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Abstract: The students' disinterest and low ability to understand and translate physics concepts
are challenges in physics learning. One of the solutions in this field is to implement a learning
approach that can enhance students' interest and deepen their understanding and ability to translate
abstract concepts of physics. This study aims to investigate the effect of implementing multi-
representation-based physics learning on students’ representation translation abilities in linear
motion. This study employs a quasi-experimental design with a non-equivalent control group
pretest-posttest. This study involved 62 students from two eleventh-grade classes at senior high
schools in Bandung, which were selected using purposive sampling. The experimental group
received Lesh-Janvier multi-representation-based learning treatment, while the control group
received conventional teacher-centered learning treatment. These research instruments include
tests for representation translation ability and student response questionnaires. The results indicate
that the representation translation ability of the experimental group shows a significant
improvement, with an n-gain value of 0.74. Students’ responses to the learning process were also
positive. Hypothesis testing using IBM SPSS shows a significant result (Asymp. Sig. < 0.001) for
the experimental group, indicating a significant difference. Thus, multi-representation-based
learning positively affects students' representation translation abilities.

Keywords: multi representations, representation translation ability, linear motion.

» INTRODUCTION

Physics is the science that studies the laws of nature as the basis for the occurrence
of physical phenomena related to matter and energy, the motion of particles and waves,
interactions between particles, the properties of molecules, atoms, atomic nuclei, as well
as larger-scale systems such as gases, liquids, and solids (Connerade, 2023; Park et al.,
2019). The object of study in physics learning is inanimate objects and natural phenomena
that are related to each other. This challenge requires students to understand abstract
concepts and symbolic mathematical expressions that contrast real-world phenomena
(Ainsworth et al., 2011; Rau, 2017).

The physics learning process in the Merdeka curriculum emphasizes students’
understanding of physics and science process skills. The competencies that students must
achieve after participating in physics learning are referred to as Learning Outcomes (CP),
which have been identified to balance soft and hard skills, such as knowledge (cognitive),
attitude (affective), and psychomotor skills (Kemendikbud, 2022). One of the skills that
students must have is the representational ability to understand abstract physics concepts
(Ainsworth et al., 2011). Representational abilities play a major role in physics learning
because they help students to connect abstract concepts with experimental observation
while also strengthening problem-solving and higher-level thinking skills (Opfermann et
al., 2017; Worku et al., 2025). The development of representation skills is an important
part of physics learning, which aligns with the goals of Profil Pelajar Pancasila:
independence, innovation, critical thinking, creativity, and collaboration.
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Effectively, students must understand the use of representations in explaining and
translating a concept from one form to another (Cheng & Gilbert, 2009; Seufert, 2003).
Janvier (1987) defines the translation of representation as the ability of students to connect
one representation with another. Representation translation ability is not only about
translating information from one form of representation to another and understanding the
relationship between the two (Ainsworth et al., 2011; Leaf, 2017). This ability helps
students understand concepts that are difficult to grasp through a single representation.
The other representations can potentially provide a different perspective that can help
overcome difficulties in understanding the concept (Ainsworth et al., 2011; Hasbullah et
al., 2019; Larasati et al., 2019; Munfaridah et al., 2021; Rexigel et al., 2024).

Ideally, physics learning is expected to produce students with a deep understanding
of concepts and the ability to translate information and understand the relationship
between the two. However, there is often a difference between expectations and actual
achievements. Many students still have difficulty connecting physics concepts with their
application, and their problem-solving skills are still limited (Nielsen et al., 2022; Rau,
2017; Sari et al., 2023; Tamyiz et al., 2020; Worku et al., 2025). Research shows that
even though students are used to seeing various representations, they still struggle to
transform information between them (Munfaridah et al., 2021; Nielsen et al., 2022;
Rexigel et al., 2024). For example, in a free-fall experiment, students can explain the
movement of objects using conceptual diagrams, use mathematical equations to calculate
the position and speed of falling objects, and explain the changes in their variables in
tables or graphs. Students often do this kind of thing because they often find the use of
representations, but translating information between representations is difficult. Such
behavior indicates that students' conceptual understanding is fragmentary, so it is
insufficient to support effective representation translation (Rau, 2017; Worku et al.,
2025).

