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ABSTRACT

21st-century learning is often associated with the term 4C skills: critical thinking, creativity,
collaboration, and communication. Creative thinking is one of the skills that students must have in 21st-century
learning. Based on a preliminary study, it was found that students' creative thinking skills are still in the very
low category, especially on climate change material. This needs to be followed up for student success in 21st-
century learning. One alternative solution that might be able to overcome this problem is to develop teaching
materials in the form of project-based electronic modules to facilitate students' creative thinking skills on
climate change material. The purpose of this study was to determine the practicality of project-based electronic
modules to facilitate students' creative thinking skills on climate change material by teachers and students. This
study used the Research and Development (R&D) method with a 4D development model limited to the
development stage, which includes definition, design, and development. The object of this study was a project-
based electronic module. Data collection in this study was validity measurement data by three experts from UNP
and practicality measurement data by teachers and students. The data obtained were then analyzed using
validity analysis techniques with Moment Kappa (k) and product practicality analysis. The results of the validity
assessment of the electronic module based on project-based learning obtained a score of 0.87 in the very valid
category. Furthermore, the results of the practicality assessment of the electronic module based on project-
based learning by teachers with an average score (0.9) and students obtained an average score (0.91). The
results of this study indicate that the electronic module based on project-based learning to facilitate students’
creative thinking abilities assisted by the heyzine application on the climate change material developed is very
valid and very practical to use in the physics learning process, especially on climate change material.
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I.  INTRODUCTION

The paradigm transition inherent in 21st-century learning emphasizes that students must master the four Cs:
critical thinking and problem-solving, creativity and innovation, and collaboration [1]. Without mastering these
four skills, students will struggle to adapt to the rapid developments of the times, due to the constant emergence
of global challenges, one of which is the increasingly advanced learning process [2]. Furthermore, [3] states that
one of the skills students must master is creative thinking.

Creative thinking is the ability to create new things through imagination and creativity, both artistically and
intellectually [4]. According to [5], the importance of creative thinking is to help students in various ways,
especially in conducting in-depth analysis of new ideas, making wise choices, successfully finding solutions to
complex problems, and arriving at logical conclusions about the problems they face. Therefore, creative thinking
skills are very important for students to master, especially in the learning process

Students with higher creative thinking skills tend to be able to analyze various problems in everyday life
and can produce ideas in the form of solutions to problems faced in the environment around their homes [6]. In
line with the opinion [7] explains that students with very low creative thinking skills tend to have difficulty in
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solving problems and finding effective solutions to these problems. However, in reality, the creative thinking
skills of students at the high school level are still in the low category [8].

Based on preliminary research data conducted at a high school in Solok Regency, namely SMAN 1
Kubung, this preliminary study examined students' creative thinking skills. The results showed that students'
creative thinking skills were still in the very low category, with an average score of 36. The low level of students'
creative thinking skills is caused by knowledge transfer patterns that do not consider students' creative thinking
abilities [9]. The physics learning process in schools is often still teacher-centered and dependent on textbooks
[10]. This requires special attention in developing students' quality skills, as it can hinder their future success
[11]. Therefore, efforts to address this issue require teaching materials that can facilitate students' creative
thinking skills.

Teaching materials are all forms of learning materials that are systematically and planned to assist teachers
and students during the teaching and learning process [12]. Educators have the opportunity to innovate in
developing effective teaching materials to foster students' abilities, particularly creative thinking [13]. One
innovation teachers can implement in developing teaching materials is modules. Modules are structured teaching
materials, using language that is easily understood by students and based on learning outcomes and the
applicable curriculum [14].

The latest technological developments have also significantly influenced the development of teaching
materials, including teaching modules used in the learning process [15]. One form of implementation is the
implementation of electronic modules, which convert printed teaching materials into electronic form, so that
learning becomes active and more interactive [16]. In addition, according to [17], the importance of teaching
materials such as electronic modules, also has great potential to increase the effectiveness of learning and
facilitate students' creative thinking abilities. However, this potential can be realized optimally by using the right
learning model.

