -16.51 1.80

characteristics, testability, complexity, adaptability, and
dynamism. Therefore, the use of computer programs not
only increases the necessary motivation in the student to
carry out and continue it to achieve success but also im-
proves characteristics, such as initiating in carrying out
the program, response inhibition, and organizing [50]. In
addition, it can be claimed that the ARAM rehabilitation
program, which is actually a learning experience, is de-
signed to adapt brain function to daily activities [51].

Based on the principle of the underlying mechanisms of
brain plasticity, the brain is a dynamic organ with a high
capacity for neurological reorganizing during life. The
basis of behavioral and structural changes in the brain
lies in dendritic and synaptic fibers, and it is possible to
improve the behavioral function of neurons via cognitive
exercises and structured brain stimulation [52]. There-
fore, in the present research and other similar research,
by performing suitable exercises, the ground is provided
for neurological stimulation, and as a result, any change
in cognitive functions will prepare the student to improve
the learning conditions.

Conclusion

The research findings indicate that the executive func-
tions and indicators of behavior regulation and metacog-
nition in children increases and improve after receiving
the ARAM rehabilitation program, and its effect is stable
even five weeks after the program. Therefore, implement-
ing cognitive rehabilitation exercises as an intervention

Archives of

Rehabilitation

program benefits students with a learning disorder. The
research results can be useful for the practitioners and
specialists of special education. These findings help them
improve not only the children's cognitive capabilities but
also prevent psychological problems (including depres-
sion and anxiety) caused by the inability to perform math
calculations. These specialists can design cognitive reha-
bilitation programs based on computer games and include
them in the programs of teaching children.

Limitations

One of the crucial limitations of the present study is the
small sample size and not comparing the groups accord-
ing to gender and age variables. Also, implementing the
ARAM rehabilitation program during the COVID-19
epidemic affected the regular holding of sessions and the
collection of information related to children's executive
functions by completing questionnaires by parents and
not performing functional tests (such as the Stroop test
and the Tower of London test). So, the generalization of
the findings is warranted. We suggest that future studies
are conducted with larger sample sizes, and the role of
gender and age will be considered. Functional tests (such
as the Stroop test and Tower of London) can provide more
accurate measurements of executive functions.
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8. Baddeley, A.
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10. Kennedy, I.

11. Cronbach's alpha
12. Gioia, G.

13. Inhibition

14. Switch attention
15. Working Memory
16. Emotional control
17. Plan organize

18. Initiate

19. Organize of materials
20. Monitor
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24, Chi-squared test

25. Skewness

26. Kurtosis

27. Mauchly’s Test of Sphericity
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