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Background: A mathematical learning disorder is a disability that makes understanding, learning,
and performing mathematical calculations difficult for children. Both boys and girls are equally
affected by mathematical disorders, and they usually start displaying problematic behaviors as soon
as they begin math classes in school. Studies have shown that strengthening the four quadrant brain
processing skills effectively improves cognitive functions, but there has been limited research on
processing these skills in children with mathematical disorders.

Aims: This research aims to investigate the effectiveness of training on the four quadrant brain
processes on the cognitive functions of students with mathematical learning disorders.

Methods: This study falls into the category of semi-experimental research with a pre-test-post-test
design and follow-up, using a matched group. The study population consisted of male students with
learning disorders in mathematics in fourth, fifth, and sixth grades, referred by schools to the
Learning Disorders Education and Training Center in Tehran. A sample of 50 students meeting the
required criteria was selected purposively, and then 30 students were randomly assigned to
experimental and control groups, with 15 students in each group. The training package based on the
four quadrant PASS brain processing skills was provided to the experimental group twice a week for
10 sessions of 75 minutes each. During this period, the control group received no educational
interventions. After 6 months, a follow-up test was conducted for the experimental group. Data were
collected using 10 subtests of the Wechsler Intelligence Scale for Children - Fifth Edition (WISC-
V). Data analysis was performed using a one-variable covariance analysis test.

Results: The results of the research showed that the training package on the four quadrant brain
processing skills had a significant effect on cognitive functions and subscales of visual-spatial ability,
fluid reasoning, active memory, and processing speed of students with mathematical learning
disorders. However, it did not have a significant effect on verbal comprehension. The impact on
active memory and processing speed was more significant than the other five factors (p < 0.05).
Conclusion: In conclusion, the four quadrant brain processing skills training package can be
considered a practical and effective intervention for improving cognitive functions in students with
mathematical learning disorders diagnosed with the Specifier for Mathematics.
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Introduction

Mathematics is a fundamental skill set for academic
and professional success, making it a crucial
component of education worldwide. However, a
subset of students faces considerable challenges in
mastering mathematical concepts, experiencing what
iIs known as mathematical disorders or difficulties.
These difficulties extend beyond mere academic
setbacks, influencing students' self-esteem and
overall academic engagement (Maggio et al., 2019).
This article delves into a novel approach to
addressing mathematical disorders by exploring the
efficacy of training on the four quadrant brain
processes. The four quadrant model, incorporating
the brain's diverse processing areas, holds promise as
a targeted intervention to enhance cognitive functions
related to mathematical proficiency (Drigas et al.,
2022). As we venture into understanding the
complexities of mathematical disorders, it becomes
imperative to explore innovative interventions that
transcend conventional teaching methods.

The unique cognitive demands of mathematics
involve various brain functions, including visual-
spatial processing, fluid reasoning, active memory,
and perceptual speed. Students grappling with
mathematical disorders often exhibit challenges in
these specific cognitive domains. Recognizing this,
the article aims to investigate whether training on the
four quadrant brain processes can serve as a catalyst
for cognitive improvements in these critical areas
(Gabriely et al., 2020).

The exploration of such interventions becomes
paramount in the context of fostering inclusive
educational practices. By seeking effective strategies
to support students with mathematical disorders,
educators can contribute to creating an environment
that accommodates diverse learning needs. The
potential success of the four quadrant brain process
training could signify a breakthrough in tailored
interventions for mathematical difficulties, offering a
new avenue for educators, psychologists, and
policymakers alike (Chu et al., 2919).

As we embark on this exploration, the article will
unfold the rationale behind targeting the four
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quadrant brain processes and its potential impact on
students with mathematical disorders. The inquiry
into cognitive functions, such as visual-spatial ability,
fluid reasoning, active memory, and perceptual speed,
sets the stage for understanding the multifaceted
nature of mathematical learning difficulties. The
forthcoming sections will delve into the theoretical
underpinnings, aiming to provide a comprehensive
overview of the intervention's potential to
revolutionize educational support for students facing
mathematical challenges (Maddocks, 2020).

In recent years, educators and researchers alike have
intensified their efforts to explore innovative
interventions that go beyond traditional teaching
methods. The focus has shifted towards
understanding the neuroscientific aspects of learning,
recognizing that individual differences in cognitive
processing play a significant role in academic
performance. This paradigm shift aligns with the
acknowledgment that mathematical proficiency is not
solely dependent on rote learning but encompasses a
dynamic interplay of various cognitive functions
(Banker et al., 2020).

