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Abstract

The study aimed to examine the effect of digital game-based mathematics instruction on
enhancing problem-solving skills among students with mathematical learning disabilities.
This quasi-experimental study employed a pretest—posttest control group design. The
statistical population consisted of male students in grades 4 and 5 with mathematical
learning disabilities in District 3 of Tabriz during the 2023-2024 academic year. Thirty
students were selected using convenience sampling and randomly assigned to
experimental and control groups. The experimental group received ten 45-minute sessions
of digital game-based math instruction using ‘“Math Games: Math for Kids,” while the
control group received traditional classroom teaching. The research instruments were the
Tabriz Mathematical Learning Disorder Checklist (2009) and the Heppner Problem-
Solving Skills Questionnaire (1992). Data were analyzed through multivariate analysis of
covariance (MANCOVA). After adjusting for pretest scores, there was a significant
difference between the two groups in posttest problem-solving skills and its components
(problem-solving confidence, approach-avoidance style, and personal control) (p <
0.001). The adjusted mean scores of the experimental group were considerably higher
than those of the control group. The effect size (n? =0.933) indicated a strong impact of
digital game-based instruction on improving students’ problem-solving abilities. Digital
game-based mathematics instruction significantly enhances problem-solving skills in
students with mathematical learning disabilities. By providing interactive learning
environments, immediate feedback, and intrinsic motivation, this approach offers an
effective alternative to traditional methods, fostering deeper conceptual understanding and
reducing math anxiety.
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problem-solving skills, technology-based learning
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Extended Abstract

Introduction

Mathematics is a universal language that forms the foundation for logical reasoning, analytical thinking, and
problem-solving abilities essential for success in various academic and life domains. However, a considerable
number of students face difficulties in mastering mathematical concepts, particularly those diagnosed with
mathematical learning disabilities. Such disabilities impair students’ ability to process numerical information,
comprehend mathematical relations, and apply logical reasoning, leading to anxiety, low motivation, and
reduced academic achievement (Sanal & Elmali, 2024). Traditional teaching methods that rely on repetitive
drills and memorization often fail to address the cognitive and emotional needs of these learners, resulting in
further disengagement from mathematics (Ozturk et al., 2020).

In recent years, the integration of digital technologies into education has revolutionized instructional practices,
giving rise to innovative approaches such as digital game-based learning (DGBL). Digital educational games
have emerged as powerful pedagogical tools that combine entertainment with structured learning, allowing
students to engage in interactive environments that foster intrinsic motivation, persistence, and conceptual
understanding (Arabi et al., 2023). According to Mayer’s Cognitive Theory of Multimedia Learning, the
simultaneous presentation of visual and auditory information can optimize cognitive processing, reduce
extraneous cognitive load, and enhance comprehension (Mayer, 2020).