Based on a preliminary study at a senior high school in Bandung, an interview with
a physics teacher revealed several problems that arise in the learning process of linear
motion. The teacher states that most students have difficulty using physics concepts and
formulas to work on the problem and the relationship between the physics concepts
themselves. Students tend to just memorize formulas without really understanding the
meaning of the physics behind them. Therefore, students often struggle to translate
questions presented in graphs or narrative descriptions into other formats. The teacher
mentioned that the learning approach used so far is still conventional, such as lectures,
practicums, and working on the exercises. As a result, the physics learning appears
monotonous. This results in a gap between the learning achievements and the expected
competencies, along with the results achieved. The causes include traditional and less
varied teaching methods, the lack of interesting learning media, and the differences in
students' interest and motivation in physics.

In the development of the learning process, an educator plays a role in facilitating
the needs of their students. Therefore, physics learning always gets attention from physics
educators who make the best efforts for their students. One of the efforts in physics
teaching that can meet the needs of students is learning through multi-representation. The
reason for using multi-representation in physics teaching is to structure physics, which
uses mathematical modeling to describe phenomena and to explain the relationships
between variables (Opfermann et al., 2017; Rau, 2017). Using multi-representation in
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physics learning is important because it offers different ways to communicate and think
about ideas, helping students understand concepts better and solve physics problems
(Munfaridah et al., 2021; Nielsen et al., 2022; Rexigel et al., 2024; Treagust et al., 2017;
Widianingtiyas et al., 2015). Through multi-representation-based learning, students are
expected to gain a deeper understanding of concepts and skills in thinking and
communicating, as well as increased interest and motivation to learn (Ainsworth et al.,
2011; Wayan District et al., 2021; Worku et al., 2025). Therefore, using multi-
representation-based physics learning in schools becomes a solution to stimulate students'’
representation translation abilities.

Claude Janvier investigated the use of multi-representation in-depth and created a
book on representation problems in mathematics learning. According to Janvier (1987),
students need to understand a concept from various points of view, through different
representations, such as verbal, visual, and symbolic. Janvier emphasized the importance
of representation translation. Janvier's model highlights the importance of active learning
in the multi-representation learning process. Students are not just passive recipients of
information but they actively build their understanding through exploration,
transformation, and integration.

On the other hand, Lesh (1979) argues that the multi-representation learning model
is a learning approach that emphasizes the presentation of information in various forms
of representation, such as verbal, visual, and kinesthetic. This approach assumes that
individuals have different ways of learning and that presenting information in different
forms of representation can help students better understand concepts. The Lesh model
indicates that if a student understands an idea, they must be able to make representation
translations. The combined model of Lesh and Janvier for multi-representation learning
utilizes the strengths of both individual approaches to create a robust framework for
enhancing representation translation abilities.

Previous research has shown that multi-representation-based learning improves
students' understanding and skills. Wayan District et al. (2021) and Worku et al. (2025)
evaluated the effect of multi-representation-based learning models on conceptual
understanding and problem-solving skills in the topic of electricity. The results indicate
that this approach can significantly improve students' understanding of concepts and
problem-solving skills compared to traditional models. Furthermore, Nielsen et al. (2022)
reported that students achieve a better conceptual understanding when they succeed in
translating representations. The use of various representations in physics learning not only
improves understanding and mastery of concepts but also encourages students' creativity
(Muhammad Aminuddin et al., 2024; Munfaridah et al., 2021; Rexigel et al., 2024; Talib
& Amiroh, 2023). Students who learn using various representations, such as visual,
verbal, math, and kinesthetic, better understand physics concepts than those using only
one representation (Ainsworth et al., 2011; Arnal-Palacian et al., 2020). Therefore, it can
be concluded that multi-representation-based learning can stimulate and improve
students' representation translation abilities.

