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INTRODUCTION

This 21st century education requires more skills in life than just knowledge (Putri &
Istiyono, 2017). The 21st century skills are important for students both academically and for
future success (Azriyanti & Syafriani, 2023). The 21st century framework provide strategies
to identify the skills that students must acquire to enter the future workforce (Gonzélez-
pérez & Ramirez-montoya, 2022). The development of students' abilities requires an
organized guide, one of which is by using the curriculum (Rawung et al., 2021). Indonesian
students are currently using the Merdeka Curriculum.

The Merdeka Curriculum aims to provide a more holistic and inclusive approach that
emphasizes character development, creativity and critical thinking skills, in addition to
academic knowledge (Zidan & Qamariah, 2023). The structure of this Merdeka Curriculum is
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based on 3 things, namely: competency-based, flexible learning and Pancasila character
(Mairizwan et al., 2022). The Merdeka Curriculum is expected to be an effective instrument
in providing an equal education foundation that can compete at the international level
(Syahrir et al., 2024). In Merdeka Curriculum, it is considered that learning can have a
tremendous impact on the development of student potential if the school can provide the
best learning for students (Ndari et al., 2023). The forging of students' potential will be more
directed with the curriculum.

The ability to think critically is an ability that must be possessed by today's students.
Critical thinking is thinking that can be directly accepted by reason so that it can choose
decisions that lead to the truth (Oktariani & Ekadiansyah, 2020). Critical thinking is the
ability to analyze information and make rational judgments about a decision (Jamil et al.,
2024). This ability is urgently needed for the future of students in facing global challenges
(Samadun & Dwikoranto, 2022). In the learning process, critical thinking skills are often
needed, one of which is in physics learning. When learning physics, students' critical
thinking skills are highly tested. These skills are useful for reducing mistakes and finding
solutions to the problems learned (Amalia & Kustijono, 2017). One of the tools to help
teachers and students in learning is teaching materials.

Subject matter that is arranged in an orderly and complete manner based on learning
principles is called teaching materials (Magdalena et al., 2020). Modules are a type of
teaching material that is often used in learning (Cynthia et al., 2023). Modules are a type of
teaching material that is made completely and regularly, in which there are learning
activities that are designed according to learning objectives (Mahadiraja & Syamsuarnis,
2020). Rapidly innovating technologies are driving the procurement of modules in electronic
form (e-modules) (Hadianto & Festiyed, 2020).

E-modules are teaching materials in electronic form containing several learning
activities that are connected to interactive media links so as to increase the sensation of
learning (Kemendikbud, 2017). E-module are modules designed in electronic or digital form
that contain various interactive media and made systematically to support the learning
process (Laila & Asrizal, 2023). E-module is a systematic application that contains learning
activities (Mahmudah et al., 2022). E-modules are superior to printed teaching materials
because they can be accessed with a wide variety of electronic devices (Harahap et al., 2024).

The researcher conducted an analysis of students' critical thinking skills. This test was
conducted at SMAN 1 Akabiluru. The test results obtained an average score of 39.79 and was
relatively low. Based on the experience when carrying out the Educational Field Practice at
SMAN 1 Akabiluru, information was obtained that teachers used physics books published
by Erlangga in 2023, but the number was insufficient. In addition, teachers focus more on
explaining the material and doing problems. In a similar study also stated that the learning
process at SMAN 1 Pacitan is still teacher-centered (Adhelacahya et al., 2023). There are still
many teachers who do not want to use technology in learning because they do not use
existing technology often or still believe that printed books are more effective (Ledistika et
al., 2024).

Based on the results of the questionnaire analysis, it is known that the potential for e-
module development at SMAN 1 Akabiluru has a percentage of 79%. Another data is that
students of SMAN 1 Akabiluru stated that they need a teaching material supported by
pictures, animations, and learning videos with an average percentage of 82.67%. The
potential for the use of e-modules in the learning process is also very large because 89% of
students of SMAN 1 Akabiluru stated that they have smartphones to do digital or online
activities and students are allowed to bring smartphones to school. The results of the
teacher's interview obtained information that the temperature and heat material was
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considered difficult by students at the school. Temperature and heat are topics that are said
to be difficult by students (Wenno et al., 2022).