There are various types of innovative learning models that can be applied by teachers during the teaching
and learning process, such as problem-based learning models, project-based learning models, cooperative
learning models, blended learning, and discovery learning models [18]. The use of these innovative learning
models aims to create learning that is initially still conventional that involves students in active participation
through collaboration and involvement in creative and innovative learning [19]. One of the innovative learning
models that can be applied and facilitate creative thinking skills is project-based learning, because students can
correlate creative thinking skills because in its application, through a series of learning syntaxes that start from
determining basic questions to evaluating learning experiences [20]. Collaboration between project-based
learning models and electronic modules has great potential because project-based learning models also aim to
develop student learning experiences in several areas, such as collaboration and creativity development, which
are 21st-century skills [21]. However, in developing electronic modules based on project-based learning to
facilitate students' creative thinking skills, applications are needed that make the learning process more
interactive.

One application that can be used to develop electronic modules is heyzine [22]. Heyzine has many
additional interactive features not found in other applications, such as images, text, and additional learning
videos that can support students' creative thinking skills. It's free and doesn't require additional costs [23].
Furthermore, heyzine also has supporting features with additional audio that can increase students' motivation
and creativity in learning [24]. Therefore, heyzine is one application that can help create an interactive learning
process in today's technological era.

Based on the urgency described, practical project-based electronic modules are urgently needed to facilitate
students' creative thinking skills, supported by the heyzine application, on climate change. Furthermore, this
study also aims to assess the extent to which project-based electronic modules meet practicality criteria, which
include four aspects: readability and clarity of the material, usability and ease of use, attractiveness, and
appropriate time allocation. This research is expected to support interactive learning processes and enhance
students' creative thinking skills in physics learning.

Il. METHOD
The type of research applied is development research, also known as Research and Development (R&D).
The research design used in this development is the 4D model (Define, Design, Develop, Disseminate) proposed

by [25] . This research design is limited to the Develop stage. This model was chosen based on the consideration
that the 4D model research design is systematic and based on the theoretical basis of educational product design,
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so that the resulting product meets the criteria of practicality. The 4-D model functions as a guideline for
developing electronic modules based on project-based learning. At the define stage, an analysis of the teaching
materials used is carried out through teacher interviews, an analysis of student characteristics, and an analysis of
students' creative thinking abilities. At the design stage, electronic modules are designed in the form of a
storyboard.

The development stage involves assessing the practicality of the electronic module products. Furthermore,
the practicality test component, referring to [26], assesses readability and clarity of the material, achievability
and ease of use, attractiveness, and appropriate time allocation. The readability and clarity components include:
easy-to-understand language, sentences that avoid multiple interpretations, coherent and systematic presentation
of the material, and appropriateness of explanations to the learning material. The achievability and ease of use
component includes: easy-to-use electronic modules, clear instructions, clear learning flow, and assignments that
align with required abilities. The attractiveness component includes an attractive appearance, supportive colors
and images, and a presentation that is not boring. The time allocation component includes the appropriateness of
the time used in learning, the appropriateness of learning time activities, and the appropriateness of the length of
the material to the time available.

The development stage of this research involved the validity assessment sheet and the practicality
assessment sheet. The practicality sheets were designed based on the components used. Practicality assessments
were conducted by three experts who are physics education lecturers at the Faculty of Mathematics and Natural
Sciences, Padang State University. Furthermore, the practicality assessment was tested by three physics teachers
and 30 students at SMAN 1 Kubung, Solok Regency. Practicality assessments used data collection using a Likert
scale of 1-5. The Likert scale used is explained in Table 1 by [27]

Table 1. Likert Scale Practicality

Category Likert Scale
Stongly Agree 1
Disagree 2
Neutral 3
Don’t Agree 4
Strongly Disagree 5

(Source: Ref [27])

Based on Table 1, the electronic module assessment uses a scale of 1 to 5. Each score on the scale has a
specific meaning, indicating the level of suitability of the practicality of the electronic module components as
assessed by validators, practitioners, and students, ranging from strongly disagree to strongly agree. By using
this Likert scale, researchers can obtain more measurable and objective data to determine the feasibility of the
developed electronic learning modules.

The practicality data obtained were analyzed using a modified categorical assessment [28]. The results of
the practitioner and student assessments of each statement were then analyzed using the Cohen Kappa formula.
At the end of the data processing, a kappa moment was generated, describing the level of validity and
practicality of the developed electronic modules. The kappa moment formula used is shown in equation 1.

