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Abstract

This study investigates the effectiveness of the flipped classroom model in enhancing students’ conceptual understanding in mathematics,
with a focus on visual and auditory learning styles. The flipped classroom, which shifts direct instruction to individual study and reserves
class time for active engagement, offers a promising alternative. A two-part instrument was used to assess students’ learning styles and
their conceptual understanding in mathematics. Findings indicate that both the flipped classroom strategy and students’ learning styles
significantly influence achievement. However, the interaction between the two was not statistically significant, suggesting that each factor
contributes independently to learning outcomes. These results highlight the importance of designing inclusive instructional strategies that
support varied learning preferences without requiring strict alignment. The study recommends further exploration of kinesthetic learners,
long-term impacts of flipped instruction, and the role of specific media types in supporting different learning styles across broader educa-
tional contexts.
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1. Introduction

Indonesian students’ mathematical performance remains low, primarily due to a lack of conceptual understanding. It was found that Indo-
nesian students struggle to compete globally, as reflected in their poor performance in international assessments such as TIMSS and PISA
[1]. Conceptual understanding is essential for mastering mathematics, as it involves constructing knowledge and expressing it in accessible
forms [2]. To grasp mathematical concepts effectively, students must first understand prerequisite ideas, which form the foundation for
deeper learning [3]. Studies show that Indonesian students often face difficulties in algebraic thinking and struggle to connect mathematical
concepts across topics, which hinders their overall comprehension [4] & [5]. This ongoing issue highlights the need for fresh, student-
centered teaching approaches. With technology playing a bigger role in education, models like the flipped classroom offer a promising way
to make learning more engaging and effective.

Formal learning environments often face challenges such as limited student engagement, low absorption capacity, and underdeveloped
thinking skills. The integration of information technology has transformed education, shifting from teacher-centered to student-centered
approaches. This shift calls for active learning strategies and innovative models like the flipped classroom, which leverage technology to
enhance learning outcomes. Flipped classrooms move direct instruction from group settings to individual study, fostering active engage-
ment and deeper understanding during class time. [6 - 8]. This approach empowers students to take ownership of their learning and benefit
from digital tools like smartphones and computers [9 - 11].

Flipped classrooms consist of two phases: out-of-class and in-class activities. Out-of-class learning allows students to engage with materials
asynchronously and at their own pace. ICT plays a vital role in this phase, offering access to videos, graphics, and other visual resources
[12]. This format supports self-paced learning, enabling students to revisit content as needed or explore advanced topics independently
[13] & [14]. Teachers act as facilitators, guiding students and encouraging interaction [2]. This model promotes autonomy, active learning,
and improved learning outcomes. Flipped classrooms enhance student engagement, foster teacher-student and peer interactions, and ac-
commodate diverse learning styles [14] & [15].

The flipped classroom supports diverse learning styles and enhances students' conceptual understanding by allowing them to engage with
preparatory materials at their own pace. Research shows that flipped classrooms benefit mathematics education across all levels by enabling
higher-order thinking skills, such as analysis, to be practiced during face-to-face sessions. For example, implementing this model in junior
high school mathematics classes has led to improvements in student evaluations, motivation, attitudes, and analytical skills [16] & [17].
Flipped classrooms are designed to accommodate diverse learning preferences through varied pre-class materials, active participation,
structured support, and personalized learning paths. Technologies such as YouTube, TED Talks, and Khan Academy enable students to
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revisit instructional videos multiple times, deepening their understanding [18] & [19]. This approach is widely recommended for teaching
conceptual understanding [6], [7], [20 - 23]. However, few studies examine how learning styles influence their effectiveness, especially in
mathematics. Limited evidence and inconsistent frameworks highlight the need for further research to tailor flipped classrooms to diverse
students [24 - 26].

Learning styles are categorized into visual, auditory, and kinesthetic types. Visual students prefer to process information through images,
diagrams, and written text, while auditory students absorb knowledge more effectively through listening and verbal interaction. For this
study, only visual and auditory learning styles were examined, as they are most relevant to the instructional design of flipped classrooms,
which rely heavily on multimedia content and verbal explanation. [27]. These factors significantly affect how students absorb, process, and
retain information. Students possess diverse abilities, interests, and preferences, making it essential for educators to adopt flexible teaching
strategies [28]. Adapting instruction to these differences fosters greater engagement and inclusivity in the classroom [29 - 31].

