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1. INTRODUCTION

In the era of globalization, various skills must be mastered by students to achieve success. Students
must have 21st century skills in order to survive in this age of information and knowledge. Students
must be faced with many challenges and opportunities (Anggraini et al., 2021). 21st-century skills are
the skills needed by someone to be successful in dealing with increasingly complex challenges,
especially in order to be successful in life and career in the world of work (Redhana, 2019). Skills in the
21st century focus on all students so that they have skills in the hard skill or soft skill sector so they can
be involved in the world of work and have the readiness to compete with competitors from other
countries (Hudda et al., 2016; Idawati et al., 2022). Achieving the goals of 21st-century learning requires
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broad knowledge, critical thinking, communication, collaboration, and the ability to innovate or be
creative and literate.

The process of developing science and technology in the education world has created major new
innovations in supporting the process of learning. Science and technology have developed drastically
in various sectors, one of which is education. All forms of the process of learning can be conducted
easily (Mulyani et al., 2021). The development of science and technology characterizes the 21st century
and influences the global order of life. In this era, every activity in life cannot be separated from
technology. To communicate, communication equipment is needed as a result of communication
technology. In constructing a place to live, construction equipment and building materials are needed
as a result of the construction technology (Aththibby, 2015). As well as many other activities in life, all
of which are assisted by technology, especially in the world of education.

The use of information technology in learning needs to be encouraged to encourage students'
conceptual understanding and skills. Technology in the process of learning always experiences growth
in line with the times. In the realization of the process of learning in our daily lives, we often encounter
the use of technological developments in the world of education (Jamun, 2018). Efforts to master good
physics concepts refer to the process of presenting good information as well (Siswono, 2017). In line
with the conceptual understanding, students must also have communication skills. Communication
skills are reliable in channelling the contents of thoughts, ideas, knowledge, and new information they
have to them through direct delivery, in writing, through symbols, pictures, graphics, and numbers
(Siti, 2018; Rianingsih et al., 2019). Through the conceptual understanding and communication skills
possessed, it is hoped that they can achieve the goals of education.

The practice of the process of learning in the independent curriculum must be able to ensure
student-centred learning. Learning in the era of independent learning includes independent conditions
for fulfilling objectives, methods, materials, and assessments of the process of learning for both teachers
and students (Indarta et al., 2022). Through this effort, we can find out where the process of learning in
the independent learning curriculum tends to provide direction to the needs of students, where
previously the concept of the process of learning was still centered on the teacher. The teaching method
focused on students is one of the teaching methods that must be implemented in the independent
learning curriculum (Aprima et al., 2022). This student-centered learning method can be used as one of
the teaching methods that are used at the same time in breakthrough independent learning curricula,
especially in education in Indonesian field (Pertiwi et al., 2022; Jamilah et al., 2023).

Learning Physics is a process of learning through the development of power in reasoning and
analysis, which makes almost every problem related to nature understandable. In an effort to study
physics, students are expected to not only understand the theories, ideas, and principles of physics but
also how these physical phenomena can take place (Erlinawati et al., 2019). The principle of the physics
process of learning is based on a scientific approach and prioritizes scientific techniques to develop
something. The end result is not only in the form of objects but also focuses on an idea or scientific
thought. Scientific procedures used to make items will form a scientific attitude (Sari et al., 2018).
Physics learning is needed in everyday life to fulfill what humans need through problem-solving. To
solve the problem, a relevant teaching model is needed which is popular with PBL also known as a
problem-based teaching model (Nurlina et al., 2015; Kusumawati et al., 2022). The PBL model will make
learning activities more enjoyable by supporting an increase in learning and student interaction,
leading to a direct link to the process of mastering the material. Through student participation, students'
conceptual understanding and communication skills will increase (Amalia et al., 2014).

