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1. Introduction

ABSTRACT: The advancement of technology and the increasing demand to
enhance students’ mathematics achievement necessitates an innovative
learning approach. One such approach is flipped learning, which enables
students to actively participate in the learning process and work independently
with the assistance of technology. The study assessed how the flipped
classroom learning model enhances students’ mathematical comprehension.
The flipped classroom approach involves students engaging with pre-class
video assignments and learning materials, followed by in-class discussions to
reinforce the acquired knowledge. This research employed a mixed method
with a sequential explanatory approach. The target population was Year 11
students enrolled in a senior high school in Simpang Kanan, Aceh Singkil,
Indonesia. A sample size of 22 students was selected for the study. Data
collection encompassed administering pre-test and post-test assessments,
using a mathematical understanding test as the research instrument, and
interviews. The data analysis involved the application of paired t-tests
and N-Gain tests. The research findings demonstrated a statistically
significant improvement in students’ mathematical comprehension following
implementing the flipped classroom model (p<0.005). The average N-gain
value was calculated to be 0.45, indicating a moderate gain in understanding.
This study suggests that the flipped classroom could be an alternative method
to enhance students’ mathematics learning.
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while studying mathematics in the classroom.

The COVID-19 pandemic has brought about
significant transformations in classroom learning.
Online or hybrid learning formats have replaced
traditional face-to-face instruction. The change
affects students’ mathematical understanding
globally, even more in developing countries
like Indonesia. Mathematical understanding is
a foundation for developing other mathematical
abilities. The current Indonesian curriculum,
Kurikulum Merdeka (Independent Curriculum),
underscores the significance of mathematical
understanding in enabling students to comprehend
and apply factual information, concepts,
principles, operations, and mathematical
relationships effectively, accurately, efficiently,
and precisely when solving problems. Despite
these assertions, research by Dewi and Agustika
(2020) revealed that students still exhibit
deficiencies in mathematical understanding

Insufficient mastery of mathematical concepts
among students often leads to difficulties in
solving mathematical problems (Kariadinata et
al., 2019).

One area of mathematical concepts that
students have not fully grasped is the topic
of sequences and series, as reported in some
studies in the Indonesian context. The research
conducted by Pirmanto et al. (2020) revealed that
many students struggle to explain the nature and
characteristics of problems related to sequences
and geometry. Similarly, Zebua et al. (2020)
found that students’ ability to comprehend and
represent arithmetic sequences and series did
not reach their maximum potential. Another
study by Wahidah and Hakim (2022) confirmed
the persistently low level of mathematical
understanding among students regarding the
material on sequences and series. Surprisingly,
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the issue of understanding sequence and series is
also discussed in some studies in other countries,
such as a case study conducted by Akgun and
Duru (2007) in Turkey. These research findings
indicated that students often struggle to correctly
understand the problems and determine which
formula to employ for problem-solving.

In our preliminary study, we assessed 42
Year 11 students by administering mathematical
understanding questions related to sequences
and series. The questions focused on two main
indicators: the ability to classify arithmetic and
geometric sequences based on their properties
and the ability to represent arithmetic sequences
in various mathematical forms. Upon analyzing
the answers, it was evident that the majority
of students obtained low scores. This was
reflected in their incorrect responses, particularly
in classifying arithmetic sequences. Only
31% of students provided accurate answers,
demonstrating a clear lack of understanding
among most students. Furthermore, it became
apparent that many students struggled not only in
classifying arithmetic or geometric sequences but
also in comprehending the questions correctly.
Therefore, the comprehension of sequences and
series among students in mathematics poses a
significant concern that necessitates considerable
attention. An alternative learning model is
imperative to tackle this issue effectively.

Students’ inadequate understanding of
mathematics, including the topic of sequence
and series, can be attributed to the prevalent
lack of studying at home. Many students tend to
allocate more time to Internet activities, such as
gaming and watching movies. As confirmed by
some studies, students’ addiction to gaming has
been a global issue; for example, it was revealed
by Sung et al. (2020) studied the South Korean
context, and Karaca et al. (2022) investigated
the students in Turkey. These findings also
align with the research conducted by Puspita
and Rohedi (2018) in Indonesia, revealing that
students prioritize online games and YouTube
over educational content on the Internet. This
phenomenon is also supported by survey data
from the Indonesian Internet Service Providers
Association (APJII), indicating that 45% of
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internet usage among students is dedicated to
watching videos. The APJII survey since 2018
also highlights that the age group with the highest
percentage of internet users (91%) falls within
the 15-19-year-old student category.

