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ABSTRACT

This study investigated the multiple representations ability of high school students on linear motion in the aspect of
the ability to represent various forms of representation and the ability to translate between representations. The
representation records included verbal, graphs, diagrams, mathematics, and tables. This research was conducted by
conducting tests on respondents consisting of 301 high school students who were randomly selected and studied linear
motion. The analysis was carried out using IRT PCM 1PL with the help of the Quest program to determine students'
ability scores (0) and descriptive statistics for more detailed information. The results show that students tend to have
low multiple representations ability (6 = -1.20) in all aspects of various representations. This finding implies that more
attention is needed to improve the ability of multiple representations, and it is necessary to synchronize the physics
and mathematics curriculum to support the improvement of multiple representation ability
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1. INTRODUCTION

Multiple representations are essential for a student to
have when learning physics. The ability to represent the
concept using various forms of representation and
translate among representations is the most vital
competence for understanding the whole ideas of
physics [1][2]. Physics concepts can be presented in
various forms of representation. Several studies have
shown that students who study physics by utilizing
multiple representation abilities are proven to be better
in understanding physics concepts [3][4][5], able to
improve scientific literacy skills [6], and able to enhance
problem-solving abilities [7]. The use of more
representations in learning can have a positive influence
on the learning process and make it easier for students
to recall the material taught from long-term memory

[81[9]-

Although multiple representations ability provides
many benefits, this ability has not been given much
attention in classroom learning. The lack of attention to

multiple representations can be seen from the existence
of students with low multiple representation abilities
[10]. Furthermore, according to [11], many students
have representational abilities dominated by
mathematical representations.

Experts and practitioners have conducted numerous
studies to alleviate students from these problems. Many
researchers focused their study on learning methods to
improve students' multiple representations ability. The
learning methods were recommended because they are
proven to be able to improve students' multiple
representations abilities include (i) virtual concrete
learning model [12], (ii) learning with simulation and
observation learning model [13], (iii) learning that
requires students to analyse videos about natural
phenomena [14], and (iv) learning using simulation
methods [15]. In addition to developing various learning
models, many researchers also develop various learning
media to improve the ability of multiple representations
of students. Various media developed include android-
based physics learning media integrated with local
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wisdom that can improve argumentative representation
and diagrammatic representation [16] and online
learning module (OLM) which is proven to increase the
capacity of multiple representation [17]. These efforts
certainly cannot improve the multiple representations
ability of students effectively without the support of a
valid and reliable assessment of this ability.

One of the alternative assessments that can be used
to assess multiple representations ability is a mapping
survey of students' multiple representations. There have
been many surveys on the mapping of students' multiple
representations,  for  example, researches by
[10][11][18][19]. However, this survey can only provide
information on multiple representations on a fairly
limited variety of representations so that the survey
results do not provide comprehensive information about
students' abilities. Some studies only provide an
overview of students' multiple representations on
several representations [10][11][18][19]. Some other
studies even only provide information on students'
multiple representations on one representation, such as
only verbal representation [20], picture representation
[21], mathematical [22][23], or symbolic representation
[24].

This study investigated students' multiple-
representation ability measured in more complete
aspects of multiple representations than previous
studies. Moreover, this study investigated the multiple
representations of students by reviewing the ability to
represent various forms of representation and the ability
to translate between representations. Because the ability
to express one topic is not related to other issues [25], it
is essential to identify the knowledge of multiple
representations in physics for each case of discussion.
However, due to limitations, we limit our investigation
to the topic of linear motion. This topic is a fundamental
physics topic that can be represented in various forms of
representation. It shows that assessing students' multiple
representations ability on this material with a more
diverse representation aspect is critical to improving the
performance of students' physics learning.

2. RESEARCH METHOD

This research is a descriptive study that aims to
investigate the ability of multiple representations of
students on the material of linear motion. The research
was conducted using a survey technique to capture the
multiple representations ability of students.

2.1. Research Instrument

The research instrument used in this study is a two-
tier multiple-choice test instrument to measure the
multiple representations ability of students on linear
motion. The tool consists of 20 items with 15 items
measuring students' representational abilities in the form
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of  verbal representations, graphs, diagrams,
mathematics, tabular, and five items to measure the
ability to translate between forms of representation. The
15 items that measure the ability to represent many
forms of representation are divided into three contexts:
the context of acceleration, speed-velocity, and
distance-displacement. Each context counts the five
states of representation. Table 1 shows the distribution
of questions for each aspect of representation.

Table 1. Distribution of questions for each aspect of the
representation

No Aspect of Representations Amount of ltem |
Verbal

Graph

Mathematical equation
Diagrams

Table

Translation among
representations

OO WIN(F
GWWw|w|w

The results of the content validity analysis showed
that all items of the instrument met the criteria for
content validity. At the same time, the results of the
item analysis of the questions show that all items have
good reliability.

The scoring model used in this study is the M5
scoring model from the study of Xiao [26]. This scoring
model was chosen because it has a good model fit
performance and can provide more detailed information
on students' abilities.

2.2. Respondents

Respondents in this study were high school students
who had studied linear motion with a total of 301
students. All respondents are students from five schools
in Central Java and the Special Region of Yogyakarta,
Indonesia, who were selected using the cluster random
sampling technique.

