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Abstract: This research aims to determine the effect of fraction puzzle media on students'
ability to understand mathematical concepts. This research was conducted at SDN Petir
04 in class I, the second semester of the 2023/2024 academic year. The research method
used is quasi-experimental with a nonequivalent control group design. The research
samples in this study were class 111-B students as the experimental class and class 111-C
students as the control class, which were obtained using cluster random sampling
techniques. The test given is an essay with seven questions. The statistical analysis using
the Independent Sample T-test showed a significance value of 0.000 < 0.05, leading to
the rejection of Ho and acceptance of Hi. This confirms that students in the experimental
class, who were taught using fraction puzzle media, demonstrated better conceptual
understanding than those in the control class, who received conventional instruction. The
fraction puzzle media enhances learning by providing a hands-on, interactive experience
that helps students visualize and manipulate fraction concepts more effectively. This
approach facilitates deeper comprehension, reduces misconceptions, and improves
problem-solving skills related to fractions. Therefore, integrating fraction puzzle media
into mathematics instruction can effectively enhance students’ conceptual understanding
and engagement in learning fractions.
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A. Introduction

Education is an important condition for the development and progress of a nation.
Without this, a country will not progress and be on par with other nations in the world.
UNESCO has established four main pillars of education to face the 21st century, namely
(1) Learning to know, which is learning not only oriented to learning outcomes, but must
be oriented to the learning process, (2) Learning to do, namely learning to master
competencies, (3) Learning to be, which is to form human beings who become
themselves, and (4) Learning to live together, namely learning to work together
(UNESCO, 2006). Therefore, in facing future challenges, it is necessary to have graduates
who are skilled in all fields, especially in mathematics learning.
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Mathematics is a science that trains understanding and strategies to think
systematically, logically, critically, analytically, and creatively (OECD, 2023). The
importance of mastering mathematics can be seen in the Regulation of the Minister of
National Education Number 22 of 2016 which states that mathematics subjects must be
given to all levels of education, from elementary school to university (Permendikbud,
2016). Mathematics learning at school is carried out so that students can understand
mathematical concepts, explain the relationships between concepts, and apply concepts
or algorithms appropriately in solving a problem (Suryaningsih & Yarmi, 2023)

Thus, mathematics lessons are a necessity and a means of developing human
resources to have the ability to understand a concept and the intelligence to think
logically, critically, creatively, as well as take the initiative to the growth and
development of the times in each phase of their live (Arif & Upu, 2021). So that every
human being is required to be able to fulfill himself as early as possible through various
efforts, such as how a student has been trained to develop the ability to understand
concepts and solve problems through mathematics subjects at the elementary school level
(Orton, 2004). Well-designed problem-solving, including the selection of the right
techniques and strategies, is expected to provide opportunities for the growth of various
skills and bring out abilities that may not have been visible to students before (NCTM,
2009).

Ability is an action that a person can take according to the level of knowledge and
reasoning that can be obtained from a variety of experiences (Ted Sundstrom, 2022). In
fact, abilities have existed in every individual since birth, so it only takes ways and
strategies to develop the diversity of these abilities according to their level (Johar et al.,
2022). In addition, a person's success in life is influenced by the comprehension ability
they have (Kholid et al., 2021). So that a student is said to have the ability to understand
if the student is able to construct the meaning of messages that arise in learning such as
oral communication, writing, and graphics.

The ability to understand concepts has an important role for elementary school
students to master, because students are not only asked to just know and know concepts,
but are able to reexpress concepts in a simpler and understandable way. By understanding
the concepts, students can develop their abilities and successfully overcome various
problems well in each subject matter, especially mathematics (Brophy, 1998).