The initial research results show the real conditions found in the field, real conditions related to
the low use of technology in learning. From the results of the observation questionnaire, it was obtained
that the average use of technology in learning was 68.42. Conceptual understanding and
communication skills from students can be seen from the assessment instruments given in the form of
essay questions and assignments in the form of written ideas. Judging from the data analysis results,
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we can see that students' efforts to develop conceptual understanding and communication skills have
an average of 52.96 and 50.52, respectively. Relevant to the research analysis results from (Rosmiati et
al., 2020), the factors that influence the lack of understanding of physics concepts are due to the use of
teaching models that are irrelevant to the material presented. Also the research analysis results from
(Wahyu et al., 2018) that during learning, the interaction between the teacher and students or between
students is still low; this indicates the low ability of student communication. The last real condition is
related to the problem of learning materials and low student learning outcomes. Students'
understanding of global warming is minimal; teachers and students need teaching worksheets on the
global warming process of learning so that the process of learning is conducted more effectively and
can support the improvement of students' skills (Harnani et al., 2015). Based on the findings, only 5%
of the students could provide a complex and precise explanation of the greenhouse effect (Mariya et
al.,, 2015). Based on the data analysis results, we can see that the midterm exam outcomes of learning
by students have an average of 53.58. Based on the assessment results, it can be seen that the problems
students have, namely, their learning outcomes still need to be improved so that they are better.

The difference between the ideal situation and the real situation in the field is the reason for the
existence of problems that must be addressed by research. Efforts can be made to overcome the ongoing
problems, namely using the climate change E-SWS on global warming integrated with the PBL model.
Several studies have succeeded in using electronic teaching materials and PBL models to learn physics.
Validating electronic worksheets in providing support for critical thinking skills that have a PBL
orientation is conducted by (Wulandari et al., 2022). Developing an E-module teaching physics on a
PBL basis for work and energy material for class X high school students conducted by (Wakiah et al.,
2019). From several previous studies with similar or dissimilar models and teaching materials, each of
which showed success, the researcher determined the use of integrated PBL model E-SWS teaching
materials because they were in line with students' needs.

Research on physics worksheets for students has been conducted by several previous researchers
(Ramadhani et al., 2021) analyzing the effect size of the influence of the use of worksheets on the
outcomes of learning of students in the process of learning science and physics (Hakim et al., 2018)
reviewed the effect of the CTL teaching model through the help of worksheets on the physics outcomes
of learning of high school students. (Nurhaliza et al., 2019) see the effect of using the PBL model through
the help of worksheets for force material and Newton's laws on the physics competence of class X
students. There are at least three different things which are the most basic of the research conducted
on previous research. First, this SWS is electronically based so it is cost-effective for students who use
it. Second, this SWS is integrated with the PBL model in connecting teaching materials to real life in the
world. Third, the material used in the research is global warming.

E-SWS has many uses when used in the process of learning. SWS can focus teaching activities and
encourage student participation in the process of learning (Ni'mah et al., 2013; Awe et al.,, 2019).
Students will be active in developing knowledge and improving learning abilities. The use of SWS in
the process of learning can support an increase in students' knowledge and skills to develop (Asrizal et
al., 2019). According to (Khabibah et al., 2018), SWS is used by teachers to encourage student
participation in teaching activities. Through the use of SWS, students can have a more active role in
changing the process of learning focused on the teacher into a process focused on students. SWS can be
said to be able to support increasing student competence in the fields of attitudes, knowledge, and
skills.

Teachers can make many efforts to address the problem. Teachers can use relevant teaching
models in their classes. One of the teaching models is the PBL model. PBL is an innovation in learning
caused by actually maximizing the ability to think of students through the process of working with
systematic groups or teams, enabling students to deal with problems, carry out tests, and develop their
thinking skills related to (Rusmono, 2012; Aji et al., 2019). The application of the PBL model includes
five basic stages in the process of learning including 1) Orientation of students to problems, 2)
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Organizing students in learning, 3) Providing guidance to investigate both individuals and groups, 4)
Developing and presenting the work, 5) Perform analysis and assessment of the problem-solving
process (Damayanti et al., 2018).

