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Abstract

This study aimed to investigate the effect of flipped learning, compared with traditional teaching, on mathematics learning and its
components, including circle area, decimal division, multiplication and division of fractions, and ratio and proportion, among sixth-grade
students in District 14 of Tehran. This applied quantitative study employed a quasi-experimental pretest—posttest design with a control
group. The statistical population comprised 4,926 upper-primary students in District 14 of Tehran. Using multistage cluster sampling, 30
sixth-grade students were selected and randomly assigned to experimental and control groups, with 15 students in each group. Data were
collected using teacher-made mathematics achievement tests. Content validity was confirmed by nine primary-school teachers and
university specialists, while Cronbach’s alpha coefficients for the pretest and posttest were 0.825 and 0.879, respectively. Data were
analyzed in SPSS version 26 using analysis of covariance (ANCOVA). ANCOVA results indicated that, after controlling for pretest
performance, flipped learning significantly improved overall mathematics learning compared with traditional teaching (F=7.15, p=.001).
Significant intervention effects were also found for circle area (F=7.15, p=.001), decimal division (F=7.52, p<.001), multiplication and
division of fractions (F=7.71, p=.008), and ratio and proportion (F=6.27, p=.001). Thus, the main hypothesis and all four subsidiary
hypotheses were supported, demonstrating a consistent advantage of flipped instruction across the mathematics topics examined. Flipped
learning appears to be an effective instructional approach for improving mathematics learning among sixth-grade students. Shifting part
of direct content delivery outside the classroom and devoting classroom time to practice, interaction, problem-solving, and corrective
feedback may provide greater opportunities for active learning and consolidation of mathematical concepts. Accordingly, systematic
incorporation of flipped learning into primary mathematics instruction, accompanied by appropriate teacher preparation, is recommended.
Keywords: Flipped Learning, Flipped Classroom, Traditional Teaching, Mathematics Learning, Sixth-Grade Students, Primary
Education.
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EXTENDED SUMMARY

Introduction

Mathematics education at the primary-school level plays a fundamental role in the development of logical reasoning, problem-
solving, quantitative literacy, and the cognitive foundations required for subsequent academic learning. Effective mathematics
instruction therefore requires teaching approaches that move beyond the passive transmission of information and provide learners
with opportunities to engage actively with mathematical concepts, practice newly acquired procedures, receive timely feedback,
identify misconceptions, and apply knowledge to different problem situations. Contemporary theories of learning emphasize
that meaningful learning is strengthened when learners actively process information, relate new knowledge to prior cognitive
structures, and participate in purposeful learning activities rather than merely receiving information from the teacher (Olson
& Hergenhahn, 2022; Seif, 2023). Accordingly, contemporary instructional perspectives increasingly emphasize learner-
centered and active teaching strategies that encourage participation, interaction, reflection, and responsibility for learning
(Shabani, 2023).

The expansion of digital technologies and access to multimedia educational resources has provided new opportunities for
reorganizing the relationship between classroom instruction and out-of-class learning. One increasingly prominent approach is
flipped learning, in which the initial presentation of instructional content is moved outside the classroom, while classroom time
is primarily devoted to practice, problem-solving, discussion, interaction, corrective feedback, and application of knowledge.
In this model, students generally encounter introductory materials before attending class and subsequently use classroom time
for more cognitively demanding activities under the guidance of the teacher. Consequently, flipped learning is not simply the
relocation of lectures from school to home; rather, it represents a restructuring of the teaching-learning process intended to
maximize active classroom engagement and make more productive use of face-to-face instructional time (Bond, 2025;
Wittmann & Wulf, 2023).

An important characteristic of flipped learning is the transformation of the traditional roles of teachers and students. Teachers
move from being the primary transmitters of information toward serving as facilitators, instructional guides, feedback providers,
and managers of learning activities, whereas students assume greater responsibility for preparation, participation, and regulation
of their own learning. Evidence suggests that the effectiveness of flipped instruction depends substantially on the relationship
between pre-class preparation and in-class participation. Students’ behaviors before and during class have been identified as
important predictors of learning performance and learning experience in flipped environments (Chen et al., 2023). Similarly,
approaches that combine structured pre-class guidance with in-class reflection and practice may contribute to improvements in
motivation, self-efficacy, strategy use, and performance (Lin et al., 2021). Thus, the effectiveness of the flipped model is
strongly influenced by instructional design rather than by the mere provision of digital materials.

