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Abstract—This study aims to develop an E-book Augmented
Reality (AR) based on STEM approaches on renewable energy
material. This E-book AR can be accessed on smartphones to
improve students’ critical thinking and multiple representation
skills. The development adopted the Analyze, Design,
Development, Implementation, and Evaluation (ADDIE) model.
The study used pre-test post-test control research design on 93
students of class 10 at one of the junior high schools in Kerinci,
Indonesia. The students were divided into three trial classes: X,
the experiment class, and classes Y and Z, the control class.
Class X learns using E-book AR, class Y uses E-book pdf, and
Class Z uses textbooks. The E-book AR and test instruments
provided have been validated by six validators. Based on the
results of the analysis, it was found that E-book media was
suitable for improving students’ critical thinking and multi-
representation skills in renewable energy. The result showed
that media feasibility assessments by expert lecturers,
practitioners, and colleagues scored very well. In addition, the
E-book used is also effective in improving critical thinking skills
and multi-representation. This is indicated by the acquisition of
class X, who learned to use E-book AR and have gained value in
the high category compared to the class Y and Z. In addition,
the partial eta square value in class X contributed 78.7%, higher
than class Y 55.5%, and class Z 53.1%. As well as obtaining the
effectiveness of its use in the medium effect for critical thinking
category and large effect category for multi-representation skill.
Learning using E-book AR is more effective and positively
impacts students in learning physics, especially in renewable
energy subjects.

Keywords—augmented reality, critical thinking, E-book,
multi-representation, STEM

. INTRODUCTION

The tremendous development of technology has influenced
all aspects of life, including education. Students are more
engaged in learning when recent technology is involved. In
this era of technological development, students are required
to have a variety of abilities, one of which is the ability to
think critically. Critical thinking involves making decisions
and becoming part of higher-order thinking skills [1, 2].
These critical thinking skills help students solve complicated
problems [3]. Besides, students must also have problem-
solving skills. This ability can be trained with learning using
representation. Representations can be divided into visual
representations (tables, pictures, graphics, and diagrams),
symbolic representations (mathematical symbols), and verbal
representations [4-6].

According to previous studies, students’ critical thinking
skills tend to be low because they are less active in
formulating concepts independently [7]. In addition, the
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results of the Indonesian National Examination in the last four
years, from 2015 to 2019, find that energy material has the
lowest percentage [8]. It can be interpreted that energy
subject one of physics is complex for students; it affects quiet
student understanding [9, 10]. Apart from that, the results of
initial research at schools conducted interviews with students
found that energy material was difficult for students. This can
also be seen from the effects of students’ school exams, which
showed that the average score was not optimal in energy
material. The students’ difficulties are due to the energy
concept, a fundamental physics concept that includes abstract
concepts. In contrast to the ideas of force (pull or push), work
and energy are pretty abstract, so transferring learning from
one context to another is very difficult [11]. Students find it
challenging to qualitatively interpret the basic principles
related to the work-energy concept. Students’ difficulties in
this material are that they cannot differentiate energy in
scientific contexts and everyday life and determine the
system and environment of energy business processes [12].
Apart from that, students do not understand the basic
concepts of the material correctly [11] . Furthermore, it was
explained that students’ difficulties in this material occurred
on several topics, such as difficulty understanding the
relationship between work, mechanical energy, and energy
work [10, 13]

Previous studies found that difficulties in learning physics,
especially in renewable energy subjects, were caused by
students’ low representation skills [14], low analytical
thinking, and evaluation [15]. Student representation skills,
including verbal, pictorial, and mathematical, are still low.
The representation abilities of students are still low, namely
21.1% verbal representation, 26.1% image representation,
and 18.4% mathematical representation [16]. Student
representation in verbal representation was 43%, 32% in
mathematical representation, and 25% in pictorial
representation [17]. Apart from that, students’ multiple
representation abilities in physics material are still low, with
a percentage of 71.86%. Students have difficulty making
graphs and making verbal conclusions well. Apart from that,
students in the low category have a pattern of learning
difficulties in understanding language, understanding basic
concepts, analyzing images, determining symbols, arranging
equations, and calculating [18, 19]. Due to this low ability, it
is necessary to improve learning in the form of appropriate
learning models or media to motivate students so that students’
conceptual understanding and critical thinking abilities can
increase, especially regarding renewable energy material.
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Developing students’ thinking skills and knowledge of
concepts can be done using appropriate media or teacher
teaching materials [20].

