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Abstract

Purpose: This study aimed to examine the relationship between learning styles and attention with
mathematical problem-solving, mediated by embodied learning style among fourth-grade students
in Mashhad District 5.

Methodology: This research employed a descriptive-correlational design and structural equation
modeling. Using cluster random sampling, 364 students were selected from a population of 6,892.
Data were collected through the Mamickam Learning Style Questionnaire (2010), Brown and
Ryan's Attention Questionnaire (2003), a researcher-made Embodied Learning Style scale, and a
TIMSS-based math problem-solving test. Data analysis was conducted via Smart-PLS.

Findings: The results indicated that the embodied learning style plays a significant mediating role
in the relationship between preferred learning styles and attention with mathematical problem
solving. Direct associations among learning style, attention, and embodied learning with math
problem-solving were statistically significant. Structural model indices (R? and Q?) were strong,
and measures of convergent and discriminant validity, as well as composite reliability, were
acceptable.

Conclusion: Embodied learning style proves to be a novel and effective approach to improving
mathematical problem-solving abilities by integrating cognitive, emotional, and physical dimensions
of learning. It offers a holistic learning environment that enhances engagement and contextual

understanding of math concepts.

https://doi.org/10.61838/kman.soe.11.3.5

Bli’ https://dorl.net/dor/20.1001.1.23221445.1401.15.1.1.0
Creative Commons: CC BY 4.0


https://doi.org/10.61838/kman.soe.11.3.5
https://dorl.net/dor/20.1001.1.23221445.1401.15.1.1.0
https://orcid.org/0009-0004-7864-2596
https://orcid.org/0000-0001-7869-4186
https://orcid.org/0009-0007-5890-233X
https://doi.org/10.22034/ijes.2021.541983.1184
https://dorl.net/dor/20.1001.1.23221445.1401.15.1.1.0

Detailed Abstract
Introduction

The ability to solve mathematical problems is one of the most important cognitive competencies cultivated in primary education. Yet,
many students experience mathematics as an abstract and difficult subject that is often linked with anxiety and poor academic performance.
Researchers suggest that individual differences in cognitive and perceptual processes, especially learning styles and attention, can
substantially influence students' success in mathematics. Learning styles, defined as the preferred modes of absorbing, processing, and
retaining information—commonly classified into visual, auditory, and kinesthetic modalities—affect how students interact with and make
sense of instructional content (Irvine, 2019; Mamickam, 2010). These preferences are particularly crucial in math learning, which

often requires conceptual visualization and procedural understanding.

Recent research has emphasized the need for education systems to personalize learning by acknowledging these differences in learning
preferences (Baiduri, 2021; Virgana, 2019). Furthermore, attention—a core psychological mechanism that governs the selection and
sustained focus on relevant stimuli—has been linked to academic achievement in general and math performance in particular. According
to (Gallotta et al., 2020), attentional processes determine the quality of mental engagement and depth of information processing, both
essential for problem-solving. Studies by (Gholami et al., 2022) and (Guo et al., 2020) suggest that fluctuations in attention can

account for significant variability in math test outcomes among learners.

In addition to cognitive variables, the concept of embodied learning has recently garnered interest as a mediating mechanism that connects
sensory-motor experiences with abstract reasoning. Embodied learning posits that cognition is not confined to the brain but distributed
across the entire body and its interactions with the environment (Babaei et al., 2018). In this view, learning, particularly in mathematics,
is enhanced when learners can physically engage with content, simulate processes, or visualize abstract concepts through bodily metaphors
and enactments (Agustama, 2013; Baars et al., 2023). Studies by (Yunus & Eid, 2023) and (Zhang et al., 2024) show that learners

often favor embodied approaches in face-to-face learning environments because of their interactivity and the improved focus they foster.

Other researchers have reported that embodied learning can serve as a bridge between cognitive style and attention, thereby indirectly
influencing problem-solving ability (Dwiyanto & Kurniasih, 2024; Hakimzadeh et al., 2023). By integrating mental and physical
engagement, embodied learning allows students to internalize and retain complex concepts more effectively. In the domain of
mathematics, where symbolic manipulation, spatial reasoning, and procedural knowledge are required, embodied learning provides a
scaffold for grounding abstract ideas in tangible experiences (Polat & Ozkaya, 2023). Morcover, meta-cognitive components such as
monitoring and strategy adjustment are facilitated when learners are physically involved in tasks (Chytry, Medov4, et al., 2020; Chytry,
Ri¢an, et al., 2020).