Kappa Moment (k) = 22=%¢ (1)

1-Pg
After obtaining the assessor agreement index from practitioners, and students, the index value categories
were determined. The results of determining the practicality categories in the electronic module based on the
Decision Category Based on Kappa Moment (k) are shown in Table 2.
Table 2. Decision Categories Based on Kappa Moment (k)

Interval Category
0.81-1.00 Very Practical
0.61-0.80 Practical
0.41-0.60 Quite Practical
0.21-0.40 Less Practical
0.01-0.20 Very Less Practical
0.00 Impractical

(Source: Ref [28])

Based on the practicality of the Kappa Moment Index, it can be classified into six categories: impractical,
very impractical, less practical, quite practical, practical, and very practical. Decisions based on the kappa value
(k) are used to determine the level of practicality of an instrument based on the assessment of practitioners and
students. The higher the kappa value, the higher the level of practicality and quality of the electronic module

Physics Learning and Education, page. | 129



Ilham, et al

being assessed. The kappa value range of 0.81 to 1.00 indicates a very practical category, meaning the electronic
module is very easy to use without revision, up to a value of 0.00 is classified as impractical.

I11. RESULTS AND DISCUSSION

RESULTS

These research results are based on the stages of the 4D development model, which include (define, design,
develop, and disseminate), limited to the development stage in the development of practical electronic modules.
1. Define stage

The first analysis examined students' creative thinking skills. Next, 30 students were given a creative
thinking test on climate change, complete with creative thinking indicators according to [29]: flexibility,
originality, elaboration, and fluency. The analysis showed an average score of 36, which is in the very low
category. This indicates that students' creative thinking skills need to be further improved, especially on climate
change material. Low creative thinking skills will impact student learning outcomes [30]. The results of the
analysis of students' creative thinking skills are presented in Table 3.

Table 3. Results of Students' Creative Thinking Abilities

No Indicator Score (%) Category
1 Flexibility 41 Very Low
2 Originality 31 Very Low
3 Elaboration 34 Very Low
4 Fluency 30 Very Low

The second analysis of teacher interviews identified three components assessed: physics learning, the use of
learning models, and teachers' perspectives on digital learning. Based on the teacher interviews, it was clear that
there is a significant gap between the demands of 21st-century learning and the learning process at school, which
is still dominated by conventional learning approaches. The learning process should develop students' critical
thinking, creativity, and collaboration skills, making learning more active and less passive. This condition is one
factor contributing to students' low creative thinking skills, as learning is still dominated by conventional
approaches [31].

The second analysis, which examined student characteristics, involved questionnaires from 30 students.
The questionnaire analysis consisted of five aspects: student background (LBS), student learning interests
(MIBS), student learning motivation (MOBS), student learning styles (GBS), and digital learning (PD). The
results of the determination of student characteristics can be seen in Figure 1.

MUACTEYISTICS 1

Fig. 1. Results of Analysis of Students’ Characteristics in Physics Learning

Based on the data in Figure 1, it shows that the student background aspect obtained an average score of
70.25, this indicates that the initial condition of the students is in the fairly good category. Student learning
interest obtained a score of 67.5. Student learning motivation obtained a score of 66.67. Student learning styles
obtained a score of 70.88. Digital learning obtained a score of 76.38. So it is necessary to update teaching
materials such as electronic modules based on project based learning. This can be seen from the learning styles
of students who tend to be visual and kinesthetic, and students also support digital learning.

Furthermore, teachers have implemented a project-based learning model, but its implementation is still less
than optimal due to the diverse student population, the lack of tools needed to design projects, and limited time,
which makes the project-based learning model less effective. To address this issue, teaching materials are needed
that can foster independent learning at home for students. These teaching materials include electronic modules
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that can facilitate students' creative thinking skills and project-based learning models that align with creative
thinking. In line with students' preferences for visual and kinesthetic learning, and their support for digital
learning, project-based electronic modules are needed to facilitate students' creative thinking skills and serve as
an alternative resource for addressing the problems outlined in the initial analysis.

2. Design stage

The initial design is carried out by creating a design in the form of a storyboard and an Electronic Modules
product design. The design in the form of a storyboard is arranged based on the define stage, then continued to
create a design in the form of electronic modules. The Electronic Modules developed in this study consist of a
cover page which includes (electronic module title, material name, class level, author's name, curriculum logo,
university logo, and Ministry of Education and Culture), main menu, foreword, table of contents, list of figures,
list of tables, introduction which includes (instructions for using electronic modules, project based learning
model syntax, learning outcomes, learning objectives, indicators of achievement of learning objectives, and
concept maps), learning activities which include (indicators of achievement of learning objectives, instructions
for learning activities, material descriptions, learning videos, practice questions, student worksheets, and
summaries), final evaluation, glossary, answer key, bibliography, and author's biodata.

