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Abstract

This study aimed to determine the effectiveness of digital game-based mathematics instruction on learning behavior and academic
performance among sixth-grade elementary school students in District 5 of Tabriz. This applied study employed a quasi-experimental
pretest—posttest design with a control group. The statistical population consisted of sixth-grade elementary school students in District 5 of
Tabriz during the 2026-2027 academic year. A total of 30 eligible students were selected through purposive 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 Wordwall and Matific for measurement-related topics, including length, perimeter, area, and liquid measurement,
whereas the control group received conventional instruction. Data were collected using the Learning Behaviors Scale developed by
McDermott et al. and a teacher-developed academic performance test. The data were analyzed in SPSS version 24 using multivariate
analysis of covariance. After controlling for pretest scores, a statistically significant difference was observed between the experimental
and control groups in total learning behavior (F=28.66, p<0.001, n>=0.51). A statistically significant between-group difference was also
found in academic performance (F=6.50, p=0.017, *=0.19). The intervention significantly reduced learning-behavior scores, which,
according to the scoring direction of the instrument, indicated improvement in positive learning behaviors. In addition, students receiving
digital game-based mathematics instruction demonstrated significantly improved academic performance compared with those receiving
conventional instruction. Digital game-based mathematics instruction appears to be an effective educational approach for improving
learning behaviors and enhancing academic performance among elementary school students. Accordingly, the purposeful integration of
educational digital games into mathematics instruction may provide a useful complementary strategy to conventional teaching approaches.
Keywords: Mathematics instruction, digital games, learning behavior, academic performance, elementary school students.
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EXTENDED SUMMARY

Introduction

Mathematics learning is a fundamental component of formal education because it contributes not only to academic achievement
but also to the development of logical reasoning, problem-solving, decision-making, and analytical thinking. However, many
elementary school students experience difficulties in mathematics due to the abstract nature of mathematical concepts, limited
opportunities for experiential learning, and the continued dominance of teacher-centered instructional approaches. When
mathematics instruction is perceived as repetitive, highly symbolic, or disconnected from students’ everyday experiences,
learners may show reduced motivation, weaker persistence, and lower engagement with academic tasks. Accordingly,
contemporary educational research has increasingly emphasized the need for active, interactive, and learner-centered
instructional strategies capable of improving both students’ academic outcomes and the quality of their learning behaviors
(Hussein, 2023; Karimi & Hosseini, 2024).

Learning behavior represents an important dimension of students’ educational functioning and includes patterns such as attention
to academic tasks, persistence, competence motivation, positive attitudes toward learning, strategic flexibility, and willingness
to engage with instructional challenges. These behaviors are closely related to the ways students regulate their participation in
learning situations and respond to academic demands. Evidence suggests that constructive learning behaviors can support
students’ academic persistence and facilitate more effective engagement with classroom activities (Nemati et al., 2026;
Shahmohammadi, 2026). Motivation is particularly important in shaping these behaviors because students who perceive
learning activities as meaningful, manageable, and engaging are more likely to sustain attention and effort. From the perspective
of self-determination theory, environments that promote competence, autonomy, and meaningful involvement can strengthen
intrinsic motivation and improve the quality of students’ participation in learning (Ryan & Deci, 2020). In addition, learning
behavior can be influenced by students’ perceived competence, prior achievement, and the instructional characteristics of the
classroom environment (Ghorbani & Rashvand Samiari, 2023).

Academic performance is another major indicator of educational success and reflects the extent to which students achieve
expected instructional objectives. It is shaped by multiple cognitive, motivational, emotional, and contextual factors rather than
by intellectual ability alone. Previous studies have emphasized that academic performance is associated with self-oriented
academic processes, resilience, motivation, and the quality of students’ engagement with learning tasks (Azad Disfani, 2025;
Parikar & Parikar, 2025; Yaghoubi & Bita, 2024). Accordingly, interventions that simultancously address students’
cognitive participation and motivational engagement may be especially valuable in mathematics education.