The ability to understand concepts has an important role for elementary school
students to master, because students are not only asked to just know and know concepts,
but are able to reexpress concepts in a simpler and understandable way. By understanding
the concepts, students can develop their abilities and successfully overcome various
problems well in each subject matter, especially mathematics (Endramawati, 2021;
Nurani et al., 2021).
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Based on the results of the research that has been carried out, it is found that there
are several problems related to the understanding of mathematical concepts. Students
have difficulty mastering mathematical concepts to solve problems (Suryaningsih &
Astuti, 2021). This is due to the lack of mastery of the basic concepts related to the
material. Inaddition, many teachers only deliver material without providing students with
an understanding of concepts, so they are only able to solve mathematical problems
without understanding the solution (Endramawati, 2021). From the point of view of
mathematical materials, fractions are part of mathematics. Fractions are one of the
difficult medical topics to teach (Suryaningsih et al., 2025). Many teachers in the
classroom teach fractions only using symbols and operations without explaining the
concept of fractions through media that can be applied in students' daily activities
(Diputra et al., 2023). This makes learning in the classroom uninteresting and tends to be
boring (Fauzi & Suryadi, 2020). This is in line with research Salim Nahdi & Gilar
Jatisunda (2020), which found that mathematics learning in schools is still procedural
without emphasizing conceptual understanding that can improve students' critical
thinking skills. Conceptual errors in fractional material occur when students are unable to
distinguish between numerators and denominators, do not understand the concept of equal
fractions, and do not master basic terms such as KPK (Suardi et al., 2022). This is due to
learning that emphasizes too much procedure without providing a deep conceptual
understanding and the lack of use of contextual concrete media.

Based on the results of the study of these previous studies, there is a gap for this
research to contribute further. One of them is the lack of a concept-based approach in
fraction learning. Students' understanding of mathematical concepts, especially in
fractional materials, is still low because learning focuses more on problem-solving
procedures compared to in-depth understanding of concepts. In addition, the lack of use
of interactive media in fractional learning is also a factor that hinders students'
understanding (Fauzi & Suryadi, 2020). Fraction learning in the classroom still relies on
textbooks as the main source without being supported by interesting and interactive
learning media, so students have difficulty understanding the concept of fractions,
especially in distinguishing numerators and denominators and associating fractions with
more concrete visual representations (Firma & Dian, 2021). On the other hand, students
find it easier to understand fractional material when given manipulative-based learning
media compared to only conventional approaches (Setianingrum et al., 2023).

Furthermore, the limitations in the implementation of interesting learning media are
also a problem that has not been overcome much in previous research. Although there are
studies that highlight the use of concrete media in learning, there have not been many
studies that empirically discuss the influence of fractional puzzles on students'
understanding of mathematical concepts with rigorous experimental designs. Research by
Novita and Putri (2020) Furthermore, the limitations in the implementation of interesting
learning media are also a problem that has not been overcome much in previous research.
Although there are studies that highlight the use of concrete media in learning, there have
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not been many studies that empirically discuss the influence of fractional puzzles on
students' understanding of mathematical concepts with rigorous experimental designs.

In line with the above, facts in the field based on the results of an interview that has
been conducted with one of the grade 111 homeroom teachers at SDN Petir 04, show that
the learning process applied by teachers only relies on available books, and there are still
students with below-average intelligence levels, so they have difficulty understanding a
concept, especially in learning mathematics on fractional materials. In addition, the low
ability of students to understand mathematical concepts is caused by some students who
have not mastered the concept of fractions well, including difficulty distinguishing
between numerators and denominators, as well as lack of utilization of learning media
carried out by teachers. Therefore, students' ability to understand mathematical concepts
is still relatively low. This means that the learning process that has been happening has
not achieved the expected success.

Therefore, this study fills the gap in the previous study by using fractional puzzle
media as a tool that can improve students' understanding of mathematical concepts
through direct experience and manipulative activities. In addition, this study will test the
effectiveness of this media in a quasi-experimental manner with a Nonequivalent Control
Group Design, so that it can provide stronger empirical evidence than previous descriptive
studies. Thus, this research is expected to provide practical implications for teachers in
choosing more interactive and concept-based learning strategies, especially in fractional
learning in elementary schools, as well as filling the gap in previous research by
presenting a more effective manipulative media-based approach.