However, despite increasing evidence of the importance of embodied learning, relatively few empirical studies have examined how it
interacts with learning styles and attention to predict math problem-solving performance. Previous studies have often examined these
variables in isolation, neglecting their potential interdependencies. For example, (Popham et al., 2020) focused on self-regulated
strategy development in math without exploring the sensory-motor aspects, while (Elbeigi & Mirrasoli, 2023) emphasized motivational
constructs without integrating embodiment. Therefore, there is a pressing need to examine a structural model that simultaneously

includes learning style, attention, and embodied learning as interrelated factors influencing mathematical problem solving.

This study aims to fill that gap by exploring the mediating role of embodied learning in the relationship between students' learning style
and attention with their mathematical problem-solving ability. Based on the theoretical and empirical framework established by (Babaei
et al., 2021; Rabin et al., 2021), we hypothesize that embodied learning significantly mediates these relationships and contributes

uniquely to explaining variance in math performance.
Methods and Materials

The present study employed a descriptive-correlational design using structural equation modeling (SEM) to test the hypothesized
relationships among variables. The statistical population consisted of all fourth-grade students (N = 6,892) in District 5 of Mashhad. A
cluster sampling method was used to select 364 students. Data collection instruments included: (1) the Learning Style Questionnaire by
Mamickam (2010) measuring visual, auditory, and kinesthetic preferences; (2) the Brown and Ryan (2003) Mindful Attention Awareness
Scale to assess sustained attention; (3) a researcher-constructed Embodied Learning Style questionnaire validated through confirmatory

factor analysis and Cronbach’s alpha; and (4) a TIMSS-aligned math problem-solving test developed based on Iranian mathematics
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curriculum standards. The PLS-SEM approach was applied using SmartPLS software to analyze the data. Model fit was assessed via R?,
Q?, average variance extracted (AVE), and composite reliability indices.

Findings

The initial results confirmed acceptable factor loadings for all items, with values exceeding 0.50. Composite reliability ranged from 0.79
to 0.95 across constructs, indicating high internal consistency. The AVE values for learning style, attention, embodied learning, and
problem solving were all above 0.50, confirming convergent validity. Discriminant validity was established via the Fornell-Larcker

criterion.

The structural model evaluation showed that learning style had a significant direct effect on mathematical problem solving ( = 0.527, t
= 7.127). Attention also had a strong direct effect on problem solving (f = 0.723, t = 7.991). Moreover, embodied learning had a
significant mediating effect between learning style and problem solving ( = 0.054, t = 2.544), as well as between attention and problem
solving (B = 0.513, t = 9.939). Embodied learning also showed significant direct relationships with both learning style (B = 0.105, t =
2.669) and attention (8 = 0.972, t = 26.226), confirming its central role in the model. The R? values for embodied learning (0.778) and

problem solving (0.672) indicated strong explanatory power. Positive Q? values also confirmed the model's predictive relevance.
Discussion and Conclusion

The findings of this study highlight the complex interplay among cognitive preferences, attentional control, and embodied experiences in
mathematical learning. Specifically, they demonstrate that learning styles and attention are not only significant predictors of math
problem-solving performance but also exert their influence more strongly when mediated by embodied learning. This suggests that
students benefit most when instructional strategies align with their preferred learning modalities and simultancously engage them in

physical or sensory activities related to the learning task.

The strong direct effect of attention on problem solving underscores the foundational role of sustained focus in mathematical reasoning.
When students can direct their attention effectively, they are better positioned to analyze, manipulate, and integrate information to solve
problems. However, this effect is amplified when learning activities are designed to include embodied components—such as gesture-
based explanations, hands-on materials, or physical simulations—that anchor abstract ideas in bodily experience. The embodied

dimension appears to act as a cognitive bridge, making it easier for students to translate attentional focus into actionable understanding.

The study also reaffirms the pedagogical value of understanding and applying learning styles in the classroom. Although the debate over
the efficacy of teaching to individual learning styles continues, this research supports the view that recognizing students’ preferred modes
of engagement—especially when combined with embodied learning—can lead to better academic outcomes. For instance, visual learners
may benefit from diagrammatic representations, while kinesthetic learners might engage more deeply through interactive tasks that

involve movement or physical manipulation of objects.

Furthermore, the structural model presented in this study provides a comprehensive framework for understanding how learning processes
operate in tandem. Rather than viewing attention, learning style, and embodiment as isolated constructs, the model demonstrates their
dynamic interdependence. Teachers and instructional designers can use this model to inform more holistic approaches to curriculum

development, integrating cognitive, sensory, and behavioral elements into math instruction.

In summary, this study contributes to the growing body of literature advocating for embodied and personalized learning experiences in
mathematics education. It bridges theoretical insights from cognitive science, educational psychology, and instructional design, offering
a validated model that can inform both practice and future research. The integration of embodied learning into traditional cognitive
frameworks presents an opportunity to redesign classroom environments and teaching strategies in ways that resonate more fully with

the diverse needs and capacities of learners.
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