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ABSTRACT

This research was motivated by the limited teaching materials used by educators
in the learning process. The only teaching materials available are textbooks and
handouts, but there are no learning modules yet. The research was conducted on
renewable energy material for class X SMA/MA. Augmented Reality (AR) is
needed for renewable energy materials to be able to change images into three
dimensions. Research conducted at Madrasah Aliyah strongly supports modules
that integrate verses from the Koran. Therefore, it is necessary to develop a
Renewable Energy module with Contextual Teaching Learning assisted by
Augmented Reality (AR) integrated with the Koran. The type of development
research used is the 4-D model (Define, Design, Development, Dissemination).
However, the development of this AR-based integrated physics learning module
for Al-Qur'an verses only uses three stages, namely Define, Design, and
Development. The instrument used in this research is the validation sheet. The
research results show that the module developed is valid and very practical for
use by educators and students in learning.

INTISARI

Penelitian ini dilatarbelakangi karena terbatasnya bahan ajar yang digunakan
pendidik dalam proses pembelajaran. Bahan ajar yang ada hanya buku paket dan
handout, namun modul pembelajaran belum ada. Penelitian dilakukan pada
materi energi terbarukan kelas X SMA/MA. Augmented Reality (AR)
dibutuhkan pada materi energi terbarukan untuk dapat mengubah gambar
menjadi tiga dimensi. Penelitian dilakukan di Madrasah Aliyah sangat
mendukung modul yang terintegrasi ayat Al-Qur’an. Oleh karena itu, perlu
adanya pengembangan modul Energi Terbarukan dengan Contextual Teaching
Learning berbantuan Augmented Reality (AR) terintegrasi Al-Qur’an. Jenis
Penelitian pengembangan yang dipakai yakni model 4-D (Define, Design,
Development, Dissemination). Namun, pengembangan modul pembelajaran
fisika terintegrasi ayat Al-Qur’an berbasis AR ini hanya menggunakan tiga
tahapan saja yakni Define, Design, and Development. The instrument used in
this research is the validation sheet. Hasil penelitian menunjukkan modul yang
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dikembangkan valid dan sangat praktis digunakan oleh pendidik dan peserta
didik dalam pembelajaran.

A. Introduction

The Advances in science and technology, especially information technology,
have a major influence on the construction and implementation of learning strategies.
With these advances, educators can use various types of media according to learning
needs and objectives. Apart from facilitating and maximizing the learning process,
media can also make learning more interesting. Based on the results of interviews with
educators and students at MAN 2 Tanah Datar, researchers found several problems in
the learning process, especially physics. Students find physics material difficult
because there are a lot of calculations and it seems monotonous. This is due to the
lack of teaching materials used by educators in the learning process and educators
often use the lecture method in delivering the material so that students are less
interested and feel bored in following the lesson.

Teaching materials generally used in learning are textbooks and handouts. Apart
from textbooks, the teaching materials available at the school also include handouts.
However, the inadequate number of printed books available is not balanced with the
number of students so that not all students have printed books. Students can only
borrow printed books from the library to read in class while studying. There are also
handouts, made by educators themselves, which contain a summary of the material
and practice questions. However, handouts were not distributed to students.
Therefore, learning activities become one-way centered on educators (teacher
centered). In line with that, according to Daryanto [1] teaching materials that make it
easier to achieve specific learning objectives are modules.

Modules are teaching materials designed in a comprehensive and structured
manner, which contain learning experiences created to master specific learning
objectives [1]. A module is a book designed with the intention that students can learn
it individually even without a teacher [2]. The advantages of the module in general
are that it can overcome time constraints, various methods can be used, students are
more active in learning, this module does not only consist of material but also has
practice questions.