The Internet is a double-edged sword. On
the one hand, it can hinder students’ education,
while on the other hand, it can be utilized to
captivate students’ attention and leverage it to
improve their learning. The statistics suggest
that Indonesian students are already well-versed
in internet usage, which presents an opportunity
to integrate technology into the learning process.
Linking it to Vygotsky’s learning theory, Stahl
(2013) emphasized the influence of a child’s
culture and social environment in shaping
their understanding. Therefore, it is possible to
cultivate students’ understanding by leveraging
their existing habits and proficiency with gadgets
or other digital tools. Integrating technology
with students can provide a viable solution for
enhancing learning outcomes. One instructional
model that can be implemented is the flipped
classroom model, which involves students
initially exploring and gathering information
from their gadgets.

The flipped classroom is commonly described
as a strategy that reverses the traditional
educational setting by relocating the information
transmission aspect of a conventional face-to-
face lecture outside the scheduled class time
(Divjak et al., 2022). Similarly, Bergmann and
Sams (2012) describe it as a departure from
traditional learning, where students receive
instructional content during classroom sessions.
Instead, students access instructional materials
outside the classroom in the flipped classroom.
Furthermore, Schallert et al. (2022) assert that the
flipped classroom approach involves delivering
information outside the classroom and utilizing
in-class time for student-centred learning
activities. In a simple explanation, the flipped
classroom is a blend of face-to-face teaching and
online learning.

Implementing the flipped classroom model
holds significant importance for teachers as
it offers compelling reasons for fostering an
effective  learning environment. Research



conducted by Cabi (2018) demonstrated that
the flipped classroom model provides students
ample time to engage in the learning process.
Additional findings from Armiati et al. (2019)
indicate that incorporating supplementary
learning videos can enhance students’ ability to
learn independently. Algarni and Lortie-Forgues
(2023), in their study on Saudi Arabian students,
found that the implementation of the flipped
classroom received positive feedback from both
students and teachers. Moreover, the research
conducted by Faridah et al. (2021) revealed that
the flipped classroom model promotes better
student understanding. Completing assigned
tasks before the classroom session gives students
a foundational understanding, resulting in a more
efficient and productive learning experience.

The flipped classroom model can also improve
student understanding of concepts. Based on
research by Juniantari et al. (2019) showed that
students’ mathematical understanding of the
flipped classroom learning model was higher
than in conventional classes. Furthermore,
Widyasari et al. (2021) flipped -classroom
learning improves student abilities, but in
this study, students’ critical thinking skills are
studied. In addition, Gitadewi et al. (2022)
showed that using flipped classroom learning can
improve understanding of concepts; this can be
seen from the increase in students’ pre-test and
post-test scores. The research problem addressed
in this study is whether flipped classrooms can
enhance students’ mathematics understanding
of sequence and series. The novelty of this
research is that it was carried out in Aceh Singkil
District, Aceh, Indonesia, one of the regencies
farthest from the capital city of Aceh Province;
this district has never implemented the flipped
classroom model. Another novelty in this study
is that researchers provide the same modules
and teaching materials to improve students’
mathematical understanding.

2. Literature review
2.1 Flipped classroom model

The flipped classroom model is an
instructional approach that emphasizes student-

centred learning. Unlike traditional classrooms,
the flipped classroom model involves students
engaging with instructional content through pre-
class activities, such as watching video materials
provided by the teacher to explore information
outside of class. In the classroom, students
engage in discussions and problem-solving
related to the material they may not have fully
grasped (Bart, 2014). The learning process in the
flipped classroom model promotes independent
learning, where students are responsible for
setting their own pace to complete assigned tasks
(Baker, 2016). Pre-class instruction through
video materials encourages active student
participation during in-class activities (Couch &
Towne, 2018). Thus, the flipped classroom model
involves assigning video materials as learning
resources, enabling students to explore their
abilities before class and actively participate in
discussions to seek clarification on concepts they
may not have understood outside of class.

