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Extended Abstract
Introduction: Educational systems play a vital role in intellectual development and preparing learners for complex challenges. Mathematics education is particularly important because it develops not only computational abilities but also reasoning, analytical thinking, decision making, and problem-solving skills. The elementary years establish the cognitive foundations for higher-order thinking and future academic success. Consequently, improving mathematics instruction has become a global priority, with increasing emphasis on conceptual understanding rather than procedural memorization. Despite educational reforms, many elementary mathematics classrooms still rely on teacher-centered instruction based on explanation, repetition, and practice. Although these approaches may improve procedural accuracy, they provide limited opportunities for reasoning, exploration, and independent problem solving. As a result, students may become dependent on memorized procedures, struggle with unfamiliar problems, and lose confidence in mathematics.
Academic self-efficacy is a key psychological factor influencing mathematics learning. According to Bandura's Social Cognitive Theory, it refers to learners' beliefs about their ability to accomplish academic tasks successfully. Students with strong self-efficacy demonstrate greater persistence, use effective learning strategies, and respond more positively to challenges. Therefore, instructional approaches that provide successful learning experiences can strengthen academic confidence. Logical thinking is another major objective of mathematics education. It involves analyzing relationships, recognizing patterns, evaluating alternatives, and developing reasoned conclusions. Mathematics naturally promotes these abilities through systematic reasoning and problem solving, enabling learners to transfer knowledge to new situations.
Recent technological advances have expanded opportunities for interactive learning. Among these innovations, game-based learning combines educational objectives with challenge, feedback, exploration, and active participation. Algorithm-based educational games are especially valuable because they require learners to identify patterns, organize sequential steps, construct procedures, evaluate solutions, and revise strategies, thereby promoting reasoning and motivation. The effectiveness of algorithm-based games is supported by social cognitive theory, constructivism, and cognitive load theory, which suggest that structured game environments promote mastery experiences, active knowledge construction, and efficient cognitive processing. However, evidence regarding their effectiveness in elementary mathematics, particularly in Iranian schools, remains limited. Therefore, this study investigated the effects of algorithm-based educational games on academic self-efficacy and logical thinking among fourth-grade male students in Iranian public schools.
Methodology: This applied quantitative study employed a quasi-experimental pretest-posttest control group design to examine the effectiveness of algorithm-based educational games on students' academic self-efficacy and logical thinking. The design allowed evaluation of intervention effects while controlling initial differences between groups. The statistical population included all male fourth-grade students in public elementary schools of Sari, Mazandaran Province, Iran, during the 2024–2025 academic year (N = 4,215). Multistage cluster sampling was conducted. One educational district, one school, and two fourth-grade classrooms were randomly selected and assigned to experimental and control groups. The final sample consisted of 40 students (20 per group). Pretest results confirmed that the groups were equivalent before the intervention.
The experimental group participated in ten 45-minute sessions during regular mathematics classes. The algorithm-based educational games were designed according to fourth-grade mathematics content and focused on pattern recognition, sequencing, algorithm construction, evaluation of strategies, and problem solving. Activities included individual and collaborative tasks with immediate feedback and teacher guidance. The control group participated in non-algorithmic activities, including numerical games, multiplication exercises, traditional competitions, and puzzles without sequential procedures. Both groups received equal instructional time to ensure that algorithmic structure was the main difference between the interventions.
Academic self-efficacy was measured using the Sherer General Self-Efficacy Scale (Sherer et al., 1982), consisting of 17 items related to effort, persistence, and initiative. Cronbach's alpha for the total scale was 0.83. Logical thinking was assessed using the Kember Logical Thinking Questionnaire (Kember, 2000), containing 16 items across habitual action, understanding, reflective thinking, and critical thinking dimensions, with a reliability coefficient of 0.84. Data were analyzed using descriptive statistics and Multivariate Analysis of Covariance (MANCOVA) after examining statistical assumptions, including normality, variance homogeneity, and regression slope equality.