Digital game-based learning has emerged as one such instructional approach. Educational digital games combine curricular
content with interactive features such as immediate feedback, challenge, repetition, visual representation, scoring, competition,
and progressive levels of difficulty. These characteristics may transform students from passive recipients of information into
active participants who solve problems, test strategies, receive feedback, and revise their responses. Research has shown that
digita] learning environments can increase engagement, attention, and positive 1earning experiences (Bressler & Bodzin,
2013; Licorish et al., 2018). Educational games can also provide opportunities for repeated practice without presenting
mistakes as threatening failures, thereby allowing learners to experiment with different strategies and develop greater persistence
(Selvi & Oztiirk Cosan, 2018; Vaclavikova, 2019).

The potential value of digital games may be particularly pronounced in mathematics education because mathematical learning
requires repeated application, conceptual visualization, strategy selection, and timely correction of misconceptions. Studies have
reported that game-based mathematics instruction can improve mathematical achievement, attitudes, motivation, and
engagement (Aksoy, 2014; Tokac et al., 2019). Meta-analytic evidence also indicates that digital game-based learning can
have positive effects on mathematics outcomes across school levels (Byun & Joung, 2018). Similarly, classroom-based
research has shown that digital games can facilitate interaction with mathematical concepts and provide students with
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opportunities for trial and error, feedback, and conceptual reinforcement (Deng et al., 2020). Other studies have reported
improvements in mathematics achievement and attitudes following the use of educational digital games (Kocabatmaz &
Saracoglu, 2024; Samir & Roshanian, 2023). Such interventions may also be useful for students with learning
difficulties, as serious digital games have shown potential for improving mathematics performance while providing a supportive
learning environment (Polydoros & Antoniou, 2025).

Despite the growing body of evidence on game-based learning, fewer studies have examined both learning behavior and academic
performance simultaneously among elementary school students in the context of mathematics instruction. Evaluating these two
outcomes together is important because improvement in academic scores alone may not fully reflect changes in how students
approach learning, persist in tasks, or use strategies. Therefore, the present study aimed to determine the effectiveness of digital
game-based mathematics instruction on learning behavior and academic performance among sixth-grade elementary school
students in District 5 of Tabriz.

Methods and Materials

This applied study used a quasi-experimental pretest-posttest design with a control group. The statistical population consisted
of all sixth-grade elementary school students in District 5 of Tabriz during the 2026-2027 academic year. Thirty eligible students
were selected through purposive sampling based on the study criteria and initial assessment results. The selected participants
were then randomly assigned to an experimental group and a control group, with 15 students in each group. Both groups
completed pretest assessments before the intervention. The experimental group received mathematics instruction through
digital educational games, whereas the control group received conventional mathematics instruction based on the standard sixth-
grade teacher guide.

Learning behavior was assessed using the Learning Behaviors Scale developed by McDermott and colleagues. The instrument
consists of 25 items covering four dimensions: competence motivation, attitude toward learning, attention/persistence, and
strategy/flexibility. The instrument has previously demonstrated acceptable construct validity and reliability. Academic
performance was measured using a 15-item teacher-developed mathematics test designed at the analysis level of the cognitive
domain. The test was reviewed and approved by experienced teachers for content appropriateness, and the total score was
converted to a 20-point scale.

The intervention focused on the mathematics topic of measurement, including length, perimeter, area, and liquid measurement.
The experimental group received instruction using Wordwall and Matific. These platforms provided interactive mathematics
activities, matching tasks, problem-solving exercises, individualized and group practice, immediate feedback, and opportunities
for review and reinforcement. The control group studied the same mathematical content through the conventional instructional
procedures recommended in the official sixth-grade mathematics teacher guide. After completion of the intervention, both
groups completed the posttest assessments.

The collected data were analyzed using SPSS version 24. Descriptive statistics, including means and standard deviations, were
calculated for all study variables. Before inferential analysis, assumptions related to normality, homogeneity of variances, and
homogeneity of regression slopes were examined. Multivariate analysis of covariance was then used to compare posttest scores
between the experimental and control groups while controlling for corresponding pretest scores. Statistical significance was set
at 0.05.

