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ABSTRACT

Multiple representation is an important part of practically any human experience.
Literature is being extensively used to study how important multiple representations are
for pupils’ in understanding a concept. Moreover, we explored whether particular traits in
this group were related to participants, the physics concepts, or multiple representation.
The eligibility requirements have been encountered in 47 articles studies from Scopus and
WoS indexed articles. The review examined the Springer, Sage, Elsevier, Willey, relevant
journals using a qualitative research technique. We conducted a search to find papers
published from 2019 to 2024. Then, we use descriptive statistics and content analysis to
analyse the data. Our qualitative content analysis revealed five key themes: multiple
representations, external representations, and multiple representations in physics. The
categories and frequencies have each been examined separately. We have been assessed the
research's inadequacies in order to direct future efforts toward a deeper comprehension of
physics phenomena. In the current reformation of physics education, multiple
representation has been highlighted as a new trend in understanding a concept. As a result,
the findings of this study may be used as a starting point for all stakeholders involved in
physics education in the future, notably educators, professors, and researchers.
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1. INTRODUCTION

This paper employed a systematic literature review technique. A total of 47 articles were
discovered from various sources such as Sage, Elsevier, Springer, Eric, etc. Nonetheless,
several papers were directly searched from particular the journal since they could not be
found in such database. All study was eligible since it was written in English, had
Scopus/WoS indexed, and was published after 2019. Articles that accomplish the
requirements have been implemented in mechanics, kinemathics, fluids, energy, and optics.

To assist understudies procure, get it, and apply arithmetic and characteristic science
concepts, teachers regularly utilize and combine outside information representations.
Outside representaions come in different designs, such as writings, manipulatives, activitys,
sounds, pictures, charts, or equations. Distinctive outside representations may serve
distinctive points (Ainsworth, 2006)they may too evoke distinctive learning forms and in
this way influence what is learned (Belenky & Schalk, 2014; Lampinen & McClelland, 2018).
Educational and mental analysts have broadly examined how to display, combine, and
grouping numerous outside representations (MERs) to optimize learning.

This research presents a systematic literature review analysis of 47 publications published
during 2019 and indexed by Scopus and WoS. The results of articles that satisfy the criteria
of four keywords: multiple representation, multiple external representation, MR, and MER.
An additional criterion that is the primary consideration is multiple representation in
physics learning. All of the articles analysed positively influenced student learning
outcomes, especially in learning physics.

This investigation aimed to map the research landscape on physics problem-solving from
kindergarten to higher education after 2019. This study addresses the following research
problems:

a) Whatis the current publishing trend in MR findings in physics?

b) What is the geographical distribution of articles published and the pattern of
partnership among countries in findings related to MR in the context of physics?

c) What are the participants in MR in physics?

d) What are the research areas in MR in physics?

2. METHODOLOGY

Research Design A systematic literature review was employed as the research strategy in
this study (Petticrew & Roberts, 2006). We selected 49 articles from prestigious journals
published after 2019. Scopus and Web of Science index all the journals chosen (WoS). Since
Scopus and Web of Science (WoS) are recognized journal indexers. The papers published on
Scopus and the Web of Science (WoS) are likewise of high quality and may be accounted for.
This study's purpose is to review 47 papers on problem-solving skills in physics education.

Research Procedure The review process for this study included seven steps: (1) defining
the research issues (issue: multiple-representation); (2) defining the eligibility
requirements (table 1); (3) generating the review protocol; (4) searching, screening, and
selecting (figure 1); (5) evaluating and interpreting; (6) producing the article; and (7)
publication (Bennett; et al., 2005; Borrego et al., 2014). The steps of the review process are
explained in Figure 3. Inclusion criteria: The paper has been published in a peer-reviewed
journal in English, the paper reports empirical and original study, the paper is in the area of
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problem-solving on physics education research, and the papers have been published in
Scopus indexed journals or WoS.
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Figure 1 Flowchart of the review process

Data Collection The articles selected for review were issued from March 2019 to April
2024. The highly-regarded publishers chosen are Springer, ERIC, Taylor & Francis, Wiley,
Elsevier, Emerald, Sage, etc. We likewise searched for papers on the websites of
international journals. The keywords utilized were: “multiple representations,” “external
representation,” “multiple representations on physics learning,” and “Physics multiple
representations” in physics education. There were about 591 articles found. However, only
47 articles met our research criteria. The shortlisted journals for review are to be found in
Table 2. From Table 2, it shows that out of 24 international journals indexed by both Scopus
and WoS, 8 are indexed by Scopus only, and the remaining one is indexed by WoS only.
Therefore, it can be concluded that the articles chosen for this study are of good quality.