Based on the background above, this study aims to investigate the effect of multi-
representation-based learning using the Lesh-Janvier model on students' representation
translation abilities, particularly linear motion. This topic was chosen because it covers
abstract physics concepts and requires an innovative and constructive learning approach.
Furthermore, this study endeavors to ascertain the enhancement of students'
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representation translation skills both before and after the learning process. This study fills
the gap in the existing literature by investigating the multi-representation learning model
of Lesh-Janvier and the aspect of representation translation. Although several studies
have investigated multi-representation-based learning, there has been no review
specifically focusing on how the multi-representation-based learning model can be used
to develop students’ representation translation abilities. Therefore, this study offers a
specific approach to fill the gap in the existing literature.

= METHOD
Participants

The population in this study was all eleventh-grade students of SMA Negeri 22
Bandung for the 2024/2025 academic year. The determined using purposive sampling
techniques. The sampling is determined based on the classes provided by the school or
teacher and classes the topic of linear motion will be studied. The sample in this study
consists of 62 students from two eleventh-grade classes of SMA Negeri 22 Bandung.
Class XI-5 served as the control group, whereas class XI-7 was the experimental group.
The average age of students in both classes is around 16 years old.

Research Design and Procedures

The method employed in this study is quantitative. The research design was quasi-
experimental, with a non-equivalent control group pretest-posttest design. This design
involved two groups of subjects, namely the experimental group (EG) and the control
group (CG), who were given a pre-test of the representation translation ability before
receiving treatment. After that, the experimental group (EG) was given treatment using
the Lesh-Janvier approach for multi-representation physics learning. In contrast, the
control group (CG) was given treatment using conventional teacher-centered physics
learning. Following the treatment, we administered a post-test to both groups to assess
the enhancement of each representation's translation ability.

This study was conducted in the odd semester of the 2024/2025 academic year. The
study was conducted throughout four sessions, amounting to 8 x 40 minutes. This study
advances a composite multi-representation translation model based on the work of Lesh
and Janvier. The combined stages of the Lesh-Janvier multi-representation model include
mapping, interpretation, coordination, transformation, and application.

This study followed a three-stage procedure: the preliminary stage, the
implementation stage, and the final stage. In the preliminary stage, the researcher
conducts a literature study, develops research instruments, and performs validation and
trials of the instruments. In the implementation stage, the researcher administered pre-
test of representation translation abilities to both the experimental and control groups.
After that, the experimental group was given a multi-representation-based learning
treatment by the researcher, while the control group was given a conventional learning
treatment by a physics teacher. In the final stage, the researcher administered post-test to
both groups to gauge the improvement in their representation translation abilities
following the treatment. In addition, in the experimental group, the researcher also
provided a questionnaire to determine students' responses to multi-representation-based
learning. Then, analyzed the data from the final stage to assess the effectiveness of
learning and its impact on students' representation translation abilities.
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Instrument

This study uses test and non-test instruments, namely representation translation
ability tests and student response questionnaires. The representation translation ability
test instrument consists of 15 multiple-choice questions with five alternative answers. The
researcher developed pre-test and post-test items, validated by three expert lecturers and
one physics teacher. The results indicate that the average Aiken validity value is 0.96
(valid).

In addition, the instrument went through trials on 40 students, and the results were
analyzed using the Rasch model with the help of the Winsteps application version 5.7.1.
The results showed: (1) the unidimensionality of 15 items had a raw variance explained
by measure value of 35.2% (adequate), and the unexplained variance 1st contrast
eigenvalue was 2.3 (good); (2) fit item 15 items meet the criteria of 'suitable’; (3) the
Cronbach alpha value was 0.85 (very good); (4) item reliability value was 0.75 and person
reliability was 0.76, which included in the 'fairly reliable' category; and (5) item measure
three items in the easy category, seven items are categorized as moderate, and five items
are categorized as difficult. The grid of representation translation abilities used in this
study can be seen in Table 1.