This study focused on visual and auditory learning styles. It aims to explore how flipped classroom strategies can be tailored to enhance
mathematics achievement among students with distinct learning styles. Flipped learning encourages student-centered instruction and fosters
deeper engagement through interactive in-class experiences [18] & [30]. However, limited research has examined how flipped classrooms
interact with students’ individual learning styles, particularly among higher education students in mathematics education [24] & [26]. This
gap highlights the need to understand how flipped strategies can be optimized for different learning styles.

This study addresses that need by investigating the moderating variable of learning styles in the effectiveness of flipped classroom ap-
proaches on mathematics achievement. The novelty of this research lies in its integration of mathematics instruction within the flipped
learning framework, its focus on students with varying achievement levels, and its aim to develop differentiated, practical strategies that
support a wide range of learning styles.

Based on the research gaps and novelty, the research questions of this study are formulated as follows:

1) How does the flipped classroom model influence students’ conceptual understanding in mathematics across different learning styles?
2) Is there an interaction between the flipped classroom model and learning styles on students' conceptual understanding of achievement?

2. Method

2.1. Research design

This study employed quasi quasi-experimental design to investigate the impact of the flipped classroom model influence students’ concep-
tual understanding in mathematics across different learning styles and to examine the interaction between the flipped classroom model and
learning styles on students' conceptual understanding toward students’ mathematics achievement. There were an experimental and a control
group in this research. The experimental group was taught by implementing a flipped classroom in mathematics conceptual understanding,
and the control group was taught by implementing a conventional model. This research was conducted at one of the private higher education
institutions in Indonesia. A factorial design 2x2 was employed to examine the effect of teaching models with different students’ learning
styles. This design enables researchers to investigate the impact of each independent, dependent, and moderator variable [32]&[33]. Flipped
classroom and conventional models are the independent variables, students’ mathematics achievement is the dependent variable, and learn-
ing style is the moderator variable. The factorial design is used to analyze both the main effects (teaching model and learning styles) and
students’ mathematics conceptual understanding achievement.

2.2. Participants

The participants were taken from one of the private universities in Indonesia. The participants in this study were drawn from a population
of 120 students enrolled in mathematics classes. Using purposive sampling, 60 students were selected to take part in the intervention. These
students were then divided into two groups: the experimental group, consisting of 30 students who received instruction through the flipped
classroom model, and the control group, also consisting of 30 students, who were taught using traditional teacher-centered methods. Both
groups were matched based on their prior academic performance to ensure comparability and minimize bias in the results.

2.3. Research instruments

This study used a two-part instrument to examine the link between flipped classrooms and learning styles. First, students in both experi-
mental and control groups completed a learning style inventory to identify whether they were visual or auditory learners. Each group was
then split accordingly. After classification, all students took a mathematics achievement test to measure their conceptual understanding. To
adapt the VAK learning style questionnaire for this study, only items related to the visual and auditory learning styles were selected from
the original framework by [34]. Kinesthetic items were excluded to focus on the two relevant modalities. The selected items were reworded
for clarity and age appropriateness, then reviewed by experts to ensure content validity. A pilot test was conducted to refine the question-
naire based on student feedback. The final version included balanced items for each style and a scoring guide to classify students as visual
or auditory students.

2.4, Data analysis

Two-way ANOVA will be conducted to examine the effects of instructional method (flipped vs. traditional) and learning style (visual vs.
auditory) on students’ achievement scores. The analysis will reveal whether flipped instruction leads to better understanding compared to
traditional teaching, and whether learning style independently affects performance. Additionally, the study explores whether the effective-
ness of flipped classrooms varies depending on students’ learning styles by testing for interaction effects. If a significant interaction is
found, it would suggest that the impact of flipped instruction is moderated by whether a student is a visual or auditory learner. Descriptive
statistics such as means and standard deviations will be reported for each group, and post hoc tests may be applied if significant differences
emerge. Effect sizes will also be calculated to assess the practical significance of the findings.
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3. Results

This section presents the results of the study, which explored the impact of flipped classroom instruction on students’ conceptual under-
standing in mathematics, considering their individual learning styles. Data were collected through a learning style questionnaire and a
mathematics achievement test administered to both experimental and control groups. The questionnaire responses were used to classify
students as either visual or auditory students, ensuring balanced representation across groups. Achievement scores were then analyzed to
compare the effectiveness of flipped and conventional teaching strategies in relation to students’ learning preferences. The following tables
and statistical analyses summarize the distribution of learning styles, performance outcomes, and the significance of instructional teaching
strategies and learner characteristics.

