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ABSTRACT

Technological developments have led to innovations in teaching materials such as the development of
electronic books (e-books). In physics subjects, e-books need to be developed and used optimally to
support learning. This research aims to determine the effectiveness of using physics e-books assisted
by PhET interactive simulation based on problem-based learning in improving students' critical thinking
skills on global warming material in modeling and implementation classes. This research is a quantitative
research with a quasi-experimental research design with one pretest and posttest group. The subjects
in this research consisted of 32 modeling class students and 23 implementation class students who
were obtained using cluster sampling techniques. The data collection technique used is a test and the
data analysis technique is the N-Gain test. The research results show that the use of physics e-books
assisted by PhET interactive simulation based on problem-based learning on global warming material
has an impact on increasing students' critical thinking abilities. Then, the use of physics e-books is quite
effective (in the medium category) in improving students' critical thinking skills in modeling and
implementation classes. The use of e-books in physics learning makes students more interested in
learning so that it has an impact on students' thinking abilities.

1. INTRODUCTION

Along with the increasingly rapid progress of science and technology, learning now plays an
increasingly important role in ensuring that students have the skills needed in the 21st century. One of the
skills of the 21st century and one of the most important indicators in determining the quality of learning is
the ability to think critically (Alsaleh, 2020; Arisoy & Aybek, 2021). Critical thinking as one part of Higher
Order Thinking Skills (HOTS) is an ability that involves several processes such as interpreting, analyzing,
evaluating and making judgments aimed at reaching conclusions (Arisoy & Aybek, 2021; Ramadhan et al,,
2019). Critical thinking emphasizes the importance of in-depth thinking and analysis of the information
received to gain a more precise understanding (Khan, 2017; Raj et al,, 2022; Yuan & Stapleton, 2020).
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Critical thinking is very important for students at school and supports their lives in the future (Jamil et al.,
2024; Toheri et al.,, 2020). The importance of critical thinking has been widely recognized as being able to
prepare students for future careers, citizenship, and lifelong learning. Students need critical thinking skills
to organize information, data or facts so they are able to solve the problems they face. Critical thinking
allows students to be able to process information logically by being able to sort out important, relevant and
useful information (A. M. Amin et al.,, 2020; Rahman, 2019). One of the subjects that requires students to be
able to develop critical thinking skills is physics. Physics as a basic science that studies natural phenomena
that occur in everyday life has an important role in developing students' abilities. Physics is a science lesson
that requires experimental activities as an effort to understand concepts, requiring a high level of ability to
explain concepts (Kurniawan et al., 2020; Mafarja et al., 2022; Wartono et al., 2018). Physics plays a role in
preparing students to face the growing challenges of life (Rini et al., 2023). This preparation is carried out
by equipping students with the ability to think logically, analytically, systematically, critically, creatively, as
well as the ability to work together in solving problems (Ariani, 2017; Rini et al., 2023). Physics learning is
meaningful learning in developing intellectuals, attitudes, interests, skills, creativity and critical thinking
abilities. One of the goals of learning physics is to apply what is learned to everyday life, so students need
to be trained to think critically to apply physics concepts in facing problems in everyday life. Learning
physics itself helps strengthen and improve students' critical thinking abilities. In studying physics, students
must use critical thinking skills to understand complex phenomena such as global warming (Jamil et al,,
2024; Maknun, 2020; Misbah et al., 2018).