One form of teaching materials that can be used following
current technological developments is electronic books (E-
books). The digital form of a printed book containing various
integrated knowledge, broad knowledge, and discussion is
packaged in E-books [21]. E-books consist of digital text,
images, or audio accessed via computers or other electronic
devices such as tablets, smartphones, and Android [22].

E-books can be integrated with Augmented Reality (AR)
technology. AR can replace learning books in schools in
virtual form. Several studies reveal that AR can improve
achievement, students’ attitudes toward subjects, motivation,
interaction, and the desire to help students improve their
understanding of learning content [23, 24]. In the 21st
century, students are required to be experts in digital
technology. Integrating AR technology into E-books in
learning physics using Android applications to improve
students’ critical thinking and multi-representation. In
addition, the E-book makes it easier for students because it
can be accessed at any time by students.

STEM education is an interdisciplinary approach
connected to the real world through problem-based
learning [25]. STEM education is a scientific learning choice
that supports generations to be ready for challenges and helps
advance 21st-century skills today [26, 27]. Several studies
have produced research results where the use of the STEM
approach can  overcome student problem-solving
problems [28-31], increase critical thinking skills [32],
critical thinking skills and scientific literacy [33], the ability
to think creatively [34], solving mathematical
problems [35, 36], can foster high technological and
engineering literacy in students [37], as well as students’
ability to understand concepts and problem-solving [38].
Therefore, it is necessary to develop E-book integrated AR
technology based on the STEM approach for renewable
energy material to improve students’ critical thinking and
multi-representation skills.

Researchers assume that using STEM-based E-books and
those created with the help of Augmented Reality positively
improves students’ critical thinking and multiple
representation skills. Apart from being based on several
previous studies, critical thinking is a skill that requires
students’ ability to solve problems. Problem-solving abilities
can be improved through multiple representations. The
multiple representations used are visual, verbal, and
mathematical representations. This is related to the approach
that will be used, namely the STEM approach and visual
abilities that can be assisted by demonstrating material using
Augmented Reality.

Previous studies have been conducted on STEM topics, E-
books, or Augmented Reality. Research by Jesionkowska,
which examined the use of AR with a STEAM approach,
found that the learning process by combining STEM and AR
made students more active, gained more learning experience,
and provided a more holistic and exciting education [39].
Almuharomah et al. also conducted research by creating a
STEM-based physics module integrated with local wisdom.
The study found that using a STEM approach improved
students’ thinking at school [34]. Furthermore, Usta and
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Ultay et al. also researched AR with a STEM approach,
which found that AR animation was exciting and fun, abstract
concepts were easy to present, and that STEM education was
one area where Augmented Reality could be used effectively
[40]. Various benefits have been found in previous relevant
research. Still, no development has been found in the form of
an electronic book linked to Augmented Reality and made
using a STEM approach. So, the research that researchers will
carry out is a development of previous research, namely
developing a physics E-book based on STEM and assisted by
Augmented Reality and looking at its effect on improving
students’ critical thinking and multiple representation
abilities.

Based on the background that has been explained, the
research questions in this study is: 1) What is the feasibility
of a physics E-book developed based on expert validation
assessment? 2) How effective is the use of physics E-books
on renewable energy material to improve students’ critical
thinking and multi-representation skills? So, this research
aims to produce a STEM-based physics E-book with the help
of Augmented Reality that is feasible and effective for
improving students’ critical thinking and multiple
representation skills.

This research adopts the ADDIE development model. This
model consists of five steps: analysis, design, development,
implementation, and evaluation. This research aimed to
develop an E-book integrated with AR technology on
renewable energy material to improve students’ critical
thinking and multiple representation skills [41]. This research
is a process of making or improving a new product [42].