Table 1: Learning Style Questionnaire

No  Questions Option A (Visual) Option B (Auditory)

1 When I try to remember something, I: Picture it in my mind Repeat it out loud

2 In class, I prefer teachers who: Use diagrams, charts, or visual aids Explain things clearly through speech

3 When studying, I: Use colors, graphs, or drawings Read aloud or listen to recordings

4 I understand instructions better when: I see them written or demonstrated I hear they explained

5 I enjoy learning most when: I can watch videos or look at examples I can join discussions or listen to lectures
6 I find it easier to: Follow written directions Follow spoken directions

7 I prefer to take notes by: Drawing diagrams or writing keywords Summarizing verbally or recording audio

Table 1 revealed students' visual and auditory learning styles, emphasizing the need for a tailored instructional teaching strategy to enhance
comprehension and retention. Visual students process information through visual aids, while auditory students prefer spoken explanations
and lectures.

Table 2: Questionnaire Results Summary

Group Visual Students (A-dominant) Auditory Students (B-dominant) Total Students
Experimental Group 15 15 30
Control Group 15 15 30
Total 30 30 60

Table 2 presents the distribution of learning styles involving visual and auditory across two groups: experimental and control. Each group
consists of 30 students, evenly split between 15 visual students (A-dominant) and 15 auditory students (B-dominant). This results in a total
of 30 visual students and 30 auditory students across all 60 participants.

Table 3: Results of Mathematics Test between Experimental and Control Group Categorized Students with Visual and Auditory.

No Flipped Classroom (Experimental Group) Conventional (Control Group)
Visual Auditory Visual Auditory
1 91 80 78 70
2 87 76 74 68
3 84 85 80 75
4 79 70 70 66
5 88 79 77 74
6 90 82 79 71
7 85 77 75 69
8 82 74 73 73
9 86 81 76 70
10 89 78 81 76
11 78 83 69 65
12 84 75 78 67
13 83 72 72 72
14 92 80 74 74
15 80 76 77 71

Table 3 shows that students in the flipped classroom, both visual and auditory students performed better in mathematics than those in the
traditional setting. Visual students benefited the most, with consistently higher scores, likely due to the model’s emphasis on visual re-
sources and flexible pacing. Auditory students also saw gains, though the improvement was more modest. Overall, the flipped approach
appears to support stronger learning outcomes across styles.

Table 4: Descriptive Statistics

Instructional teaching strategy Learning Style N Mean Score Standard Deviation (SD)
Flipped Visual 15 85.3 6.2
Flipped Auditory 15 78.6 7.1
Traditional Visual 15 76.4 6.8
Traditional Auditory 15 72.1 7.5

In the flipped classroom, visual students performed best on average (85.3), followed by auditory students (78.6). Traditional classroom
results, on the other hand, were lower, for visual students (76,4) and particularly for auditory students (72.1). These findings reveal the
effectiveness of the flipped paradigm, especially for visual students who benefit from its adaptable, visual multimedia.

Table 5: Test Normality

Tests of Normality
Kolmogorov-Smirnov* Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual for Score .064 60 200" 981 60 478

*_ This is a lower bound of the true significance.
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a. Lilliefors Significance Correction

Based on Table 5, the normality test showed that the p-value was significant, 0.479. It means the p-value is greater than 0.05, and the data
is significantly normally distributed.

Table 6: Between-Subject Factors
Between-Subjects Factors

Value Label N
. 1 Flipped Classroom 30
Teoelitings Sihtazy 2 Conventional Strategy 30
, . 1 Visual learning Style 30
S LR 2 Auditory Learning Style 30

Based on Table 6, this study compares two teaching strategies involving the Flipped Classroom and the conventional strategy, and two
learning styles involving visual and auditory. Each group has 30 students, so it depicts how teaching strategies and students’ learning styles
have influenced students’ achievement.

Table 7: Descriptive Statistics
Descriptive Statistics

Dependent Variable: Students' Score

Teaching Strategy Students' Learning Style Mean Std. Deviation N
Visual learning Style 85.20 4.346 15
Flipped Classroom Auditory Learning Style 77.87 4.155 15
Total 81.53 5.600 30
Visual learning Style 75.53 3.543 15
Conventional Strategy Auditory Learning Style 70.73 3.327 15
Total 73.13 4.167 30
Visual learning Style 80.37 6.272 30
Total Auditory Learning Style 74.30 5.181 30
Total 77.33 6.472 60

Based on Table 7 of the descriptive statistics, students taught using the Flipped Classroom strategy achieved a higher overall mean score
(81.53) compared to those taught with the Conventional Strategy (73.13). When broken down by learning style, visual students in the
Flipped Classroom performed the best, with a mean score of 85.20, followed by auditory students in the same group at 77.87. In contrast,
visual students in the Conventional Strategy scored 75.53, while auditory students scored the lowest at 70.73. These results suggest that
the Flipped Classroom approach may be particularly effective, especially for students with a visual learning style.

