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Objective: The present study aimed to investigate and compare the effectiveness of
mathematical thinking intervention training and dual balance exercises on the
executive functions of students with mathematical learning disabilities.
Methodology: The statistical population consisted of all students diagnosed with
mathematical learning disabilities during the 2022-2023 academic year. Using
purposive sampling, 45 students were selected and randomly assigned to two
experimental groups and one control group. The tools used in this research included
the KeyMath Standardized Test (Connolly, 1976), the Binet-Simon Test (Roid &
Barram, 2003), and the Wisconsin Card Sorting Test (WCST; Heaton, 2006). In the
pre-test phase, all sample members completed these tests. Subsequently, members of
the experimental groups received the respective interventions, while the control group
did not receive any intervention. The data were analyzed using repeated measures
ANOVA.

Findings: The findings indicated a significant effectiveness of the interventions in
improving the executive functions in the experimental groups. Furthermore, follow-up
tests revealed that dual balance exercises had a greater impact on working memory and
cognitive flexibility.

Conclusion: These findings support the fact that providing training based on
mathematical thinking and focusing on dual balance exercises is considered a
beneficial intervention method for addressing the educational challenges of students
with mathematical learning disabilities.

Keywords: Executive functions, Mathematical thinking, Dual balance exercises,
Mathematical learning disabilities.
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EXTENDED ABSTRACT
Introduction

Executive functions are crucial cognitive processes that regulate behavior and facilitate goal-
directed activities, especially in academic settings. Research has demonstrated that deficits in executive
functions, such as working memory and cognitive flexibility, significantly impact students' ability to
perform academically, particularly in mathematics (Diamond, 2012, 2013; Diamond & Lee, 2011). These
challenges are more pronounced in students with mathematical learning disabilities, who often struggle
with tasks that require sustained attention, memory retention, and flexible problem-solving strategies
(Geary, 2010).

Mathematical learning disabilities (MLDs) are a specific category of learning disorders where
students experience significant difficulties in understanding numbers, performing calculations, and
solving mathematical problems (Bouzaboul et al., 2020). Executive function deficits, including working
memory and cognitive flexibility, are among the main cognitive impairments observed in students with
MLDs (Bull & Lee, 2014). These impairments not only hinder their academic performance but also limit
their ability to apply effective learning strategies (Akbari et al., 2019).

Intervention programs aimed at enhancing executive functions have been shown to improve the
academic outcomes of students with learning disabilities. For example, cognitive training programs
focused on enhancing working memory and flexibility have resulted in positive changes in students'
academic performance (Davis et al., 2011). Similarly, physical exercises, particularly dual balance exercises,
have proven effective in strengthening cognitive abilities and executive functions, such as working
memory and flexibility (Diamond, 2012, 2013; Diamond & Lee, 2011; Jylanki et al., 2022).

The present study seeks to compare the effectiveness of two different interventions —
mathematical thinking intervention training and dual balance exercises — on improving the executive
functions of students with mathematical learning disabilities. By focusing on working memory and
cognitive flexibility, this study aims to explore how these interventions can help students overcome their
learning challenges and enhance their academic performance.

Methodology

The current study employed a quasi-experimental design with pre-test, post-test, and follow-up
phases. The participants were 45 students diagnosed with mathematical learning disabilities, selected
using purposive sampling. These students were randomly assigned to two experimental groups and a
control group, with each group comprising 15 students.

The first experimental group underwent mathematical thinking intervention training, designed to
improve their mathematical reasoning and problem-solving abilities. This training focused on enhancing
executive functions through cognitive exercises specifically related to mathematical tasks.

The second experimental group engaged in dual balance exercises, which combine physical
movements with cognitive challenges. The goal of these exercises was to improve both physical
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coordination and cognitive flexibility by requiring students to perform balance tasks while simultaneously
engaging in mental activities.

The control group did not receive any intervention. All participants completed a pre-test using
standardized measures of working memory and cognitive flexibility. The primary instruments used were
the KeyMath Standardized Test, the Binet-Simon Test, and the Wisconsin Card Sorting Test (WCST).
After the interventions, the same tests were administered as post-tests and follow-up assessments.