The four quadrant brain processes, encompassing
visual-spatial ability, fluid reasoning, active memory,
and perceptual speed, offer a comprehensive
framework to address the intricate cognitive demands
of mathematics. By targeting these specific areas,
educators hope to unlock latent cognitive potential in
students with mathematical disorders, providing them
with the tools needed to navigate the challenges
associated with mathematical learning.

This article aspires to contribute to the growing body
of literature on inclusive education by shedding light
on the potential benefits of training on the four
quadrant brain processes. As educational landscapes
evolve, the necessity to tailor interventions for
diverse learning needs becomes increasingly evident.
Understanding the nuanced interconnections within
the brain's processing capabilities can pave the way
for more effective and personalized approaches to
support students facing mathematical difficulties.
Moreover, the exploration of interventions like the
four quadrant brain process training aligns with the
broader vision of creating an inclusive and accessible
educational environment. By identifying effective
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strategies to enhance cognitive functions in students
with  mathematical disorders, educators and
policymakers can foster a more equitable educational
landscape where every student, regardless of their
learning profile, has the opportunity to thrive.

As we delve deeper into this exploration, the
subsequent sections will unravel the theoretical
foundations supporting the efficacy of the four
quadrant brain process training. Drawing on
neuroscientific insights and educational psychology,
the article aims to provide a robust rationale for
considering this intervention as a transformative tool
in addressing the cognitive challenges associated with
mathematical disorders. Through this journey, we
anticipate not only expanding the theoretical
frameworks surrounding mathematical difficulties
but also providing practical insights for educators and
researchers seeking evidence-based strategies to
enhance mathematical learning outcomes for all
students.

Method

This study employed a quasi-experimental design
with pre-test, post-test, and a control group. The
statistical population consisted of all elementary
school students in Tehran during the academic year
2019-2020. From among the students identified with
learning disorders in the initial screening process at
the beginning of the academic year, initially, 50
students were purposively selected, and eventually,
30 students from the fourth, fifth, and sixth grades
were randomly assigned to two groups: experimental
(15) and control (15). Parents were assured of the
confidentiality of all student information. Data were
collected through interviews with students' parents,
reviewing students' academic records, and using a
personal information questionnaire.

Inclusion criteria involved being male, attending
fourth, fifth, or sixth grades in elementary school,
calendar age of 9 to 12 years, parental consent for
participation in the study, the absence of severe
mental or physical disorders, and no medication use
for psychological issues in the six months leading up
to the research. Exit criteria included absence for
more than two sessions, the participant's
unwillingness to continue the research, parents'
unwillingness or dissatisfaction, and unforeseen
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problems faced by parents that hindered the continued
participation of the student in the research.

Results

The findings from the demographic data indicate that
in the experimental group, 4 individuals (40%) were
10 years old, 3 individuals (30%) were 11 years old,
and 3 individuals (30%) were 12 years old. In the
control group, 3 individuals (30%) were 10 years old,
3 individuals (30%) were 11 years old, and 4
individuals (40%) were 12 years old. The age range
of participants with learning disabilities in
mathematics is between 10 and 12 years. The average
age of the experimental group in the research is 10.90,
with a standard deviation of 0.875. Similarly, the
average age of the control group in the research is
10.11, with a standard deviation of 0.875. The
average scores for all variables in students with
learning disabilities in  mathematics in the
experimental group increased in the post-test and
follow-up stages compared to the pre-test. The
significance level of the Kolmogorov-Smirnov test
for all variables was greater than 0.05, indicating that
the distribution of variable scores does not
significantly differ from a normal distribution. The
results of the Levene's test indicated homogeneity of
variances across all variables, as the significance
level of the test was not significant. This non-
significance suggests that the error variances are not
significantly different between the control and
experimental groups and are homogeneous.

The F-value for the Levene's test was not statistically
significant, indicating that the assumption of
homogeneity of variances is met. The significance
level for all variables was greater than 0.05,
signifying the lack of significant interactive effects.
This implies that the data support the assumption of
homogeneity of regression slope gradients.
Therefore, the assumptions for analysis of variance
are considered valid.
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Table 1. The results of the multivariate analysis test in evaluating the effect of the independent variable on the dependent variable

Y

Variable Wilks Lambda F p n
verbal comprehension 0.784 3.17 0.017 0.115
visual-spatial ability 0.797 2.59 0.024 0.107
fluid reasoning 0.733 4.12 0.004 0.144
active memory 0.528 9.23 0.001 0.274
processing speed 0.428 1259 0.001 0.346
cognitive functions 0.623 6.55 0.001 0.211