Table 1. Representation translation question grid

Question  Forms of Representation Aspect of

Concept . Representation
Number Translation Translation Ability
Distance & 1 Image - Mathematics Transformation
Displacement 2 Verbal — Image Mapping
Average Speed & 3 Verbal — Graphic Application
Velocity 4 Graphic — Verbal Interpretation
Acceleration 5 Graphic - Mathematics Transfo_rmgtion
6 Table — Verbal Coordination
Uniform Linear 7 Table - Mathematics Transformation
Motion 8 Image — Graphic Transformation
Uniformly 9 Mathematics - Verbal Interpretation
Accellei;a:te;gnLlnear 10 Image - Mathematics Application
Free Eall Motion 11 Mathematics - Tgble Coordinatiqn
12 Table — Graphic Transformation
13 Verbal - Mathematics Mapping
Vertical Motion 14 Graphic — Table Transformation
15 Mathematics - Graphic Coordination

A non-test student questionnaire instrument was used to determine students’
responses to the multi-representation-based physics learning process. This questionnaire
consists of 7 questions developed by researchers with three indicators: (1) attention, (2)
satisfaction, and (3) relevance. This questionnaire underwent a content validation process
by one expert lecturer and one physics teacher. The results stated that the questionnaire
was valid in terms of content and suitable for use in the research. The questionnaire uses
a Likert scale with options: Strongly Agree (SA), Agree (A), Undecided (U), Disagree
(D), and Strongly Disagree (SD). The matrix of the student response questionnaire used
in this study can be seen in Table 2.
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Table 2. Student response questionnaire grid

Indicator Observed Aspects Number
Attention Students' interest in multi-representation-based physics 1.3
learning
Satisfaction ~ Students' attitudes towards multi-representation-based 2.7
physics learning
Relevance The relationship of multi-representation learning to 4.5.6

students' translational and cognitive abilities

Data Analysis

The pre-test and post-test data obtained were then analyzed to determine the
influence of learning on students’ representation translation abilities, using the IBM SPSS
statistical application version 30.0 for Windows. Data analysis was carried out by the
Wilcoxon hypothesis test. To ensure a normal or homogeneous distribution of the data,
we first conducted a normality test and a homogeneity test.

The decision-making criteria in statistical analysis are based on those of Santoso
(2014). The technique used to test normality in this study is the Shapiro-Wilk test with a
significance level of a=0.05. Based on the significance value (Sig.) of the SPSS output
results, if the Sig. > 0.05, then the test score data comes from a normally distributed
population. Meanwhile, if the Sig. < 0.05, then the test score data comes from a population
that is not normally distributed.

Next, a homogeneity test was carried out to determine whether two or more sample
data groups came from populations with the same variance (homogeneous). The
technique used in this study was to test the homogeneity of variance with the Levene
Statistics test. The Levene test tests variance homogeneity if the data tested does not need
to be normally distributed but is continuous. Based on the Sig. Based on the mean value
of the SPSS output, if the Sig.Based on Mean > 0.05, the data group comes from a
population with the same variance (homogeneous). Meanwhile, if the Sig.Based on Mean
< 0.05, the data group comes from a population with different variances (non-
homogeneous).

Last, the Wilcoxon test was performed to determine whether a statement or
hypothesis about a population is true or false. The Wilcoxon test was performed if one of
the statistical assumptions of the normality test was not met. According to Santoso (2014),
the decision-making criteria in the Wilcoxon test based on Asymp Sig. (2 — tailed)
SPSS output results are as follows.

(Ho) : If the Asymp Sig. (2 — tailed) = 0.05 (no effect of multi-representation-based
learning on students' representation translation abilities).
(H1) :Ifthe Asymp. Sig.(2 — tailed) < 0.05 (an effect of multi-representation-based
learning on students' representation translation abilities).

A normalized gain calculation was carried out to analyze the effectiveness of
learning in improving students' abilities before and after learning. Normalized gain is a
comparison between the actual gain score, the gain score obtained by the student, and the
maximum gain score, which is the highest gain score the student may obtain (Hake, 1999).
According to Hake (1999), the interpretation of the average value of n-gain is categorized
into three levels: (1) if the average value of n-gain (g)<0.3, then it is categorized as low;
(2) if the average value of n-gain 0.30<(g)<0.70, then it is categorized as moderate; (3) if
the average value of n-gain (g)>0.7, then it is categorized as high.
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= RESULT AND DISSCUSSION

The research data were obtained from the results of the pre-test and post-test
conducted in the experimental group and the control group. Based on the research results
of the research and data collection, descriptive analysis and quantitative analysis were
carried out with prerequisite test stages in the form of normality test and homogeneity
test. Next, we conducted hypothesis testing using the Wilcoxon test.