DGBL is grounded in the principles of constructivist and experiential learning, which emphasize active
participation, discovery, and feedback-based learning. These digital environments promote learner autonomy,
immediate reinforcement, and adaptive difficulty levels, enabling students to learn from mistakes while
maintaining engagement. From a motivational perspective, Self-Determination Theory postulates that learning
environments supporting competence, autonomy, and relatedness foster intrinsic motivation and long-term
engagement (Ryan & Rigby, 2020). In this regard, well-designed educational games cultivate a sense of
achievement and self-efficacy by offering structured challenges and instant feedback (Hussein et al., 2022).
Empirical evidence supports the effectiveness of digital games in improving students’ cognitive and affective
learning outcomes. A meta-analysis by Wang et al. (2021) demonstrated that digital game-based STEM
education significantly improved students’ learning performance and problem-solving skills across multiple
age groups (Wang et al., 2021). Similarly, Hwang and Chen (2021) found that virtual reality—based
mathematics learning environments enhanced mathematical achievement and concept retention among
elementary students (Hwang & Chen, 2021). Moreover, studies by Veraksa et al. (2022) and Rahmati and
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Karimi (2022) highlighted the role of play and educational games in fostering creativity, flexibility, and self-
regulation in young learners (Rahmati & Karimi, 2022; Veraksa et al., 2022).
In the context of mathematical learning disabilities, digital games serve as remedial tools that combine sensory
stimulation, repetition, and motivation to strengthen core numerical skills. Khaknezhad (2020) showed that e-
learning interventions enhanced perceptual reasoning and working memory among children with mathematical
learning disorders (Khaknezhad, 2020). Similarly, Jafarabadi Ashtiani and Nomanov (2021) demonstrated
that software-based mathematical problem-solving instruction improved students’ performance and
engagement in secondary schools (Jafarabadi Ashtiani & Nomanov, 2021). On the neural level, cognitive
neuroscience research suggests that digital learning activates and reorganizes hippocampal and neocortical
networks associated with reasoning and quantitative processing (Qin et al., 2020).
Several recent investigations also emphasize the broader socioemotional benefits of digital game-based
learning. Hussein et al. (2022) found that digital games enhance elementary students’ critical thinking and
cognitive engagement (Hussein et al.,, 2022). Vanbecelaere et al. (2020) reported that digital games
simultaneously improved cognitive outcomes (numerical and reading comprehension) and non-cognitive
variables such as motivation and positive attitudes (Vanbecelaere et al., 2020). Untarti and Najib (2020)
concluded that low-intensity gameplay improved students’ creative problem-solving in mathematics (Untarti
& Ainun Najib, 2020).
In the Iranian context, Abbasi (2023) found that educational games improved mathematical thinking and
motivation in elementary students (Abbasi, 2023). Mirzaei Ranjbar (2023) similarly reported that using the
Khan Academy digital platform reduced students’ math anxiety and enhanced problem-solving performance
in the post-COVID-19 period (Mirzaei Ranjbar, 2023). Moreover, Arabi et al. (2023) emphasized that
collaborative digital game design enhances learning outcomes by involving learners in the creative process
(Arabi et al., 2023).
Despite the growing body of international and local evidence, empirical research on the impact of digital game-
based mathematics instruction among students with learning disabilities in Iran remains limited. Addressing
this gap, the present study aimed to determine the effectiveness of digital game-based mathematics instruction
on improving problem-solving skills among students with mathematical learning disabilities.
Methods and Materials
This study employed a quasi-experimental design with a pretest—posttest control group structure. The
population consisted of male elementary students (grades 4 and 5) with diagnosed mathematical learning
disabilities enrolled in learning disorder centers in District 3 of Tabriz during the 2023-2024 academic year.
Thirty students were selected using convenience sampling and randomly assigned to an experimental group (n
= 15) and a control group (n = 15).
The experimental group received digital game-based mathematics instruction using the interactive software
Math Games: Math for Kids for eight weeks (two 45-minute sessions per week). The program included
progressive activities on addition, subtraction, multiplication, division, and square roots through engaging
visuals and auditory feedback. The control group received conventional classroom instruction without digital
intervention.
Research instruments included:

1. Tabriz Mathematical Learning Disorder Checklist (2009) — to identify students with mathematical

learning disabilities.
2. Heppner’s Problem-Solving Inventory (PSI) — to measure overall problem-solving skills and three
subcomponents: problem-solving confidence, approach—avoidance style, and personal control.

Data were analyzed using descriptive statistics and multivariate analysis of covariance (MANCOVA) with
SPSS-18. Pretest scores were used as covariates to control for baseline differences.
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Findings

Descriptive results indicated that mean pretest scores were similar across both groups. However, posttest
results revealed notable differences favoring the experimental group. After adjusting for pretest scores,
MANCOVA results showed a statistically significant effect of the intervention on all subcomponents of
problem-solving skills (p < 0.001).

In the experimental group, mean posttest scores increased markedly:

Problem-Solving Confidence: from 17.80 to 47.46

Approach-Avoidance Style: from 35.06 to 62.93

Personal Control: from 10.80 to 20.20

Overall Problem-Solving Skills: from 68.26 to 145.06

By contrast, the control group showed only marginal improvement (e.g., overall problem-solving increased
from 68.78 to 77.57). The between-group differences were statistically significant (F(1,25) = 349.83, p < 0.001,
n? = 0.933), indicating a large effect size. These findings confirm that the digital game-based approach
substantially enhanced the experimental group’s problem-solving competence.