The description of the research steps is:

1) Analyze: The Analyze stage is the initial analysis stage to
determine the difficulties experienced in learning
activities. This analysis stage is used to obtain the required
information to support the development of STEM-based
E-book products assisted by Augmented Reality (AR). At
this stage, needs, material, and student analyses are
carried out. Needs analysis is carried out to adapt user
needs to the media to be developed. At this stage,
interviews and initial observations were conducted on
teachers and research schools.

Design: The Design Stage consists of activities to design
the E-book product that will be created. Researchers will
design the instruments and learning media that will be
used.

Development: The development stage is a stage in media
development. Expert validation will revise the media, and
limited trials will be conducted. The results of this stage
produce valid E-books and data collection instruments to
be implemented in the classroom.

Implementation: The Implementation Stage carries out
the implementation of the product being developed. The
products developed will be implemented in classes at
schools that implement the Independent Learning
curriculum. At this stage, data was obtained on improving
students’ critical thinking and multi-representation skills
and data on the effectiveness of AR-assisted STEM-based
E-book media development.

5) Evaluation: The evaluation stage is the stage of tabulation

METHODS

2)

3)

4)
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and analysis of research data. The final research results
and conclusions are obtained at this stage, namely how to
increase students’ abilities and the effectiveness of AR-
assisted STEM-based E-books.

The research design can be seen in Fig. 1.
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Fig. 1. Research design.

The effectiveness testing used a pretest-posttest control
group experimental design. Three classes were established by
using the cluster random sampling technique. The class
design in this study is presented in Table 1, with the same pre-
test and post-test questions for all classes.

Table 1. Pretest-posttest control group design

Class Pre-test Treatment Post-test
X O, Xy 0O,
Y O, Xz 0,
Z O, X3 0O,
Note:

0, = Pre-test critical thinking skills and multi-representation;

0, = Post-test critical thinking skills and multi-representation;

X, = Learning using physics E-book based on STEM assisted by AR;
X, = Learning using E-books in pdf format;

X5 = Learning using books in schools and with the lecture method

The research was conducted in a state junior high school in
Kerinci, Indonesia. The participants of this study were three
classes in senior high school on science subjects studying
renewable energy. The research participant was selected
using the cluster random sampling technique, namely,
collecting samples through a population in a random way in
groups of students in classes without focusing on the level of
that population.

Data collection instruments in this study include test and
non-test instruments. The test instrument is essay questions
to measure critical thinking and multiple representation skills.
Besides, the non-test instrument uses a questionnaire,
observation, and interview sheets. All data collection
instruments have been validated in advance by expert
validators and declared valid before use. Each instrument

item test represents each indicator of critical thinking and
multi-representation. The test instrument used has gone
through the limited trial stage beforehand. It has been
declared valid and reliable based on the value of the validity,
reliability, and difficulty index of the questions using the
QUEST application.

E-book AR was validated by six validators, including two
expert validators, two physics teachers as practitioners, and
two colleagues as peer reviewers. The score conversion for
validation results is shown in Table 2.

Table 2. Classification of expert validation score
Score Intervals Score Category

1.00-1.75 Very Not Good
1.76-2.50 Not good
2.51-3.25 Good
3.26-4.00 Very good

Before giving treatment, students are given pre-test
questions, and at the end of learning, students are given post-
test questions. The critical thinking and multi-
representational test instruments provided will be analyzed
first using the QUEST software program to determine the
reliability of the questions and then validated using the V-
Aiken equation, namely;

__XxS
V= n(C-1) 1

The interpretation of the value of V is presented in Table 3.

Table 3. Interpretation of V-Aiken results

Score Range (V) Validity Level
V<04 Weak Validity
04-0.8 Moderate Validity
V=08 High Validity

Furthermore, the research analysis results were analyzed
using the SPSS 25 program. At this stage, a two-group test or
“two group Multivariate Analysis of Variant (MANOVA)”
was carried out to determine differences in the increase in
critical thinking and multi-representation of students in the
research class. At this stage, the normality test, homogeneity
test, n-gain analysis, and effect size analysis were carried out.

The data analysis techniques used to determine the
effectiveness of media use are the normality test,
homogeneity, N-Gain analysis, and effect size analysis. The
description of the data analysis technique used is as follows.