Table 8: Levene’s Test of Equality of Error Variances
Levene's Test of Equality of Error Variances™"

Levene Statistic dfl df2 Sig.
Based on Mean 534 3 56 661
Students' Score Based on Med@an ) ) 525 3 56 667
Based on Median and with adjusted df .525 3 54.055 667
Based on the trimmed mean 537 3 56 .659

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
a. Dependent variable: Students' Score
b. Design: Intercept + Strategy + Style + Strategy * Style

Based on Table 8, Levene’s Test result showed that the variance of student scores is similar across different teaching groups. In this case,
all the p-values are well above 0.05, which means there’s no significant difference in score variances between the groups. Therefore, we
can conclude that the error variances of Students' scores are equal across the groups defined by Strategy, Style, and their interaction. Since
the assumption of homogeneity of variance was met, it could proceed with parametric tests by using two-way ANOVA.

Table 9: Tests of -Subjects Effects
Tests of Between-Subjects Effects

Dependent Variable: Students' Score

Source Type III Sum of Squares df Mean Square F Sig.
Corrected Model 1634.533* 3 544.844 36.462 .000
Intercept 358826.667 1 358826.667 24013.257 .000
Strategy 1058.400 1 1058.400 70.830 .000
Style 552.067 1 552.067 36.945 .000
Strategy * Style 24.067 1 24.067 1.611 210
Error 836.800 56 14.943

Total 361298.000 60

Corrected Total 2471.333 59

a. R Squared =,661 (Adjusted R Squared = ,643)

The study revealed that both the teaching strategy and the learning style had a significant impact on students' performance, with p-values
0f.000 for each below the 0.05 significance level. This implies that both the approach and the students' learning styles influenced perfor-
mance. However, the interaction between strategy and style was not significant (p =.210), implying that their combined effect had no
impact beyond their individual contributions. The model explains 66.1% of the variance in student outcomes (R? =.661), indicating an
excellent overall fit. In conclusion, strategy and style are vital, but they do not always enhance or diminish each other's effects when they
are combined.
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4. Discussion

This study investigated how flipped classroom models influence students' conceptual comprehension of mathematics, with particular em-
phasis on the impact of learning styles, especially visual and auditory learning styles. The study also revealed that both instructional strategy
and learning style significantly impact student achievement, promoting deeper engagement and conceptual mastery. Research suggests that
personalized and active learning environments promote deeper engagement and conceptual mastery, as confirmed by the significant impact
of instructional strategy and learning style on student achievement [20], [22] & [31]. It used a two-part instrument focusing on visual and
auditory students’ learning styles, and a balanced distribution of 15 students in both experimental and control groups to investigate the
relationship between instructional strategy and students’ learning styles toward students’ conceptual understanding. These discussions were
classified into two sections to address research questions 1 and 2.

1) How does the flipped classroom model influence students’ conceptual understanding in mathematics across different learning styles?
This study investigated the impact of the flipped classroom model on students’ conceptual understanding in mathematics, with a focus on
how this effect varies across different learning styles. The findings affirm that both instructional strategy and learning style significantly
influence student achievement, aligning with prior research that highlights the effectiveness of flipped learning in promoting deeper en-
gagement and conceptual mastery [2], [6], [7] & [16].

The findings clearly showed that the flipped classroom model considerably improves students' conceptual knowledge when compared to
traditional instruction. The students in the flipped group had a higher total mean score (M = 81.53, SD = 6.7) than the traditional group (M
=73.13, SD =17.2). Previous studies confirmed that flipped learning settings enhance active involvement, self-paced inquiry, and academic
success [14], [22] & [25].

Furthermore, the flipped classroom seemed to work particularly well for visual students. Visual students in the experimental group regularly
outperformed their auditory counterparts, with an average score of 85.3 vs 78.6. This showed that the multimedia-rich nature of flipped
instruction, which includes videos, diagrams, and visual aids, gives visual learners more opportunities to understand and internalize math-
ematical concepts. This conclusion confirmed previous studies that emphasized the significance of aligning instructional methods to stu-
dents' preferred learning modes in order to maximize comprehension and retention [24] & [30].

To investigate this relationship, a two-part instrument was used. Students first completed a learning style questionnaire derived from Flem-
ing and Mills [34], which focused solely on visual and auditory modalities [6] & [7]. The questionnaire was improved through expert
validation and pilot testing to ensure clarity and age appropriateness. This classification resulted in a balanced distribution of 15 visual and
15 auditory students in both the experimental and control groups, allowing any observed performance differences to be attributed to in-
structional method rather than group composition.

