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ABSTRACT

Student inability to multi-representation in science learning in junior high school and teacher ability to
provide teaching materials according to the characteristics of students who have difficulty in multi-
representation causes the learning process cannot achieve the desired results. It affects the low learning
outcomes and students' cognitive abilities. Therefore, this study aims to determine the types of multi-
representation-based teaching materials in science learning in junior high schools and the effectiveness of
using multi-representation-based teaching materials used in science learning in junior high schools. The
method used is a systematic literature review using PRISMA diagrams. The database used to search for
literature uses two digital libraries, namely Google Scholar and Garuda. For the selected literature to be
relevant, it uses the keyword teaching materials and multi-representation. The next step is to get scientific
articles published from 2016 to 2021 which discuss the use of multi-representation-based teaching
materials in science learning in junior high schools. The results of the scientific article search contained
eight articles that would be analyzed and synthesized. The analytical technique used is the narrative
method by grouping the extracted data. The results show the types of multi-representation-based teaching
materials in science learning are printing and non-printing teaching materials. Printed teaching materials
are modules, books, and worksheets, while non-printed teaching materials are in the form of web
simulations. The use of multi-representation-based teaching materials has proven to be effective in the
science learning process in junior high schools.
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INTRODUCTION

The implementation of the 2013
curriculum in schools has begun from
primary education to higher education
levels. The development of the 2013
curriculum focuses on improving the
mindset, strengthening curriculum
governance, deepening and expanding the
material. In addition, it enhances the
learning process and adjusts what is
desired and produced. Especially in
science learning in the 2013 curriculum,
science learning is related to how to find
out about nature systematically, so that
science does not merely contain a
collection of knowledge in the form of
facts, concepts, or principles but is also a

process of discovery (Pusat Kurikulum
2009). Susilawati (2012), defines science
as a unit of the process, attitude, and
outcome. Therefore, science learning is
learning to construct and discover the
identity through an active, creative,
effective, and fun learning process.
Science learning emphasizes finding out or
doing. These skills are inquiry process
skills which include observing, measuring,
lengthening, asking questions, formulating
hypotheses, planning experiments to
respond to  questions, classifying,
processing, and analyzing data. In addition,
it also applies ideas to new situations, uses
simple equipment, and communicates
information in various ways, namely with
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pictures, verbally, in writing, and others
(Trianto 2010).

Implementing science learning in the
2013 curriculum requires the preparation
of various components. One of which is
teachers and other education staff as
curriculum implementers in the field. The
substantial one that needs teachers to
prepare in implementing the curriculum in
the classroom is to produce a learning
design  concerning  the  applicable
curriculum. The teacher is one of the tools
that are the key to the success of education.
One of the teacher's tasks is to make
proper teaching materials to support the
learning process.

Based on the experience of
researchers during PPL in one of the
schools in Pekanbaru, some teachers still
have difficulty designing science learning
teaching materials according to the needs
and characteristics of students. Therefore,
teachers only use teaching materials
published by publishers and textbooks
from the government. The teaching
materials employed are still unfit to
support students learn independently.
Consequently, learning is still teacher-
centered. Without encouragement from the
teacher, students are less motivated to read
on their own. The teaching materials also
tend to implement verbal representations
and images. Therefore, the students cannot
represent symbols and mathematics during
science learning. Vicka Puspitasari's
research stated that students are more
outstanding at mastering questions in
verbal form and mathematical
representations. Students have difficulty
when encountered questions about image
representation (Puspitasari, Wiyanto, and
Masturi 2018).

The reality on the ground proves that
using teaching materials in science
learning is still less effective. Besides,
effectiveness is  crucially  important
because it is a barometer to measure
educational success. It reflects the extent to
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which the level of success students have to
achieve predetermined educational goals.

So the alternative solution to increase
students' activities and learning outcomes
in science are to use multi-representation
science-based teaching materials. This
multi-representation-based teaching
material can be used as the primary
learning resource or as a companion.
Teaching materials are the learning
materials or tools used by teachers and
arranged systematically in teaching and
learning activities (Kelana and Pratama
2019). Meanwhile, multi-representation
also means representing the same concept
in different formats, including verbal,
pictures, graphics, and mathematics
(Abdurrahman, Liliasari, A. Rusli 2011).
Hence, multi-representation  science
teaching materials are tools used in science
learning to express a concept presented in
verbal, mathematical, picture, and graphic
formats. Science  multi-representation-
based teaching materials also contain
experimental instructions and exercises on
multi-representation-based ones.