To compare the effectiveness of multi-representation-based learning compared to
conventional learning, a normalized gain (n-gain) calculation was carried out. The
average result of n-gain in students' representation translation ability regarding linear
motion is presented in Figure 1.

0.8 - 0.74
0.6
0.46
0.4 -
0.2 -
0 T 1
Experiment Control

Figure 1. Average score of n-gain students’ representation translation ability

The average n-gain of the experimental group was 0.74 (high category).
Meanwhile, the average n-gain of the control group was 0.46 (moderate category). Thus,
it can be concluded that the improvement of students' representation translation ability in
linear motion obtained higher results after being given multi-representation learning
treatment than the group given conventional learning treatment.

Students received training in the interpretive skills of representations, which include
mapping, interpretation, coordination, transformation, and application. The improvement
of each aspect of the students' representation translation ability regarding linear motion is
presented in Figure 2.
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Figure 2. Average n-gain results of each aspect of students’ representation translation
ability
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The average n-gain results of the experimental group for the four aspects of
representation translation were significantly increased > 0.70 (high category). This
evidence shows that Lesh-Janvier’s multi-representation-based learning effectively
develops more than one aspect of representation translation ability. The control group
obtained an average n-gain for four aspects of representation translation in the range of
0.3 to 0.7 (moderated category). This result shows that conventional teacher-centered
learning is not enough to support the development of comprehensive representation
translation abilities.

In the application aspect, each group obtained a lower average n-gain compared to
the previous aspect. While students demonstrated proficiency in manipulating
mathematical formulas, they struggled to apply the formula's physical meaning to solve
problems. In addition, students’ limited experience with multi-representation physics
problems makes them quite complex, leading to longer completion times and a tendency
to guess answers.

Overall, it can be concluded that multi-representation-based learning can provide
more significant improvements in various aspects of student representation translation.
This finding is in line with Janvier's theory (1987), which emphasizes the importance of
multi-representation exploration to form an in-depth understanding of concepts.

To further test the influence of learning, a hypothesis test was carried out through
the prerequisite test of normality and homogeneity. The results of the normality test are
presented in Table 3.

Table 3. Shapiro wilk normality test results of representation translation ability
Normality Test

Group Statistic Df Sig.
Experiment Pre-Test 0.931 31 0.047
Post-Test 0.775 31 <0.001
Pre-Test 0.946 31 0.117
Control

Post-Test 0.845 31 <0.001

Based on Table 3, it can be seen that the data from the pre-test results of the
experimental group obtained a significance value of 0.047 (< 0.05), and the control group
obtained a significance value of 0.117 (= 0.05). Thus, it can be concluded that the data
for the pre-test results of the experimental group were not normally distributed. In
contrast, the data of the pre-test results in the control group were normally distributed. In
addition, the data from the post-test results of the two groups obtained a significance value
of < 0.001 (< 0.05). Thus, it can be concluded that the data from the post-test results of
the two groups were not normally distributed. The results of the variance homogeneity
test are presented in Table 4.

Table 4. Homogeneity test results of representation translation ability
Homogeneity Test
Test Levene Statistic Sig. Based on Mean
Pre-Test 16.333 <0.001
Post-Test 1.039 0.312
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Based on Table 4, it can be seen that the pre-test results of the two groups obtained
a Sig. Based on Mean < 0.001 (< 0.05) with Levene Statistic 16.333. This means that the
pre-test of the two groups was not homogeneous. As for the post-test results, the two
groups obtained Sig. Based on Mean 0.312 (= 0.05) with Levene Statistic 1.039. This
means the post-test results for the two groups were homogeneous.

Based on the results of the normality and homogeneity test, it was obtained that the
pre-test and post-test data of students obtained results that were not distributed normally.
Therefore, the test was continued using a non-parametric statistical test with the Wilcoxon
test. The results of the Wilcoxon test were presented in Table 5.

