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In recent years, the flipped classroom model has emerged as an innovative
pedagogical approach that effectively integrates technology with traditional
teaching methods. This instructional strategy, which inverts conventional
learning sequences, has gained increasing adoption globally in mathematics
education. Although numerous empirical studies have examined its efficacy
compared with traditional lecture-based methods, research findings have shown
considerable variability. To address this inconsistency, this meta-analysis
systematically evaluates the impact of the flipped classroom approach on
mathematics learning outcomes. This comprehensive study analyzes 15 Iranian
educational studies conducted between 2011 and 2023, comprising 16 distinct
effect sizes derived from experimental and quasi-experimental research
designs. The participant pool included students across various academic levels
within Iran's educational system. Data synthesis was performed using SPSS
software (version 28) with a random-effects model, and potential publication
bias was assessed using funnel plot visualization and Egger's regression
analysis. The results demonstrated a statistically significant, moderate overall
effect size (g = 0.73), indicating superior mathematics learning outcomes in
flipped classrooms compared to traditional instructional approaches. A
comprehensive bias assessment revealed no evidence of publication distortion
in the included studies. These findings strongly suggest that the flipped
classroom model represents an effective instructional innovation within Iran's
educational landscape. The study recommends that educators and policymakers
consider widespread implementation of this approach, contingent upon
adequate technological infrastructure and teacher training support.
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Introduction

The rapid evolution of information and communication technologies in the 21st century has profoundly
transformed educational paradigms worldwide (Akgundus & Akinoglu, 2016). Traditional teacher-
centered instructional models have become increasingly inadequate in our technology-driven era (Wang
et al., 2012). Mathematics, as a foundational discipline crucial for scientific and technological
advancement, presents particular challenges in this transition. Contemporary society demands practical
mathematical literacy for informed decision-making, yet conventional passive teaching methods often
hinder students' conceptual understanding. Despite its critical importance, many students perceive
mathematics as particularly challenging, negatively affecting engagement and participation, especially at
primary and secondary levels. In response, educators and researchers have explored various alternative
teaching methodologies to enhance student motivation and active learning. The flipped classroom
approach has gained significant international traction in both school and university settings. Its classroom
model represents a form of active learning based on the fundamental premise of reversing traditional
educational processes. In this approach, students first independently engage with digital learning materials
covering core content, allowing them to control the pace, timing, and location of their initial learning
experience (Giler & et al, 2023). This preparation enables classroom time to be dedicated to active
problem-solving, collaborative exercises, and individualized teacher support (Kang, 2015). This paradigm
shift from instructor-centered to learner-centered education formed the basis of the current meta-analysis,
which specifically examines the effectiveness of flipped classroom implementation on mathematics
learning outcomes among Iranian students.

Research Findings

Following rigorous screening and application of inclusion/exclusion criteria, 15 qualifying studies were
selected for meta-analytic synthesis, yielding 16 effect size measures. After removing one statistical
outlier, 15 effect sizes were retained for final analysis. Homogeneity assessment using Cochran's Q test (Q
=18.53) and |2 statistic (12 = 27%) supported the use of a fixed-effect model for calculating the effect size.
The computed average effect size of g = 0.74, when interpreted using Thalheimer and Cook's (2002)
classification system (where g < 0.40 represents small effects and 0.40 < g < 0.75 indicates medium
effects), suggests that the flipped classroom approach produces a moderate positive impact on mathematics
learning outcomes. This finding leads to the conclusion that the flipped classroom model significantly
enhances the mathematical performance of Iranian students compared to traditional instructional methods.
Furthermore, exhaustive publication bias analysis confirmed the absence of significant bias in the included
studies.
Conclusion

The results of this meta-analysis underscore several important implications for educational practice.
Traditional passive learning approaches often result in student disengagement and diminished motivation.
In contrast, the flipped classroom model facilitates deeper and more meaningful learning by allowing
students to encounter material independently, and then engage in active application during class sessions.
This preparatory exposure creates opportunities for content review and mastery before classroom
meetings, enabling students to arrive with informed questions and participate more effectively in
collaborative learning experiences. Unlike traditional classrooms where substantial time is devoted to note-
taking and passive reception of information (Bergmann & Sams, 2012), the flipped model optimizes
valuable face-to-face time for higher-order cognitive activities.

Based on these robust findings, the systematic implementation of flipped classroom methodologies
appears essential for supporting student progress in mathematics. Successful adoption requires careful
consideration of student needs and proper implementation strategies to maximize learning quality. These
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results provide valuable evidence for educational policymakers seeking to enhance instructional
effectiveness in mathematics education through innovative approaches.
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