A. Normality Test

The normality test was conducted to determine whether the
samples were normally distributed. Normality testing using
SPSS 25 based on the Kolmogorov-Smirnov test. The test
was carried out using the condition that if the Sig value <0.05,
the sample comes from a normally distributed population.

B. Homogeneity Test

Homogeneity test to see whether the two groups are
homogeneous or not. A significant level guideline of o = 0.05
is used to determine homogeneity. If the significance
obtained is >0, then each sample’s variance is the same,
meaning it is homogeneous and vice versa.

C. Media Effectiveness

Effect size analysis is used to see how much influence
learning uses STEM-based physics E-books assisted by
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Augmented Reality to improve students’ critical thinking
skills and multi-representation. The size effect is produced by
calculating Cohen’s f value from the transformation of the eta
square (n?) value with the following equation:

f= |22 @)

In addition, the increase in students’ abilities can also be
seen through an increase in student scores on the pre-test and
post-test scores and by looking at the N-gain scores.

I1l. RESULT AND DISCUSSION

A. Analysis Stage

The first stage in this research is the analysis stage. There
are several activities in this analysis, namely (1) material
analysis, (2) literature analysis, and (3) student and learning
environment analysis. The material analysis identifies
competencies or skills students must learn, including core
competencies and basic competencies, materials, assessment
instruments, and indicators [43]. At the literature analysis
stage, the researcher completes the literature review related to
the research and analyses relevant research to support the
product development process. Next is to analyze students.
The student analysis stage aims to discover the problems
faced during learning. At this stage, observation activities are
carried out during the implementation of learning. This
observation aims to analyze students or obtain information
about learning devices, methods, and attitudes during
learning. In addition, interviews were conducted with
teachers supporting the subject of physics to analyze the
needs of teachers and students in learning.

Based on the results of initial observations and interviews
with students and teachers, it is known that learning media is

mostly through whiteboards and occasional practice
questions using Android to attract more students’ attention.
Apart from that, sometimes the use of Android is only limited
to looking for additional material. Teachers realize that using
Android is very effective in learning because it is a helpful
technology. However, its use is still not optimal because there
are no Android applications for physics material owned by
teachers or students, especially those who use Augmented
Reality. Initial observations also found that students looked
active when studying. It was seen that students were
enthusiastic about getting the best grades when completing
quiz questions given by the teacher. However, when we look
at students’ learning achievements in energy material, it turns
out that they are still not optimal. Students also said they were
interested in learning and using learning media that contained
good audio and kinetic aspects and excellent visuals. So,
teaching media with kinesthetic aspects in the form of
experiments, audio aspects that have sound in the form of
material explanations and videos, and visual aspects
presented in the form of Augmented Reality will be
developed.

B. Design Stage

The next stage is the design stage. At this stage, the project
planning is done. Information collected from the analysis,
related to the theory and learning design models, is intended
to explain the learning that will be carried out.

The media design stage begins with creating media
development designs and flowcharts. Media development
design is a matrix arrangement containing the media
development design itself. A flowchart describes the flow in
operating media in the form of an Android application, which
has been developed to make it easier to read the operational
flow. The flowchart in this research can be seen in Fig. 2.
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Fig. 2. E-book development flowchart.
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The next step is preparing the content of the media that will
be created. In this research, development begins by collecting
the components of the E-book content in the form of material,
images, videos supporting the material, and 3D Augmented
Reality designs displayed in the E-book. Apart from that, he
also designs color composition and media design in E-books.

This research created a physics E-book media on
renewable energy material to improve students’ critical

thinking and multi-representation
developed by creating an E-book in the form of an Android

application.

skills,

which was

So, a connecting matrix is needed between critical thinking
indicators and multiple representations with energy material.
The matrix of indicators for critical thinking skills and multi-
representation is developed in this E-book, as shown in

Table 4.

Table 4. Indicator matrix of critical thinking and multiple representation skills

Indicator

The treatment given in the E-book

Energy

Forms of Energy

Law of Conservation of
Energy

Energy Limitations

Identifying
problems
(Recognize the
existing problem)

Showing problems regarding
the energy distributed by the
water wheel. Students
identified the issues that
occur in the problem.

Show a simple
experiment on the
form and change of
energy. Students
identify what
conditions of energy
change.