Research conducted in different educational settings generally supports the potential of flipped learning to improve student
engagement and academic outcomes. A systematic review of flipped learning in K-12 education demonstrated its potential to
enhance different dimensions of student engagement, although outcomes varied according to implementation characteristics,
learner profiles, and instructional contexts (Bond, 2025). Research in higher education has similarly shown that flipped
instruction combined with collaborative activities can support active participation and application of knowledge (Burgman et
al., 2023). Reviews in nursing education have also highlighted increased student engagement under flipped formats, while
simultaneously indicating that effects may differ across educational outcomes (Ng, 2023). Likewise, quasi-experimental
findings in evidence-based nursing education suggest that flipped classrooms can improve selected competencies and attitudes,
although superiority over conventional instruction is not necessarily uniform across all learning indicators (Ruzafa-Martinez
et al., 2023).

Meta-analytic evidence further suggests that flipped instruction can be effective in both quantitative and non-quantitative courses,
while the magnitude of its effects depends on context and implementation quality (Sabrina & Garnjost, 2023). Similarly,
evidence comparing online, blended, flipped, and conventional classroom instruction emphasizes that favorable outcomes should
not be attributed to technology itself; rather, educational gains depend substantially on the quality of instructional design and
the pedagogical integration of technology (Schmid et al., 2023). Teacher-related variables may also contribute to the
effectiveness of flipped environments. Students’ positive perceptions of instructors’ attitudes and supportive instructional
behavior have been associated with more favorable learning experiences in flipped classrooms (Wittmann & Wulf, 2023).
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These findings indicate that successful flipped instruction requires purposeful integration of technology, learner preparation,
active classroom tasks, and teacher support.

Evidence from school-based studies is particularly relevant to the present investigation. The use of flipped and other active
instructional methods among sixth-grade students has been associated with improved learning outcomes, indicating that students
at this educational level are capable of benefiting from learner-centered instructional structures (Shahmohammadi et al.,
2024). Research has also considered the influence of flipped instruction on academic self-efficacy among secondary-school
students, suggesting that active instructional methods may affect not only achievement but also students’ beliefs about their
academic competence (Samiei, 2024). Comparisons between flipped and traditional lecture-based instruction have likewise
indicated advantages for flipped approaches in learning outcomes (Moradi & Jafarzadeh, 2024). In other subject areas,
flipped instruction has been associated with improved learning in Arabic syntax (Parvin & Farrokhipour, 2022), while
research with primary-school students has reported positive effects on academic performance and creativity (Naseri
Moghadam & Razavi, 2022).

Mathematics may be particularly suitable for flipped instruction because successful learning in this subject requires more than
exposure to definitions and procedures. Students must practice, solve problems, identify errors, receive feedback, and gradually
develop conceptual and procedural understanding. Previous research has shown that flipped learning can positively influence
academic engagement in mathematics, suggesting that its effects may operate partly through increased cognitive, behavioral, and
emotional involvement in learning activities (Sahebyar et al., 2021). More broadly, effective teaching methods that make
purposeful use of new technologies may enrich instructional processes when technology is aligned with pedagogical objectives
rather than used merely as an alternative delivery medium (Ghorbanzadeh et al., 2018). Accordingly, the present study
aimed to investigate the effect of flipped learning compared with traditional teaching on mathematics learning, including circle
arca, decimal division, multiplication and division of fractions, and ratio and proportion, among sixth-grade students in District
14 of Tehran.

Methods and Materials

This applied quantitative study employed a quasi-experimental pretest-posttest design with a control group. The statistical
population consisted of 4,926 upper-primary-school students in District 14 of Tehran. Using multistage cluster sampling, one
primary school was selected and eligible sixth-grade students were screened according to their mathematics performance. Thirty
students whose academic performance was reasonably comparable were ultimately included and randomly allocated to an
experimental group receiving flipped instruction and a control group receiving traditional instruction, with 15 students in each
group. Replacement participants were used when several parents declined participation, ensuring that the final sample size
remained 30.

Mathematics learning was assessed using teacher-made tests covering four instructional topics: circle area, decimal division,
multiplication and division of fractions, and ratio and proportion. Pretest and posttest instruments were developed to be
comparable in difficulty, number of items, response format, and instructional content while using different specific questions to
reduce direct recall effects. Each assessment generated a score on a 20-point scale. Content validity was reviewed by nine
primary-school teachers and university specialists in educational management and curriculum planning. Internal consistency was
acceptable, with Cronbach’s alpha coefficients of 0.825 for the pretest and 0.879 for the posttest. Four short topic-specific
quizzes were also administered during the instructional period to monitor students’ learning and provide opportunities for
corrective feedback.

