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ABSTRACT
Flipped learning has emerged as a novel approach in mathematics education.

Unlike traditional instruction, this method reverses the roles of classroom
activities and homework, offering students more opportunities for
interaction and active learning. This study, using the APOS theory (Action-
Process-Object-Schema), analyzes how students’ learning processes change
and examines their progress across different levels of understanding. The
research employed a quasi-experimental design with a pre-test—post-test
control group structure. The findings revealed that the average scores of the
experimental group improved significantly after the implementation of
flipped instruction compared to the control group. Analysis based on the
APOS theory indicated that, following flipped instruction, students in the
experimental group progressed from the superficial learning levels of action
and process to the deeper levels of object and schema. This shift reflects an
enhancement in conceptual understanding and problem-solving skills.
Therefore, flipped instruction has a positive and significant impact on
students” mathematical performance and fosters deeper thinking in learning
mathematical concepts. Additionally, based on learning theories, the study
explores the strengths and weaknesses of flipped learning and offers
suggestions for its effective implementation.
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Introduction

Mathematics is widely regarded as a cornerstone of education due to its
foundational role in developing analytical thinking, logical reasoning, and
problem-solving skills. However, for many students, mathematics often
becomes a source of anxiety and cognitive struggle, particularly when taught
using traditional, teacher-centered instructional methods that prioritize rote
memorization and passive absorption of information. In such environments,
students are seldom given the opportunity to engage with mathematical concepts
in meaningful ways, leading to shallow understanding and poor academic
outcomes.

Recent advances in educational technology and instructional design have
brought about new models that emphasize active, student-centered learning.
Among these models, flipped instruction (or flipped classroom) has gained
significant attention. In this approach, instructional content is delivered to
students outside the classroom through multimedia tools such as instructional
videos, digital simulations, and interactive readings while in-class time is devoted
to collaborative problem-solving, discussions, and personalized teacher support.
This paradigm shift from "teaching by telling" to "learning by doing" aligns well
with constructivist learning theories, which advocate for learners’ active
involvement in constructing their own knowledge.

To assess the depth and structure of students’ mathematical understanding in
such instructional contexts, cognitive frameworks are essential. One of the most
prominent frameworks in mathematics education research is the APOS theory
(Action, Process, Object, Schema), originally developed by Dubinsky and
colleagues. APOS theory describes how students internalize mathematical
concepts through a progression of mental constructions, from initial procedural
actions to integrated schemas of understanding. This study seeks to analyze how
flipped instruction facilitates students' progression along the APOS
developmental spectrum and contributes to their overall mathematical
performance.

Furthermore, the research explores how flipped instruction affects student
motivation, classroom interaction, and long-term retention of mathematical
concepts. The study is situated in Iranian educational settings, where
standardized international test scores such as TIMSS have consistently revealed
gaps in students' conceptual understanding, highlighting the urgent need for
pedagogical innovation. By bridging the flipped classroom model with APOS
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theory, this study offers a theoretically grounded and empirically tested approach
to improving mathematics education in secondary schools.

Research Questions
The following questions guided the investigation:

V. Does flipped instruction significantly improve students’ mathematical
performance compared to traditional teaching methods?

Y. How does flipped instruction influence students’ progression through
the APOS theory levels (Action, Process, Object, Schema)?

Y. What is the impact of flipped instruction on students’ attitudes toward
learning mathematics and their motivation to engage in problem-
solving?

€. What are the observed strengths and limitations of flipped instruction
from the perspectives of students and teachers?

Methodology

This study employed a quasi-experimental design with a pre-test—post-test
control group format. The research population comprised ninth-grade female
students from District 5 of Tehran, selected using cluster random sampling. A
total of 120 students were assigned to two groups: 60 students in the
experimental group received flipped instruction, and 60 students in the control
group received traditional instruction. The instructional intervention lasted for
eight weeks.

Instructional materials for the flipped classroom included teacher-made
videos aligned with the national curriculum. Students were expected to watch
the videos at home and complete structured worksheets. Class time in the
experimental group was dedicated to group-based problem-solving, teacher-led
Socratic questioning, and interactive discussion. The control group followed a
standard lecture-based model, with minimal student interaction during class and
independent practice assigned as homework.

Data were collected using two instruments: (1) a mathematics performance
test constructed to align with APOS levels, and (2) a validated attitude
questionnaire employing a five-point Likert scale. Both tools were reviewed by
a panel of seven subject-matter experts, and internal consistency was confirmed
with Cronbach's alpha coefficients above 0.80. Statistical analyses included
independent sample t-tests, ANCOVA, and APOS-based qualitative coding of
open-ended responses.
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Results

The results indicated a statistically significant improvement in the experimental
group’s performance. The average mathematics post-test score increased from
12.83 to 18.27 in the flipped group, whereas the control group’s score rose
modestly from 1256 to 14.34. An ANCOVA controlling for pre-test
performance revealed that 28% of the variance in post-test scores could be
attributed to the instructional method (n* = 0.28, p < 0.01).

Further analysis using APOS theory demonstrated that students in the flipped
classroom made noticeable cognitive advancements:

e At the Action level, the proportion of students decreased from 45% to
15% post-intervention.

e At the Process level, a moderate reduction from 30% to 25% was
observed, as students progressed toward deeper understanding.

e At the Object level, the percentage rose from 15% to 35%, indicating
enhanced abstraction and mental representation of mathematical
entities.

e At the schema level, students increased from 10% to 25%, signifying the
integration of mathematical knowledge and application across problem
contexts.

Qualitative feedback from students and teachers highlighted increased
classroom engagement, improved collaborative learning dynamics, and greater
enthusiasm toward mathematics. The flipped model also allowed for
differentiated instruction, enabling teachers to target students’ individual
misconceptions more effectively.

Conclusion
This study provides strong empirical evidence for the effectiveness of flipped
instruction in enhancing not only students’ mathematical performance but also
their cognitive development as interpreted through the APOS framework.
Flipped learning was shown to facilitate progression from surface-level
understanding to deeper conceptual insight, allowing students to construct
durable and transferable mathematical knowledge.

The findings advocate for broader adoption of flipped instruction in
mathematics classrooms, particularly when supported by well-designed digital
resources and teacher training. Integrating APOS theory into instructional
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planning ensures that teaching strategies align with students' cognitive needs.
The study also underscores the importance of balancing instructional innovation
with accessibility, ensuring that all students—regardless of technological
limitations— can benefit from enriched learning experiences.
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