Students identify
problems in simple
experiments about the
conservation of
mechanical energy.

Issues related to
energy limitations
concerning
Indonesia’s
population growth are
presented. Students
identify the
relationship between
these two things.

Formulate
problems
(Looking for a
solution to the
problem)

Students can formulate the
amount of energy channeled
to the water wheel.

Students can develop
uses and how energy
can change.

Students develop the
relationship between
speed, height, and mass
contained in mechanical
energy.

Students develop
ways to deal with the
problem of limited
energy and its relation
to energy use in
everyday life.

Give logical
arguments
(Offers design
solutions to
existing
challenges, as
well as data
collection and
information
compilation)

Critical
Thinking Skills

Students can give their
arguments about the energy
that is channeled to the water
wheel.

Students provide
arguments about what
happens to energy
changes.

Students give their ideas
about the relationship
between height, speed,

and mass in the
experiment on the

conservation of
mechanical energy.

Students provide a
solution design for the
energy potential found

in the surrounding

environment.

Analyze and make
decisions
(Create
conclusions about
the formulation of
problems and
solutions that have
an impact on
everyday life)

Students provide decision
answers regarding the
amount of energy channeled
to the problem.

Students can analyze
and provide
conclusions based on
the energy change
experiments.

Students can provide
conclusions about the
conservation of
mechanical energy
experiments carried out.

Students make
decisions on solutions
from the energy
potential in the
surrounding
environment.

Determine and
operate
mathematical
equations in
solving problems.

An example of an image of
renewable energy in
everyday life is the water
wheel. Students are presented
with mathematical operations
in solving these problems.

Showing issues
regarding energy
changes that occur in
the water wheel,
students use
mathematical
equations to solve
problems.

Presented a simple
experiment on the
conservation of
mechanical energy,
students can determine
the mathematical
equations used in
difficulties in solving
problems regarding the
conservation of energy.

Understand,
explain, and write
down concepts
and principles and
solve problems by
writing verbally.

Multiple
representations
Skills

An example of an image
form of renewable energy in
everyday life is presented.
Namely, the water wheel and
a verbal explanation of the
concept are given in solving
the problem.

Students explain what
happened to the water
wheel and give their
conclusions verbally.

Students interpret the
pictures of the
experimental results to
find out the concept and
write it verbally.

Showing the issue of
the relationship
between the impact of
energy use and
population growth in
Indonesia. Students
explain the
relationship between
the two things
verbally.

Represent data or

information using

charts, graphs, or
tables.

An example of an image
form of renewable energy in
everyday life is presented,
namely a water wheel, and its
structure is presented,
accompanied by a description
of the problem in graphic
form, which is represented in
a mathematical form.

Students present
graphical data again in
questions about energy

changes in the water
lock.

Students represent the

experimental data back

into graphical form and
draw conclusions

explaining the concepts
in the experiment.

Participants cannot
find data in graphs or
tables and express
their findings again by
writing them verbally.
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C. Development Stage

At this stage, it is done by validating the product that has
been developed. This study involved six validators. To
determine their feasibility, expert lecturers, practitioners, and
peer reviewers validated Media products developed and
learning tools used in research. The items that will be used to
measure  students’ critical thinking and multiple
representation skills have also been declared feasible and
have passed the empirical test stage to determine the validity
and reliability of the questions. The media validation results
can be seen in Table 5, and the validation results of the
question items in Table 6.

Table 5. Media feasibility assessment

Aspect Average Score Category

Serving Components 3.50 Very good
Content Eligibility 3.33 Very good
Language 3.47 Very good

Aspects of Visual Communication 341 Very good
Software Engineering 3.67 Very good
Average 3.44 Very good

Table 6. Content validity analysis of critical thinking skills and multi-
representation istruments

Question Items ggé'fd('\% Category
1 0.89 Valid
2 0.83 Valid
3 0.83 Valid
Critical 4 0.89 Valid
thinking 5 0.78 Valid
6 0.78 Valid
7 0.89 Valid
8 0.83 Valid
1 0.83 Valid
2 0.89 Valid
Multi- 3 0.89 Valid
representation 4 0.78 Valid
5 0.89 Valid
6 0.78 Valid

Based on the results of the validator data analysis in
Table 5, it was found that the E-book developed was in a very
good category, so it was very feasible to apply and try out in
the classroom. The design of E-book AR can be seen in
Fig. 3.