Table 1 The distribution of research based on the database

H-
l: Journal Name )> Indl:a;(ed Index Country
2024
1 Physical Review Physics Education 5 Scopus & 42 United
Research (Q1) WoS States
2 International Journal of Science 3 Scopus & 126 United
Education (Q1) WoS Kingdom
3  Learning and Instruction (Q1) 2 Scopus & 144 United
WoS Kingdom
4 Journal of Educational Computing 2 Scopus & 76 United
Research (Q1) WoS States
5 Frontiers in Psychology (Q2) 2 Scopus & 184 Switzerland
WoS
6 Eurasia Journal of Mathematics, Science 2  Scopus 56 Turkey

and Technology Education (Q2)
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31 Journal of Mathematical Behavior (Q1) 1 Scopus & 58 United
WoS States
32 International Journal of Learning, 1 Scopus 18 Mauritius
Teaching, and Educational Research
(Q3)
33 CBE Life Sciences Education (Q1) 1 Scopus & 90 United
WoS States

According to Table 2, the 47 articles we examined, came from 33 different journals, with
details: 5 articles came from Physical Review Physics Education Research; 3 articles came
from International Journal of Science Education; 2 articles each came from 8 journals
namely (1) Learning and Instruction, (2) Journal of Educational Computing Research, (3)
Frontiers in Psychology, (4) Eurasia Journal of Mathematics, Science and Technology
Education, (5) Research in Science Education, (6) Education sciences, (7) International
Journal of Information and Education Technology, (8) European Journal of Physics; and the
last 1 article each came from the remaining 23 journals. These journals are published in
various nations including United States, United Kingdom, Switzerland, Netherlands, Turkey,
Singapore, Indonesia, Cyprus, Thailand, and Mauritius. All journals selected may be viewed
in Scimago Journal & Country Rank (scimagojr.com). Based on Scimago Journal & Country
Rank, the journals have a high H-index.

Data Analysis The data gathered in this research were evaluated descriptively. Using the
predefined research framework, we categorized the data into tables and figures. The data
was then thoroughly examined and synthesized with past studies. This investigation aims
to look at the allocation of research based on content characteristics, projects, and discussed
subjects, as well as the benefits of multiple representation in education especially physics.

3. RESULTS AND DISCUSSION

3.1. Results

The distribution of research based on research trends Figure 2 is a bar graph depicting
the distribution of year publications from 2019 to 2024. During this period, most records
were released in 2020 (34%), followed by 2023 (21%) and 2022 (19%). The number of
multiple representation studies conducted in 2021 and 2024 is the same (11%). The last
4% of articles published in 2019.

mn ﬂiiﬂ

2019 2020 2021 2022 2023 2024

Year

Number of papers

Figure 2 The distribution of research based on research trends

The number of published papers increased dramatically in 2020. The number of
publications in 2020 (n = 16) increased eightfold from the previous year, namely 2019 (n =
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2). A cumulative frequency graph was created to represent the growth trend of publications.
This curve decreased quite drastically in 2021 (n = 5) but increased gradually in 2022 (n =
2022) and 2023 (n = 10). In 2024, it can be seen that the curve has decreased again (n = 5).
However, because we only examined articles up to April 2024, we estimate that articles
related to multiple representation will be widely studied and published by researchers, so
that the trend in the number of publications related to this study will appear to increase at
the end of 2024 compared to 2023. This shows that the expansion of research on multiple
representations in physics education was quite moderate between 2018 and 2021.
Nonetheless, there was a remarkable increase in research after 2022.

The distribution of research based on Geographical Data Figure 3 depicts the
geographical distribution of the publications. The author's affiliations were used to identify
the nations. The map's color coding indicates the distribution by the number of publications
in each country. The darkest shade represents the most publications, and as the number of
articles diminishes, the color lightens. The publications were spread across many regions.

Mumber of Authors

I35

Figure 3 The distribution of research based on Geographical Data

Figure 3 depicts a map with 22 nations from the Americas (n=5 countries), Asia (n=4
countries), Europe (n=11 countries), Africa (n=1), and Australia (n=1), colored with varying
intensities. The countries with the highest number of authors are Germany (n = 35), which
has the darkest color, Indonesia (n = 26), and the United States (n = 22). Australia is the
following country with the most significant number of authors (n = 7). This number is quite
far from the United States, the third country with the most significant number of authors.
Meanwhile, the remaining 18 countries have several authors that vary from 5 to 1 author,
such as Mexico.

