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It is important for schools to improve students' mathematical 
communication. However, a preliminary study at Public Middle 
School 1 Bulango Selatan revealed that some students still struggle to 
solve problems given by the teacher, particularly those related to 
determining the length of a side of a flat shape, especially in the context 
of congruence and similarity. Therefore, the intent of this study was to 
determine the effect of the flipped classroom learning model assisted 
by Instagram on students' mathematical communication at Public 
Middle School 1 Bulango Selatan. The method used in this study was 
an experimental method consisting of an experimental class and a 
control class with a research design used, namely a post-test-only 
group design. We conducted a t-test data analysis on both the 
experimental and control classes. The findings of the study showed 
that the t-count was greater than the t-table value; specifically, the t-
count was 2.083, which is greater than 2.042, leading to the rejection 
of H0. Thereby, it can be concluded that learning using the flipped 
classroom learning model on the material of congruence and similarity 
of flat shapes can affect students' mathematical communication skills. 
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1. INTRODUCTION 

Mathematics in Greek means knowledge, thought, study, and learning. Mathematics 
is a science that studies patterns, structures, spaces, and quantitative relationships 
between various objects and natural phenomena (Serra, 2023). In general, mathematics 
is defined as a science that uses reason to analyze objects carefully, explain accurately 
through symbols and concepts, and apply rules in operations and modeling (Simon, 
2017; Godino et al., 2022). 

Mathematics learning in schools is a formal education, in which there is interaction 
between two or more individuals who have different knowledge (Popovic & Lederman, 
2015). In the learning process, students are expected to be able to communicate ideas 
about mathematics to others through verbal language, writing, symbols, tables, 
diagrams, or other media to explain conditions or problems and can appreciate the 
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usefulness of mathematics in life in the form of curiosity and interest in learning 
mathematics (Morgan, 2016; Teledahl, 2017). 

Students must possess these essential mathematical skills. The National Council of 
Teachers of Mathematics states that mathematical communication is a very important 
basic ability in the field of mathematics and mathematics education (Kosko & Gao, 
2017; Aminah et al., 2018; Ata Baran & Kabael, 2021). Mathematical communication 
skills are put forward by Rombreg and Chair in (Rasyid, 2019; Rahmawati et al., 2022), 
namely the relationship between real objects, in the form of images and diagrams into 
mathematical ideas; explaining mathematical ideas, situations, and relations either 
orally or in writing with real objects, images, graphs and algebra expressed in everyday 
events in mathematical language or symbols; listening, discussing and writing about 
mathematics; reading with understanding a written mathematical representation; 
making conjectures, constructing arguments, formulating definitions and 
generalizations accompanied by explanations and making statements about the 
mathematics that has been studied. This statement is in line with the mathematical 
indicators proposed by Sumarno in Aminah et al. (2018), namely: 1) the connection 
between real objects, images, and diagrams in mathematical ideas; 2) explanation of 
mathematical ideas and relations orally and in writing between real objects, images, 
graphs, and algebra; 3) everyday objects expressed in mathematical language and 
symbols; 4) listening, discussing, and writing about mathematics; 5) reading written 
mathematical understanding; 6) making conjectures and arguments that are arranged 
and formulating definitions and generalizations; and 7) explanation of mathematics that 
has been studied. 

Formal education in schools can play a role in improving students' mathematical 
communication (Ruswanto et al., 2018; Nuraida & Amam, 2019; Nufus & Mursalin, 
2020). However, currently, mathematical communication skills are still low. The low 
mathematical communication skills of students are caused by several factors, both those 
related to individual students, the learning environment, and the teaching methods used 
by teachers (Widjajanti, 2013; Tong et al., 2021). If this decline is allowed to continue, 
students will experience difficulties in learning mathematics, especially in students' 
mathematical communication. 