Flipped classrooms have been widely applied
in mathematics learning. Demir et al. (2023)
found to investigate the mathematical reasoning
of secondary school students concerning the
concept of circle area using flipped classroom
approach. Algarni & Lortie-Forgues (2023),
studying Saudi Arabian students, revealed that
flipped classroom applications enhance students’
self-efficacy but make no significant difference
in students’ mathematics achievement. Staddon
(2022) developed the supported flipped learning
model and found that implementing the flipped
classroom model assists students with lower self-
regulation, particularly those who struggle in
flipped learning settings. A systematic review by
Cevikbas and Kaiser (2023) concluded that the
flipped classroom is a pedagogical approach with
potential advantages for mathematics education,
with both significant benefits and drawbacks,
which can be applied during the pandemic and
beyond the crisis era.

Further, a meta-analysis on the implementation
of flipped classrooms was conducted by Giiler et
al. (2023) reported that the impact of the effect
sizes was noticeably influenced by the level of
education and the specific area of mathematics
content. This suggests that the success of
applying flipped classrooms in primary school,
for example, may differ from those in secondary
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school or university students. Other studies
also examine flipped classrooms from teachers’
perspectives. For example, Toivola et al.
(2022) revealed that teachers employed self-
paced learning and mathematics learning paths
as central practices in their flipped learning
approach, guiding students through sequential
activities, allowing them to set goals, develop
autonomy, and meet competency requirements.

The studies mentioned above show the
importance of investigating flipped classrooms
and highlight its current trend; examining
the implementation of flipped classrooms for
students in a remote area, such as in this study,
is a promising idea. The results will contribute
to discussing the flipped classroom in a different
context with distinct student characteristics.
In this study, the implementation of the flipped
classroom model follows the principles outlined
by Bergmann and Sams (2012), which include:
(1) introducing the mastery of the flipped
classroom model on the first day of instruction,
(2) providing information about the model
to parents, (3) guiding students on accessing
video resources, (4) encouraging students to
generate questions, (5) fostering a collaborative
environment where students assist one another,
and (6) implementing an assessment system to
evaluate student progress.

2.2 Mathematics Understanding

Studies related to mathematics understanding
have been widely conducted, predominantly
focusing on students and some emphasizing
teachers’ ability to notice or nurture students’
understanding. Cai and Ding (2017) discussed
the mathematical understanding meaning
from the perspective of Chinese teachers
explaining mathematical understanding as
complex relationships instead of relationships
between concepts and procedures. Gorgiit
and Dede (2020) studied the perspectives of
mathematics teachers in assessing students’
mathematics understanding. In addition, Ivars
et al. (2020) investigated to what extent a
learning trajectory assists student teachers in
recognizing primary students’ mathematics
understanding. While Reinke et al. (2022)
examined teachers, specifically emphasizing
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the importance of contextualization to establish
a solid foundation for students’ understanding
of ratios-related mathematical concepts. On
the other hand, studies concerning students’
mathematical understanding include Zengin
(2017), who found utilizing Khan Academy and
related mathematics software integrated with
flipped classrooms was successful in enhancing
students understanding. In addition, Lowrie et al.
(2018) designed a framework called ELPSA to
enhance students’ understanding of mathematics.
These recent studies on teachers’ and students’
mathematical understanding recognize the
importance of addressing the fact that teachers
play an important role in fostering students’
mathematical understanding by upgrading their
approach or contextualization.

The definition of mathematics understanding
has been variedly defined and contextualized in
some studies. It refers to students’ capacity to
comprehend mathematical concepts, operations,
and relationships (Alfeld, 2000). It serves as the
foundation for solving mathematical problems
encountered in everyday life (Haylock &
Cockburn, 2008). Moreover, a comprehensive
grasp of mathematics facilitates identifying
connections between various concepts (Fennema
& Romberg, 2009). Considering the explanations
above, mathematical understanding can be
perceivedas acognitive process involving internal
and external mental activities. It is acquired
through comprehending and assimilating
concepts and bridging prior knowledge with
new knowledge. This present study encompasses
specific indicators for assessing the understanding
of mathematical concepts, as follows:

The capability to provide examples or non-
examples of concepts based on the necessary
conditions in an arithmetic sequence (Fennema
& Romberg, 2009).