In accordance with the results presented in Table 1,
the impact of implementing independent variables on
the components of verbal comprehension (Lambda
Wilks= 0.784, Chi-square= 115.0, df= 2, p-value:
0.017, F: 17.3), visual-spatial ability (Lambda Wilks=
0.797, Chi-square= 107.0, df= 2, p-value= 0.024,
F= 15.2), fluid reasoning (Lambda Wilks= 0.733,
Chi-square= 144.0, df= 2, p-value= 0.004, F= 12.4),
active memory (Lambda Wilks= 0.528, Chi-square=
274.0, df= 2, p-value= 0.001, F= 23.9), processing
speed (Lambda Wilks= 0.428, Chi-square= 346.0,
df= 2, p-value= 0.001, F= 35.12), and cognitive
functions (Lambda Wilks=0.622, Chi-square=211.0,
df= 2, p-value= 0.001, F= 25.6) is statistically
significant.

in addition to the group and time effects, the
interactive group x time effect is significant for the
components of verbal comprehension (Chi-square=
128.0, df= 2, p-value=0.008, F= 65.3), visual-spatial
ability (Chi-square= 151.0, df= 2, p-value= 0.004,
F= 46.4), fluid reasoning (Chi-square= 211.0, df= 2,
p-value= 0.001, F= 69.6), active memory
(Chi-square= 305.0, df= 2, p-value= 0.001,
F= 96.10), processing speed (Chi-square= 437.0,
df= 2, p-value= 0.001, F= 41.19), and cognitive
functions (Chi-square= 251.0, df= 2, p-value= 0.001,
F=38.8).

The results of the Bonferroni test in comparing the
time effect indicate that the difference in the means of
cognitive function components between the pre-test
and post-test stages, as well as the pre-test and follow-
up stages, is statistically significant. However, the
difference in these means between the post-test and
follow-up stages is not statistically significant.
Additionally, the Bonferroni test results in comparing
the group effects show that the difference in the
means of cognitive function components between the
experimental and control groups is statistically
significant.

106

Conclusion

This study aimed to investigate the effectiveness of
training on the four-quadrant brain processes on the
cognitive functions of students with mathematical
learning disorders. The results revealed a significant
positive impact of the four-quadrant brain processes
training on the cognitive functions of students with
learning disorders in mathematics. The instructional
intervention led to a meaningful improvement in
cognitive function scores in the post-test compared to
the pre-test in the experimental group when compared
to the control group. Analysis of repeated measures
variance indicated a significant change in cognitive
functions across three measurement stages: pre-test,
post-test, and follow-up in the experimental group.
The paired t-test demonstrated a significant increase
in cognitive function scores for students with
mathematical disorders in the post-test compared to
the pre-test and follow-up compared to the pre-test (p
< 0.05). However, there was no significant difference
in cognitive function scores between follow-up and
post-test. These findings align with previous studies,
providing supportive evidence for the positive impact
of the four-quadrant brain processes training on
cognitive functions (Sadigizadeh et al., 2019; Maggio
etal., 2019).

It is essential to acknowledge that, according to the
definition by Britton, cognitive functions are a
comprehensive term encompassing all complex and
necessary cognitive processes involved in performing
targeted, challenging, or novel tasks. These processes
include the ability to create delays or inhibit specific
responses, followed by planning sequential actions
and maintaining mental representations of tasks
through active memory (Host & Enzor, 2017).
Drawing upon Holmes' perspective, conscious
practices in neuroscience can have positive effects on
brain growth and learning. However, the potential and
high capacity of mindfulness-based training exercises
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in fostering brain flexibility towards comprehensive
learning and general well-being have been supported
(Lin et al., 2022). Therefore, employing cognitive
functions as a suitable approach supports effective
learning and should be considered in addressing the
skills training of students with mathematical and
reading disorders.

This study encountered several limitations. The
simultaneous occurrence of the research with the
COVID-19 pandemic introduced obstacles and
challenges, leading to prolonged execution. The
global health crisis disrupted the implementation of
the study plan and posed difficulties. The lack of
access to suitable tests for assessing the performance
of students with learning disorders was another
constraint, forcing the use of the WISC-V test, which
proved lengthy and exhausting for children.
Furthermore, the study was conducted solely within
the special education centers of Tehran's educational
system, limiting the ability to sample from other cities
and broaden the research's statistical population.
Therefore, it is recommended that workshops and
training courses on the four-quadrant brain processes
be seriously incorporated into the educational system.
Students should be taught the concept of
"visualization" using mental imagery, and various
spatial computer games should be introduced to them.
Educational games should be employed in classrooms
to actively engage students' minds and enhance their
learning abilities.
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