Based on the above problems, the solution that can be used is the use of e-modules. E-
modules are key to renewal that offer student-centered learning activities (Gunawan et al.,
2024). The relevant research stated that in the application of e-modules, there was an increase
with a moderate category in critical thinking skills (Latifah et al., 2020). PBL-integrated
modules can build critical thinking skills, solve problems and motivate to learn (Nabila,
2024). Problem based learning model can be another solution. The focus of this model is on
the habit of critical thinking and problem-solving so that it can build critical thinking skills
(Yulianti & Gunawan, 2019). This model encourages critical thinking and addresses learning
problems (Fadilla et al., 2021). The relevant research states that overall the problem based
learning model has an influence in improving students critical thinking skills (Agnezi &
Rahmah, 2020). Based on the description above, this research aims to produce integrated e-
modules with the problem based learning model to facilitate critical thinking skills on
temperature and heat material.

METHODS

The Research and Development (R&D) method is the method in this study. This
method is used in developing products and identifying the results of the development
(Sugiyono, 2013). The model used is the ADDIE model. The ADDIE model is a model that
has five development steps including: Analyze, Design, Develop, Implement, and Evaluate
(Budoya et al., 2019). The development model used is limited to the develop stage.

Analyze

The activities carried out at this analyze stage include: teacher interviews, analysis of
learners needs for e-module, curriculum analysis, material analysis and analysis of students
critical thinking skills. In the teacher interview activity, the instrument used was a teacher
interview sheet consisting of 25 questions and divided into several aspects, namely: the
curriculum used in physics learning, facilities and infrastructure at school, the use of
smartphones at school by students, the use of teaching materials in the physics learning
process, and perceptions about e-modules. The analysis of students' needs for e-modules was
carried out by distributing a questionnaire consisting of 16 assessment items which were
grouped into several aspects, namely: perceptions of physics learning, the use of
smartphones in the school environment, perceptions of teaching materials, knowledge of e-
modules and the potential for e-module development.

Curriculum analysis aims to analyze the learning outcomes and learning objectives to
be achieved. Material analysis aims to identify the main materials that need to be included in
the e-module. The analysis of students' critical thinking skills is carried out using a test
instrument in the form of essay questions. The instrument consists of 15 essay questions on
temperature and heat material which are prepared based on indicators of critical thinking
skills put forward by Ennis (1985). The analysis of critical thinking skills was conducted at
SMAN 1 Akabiluru to students who had studied temperature and heat material before.

Design

The design stage aims to produce an initial design of the e-module. This stage includes
creating a development team, selecting a drafting framework and creating a display design
using Microsoft Word and Canva applications. The e-module design developed follows the
structure contained in the e-module preparation guide issued by Kemebdikbud (2017).
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Develop
The activity at the development stage is to make products based on the previous
design. The product will be validated by validators, and will be revised based on comments
from validators, until it reaches a valid level. Validation of the e-module was carried out by 3
validators who were lecturers of the physics department at Universitas Negeri Padang. This
validity test was carried out using a validity test instrument in the form of a questionnaire.
The aspects assessed on the instrument included the e-module component, e-module
display, software utilization, e-module characteristics, PBL model syntax, and critical
thinking skills.
The validity assessment of e-modules uses the validity index proposed by Aiken. The
validity index is formulated as follows:
po S
n(c—1)
where V is the rater agreement index of item validity, s is the score assigned to each rater
minus the lowest score in the category used, n is the number of raters and c is the number of
categories the rater can choose from. Based on the results of the V index calculation, an item
or device can be categorized based on its index. If the index is smaller or equal to 0.4 it is said
to be less valid, 0.4 - 0.8 is said to have medium validity, and if it is greater than 0.8 it is said
to be highly valid (Retnawati, 2016).

RESULTS AND DISCUSSION

Results

Analyze

The results of the analysis of students' needs for e-modules state that 90% of students
need interesting teaching materials. More than 83% of students stated that teaching materials
that contain images, animations and videos attract more attention in physics learning. E-
module development has great potential with a percentage of 79%. Based on the results of
interviews with physics teachers, it is known that e-modules are very potential to be used in
the physics learning process because students are allowed to bring smartphones to school.
Other information obtained is the material suggested to make e-modules, one of which is
temperature and heat material.

Curriculum analysis produces learning outcomes, learning objectives and indicators of
achievement of learning objectives that will be used in developing e-modules. Based on
material analysis, it is known that the subject matter will be included in the e-module is
temperature and thermometer, expansion of various forms of substances, heat and its effect
on objects and heat transfer. The results of the analysis of students' critical thinking skills
state that students' critical thinking skills are classified in the low category with an average of
39.79.

