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ABSTRACT

Background: Some studies show that maths instruction in fractions in
elementary schools still suffers from low conceptual understanding and
arithmetic skills of the students. This is because the use of conventional
learning methods which do not encourage students to learn also
requires media that are more innovative and interactive.

Purpose: This study aims to determine the effect of using bingo learning
media on students' understanding of concepts and arithmetic
operations of fractions.

Method: An experimental design with non-equivalent control group
design was employed. This research was conducted on an experimental
class and a control class, both consisting of 52 students. Multiple-choice
and essay were the tests to collect data that subsequently analyzed in
independent sample t-test, MANOVA respectively.

Findings: The average conceptual understanding of the experimental class
was obtained at 87.31, while that of the control class was 58.08 so as to
produce a significance value of 0.000; thus, HO is rejected and Ha is accepted.
The ability to operate fractions was also better in the experimental class with
an average of 80.96 compared to the control class at 51.15, with a
significance value of 0.000. The MANOVA test results showed a significance
value of 0.000, which indicated a simultaneous effect. These findings indicate
that bingo media is effective in increasing student engagement,
strengthening conceptual understanding, and practicing procedural skills in
fraction material.
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INTRODUCTION

National education aims to foster individuals’ skills while cultivating the character and

culture of a respected nation, thereby educating the community (Yuliani et al.,, 2025). This
goal centers on nurturing students who have faith in God Almighty, exhibit high moral
values, maintain good health, are knowledgeable, skillful, creative, self-reliant, democratic,
and responsible citizens, as outlined in Law Number 20 of 2003 concerning the National
Education System. Hence, education should not solely focus on enhancing academic

155


https://doi.org/10.56587/bemi.v4i1.137
https://issn.perpusnas.go.id/terbit/detail/20230402551097043
https://journal.rafandhapress.com/BEMI
https://journal.rafandhapress.com/BEMI/index
mailto:muhajir98@unitomo.ac.id
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.56587/bemi.v4i1.137
https://creativecommons.org/licenses/by-sa/4.0/

Ariep Mulyadi, Muhajir, & Nuril Huda

performance but also on reinforcing students' character and national principles (Yuliandari
et al, 2024). Nevertheless, the practical execution of character education and academic
growth in educational institutions continues to face numerous hurdles, especially in
developing students’ grasp of crucial mathematical principles (Zhang et al., 2023).

Elementary education is the key phase in nurturing students’ intellectual skills,
attitudes, abilities, and character (Enong Holilah, 2025). During this stage, learners are
familiarized with a variety of fundamental subjects, including Mathematics, which is vital for
cultivating logical, analytical, critical, and systematic thinking abilities (Nicoloro-SantaBarbara
et al, 2022). A significant concept in early mathematics instruction is fractions and their
arithmetic operations. A conceptual grasp of fractions signifies students’ capability to view
fractions as segments of a whole, compare and depict fractions, and use fractional ideas
suitably in different mathematical contexts. At the same time, operations with fractions like
addition, subtraction, multiplication, and division necessitate that students comprehend
both the steps involved and the fundamental mathematical ideas.

Grasping the concepts of fractions and their arithmetic operations is essential since
these skills form the base for studying more complex mathematical topics, including ratios,
algebra, percentages, and solving real-life problems. Pupils with a weak foundational
understanding of fractions often find it challenging to execute arithmetic operations
correctly and address context-based mathematical issues. However, numerous elementary
school students still view mathematics as challenging, abstract, and less exciting, leading to
diminished interest in learning and inadequate mathematical comprehension, especially
concerning fraction topics (Arintasari et al, 2019). As a result, students frequently make
mistakes in interpreting the values of fractions, utilizing arithmetic processes, and tackling
story problems associated with fractions.

This phenomenon also occurs in sixth-grade students at UPTD SDN Dlambah Laok 2.
From early observations, 10 out of 26 students met the minimum completion criteria and
the other 16 did not cat up to the established standards. This condition shows students' low
conceptual mastery of fractions which is the main cause of students getting difficulties in
solving arithmetic operations with fractions (Ulfa et al,, 2021). This problem is allegedly due
to the learning process at SMAN 2 Tanjungtiram which isstill more dominated by
conventional methods and not use of medialearn that can explain abstract concepts
concretely. As a domino effect, this condition does not only contribute to the low learning
that students obtain but also their lack of confidence, motivation and ability in critical
thinking when tackling mathematical problems (Ayu & Syariffuddin, 2021).