This design was saved in PDF format and then inserted into the Heyzine application to create an electronic
module. The initial design developed resulted in a project-based electronic module on climate change, designed
interactively, systematically, and contextually to support 21st-century learning. Thus, this electronic module is
expected to increase student engagement, facilitate creative thinking skills, and support the development of
digital teaching materials that are innovative, adaptive, and relevant to global challenges.

3. Development stage

The electronic module development stages included creating the electronic module, validating the
electronic module by three expert validators, then revising it according to the expert validators' instructions, and
implementing it by teachers and students.

a) Validity test

The results of the development phase are validation assessments conducted by three expert lecturers from
the Faculty of Mathematics and Natural Sciences, State University of Padang. The indicators assessed in product
validation include material substance, visual communication display, learning design, software utilization,
project-based learning model, and creative thinking skills. The answer choices on the validation sheet use a
Likert scale to gauge the expert lecturers' opinions on the developed electronic modules. The results of the
validity assessment for the material substance aspect are presented in Table 4.

Table 4. Validity in the Material Substance Aspect

Material Substance k Category
Truth 0.93 Very valid
Coverage 0.78 Very valid
Currentity 0.89 Very valid
Readability 0.93 Very valid
Average 0.88 Very valid

Based on the data in Table 4, it shows that the results of the validity assessment on the substance aspect of
the electronic modules material developed obtained validation assessment results with an average of 0.88 in the
very valid category. In the truth aspect, it obtained a score of 0.98 in the very valid category, this explains that
the content of the material in the electronic modules has been compiled scientifically correctly. The material
coverage aspect obtained a score of 0.78 in valid, indicating that the material presented in the electronic modules
is complete and has been adjusted to the competencies targeted in the learning process. The contemporary aspect
obtained a score of 0.89 in the very valid category. This can increase the relevance of learning, facilitate student
understanding, encourage scientific literacy through real contexts, and students can put forward new ideas on
issues that occur in their living environment [32]. The readability aspect obtained a score of 0.93 in the very
valid category, meaning the material is easy to read and understand.

Next, the validity assessment for the visual communication display aspect, consisting of navigation, fonts,
colors, and. layout. The results of the validity assessment for the visual communication display aspect are
presented in Table 5.

Table 5. Validity in the Visual Communication Display Aspect

Visual Communication Display k Category
Navigation 0.93 Very valid

Font 0.93 Very valid

Color 0.93 Very valid

Layout 0.93 Very valid
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Average 0.93 Very valid

Based on the data in Table 5, the validity of the visual communication display aspect of the developed
electronic modules obtained a validation assessment with an average of 0.93 in the very high category across all
assessment aspects. The navigation aspect obtained a score of 0.93 in the very high category, indicating that the
navigation contained in the electronic modules is clear and effective. Clear navigation in the electronic modules
can provide an interesting and interactive learning experience that is consistent with the learning principles [33].
The font aspect obtained a score of 0.93 in the very valid category, indicating that the fonts used in the electronic
modules are appropriate. The color aspect obtained a score of 0.93 in the very valid category, indicating that the
use of color in the electronic modules is appropriate. These results indicate that the use of appropriate color in
the E-Module can create enjoyable learning [34]. The layout aspect obtained a score of 0.93 in the very valid
category, indicating that the layout is appropriate and attractive. The results of the validity assessment of the
learning design aspect are presented in Table 6.