B. Method

This research refers to a quantitative research approach. Quantitative research is a
research method that is inductive, objective, and scientific. In this method, the data
obtained is in the form of numbers, such as scores, grades or questions that are assessed,
and then analyzed through statistics. Quantitative research generally aims to test the
validity of a theory, with an approach that starts from theory, data collection, analysis,
then discussed and conclusions (Sugiyono, 2016).

Meanwhile, this research method uses a quasi-experimental design (Quasi
Experimental Design). Sugiyono, (2015) defines that experimental research is research
that is used to find the effect of certain treatments on others under controlled conditions.
This design has a control group, but it cannot fully control the external variables that
affect the implementation of the experiment (Sugiyono, 2014).

The research design used in this study is Nonequivalent Control Group Design.
Nonequivalent Control Group Design is a research design that compares pretest and
postest values between the experimental group and the control group, where the selection
of members of the two groups is not carried out through randomization (Hardani, 2020).
The data collection in the research aims to obtain reliable materials, facts, and information

105 AT-THU L LAB: Volume 9 Number 1, Year 2025
Journal Page is available to: http://journalfai.unisla.ac.id/index.php/at-thulab/index



Ahda Syarifah, Tri Suryaningsih, Rohmat Widiyanto

(Arikunto, 2010). The data collection in this study uses interview, test, and documentation
techniques.

Through the design of this study, the two groups were given tests in the form of a
pre-test at the beginning of learning and a post-test at the end of learning, as well as
treatment in accordance with the independent variables between the two tests. In this
study, the researcher provided a treatment in the form of the use of fractional puzzle
media (independent variable) to find out whether there was an effect on students' ability
to understand mathematical concepts in the mathematics learning of fractional material
in the form of addition and subtraction with the same denominator. The concept of this
research can be presented simply in the table below.

The steps taken before carrying out the learning process in the two classes, the
researcher first tests the ability to understand mathematical concepts using the
instruments that have been designed.

Table 1. Research Design

Group Pre-test ~ Treatment Post-test
Eksperimen 0 X1 O
Kontrol O X2 @)

Information:

X1 : Treatment using fractional puzzle media

X2 : Treatment by not using fractional puzzle media

O : Test of mathematical concept comprehension skills given to both groups before
and after learning

Data collection instruments are tools used by researchers in collecting data through
a test designed to measure a person's achievement after learning something (Muleong,
2012). The research instrument used is a test that refers to an indicator of the ability to
understand mathematical concepts in the form of description questions. The test is given
to the same two groups, namely in the form of pretest and posttest questions. The
indicators of the ability to understand mathematical concepts used are the ability to restate
the concepts that have been learned, the ability to give examples of the concepts studied,
the ability to present concepts in the form of mathematical representations.
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Table 2. Indicators of Concept Comprehension Ability Mathematical
(Kilpatrick et al., 2001)

Indicator Sub Indicators

Ability to restate concepts that have Students have the ability to re-express what they
been learned understand.

Ability to provide examples of Students have the ability to give an example of
concepts learned what they understand.

Ability to present concepts in the form  Students have the ability to express ideas or
of mathematical representations ideas in the form of symbols and fractional

symbols.

The researcher will test students' ability to understand mathematical concepts, then
compare the results of the test of mathematical concept comprehension skills between
students who are taught using fractional puzzle media and students who are taught using
Powerpoint. If there is a significant difference between the experimental class and the
control class, the treatment given has a significant effect.

Before the research instrument was used, an initial trial was carried out on 30
students who had studied fractional material to measure validity and reliability. Of the 10
questions that were tested, as many as 7 questions were declared valid based on the results
of the correlation coefficient, with 6 questions at a high level and 1 question at a sufficient
level, and the reliability value of the instrument reached 0.809 based on the SPSS 25
analysis, which was included in the very high category (Creswell, 2015; Field, 2012).
Data analysis was followed by a prerequisite test in the form of a normality test using
Shapiro-Wilk and a homogeneity test using variance analysis with SPSS, as the basis for
the feasibility of using the hypothesis test (Hair et al., 2010; Shapiro & Wilk, 1965). The
t-test used in this study is the Independent Samples T-Test to compare experimental and
control groups, with decision-making based on F-calculated values and F-tables to assess
the significance of the research results and the effect of the treatment given.