In theory, conceptual understanding is at the heart of learning mathematics. Students
with conceptual understanding well do explain, compare and apply concepts in different
circumstances (Wiseza & Ibermarza, 2025). Additionally, as previously mentioned when
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performing fraction arithmetic operations it is also necessary to understand a sequential
procedural reasoning. So that the learning process is designed interactively so that students
do not only receive information, but also actively build knowledge through meaningful
learning experiences. Utilization of learning media is one of the ways that can be use to
meet, and connect these needs (Ndiung & Iprati, 2023).

Numerous investigations have revealed that learning through interactive and game-
oriented methods can enhance students' enthusiasm, involvement, and outcomes in
mathematics (Mariati, 2024; Meylani, 2025). In the realm of elementary mathematics
instruction, visual and educational gaming tools are deemed effective for assisting learners
in grasping abstract ideas due to their ability to offer a more tangible, enjoyable, and
engaging learning atmosphere. Particularly, game-based education has been noted to
bolster students’ comprehension of concepts and boost their active participation in
mathematics lessons, especially with fractions, which are frequently viewed as challenging
by primary school pupils (Rasvani & Wulandari, 2021).

Investigation into educational games based on bingo has also indicated beneficial
effects on learning in classrooms. Bingo tools can foster engaging learning environments,
promote teamwork among students, and enhance their focus and involvement during
teaching sessions (Khairuni & Wandini, 2023). Additionally, the use of educational gaming
tools has proven to enhance students’ math skills and academic performance through
enjoyable and repetitive practice activities (Mulyati, 2016). Further research has shown that
learning through games can assist students in developing their mathematical
communication and problem-solving abilities by boosting their motivation and alleviating
anxiety related to math (Ayu & Syariffuddin, 2021).

While earlier studies have yielded significant insights about game-based learning and
educational tools, many have concentrated on the general use of games in math education
without specifically looking at how bingo-based tools are applied in teaching fractions.
Moreover, past research has often focused on either the development of conceptual
knowledge or arithmetic competencies separately (Prasetiawati et al, 2025), while few
studies have examined how both students' understanding of concepts and their fraction
arithmetic skills can progress simultaneously through a single teaching intervention (Mailani
et al, 2025). Thus, this research aims to address this shortfall by exploring the effectiveness
of bingo-based learning resources in enhancing both conceptual insight and arithmetic skills
regarding fractions among elementary students. The originality of this research resides in
merging bingo-centric educational games with fraction learning tasks that prioritize both
conceptual understanding and arithmetic skills within the context of elementary
mathematics learning.
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Furthermore, the novelty of this study should be articulated more academically by
emphasizing the distinct contribution of bingo learning media compared to existing game-
based learning approaches. In this research, bingo media is not merely utilized as a tool for
content delivery, but also as an instructional strategy designed to encourage active student
participation through play-based learning activities, collaborative discussions, and hands-on
problem-solving experiences (Marleni et al., 2021).

Bingo learning media is a game-based instructional medium that utilizes cards
containing numbers, symbols, or concept-related terms arranged vertically, horizontally, or
diagonally (Marleni et al, 2021). In its implementation, students are required to answer
questions related to fraction material and subsequently mark or color the corresponding
answers on the bingo cards to form specific patterns. This learning activity encourages
students to actively participate in discussions, express their reasoning processes, collaborate
with peers, and provide explanations regarding problem-solving procedures. Previous
studies indicate that bingo-based learning activities have the potential to enhance students'’
engagement and mathematical understanding, particularly in fraction learning (Nugroho et
al, 2023).

Based on these considerations, this study specifically investigates whether the use of
bingo learning media is effective in improving students’ conceptual understanding and
fraction arithmetic skills compared with conventional learning methods.

METHODS

This study employed a quantitative approach using a quasi-experimental design with
a pretest—posttest control group format. The research population consisted of all students
from gradesIto VI at UPTD SDN Dlambah Laok 2, totaling 262 students. Saturated sampling
was initially applied because all members of the population were included in the preliminary
population mapping process. However, the implementation of the experimental study was
limited to two sixth-grade classes, as the research focused specifically on students who had
studied fraction materials relevant to the research objectives (Hwang et al,, 2019). Class VI A,
consisting of 26 students, was assigned as the experimental group, while Class VI B,
consisting of 26 students, served as the control group (Ariesta et al.,, 2024).

The experimental group received instruction using bingo learning media, whereas the
control group was taught using conventional learning methods. The treatment was
conducted during the fraction learning unit over several instructional meetings. Before and
after the treatment, both groups were administered pretests and posttests to measure
changes in learning outcomes related to fraction concepts and arithmetic operations.