Mathematical communication skills can be interpreted as the ability to express 
mathematical ideas and convey information in the form of symbols, diagrams, and data 
to others, which is done verbally or in writing (Rahman et al., 2012; Rahmi et al., 2017; 
Rohid & Rusmawati, 2019). Communication helps students connect their ideas with 
abstract language using mathematical symbols (Ata Baran & Kabael, 2023; Tinungki et 
al., 2024; Bal Sarıaltın & Ata Baran, 2025). Students often ask questions related to 
lessons they dislike, leading some of them to respond with mathematical answers. 
Students consider mathematics to be one of the difficult subjects because of its abstract 
nature compared to other subjects (Diego-Mantecon et al., 2021). Therefore, many 
students do not like mathematics, which does not arouse their love for it. 

In addition to the above issues, the learning process is changing because math 
learning has focused on algorithmic computation (Kallia et al., 2021). Therefore, during 
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the mathematics learning process, it shows that students can do mathematical 
calculations but do not show results related to the application of mathematics in 
everyday life. Learning mathematics is not only about mastering concepts but also about 
their application in everyday life (Vos, 2018). 

Several factors contribute to the lack of mathematical communication skills among 
students, including their frequent experience of low or passive competitiveness, which 
leads them to rely more on the teacher's guidance than to seek answers independently 
(Yaniawati et al., 2019; Ristiana et al., 2025). Teachers are not creative during the 
delivery of material, using more lecture methods, questions and answers, and giving 
assignments and exercises during the learning process, resulting in students' lack of 
critical thinking (Khalid et al., 2021). 

Observations at Public Middle School 1 Bulango Selatan reveal that some students 
still cannot solve the problems given by the teacher, particularly regarding the material 
on congruence and similarity of plane shapes. For example, students cannot determine 
the length of the side of a plane shape if the length of the other side of a plane shape is 
known. 

To address the issues mentioned, the author proposes an alternative by implementing 
a student-centered flipped classroom learning model, in which students first study the 
assigned material at home before coming to class (Sein-Echaluce et al., 2024). In class, 
students can work on assignments in groups and have many opportunities to express 
their opinions, which can improve their communication skills (Akçayır & Akçayır, 
2018). 

The steps for flipped classroom learning, according to Fauzan et al. (2021) and 
Reidsema et al. (2017), include: (1) Before face-to-face learning, students are asked to 
study independently at their respective homes regarding the material for the next 
meeting by watching learning videos by the teacher himself or learning videos uploaded 
by other people. (2) In classroom learning, students are divided into several groups. (3) 
The role of the teacher during the learning activity is to facilitate discussion. 
Additionally, the teacher prepares several questions or problems based on the material. 
(4) The teacher gives quizzes or tests so that students are aware that the activities they 
do are not just games but are a learning process, and the teacher acts as a facilitator in 
helping students with learning and solving problems related to the material. 

The flipped classroom-based learning model is one of the learning models where 
students are the main center for increasing the effectiveness of learning carried out by 
students (Chen et al., 2018). Additionally, the flipped classroom learning model is one 
of the methods used by an educator to reduce direct guidance in the learning process, 
and this method requires educators to communicate more with students (Njie-Carr et al., 
2017). This work is done to further optimize the benefits of the technology used as a 
learning model so that students can receive material online (Shyr & Chen, 2018; Cabı, 
2018). Based on this information, the intent of this study was to determine the effect of 
the flipped classroom learning model assisted by Instagram on students' mathematical 
communication. 
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2. METHOD 

This type of research is experimental, and its purpose is to determine the effect of 
the flipped classroom learning model assisted by Instagram on students' mathematical 
communication. We conducted this research at Public Middle School 1 Bulango Selatan 
during the odd semester of 2024/2025. We used two groups, the experimental class and 
the control class, as research objects in this study. The experimental class used the 
flipped classroom learning model, while the control class used the conventional learning 
model. The following presents the post-test-only group design used in this study in 
Figure 1. 