The distribution of research based on the educational stage The distribution of
research based on education level can be seen in Table 3. Multiple representation in physics
education research starts from kindergarten, elementary school, high school, university,
and even teachers. Multi-representational research has been conducted at all levels of
education. Most of the research was conducted at the university level, with 17 articles.
Meanwhile, ten articles with middle school participants, 7 with high school participants, 5
with elementary school participants, 4 with teacher participants, and 1 with
kindergarteners participants.
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Meanwhile, the remaining three articles had elementary, middle, and high school
participants. Table 2 shows fewer studies regarding dual representation at the primary and
secondary school levels in the last five years. Although there has been research at the
elementary school level, there has been no research at all grade levels. Therefore, multiple
representations in physics learning must be explored further in elementary and middle

schools.

The distribution of research based on content Almost all content in physics is related
to human life. Table 3 reveals the data that earlier researchers have investigated. In
addition, Table 3 presents the level of education and the number of participants seen in the
articles analyzed.

Table 2 The distribution of research based on the content

No First Author, year Content Education stage (n)
1 Chusni, 2022 Global warming 60 Junior high school
students
2 Hochberg, 2020 Pendulum movements 52  Senior high school
students
3 Becker, 2020 Uniform motion 286 Senior high school
students
4 Jiang, 2021 Heat and temperature 70 Junior high school
students
5 Hahn, 2023 Vector field 113 College students
6 Leisen, 2023 Force 867 6t, 8th, and 10t grade
students
7 Yinka, 2020 Projectiles and 324 Senior high school
equilibrium of forces
8 Munfaridah, 2020 Electricity College students
9 Kokkonen, 2020 Direct current (DC) 4th, 5th, and 6th grade
circuit students
10 Erlina, 2023 Intermolekular forces 82 College students
11 Munfaridah, 2021 Thermodynamics 61 First-year preservice
teachers
12 Conceigao, 2021 Kinetic Energy 15 preservice teachers
13 Kohnle, 2020 Quantum mechanics 163 College students
14 Lucas, 2019 Mechanics 43 High school Students
15 Campos, 2020 Electric field 146 College students
16 Tomkelski, 2023 Ohm's law 4 Physics teachers
17 Abdurrahman, 2019  Energy 74 Junior high school
students
18 Post, 2022 Quantum mechanics Senior high school students
19 Mansyur, 2022 Static Fluid 6 Primary school students,

16 junior high school
students, 19 senior high
school students, and 16
college students
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and 385 middle school
students

Table 3 depicts the different forms of physics topics researched in prior research. Most of
these studies concentrate on mechanical issues such as Newton's law, collision, energy,
work, moment of inertia, force, simple harmonic motion, and kinematics. Furthermore,
several studies are in the study of thermodynamics and electric magnets. Based on the 47
articles we examined, 38 were in the field of physics while 9 were in other fields such as
computer science, mathematics, biology, and chemistry.

3.2. Discussion

This study focuses on 47 articles from internationally renowned journals on problem-
solving in physics education. This study aims to take a peek at the distribution of research
based on research trends, geographical data, educational stage, and content. A literature
review study that analyses the distribution of research based on content parameters is
consistent with past research (Winarno et al., 2020). One of the most crucial components of
conducting a literature review study is analyzing the distribution of research based on the
predominant characteristics of the content (Mohammadi et al.,, 2019; Torregrosa et al,,
2023; Winarno et al,, 2020).

Research on multiple representations in physics education found 47 articles since 2019.
Most of the research was studied in 2020 by previous research. Research from 2021-2023
has increased. The number of articles published by Physical Review Physics Education
Research since 2020, 2021, and 2022 are 124, 119, and 115 articles. This may be due to the
spread of Covid-19, which limits research activities. In 2021, only eight articles were found
in Scopus and WoS-indexed journals. In 2021, it is estimated that the cause is the spread of
COVID-19, which makes it difficult for researchers to conduct research. Another reason is
that research funds are diverted to procuring public health facilities and infrastructure
(Harper et al., 2020; Pokhrel & Chhetri, 2021). However, it is evident that as time develops
after COVID-19, the number of studies is increasing. It is estimated that even 2024 will
experience an increase from previous years. The main criteria in searching for articles are
that they come from Scopus-indexed journals and WoS-indexed Journals. Therefore, the
articles reviewed were of good quality.