Data collection was carried out using two research instruments. The first instrument
was a multiple-choice test designed to assess students’ conceptual understanding of
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fractions. The second instrument was a descriptive test intended to evaluate students’ ability
to solve fraction arithmetic problems systematically (Ching et al,, 2024; Schad| & Ufer, 2023).
The instruments were developed based on indicators of conceptual understanding and
fraction operation skills, including identifying fraction representations, comparing fractions,
performing arithmetic operations, and explaining solution procedures (Lenz et al., 2020). The
multiple-choice test consisted of objective items scored using a dichotomous system, while
the descriptive test employed an analytical scoring rubric to assess the accuracy and
completeness of students’ responses (Chin et al, 2021). Prior to implementation, the
instruments were examined for content validity through expert judgment and tested for
reliability to ensure consistency and accuracy in measuring students’ abilities.

The collected data were analyzed using inferential statistical techniques to determine
the effectiveness of bingo learning media on students’ mathematics learning outcomes. An
independent sample t-test was conducted to identify differences in mean posttest scores
between the experimental and control groups. In addition, Multivariate Analysis of Variance
(MANOVA) was employed to examine the simultaneous effect of the learning media on two
dependent variables, namely conceptual understanding and fraction arithmetic operation
skills (Arintasari et al, 2019; Lestari & Jusra, 2022). The use of MANOVA was considered
appropriate because the study investigated multiple related dependent variables within the
same experimental treatment.

RESULT AND DISCUSSION
Result

The participants in this study consisted of 52 sixth-grade students from UPTD SDN
Dlambah Laok 2. The students were divided into two groups, namely the experimental class
and the control class, with each class consisting of 26 students. The experimental class
received instruction using bingo learning media, whereas the control class was taught
through conventional learning methods. The participant distribution was determined based
on the existing class structure in the school.

Descriptive and inferential statistical analyses were conducted to examine the effect of
bingo learning media on students’ conceptual understanding and fraction arithmetic
operation skills (Suluh & Bitu, 2021). The analysis began with descriptive statistics, followed
by prerequisite tests, hypothesis testing using the independent sample t-test, and
multivariate testing using MANOVA.

Table 1 presents the descriptive statistics of students’ conceptual understanding
scores in both groups.
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Tabel 1.
Descriptive Statistics of Fraction Concept Understanding
Group N Mean Std. Deviation
Conventional Learning 26 58.08 9.39
Bingo Learning Media 26 87.31 12.51

The data in Table 1 indicate that the experimental class achieved a higher mean score
than the control class. Students who learned through bingo media demonstrated better
conceptual understanding of fractions compared with students who received conventional
instruction.

Prior to hypothesis testing, normality and homogeneity tests were conducted to
ensure that the data met the assumptions required for parametric analysis. The results are
presented in Table 2.

Tabel 2.
Normality and Homogeneity Test of Concept Understanding

Variable Group Sig. (Shapiro-Wilk) Sig. Levene

Fraction Concept Konvensional >0.05 >0.05
Understanding
Media Bingo 0>.05

The results showed that the significance values of the Shapiro-Wilk and Levene tests

were greater than 0.05, indicating that the data were normally distributed and
homogeneous. Therefore, the data fulfilled the assumptions for further parametric testing.
The independent sample t-test results are presented in Table 3.

Tabel 3.
Concept Understanding t-Test Results
Information df Sig. (2-tailed) Mean Difference
Equal Variances Assumed 50 0.000 -29.23
Equal Variances Not Assumed 46,383 0.000 -29.23

The significance value of 0.000 (< 0.05) indicates a statistically significant difference
between the experimental and control groups. This finding demonstrates that the use of
bingo learning media significantly improved students’ conceptual understanding of
fractions.

The descriptive statistics for students’ fraction arithmetic operation skills are presented
in Table 4.

Tabel 4.
Descriptive Statistics of Fraction Arithmetic Operation Ability
Group N Mean Std. Deviation
Conventional Learning 26 51.15 11.07
Bingo Learning Media 26 80.96 8.25
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Table 4 shows that students in the experimental class obtained higher arithmetic
operation scores than those in the control class. This result indicates that bingo learning
media contributed positively to the development of students’ procedural skills in solving
fraction problems.

The prerequisite test results for this variable are shown in Table 5.

Tabel 5.
Normality and Homogeneity Test of Arithmetic Operation Ability

Variable Group Sig. (Shapiro-Wilk) Sig. Levene
Fraction Arithmetic Konvensional >0.05 >0.05
Operations
Media Bingo 0>0.5

The significance values greater than 0.05 indicate that the data satisfied the
assumptions of normality and homogeneity. Consequently, the data were appropriate for
parametric analysis.