Findings: Descriptive results indicated that the experimental and control groups were comparable before the intervention in both academic self-efficacy and logical thinking. All participants completed the pretest and posttest assessments. The assumptions required for MANCOVA were confirmed. Normality was supported through Shapiro–Wilk tests and skewness and kurtosis values. Levene's test showed no significant differences in variances between groups (p > 0.05), Box's M test confirmed homogeneity of covariance matrices, and the interaction between group and pretest scores was not significant.
In the control group, academic self-efficacy increased from 3.22 (SD = 0.27) at pretest to 3.50 (SD = 0.45) at posttest. In the experimental group, scores increased from 3.25 (SD = 0.34) to 4.23 (SD = 0.43). Regarding logical thinking, the control group showed a slight increase from 2.90 (SD = 0.30) to 3.10 (SD = 0.28), while the experimental group improved from 3.05 (SD = 0.32) to 4.00 (SD = 0.35). These findings demonstrate that algorithm-based educational games produced greater improvements than conventional instruction.
MANCOVA results after controlling for pretest scores showed a significant effect of the intervention on academic self-efficacy (F = 27.13, p < 0.001, partial η² = 0.74). The experimental group achieved significantly higher adjusted posttest scores, indicating that algorithm-based games improved students' confidence in mathematics. Similarly, the intervention had a significant effect on logical thinking (F = 28.95, p < 0.001, partial η² = 0.72). Students who participated in algorithm-based games obtained higher adjusted scores than those in the control group. Therefore, both hypotheses were supported, confirming the positive effect of algorithm-based educational games on academic self-efficacy and logical thinking.
Discussion: The findings demonstrate that algorithm-based educational games significantly improved academic self-efficacy and logical thinking among fourth-grade male students, with large practical effects (partial η² = 0.74 and 0.72). These results align with previous research on game-based learning.
The improvement in self-efficacy supports Bandura's Social Cognitive Theory, as the games provided repeated mastery experiences through successful problem-solving and immediate feedback, reinforcing students' mathematical confidence—consistent with Kebritchi et al. (2010) and Sung and Hwang (2013). The enhancement in logical thinking is consistent with constructivist perspectives (Piaget, Vygotsky), as algorithmic activities required analysis, pattern recognition, and strategy evaluation, corroborating findings by Kim et al. (2018) and Papadakis and Kalogiannakis (2019). The simultaneous improvement in both variables suggests a reciprocal relationship between confidence and cognitive growth, with important implications for instructional design.
Conclusion and Recommendations: This study examined the effectiveness of algorithm-based educational games on fourth-grade male students' academic self-efficacy and logical thinking in mathematics. The findings showed that students who participated in the intervention achieved significant improvements compared with conventional instruction. These results support social cognitive theory, which considers mastery experiences as a major source of self-efficacy, and constructivist perspectives, which emphasize active knowledge construction. The simultaneous improvement in self-efficacy and logical thinking suggests that confidence and cognitive development may reinforce each other during learning.
The findings have important educational implications. Algorithm-based games can serve as an effective approach for mathematics teachers by promoting engagement, collaboration, problem solving, and reflective thinking. Curriculum designers and educational policymakers may consider integrating such activities into elementary mathematics programs. Teacher training programs should also prepare educators to effectively design and implement algorithm-based learning experiences.
Several limitations should be considered. The sample size was small and limited to male students in one urban area, reducing the generalizability of findings. The intervention lasted only ten sessions, and the long-term stability of improvements remains uncertain. In addition, the study could not completely separate the effects of game design, teacher facilitation, and peer interaction. Future research should involve larger and more diverse samples (including female students and different geographic regions), longer interventions, multiple assessment methods, and longitudinal designs. Further studies may also examine variables such as intrinsic motivation, mathematics anxiety, and prior gaming experience as possible factors influencing the effectiveness of algorithm-based educational games.
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