Real-world conditions illustrate that the use of ICT is still less effective in learning. Furthermore,
the student's conceptual understanding and communication skills was quite low, and the outcomes of
learning of students who were reviewed through midterm exam were also relatively low. When this
problem is left unchecked, it will have an impact on 21st-century skills, where students are expected to
have the ability to conceptual understanding and the skills to communicate. Through the
implementation of integrated E-SWS, the PBL model can support the improvement of students'
conceptual understanding and communication skills as well as being an appropriate innovation that is
conducted, especially in physics learning, which has a lot to do with the universe. Students can develop
their knowledge of natural phenomena, which will greatly assist them in observing and also in
understanding the symptoms or concepts that take place so that their conceptual understanding and
communication skills can increase. Based on the research conducted, students' conceptual
understanding and communication skills can be increased. Based on the research conducted, students'
conceptual understanding and communication skills can be increased. Based on the research conducted
by Rizal et al. (2019), to facilitate students' independent learning about global warming so that students
can become people who encourage change and strive to protect and protect nature, teaching materials
are needed in the form of E-SWS. Based on the problems described, the research aims to determine the
effect of climate change E-SWS on global warming integrated PBL models on students' conceptual
understanding and communication skills?. So, this research focuses on determining the effect of climate
change E-SWS on global warming integrated PBL models on students' conceptual understanding and
communication skills.

2. METHODS

This research is a quasi-experimental type through the Posttest-Only Control Design research
design. There were two classes in this research design, each of which was randomly selected. The group
for experimental used the E-SWS on climate change on global warming combined with the PBL
approach, but the group for control used teaching materials provided by the school. The treatment
effects are X1 and X2. The population is an item or subject that is generalized through the special
attributes and characteristics that the researcher uses to study it. The population in this study is all class
X students of Senior High School at Padang for the 2022/2023 academic year. The sample is a component
of the number and characteristics that the population has (Sugiyono, 2017). Through the use of the
random sampling technique, the sample class in this study was achieved, namely class X.7, which
became the group for control, and X.8, which became the experimental group.

The variables in this study include the dependent variable, independent variable, and control
variable. In this study, the dependent variable included the students' conceptual understanding and
communication skills achieved after carrying out the final test and written ideas made by students. The
independent variable, namely Action in the form of a process of learning through the use of climate
change E-SWS on global warming, is integrated with the PBL model which is presented to students in
group for experimental. As a control variable, namely all things that can give effect to students'
conceptual understanding and communication skills. The type of data in this study is primary data
collected through learning achievement tests and written ideas made by students who conducted an
action in the sample class.

The research was conducted in 3 processes, including stages to prepare, implement, and
complete. For the initial stage, the preparation of teaching materials, test questions, analysis of
questions, and initial tests of conceptual understanding and communication skills were conducted. The
questions that were tested had a total of 40 questions, through objective forms as well as initial tests of
conceptual understanding and communication skills in the form of essay questions and written ideas
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made by students. After testing and analyzing the questions, 20 questions that were suitable for use as
the final test were obtained. The second stage is conducted by the process of learning activities. The
process of final test testing and processing of final test data as well as data in observing is conducted in
the final stage.

The instruments used in this study were written tests to assess conceptual understanding and
scientific papers for assessing communication skills. The tests used are in the form of objective
questions and written ideas that match the objectives of the learning process. Analysis of the data in
the study was conducted with the aim of testing the truth of the hypotheses that were conducted in the
study. Hypothesis testing is used to analyze the correctness of the data from the research results,
namely through the two average difference tests or t-tests. before carrying out the t-test previously
conducted testing and homogeneity.

Normality testing is conducted with the aim of obtaining normal distribution information from
the population. To carry out the normality test, the Liliefors test is used (Sundayana, 2015). In reviewing
the homogeneity variance of the two homogeneity tests were conducted. In carrying out the
homogeneity test, the F-test is used. However, hypothesis testing has the goal of establishing acceptance
of the hypothesis. This hypothesis is made in the form of a statistical hypothesis through one-party
testing. When the data processing results are achieved both classes have normally distributed values
and have a homogeneous variance. So, to test the hypothesis used a t-test. However, when both classes
have normally distributed values and have non-homogeneous variances, the hypothesis testing uses
the t-test.

3. FINDINGS AND DISCUSSION

The data obtained are student outcomes of learning in the cognitive field from 36 students in
the experimental group and 35 students in the control group. The averages achieved in the
experimental group and the control group in terms of conceptual understanding were 88.19 and 78.85,
respectively. And the averages achieved in the group for experimental and group for control in the
aspect of communication skills were 80.20 and 72.61 respectively. Data analysis was conducted through
sequential stages, starting with a review of the difference in values of the experimental group and the
control group, testing for normality, homogeneity, and hypotheses.