"E-Book Fisika Energi Terbarukan"

berbasis STEM dengan bantuan
Augmented Reality

Fadilah rahmayani Masukkan Nama

| fadillah

(a) Cover

(b) Login menu
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(9) AR Water wheel Energy (h) AR Geothermal Energy
Fig. 3. Design E-book with augmented reality.

The product’s initial design, Design I, was first validated
by expert lecturers, practitioners, and peer reviewers.
Suggestions and comments at this stage will be used as a basis
for conducting Revision | so that Draft Il is produced. Design
Il is used to do limited trials on students and empirical test
questions. After the problem has been solved, an evaluation
will be carried out to assess whether there is an improvement
in the product so that Design Il is produced. Design 111 will
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be used in field trials. After the extensive trial phase is carried
out, it will be continued at the Evaluation stage to evaluate
the achievement of the product that has been implemented so
that it will produce a product that is ready for dissemination.
The product being developed is a physics E-book in the form
of an Android smartphone application. The product is made
in the form of an Android application so that students can
always use it without being limited by space. It can be used
at any time and easily carried by students. The developed
application can be accessed offline or without an internet
network, but you must use the internet network for
experimental activities.

The android application made in the form of a physics E-
book is a learning media that can be used as teaching material
in studying renewable energy material. Renewable energy
was chosen to follow according to the independent learning
curriculum. This E-book has videos, articles, and experiments
on renewable energy materials to help students understand
the subject. The E-book has a menu of instructions, markers
such as 3D component barcode scans, learning materials,
learning videos, assignment collection points, virtual and
non-virtual quizzes and experiments, and a cover containing
a bibliography, applications, and developer profiles. The user
manual menu includes instructions for using the application.
The marker comprises a 3D component scanned barcode
image that will be used when using Augmented Reality
assistance. There are sub-sub-materials on the material menu,
including introduction, energy, energy sources, alternative
energy, and the impact of limited energy. AR technology will
be displayed in the explanation of alternative energy
materials. There are several forms of applying alternative
energy in everyday life, such as water, wind and solar energy,
and geothermal energy. This AR visualization is also
equipped with audio explanations of each material so that
students can take advantage of the audio and visual senses of
students in learning the material. Every other sub-material is
equipped with energy materials and several additional
questions.

The test question instrument was also used in empirical
trials to determine the reliability of critical thinking questions
and multiple representations. Empirical tests were carried out
on 276 students. An empirical test analysis was conducted
using the QUEST computer program. Item analysis was
carried out to determine the reliability value of critical
thinking skills and multiple representations seen in the
summary of item estimate and summary of case estimates
sections. An overview of the item estimates is used to see
whether the items used match the Rasch model being tested.
This value is also called sample reliability. Meanwhile, the
summary of case estimates is the reliability value for the test
created. The results of the reliability values are in Table 7.

Table 7. Instrument reliability result

Reliability Nilai Category
summary of item estimate 0.75 Fit
summary of case estimates 0.71 Reliable

Based on Table 7, it can be seen that the results of empirical
trials on critical thinking and multiple representations show a
summary of item estimates with a value of 0.75 and a
summary of case estimates with a value of 0.71 in the reliable
category. So, it is concluded that the question items are
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reliable and can be used.

After analyzing the product and test question instruments
and declaring them valid and reliable, the research can
proceed to the next stage: carrying out extensive trials or
implementation in the classroom.

D. Implementation Stage

The implementation stage was carried out in 3 classes, as
shown in Table 1. Class X learning used E-book AR, class Y
learning used E-book PDF, and Class Z learning used
textbook. A student response questionnaire was also given to
assess students’ media use in this broad trial. The results show
a positive response and are in the very good category. The
Study activities can be seen in the following figure.

Fig. 6. Learning activities in CIassZ.