Discussion and Conclusion

The findings of this study demonstrated that digital game-based mathematics instruction significantly
improved problem-solving skills among students with mathematical learning disabilities. This improvement
can be attributed to the interactive, multisensory, and motivational features of digital games, which stimulate
cognitive engagement and provide immediate feedback. Through these mechanisms, students developed
greater self-confidence, persistence, and autonomy in addressing mathematical challenges.

The observed enhancement in problem-solving confidence aligns with the theoretical framework of Self-
Determination Theory, which emphasizes the role of competence and autonomy in sustaining motivation.
Digital games provide progressive challenges and instant rewards that nurture a sense of mastery and self-
efficacy. Consequently, learners who previously experienced failure in conventional settings could rebuild
confidence by achieving success in incremental stages.

Furthermore, the results support Mayer’s Cognitive Theory of Multimedia Learning, suggesting that the
integration of auditory and visual cues reduces cognitive overload and facilitates deeper conceptual
understanding. The digital environment allowed students to visualize mathematical relationships dynamically
rather than abstractly, which is particularly beneficial for learners with limited working memory. The strong
improvement in personal control observed in this study reflects students’ enhanced ability to plan, monitor,
and evaluate their own problem-solving strategies—key elements of metacognitive regulation.

The findings also corroborate prior empirical evidence. Hussein et al. (2022) confirmed that digital games
enhance critical thinking by engaging students in goal-oriented exploration (Hussein et al., 2022). Wang et
al. (2021) found consistent improvements in academic performance and motivation in STEM subjects through
game-based methods (Wang et al., 2021). Similarly, the current study extends these findings to the context of
mathematical learning disabilities, illustrating that game-based learning can remediate both cognitive and
emotional barriers to mathematics learning.

The intervention’s success can also be explained through neurocognitive perspectives. As demonstrated by
Qin et al. (2020), digital learning may stimulate hippocampal-neocortical reorganization, strengthening neural
circuits associated with reasoning and numerical processing (Qin et al., 2020). The dynamic and repetitive
nature of gameplay encourages pattern recognition, attention regulation, and the integration of sensory
feedback—processes that are often impaired in students with learning disabilities.

Beyond cognitive effects, the study revealed important affective outcomes. Students in the experimental group
exhibited reduced anxiety, increased engagement, and greater enjoyment during learning sessions. This aligns
with Rahmati and Karimi’s (2022) and Veraksa et al.’s (2022) findings that educational games enhance
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creativity and emotional involvement (Rahmati & Karimi, 2022; Veraksa et al., 2022). Additionally, Arabi
et al. (2023) and Mirzaei Ranjbar (2023) noted that participatory digital environments strengthen motivation
and problem-solving efficacy in mathematics (Arabi et al., 2023; Mirzaei Ranjbar, 2023).

The results of the current study suggest that DGBL transforms the learning experience from passive knowledge
transmission to active, inquiry-driven exploration. It bridges the gap between abstract mathematical principles
and real-world applications by embedding problem-solving tasks in interactive, narrative contexts. Such
immersion fosters deep learning, persistence, and resilience—qualities essential for overcoming learning
difficulties.

In conclusion, this research provides strong evidence that digital game-based mathematics instruction is an
effective pedagogical strategy for enhancing the problem-solving skills of students with mathematical learning
disabilities. It not only improves cognitive outcomes but also positively influences motivation, self-efficacy,
and emotional well-being. By integrating technology with pedagogy, educators can create inclusive, engaging,
and adaptive learning environments that address the diverse needs of learners.

The findings underscore the importance of rethinking mathematics instruction within a digital framework that
emphasizes creativity, interactivity, and individualized feedback. Implementing such approaches in schools
could lead to sustainable improvements in academic achievement and foster a generation of learners who
perceive mathematics as an enjoyable and empowering discipline rather than an intimidating challenge.
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