3.1. Research Physics Aspect Conceptual Understanding Result

Data from the evaluation of students' Physics competence in the aspect of conceptual
understanding was obtained through a final test in the form of objective questions with a total of 20
questions. This test was presented to both sample classes at the end of the research activity. Viewed
through the calculation processresults with statistics, the average value(x), standard deviation (S),
variance (S?), significant level (), Lmaximum, Fcount, and tcount are obtained. The descriptive
parametric statistical value of group for experimental and group for control can be observed in Table
1.
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Table 1. Statistical Value Data Experiment group and Control Group

No. Statistical Value Experiment Control
1.  The number of students 36 35
2. Average 88.19 78.85
3.  Standard Deviation 10.29 15.58
4.  Variance 105.93 242.77
5.  Significant Level 0.05

6.  Normality test 0.1252 (Normal) a.1215 rmal)

7.  Homogeneity Test 0.1252(Homogeneous)

8. t-test 2.98

Table 1 shows where the students' Conceptual Understanding tests results were group for
experimental superior to the group for control. The value of Lmax in each sample class is lower than
the value of the Ltable and the value of Fcount in each sample class is lower than that of Ft. This shows
that the two sample classes have a normal distribution and homogeneous variance for all competencies.
Based on the analysis that has been conducted, the hypothesis results are achieved by tcount > ttable, Wwhich
makes the working hypothesis accepted for a significance level of 0.05. This shows that the outcomes
of learning by students in the aspect of Conceptual Understanding using E-SWS climate change in
integrated global warming PBL models are significantly superior to the outcomes of learning by
students who use teaching materials available at school.

3.2. Physics Research Results Aspects of Communication Skills

Competency assessment data on student physics in the aspect of communication skills is
obtained from written ideas made by students during the process of learning activities taking place.
According to (Medriati et al.,, 2020) There are three indicators of communication skills, namely
systematics or format, use of language, and the complexity of content and content order. Data on
students’ physics competency assessment on the aspect of communication skills for all indicators from
the group for experimental and the group for control can be seen in Figure 1.

w 100
w % 80
o5 60
%8
S g 40
o 5 20
-
= E 0
o Systematics/ Completeness Of
o Language Use
Format Contents
\ ® Experiment 81,25 81,94 77,43
® Control 59,64 83,21 75

Figure 1. Competency Scores Of Students Communication Skills For Each Observed Indicator

Figure 1 shows the physics competency scores of the students in the aspect of communication skills
in the group for experimental are superior to the scores of students in the group for control. The highest
competency value for the aspect of communication skills is found in the systematic/format indicator
with a percentage of 81.25 at group for experimental but in the group for control, namely 59.64. The
lowest communication skills competency is found in the content completeness indicator. Percentage of
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completeness of student content group for experimental 77.43 while the group for control 75. Aspects
of communication skills can be improved through implementing students' real-world problems in the
process of learning.

Based on the calculation processresults through statistics, the average value (X), standard deviation
(S), variance (S§?), significant level (&), Lmaximum, Fcount, and tcount. With skills in communicating
both orally and in writing, students can make presentations on what has been taught to them.
Descriptive parametric statistical value of group for experimental and group for control can be seen in
Table 2. This analysis aims to see the value of students' physics competence in the aspect of
communication skills.

Table 2. Statistical Value Data Experiment group and Group for control

No. Statistical Value Experiment Control
1.  The number of students 36 35
2. Average 80.20 78.85
3.  Standard Deviation 10.69 15.58
4.  Variance 114.45 242.77
5.  significant level 0.05
6.  Normality test 0.1465 (Normal) 0.1215 (Normal)
7.  Homogeneity Test 2.3702
(Inhomogeneous)
8. t-test 3.55

From Table 2 an explanation can be given where the assessment of students' communication
skills results are experimental group superior to will group for control. The value of Lmax in each
sample class is smaller than the price of the Lmax and the value of Fcount in each sample class is
superior to that of Ft. This shows that the two sample classes have non-homogeneous distribution and
variance in all competencies. Based on the analysis that has been conducted, the hypothesis results are
achieved by teount > table, 50 the working hypothesis is accepted at a significant level of 0.05. This shows
where student outcomes of learning are in aspects of communication skills using E-SWS climate change
in the integrated global warming PBL model is significantly superior to the outcomes of learning by
students who use teaching materials available in schools. This means that there is an influence of E-
SWS climate change on global warming integrated PBL model on students' physics communication
skills.