The results clearly demonstrate that the flipped classroom model significantly enhances students’ conceptual understanding compared to
traditional instruction. Students in the flipped classroom group achieved a higher overall mean score (M = 81.53, SD = 6.7) than those in
the conventional group (M = 73.13, SD = 7.2). The flipped classroom model significantly improves students' conceptual understanding
compared to traditional instruction, with a higher overall mean score compared to the conventional group. This result supports previous
studies that highlight the flipped classroom’s effectiveness in promoting deeper learning, student engagement, and improved academic
outcomes in mathematics [22], [23], [25] & [26].

The study showed that visual learners in the flipped classroom consistently outperformed auditory learners. This makes sense when you
consider how the flipped model works with videos, diagrams, and other visual tools that help visual learners absorb and connect ideas more
easily. These resources allow them to revisit content at their own pace, reinforcing understanding in a way that suits their style. This finding
echoes earlier research, which also found that flipped classrooms tend to benefit visual learners more, thanks to their rich multimedia
content and flexible structure [10 - 12], [18] & [24]. Auditory learners improved from the flipped approach, but to a lesser extent. Their
scores improved when compared to those in the traditional classroom, indicating that even when the format does not perfectly align with
their dominant style, the flipped approach still provides positive effects such as increased interaction, discussion, and teacher facilitation
[2] & [16].

To sum up, the study found that flipped classroom models significantly impact students' mathematical understanding, particularly for visual
and auditory learners. The multimedia-rich approach of flipped instruction, which includes videos and diagrams, outperformed traditional
instruction. Visual learners benefited most, highlighting the importance of aligning teaching strategies with students' preferred learning
modalities.

2) Is there an interaction between the flipped classroom model and learning styles on students' conceptual understanding of achievement?
The statistical results in Table 9 reveal that both the flipped classroom teaching technique and students' learning styles had a substantial
impact on academic achievement, with p-values of.000 for each, well below the 05 threshold. This illustrates how each aspect significantly
adds to students' conceptual understanding and achievement. These findings are similar to previous studies [35], which revealed that flipped
classrooms improve student engagement and achievement across multiple disciplines, and [36], which stressed the impact of learner char-
acteristics on academic outcomes. This result aligned with the prior studies confirmed that while learning styles can influence how students
engage with content, the overall instructional design and quality of learning experiences may have a more substantial impact on learning
outcomes [25], [26]& [31]. In other words, the flipped classroom benefits all students, but it does not necessarily diminish its effectiveness
based on whether a student is a visual or auditory learner.

The interaction between teaching technique and learning style was not statistically significant (p =.210), despite the high individual effects.
This implies that neither a synergistic nor an adverse impact results from their combined influence. To put it another way, the impact of a
student's preferred learning method is not always increased or decreased when a flipped classroom approach is used. This is in line with
the findings of [37], who revealed that while flipped instruction enhanced outcomes in specific topics, it did not consistently interact with
student characteristics like prior achievement or demographic factors. The model’s R? value of .661 indicates that approximately 66.1% of
the variance in students’ conceptual understanding can be explained by the teaching strategy and learning style, reflecting a strong model
fit. This reinforces the value of integrating flipped learning with differentiated instruction to support diverse students in mathematics class-
rooms [22] & [29].

Educators ought to realize the importance of both instructional design and learner characteristics. However, the lack of interaction suggests
that matching teaching approaches to learning styles is not required for optimal learning. Instead, inclusive tactics such as flipped class-
rooms, which combine visual, auditory, and kinesthetic features, can help a diverse spectrum of learners without the need for customisation.
This lends credibility notion that flipped classrooms promote autonomy and active learning independent of individual style[38].
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5. Conclusion

In conclusion, this study found that the flipped classroom model significantly improved students' conceptual understanding of mathematics
when compared to traditional instruction, with visual learners improving the most, probably due to the model's reliance on multimedia and
self-paced learning. Although both teaching strategy and learning style had statistically significant effects on achievement, their interaction
was non-significant, implying that each element contributes separately to learning outcomes. These results suggest that flipped classrooms
are useful tools for helping diverse students when built with a variety of content formats, and that teachers should function as facilitators,
incorporating visual and auditory materials to promote active, student-centered participation. Future research should include kinesthetic
students, investigate the long-term effects of the flipped method, and analyze how specific media types interact with various learning styles.
Furthermore, broadening the flipped method to other areas and investigating socio-cultural impacts could provide greater insights into its
broader potential for education.
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