1. The aptitude for expressing concepts using
various mathematical representations (Alfeld, n.d.).

2. Proficiency in categorizing specific
characteristics following the concept stated in
Regulation of the Ministry of Education and
Culture of the Republic of Indonesia Number 58
the year 2014 concerning the 2013 Curriculum in
junior high schools (Ministry of Education and
Culture of the Republic of Indonesia, 2014)



3. Theability to apply concepts to mathematical
problem-solving tasks (Haylock & Cockburn,
2008).

4. The skill to apply concepts or algorithms
related to arithmetic sequences when solving
problems (Alfeld, 2000).

3. Methodology

The theoretical framework underlying
this study includes Constructivist Theory
and Bloom’s Taxonomy (Bloom, 2018). The
constructivist theory highlights that students
can construct their knowledge while the first
three levels of Bloom’s taxonomy, classified as
lower-order thinking, align with the pre-class
stage. In comparison, the in-class stage is more
inclined towards the upper three levels of bloom
taxonomy. This research utilized a mixed method
with a sequential explanatory approach involving
pre-test, post-test, and interview. The sample
consisted of 22 Year 11 students who received
flipped classroom instruction. Considering the
research location, being a remote area in Aceh,
Indonesia, the senior high school is fairly small,
with fewer classes. Thus, in this study, the
sample selected was one class available in the
school studied. Following implementing the
PBL model in the experimental class, a post-test
was administered to assess the improvement in
students’ mathematical understanding across
both classes. Interviews were also conducted with
students to investigate further the experience of
those with medium and low N-gain categories in
applying flipped classrooms.

Theresearch instrument employed in this study
was a test assessing mathematical understanding
and interview guidelines. The tests consisted of
eight long answer problems, while the interview
guidelines comprised questions to discover
further students’ experience, including their
perception and challenges while participating
in the flipped classroom. Furthermore, a
comprehensive Lesson Plan, videos, and
learning modules specifically designed for the
sequences and series content in Year 11 were
developed for the learning activities. The data
analyzed in this study were derived from the pre-
test and post-test results, which were statistically

analyzed using paired t-tests and the N-Gain test.
The study hypothesizes that implementing the
flipped classroom model will lead to an enhanced
mathematical understanding among the students
in the selected school.

4. Results

The data collected from the research consists
of quantitative data regarding the mathematical
understanding abilities of the 22 students in the
experimental class. The data analysis involved
conducting normality and homogeneity tests
and employing paired t-tests and the N-Gain
test. Based on these tests, the subsequent
section analyzes the student’s mathematical
understanding.

4.1. Descriptive mathematical

understanding

Descriptive statistical analysis was conducted
to examine the extent of improvement in
students’ mathematical understanding through
implementing the flipped classroom model. The
data collected from the pre-test and post-test
scores were subjected to a mean difference test.
Before the statistical analysis, a normality test
was performed to assess whether the data met
the assumptions of normal distribution. If the
normality test conditions were satisfied, a paired
t-test was conducted.

The results of the normality test for the pre-
test and post-test data are presented in Table
1, providing insights into the distribution
characteristics of the collected data.

analysis  of

Table 1. Data of normality test based on the
pre-test and post-test scores of mathematical

understanding
Shapiro-Wilk
Results Conclusion
Statistics Df p
Pre-test |.970 22 718 | Ho accepted
Post-test | .931 22 131 | Ho accepted

Table 1 shows the normality test on the pre-test
scores of students’ mathematical understanding
(p=0.718). The null hypothesis (Ho) is accepted,
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indicating that the sample originates from a
normally distributed population. Similarly, the
normality test results for the average post-test
scores of students’ mathematical understanding
(p=0.131). Ho is accepted, indicating that the
sample is derived from a normally distributed
population. Therefore, the test outcomes
demonstrate that the student’s pre-test and
post-test scores exhibit normal distribution
characteristics.

The pre-test and post-test data have met the
assumptions for normality, thus enabling the
hypothesis-testing process. The paired t-test was
employed to examine the extent of improvement
in students’ mathematical understanding by
implementing the flipped classroom model. The
research hypothesis is formulated as follows. The
paired t-test results for students’ mathematical
understanding abilities can be seen in Table 2.