Learning activities are carried out in two meetings.
Learning is carried out in the research class using the
developed media, namely class X, using the STEM approach.
The phases of the STEM learning model include: 1) The
Reflection Phase, where students plan and formulate
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problems with existing knowledge by actively involving all
students. 2) Research Phase: at this stage, students investigate
ideas, theories, and laws from various related sources that can
be used as guidelines in designing and creating solutions to
unknown problems. In this phase, there are also asking
questions (science) and defining questions (engineering). 3)
In the Discovery Phase, choosing the optimal solution that
suits your needs is made using the results of group
discussions. At this stage, technology is also used to learn
(Technology) and analyze and interpret data findings
(Mathematics). 4) In the Application Phase, students develop
and design solutions.

The methods used in the learning design are simulations,
discussions, presentations, and question and answer. The
learning plan developed consisted of two meetings. The 1st
meeting discussed the material Introduction to Energy, and
the 2nd meeting discussed the Alternative Energy material.
The simulation was carried out when collecting experimental
data in groups. Discussions occur when students conduct
experimental activities to obtain conclusions on experimental
problems. Presentations were made when students
communicated the results of the discussions that had been
carried out and continued with questions and answers when
students responded to the results of the shared group
discussions.

When learning using the E-book AR based on the STEM
approach, it was found that students are more enthusiastic
about using learning applications. AR technology is a new
experience for students, so they become active and passionate
about learning integrated AR technology. Also, high
enthusiasm by students makes them more interested, easy to
understand, and helps them remember Renewable Energy
material.

E. Evaluation Stage

The evaluation stage aims to evaluate or reassess the
achievement of the research carried out as the final stage of
development. After the evaluation stage, an E-book product
will be produced and categorized as feasible for learning. The
data from the implementation stage will be analyzed at the
evaluation stage. The data is about data on improving
students’ ability to think critically and multi-representation.
The data on critical thinking and multi-representation skills
for each class can be seen in Table 8.

Table 8. Mathematical representation ability test results

the increase in students’ critical thinking and multi-
representation skills of students after experiencing treatment.
This test uses the Manova test, where the previous data was
first tested for normality and homogeneity. The results of the
normality and homogeneity tests can be seen in Table 9.

Table 9. Data normality test results

Shapiro-Wilk

Data Statistics df Sig.
Pre_ X_CT 0.969 31 0.502
Pre Y_CT 0.941 31 0.090
Pre_Z CT 0.958 31 0.261
Post_X_CT 0.947 31 0.131
Post_ Y_CT 0.936 31 0.065
Post Z_ CT 0.968 31 0.461
Pre_X_MR 0.953 31 0.192
Pre_Y_MR 0.937 31 0.066

Pre_Z_MR 0.941 31 088

Post_X_MR 0.940 31 083

Post_Y_MR 0.938 31 075
Post_Z_MR 0.948 31 0.136

Note:
CT=Critical thinking;
MR=Multiple representation.

Based on Table 9, it is known that the Sig value is > 0.05.
So, it can be said that the samples in each population group
are normally distributed. The result of the homogeneity test
is also shown in Table 10.

Table 10. Homogeneity test results

Treatment F dfi df, Sig.

Pre-test CT 1.795 2 90 0.172
Post-test CT 2.788 2 90 0.177
Pre-test MR 2.562 2 90 0.083
Post-test MR 1.603 2 90 0.207

Table 10 shows that the value of Sig > 0.05 is known. So,
it can be said that the sample is homogeneous. Furthermore,
the Manova test was carried out, and it was found that there
was a significant difference between media use and its effect
on critical thinking and multi-representation skills, as
indicated by the acquisition of Sig <0.001. The results of the
Manova test were carried out using Hotelling’s Trace test
using SPSS 25 software. The results of the Manova test can
be seen in Table 11.

Table 11. Manova test results

Within Subject Effects Value F Sig.
time Hotelling’s Trace  6.649  295.878 < 0.001
Time*Class Hotelling’s Trace  0.333 7.331 <0.001

Class Pre-test Post-test N-gain Category

X 46.0 85.1 0.70 High
Critical thinking Y 45.6 78.6 0.58  Medium
Z 47.0 72.8 0.44  Medium

Multiple X 36.3 82.3 0.71 High
representations Y 44.3 67.7 0.44 Med!um
Z 39.8 59.1 0.30  Medium

Table 8 shows the critical thinking skills of class X, with a
score of 0.70 in the high category, and class Y and Z of 0.58
and 0.44, respectively, which are included in the medium
category. Meanwhile, in multi-representational skills, class X
was 0.71 in the high category, class Y was 0.44, and class Z
was 0.30 in the medium category. Based on these results, it
can be interpreted that using E-book AR scores higher than
class Y and Z.