C. Results and Discussion
Results

Before the research is carried out, a preliminary test (pretest) is carried out to find
out the initial ability of students before being given treatment, both in the experimental
class and the control class. After the pre-test, the teacher applies the media in the learning
process. The teacher starts by explaining the material and giving fraction problems, then
students are asked to arrange colored puzzle pieces that represent the numerator and
denominator on the media board. Students actively compile and solve fractional problems
by matching puzzle pieces according to instructions. Upon completion, students are asked
to present their work results in front of the class as part of the evaluation and
reinforcement of the conceptThe data of the pretest results will be presented in the form
of a bar chart in Figure 1.

107 AT-THU L LAB: Volume 9 Number 1, Year 2025
Journal Page is available to: http://journalfai.unisla.ac.id/index.php/at-thulab/index



Ahda Syarifah, Tri Suryaningsih, Rohmat Widiyanto

Pretest and Postest Score Results of Control
Class

73,4
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60 & 24 = Pre Test
42,39 Post Tes
40 29
0
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Figure 1. Bar Diagram of Pretest and Postest Score Results of Control Class

Based on Figure 1, the results of the pretest in the control class show that the average
score of students is 42.36, with the highest score of 61 and the lowest score of 29. After
following the learning process without special treatment, the posttest results showed an
increase in scores. The average score increased to 73.4, the highest score reached 82, and
the lowest score rose to 57. From these results, it can be concluded that even though no
special treatment is given, there is an increase in learning outcomes in the control class.
However, to assess the effectiveness of learning more comprehensively, it is necessary to
compare the results of experimental classes that received certain treatments. The results
of the pretest posttest conducted in the experimental class are presented in the form of a
bar chart in Figure 2.

81,15

93
71
64
60 46,54
40 32
20 l M Pretest ' Postest
0

Mean Highest Value Lowest Value

Figure 2. Bar Diagram of Pretest and Posttest Results of Experimental Class

Based on Figure 2, the results of the pretest in the experimental class show that the
average score of students is 46.54, with the highest score of 64 and the lowest score of
32. After being given treatment in the learning process, the posttest results showed a
significant improvement. The average score increased to 81.15, the highest score reached
93, and the lowest score rose to 71. From these results, it can be concluded that the
treatment given in the experimental class has a positive impact on improving student
learning outcomes. Compared to the control class, the experimental class showed a
greater increase in posttest scores. This shows the effectiveness of the treatment in
improving students' understanding and academic achievement.
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Based on the results of the posttest of the experimental class, it can be seen that
most of the students have been able to restate the concepts that have been learned quite
well. However, there are still some students who have difficulty in reexpressing concepts
in a systematic and structured manner. In terms of the ability to provide examples of the
concepts learned, the majority of students have been able to present examples that are in
accordance with the concepts that have been taught. Nonetheless, some students still need
further guidance in connecting concepts with more complex and applicable examples.
Meanwhile, in the ability to present concepts in the form of mathematical representations,
most students have been able to express their ideas or ideas in the form of fractional
symbols and symbols. However, some students still experience obstacles in the accuracy
of using mathematical symbols, so further practice is needed to improve their
understanding and accuracy in representing concepts symbolically. Overall, these results
show that students' understanding of concepts has improved well, although additional
learning efforts are still needed to overcome the difficulties faced by a small percentage
of students.