H_ p=w,: There is no increase in students’
mathematical understanding through the flipped
classroom model

H _p>p: There is an increase in students’
mathematical understanding through the flipped
classroom model

The results in Table 2 demonstrate a significant
improvement in  students’ mathematical
understanding ability, as evidenced by the
rejection of Ho and acceptance of Ha (T=8.8,
p=0.00,SD=17.1). Thus, the research hypothesis,
which posits that “There is an increase in students’

mathematical understanding through the flipped
classroom model,” is supported. Consequently,
it can be concluded that implementing the
flipped classroom model enhances students’
mathematical understanding.

4.2. Analysis of increasing students’ mathematical

understanding

The analysis involved using the N-Gain test
to assess the extent of improvement in students’
mathematical understanding skills following the
implementation of the flipped classroom model.
An overview of the N-Gain outcomes is provided
in Table 3.

According to the findings presented in
Table 3, the average N-Gain score for students’
mathematical understanding is 0.45, indicating
a medium level of improvement. This increase
aligns with the learning objectives of the flipped
classroom model, which aim to enhance students’
understanding. In this study, students had to watch
instructional videos and study modules before
in-class mathematics lessons. Subsequently, they
engaged in activities such as group discussions,
practice exercises, and further exploration of
the subject matter during class sessions. These
learning approaches facilitated the development
of students’ mathematical understanding.

During the pre-class phase of the flipped
classroom model, teachers play a crucial role in
providing instructional materials that students are

Table 2. The results of the paired T-test of students’ mathematical understanding

Paired Differences
Std. 95% Confidence Interval T dar Sig.
Mean Std. Dev Error of the Difference (2-tailed)
Mean Lower Upper
Pair Post-test | 32.05 17.1 3.64 24.5 39.6 8.8 21 .000
— Pre-test

Table 3. Data on the average N-Gain score of students’ mathematical understanding

Descriptive Statistics

Minimum

Maximum Mean Std. Deviation

N-Gain_Score 22 -0,22

0.79 0,45 0,252

Valid N (listwise) 22
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expected to engage with outside of the classroom
setting. These materials typically take the form
of videos and modules, which students can
easily access through online platforms or offline
resources. Encouraging students to delve into
these materials before coming to class allows them
to develop their own ideas and understanding
of the subject matter. Research conducted by
Andamon and Tan (2018) shed light on the
benefits of engaging with teaching materials
prior to the classroom session. Their findings
indicated that this pre-class engagement greatly
facilitates the teaching and learning process,
benefiting both the teachers and the students.
When students are familiar with the instructional
materials, classroom time can be utilized more
effectively for interactive discussions, problem-
solving activities, and collaborative exercises.
This active class participation fosters a deeper
understanding and retention of mathematical
concepts. Similarly, Purwanti et al. (2022)
conducted a study in Indonesia that further
emphasized the significance of prior exposure
to instructional videos in the flipped classroom
model. They found that when students are
provided with instructional videos as a resource,
they have ample time to study and absorb the
content at their own pace. This flexibility allows
students to revisit the materials multiple times,
ensuring a comprehensive understanding of the
mathematical concepts taught.

One of the key advantages of using videos as
a learning resource is the convenience it offers
students. They can access the materials from
anywhere and anytime before attending the class.
This accessibility empowers students to take
control of their learning process and manage their
time effectively. Furthermore, it accommodates
different learning styles and preferences, as
students can pause, rewind, or replay the videos
as many times as necessary to grasp the content
thoroughly. Providing instructional videos as
resources allows students to study and review
the content conveniently, enhancing their overall
learning experience.

During the flipped classroom model’s in-class
stage, students and teachers discuss and address
any questions or concerns that arise during

the pre-class phase. The teacher may briefly
revisit the video content shared with students
beforehand, allowing students to present their
important notes or ask questions related to
the modules they studied. The inclusion of
videos in the flipped classroom model aims to
enhance students’ mathematical understanding
abilities. This practice aligns with the findings
of Ponikwer and Patel (2018), who explored
using videos in flipped classroom learning.
Their research highlighted that students engaged
with video content and completed out-of-class
assignments to support their learning outside
the classroom. Similarly, research conducted
by Latorre-Cosculluela et al. (2021) concluded
that integrating videos in the flipped classroom
model positively impacts student understanding.
By adopting a student-centred approach, where
learning activities extend from outside to inside
the class, students actively participate in the
learning process, contributing to improved
comprehension and engagement.