Global warming is a very worrying issue today. The current global warming is inseparable from the
impact of human activities, thus having a negative impact on the earth and human life itself. In the context
of learning at school, material about global warming can support students' lives in the future. However,
students' understanding of global warming is still very low. Therefore, knowledge about global warming
must be introduced to students through the provision of learning materials. It is hoped that providing global
warming material will make students more aware of the causes of global warming (Anandhakrishnaveni &
Anusuyadevi, 2021; Rosidin & Suyatna, 2017). Studying the causes and impacts of global warming will
stimulate students to develop their thinking skills in order to find solutions to the complex challenges of
global warming. In other words, students will be trained to think scientifically when studying global
warming material. Global warming is one of the physics materials that involves critical thinking skills and
scientific literacy to seek further information and solve problems. Thinking skills such as critical thinking
skills are important for solving the problem of global warming (Alika etal., 2018; Lestari & Setyarsih, 2021;
Suwatra et al,, 2018). Global warming material can be taught effectively through technology-based teaching
materials such as e-books. E-books or electronic books are teaching materials packaged in electronic format.
E-books have become teaching materials that are more interactive, varied and easy to use. E-books have the
advantage of being able to integrate images, animation, graphics, sound, video and simulations so that they
are able to present richer information compared to conventional books (Acar, 2022; Karagoz et al., 2023;
Novita, 2023). The use of e-books in learning can improve students' problem solving abilities, students’
learning performance and higher order thinking, and students' critical thinking skills. The use of physics e-
books in this research was analyzed to improve students' critical thinking skills. Critical thinking skills in
learning can be developed by applying appropriate learning models, in this case the learning model can be
integrated into the e-book being developed (Cahyono et al,, 2024; Suwatra et al., 2018; Vong & Kaewurai,
2017). One learning model that can help develop students’ critical thinking skills and can be integrated into
e-books is problem-based learning. Problem-based learning is a learning model that involves students to
solve problems and guides them to be able to solve these problems through learning activities carried out
during the learning process (Maskur et al., 2020; Sakir & Kim, 2020). Problem-based learning is a learning
model that is able to develop high-level thinking skills and the ability to solve problems (Tama et al., 2020;
Wilujeng et al., 2022). Problem-based learning can help students be actively involved in learning because
students are required to be active in thinking, communicating, processing data and drawing conclusions.
The problem-based learning model is able to develop students’ curiosity so as to encourage students' critical
thinking abilities to the maximum. The problem-based learning model prepares students to think critically
and analytically by utilizing appropriate learning resources (S. Amin etal., 2020; Pebriana & Disman, 2017).
The learning resource used in this research is a physics e-book assisted by Phet interactive simulation. The
use of PhET interactive simulation in learning can improve students' critical thinking skills. Physics learning
activities using PhET interactive simulation will make students more interested in doing practicums so that
problem solving can be done effectively (Harizon et al, 2024; Widiarta et al., 2023). Research on the
development and implementation of physics e-books assisted by PhET interactive simulations is still
limited. Moreover, its development on the topic of global warming and its implementation using the
problem-based learning model has not yet been conducted. Therefore, this research is important to
undertake as it aims to develop and implement a physics e-book assisted by PhET interactive simulations
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based on problem-based learning, as well as to understand the impact of its use in enhancing students'
critical thinking skills on the topic of global warming. The novelty in this research is examining the
implementation of a physics e-book which contains PhET interactive simulation and is supported by a
problem-based learning model. Apart from that, global warming material is also the focus of study in the
application of the physics e-book being developed. Therefore, it is necessary to carry out research regarding
the implementation of physics e-books assisted by PhET interactive simulation based on problem-based
learning on global warming material. This research is considered important because it aims to find out
whether the use of physics e-books assisted by PhET interactive simulation based on problem-based
learning helps improve students' critical thinking skills, especially on global warming material in modeling
and implementation classes. Penelitian

2. METHOD

This research is a quantitative research with a quasi-experimental research design which was
created using a 'one group pretest and posttest' research design. One group pretest-posttest design is a
research design where a group is measured and observed before and after treatment is given. This research
uses one modeling class and one implementation class. Each class (modeling and implementation) was
given a pretest regarding global warming material through 9 multiple choice questions that test students’
critical thinking skills. Next, students are given treatment by applying a physics e-book assisted by PhET
interactive simulation based on problem-based learning as the main teaching material. In the modeling
class, learning is taught by the researcher, while in the implementation class the learning is taught by the
physics subject teacher. The final stage is giving a posttest regarding global warming material which
contains the same questions as the pretest. This research was carried out at SMAN 4 Yogyakarta. The
population in this study were all class X phase E students who took part in learning with the independent
curriculum. Meanwhile, the sample in this study was 55 students consisting of 32 students in class XE2 as a
modeling class and 23 students in class XE4 as an implementation class. The research sample was obtained
using a cluster sampling technique. Cluster sampling divides the population into groups called clusters (for
example classes) and then several clusters are selected randomly (Berndt, 2020; Mahargias et al., 2022;
Mweshi & Sakyi, 2020). The data collection technique used in this research is the test technique. Tests are
an evaluation technique using formal instruments to measure students' knowledge or abilities (Hidayat et
al.,, 2018; Saraswati et al., 2021). An instrument in the form of a written test was used in this research to
measure students' critical thinking abilities on global warming material. The test instrument grid used in
this research is shown in Table 1.