Design

The design of the e-module is made based on the results of student needs analysis,
curriculum analysis, material analysis and analysis of students' critical thinking skills. The
design of the e-module is made by integrating the PBL model in the e-module so that each
learning activity is arranged based on the PBL model syntax. This design creation uses the
Canva and Microsoft Word apps to create an attractive and interactive display. The structure
design of this e-module is divided into several parts, including: cover, introduction, table of
content, glossary, introduction, learning activities, evaluation, answer key and scoring
guidelines, and bibliography. The e-module design can be seen in Figure 1.
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Figure 1. E-Module Design

Develop

At this stage, the activity carried out is to execute the design that has been made into a
complete e-module. The development of this e-module uses the Heyzine website. After that,
the resulting e-module is tested for validity. In this validity test, there are 6 aspects, namely:
e-module components, e-module display, software utilization, e-module characteristics, PBL

model syntax, and critical thinking skills.

The first aspect is the component aspect of the e-module. The validity test on the
component aspects of this e-module aims to determine the completeness, correctness,
accuracy and clarity of the components of the e-module. In this aspect, there are 27

assessment indicators. The results of the validity are included in Table 1.

Table 1. Validation Results on E-Module Component Aspects

Indicators Validity Validity Level
Index Description

The title of the e-module on the cover 1.000 Highly valid
Subject name on the cover 0.917 Highly valid
Topics/learning materials on the cover 1.000 Highly valid
Classes on the cover 0.917 Highly valid
Author's name on the cover 1.000 Highly valid
Foreword 1.000 Highly valid
Table of contents 0.917 Highly valid
Glossary 1.000 Highly valid
Learning Outcomes (CP) 1.000 Highly valid
Learning Objectives (TP) 1.000 Highly valid
Alignment between learning objectives and learning 0.917 Highly valid
outcomes
Description 1.000 Highly valid
Time 0.917 Highly valid
Instructions for using the e-module 0.917 Highly valid
Learning Goal Achievement Indicators (IKTP) 0.833 Highly valid
Compatibility between IKTP and TP 0.833 Highly valid
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Description of the material 0.833 Highly valid
Summary 0.917 Highly valid
Assignment 0.833 Highly valid
Skills worksheets 1.000 Highly valid
Exercise 0.917 Highly valid
Self-assessment 0.917 Highly valid
Evaluation 0.750 Medium validity
Answer key 0.917 Highly valid
Scoring guidelines 0.750 Medium validity
Bibliography 0.917 Highly valid
Attachment 0.833 Highly valid
Average 0.917 Highly valid

In Table 1, we can know that the validity index of e-module components is spread from
0.750 to 1.000. Of the 27 categories, there are 25 indicators that fall into the highly valid
category and 2 indicators that fall into the medium validity category. Indicators that fall into
the medium validity category are self-assessment and scoring guidelines. The average
validity index in this aspect is 0.917, so it can be classified in the highly valid category. These
results indicate that the components contained in the developed e-module are appropriate,
complete, and clear.

The second aspect is the aspect of the e-module display. The validity test on the
appearance aspect of the e-module shows the attractiveness of the product appearance
developed. In this aspect, there are 8 assessment indicators. The validity of the e-module
display is included in Table 2.

Table 2. Validation Results on E-Module Display aspects

Indicators Validity Index Validity Level Description
Font 1.000 Highly valid
Writing size 1.000 Highly valid
Color combinations 0.917 Highly valid
Component layout 0.917 Highly valid
Picture 0.917 Highly valid
Learning videos 0.917 Highly valid
Inter-page access 0.917 Highly valid
Navigation buttons 0.833 Highly valid

Average 0.927 Highly valid

In Table 2, we can know that the validity index of the e-module in the aspect of the e-
module display starts from 0.833 to 1.000. All indicators in this aspect are classified as highly
valid. The indicator that obtained the lowest validity index was the navigation button. The
average validity index in this aspect is 0.927, so it can be classified in the highly valid
category. This result shows that the developed e-module has an attractive display.