The idea of this research is from
several previous researchers. Research by
Ardiansyah, Ertikanto, dan Rosidin (2019),
states that students who use multi-
representation-based contextual learning
modules can improve students' critical
thinking skills. In Damayanti, Mahardika
and Indrawati (2016), the research applied
a discovery learning model assisted by
Macromedia flash animation media with
integrated  worksheets ~ with ~ multi-
representations in physics learning. It
states that student activity increases during
learning, learning outcomes, and retention
of physics learning outcomes produce a
significant effect. Likewise, with research
by Sari, Purwana (2021), stated that
students responded positively to multi-
representation-based E-books on simple
harmonic vibration material.

Based on this background, the
researcher is interested in investigating the
types of multi-representation-based
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teaching materials and the effectiveness of
using multi-representation-based teaching
materials in science learning in junior high
schools through a literature review. This
article is to strengthen other researches that
stated multi-representation-based teaching
materials are effective in science learning.

RESEARCH METHOD

This research is a systematic review
using the Preferred Reporting Items for
Systematic Reviews and Meta-analyses
method (PRISMA). To get maximum
results, writing this literature is based on
the Research Question (RQ). The purpose
of structuring this research question is to
focus more on the literature review and to
facilitate researchers in obtaining related
data. The summary of the Research
Question (RQ) in this study is in Table 1
below.

Tabel 1. Research question

Research Question Motivation

1) What are the multi- Identify the types of multi-
representation-based  representation-based
teaching  materials teaching materials used in
used in  science science learning in junior
learning in  junior high schools.
high school?

2) How is effective the Identification of  the
use of multi-  effectiveness of  using
representation-based  multi-representation-based
teaching materials in teaching  materials in
science learning in science learning in junior
junior high school? high schools

The articles used in this literature
review are articles obtained using Google
Scholar, Digital Reference Gateway
(Garuda), Crossref, and DOAJ. The search
for relevant research literature on the topic
of this research is carried out with the
keywords: "teaching materials, multi-
representation.” The literature search was
from February to April 2021. The sorting
of articles was according to the research
topic. So, ten research articles were
collected and considered representative of
all research articles on using multi-
representation-based teaching materials in
science learning in junior high schools.
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The ten articles have been published in the
last five years. In selecting articles,
inclusion and exclusion criteria are to
determine the primary research. The results
of data search, with these criteria, will be
operated by the researchers to review
articles. The inclusion and exclusion
criteria in this literature are in Table 2
below.

Table 2. Inclusion and exclusion criteria

Inclusion 1) Research articles published in 2016-
Criteria 2021,
2) Research topics include science
learning,

3) Research subjects are limited to the
junior high school level,

4) The research article method is in the
form of experimentation and
development.  Specifically  for
development articles, researchers
only select articles that carry out
research up to the field trial stage.

Exclusion 1) Research articles that are not
Criteria accessed in full,
2) Literature in the form of thesis and
dissertation.

After determining the inclusion and exclusion
criteria, then selecting the articles to be
reviewed. The following is a chart of the
article selection process.

Goosle Scholar Garsda Crosscef DOAT
n= 791 n=4 =28 n=10

| | | |
|

The articles left after duplicates
and irrelevant studies

} [ Idenfification ]

n=153
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) |

Eligible complete
articles Article issued with reason:

n=10% 1. The vear of publication is
not within the last five years
(2016-2021), p=11

2. Mot focpsing on science
learning, p= 81
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3. The subjacts arz notjunior
final aumber of high schoel students, n=76
worth analvzing 4. Research methods ars not
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Inchided

development, n=6

[

Figure 1. PRISMA Diagram

The data analysis technique used is the
narrative method. The method describes
the effectiveness of using multi-
representation-based teaching materials in
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science learning in junior high schools.
The effectiveness principle refers to the
opinion of Kalvin, Utami, dan Warneri
(2013). They explained using teaching
materials is effective if the indicators in
science learning consist of the learning
process, student learning motivation, and
student learning outcomes. It is effective if
they meet at least two of the three
indicators. In addition, learning outcomes
indicators must be achieved.