Based on the independent curriculum, learning must be in accordance with the
context of a contextual approach, one of which is the Contextual Teaching learning
model. As explained by Amelia [3] this model allows learning to occur in contexts
that are relevant to students' daily lives, creating meaningful and relevant learning
experiences. The advantage of Contextual Teaching and Learning is that learning
becomes more meaningful and real. This means that students are required to be able
to grasp the relationship between learning experiences at school and real life. The use
of this module is so that students can more easily understand material that is difficult
to understand.
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In previous research, several have conducted research regarding the development
of teaching materials, one of which was teaching modules using AR and the results of
this research showed that there was an increase in students' understanding of the
material being taught and helped educators in delivering learning material easily. The
swift progress of technology in today's revolutionary era, particularly its growing
incorporation into educational settings, marks a substantial transformation in teaching
and learning methodologies on a global scale [4]. Technology-based learning can
ignite students' enthusiasm for learning, because it is facilitated by the inclusion of
animated elements, graphical explanations, and a variety of colors, all of which
enhance the learning experience and make it more immersive [5]. Based on Firdaus’s
research [6], learning modules based on Augmented Reality (AR) integrated with Al-
Qur'an verses can increase students' motivation and interest in learning. Integration is
a model of unification between scientific values with spiritual values and other things
so as to have complete uncertainty and avoid separating them within a scientific
discipline [7]. The creation of this integrated module for Al-Quran verses aims to
assist in the learning process, so that the learning process can be made interesting
because it has Islamic nuances, and can increase students' interest in learning.

Physics is a subject whose application uses learning modules to make it easier
for educators to convey the subject matter. One of the materials that requires a module
to apply is renewable energy material, because this material contains theories that are
difficult to visualize, making students less interested and bored of learning. To make
it easier for students to understand the concept of learning material, educators use the
CTL method in teaching so that students can make direct connections between
learning material at school and students' daily lives. CTL is a learning concept that
helps teachers relate learning material to students' real-world situations and
conditions, and encourages students to apply it in everyday life [8]. To attract students'
attention in learning, it would be better if this renewable energy material was
visualized in 3D.

The difference between 2D modules and 3D modules is in their appearance. In
ordinary modules there are only 2D images which do not attract students' attention.
To make the module more interesting, technology is needed to view the images in the
3D module. One way to display module images in 3D is by using AR technology. AR
is a visual technology that can combine virtual objects into real form. This technology
can be applied as an innovative learning medium by implementing it on smartphones
[9]. In various fields including AR technology education has been applied. AR
Learning Media can visualize abstract concepts for understanding and the structure of
an object model, making AR an effective medium in accordance with the objectives
of learning media. Science is one field that applies the development of AR technology.
Three-dimensional (3D) objects can be displayed on Android Smartphones with the
help of AR Technology.
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The advantages of AR are that it is fun, can create 3D objects and animations as
if they were in a real environment, and should be used as an alternative learning
medium. The application used to create AR is the Assembler Edu application.
Assembler Edu is an application that converts objects into 3D and AR. This
application allows users to create interactive learning materials. The advantages of the
Assembler Edu application are that it is easy to use, has an attractive appearance,
provides the necessary materials and is virtual based. In this application, objects can
be used to visualize learning material. In this application, users can work in creating
learning materials. Not only can you design it yourself, this application also contains
several materials that can be used directly by educators.

MAN 2 Tanah Datar is an Islamic school based on the Qur’an. MAN 2 Tanah
Datar has the vision "a Ministry of Religion that is professional and reliable in
building a pious, moderate, intelligent and superior society, to create an advanced
Indonesia, one that is sovereign, independent and has a personality based on mutual
cooperation." Islamic schools can integrate learning with verses from the Koran, but
at MAN 2 Tanah Datar there are no teaching materials that integrate the Koran. By
having material that integrates the Qur’an, it can strengthen the bond between the
Physics module and the clear life stated in the Qur’an and strengthen religion. This is
in line with research conducted by Chandra et al. [10], Integrating the Al-Qur'an in
the development of science, especially physics, is very important for an educator to
do. Therefore, now we see many people who are smart, but use any means to achieve
their success. Therefore, integrating the Koran into learning is very important. Based
on this background description, it is necessary to develop teaching materials in the
form of a Renewable Energy Module with Contextual Teaching Learning Assisted by
Augmented Reality (AR) Integrated with the Al-Qur'an for Class X SMA/MA."