Table 1. Critical Thinking Ability Instrument Grid

Indicators of Critical Thinking Ability Question Indicator Item
Identify the facts of environmental change as a

Provide a simple explanation result of global warming 2

Building Basic skills Analyze env¥ronmenta1 changes as the impact of 2
global warming

Conclude Analyze env¥ronmental changes as the impact of 2
global warming

Provide further explanation Identlfy human activities that cause global 1
warming

Develop strategies and tactics Formulate solutions to overcome environmental 2

changes caused by global warming

The data analysis technique in this research was carried out by analyzing the results of the pretest
and posttest using the N-Gain test. The N-Gain test was carried out with the aim of measuring the increase
in understanding or mastery of concepts before and after treatment (Putri et al., 2019; Rusnayati et al,,
2023). In this research, the improvement that will be measured is the increase in the results of students’
critical thinking abilities before and after using physics e-books assisted by PhET interactive simulation
based on problem-based learning as the main teaching material.

3. RESULT AND DISCUSSION

Result
This research aims to measure the effectiveness of using physics e-books assisted by PhET
interactive simulation based on problem-based learning on global warming material to improve students'
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critical thinking skills. This research was conducted in two classes, namely the modeling class (lessons
taught by researchers) and the implementation class (lessons taught by physics subject teachers). Modeling
is carried out in class XE2 while implementation is carried out in class XE4. The pretest and posttest data
obtained will go through prerequisite tests first. Where the prerequisite tests used are the normality test
and homogeneity test. The normality test is a test carried out with the aim of assessing the distribution of
data in a group of data or variables, whether the data distribution is normally distributed or not. The
normality test results are shown in Table 2.

Table 2. Normality Test Results

Shapiro-Wilk

Class Test Statistic df Sig.
Modeling Pretest 0.937 32 0.060
Posttest 0.943 32 0.093
Implementation Pretest 0.969 23 0.672
Posttest 0.931 23 0.114

The normality test analyzed using Shapiro-Wilk in the modeling class and implementation class. It
can be seen that the pretest and posttest in the modeling and implementation classes obtained a significance
value of > 0.05. This shows that the data on students’ critical thinking abilities (pretest and posttest) in the
modeling and implementation classes is normally distributed. After the data is declared normally
distributed, homogeneity testing can then be carried out. The homogeneity test is a statistical test procedure
which aims to find out whether the group of data samples taken has the same variance or not. It can also be
used to find out whether the sample group is homogeneous or not. The results of the homogeneity test in
this research can be seen in Table 3.

Table 3. Homogeneity Test Results

Class Levene Statistic dfl df2 Sig.
Modeling 3.317 1 62 0.073
Implementation 1.899 1 44 0.175

The homogeneity test where critical thinking skills in the modeling and implementation classes
obtained a significance value of > 0.05. This means that the data on students' critical thinking abilities in
modeling and implementation classes is homogeneous or comes from the same variance. After the data is
normally distributed and homogeneous, the test can be continued with the one way ANOVA test. One way
ANOVA testing was carried out to determine the comparison of the average pretest and posttest scores in
the modeling class and in the implementation class. Then, to determine the magnitude of the effect of the
difference in average pretest and posttest results in the modeling class and implementation class,an ANOVA
test with eta squared was carried out. The results of the one way ANOVA test with eta squared can be seen
in Table 4.

Table 4. One-way ANOVA results with Eta-squared

Class df Mean Square F Sig. Eta Squared
Modeling 1 15385.540 124.157 0.000 0.468
Implementation 1 15848.984 84.443 0.000 0.513