The distribution of authors came from 22 countries, namely Germany, Indonesia, the United
States, Nigeria, Netherlands, Finland, Switzerland, Portugal, Malaysia, Nebraska, Mexico,
Chile, Spain, Brazil, Australia, Taiwan, Sweden, Denmark, Croatia, Serbia, United Kingdom,
and China. Of the 147 authors, 45% were from Europe, 27% were from Asia, 21% were from
America, 5% were from Australia, and the remaining 2% were from Africa. Research on
multiple representations is mostly studied by researchers from Europe, with the largest
number of authors coming from Germany, namely 35. Physical Review Physics Education
Research journal that accepts the scope of research related to multiple representations and
is indexed by Scopus Q1. This is in line with the distribution of journals in Table 2 as many
as five articles come from these journals. Research on multiple representations in physics
education has been minimal in Australia and Africa over the past 5 years. Due to national
lockdown laws, several research projects were stopped or abandoned in African higher
education (Sonn et al., 2021). In addition, researchers from the African continent do not
seem to be interested in problem-solving topics, especially in physics learning. This is
evident from the search results on Google Scholar with the keyword multiple
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representations in physics in Africa. The search results show no more than ten articles that
discuss the topic.

This study used students from 4 levels of education, namely elementary school, middle
school, high school, and college, as well as teachers. Participants from elementary school
had an age range of 10-12 years, junior high school had an age range of 12-16 years, senior
high school had an age range of 16-18 years, and college had an age range of 18-35 years.
36% of the submitted articles examined multiple representations of physics at the college
level. Since the participants came from all levels of education, the physics context discussed
ranged from basic to complex. In the presentation of problems by physics teachers, the
material should have been learned and understood by students (Docktor et al., 2016;
Sormunen et al.,, 2020). Most of the research presented examines how successful multiple
representations are in achieving success in learning; of course, the forty-seven articles
mostly use different methods—ranging from multiple representations in the form of
images, symbols, and videos to applications. Students need to apply multiple
representations to what they learn in high school and college to overcome the problems
they face in the learning process. The higher the level of education, the more complex the
material studied. Perhaps this is why the context of multiple representations is widely
researched at the university level. Therefore, further research is recommended to examine
students' multiple representations' success at the middle and elementary school levels.

The physics materials covered are mechanical topics such as Newton's law, collision,
energy, work, moment of inertia, force, simple harmonic motion, and kinematics.
Furthermore, there are several studies in the study of thermodynamics and electric
magnets. Based on the 47 articles we examined, 38 were in the field of physics while nine
were in the other fields such as computer science, mathematics, biology, and chemistry. This
is in line with the survey results of (Heller et al., 1992), who said that most of the goals of
students enrolling in physics majors are to learn the basic principles of physics and reduce
misconceptions about physical phenomena. Some materials go beyond physics, such as
computer science, biology, chemistry, and mathematical applications.

4. CONCLUSION

One aspect that is an essential factor in realizing success in learning is the material
presented. Along with the times, each student's acceptance of material is increasingly
complex, starting from being based on learning speed to the most common one, which is
based on learning style. In this case, the implementation of multiple representations is
needed. Therefore, it is imperative to conduct a systematic literature review. This study
examined the quality of materials using trend research, geographic data, education level,
and content. Based on the study findings, 47 publications published between 2019 and 2024
were selected for review. As Scopus and WoS indexed them, all the selected papers were of
high quality. Multiple representation has been widely applied in various countries and
continues to grow every time due to its success. In addition, multiple representation is also
used in learning in various subjects and even different levels of education. This research
examines the spread of research topics while applying multiple representations in
education, especially in physics lessons. Multiple representation has been identified as a
new trend in education reform.

Moreover, multiple representation is also one of the foundations of the emerging learning

philosophy of differentiated instruction. Therefore, the findings of this study can be used as
a starting point for all stakeholders involved in education, especially educators, lecturers,
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and researchers in the future. In addition, in physics education, multiple representations
can be used as one of the alternative learning strategies for understanding various formulas,
graphs, and symbols in each material. Therefore, we recommend applying multiple
representations in understanding physics materials with issues that previous researchers
have not discussed. Further research can clarify research related to the ability to
understand multiple representations in physics education.