During the in-class stage of the flipped
classroom model, students engage in discussions
to address any lingering questions or uncertainties
that arose during their independent learning
outside the classroom. Additionally, students are
grouped heterogeneously based on their abilities.
In this setting, students collaborate within
their groups to work on questions provided in
the module, which are aligned with students’
mathematical understanding indicators. The
assignment given to the groups is designed to
promote active participation and collaboration
among students. This approach aligns with the
findings of a study conducted by Novita et al.
(2022), where modules were used as instructional
tools to guide students in solving problems
during their out-of-class learning. The module
is a supportive resource for students, providing
clear instructions and guidance throughout their
learning process.

The findings of this study align with previous
research conducted by Dehghanzadeh and
Jafaraghaee (2018), which demonstrated the
positive impact of the flipped classroom model
on students’ cognitive domains, particularly
in enhancing their mathematical thinking
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skills. This emphasizes the effectiveness of the
flipped classroom in promoting higher-order
thinking skills and improving students’ overall
mathematical abilities. Similarly, Hu and Hsu
(2018) reported improved higher-order thinking
skills among students, indicating that the flipped
classroom model can contribute to developing
critical thinking and problem-solving abilities.
Furthermore, Wei et al. (2020) found that the
flipped classroom model positively influenced
students’ mathematical understanding, further
reinforcing the benefits of this approach.

However, the medium-level improvement
in students’ mathematical understanding skills
observed in this study can be attributed to
several factors. Firstly, it should be noted that
the Aceh Singkil District, where the study was
conducted, is located a considerable distance
from the provincial capital of Aceh, Indonesia.
This geographic distance may have limited
exposure to implementing the flipped classroom
model in the area, leading to a lack of familiarity
and experience among students and teachers.
Additionally, the availability of internet access in
the district is still suboptimal, posing challenges
for students in accessing educational resources
such as YouTube. This observation is consistent
with the findings of Hastini et al. (2020), who
emphasized that inadequate internet networks
in certain regions hinder students’ access to
online learning materials, including instructional
videos.

Moreover, the subjects in this study were not
accustomed to using YouTube for completing
assignments, as they were more accustomed
to completing assignments on the same day
they were given. This adjustment in learning
habits and practices may have influenced their
engagement and utilization of the instructional
videos. Additionally, the geographical distance
between students’ homes may have made it
challenging for them to interact and engage
in collaborative knowledge construction with
their peers. This finding aligns with Vygotsky’s
learning theory, which emphasizes the role of
the cultural environment and children’s habits
in shaping knowledge formation. Vygotsky’s
collaborative learning theory further asserts
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that knowledge is constructed through social
interaction (Slavin, 2000).

Furthermore, during the implementation of
the flipped classroom model, the subjects in this
study did not fully optimize their completion
of assignments from the module. This could
be attributed to their involvement in household
chores or other homework tasks upon returning
home from school, which may have led to fatigue
when watching YouTube videos. As a result,
their motivation to complete assignments from
the module decreased. Additionally, students in
this study preferred direct teacher instruction,
as it made them feel happier and more engaged.
This finding aligns with the research conducted
by Niemi and Kousa (2020), where students
voiced concerns about heavy workloads, fatigue,
and the potential impact on their learning
motivation. Similarly, the research findings of
Ozkara and Cakir (2018) indicated that students
tend to be more motivated when they have
direct communication and interaction with their
teachers.

While the flipped classroom model
demonstrated a medium-level improvement
in  students’ mathematical understanding

skills, several factors may have influenced the
outcomes observed in this study. Geographic
distance, limited internet access, and students’
adjustment to new learning habits and practices
played a role in the implementation and
effectiveness of the flipped classroom approach.
Additionally, students’ engagement and
motivation were influenced by their involvement
in other tasks and their preference for direct
teacher instruction. These findings highlight the
importance of considering contextual factors,
student preferences, and learning habits when
implementing the flipped classroom model to
optimize its effectiveness in enhancing students’
mathematical understanding.

4.3. Subjects’ experience in medium and low N-Gain

categories in applying flipped classroom.

The Aceh Singkil district where the research
was conducted is situated far from the provincial
capital of Aceh, Indonesia, and has not
previously implemented the flipped classroom



model. The district comprises ten sub-districts,
encompassing both land and islands, which may
present unique educational access and resource
challenges. Considering these contextual factors
when interpreting the moderate increase in
students” mathematical understanding skills
using the flipped classroom model, as evidenced
by the n-gain score of 0.45, is essential. However,
when considering the Minimum Mastery Criteria
(KKM) set by the school, only 5 out of 22 students
met the requirements for proficiency.