RESULTS AND DISCUSSION

Based on the results, there are four
types of multi-representation-based
learning materials used in science learning
in junior high school. They are modules,
worksheets, books, and interactive
multimedia. Table 3 shows the multi-
representation-based teaching materials in
science learning used at the junior high
school. Their references are as follows.

Table 3. Multi-representation-based teaching
materials in science learning in junior high schools

No Teach_mg Reference
materials
Module (Stepanus Sahala  Sitompul,
2019) (Devi Eka Farah Azizah,
1 Albertus  Djoko  Lesmono,

Subiki, 2017) (Yesinta, Andy,
Stepanus, 2017)

Student (Abdurrahman,  Cris  Ayu

Worksheet Setyaningsih, Tri Jalmo, 2019)
(Nur Balgis Mutiaa, dan
Zuhdan Kun Prasetyob, 2018)
(D F Hidayati, Abdurrahman
dan Sunyono, 2018)

Book (Ana Pratiwi, Husna Amalya
Melati, Rahmat Rasmawan,
2016) (Ida Fitriyati, Arif
Hidayat, Munzil, 2017)

Interactive (Dira  Oktaviana, | Ketut
Multimedia Mahardika, ~ Aris  Singgih
Budiarso, 2020) (Arief
4 Muliandi, Nur Endah
Susilowati, Siti Rahmah, Sri
Wahyuni, Dadi  Rusdiana,

2021)

The types of multi-representation-
based teaching materials in Table 3 can be
described in graphical form in Figure 2. as
follows.
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Figure 2. Multi-representation-based teaching
materials in science learning in junior high schools

Figure 2. shows that the use of multi-
representation-based teaching materials
used in science learning in junior high
schools  predominantly uses printed
teaching materials in the form of modules
and worksheets, each with a percentage of
30%. Then most of them use printed
teaching materials in the form of books
(20%) and non-printed teaching materials
in  interactive  multimedia  (20%).
Therefore, this data proves that in the
2016-2021 range, articles discussing the
use of multi-representation-based teaching
materials in science learning in junior high
schools mostly use printed teaching
materials in the form of modules and
worksheets.

Based on the results, using multi-
representation-based teaching materials in
science learning in junior high schools is
functional. It is evidenced in the research
of Sitompul (2019), that by using a multi-
representation-based module, 80% of
students succeed in the test reaching the
student passing grade. Using a multi-
representation-based module, students can
live and carry out their learning activities
as much as possible, either under the
teacher's guidance or without. Students can
assess and know their learning outcomes
on an ongoing basis, and students become
the center point of teaching and learning
activities.  Furthermore, research by
Azizah, Lesmono, and Subiki (2017),
developed a multi-representation-based
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module that scored effectiveness of 280
and an average of 38.08 with a positive
category. Multirepresentation-based
modules make students not only study
science learning as a product, concepts
memorizing, theories, and laws, but can
also construct their knowledge. In addition,
multi  representation has three main
functions, complementing, limiting
interpretation, and building understanding
(Mahardika, Setyawan, dan Rusdiana
2010). It is on the opinion of Khotimah,
Nyeneng, dan Sesunan (2017). They stated
the ultimate reason for using a multi-
representation-based module in learning is
that there are multiple intelligences,
visualization for the brain, helps construct
other representations, is beneficial for
qualitative reasoning and mathematical
representations as a tool for quantitative
reasoning.

In multi-representation-based
modules, there are verbal representations,
graphic  representations, mathematical
representations, and image representations.
Verbal representation is a method used in
learning or as a conclusion. Mathematical
representations are to solve quantitative
problems. Using graphic representations in
explaining various concepts and image
representations relationships can help
visualize an abstract thing. Based on
research conducted by Abdurrahman,
Setyaningsih, and Jalmo (2019), using
multi-representation-based worksheets to
get an average N-Gain value of 0.34, it
shows a significant difference between
students' critical thinking skills from pre-
test to post-test with moderate criteria.
Likewise, the research of Mutiaa and
Prasetyo (2018), results show that by using
multi-representation-based worksheets, the
average n-Gain score for the experimental
group is higher than the control group that
does not use multi-representation-based
worksheets. The n-Gain value for the
experimental group was 0.47 categorized
as medium. The n-Gain score for the
control group was 0.28 in the low
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category. The difference in n-gain between
the control and the experimental group
explains multi-representation-based
worksheets  for specific topics of
environmental pollution can improve
science process skills. By implementing
multiple representations in the worksheet,
it can describe the concept of learning and
make science learning clearer (Prain and
Tytler 2012). In addition, Ismet (2013),
stated representations - graphs, diagrams,
and animations - can encourage students'
understanding of science. They do not
merely represent abstract science concepts
but also occupy a significant role in their
memory. Therefore, this multi-
representation-based worksheet is suitable
for use in science learning in junior high
schools. It is in line with the opinion of
Amali, Kurniawati, and Zulhiddah (2019),
that worksheets can be as supporting
teaching materials in learning to increase
the effectiveness and efficiency of
achieving learning competencies.