The third aspect is the aspect of software utilization. The validity test on the aspect of
software utilization aims to find out whether the software used is able to increase product
quality. There are 5 assessment indicators in the aspect of software utilization. The validity of
the aspect of software utilization is included in Table 3.
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Table 3. Validation Results on software utilization aspects

Indicators Validity Index Validity Level Description
Use of canva software on e-modules 1.000 Highly valid
Use of Heyzine software on e-modules 1.000 Highly valid
Videos added using Heyzine software 1.000 Highly valid
Link links added using Heyzine software 1.000 Highly valid
Use of google form 0.917 Highly valid
Average 0.983 Highly valid

Table 3 above shows that the validity index of e-modules in the aspect of software
utilization ranges from 0.917 to 1.000. All indicators in this aspect are classified as highly
valid. All indicators obtained perfect scores except the use of google form indicator. The
average validity index in this aspect is 0.983, so it can be classified in the highly valid
category. These results show that the software used in developing e-modules is able to
improve the quality of the e-modules.

The fourth aspect is e-module characteristics. The validity test on e-module
characteristics aspects will check the completeness of the characteristics of an e-module. In
this aspect, there are 5 assessment indicators. The validity of e-module characteristics aspects
is found in Table 4.

Table 4. Validation Results on e-Module Characteristics Aspects

Indicators Validity Validity Level
Index Description

Can be used independently, (self-instructional)) 0.750 Medium validity
Contains complete learning materials (self- 0.833 Highly valid
contained)
Not related to any e-module (stand-alone)) 0.917 Highly valid
In accordance with the development of science 0.917 Highly valid
(adaptive)
Easy to use both independently and without (user 0.833 Highly valid
friendly)

Average 0.850 Highly valid

Table 4 shows that the validity index of e-module characteristic aspects ranges from
0.750 to 0.917. Of the 5 categories, there are 4 indicators that fall into the highly valid
category and 1 indicator that fall into the medium validity category. The indicator that fall
into the medium validity category is self instructional. The average validity index in this
aspect is 0.850, so it can be classified in the highly valid category. These results indicate that
the e-module developed has the characteristics that an e-module must have.

The fifth aspect is the syntax aspect of the problem-based learning model. The validity
test on the syntax aspect of the model intends to see the integration of the model with the e-
module. In this aspect, there are 11 assessment indicators. The results of validation on the
syntax aspect of th problem-based learning model can be seen in Table 5.

Table 5. Validation Results of PBL Model Syntax

Indicators Validity Validity Level
Index Description
Problems in accordance with real life 0.833 Highly valid
Problems related to material 0.833 Highly valid
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Problems can increase students' motivation 0.750 Medium validity
Instruction directs students in doing each activity 0.917 Highly valid
The formulation of the problem made is able to 0.833 Highly valid
measure the initial ability
Instruction / instruction for student investigation 1.000 Highly valid
work
Questions that guide student investigations 1.000 Highly valid
Instructions for developing and presenting works 1.000 Highly valid
Questions that reflect the problem-solving process 0.917 Highly valid
Questions that ask about students' difficulties 0.917 Highly valid
Angler's questions to find solutions independently 0.917 Highly valid
Average 0.902 Highly valid |

As seen in Table 5, the validity index of the e-module in the syntax aspect of the
problem-based learning model ranges from 0.750 to 1.000. Of the 11 categories, there are 10
indicators that fall into the highly valid category and 1 indicator that fall into the medium
validity category. The indicator that fall into the medium validity category is the accordance
problem with real life. The average validity index in this aspect is 0.902, so it can be classified
in the highly valid category. These results shows that the integration of PBL model syntax in
the developed e-module is correct.

The sixth aspect is the aspect of critical thinking skills. The validity test of this aspect
aims to find out how well the product facilitates critical thinking skills. There are 4
assessment indicators. The validation results are shown through Table 6.

Table 6. Validation Result on The Aspect of Critical Thinking Skills

Indicators Validity Validity Level

Index Description

The problems raised are able to facilitate the ability of 0.833 Highly valid

The investigative questions are arranged based on 0.833 Highly valid

indicators of critical thinking skills

Exercises are made based on ability indicators 0.917 Highly valid

The evaluation is made according to the kri thinking 0.917 Highly valid
indicator

Average 0.875 Highly valid

Table 6 shows that the validity index of e-modules in the aspect of critical thinking
skills ranges from 0.833 to 0.917. All indicators in this aspect are classified as highly valid.
We can see that there are 2 indicators get a validity index of 0.833 and 2 other indicators get a
validity index of 0.917. The average validity index in this aspect is 0.875, so it can be
classified in the highly valid category. This result shows that the developed e-module is able
to facilitate critical thinking skills well.