2.3. Data Collection and Data Analysis

Data collection was carried out in April-May 2021
by doing tests on respondents. The data was obtained in
the form of student score data. This score is then
analysed using the Partial Credit Model (PCM) 1 PL
model by utilizing the Quest program. This program
analysed the value of the student's ability parameter,
which describes the general multiple representations
ability. Students' raw scores were analysed with
descriptive statistics to determine students' abilities in
each aspect of multiple representations in more detail.

3. RESULT AND DISCUSSION

Results show information on the multiple
representations ability of students in general through the
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value of 0. The distribution of students' abilities is
briefly described in the histogram in Fig. 1.

— Normal

12 Mean =116
Std. Dev. = 515
N=56

Frequency

Theta_Value

Figure 1 Histogram of the 0 value distribution of
respondents

The histogram in Fig. 1 shows that the student's
abilities are quite random, with the average ability being
at 6 = - 1.20 £ 0.53. Although most of the students'
abilities are in the standard deviation range of values, it
turns out that there are a small number of students who
have the ability with values close to -3.00. The value of
0 describes students' ability in general after answering
all the questions. In more detail, the ability of students
can be read by describing the raw scores of students.

Students' raw scores are given based on the M5
answer pattern according to the scoring model by Xiao
[26], which consists of three scores, namely 0, 1, and 2.
score of 0 indicates that students have not been able to
use multiple representations well or perform guesses. A
score of 1 indicates that students can answer the
question correctly but cannot explain why the answer is
correct. While a score of 2 indicates that students can
answer questions correctly and explain the reasons for
choosing these answers. The results of the analysis of
the raw scores can be seen in Fig. 2 to Fig. 5.

Fig. 2 illustrates the percentage of students who
answered with a score of 2 and a score of 1 in each form
of representation for each context. The percentage of
students to answer a score of 2 and a score of 1 on this
graph illustrates that in general students have a low
ability to represent the concept of Linear motion in
various forms because they are at a percentage of less
than 45% for each context and each form of
representation.

The graph in Fig. 2 illustrates that the representation
ability of students is still dominant in the graphical,
table, and verbal representations. It is reinforced by the
percentage of the number of students in obtaining a
score of 2, which is still dominant in the three forms of
representation. The average distribution of students in
obtaining a score of 1 indicates that there is a possibility
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that 6-12% of students have answered correctly but have
not been able to provide an appropriate explanation.
Symptoms of students' high verbal representation ability
arise because the material of linear motion is usually
explained in words [27]. The percentage of students for
each score and the five forms of representation can be
seen in Fig. 3.
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Figure 2 Distribution score for each representational
ability in each context
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Figure 3 Graph of the percentage of students in
answering correctly for each representation ability

The general representation ability of students in each
context is depicted through the graph in Fig. 4. From the
chart, it can be seen that the representation ability of
students for each context is still low, showing below
20% got a score of 2 or 1. The graph shows that many
students who earned a score of 2 and a score of 1 had a
dominant representational ability in the context of
distance-displacement (s).

The number of students who got a score of 1 did not
differ significantly in the three contexts. If we look
further, the percentage of students who earn a score of 1
on the graphs of Fig. 3 and Fig. 4 is also not too
significant. It shows that in the range of 6-12% of the
total respondents, it is possible to have difficulty
explaining the reasons for giving answers.
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Figure 4 Percentage of students who get a score of 2
and a score of 1 for each context

The percentage of students obtaining a score of 2
and a score of 1 for representational translation
questions can be seen in the graph in Fig. 5. From the
chart, it can be observed that most of the students have
low representative translation ability. The percentage of
students who answered the representation translation
problem with a score of 2 in the range of 1.3 — 39.5%.
The dominant distribution of students with a score of 2
occurs in the translation of graphic representations into
mathematics (G-M).
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Figure 5 Graph of the student’s percentage who get
scores 1 and 2 for the representation translation ability

The graph in Fig. 5 shows that more respondents
answered a score of 1 than 2. The distribution of score 1
is dominant in the translation of table to mathematical
representations (T-M) and tables to graphs (T-G). The
number of students getting a score of 1, which is more
than the students who get the score of 2, indicates that
more students have difficulty providing explanations for
cases of representation translation. Students' challenges
in delivering the right reason may be due to the addition
of a second-tier which is confusing for students.

Figure 2 and Figure 3 illustrate poor mathematical
representation abilities, with the number of students
who scored one being higher than students who scored
2. It is different from the finding of [11], which states
that the multiple representation ability of students in
Indonesia, especially in large islands, is dominant in
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mathematical representation. The cause of the low
mathematical representation ability is due to common
mathematical knowledge or understanding of concepts
[28] and students who are not familiar with variations in
the form of questions [29]. This finding shows that
learning mathematics as the basis for learning physics
has not been taught properly. Therefore, adjustments to
the physics and mathematics curriculum in schools need
to be made to increase the understanding of physics
concepts and the multiple representation ability of high
school students.

The finding that less than 55% of students answered
with a 2 and a score of 1 represent the ability of
respondents to make representations tend to be low and
the ability to translate representations. It indicates that
respondents have low multiple representations abilities.
In addition, the multiple representations ability 0 is at a
negative value, precisely in the range of -1.20.

4. CONCLUSION

The research concludes that most respondents have
multiple representations abilities in low scores (0 = -
1.20) in representing various forms of representation
and representational translation.

This finding implies that there should be more
attention to increasing the multiple representations of
high school students in learning physics, especially in
verbal, table, graph, diagram, and mathematical
representations. In addition, there is a need for
integrating mathematics and physics at the high school
level so that students' physics learning performance can
be improved with mathematical abilities as the
foundation.
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