Table 5.Wilcoxon test results of representation translation ability
Wilcoxon Test

Group Z Asymp. Sig. (2-tailed)
Experiment -4.708 <0.001
Control -4.874 <0.001

Based on Table 5, it can be seen that the experimental group obtained Asymp.Sig.
(2-tailed < 0.001 (< 0.05) with a Z value of -4.708. This means that there was an average
difference between the results of the pre-test and post-test of the representation translation
ability in the experimental group. In addition, the control group obtained Asymp.Sig. (2-
tailed) < 0.001 (< 0.05) with a Z value of -4.874. This means that there was an average
difference between the results of the pre-test and post-test of the representation translation
ability in the control group. We can conclude that the null hypothesis (HO) is rejected and
the alternative hypothesis (H1) is accepted. Thus, it can be interpreted that there is a
positive effect of multi-representation-based physics learning on students' representation
translation ability regarding linear motion.

Furthermore, based on the results of the questionnaire given to the experimental
group after participating in the learning, it was found that the majority of students gave
positive responses. 35.95% of students strongly agreed (SA), 50.69% agreed (A), 12.90%
were undecided (U), 0.46% disagreed (D), and 0.00% strongly disagreed (SD). These
results show that Lesh-Janvier’s multi-representation-based learning is well-received by
students and gives a positive impression on their learning process. High learning
engagement and motivation were positively correlated with the success of representation
in multi-representation-based learning (Doyan et al., 2018; Latifah et al., 2024).

The results of the study show that Lesh-Janvier’s multi-representation-based
physics learning has a significant positive effect on students' representation translation
ability on linear motion topics. This finding was in line with the average result of the
experimental group's n-gain, which reached 0.74 (high category). This improvement
indicates that Lesh-Janvier’s multi-representation learning effectively encourages
students to understand abstract physics concepts through various forms of representation.

Although the results of this study showed a positive effect, it is necessary to admit
that there were limitations in terms of generalization. This study uses purposive sampling
techniques, so the sample used was not representative of the population. In addition, the
design of this study was a non-equivalent control group, which has limitations in
controlling external variables. The initial differences between the experimental group and
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the control group could not be eliminated through randomization, so they could affect the
final result.

The Lesh-Janvier model emphasizes the systematic use of multi-representations to
encourage a profound understanding of concepts. This combined model integrates the
strengths of each approach to form a comprehensive framework for developing students'
representation translation abilities. Janvier (1987) emphasized the importance of
translation between representations in learning, which requires students to construct
knowledge independently. Similarly, Lesh (1979) also says that conceptual understanding
Is the ability to translate one representation into another. Understanding concepts through
different forms of representation cannot be achieved from just one perspective. Therefore,
we need strategies that enable students to explore, connect, and meaningfully transform
various forms of representation. This is realized through multi-representation learning
stages, including mapping, interpretation, coordination, transformation, and application.

Applying the Lesh-Janvier stage to linear motion topics in the experimental group
encouraged students' active involvement in the representational thinking process. This
can assist students in providing a rich and structured learning experience. At the mapping
stage, the teacher demonstrates the concept of movement, which can stimulate students
to answer the perceptual questions asked. Students map concrete representations
(images/videos) to abstract representations. This stage aids students in identifying a
fundamental physics concept, motion, which they can transform into various
representations. Then, at the interpretation stage, students understand the meaning of the
representation of the phenomenon that has been displayed by the teacher. The teacher
asked students to verbally represent the magnitude of physics in straight motion. This
stage helps students connect conceptual meanings with abstract representational forms.

In the coordination stage, students relate the verbal representations that have been
made before to the mathematical representations. Students relate the concept of distance
and time of a moving object to the concept of speed. This stage builds relationships
between representations. In the next transformation stage, students change the
representation of concepts, namely verbal and mathematical, to visual representations,
namely tables and graphs. This stage is the core of the ability to translate representations.
Students' ability to switch between representational forms is critical while tackling
complex physics problems. The stages of coordination and transformation in learning
train students to build meaning and relationships between concepts through directed
activities. These results were in line with the statement of Hubber & Tytler (2017) that
multi-representation learning processes designed by paying attention to the diversity of
representation formats and their functions have the potential to build a deep
understanding. Finally, in the application stage, students apply the concepts of straight
motion to the questions in different situations. This stage shows the extent to which
students can apply their representation translation abilities to solve problems.