The results of the independent sample t-test are presented in Table 6.

Tabel 6.
Results of the t-Test for Arithmetic Operation Ability

Information df Sig. (2-tailed) Mean Difference
Equal Variances Assumed 50 0.000 -29.81
Equal Variances Not Assumed 46,213 0.000 -29.81

The significance value of 0.000 (< 0.05) demonstrates a significant difference between
the two groups. Therefore, bingo learning media had a significant effect on students’
fraction arithmetic operation skills.

To examine the simultaneous effect of bingo learning media on both dependent
variables, a MANOVA test was conducted. The results are presented in Table 7.

Tabel 7.
MANOVA Test Results

Source of Variation Dependent Variable Sig. Observed Power
Learning Media Concept Understanding 0.000 1.000
Learning Media Fraction Arithmetic Operations 0.000 1.000

The MANOVA results indicate significance values below 0.05 for both dependent
variables. This finding demonstrates that bingo learning media simultaneously influenced
students’ conceptual understanding and fraction arithmetic operation skills.

Discussion

The findings of this study demonstrate that bingo learning media significantly
improved students’ conceptual understanding and fraction arithmetic operation skills
compared with conventional learning methods. The higher mean scores achieved by the
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experimental class indicate that game-based learning activities can create a more engaging
and meaningful learning environment for elementary school students.

The effectiveness of bingo learning media may be explained through its interactive
learning characteristics. During the learning process, students were not only required to
identify correct answers but also encouraged to discuss, analyze, and justify their reasoning
collaboratively. Such activities support active learning processes that enable students to
connect prior knowledge with newly acquired concepts. This finding is consistent with
constructivist learning theory, which emphasizes that knowledge is developed actively
through interaction, discussion, and problem-solving experiences.

In the context of fraction learning, bingo media also helped students visualize and
organize abstract mathematical concepts more concretely (Nasir, F., et al,, 2025). Fractions
are commonly regarded as difficult material for elementary school students because they
involve both conceptual and procedural understanding simultaneously (Salim Nahdi & Gilar
Jatisunda, 2020). Through bingo activities, students repeatedly practiced identifying
equivalent fractions, performing arithmetic operations, and matching answers within a
structured game format. This repetitive yet enjoyable process may strengthen both
conceptual comprehension and procedural fluency.

The results of this study are in line with previous findings indicating that game-based
learning media can improve students’ motivation, engagement, and mathematics
achievement (Hui & Mahmud, 2023). However, this study contributes additional evidence
by simultaneously examining conceptual understanding and arithmetic operation skills
using MANOVA analysis. The findings suggest that both competencies are interconnected
and can develop concurrently when students engage in interactive and collaborative
learning experiences.

From a pedagogical perspective, the findings imply that elementary mathematics
instruction should incorporate more student-centered and interactive learning media to
reduce students’ difficulties in understanding fractions. Bingo learning media may serve as
an alternative instructional strategy that promotes active participation, collaborative
learning, and meaningful mathematical understanding. Furthermore, the study strengthens
the argument that learning media integrating game elements can enhance not only
students’ motivation but also their cognitive achievement in mathematics learning contexts.

CONCLUSION

Based on the results of the study, it can be concluded that the use of bingo learning
media had a significant positive effect on students’ conceptual understanding and fraction
arithmetic operation skills among sixth-grade students at UPTD SDN Dlambah Laok 2.
Students who learned through bingo learning media achieved higher learning outcomes
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compared with students who received conventional instruction. These findings indicate that
bingo learning media is effective in supporting students’ understanding of fraction concepts
as well as improving their procedural abilities in solving fraction arithmetic problems.

The effectiveness of bingo learning media demonstrates that interactive and game-
based learning approaches can create more meaningful mathematics learning experiences
for elementary school students. Theoretically, this study strengthens the constructivist
perspective that active participation, collaboration, and interactive learning activities
contribute to the development of conceptual and procedural mathematical understanding.
Practically, the findings suggest that teachers may utilize bingo learning media as an
alternative instructional strategy to increase students’ engagement, motivation, and
achievement in fraction learning.

Despite these positive findings, this study was limited to a relatively small sample and
focused only on one school context. Therefore, future studies are recommended to involve
larger and more diverse samples, apply longer treatment durations, and examine the
effectiveness of bingo learning media in other mathematical topics or educational levels.
Further research may also explore the integration of digital or technology-based bingo
learning media to enhance students’ learning experiences and mathematical competencies
more comprehensively.
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