 
 

Figure 1. The Post-Test-Only Group Design 
 

The research design used in this study is the post-test-only group design, based on 
the comparison of the final tests in the two classes. Before the test is given to students, 
its feasibility is first tested by conducting a test validity test with the test criteria r count 
≥ r table; then the test questions can be said to be valid and suitable for use. Next, we 
conduct a reliability test to determine the suitability of the test instrument. Following 
the validity and reliability tests, we will conduct a T-test. We conduct a normality and 
homogeneity test prior to the t-test. The data normality test checks if the data follows a 
normal distribution using the chi-square test formula, where we reject H0 if x² count is 
less than x² (1-α) and (n-1), and we accept H0 if x² is a different value. The homogeneity 
test is performed to determine whether the two datasets have the same variance, using 
the Hartley test formula with the criterion that F-count must be less than F-table. The 
final step involves conducting a T-test to compare the mathematical communication 
skills of students in the experimental class with those in the control class. 

  
 

3. RESULTS AND DISCUSSION 
Results 

This research is an experimental study that aims to identify the causal relationship 
and the influence that arises after the application of treatment in the experimental class 
using the flipped classroom learning model. Meanwhile, the control class did not receive 
treatment and continued to use the learning model applied in the school. In this study, 
the researcher took samples from class IX-1 as the experimental class and IX-2 as the 
control class. 

Before implementing the data collection technique, a validity and reliability test was 
first carried out on the test. The validity test aims to ensure that each question item is 
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valid and suitable for use in the final test of students' mathematical communication 
skills. The following are the results of the test validity test in Table 1. 

Table 1. Test Validity Test 

No 
Validation Coefficient 

Information 
R Count R table 

1 0,68 0,4438 Valid 
2 0,5849 0,4438 Valid 
3 0,6788 0,4438 Valid 
4 0,5389 0,4438 Valid 
5 0,7652 0,4438 Valid 
6 0,5613 0,4438 Valid 
7 0,5888 0,4438 Valid 

 
In Table 1, it is known that the test items are valid, so they can be used. After the test 

validity test is carried out, the next step is to conduct a reliability test to determine 
whether the test can be used in collecting data on students' mathematical communication 
skills. The following are the results of the test reliability test in Table 2. 

Table 2. Reliability Test of the Test 

Reference Value 
Testing Criteria 

Conclussion 
Cronbach Alpha Value 

0,4438 0,7430 Reliabel 
 

Normal testing is needed to determine whether the student test data is normally 
distributed or not. The test hypothesis is the test criteria are to accept H0 if the X2 t-count 
≤ the X2 t-table and reject H0 if the X2 t-count > the X2 t-table at the selected real level 
α, which is α = 0.05. By accepting H0, it means that the data sample comes from a 
normally distributed population. The following are the results of the data normality test 
in Table 3.  

Table 3. Data Normality Test 

Group N X² Count X² Table Conclussion 
Experimental 

Class 
19 1,6764 28.869 Normal 

Control Class 19 1,3667 28.869 Normal 
 

After ensuring that both samples are normally distributed, the next step is to conduct 
a homogeneity test on the variables. The homogeneity test of variance is carried out 
using the F test to determine whether both data have the same variance. This 
homogeneity test is carried out using the Hartley test at a significance level of α = 0.05. 
It can be said to have the same or homogeneous variance if the calculation results show 
that the F count is < F table. The results of the homogeneity analysis of experimental 
and control data are in Table 4. 
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Table 4. Homogeneity Test 

Group N DK F-Count F-Table Conclussion 
Experimental 

Class 
19 18 1,1383 3,5200 Homogen 

Control Class 19 18    
 
In hypothesis testing, researchers used a two-sample independent t-test to determine 

the effect of students' flipped classroom learning on mathematics lessons. Furthermore, 
the results of the test are used to make decisions about whether the research hypothesis 
can be accepted or rejected. The following are the results of the two-sample independent 
t-test in Table 5. 

Table 5. Hypothesis Testing Results 

Group Mean SD Varians DK t Count t table 
Experimental 

Class 
48,105 3,526 14,006 18 2,083 2,042 

Control Class 46,684 3,742 12,433 18   
 
Based on the results of the research that has been conducted, the mathematical 

communication skills of students who are taught using the flipped classroom learning 
model are higher than the mathematical communication skills of students who are taught 
using the conventional learning model. This can be seen in the hypothesis testing with 
a significant traf α = 0.05 and t-count = 2.083 > t-table = 2.042, which results in rejecting 
H0. 