Table 6. Validity in the Learning Design Aspect

Learning Design k Category
Title 0.93 Very valid
Learning Outcomes 0.93 Very valid
Learning Objectives 0.93 Very valid
Learning Materials 0.75 Valid
Exercise or Evaluation 0.64 Valid
Composition 0.84 Very valid
References 0.77 Valid
Average 0.85 Very valid

Based on the data in Table 6, the validity of the learning design in the developed electronic modules
obtained an average validation assessment result of 0.85 in the very valid category in all assessment aspects. The
title component aspect obtained a score of 0.93 in the very valid category. The learning outcomes aspect
obtained a score of 0.93 in the very valid category. The learning objectives aspect obtained a score of 0.93 in the
very valid category, indicating that the formulated learning objectives are clear and operational. The learning
materials aspect obtained a score of 0.75 in the valid category, meaning that the learning materials have been
arranged systematically. Furthermore, the exercise or evaluation aspect scored 0.64 in the valid category,
meaning that the exercises or evaluations presented in the electronic modules are in accordance with the
indicators of achieving learning objectives. The arrangement aspect obtained a score of 0.84 in the very valid
category, meaning that the arrangement such as instructions for using the electronic modules is presented clearly.
The reference aspect obtained a score of 0.77 in the valid category, indicating that the references used support
the accuracy of the material presented. After that, the results of the validity assessment of the software utilization
aspect are presented in Table 7.

Table 7. Validity in the Software Utilization Aspect

Software Utilization k Category
Interactivity 0.93 Very valid
Supporting 0.93 Very valid
Originality 0.75 Valid

Average 0.87 Very valid

Based on the data in Table 7, the validity of the software utilization aspect of the developed electronic
modules shows that the validation assessment results have an average of 0.87 in the very valid category in all
assessment aspects. The interactivity aspect obtained a score of 0.93 in the very valid category, indicating that
the electronic modules has been able to facilitate user interaction effectively. The supporting software aspect
obtained a score of 0.93 in the very valid category. The originality aspect obtained a score of 0.75 in the valid
category, meaning that the electronic modules used for learning displays novelty or innovation. The results of the
validity assessment on the project-based learning model aspect are presented in Table 8.

Table 8. Validity in the Project-Based Learning Model Aspect

Project-Based Learning Model k Category
Basic Questions 0.93 Very valid
Creating Project Design 0.93 Very valid
Developing Project Schedule 0.93 Very valid

Monitoring Project Progress 0.75 Valid

Result Testing 0.64 Valid
Evaluating Experience 0.84 Very valid
Average 0.84 Very valid
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Based on the data in Table 8, the validity of the project-based learning model aspect of the developed E-
Module shows that the validation assessment results have an average of 0.82, in the very valid category. The
fundamental questions aspect obtained a score of 0.93, indicating that fundamental questions are able to
encourage students to think creatively. The project design aspect obtained a score of 0.93, indicating that the
project planning stages are presented clearly and structured. The project schedule aspect obtained a score of 0.93,
meaning that the project activity schedule is presented realistically. Furthermore, the monitoring and project
progress aspect obtained a score of 0.75, indicating that the project implementation monitoring process is
presented clearly. The results of the results testing aspect obtained a score of 0.64, indicating that the electronic
modules facilitates the process of analyzing results and discussing projects well. The experience evaluation
aspect obtained a score of 0.84, indicating that the learning evaluation activities are appropriate. The results of
the validation assessment on the creative thinking ability aspect are presented in Table 9.

Table 9. Validity in the Creative Thinking Skills Aspect

Creative Thinking Skills k Category

Ability to Provide Ideas Correctly and Appropriately 0.89 Very valid
Ability to Solve Problems in More Than One Way 0.75 Valid
Ability to Provide Different Answer 0.78 Valid

Ability to Elaborate on Correct and Appropriate Answers 0.84 Very valid

Average 0.81 Very valid

Based on the data in Table 9, the validity of the project-based learning model aspect of the developed
electronic modules shows that the validation assessment results have an average of 0.81 in the very valid
category in all assessment aspects. The aspect of the ability to provide ideas correctly and appropriately obtained
a score of 0.89, indicating that learning activities encourage students to put forward ideas. The aspect of the
ability to solve problems in more than one way obtained a score of 0.75, indicating that the questions or tasks
presented in the electronic modules allow for the emergence of various solution strategies. The aspect of the skill
of providing different answers obtained a score of 0.78, meaning that learning activities encourage students to
produce diverse answers. Furthermore, the aspect of the ability to detail the correct answer obtained a score of
0.84, indicating that learning facilitates students in developing answers logically and clearly.

After the validity assessment was conducted, revisions were made based on the validator's suggestions.
These revisions were made to ensure the electronic module met students' needs during the learning process. The
following are the improvements or revisions made based on comments and suggestions from the validator or
expert. The results of the revisions are presented in Table 10.