The intervention covered the four mathematics topics over eight instructional days. Each topic was allocated two days: one day
for instruction and one day for a quiz, practice, error correction, and consolidation. The control group received conventional
teacher-led instruction, whereas the experimental group followed the flipped-learning protocol. In the flipped condition,
students encountered initial instructional content before classroom sessions, and classroom time was used primarily for practice,
problem-solving, questions, corrective feedback, and reinforcement. Parents of students in the experimental group were
informed about the home-learning requirements and received guidance and checklists to support implementation. The same
teacher taught both groups to minimize instructor-related variation.

Data were analyzed using SPSS version 26. Descriptive statistics included means and standard deviations. Before inferential
testing, normality was examined using the Kolmogorov-Smirnov test and homogeneity of variances using Levene’s test. Analysis
of covariance was then employed to compare post-intervention learning outcomes while controlling for baseline performance.
Statistical significance was evaluated at the 0.05 level.

Findings

Descriptive results showed that the experimental and control groups had similar initial mathematics scores. At pretest, the
traditional-instruction group had a mean score of 17.06 with a standard deviation of 2.78, whereas the flipped-learning group
had a mean of 16.93 with a standard deviation of 3.02. Following the intervention, the mean score of the flipped-learning group
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increased to 19.33 with a standard deviation of 1.84, representing an increase of 2.40 points from its pretest mean. The reduction
in standard deviation also indicated that students’ scores became less dispersed after flipped instruction.

The assumptions required for covariance analysis were supported by the reported tests. The Kolmogorov-Smirnov test indicated
no significant departure from normality for pretest scores (Z=1.098, p=0.075) or posttest scores (2=0.251, p=0.103).
Levene’s test was also nonsignificant (F=2.32, p=0.134), supporting the assumption of homogencous variances.

After controlling for pretest performance, ANCOVA demonstrated a statistically significant effect of instructional method on
overall mathematics learning, F(1,50)=7.15, p=0.001. Topic-specific analyses also showed significant effects in favor of flipped
learning. For circle area, the instructional effect was significant, F(1,50)=7.15, p=0.001. For decimal division, a significant
difference was also observed, F(1,50)=7.52, p<0.001. Flipped instruction significantly affected learning of multiplication and
division of fractions, F(1,50)=7.71, p=0.008, and the effect was likewise significant for ratio and proportion, F(1,50)=6.27,
p=0.001. Thus, the primary hypothesis and all four topic-specific hypotheses were supported.

Discussion and Conclusion

The findings indicate that flipped learning was more effective than traditional instruction for improving mathematics learning
among the participating sixth-grade students. The significant overall effect, together with significant effects across all four
mathematics topics, suggests that the benefits of flipped instruction were not confined to a single type of mathematical task.
Instead, the approach appeared useful across topics involving both conceptual understanding and procedural computation.

One plausible explanation is the reallocation of classroom time. By allowing students to encounter instructional content before
class, the flipped model created more classroom opportunities for guided practice, problem-solving, feedback, and correction
of misunderstandings. This structure is particularly relevant to mathematics, where students often require immediate assistance
when applying procedures or confronting conceptual difficulties. The teacher’s presence during practice may therefore help
prevent persistent errors and facilitate more accurate understanding.

The findings may also reflect increased student engagement. Because students entered class with preliminary exposure to the
lesson content, classroom activities could focus on active processing rather than initial information delivery. Such engagement
may encourage students to ask questions, compare solution strategies, practice more extensively, and participate more directly
in their own learning. The reduction in score variability after the intervention may additionally suggest that the flipped approach
supported not only higher average achievement but also greater consistency in student performance.

The effectiveness observed across circle area, decimal division, fraction operations, and ratio and proportion further suggests
that flipped learning can be adapted to different mathematical domains. These topics require repeated practice and progressive
mastery, making them appropriate for an instructional structure in which basic content is introduced beforchand and classroom
time is used for supported application.

Nevertheless, the findings should be interpreted within the boundaries of the study design. The sample was small and drawn
from a single school, the intervention was relatively brief, and no follow-up assessment was conducted. Therefore, the durability
and generalizability of the observed effects remain uncertain. Even so, the results provide evidence that a carefully structured
flipped-learning approach can improve mathematics learning among sixth-grade students. The study therefore supports the use
of flipped instruction as a practical alternative or complement to traditional mathematics teaching, particularly when pre-class
preparation is closely connected to active, teacher-supported classroom practice.
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