Data were analyzed using repeated measures ANOVA to assess the impact of the interventions on
the executive functions of the participants. Descriptive statistics, including mean and standard deviation,
were calculated for each group across the three measurement phases.

Findings

The results revealed significant improvements in the executive functions of students in both
experimental groups compared to the control group. Specifically, students in the dual balance exercise
group demonstrated the highest gains in working memory and cognitive flexibility.

In terms of working memory, the students in the dual balance exercise group showed an increase
from a pre-test mean score of 81.53 to a post-test mean score of 115.73, with a slight decline to 115.87
during the follow-up phase. In contrast, the mathematical thinking intervention group showed a smaller
increase in working memory, from a pre-test mean score of 81.47 to a post-test mean score of 98.67, with
a follow-up score of 98.85.

Regarding cognitive flexibility, the dual balance exercise group had the greatest reduction in
errors, indicating better flexibility. The pre-test mean for flexibility was 7.67, which decreased to 2.27 in
the post-test and 1.27 in the follow-up. The mathematical thinking intervention group showed less
improvement, with a pre-test flexibility score of 7.27, dropping to 4.60 in the post-test and 3.67 in the
follow-up.

Repeated measures ANOVA confirmed that the observed improvements in executive functions
were statistically significant for both interventions (p < 0.01). However, the effect size was larger for the
dual balance exercises, indicating that physical activity combined with cognitive challenges had a greater
impact on executive function than the mathematical thinking intervention alone.

Discussion and Conclusion

The findings of this study align with previous research indicating that enhancing executive
functions through targeted interventions can significantly improve the academic performance of students
with learning disabilities (Diamond, 2012, 2013; Diamond & Lee, 2011; Ebrahimi et al., 2016; Elfakki et al., 2023).
Both mathematical thinking and dual balance exercises were effective in improving working memory and
cognitive flexibility, but the latter showed a greater impact, suggesting that combining physical and
cognitive tasks offers a more comprehensive approach to developing executive functions.

The dual balance exercise group outperformed the mathematical thinking group in both working

memory and cognitive flexibility, supporting the idea that physical exercises can enhance cognitive
functioning (Davis et al., 2011). This is consistent with previous studies that have demonstrated the
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effectiveness of motor skill interventions in improving cognitive outcomes, particularly in students with
special educational needs (Diamond & Lee, 2011; Jylanki et al., 2022).

Moreover, the significant improvement in cognitive flexibility in the dual balance exercise group
emphasizes the importance of integrating physical activity into educational interventions for students with
MLDs. This finding is consistent with research by Deng et al. (2020), who highlighted the benefits of
motor and cognitive interventions for enhancing executive functions in students with learning difficulties
(Deng et al., 2020).

However, the mathematical thinking intervention also proved beneficial, though to a lesser extent.
Geary (2010) and Bouzaboul et al. (2020) have shown that structured cognitive training focused on
mathematical reasoning can strengthen executive functions, particularly in students with difficulties in
mathematics (Bouzaboul et al., 2020; Geary, 2010). While the gains in the mathematical thinking group were
not as pronounced as in the dual balance group, the intervention still resulted in meaningful improvements,
particularly in working memory.

Future research should explore the long-term effects of these interventions and investigate the
potential benefits of combining cognitive and physical interventions. The study’s limitations include the
relatively small sample size and the short duration of the interventions, which may have impacted the
generalizability of the findings. Additionally, further studies could examine how these interventions affect
other academic domains and whether similar results can be achieved with different populations.

In conclusion, this study demonstrates that both mathematical thinking interventions and dual
balance exercises are effective in enhancing the executive functions of students with mathematical
learning disabilities. However, dual balance exercises offer a more substantial improvement, particularly
in working memory and cognitive flexibility. These findings suggest that educators should consider
incorporating physical activities into cognitive training programs to maximize the benefits for students
with learning disabilities.
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