REFERENCES

Ainsworth, S. (2006). DeFT: A conceptual framework for considering learning with multiple
representations. Learning and Instruction, 16(3), 183-198.
https://doi.org/10.1016/j.learninstruc.2006.03.001

Belenky, D. M., & Schalk, L. (2014). The Effects of Idealized and Grounded Materials on Learning,
Transfer, and Interest: An Organizing Framework for Categorizing External Knowledge

Representations. Educational Psychology Review, 26(1), 27-50.
https://doi.org/10.1007 /s10648-014-9251-9

Bennett;, ]., Lubben, F., Hogarth, S., & Campbell, B. (2005). Systematic reviews of research in
science education: rigor or rigidity? International Journal of Science Education, 27(4),
387-406. https://doi.org/10.1080/0950069042000323719

Borrego, M., Foster, M. ]., & Froyd, ]. E. (2014). Systematic Literature Reviews in Engineering
Education and Other Developing Interdisciplinary Fields. Journal of Engineering
Education, 103(1), 45-76. https://doi.org/https://doi.org/10.1002/jee.20038

Docktor, J. L., Dornfeld, ]., Frodermann, E., Heller, K., Hsu, L., Jackson, K. A., Mason, A., Ryan, Q. X,,
& Yang, . (2016). Assessing student written problem solutions: A problem-solving rubric
with application to introductory physics. Physical Review Physics Education Research,
12(1),10130. https://doi.org/10.1103/PhysRevPhysEducRes.12.010130

Harper, L., Kalfa, N., Beckers, G. M. A, Kaefer, M., Nieuwhof-Leppink, A. ]., Fossum, M., Herbst, K.
W., & Bagli, D. (2020). The impact of COVID-19 on research. Journal of Pediatric Urology,
16(5), 715-716. https://doi.org/10.1016/j.jpurol.2020.07.002

Heller, P., Keith, R., & Anderson, S. (1992). Teaching problem-solving through cooperative
grouping. Part 1: Group versus individual problem solving. American Journal of Physics,
60(7), 627-636. https://doi.org/10.1119/1.17117

Lampinen, A. K, & McClelland, ]. L. (2018). Different presentations of a mathematical concept can
support learning in complementary ways. Journal of Educational Psychology, 110(5),
664-682. https://doi.org/10.1037 /edu0000235

Mohammadi, V., Rahmani, A. M. Darwesh, A. M, & Sahafi, A. (2019). Trust-based
recommendation systems in Internet of Things: a systematic literature review. Human-
Centric Computing and Information Sciences, 9(1), 21.
https://doi.org/10.1186/s13673-019-0183-8

Petticrew, M., & Roberts, H. (2006). How to Find the Studies: The Literature Search. In Systematic
Reviews in the Social Sciences (pp- 79-124).
https://doi.org/https://doi.org/10.1002/9780470754887.ch4

Vol. 2 No.12024 |73



International Conference on Economy, Education, Technology, and Environment (ICEETE)

Pokhrel, S., & Chhetri, R. (2021). A Literature Review on Impact of COVID-19 Pandemic on
Teaching and Learning. Higher Education for the Future, 8(1), 133-141.
https://doi.org/10.1177/2347631120983481

Sonn, I. K., Du Plessis, M., Jansen Van Vuuren, C. D., Marais, ]., Wagener, E., & Roman, N. V. (2021).
Achievements and challenges for higher education during the covid-19 pandemic: A
rapid review of media in africa. International Journal of Environmental Research and
Public Health, 18(24). https://doi.org/10.3390/ijerph182412888

Sormunen, K., Juuti, K., & Lavonen, ]. (2020). Maker-Centered Project-Based Learning in Inclusive
Classes: Supporting Students’ Active Participation with Teacher-Directed Reflective
Discussions. International Journal of Science and Mathematics Education, 18(4), 691-
712. https://doi.org/10.1007 /s10763-019-09998-9

Torregrosa, ., Bello-Orgaz, G., Martinez-Camara, E., Ser, J. Del, & Camacho, D. (2023). A survey on
extremism analysis using natural language processing: definitions, literature review,
trends, and challenges. Journal of Ambient Intelligence and Humanized Computing,
14(8), 9869-9905. https://doi.org/10.1007 /s12652-021-03658-z

Winarno, N., Rusdiana, D., Samsudin, A., Susilowati, E., Ahmad, N. J., & Afifah, R. M. A. (2020).
Synthesizing Results from Empirical Research on Engineering Design Process in Science
Education: A Systematic Literature Review. Eurasia Journal of Mathematics, Science and
Technology Education, 16(12), 1-18. https://doi.org/10.29333/ejmste /9129

Vol. 2 No. 12024 | 74