Furthermore, an effectiveness test was carried out to see
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Furthermore, to determine the effective contribution of the
treatment given to each class to the increase in critical
thinking and multi-representational skills, a test was carried
out using SPSS 25 software through a Partial Eta Squared
value. The results of the analysis can be seen in Table 12.

Table 12. The effective contribution of students’ abilities

Class F Sig Partial Eta Squared
X 164.729 <0.001 0.787
Y 55.512 <0.001 0.555
z 50.35 <0.001 0.531

Partial Eta Squared values for classes X, Y, and Z were
0.787, 0.555, and 0.531, respectively. So, it is known that
Class X, who is learning to use E-book AR, contributed 78.7%
more than Class Y, 55.5%, and Class Z, 53.1%. Furthermore,
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Effect Size analysis was carried out to determine the
influence of the media on increasing critical thinking and
multi-representation skills, as shown in Table 13.

Table 13. Effect size calculation results

No Variables Eta Square Cohens’ f Interpretation
1  critical thinking 0.145 0.145 Medium effect size
multiple 0.279 0.279 Large effect size

representations

Based on the effect size analysis, it is known that the
STEM-based physics E-book media assisted by Augmented
Reality affects critical thinking skills in the medium effect
size category and multi-representational skills in the Large
effect size category.

In addition, the results of the study found that the use of
STEM-based android applications with the help of
Augmented Reality increased learning outcomes for students,
as seen from the N-gain scores of the experimental class in
the high category. This is in line with research by Usta [40]
that the use of animation is intriguing and fun, and by using
animation, abstract concepts are easily presented, displayed,
and conveyed to students. This study found that STEM
education is an area where Augmented Reality can be used
effectively. Research also shows that using E-books with the
help of Augmented Reality is more attractive to students’
learning interests. This is because AR media is something
new for students. Students look enthusiastic about learning
using E-books with the help of AR. In addition, this E-book
is more interesting because it is equipped with videos,
materials on renewable energy, additional articles for
students to read, and experiments carried out on their
respective Android smartphones. This is in line with
research [44] that shows that high student learning interest
makes students’ curiosity even more elevated and makes
students more interested in learning and using media so that
students’ thinking skills also increase.

IV. CONCLUSION

Based on the results of data analysis, it can be concluded
that the STEM-based physics E-book learning media assisted
by Augmented Reality is categorized as feasible to use for
improving  critical thinking and students’ multi-
representational abilities on renewable energy material. This
is based on the media feasibility assessment by expert
lecturers, practitioners, and colleagues, obtaining a score in
the very good category. Evaluation by students through
student responses received scores in the very good category.

Furthermore, the STEM-based physics E-book learning
media assisted by Augmented Reality effectively improves
the critical thinking and multi-representational abilities of
high school students. This is based on the n gain value of the
multi-representation ability of class X in the high category
and class Y and Z in the medium category. Also, the partial
value of eta square media in STEM-based physics E-books
assisted by Augmented Reality can improve the ability
critical thinking and multi-representational of 78.7%, which
have superior grades than class Y and Z with contributions of
55.5% and 53.1%.

Suggestions for using STEM-based physics E-book
products assisted by Augmented Reality that have been
developed are STEM-based physics E-book products assisted

640

by Augmented Reality on renewable energy materials to
improve students’ critical thinking skills, and students’ multi-
representation can be used by teachers and students in other
schools as media. Reference learning because it has been
tested for feasibility, limited trials, and extensive field trials.
For further research as a brief overview of the future, because
the E-book product in this research can only be used on
devices with the Android system, the product can then be
developed as an application for all smartphone systems,
including iOS. However, before it is developed further, more
detailed observations of the sample are needed to minimize
limitations in the field. Further research can develop STEM-
based physics E-book products with the help of Augmented
Reality for other physics materials.
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