The hypothesis results with an independent sample t-test with a significance level
(o) of 0.05 were obtained with a sig. (2-tailed) for post-test of 0.000. Through decision
making, the hypothesis test on the score of the post-test sig value above is < 0.05 which
means that HO is rejected and H1 is accepted. Thus, it can be concluded that there is an
influence of fractional puzzle media on students' ability to understand mathematical
concepts. The results of the effect size test to see how much the influence of fractional
puzzle media on students' ability to understand mathematical concepts, the results of the
influence test with Cohen are as follows:

4= 81,15 — 73,40
B 6,90
7,75
=—=1,12
6,90

Based on the calculation above, it shows that the effect size test value of 1.12 was
obtained. If you look at the existing classification table, the value of 1.12 is included in
the large category. This can be proven that the media of fractional puzzles has a great
influence on the ability to understand mathematical concepts of grade 111 students of SDN
Petir 04.

Discussion

The use of learning media can facilitate communication between teachers and
students. In addition, the use of learning media makes it easier for teachers to explain
abstract material. On the contrary, the use of learning media can help students understand
the concept of the material in a visual and concrete way. Therefore, effective learning
tools are needed to be applied to students. In each lesson, teachers of course use different
media so that students do not get bored easily.
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One of the media that can be used by teachers in learning is fractional puzzles.
Puzzles are one of the alternatives that can be used as a medium to convey fractional
material to students. The use of this media not only attracts students' attention, but also
helps improve students' reasoning skills.

by g
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N

Flgure 1. Fractional puzzle media product design

The results of this study show that the use of fractional puzzle-based learning media
has a significant impact on students' understanding of mathematical concepts, especially
in fractional materials. In terms of theoretical implications, these findings support Piaget's
theory of constructivism, which emphasizes that concrete experiential learning can help
students build better conceptual understanding (Zhan et al., 2022). In addition, the results
of this study are also in line with the educational game-based learning model, which has
been developed in various studies on the effectiveness of learning media in improving
students' mathematical thinking skills.

Practically, this study indicates that the use of fractional puzzle media is more
effective than PowerPoint media in improving student understanding. This is evidenced
by the average posttest score of students in the experimental class (81.15) which is higher
than that of the control class (73.4), as well as an effect size value of 1.12 which is
included in the large category. Thus, teachers are advised to integrate educational game-
based media in mathematics learning to increase students' active participation. In
addition, the hypothesis test showed a significant difference between the experimental
class and the control class (p < 0.05), which means that the use of fractional puzzle media
made a real contribution in improving students' conceptual understanding. However, in
its application, the use of this media also has challenges, such as adjusting the duration of
learning so that students have enough time to solve puzzles and the need for teachers to
understand manipulative media so that learning can take place optimally.

This study provides an insightful examination of the use of fractional puzzle media
as a tool for improving students’ conceptual understanding of mathematical fractions. In
analyzing the effectiveness of the learning media, several key areas emerge that
demonstrate both the strengths and limitations of this method in comparison with
traditional teaching methods like PowerPoint presentations.
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The theoretical foundation of this study is deeply rooted in Piaget's constructivism
theory, which emphasizes the importance of concrete experiences in building a deep
understanding of abstract concepts. The use of puzzles as manipulative learning tools
aligns with Piaget’s view that active, hands-on experiences allow learners to internalize
abstract concepts through concrete representations. By engaging students in tactile and
visual interactions with fractions, this study reinforces Piaget’s argument that conceptual
development is maximized when learners can physically manipulate objects to gain
insight into mathematical concepts (Piaget, 1976).

Additionally, the study supports Kilpatrick et al., (2001) framework for
understanding mathematical concepts, particularly in terms of conceptual understanding,
procedural fluency, and problem-solving ability. The results of this study show that
puzzle-based media fosters the three essential indicators of mathematical understanding:
restating concepts, providing examples, and presenting concepts symbolically. This
implies that the puzzle media not only helps students understand mathematical fractions
but also aids them in developing essential skills that will serve them in higher-level
mathematical tasks.