Furthermore, based on the results of
research by  Pratiwi, Melati, and
Rasmawan (2016), the average proportion
of textbooks developed was 84.99% (very
high) in terms of the suitability of the
content (83.33%), presentation (83.75%),
language (87.5%), and illustration aspects
(85.41%). Hence, the textbooks developed
are very suitable to be used as teaching
materials in learning. In this regard,
Fitriyati, Hidayat, dan Munzil (2017),
obtained the effectiveness test results of
multi-representation-based  books  to
improve higher-order thinking skills (97)
and scientific reasoning (12).

Based on research by Oktaviana
Oktaviana, Mahardika, and Budiarso
(2020), by conducting interactive
multimedia-assisted science learning using
PhET simulations in the experimental
group, the N-Gain value of 0.7 or 70% is
in the high category. Meanwhile, in the
control group that learns science without
the aid of PhET simulation, the N-Gain
value from the representation ability of the
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control group is 0.3 or 30%, which is in the
low category. Hence, guided inquiry
learning with simulation-assisted PhET is
more effective in improving students'
science image representation abilities in
junior high schools rather than learning
using conventional models with a
percentage difference of 40%.

The research of Muliandi et al. (2021),
shows the validation results by the
validator indicate interactive multimedia is
very suitable as teaching material. The
implementation of interactive media also
demonstrates it can improve students'
scientific literacy skills. The results of the
paired t-test show a value of 0.000 which
means it is less than 0.05. Thus, there is a
mean difference between pre-test and post-
test as an effect of using interactive
multimedia. Permana (2018), stated
students practice critical thinking skills
with website assistance in the learning
process. Students can find the concepts
they want to obtain easier with the help of
links, simulations of physical phenomena,
virtual practicums, and video displays in
interactive multimedia on the website.

Multi-representation-based  teaching
materials can be as one learning tool in
science learning both for students and
teachers. It also improves student learning
outcomes that reach the student passing
grade. Multi-representation-based teaching
materials also enhance students' cognitive
abilities, multi-representation abilities,
critical thinking skills, science process
skills in the learning process, scientific
thinking skills, and higher-order thinking.
Student responses to multi-representation-
based teaching materials showed a positive
effect, meaning students were interested
and satisfied while using  multi-
representation-based teaching materials in
the science learning process in junior high
schools.

CONCLUSION
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Based on the literature review of ten
scientific articles, multi-representation-
based teaching materials used in science
learning in junior high schools can be in
the form of print or non-print. The printed
teaching materials used are modules,
books, and worksheets. Besides, the non-
printed teaching materials used can be in
the form of interactive multimedia. The
use of multi-representation-based teaching
materials showed that it was very effective
as a learning resource for teachers and
students in science learning in junior high
schools.

Based on the review, the researchers
suggest multi-representation-based
teaching materials can be used in the
science learning process in junior high
schools. The teaching materials used can
be printed or non-printed. However, the
most frequently used multi-representation-
based teaching materials are the printed
teaching materials in  modules and
worksheets. Since by using a multi-
representation-based module, students can
read or study the module independently.
The characteristics of this multi-
representation-based  module  include
verbal, mathematical, graphic, and image
representations,  learning instructions,
competencies to be achieved, material,
supporting information, practice questions,
work instructions, evaluations, and
feedback as evaluations.

Types of multi-representation-based
teaching materials that can be used in
addition to modules can be in the form of
books, worksheets or web simulations.
This teaching material has proven its
effectiveness when wused in science
learning in  junior  high  school.
Furthermore, the researcher suggests using
the results of this study as a reference in
similar research activities to conduct trial
research on a large scale or wider scope.
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