The results of this study were consistent with earlier research showing that a multi-
representation-based learning approach can significantly improve students' cognitive
abilities and problem-solving in physics learning (Munfaridah et al., 2021; Worku et al.,
2025). These results confirm that the multi-representation approach is not only relevant
for linear motion matter but can also be adapted to various abstract physics topics.
Furthermore, these findings show that Lesh-Janvier's multi-representation model
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improves representation translation capacity as well as conceptual understanding.
Previous studies have not thoroughly discussed this aspect.

In addition, the positive response of students to this learning shows that this
approach can increase student involvement and interest in learning, which has been a
challenge in learning physics (Hasbullah et al., 2019; Theasy, 2023). This increase in
engagement was in line with the findings of Rexigel et al. (2024) that varied
representations can provide richer and more meaningful learning contexts, thereby
increasing student motivation. It also supports constructivism theory, which argues that
meaningful learning experiences can increase learning motivation and form stronger
conceptual understanding (Ainsworth et al., 2011; Latifah et al., 2024).

While most studies support the effectiveness of multi-representation-based
learning, some studies have found results that are not entirely aligned. The study by
Arnal-Palacién et al. (2020) on the phenomenology of infinite limits shows that the use
of multi-representation actually confuses students who do not have a strong conceptual
basis, thus hindering their understanding. When students are faced with too many
representations without direction in connecting them, this can lead to a high cognitive
load and hinder the learning process (Rau, 2017; Seufert, 2003). To optimize the
effectiveness of this approach, teachers must ensure that the representations employed
complement one another and promote the knowledge construction process.

Several important interrelated factors influence the translation ability of students'
representations, in addition to the direct influence of the learning model. First, students
with higher abstract thinking and logic abilities tend to understand the relationships
between representations more easily. This is in line with the findings of Khairunnisa et
al. (2023), who concluded that the ability to translate representations correlates with the
level of concept mastery and mathematical thinking ability. Second, students who are
used to seeing and using various representations, such as graphs, tables, pictures, and
mathematical equations in physics learning, tend to be more flexible in moving between
representations. This is in line with the findings of Kohl & Finkelstein (2008), which state
that students who are used to using various representations in solving physics problems
perform better in concept translation.

The third is the learning strategy applied by the teacher. Teachers who explicitly
teach the interconnectedness of representations, as well as provide translation exercises
in various forms, might help students understand concepts from different perspectives.
The use of multi-representation is not only presented but also actively discussed by
teachers and students, having a positive effect on representation skills (Rau, 2017;
Treagust et al., 2017). Fourth, students who show a high interest in learning tend to be
more active in exploring the representations presented and are more willing to try to
translate them. This feature is evident in the findings of the student questionnaire, where
the indicators of attention and satisfaction show a positive response to the multi-
representation approach. Fifth, the characteristics of abstract physics material. In abstract
concepts, systematic learning is needed that facilitate students in integrating information
from various representations. Representations that are too complex and not explicitly
directed can lead to a high cognitive load and hinder conceptual understanding (Arnal-
Palacian et al., 2020).
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= CONCLUSION

Based on the research that has been conducted, it can be concluded that Lesh-
Janvier’s multi-representation-based learning provides a significant improvement in
students' representation translation abilities. The analysis of the experimental group
revealed an average improvement score of 0.74 (which is considered high), and the
hypothesis test results were significant (Asymp. Sig. < 0.001), indicating a noticeable
difference in the average after the learning process. The experimental group that used
multi-representation-based learning showed higher results on the translational ability of
the representation compared to the control group.

These findings provide implications for physics learning practices in the classroom.
Physics teachers need to consider using multi-representation-based learning strategies.
This research contributes to strengthening the pedagogical foundation of the use of the
Lesh-Janvier combined multi-representation model in the context of physics learning.
The limitations of this study's results suggest that the multi-representation approach
should be changed to focus more on how to apply concepts, as this study found that
application had a lower improvement score compared to other aspects. This shows the
need to strengthen the stages of applying concepts in the context of real life so that
students are better able to apply their representation knowledge in solving physics
problems. In addition, it is highly suggested to conduct further research with a more
rigorous experimental design and a wider range of participants to test the consistency of
the effectiveness of the multi-representation approach in a broader context.
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