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Abstract: Mathematics is a core school subject, and suitable teaching methods can improve both
learning and performance. This study evaluated the efficiency and effectiveness of mathematics
instruction using Data Envelopment Analysis (DEA). The sample included 280 fourth-grade
male students selected through cluster sampling and divided into 14 groups of 20 students. Each
group received one of 14 teaching methods. Using content analysis and interviews with 15
experts, logical-mathematical intelligence, self-efficacy, metacognitive ability, and academic
motivation were defined as inputs, while creativity in problem solving, mathematics score,
academic achievement, and emotional impulse control were defined as outputs. The findings
showed that integrated, skill-oriented, creative, active, learner-centered, game-based, exploratory,
and group-oriented methods increased efficiency. STEM, project-based, and teacher-centered
methods remained unchanged, while group discussion, lecture, and demonstration-oriented
methods decreased efficiency.

Introduction: Improving academic performance is a major goal of education, especially in
mathematics, which has a central position in school curricula. Academic motivation,
metacognitive ability, and self-efficacy support learning by strengthening students’ drive,
regulation, and confidence. This study is innovative because it applies DEA as a mathematical
framework for comparing the relative efficiency of mathematics teaching methods.

Materials and Methods: This mixed exploratory field study used a descriptive-correlational
component. The population consisted of 280 fourth-grade male students from ordinary schools in
Education District 3 of Karaj in 2022-2023. Students were divided into 14 decision-making units,
and each unit received a specific teaching method. Input data were collected mainly with the
SHAHAB questionnaire. Output data were obtained from the Torrance creativity questionnaire,
the Fam and Taylor academic achievement questionnaire, the Roger and Najarian impulse
control questionnaire, and a teacher-designed mathematics performance test. Pre- and post-
instruction efficiency scores were calculated using an output-oriented CRS DEA multiplier
model solved in GAMS software.
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Results and Discussion: The DEA findings showed clear differences among the 14 teaching
methods. Creative teaching produced the greatest improvement in efficiency, with a progress
ratio of 2.32. Active teaching (1.61), game-based teaching (1.60), skill-oriented teaching (1.58),
exploratory teaching (1.36), learner-centered teaching (1.35), group-oriented teaching (1.35), and
integrated teaching (1.13) also improved efficiency. STEM, project-based, and teacher-centered
teaching produced no change, each with a ratio of 1.00. Group discussion and demonstration-
oriented teaching each showed a ratio of 0.85, while lecture-based teaching had the lowest ratio
(0.73), indicating regression. According to the efficiency ranking, the methods were ordered as
creative, active, game-based, skill-oriented, exploratory, group-oriented, learner-centered,
integrated, STEM, project-based, teacher-centered, demonstration-oriented, group discussion,
and lecture. The separate comparison of logical-mathematical intelligence also showed
improvement in almost all methods except STEM. These results indicate that teaching methods
do not have equal effects and that DEA can identify which instructional approaches increase,
maintain, or reduce mathematical performance efficiency.

Conclusion: The findings emphasize the importance of academic motivation, metacognitive
ability, and self-efficacy in students’ mathematical performance. The output-oriented CRS DEA
model provided a useful framework for evaluating teaching efficiency before and after
instruction. Methods that were more creative, active, game-based, skill-oriented, exploratory,
learner-centered, group-oriented, or integrated were more effective in improving efficiency,
whereas less interactive approaches did not show the same benefit. Educational planners and
teachers should therefore select and design teaching strategies that strengthen students’
motivation, metacognitive skills, and self-efficacy. Future studies should apply DEA to larger
samples and other educational levels.

Keywords: Logical-Mathematical Intelligence, Academic Motivation, Metacognitive Ability,
Self-Efficacy, Mathematical Performance, Data Envelopment Analysis.
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