The results of the one-way ANOVA test in the modeling class and implementation class can be seen
that the significance value obtained is 0.000 < 0.05. Because the significance value is smaller than 0.05, it
can be concluded that the average pretest and posttest results in the modeling class and also in the
implementation class are significantly different. The eta squared value used to determine how much these
differences affect the results of students’' critical thinking abilities. It can be seen that the partial eta squared
(effect size) value in the modeling class is 0.468. This shows that the effect size of the difference in pretest
and posttest results in the modeling class is 46.8%. The difference in pretest and posttest results was 46.8%
due to the use of physics e-books assisted by PhET interactive simulation based on problem-based learning
on global warming material which influenced the results of students' critical thinking abilities in the
modeling class. It can also be seen that the partial eta squared (effect size) value in the implementation class
is 0.513. This shows that the effect size of the difference in pretest and posttest results in the
implementation class is 51.3%. The difference in pretest and posttest results was 51.3% due to the use of
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physics e-books assisted by PhET interactive simulation based on problem-based learning on global
warming material which influenced the results of students’ critical thinking abilities in the implementation
class. The pretest and posttest scores are calculated using the N-gain test to get an increase in students’
critical thinking skills. The results of the students' critical thinking skills test for the modeling class are
shown in table 5 and the results of the N-gain analysis are shown in Table 6. Furthermore, to calculate the
magnitude of the increase or change in test scores before and after treatment the N-Gain test was used . N-
Gain was used to determine the increase in students' critical thinking skills before and after using physics
e-books assisted by PhET interactive simulation based on problem-based learning on global warming
material in modeling classes and also implementation classes. The N-Gain test results can be shown in Table
5.

Table 5. N-Gain Test Results

Class Test Mean

Pretest 48.61

i Posttest 77.43
Modeling N.Gair Jeae
N-Gain (%) 55.76%

Pretest 41.06

Implementation Posttest 74.88
N-Gain 0.5926
N-Gain (%) 59.26%

The average N-Gain score in the modeling class is 0.5576 (medium criteria). In other words, there
was an increase in students' critical thinking skills by 55.76% after using the physics e-book assisted by
PhET interactive simulation based on problem-based learning on global warming material in the modeling
class. Meanwhile, the average N-Gain score in the implementation class was 0.5926 (medium criteria). In
other words, there was an increase in students' critical thinking skills by 59.26% after using the physics e-
book assisted by PhET interactive simulation based on problem-based learning on global warming material
in the implementation class. So, it can be concluded that the physics e-book product assisted by PhET
interactive simulation based on problem-based learning on global warming material is quite effective in
improving students' critical thinking skills in modeling classes and also in implementation classes.

Discussion

The increasingly widespread use of technology in learning has a significant impact on learning itself
because it can enrich the learning experience. This also happens in physics learning which gets many
benefits from the use of technology in it. Learning that uses information and communication technology can
improve students' physics learning outcomes (Criollo-C etal., 2021; Zhai & Shi, 2020). The use of technology
in learning physics can be done in many ways, one of the ways used in this research is the development of
physics e-books. This research developed a physics e-book assisted by PhET interactive simulation based
on problem-based learning on global warming material which can be accessed using a smartphone or
computer. The physics e-book was developed by following the syntax of the problem-based learning model,
namely problem orientation, organizing students, conducting investigations, developing work results, and
analyzing and evaluating. Apart from that, the physics e-book is equipped with PhET interactive simulation
which supports students' understanding of global warming material. The appearance of the physics e-book
being developed is shown in Figure 1.

{Heyzit ————
| Flipbe _/
- —

PN T mmm—

Figure 1. Physics E-book
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This research examines the use of physics e-books assisted by PhET interactive simulation based
on problem-based learning in improving students' critical thinking skills, especially on global warming
material. The research was conducted in two classes, namely the modeling class and the implementation
class. Modeling class is a class where learning is carried out with direction from students (students act as
teachers). Meanwhile, the implementation class is a class where learning is carried out directly by the
physics subject teacher. In each modeling and implementation class, a pretest and posttest are given to test
students' critical thinking skills regarding global warming material. Based on the partial eta squared value
obtained, the use of physics e-books assisted by PhET interactive simulations based on problem based
learning on global warming material has a quite effective impact (in the medium category) on improving
students' critical thinking skills in modeling and implementation classes. The value of increasing students'
critical thinking skills can also be calculated using the N-Gain test. N-Gain functions to determine the
increase in students' critical thinking skills before and after using physics e-books assisted by PhET
interactive simulation based on problem-based learning on global warming material. This improvement
was studied in both classes, namely the modeling class and the implementation class. Physics e-books
assisted by PhET interactive simulations based on problem based learning on global warming material are
quite effective (in the medium category) in improving students' critical thinking skills in modeling classes
and also in implementation classes. E-books as a form of innovative teaching material are currently
increasingly being used in learning. E-books provide a variety of additional instructional materials that can
be used and support learning (Alsadoon, 2020). E-books as a medium for learning activities can increase
students' learning motivation because they have many interesting features to use (Alsadoon, 2020;
Ramadhani & Khusniati, 2022). Many studies have been carried out on developing and studying e-books
and show that the use of e-books can provide many benefits. This research is in line with research conducted
by other researches which states that e-books used effectively in learning can improve students' critical
thinking abilities. Of course, this research is in line with the research the author conducted. Students feel
that e-books are easier to access anywhere and at any time so they are effective in training students’ critical
thinking skills. Increasing students' critical thinking skills as a result of using e-books can occur because of
special content, interactive elements, interesting learning designs, and so on (Cahyono et al,, 2024)(Adam
etal, 2023; Nabila etal,, 2023; Pratiwi et al., 2022). E-books have great potential to develop critical thinking
skills or other abilities in the current era of digital technology-based learning.