The average validity index for all aspects ranges from 0.850 to 0.983. The aspect that
obtained the highest validity index was the software utilization aspect and the aspect that
obtained the lowest average validity index was the e-module characteristics aspect. Overall,
the average validity index is 0.913 so it is classified as highly valid. This states that the e-
module developed is valid and suitable for use in the learning proses. When carrying out
this validity test, there is input from validators. This input is very useful for improving the
product. Referring to these comments, improvements were made to the e-module.
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Discussion

The results of the analysis of students' needs for e-modules state that 90% of students
need interesting teaching materials. More than 83% of students stated that teaching materials
that contain images, animations and videos attract more attention in physics learning. E-
module development has great potential with a percentage of 79%. On relevant research,
students need interesting learning using audio-visual media (Suryani et al., 2024). Based on
the results of interviews with physics teachers, it is known that e-modules are very potential
to be used in the physics learning process because students are allowed to bring
smartphones to school. Other information obtained is the material suggested to make e-
modules, one of which is temperature and heat material. Similar research also stated that one
of the materials that still considered difficult by students is temperature and heat .(Wenno et
al., 2022).

Curriculum analysis produces learning outcomes, learning objectives and indicators of
achievement of learning objectives that will be used in developing e-modules. Based on
material analysis, it is known that the subject matter will be included in the e-module is
temperature and thermometer, expansion of various forms of substances, heat and its effect
on objects and heat transfer. The results of the analysis of students' critical thinking skills
state that students' critical thinking skills are classified in the low category with an average of
39.79. The corresponding research also states that students' critical thinking skills are
classified as low with an average of 31.38 (Ariani, 2020). The relevant research also stated
that critical thinking skills of students at SMAN 3 Pontianak are still relatively low (Nurjanah
et al., 2022).

The design of the e-module is made based on the results of student needs analysis,
curriculum analysis, material analysis and analysis of students' critical thinking skills. The
design of the e-module is made by integrating the PBL model in the e-module so that each
learning activity is arranged based on the PBL model syntax. This design creation uses the
Canva and Microsoft Word apps to create an attractive and interactive display. The structure
design of this e-module is divided into several parts, including: cover, introduction, table of
content, glossary, introduction, learning activities, evaluation, answer key and scoring
guidelines, and bibliography.

At develop stage, validity tests were carried out on six aspects. The first aspect is the
component aspect of the e-module. The validation results of this aspect shows that the
average validity index in this aspect is 0.917 with very valid category. The second aspect is
the aspect of the e-module display. The validation results of this aspect shows that the
average validity index in this aspect is 0.983 with very valid category. The third aspect is the
aspect of software utilization. The validation results of this aspect shows that the average
validity index in this aspect is 0.983 with very valid category.

The fourth aspect is e-module characteristics. The validation results of this aspect
shows that the average validity index in this aspect is 0.85 and is classified as very valid
category. The fifth aspect is the syntax aspect of the problem-based learning model. The
validation results of this aspect shows that the average validity index in this aspect is 0.902
and with very valid category. The sixth aspect is the aspect of critical thinking skills. The
validation results of this aspect shows that the average validity index in this aspect is 0.875
and the category is very valid. The validation results for all aspects shows that the average
validity index is 0.913 so it is classified as very valid. This states that the e-module is highly
valid and suitable for use in physics learning. In relevant research, it is stated that the e-
module developed is classified as valid and suitable for use in learning at school (Azriyanti
& Syafriani, 2023). The similar research also stated that the interactive physics e-module
developed has met the valid category (Cynthia et al., 2023).
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CONCLUSION

The conclusions obtained from this study are the integrated e-module with the problem
based learning model to facilitate critical thinking skills on temperature and heat material
classified in the category of highly valid for all aspects with average of validity index is
0.913. This states that the e-module developed is suitable for use in the physics learning
process. All aspects assessed can be classified in the highly valid category. The aspect that
received the highest score was the software utilization aspect. This shows that the utilization
of various type of software in developing e-module makes e-module more attractive and
improves the quality of the e-module. The aspect that received the lowest score was the e-
module characteristics aspects. Although it has been classified in the highly valid category,
the e-module can still be improved again in terms of characteristics, so that the e-module
produced can be more perfect.
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