Findings

Descriptive results showed that the mean total learning behavior score in the experimental group decreased from 31.33 at pretest
to 28.93 at posttest. Given the scoring direction of the instrument, this reduction reflected an improvement in positive learning
behaviors. In contrast, the mean learning behavior score in the control group increased from 31.66 to 32.93. The experimental
group also demonstrated an increase in academic performance from a pretest mean of 15.06 to a posttest mean of 15.66, whereas
the control group showed a slight decline from 14.66 to 14.53.

Assessment of statistical assumptions indicated that skewness and kurtosis values generally remained within the acceptable 12
range. Most Kolmogorov-Smirnov tests were nonsignificant, although strategy/flexibility showed significant deviations from
normality at pretest and posttest. Levene’s test supported homogeneity of error variances for most variables, although the
assumption was not fully met for total learning behavior. The interaction terms between group membership and pretest scores
were nonsignificant for all examined variables, supporting the assumption of homogeneity of regression slopes.

After controlling for pretest scores, analysis of covariance revealed a statistically significant effect of group membership on total
learning behavior, F(1,27)=28.66, p<0.001, 1?=0.51. This finding indicated that 51% of the adjusted variance in posttest
learning behavior was associated with the intervention condition. The direction of the adjusted differences indicated that students
receiving digital game-based mathematics instruction demonstrated more favorable learning behaviors than students in the
control group.

A statistically significant group effect was also observed for academic performance, F(1,27)=6.50, p=0.017, 12=0.19. Thus,
19% of the adjusted variance in academic performance at posttest was associated with group membership. Students in the
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experimental group demonstrated higher academic performance following the intervention than those receiving conventional
instruction. Overall, the findings indicated that digital game-based mathematics instruction was effective in improving both
learning behavior and academic performance.

Discussion and Conclusion

The findings indicate that integrating digital games into mathematics instruction can positively influence both behavioral and
cognitive dimensions of learning among sixth-grade students. The substantial effect observed for learning behavior suggests that
digital game-based instruction may alter how students approach academic tasks, sustain attention, persist when encountering
difficulty, and respond to learning challenges. The interactive structure of digital games likely contributed to this improvement
by allowing students to participate actively rather than simply receive information. Immediate feedback, repetition, visible
progress, and opportunities to correct mistakes may have strengthened persistence and reduced the passive characteristics
associated with conventional classroom instruction.

The improvement in academic performance can also be explained by the instructional affordances of the digital platforms used
in the study. Mathematics learning requires repeated practice, feedback, and gradual refinement of problem-solving strategies.
Wordwall and Matific allowed students to interact directly with mathematical content, receive immediate responses to their
actions, and repeat tasks when necessary. Such conditions may have helped students identify misunderstandings more quickly
and consolidate mathematical concepts more effectively. The visual and interactive presentation of measurement concepts may
also have made abstract relationships more concrete and comprehensible.

Another plausible explanation is that digital games can reduce the psychological burden associated with making mistakes. In a
game environment, incorrect responses are often interpreted as part of the challenge rather than as definitive failure. This may
encourage students to attempt more problems, experiment with alternative strategies, and remain engaged after unsuccessful
attempts. Over time, repeated exposure to mathematical tasks under these conditions can contribute to both improved
competence and more adaptive learning behavior.

The simultaneous improvement in learning behavior and academic performance is particularly important. It suggests that digital
game-based mathematics instruction may not simply increase test scores but may also improve the processes through which
students participate in learning. Better attention, persistence, and strategic flexibility can support more effective learning over
time, while successful task performance may further reinforce students’ confidence and willingness to engage. Thus, the effects
of digital game-based learning may operate through mutually reinforcing behavioral and cognitive mechanisms.

In conclusion, digital game-based mathematics instruction was effective in improving learning behavior and academic
performance among sixth-grade elementary school students. After controlling for baseline differences, students receiving the
digital intervention showed significantly more favorable learning behaviors and higher mathematics performance than students
receiving conventional instruction. These findings support the use of carefully designed educational digital games as a
complementary instructional strategy in elementary mathematics education. Their effectiveness appears to depend not merely
on the use of technology itself, but on the integration of meaningful curricular content, active participation, immediate feedback,
repeated practice, and appropriately structured challenges. Incorporating such tools alongside conventional teaching may
therefore provide a practical approach for creating more engaging, responsive, and effective mathematics learning environments.
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