E-books as a learning medium have been widely used and provide positive benefits in various
subjects, one of which is physics. E-books are one of the innovations in teaching physics in order to provide
a more interesting learning experience to students. Apart from that, there are many developments in
physics e-books with problem-based learning models. The combination of physics e-books and problem-
based learning models makes students learn physics more interestingly because they try to solve physics
problems given through technological innovation in the form of physics e-books. This research is in line
with research conducted by other researches which states that the use of e-books based on problem-based
learning in science learning can improve students' critical thinking skills through innovations such as
narratives, videos, animations, digital media and practice questions. Apart from that, other researches also
found that the effective use of e-books based on problem-based learning was able to improve students'
critical thinking skills in physics subjects. Of course, there are many additional instructional innovations
that can be included in physics e-books to improve students' critical thinking skills, one of which is PhET
interactive simulation (Susanto et al., 2022; Zulaikha et al., 2022).

PhET interactive simulation is a medium that can be integrated into physics e-books because it will
make students more active in learning. Learning assisted by PhET interactive simulation can improve
students' critical thinking skills. The e-book developed in this research contains PhET interactive
simulations on global warming material. This research is in line with research conducted by other
researches which states that learning physics using PhET interactive simulation does not take a long time
so that students can carry out experiments effectively, efficiently and can improve students' critical thinking
skills. PhET interactive simulation is able to make students feel happy and interested in conducting
experiments so that its use gives rise to very positive student responses. Other researches stated that there
was an increase in students' critical thinking results after using PhET interactive simulation. Furthermore,
the use of PhET interactive simulation in physics subjects is also able to improve students' critical thinking
abilities. Research conducted by other research shows that the use of e-handouts assisted by PhET with a
problem-based learning model can improve students' critical thinking skills and learning independence.
Then, other research found that learning physics using PhET interactive simulation was able to improve
students' critical thinking skills as seen from the problem solving patterns carried out by students. The use
of PhET interactive simulation makes learning a discovery process which is characteristic of physics
learning itself (Alfiyanti et al., 2020; Harizon et al., 2024; Ramadan et al., 2020; Viratama & Maskhuliah,
2022). The relevance between previous research and this research is the use of teaching materials in the
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form of e-books, the use of problem-based learning models, and the use of PhET interactive simulation. The
novelty of this research is that it combines the use of e-books, problem-based learning models, PhET
interactive simulation in learning physics about global warming. Apart from that, this research also
examines the effectiveness of using e-books in improving students' critical thinking skills in modeling
classes and implementation classes. It was found that the use of physics e-books assisted by PhET
interactive simulation based on problem-based learning on global warming material was able to improve
students' critical thinking skills in modeling and implementation classes. So, this research has implications
for physics learning, especially on global warming material, where the use of the physics e-book can
improve students' critical thinking skills. This research still has shortcomings where the limitation in this
research is the limited features or additional instructions available in physics e-books. So, the author
suggests that further research be able to develop a physics e-book assisted by PhET interactive simulation
based on problem-based learning with various additional instructional and interesting features so that it
can be interesting to use in learning. Apart from that, e-book development can be carried out on other
physics material, on other subjects, or integrated with other learning models.

4. CONCLUSION

The use of physics e-books assisted by PhET interactive simulation based on problem based
learning on global warming material affected students' critical thinking skills both in modeling and
implementation classes. The increase in students' critical thinking skills when using the physics e-book
assisted by PhET interactive simulations based on problem-based learning on global warming material in
both the modeling class and the implementation class is categorized as medium. Furthermore, the author
suggests to physics subject teachers in schools to be able to vary or develop technology-based teaching
materials such as physics e-books assisted by PhET interactive simulation based on problem based learning
on other physics materials.
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