Table 10. Revision of Learning Activities in Electronic Modules
Before Revision
The first stage, namely the fundamental questions of the project-based learning model, is found on the
student worksheet.

e —
@ LEMBAR KERJA PESERTA DIDIK (LKPD) .

Poster Kampanye Pengurangan Emisi Karbon dan Video Edukasi Tentang

Perubahan Iklim
Tujuan : Mengajukan presepsi penyebab perubahan iklim, dan
faktor-faktor peyebab perubahan iklim
Deskripsi Tugas: Membust sebuah poster dengan tems yang berkaitan
dengan Tujuan pembelajaran yang telah di sampaikan
satelah itu Membuat sebuah wvideo edukasi terkail poster

yang telah di Buat sebelumnya (bikin se kreatif mungkin!)

. Apa saja ide kampanye yang dapat dilakukan untuk mengajak masyarakal

mengurangt emisi karbon dalam kehidupan schari-han? (Fluency)

. Bagaimana cara menyampaikan pesan pengurangan emisi karbon kepads
kelompok masyarakat yang berbeda melalui poster dan video edukasi
(Flexibility)

Bagaimana cara merancang poster atau video edukasi lentang penguranga
emisi karbon yang berbeda dan kampanye pada umumnya? (Onginality)

. Bagaimana langkah-langkah yang dapat dilakukan untuk mengubah id€
kampanye pengurangan emisi karbon menjadi poster dan video edukasi yang
informatif dan menarik? (Elaboration)
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After Revision
The first stage of the project-based learning model, the fundamental question, needs to be restructured
before the lesson begins. This aims to encourage students to think about ideas and projects related to
their daily lives. This fundamental question is combined with indicators of creative thinking to also
encourage students to think creatively effectively. Therefore, electronic modules become a solution in
facilitating students' creative thinking skills, because each step of the learning activity is linked to the
creative thinking indicators and the appropriate stages of the project-based learning model.

Q))} INDIKATOR KETERCAPAIN TUJUAN PEMBELAJARAN ]
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nubu globial dun fenomena ingkungen, dengan Denes dan menoggurakan (stah
Hmilah yang lepat

Panjelasan mengenm gejsies o .:.- el T wwmm
pertu dilakukan dongon pondekatan yang sodormnana, kontekaiual, dan mudah
dipabarmil Istiiah iImiah yang kompleks Tya aigant G contoh nysts
dalam kehidupan sehari-harn. separt subu udara yang lrase semakin panas
alay musim yoang selt diprediod. Untuk mamperkust peemasfarman,  deapet
dilkuban Sermonsiras: saderbmne, rrisslioys geroobaun dua wadah Lranseanen
yang diletaxkan di bawah snar mastahan ok manun jukiaen Soagaimans panss
dupat terperanglog

Gejola yang todadi & suatu daernh, sepert peningkatan suhu, perubahan
pole musien, den Dujan ekstrem, dupal disneisie setbugal Deglen dar dempak
parubanan &lim agabila menunjukkan kecendaerungan yang Konsiston dalam
Jangks  waklu | pangeng Funcenmena  tersebul  sejnlan  dengan iapocan
Mrtwrpoverrunwntel Pasal on Chmete Change (IPCC) yang menydatssoen Babiwae
pemanasan globs bedkkontribusl terhadap meningkatoys  frekoens!  cuncs
ekstrom

1 Ja kamu dimints menjalackan gejals perubanan kim kopmds masysrakal

AwWam, DagaIana carn hreatd yang akan Kamu guoaskarl  agiv meroks

o Dum i ya? Rancang ide parjelasan yang inavatf (Fuoncy &

Flexibiory)

Sajeuby mana gejaia yong ltedadt di doerah tompat inggatnu  depat

dikatugorikan sebagal dampak perutaben fden? Bacikan argumen yang logis

chan sltermatit pandangan min yang munglun berbeds (Elaborstion & Ongmaity)

b)  Practicality test

The practicality test for electronic modules was conducted on three physics teachers at SMAN 1 Kubung
and 30 students. The first practicality test was conducted by teachers to assess the extent to which electronic
modules can be used in the learning process from an educator's perspective. Teachers were asked to study the
content, instructions, and learning activities designed in the electronic modules. Furthermore, teachers were
given instructions on how to fill out the practicality test questionnaire. Through this practicality test, teachers'
responses to the electronic modules were obtained based on four aspects of practicality assessment: readability
and clarity of the material, usability and ease of use, attractiveness, and suitability of time allocation. The
complete results of data processing and data calculations are shown in Figure 2.