3.3 Discussion

On learning global warming in groups for experimental and control both used the PBL model.
PBL is one of the teaching models used in developing students' mindsets and making students more
active. Similar things are shown in Nurdyansyah et al. (2016), who provide a teaching model defined
as a collection of learning resources and methods that work together to produce and support the
improvement of student learning outcomes. The problem-based process of learning is a learning style
that describes various real-world situations in students' daily lives to arouse their interest in learning
(RI, 2014). Students carry out the independent construction of new knowledge and skills when these
students take part in teaching. In the group for experimental use of E-SWS climate change in global
warming is integrated with the PBL model while in the group for control, teaching materials are used
in schools.
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SWS can be a complementary tool in the process of learning that can be used in combination
with other models or methods that support the competence of students (Yuliani et al., 2015). Learning
by using E-SWS climate change in global warming integrated PBL models can attract students' interest
in learning. This is because E-SWS climate change in the integrated global warming PBL model contains
prerequisite orientation or knowledge, information, pictures, and exercises. This is in accordance with
the opinion of Rerung (2017), who provides a statement that the application of the PBL model can
support an increase in cognitive outcomes of learning. The PBL model can also support the increase in
psychomotor outcomes of learning. In line with the opinion of Mara (2019) which states statement
where the average student outcomes of learning and all aspects of affective assessment, skills, and
student learning activities increase using the PBL model can support an increase in student outcomes
of learning. In this case, students observe and analyze the content of E-SWS climate change on global
warming integrated PBL models to answer questions that can provide encouragement for students to
improve their conceptual understanding and communication skills.

Based on the influence obtained from the application of E-SWS climate change on global warming
integrated PBL models will understanding of students' concepts and communication skills, so it can be
suggested to teachers to use E-SWS climate change on global warming integrated PBL models during
learning. So that it is easier for students to construct the knowledge they have and students become
more active. This result is in line with the other studies' results which provide statements where the E-
SWS and PBL models have an influence on outcomes of the learning (Anori et al., 2013), the
implementation of the PBL model can support an increase in student outcomes of learning (Jenah et al.,
2022), the use of guided inquiry-based experimental worksheets can support an increase in student
outcomes of learning (Maida et al., 2019). Students are expected to read more and get used to analyzing
existing problems when solving problems so that it is easier to find solutions to problems.

This research is focused on reviewing the influence of students' conceptual understanding and
communication skills with a product, namely electronic teaching materials. Electronic teaching
materials that are integrated with the PBL model in supporting the improvement of students'
conceptual understanding and communication skills are the objectives of this study. Teaching materials
in the form of E-SWS provide encouragement to students to explore, expand, and explain teaching
materials to support an increase in students' conceptual understanding and communication skills. The
research results imply that teachers must provide learning motivation and guide and direct students in
constructing or building students' conceptual understanding and communication skills through E-SWS
and integrating PBL models. The E-SWS made is limited by teaching materials developed using ICT in
learning, and this research is limited to class X global warming material.

4. CONCLUSION

Based on the research and discussion results, two conclusions were reached. First students' physics
scores in learning using E-SWS climate change on global warming integrated PBL model on aspects of
conceptual understanding and aspects of communication skills respectively 88.19 and 80.20. Second,
the implementation of climate change E-SWS on global warming integrated with the PBL model has a
significant effect on students' conceptual understanding and communication skills in class X Senior
Hight School at Padang at a significant level of 0.05. Based on the results of the analysis, it can be
concluded that the use of climate change E-SWS in integrated global warming PBL models can support
an increase in student outcomes of learning in the physics process of learning in aspects of conceptual
understanding and communication skills. The use of E-SWS and the PBL model should be used
repeatedly so that students are accustomed to learning with electronic teaching materials and the PBL
model. In addition, teachers must also use study time as efficiently as possible. The limitation of this
research is that it only developed global warming material and was only tested in one school. Future
researchers can develop other physics materials with a wider school sample.
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