In terms of practical implementation, the study emphasizes that fractional puzzle
media has proven to be more effective than traditional PowerPoint presentations in
enhancing students' understanding. The experiment shows that students in the
experimental group, who engaged with puzzles, outperformed those in the control group
in both post-test scores and the development of conceptual understanding, with a notable
effect size (1.12). This indicates that the puzzle media offers a more engaging and
effective way to reinforce learning by actively involving students in their learning process
rather than relying solely on passive learning techniques like PowerPoint presentations.

Furthermore, the study highlights how puzzles serve as a motivational tool that not
only attracts students' attention but also promotes cognitive engagement. Puzzles provide
students with an interactive experience that fosters problem-solving skills, perseverance,
and reasoning abilities. This hands-on approach to learning also complements the
educational game-based learning model, which has gained recognition in various studies
for its capacity to improve students’ mathematical thinking skills (Hachmann, 2022;
Valentza, 2024).

The use of an experimental design with a control group and pre- and post-test
assessments lends rigor to the study's conclusions. The hypothesis testing showed
significant differences between the experimental and control groups (p < 0.05),
suggesting that the use of fractional puzzle media contributed to meaningful
improvements in students' understanding of fractional concepts. The clear statistical
evidence supports the idea that manipulative tools like puzzles can effectively enhance
mathematical learning, as opposed to relying on more traditional, less interactive forms
of media.
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However, the study is not without its limitations. One of the main concerns is the
limited scope of the sample third-grade elementary school students. While the results
indicate positive outcomes for younger students, it remains uncertain whether these
findings can be generalized to older students or more advanced mathematical concepts.
Therefore, a more comprehensive study including various grade levels and mathematical
topics is necessary to evaluate the broader applicability of puzzle-based learning media.

Despite the promising results, there are practical challenges that need to be
addressed for the successful implementation of puzzle-based learning. For instance,
adjusting the learning duration to allow students enough time to solve puzzles and
ensuring that teachers are adequately trained in using manipulative media are key
considerations. The success of puzzle-based learning depends not only on the media itself
but also on how effectively teachers can integrate these tools into their lesson plans and
how they manage the classroom dynamics to optimize learning opportunities.

Moreover, while the study demonstrated the effectiveness of puzzles in enhancing
conceptual understanding, it is essential to explore how these tools can be adapted for use
with more complex mathematical concepts in higher grades. As students progress in their
mathematical journey, the nature of the concepts becomes more abstract, and it remains
to be seen whether puzzle-based learning can effectively support these more advanced
topics.

This study makes a valuable contribution to the field of mathematics education by
demonstrating the efficacy of manipulative learning media in improving conceptual
understanding of fractions. However, further research is needed to explore the potential
of fractional puzzle media in different educational contexts. Future studies could involve
larger and more diverse student populations, including students from various cultural and
linguistic backgrounds, to test the generalizability of the findings. Additionally, the
integration of other cognitive variables, such as mathematical problem-solving and
critical thinking, could provide a more comprehensive understanding of the media's
impact. Lastly, the effectiveness of puzzle-based learning could be further explored
through longitudinal studies to evaluate whether the gains in conceptual understanding
are sustained over time and how puzzle-based learning affects students’ long-term
mathematical proficiency.

D. Conclusion

Based on the results of the research, it can be concluded that the use of fractional
puzzle media has a significant effect on the ability to understand mathematical concepts
of third grade students of SDN Petir 04. This is evidenced by a higher average posttest
score of the experimental class (81.15) than the control class (73.4), as well as the results
of the t-test with a significance value of 0.000 (<0.05) and a size effect of 1.12 which
indicates a large influence category. This media has been proven to improve students'
ability to restate concepts, provide examples, and present fractional concepts in the form
of mathematical representations.
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Scientifically, this research contributes to the development of effective
manipulative learning media to improve students' conceptual understanding, especially in
fractional materials. A visual and concrete approach through puzzles helps students
understand concepts more deeply, reduce misconceptions, and improve problem-solving
skills. These findings can be the basis for the development of interactive learning
strategies to improve the quality of mathematics learning at the primary education level.
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