B. Method

The research carried out used research and development (R&D) methods with
the aim of developing a Renewable Energy Module with Contextual Teaching
Learning help Augmented Reality (AR) Integrated Al-Qur'an. The development
model used in this research is the model proposed by Thiagarajan in Sutarti & Irawan
[11], namely the 4D model. The 4D model consists of 4 development stages, namely:
definition (define), planning (design), development (develop), as well as the spread
(disseminate). At the level of define Observations and interviews were carried out
with educators, analyzing CP, TP and material, analyzing the learning media used and
material obstacles that were difficult to understand. At stage design done product
planning. At the level of development Validation of the module and practicality
testing of the module is carried out. The instrument used in this research is the
validation sheet. Data analysis techniques are obtained from quantitative data, data
obtained quantitatively comes from validation instruments.This data analysis
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technique is carried out quantitatively. This quantitatively processed data comes from
several instruments, namely:
Validation Sheet

The validation sheet is based on data obtained from the validator, so the
validation results can be searched using the equation:

_ 2 score per item x 100% (l)

maximum score

With validation categories in Table 1 [12]:

Table 1 Validation Categories

Interval Category

0-20% Invalid
21 - 40% Not valid
41 -60% Fairly valid
61 —80% Valid
81 —100% Very valid

Practicality Sheet

This practicality sheet is filled in by educators and students to obtain information
that will be used as a reference. After that, the existing information is collected and
grouped, so that it can be calculated using the equation (1). As a result of the data
obtained, each range is categorized as follows in Table 2 [12].

Table 2 Practicality Categories

Interval Category

0-20% Impractical
21 — 40% Not practical
41 - 60% Quite practical
61 — 80% Practical
81 —100% Very practical

C. Result and Discussion

At the level of Define Observations and interviews have been carried out with
educators and students. From these interviews, information was obtained that in the
learning process educators use teaching materials such as textbooks and handout,
there is no use of modules yet. The appearance of printed books is less attractive and
the use of language that is difficult to understand, this becomes an obstacle for
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students in understanding the learning material. Apart from that, the learning process
is still centered on educators who still use the systemteacher centered, learning is still
centered on educators.

At the level of Design A module design is carried out consisting of several stages
referring to Sutarti & lIrawan [11], namely: a) creating a Media Program Outline
(GBPM) as seen in Table 1, b) creating flowchart or flow chart of the program to be
created from opening to closing, c) create storyboard to explain parts the part that's
inside flowchart which contains writing, images, audio as seen in Figure 1, d) collect
the objects to be designed, all the necessary materials are collected first such as
materials, 3D images created using the application Assemblr Edu, e) combine all
materials into a developed module, f) finishing, At this stage, a review of the module
is carried out by conducting trials before it is validated. Testing was carried out on the
AR barcode whether it could run smoothly or not. An overview of the appearance of
this product can be seen in Figure 2.

Table 3. Media Program Outline (GBPM)

No Aspect Description

1. Title Renewable Energy Module with Contextual Teaching
Learning Helpful Augmented Reality (AR) Integrated Al-
Qur'an Class X SMA/MA

2. Education Units High School (SMA)/Madrasah Aliyah (MA)
3. Class/ Semester X/2
4. Subjects Physics
5. Learning materials Renewable energy
6. Learning objectives a. Classify the basic forms of energy
b. Identify forms of energy, their changes in everyday life
c. Analyze the application of the Law of Conservation of
Mechanical Energy to events that occur in everyday life
d. Find the problem of energy availability in the
environment around where you live
e. Find potential energy sources in the environment around
where you live
f. Plan a design for making a simple energy producing
prototype device as a solution to the problem of energy
availability
g. Make a simple energy producing prototype device, and
h. Improve the design of a simple energy producing device
or prototype that has been tested
7. Media Print and cellphone modules
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Figure 1. Example Storyboard

As seen in Figure 1, the material in the Renewable Energy module shows that the
module has distinctive design characteristics cover module with a Renewable Energy
image like a pinwheel as seen in Figure 1.a. Apart from that, it's about designcover
Added an image of the Al-Qur'an which is a characteristic that this module is
integrated with the Al-Qur'an. This module uses CTL syntax. This module is equipped
with content Augmented Reality (AR) as seen in Figure 2. which is unique to this
module in that the AR display is made into a barcode that can be scan and can display
3-dimensional images.
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Figure 1. Module Product

At the Development stage (Development) validation of the modules developed
is carried out. The validation process is carried out by material expert validators,
media expert validators, and interpretation expert validators using validation sheet
instruments. The aspects discussed in the material validation instrument are
appropriateness of content, appropriateness of presentation, quality of language.
Aspects discussed in the instrument. media expert validation, namely graphic aspects
and language aspects. Meanwhile, the aspects assessed in interpretation validation are
the quality of the content, appropriateness of presentation, quality of language. Each
aspect consists of several indicators that support the creation of modules that are valid
and suitable for use in learning activities. At this stage the validator provides input
and suggestions to support the creation of an interesting module that can be used as a
reference in learning. Some of the suggestions given by the validator are: a) correct
writing errors, b) improve the background, cover and color combination to make it
more attractive, c) improve the image size and formula formulation. Product
validation results in the form of a Renewable Energy Module with Contextual
Teaching Learning Assisted by AR Integrated Al-Qur'an Class X SMA/MA by
material experts is shown in Table 4.
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Table 4. Results of product validation by material experts