Practical Results of Electronic Modules by
Teachers

< 1

S 08

g 0.6

e 04

g 02

< 0

=< Readability Openness and Attractiveness Suitability of
and Clarity ~ Ease of Use Time
ofMmaterial Allocation

Fig. 2. Practical Results of Electronic Modules by Teachers
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Based on the data in Figure 2, it shows that the practicality value of electronic modules by teachers
obtained an average value for each aspect of the practicality assessment in the very practical category. As for the
readability and clarity of the material, the practicality assessment results were 0.89 in the very practical category.
The usability and ease of use aspects obtained a practicality assessment result of 0.93 in the very practical
category. The attractiveness aspect obtained a practicality assessment result of 0.91 in the very practical
category. The time allocation suitability aspect obtained a practicality assessment result of 0.87 in the very
practical category. Overall, the average results of the practicality assessment of electronic modules developed by
teachers obtained a kappa moment (k) of 0.9 with a practicality level in the very practical category.

Next, a practicality test was conducted on 30 students. The practicality test was conducted in several stages.
First, the electronic modules link was distributed to students for use in the learning process. Students were given
instructions on how to use the electronic modules so they understood how to access the features contained in the
electronic modules, read, and follow the steps provided therein. The next stage was for students to study the
material and complete the learning activities contained in the e-module. Through this practicality test, students'
responses to the electronic modules were obtained based on four aspects of practicality assessment: readability
and clarity of the material, usability and ease of use, attractiveness, and appropriateness of time allocation. The
complete results of data processing and data calculations are shown in Figure 3.

Student Response

100 0.92 0.92 0.91 0.90

<

— 0.80

o

g 0.60

g2 040

S 020

o

g 0.00
Readability ~Applicability Attractiveness Time
and Clarity of and Ease of Allocation
Material Use Suitability

Fig. 3. Electronic Modules Practical Results by Students

Based on the data in Figure 3, it can be seen that the practicality score of the electronic module developed
by students obtained an average score for each practicality assessment aspect in the very practical category. For
the readability and clarity of the material, the practicality score was 0.92, categorized as very practical. The ease
of use and usefulness score was 0.92, categorized as very practical. The attractiveness score was 0.91,
categorized as very practical. The appropriateness of time allocation score was 0.90, categorized as very
practical. Overall, the average practicality score for the electronic modules developed by students obtained a
kappa moment (k) of 0.91, categorizing as very practical.

DISCUSSION

This study aimed to determine the practicality of the developed product, hamely electronic modules based
on project-based learning modules to facilitate students' creative thinking skills with the help of the heyzine
application on climate change material. Furthermore, the research model used in developing this product was the
4D. The analysis stage obtained some information about the teaching materials used by teachers during the
learning process, as well as an analysis of student characteristics regarding digital learning. This aligns with [35]
opinion that analysis is important for identifying key issues and determining aspects that need to be developed to
address the problems faced to ensure the teaching materials meet the needs of students and teachers.

In the design phase, the product is designed in the form of a storyboard, which is then designed according
to the storyboard. According to [36] storyboards serve to identify product needs before the product design
process begins. The development phase then includes validity assessment and practicality tests to produce a valid
and practical product that meets student needs during the learning process. According to opinion [37] it is
explained that the validity and practicality stages aim to assess the product so that the product developed is
appropriate to the problem and can overcome the problem.

The validity test assessed several aspects, including material substance, visual communication display,
learning design, software utilization, project-based learning model, and creative thinking skills. The validity
assessment was also based on the electronic module structure as outlined by the Ministry of Education and
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Culture (2017). The validity assessment results for the material substance aspect obtained an average validity
score of 0.88, categorized as very valid. This indicates that the electronic modules are structured correctly and
the material presented in the electronic is complete and meets student needs. The visual communication display
aspect obtained an average validity score of 0.93, indicating that the navigation, fonts, colors, and layout of the
electronic modules are clear, effective, and easy to understand for users. In line with the opinion [38] explaining
that clear visual communication displays in electronic modules can provide interactive learning and learning that
is not boring.