The results of post-test data processing show that the average value of mathematical 
communication skills of students in the experimental class (class IX-1) using the flipped 
classroom model is higher than the control class (class IX-2) using the conventional 
model, which are 48.105 and 46.684. This shows that learning with the flipped 
classroom model is more effective in improving students' mathematical communication 
skills compared to conventional learning models. 

 
Discussion 

The objective of this study was to assess the impact of the flipped classroom learning 
paradigm, facilitated via Instagram, on students' mathematical communication at Public 
Middle School 1 Bulango Selatan. The study's findings indicated that the t-count 
exceeded the t-table value; precisely, the t-count was 2.083, beyond 2.042, resulting in 
the rejection of H0. The analysis of the post-test data shows that the average math 
communication skills of students in the experimental class (class IX-1), using the flipped 
classroom model, are higher than those in the control class (class IX-2), which uses the 
traditional model, with scores of 48.105 and 46.684, respectively. This evidence 
indicates that the flipped classroom model is more effective than traditional learning 
models in enhancing students' mathematics communication skills. Consequently, it can 
be inferred that the implementation of the flipped classroom paradigm in teaching 
congruence and similarity in planar figures influences students' mathematical 
communication abilities. The findings of this study align with those of several 
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investigations, including a study by Ardika et al. (2021) and Mukhayat et al. (2024), 
which demonstrated that the flipped classroom format greatly impacted students' 
mathematical communication skills. 

The flipped classroom paradigm is a productive and student-centered learning 
approach (Mingorance Estrada et al., 2019). Flipped classrooms employ technology that 
facilitates access to educational resources at any time and from any location. The 
implementation of flipped classrooms enhances the efficacy and efficiency of learning 
by allowing for flexible study time both at home and in the classroom (Loizou & Lee, 
2020). Educators and learners can optimize current education by utilizing accessible 
media, such as instructional videos.  

The flipped classroom style helps enhance students' mathematics communication 
abilities (Anggo & Samparadja, 2022). This strategy entails students autonomously 
acquiring new content at home, typically via videos or online resources, while class time 
is dedicated to discussion, cooperation, and the application of concepts, including 
practice problems and problem-solving activities (Awidi & Paynter, 2019; Cevikbas & 
Kaiser, 2020). 

The flipped classroom model integrates home and classroom learning, with teachers 
acting as facilitators, to enable students to comprehend the material more profoundly 
(Wang et al., 2019). This approach utilizes engaging learning media to enhance the 
educational experience, aiding students in grasping concepts through auditory and visual 
stimuli.  

The flipped classroom concept can be implemented by leveraging contemporary 
technology, such as the Instagram application (Andujar & Çakmak, 2020; Fernández-
Martín et al., 2020). Instagram offers several functionalities for mathematics education, 
including photo and video postings for concept elucidation, story features for brief 
quizzes or sample inquiries, live features for interactive question-and-answer sessions, 
and reels for concise, engaging instructional movies (Engelbrecht et al., 2020; Richter 
et al., 2022). 

 
 

4. CONCLUSION 

The results of the study conducted at Public Middle School 1 Bulango Selatan showed 
that the use of the flipped classroom learning model on the material of congruence and 
similarity of plane figures has a positive effect on students' mathematical communication 
skills. Students who learn with the flipped classroom model have better mathematical 
communication skills compared to students who use conventional learning models. This 
benefit can be seen in the average scores of the mathematical communication ability test in 
the experimental and control classes. The advantage is shown based on the calculated t value 
of 2.083, which is higher than the t-table value of 2.042 at a significance level of 0.05, 
showing that the difference is important and that the flipped classroom model is more 
effective in improving students' mathematical communication skills. 

The flipped classroom learning model can improve students' mathematical 
communication skills. Therefore, teachers are advised to apply this learning model, 
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especially to the material of congruence and similarity, so that the learning process can be 
carried out optimally both in and outside the classroom. Schools are expected to provide 
motivation and support to students, especially supporting and not limiting students from 
using social media in the learning process because this learning model requires social media 
in the learning process. We expect it to serve as a reference or guideline for other researchers 
as they complete their final assignments. 
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