Validator

No Aspects T 23 4 Sum Max (%) Category

1. Eligibility 47 48 51 51 197 224 87,94 Very valid
content

2. Feasibility 19171920 75 80 93,75 Very valid
presentation

3. Quality 23191922 83 96 86,45 Very valid
Language

Average 355 400 88,75 Very valid

Based on Table 4, it can be concluded that the material validation results obtained
a final result of 88.75% with a very valid category. Details of the material validation
results can be seen in Appendix 7. Based on the results of this validation, it is
concluded that the material in the Module is contained in accordance with the
Learning Outcomes.

Product validation results in the form of a Renewable Energy Module with
Contextual Teaching Learning Helpful Augmented Reality (AR) Integrated Al-Qur'an
based on media experts is described in Table 5.

Table 5 Media Expert Validation Results

Validat
No Aspects % Sum Max (%) Category
1. Graphics 6055 63 57 235 272 86,39 Very valid
2. Language 10 9 9 10 38 48 79,16 Valid
Average 273 320 85,31 Very valid

Based on Table 5, it can be seen that the graphic aspect obtained 86.39% in the
very valid category and the language aspect obtained 79.16% in the valid category so
that an average of 85.31% was obtained in the very valid category. Based on the
results of the media validation of this module, it can be concluded that the module can
be used by students.

Tabel 6 Interpretation Expert Validation Results

No Aspects % Sum Max (%) Category
1. Content quality 11 15 26 32 81,25 Very valid
2. Feasibility of 8 7 15 16 93,75 Very valid
presentation
3. Language 18 23 41 48 85,41 Very valid
Quality
Average 82 96 85,41 Very valid
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Based on Table 6, it shows that the content quality aspect obtained 81.25% in the
very valid category and the presentation feasibility aspect obtained 93.75% in the very
valid category, the language quality aspect obtained 85.41% in the very valid category
so that an average of 85 was obtained 41% with a very valid category. Based on the
results of the expert validation of this module, it can be concluded that the integration
of the Al-Qur'an contained in the module can be used. The results of AR-based module
development research carried out by Ilhamsyah et al. [13] also showed good results.
Himawan & Ariswan [14] stated that using modules as standalone instructional
materials offers the advantage of enabling students to assess their comprehension of
learning content and gauge the extent of their skill absorption. To ensure a positive
learning experience, the utilization of technology should align with a student-centered
approach, placing the learner at the forefront of the educational process [15].

D. Conclusion

Based on the results of the research that has been carried out, it can be concluded
that the Renewable Energy Module with Contextual Teaching Learning Helpful
Augmented Reality (AR) Integrated Al-Qur'an was declared very valid with a
percentage based on material experts of 88.75%, media 85.31% and interpretation
85.41%. So overall the validation of this module has a percentage of 86.49% with a
very valid category. Thus, it can be concluded that the module developed is very valid
and can be continued to the practicality stage.
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ABSTRACT

Proficiency in critical thinking is a crucial attribute that students must possess to
effectively navigate the advancements in science and technology in the contemporary
era of the fourth industrial revolution. Nevertheless, children's critical thinking
abilities remain relatively deficient, and receive minimal instruction. Multimedia
modules reinforce a discovery learning approach, providing an alternate method for
developing critical thinking abilities. This research aims to determine the influence of
the multimedia-assisted discovery learning paradigm on the development of students'
critical thinking abilities. The research used a quasi-experimental approach,
specifically a pretest-posttest control group design. Purposive sampling served as the
sampling approach, ensuring that the students in the two classes under comparison
shared the same initial competencies. We divided the 68 students in the research
sample into two classes: the experimental class and the control class. We assess
students' critical thinking abilities by administering an essay examination that
evaluates their performance on critical thinking benchmarks. The data analysis for this
research employs the independent t-test and the N-gain test. The study reveals that the
experimental class outperforms the control class in terms of students' critical thinking
abilities. The t-test's statistical significance, with a p-value of 0.000 or less than 0.05,
confirms that the multimedia module-assisted discovery learning model has a
significant impact on students' critical thinking abilities about momentum and impulse
materials. The N-gain analysis of pretest and posttest results for students in the
experimental class indicates a moderate rise in the five critical thinking indicators. We
can conduct further studies to adapt this learning strategy to different topics. However,
it is crucial to recognize that the instructor must invest time and creativity in preparing
this multimedia module.