Learning design aspect received a validity assessment with an average score of 0.85, indicating that the
title, learning outcomes, learning objectives, learning materials, and references contained in the electronic
modules are clear, operational, and measurable with students' abilities. The software utilization aspect received a
validity assessment with an average score of 0.87 in the very valid category. The project-based learning model
aspect received a validity assessment with an average score of 0.82 in the valid category. The creative thinking
ability aspect received a validity assessment with an average score of 0.81 in the valid category, indicating that
the presentation in the electronic modules already contains indicators of creative thinking ability clearly and
measurably.

Furthermore, the practicality test was conducted by observing several aspects, including readability and
clarity of the material, usability and ease of use, attractiveness, and appropriateness of time allocation. The
purpose of the practicality test was to measure the usefulness and ease of use of the developed electronic
modules. According to [39], the practicality test is very necessary because it measures whether the developed
product can address existing problems in schools and is also useful during the learning process. The practicality
test of the electronics module was conducted on three physics teachers at SMAN 1 Kubung and 30 students.

The practicality test results for the readability and clarity of the material by teachers obtained an average
score of 0.89, categorized as very practical. This indicates that the language, sentence presentation, and
explanations of the material contained in the electronic module are appropriate and easy to understand. This
indicates that the electronic module has a level of readability and clarity that is very practical for learning [40].
The usability and ease of use aspect obtained an average practicality test score of 0.93, categorized as very
practical. This is in line with [41] findings, indicating that the instructions for using the electronic modules are
easy to understand and the material is easy to understand.

The attractiveness aspect obtained an average practicality test score of 0.91, categorized as very practical.
According to [42], the attractiveness of the electronic modules includes the layout, clarity of writing, and
sentence structure, making them attractive to users. The appropriateness of time allocation aspect obtained an
average practicality test score of 0.87, categorized as very practical. Overall, the average results of the
practicality assessment of the electronic modules developed by teachers obtained a kappa moment (k) of 0.9 with
a practicality level in the very practical category.

The practicality test by students has aspects that include, readability and clarity of the material, usability
and ease of use, attractiveness, and suitability of time allocation. The assessment of the practicality test on the
aspects of readability and clarity of the material obtained an average score of 0.92 in the very practical category,
informing that the material presented in the electronic modules is clear and easy to understand by students, in
line with the findings [43] which stated that very clear material will make it easier for students to understand the
learning material. The results of the practicality test on the aspects of usability and ease of use obtained an
average score of 0.92 in the very practical category, indicating that the additional features contained in the
electronic modules are easy to understand by students. In line with the findings [44] electronic modules are easy
to understand and do not require a long time to adapt to their use by students.

The attractiveness aspect obtained a practicality test score of 0.91, which indicates that the use of colors
and features contained in the electronic module makes students interested in learning. The aspect of the
suitability of time allocation obtained a practicality test score with an average score of 0.90, which indicates that
students can study independently at home without requiring prior explanation from the teacher. This project-
based learning-based electronic module is very practical because it is designed with systematic project-based
learning stages, making it easier for students to learn independently, and combined with appropriate creative
thinking indicators. The implementation of electronic modules on the heyzine application is also an
attractiveness assessment because hyzine has features that are very easy for students to understand.

This research also has limitations that will ultimately affect the product development results. The first
limitation lies in the project-based learning electronic modules designed to facilitate students' creative thinking
skills, which only cover climate change. To address this issue, future research could expand to include other
materials to assess the effectiveness of these electronic modules on learning, particularly in facilitating students'
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creative thinking skills. The second limitation of this study is the development of the electronic modules, which
was limited to the practicality testing stage for teachers and students. This limitation arose because the
researchers' limited time did not allow for further development. Future research could be conducted with other
researchers to conduct an effectiveness test to address the limitations of this study, which only tested the validity
and practicality of the product.

IV. CONCLUSION

The results of this study conclude that the project-based electronic learning module to facilitate students'
creative thinking skills, assisted by the heyzine application on climate change material, is very practical to
support physics learning, especially climate change. This finding also aims to be a source of interactive
alternative teaching materials for teachers in facilitating students' creative thinking skills, especially on climate
change material. For further research, it can be expanded to assess the effectiveness of this electronic module on
learning, especially in facilitating students' creative thinking skills on climate change material.
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