Several factors contributed to these moderate
results. The school under study is the only public
upper secondary school serving 24 villages in
the district, which indicates limited educational
options for students. The challenges related to
limited internet availability in the area further
hindered students’ access to online learning
resources, including the materials provided by
the researchers. This observation aligns with the
findings of Hastini et al. (2020), who highlighted
the impact of inadequate internet networks
on students’ online learning experiences. The
lack of familiarity and experience with using
YouTube for school assignments among students
in the district is also noteworthy. Traditionally,
students in the area were accustomed to
completing assignments promptly the next day,
which indicates a shift in learning habits and
practices required for effective engagement with
the flipped classroom model. This alignment
with Vygotsky’s learning theory emphasizes the
influence of cultural environments and habits on
knowledge formation (Slavin, 2000).

Vygotsky’s theory of collaborative learning
further explains the importance of collaboration
and social interaction in knowledge construction.
Studentsbenefitfrommeaningfulinteractions with
adults and peers who possess more outstanding
expertise, as it facilitates the formation of new
ideas and enhances intellectual development
(Slavin, 2000). The distance between students’
homes in the district may have impeded optimal
interaction and collaboration among classmates.
According to Vygotsky’s genetic law of cognitive
development, children’s growth occurs through
social interaction and environmental influences.
In implementing the flipped classroom model, the

subjects’ engagement in exploring information
and completing module assignments was not
optimal due to their involvement in household
chores and fatigue after school. This finding
aligns with the research conducted by Niemi
and Kousa (2020), where students reported
experiencing fatigue and reduced motivation due
to heavy workloads.

In the zone of proximal development (ZPD),
as conceptualized by Vygotsky, it becomes
apparent that some students require scaffolding
and guidance to complete tasks while others can
independently solve problems. Within the ZPD,
children can accomplish tasks with the assistance
of experts. However, in this study, there was
limited opportunity for students to seek guidance
or ask questions at home, as the educational
support from those around them was insufficient
to provide scaffolding. As a result, the subjects
encountered challenges within their zone of
proximal development. Moreover, the subjects’
preference for direct teaching, as it facilitated
more accessible communication and the ability to
seek immediate help when faced with difficulties,
is in line with the research conducted by Ozkara
and Cakir (2018), which concluded that students
tend to be more motivated when they have
opportunities for direct communication with
their teachers.

Data  triangulation  using  technical
triangulation in the study revealed that students
faced difficulties during discussions due
to their limited initial understanding of the
topics covered during out-of-class learning.
This finding is consistent with the interviews
conducted in the low category, indicating
that the subjects’ utilization of YouTube and
modules as learning tools was not optimal. To
overcome these challenges and further enhance
the success of the flipped classroom model in
the Aceh Singkil district, it is crucial to consider
strategies that address the limited internet
access, provide additional support for students’
engagement and interaction, and facilitate
effective communication and scaffolding within
the ZPD. These considerations can help optimize
the implementation of the flipped classroom
model and improve students’ mathematical
understanding skills in the district.
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5. Conclusions

The flipped classroom has gained extensive
implementation worldwide, spanning various
subject areas in mathematics and student
levels. Its prominent feature, allowing students
to demonstrate independence in learning and
flexibility in choosing study times, has proven to
be a promising approach during the pandemic.
While studies have explored its implementation
pre and post-pandemic, limited research exists
on using flipped classrooms in remote areas.
Thus, this study aims to contribute to the current
knowledge by examining its impact on Year 11
students’ mathematics understanding in a remote
area of Aceh, Indonesia.

This study examines how the flipped classroom
contributes to the improvement of Year 11
students’ mathematics understanding in a remote
area of Aceh, Indonesia. Based on the analysis
and discussion presented, it can be concluded
that implementing the flipped classroom model
significantly increased students’ mathematical
understanding. The observed improvement in
mathematical understanding falls within the
medium category, indicating the effectiveness of
the flipped classroom approach. Therefore, it can
be inferred that the flipped classroom model is a
viable instructional strategy to enhance students’
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