INTISARI

Keterampilan berpikir kritis merupakan keterampilan penting yang harus
dimiliki peserta didik dalam menghadapi perkembangan ilmu pengetahuan dan
teknologi di era modern 4.0. Namun faktanya kemampuan berpikir kritis siswa
masih tergolong rendah dan jarang dilatih. Salah satu alternatif untuk melatih
kemampuan berpikir kritis adalah dengan penggunaan model Discovery
Learning berbantuan modul multimedia. Penelitian ini bertujuan untuk
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mengetahui pengaruh model Discovery Learning berbantuan modul multimedia
terhadap kemampuan berpikir kritis siswa. Jenis penelitian ini adalah
eksperimen semu dengan desain kelompok kontrol pretest-posttest. Metode
pengambilan sampel yang digunakan adalah purposive sampling dengan tujuan
agar siswa pada kedua kelas yang dibandingkan mempunyai kemampuan awal
yang sama. Sampel penelitian berjumlah 68 siswa yang dibagi menjadi dua kelas
yaitu kelas eksperimen dan kelas kontrol. Kemampuan berpikir kritis siswa
diukur menggunakan tes uraian yang didasarkan pada indikator berpikir Kritis.
Analisis data pada penelitian ini menggunakan uji t independen dan uji N-gain.
Hasil analisis menunjukkan bahwa kemampuan berpikir kritis siswa pada kelas
eksperimen lebih baik dibandingkan pada kelas kontrol. Hal ini terlihat dari hasil
signifikansi uji t yang menunjukkan angka 0,000 atau lebih kecil dari 0,05,
sehingga dapat disimpulkan bahwa terdapat pengaruh model Discovery
Learning berbantuan modul multimedia terhadap kemampuan berpikir kritis
siswa. pada materi momentum dan impuls. Secara lebih rinci terlihat kelima
indikator berpikir kritis mengalami peningkatan pada kategori sedang
berdasarkan analisis N-gain pada skor pretest dan posttest siswa kelas
eksperimen. Penelitian selanjutnya dapat menerapkan pembelajaran seperti ini
dengan materi yang berbeda, namun perlu diperhatikan bahwa penyusunan
modul multimedia ini memerlukan waktu dan kreativitas guru.

A. Introduction

Science learning, especially physics in the 21st century, emphasizes high-level
thinking skills. These high-level thinking skills help students have logical, critical,
and systematic thinking that can solve every problem. High-level thinking skills in
21st-century learning include critical thinking, creativity, innovation, problem-
solving and collaboration, and making decisions [1][2]. Critical thinking skills are a
crucial aspect of higher-level thinking that pupils must possess [3]. This is because,
in the 21st century, students need to possess strong information-filtering skills to false
information. Additionally, they need to develop their critical thinking skills to
effectively address any challenges. Critical thinking skills refer to students' ability to
engage in logical reasoning and delve into the underlying aspects of a situation,
including the identification of causes and effects.

Critical thinking is a cognitive process that involves the application of knowledge
and skills to solve problems, make decisions, analyze assumptions, and conduct
investigations or research using gathered data and information to generate desired
information or conclusions [4]. Critical thinking skills are very necessary in the
modern era as the goal of education [5]. Critical thinking skills are different from
merely criticizing without a solution. This skill encourages students to consider and
look for many alternative solutions based on existing facts. Therefore, learning at
schools should develop critical thinking, innovation, creativity, and technological
skills [6]. Critical thinking correlates with student academic achievement. Critical
thinking encourages students' cognitive processes to highly think achieve excellent
learning outcomes and become better [7]. However, students' critical thinking skills
are still relatively low because of the transferring knowledge pattern without
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considering students' thinking skills. Critical thinking skills are rarely trained [8] as
observed in the unidirectional learning process. Tests and questions given to students
frequently focus solely on low cognitive thinking, with an emphasis on rote memory.

Learning science or physics, in particular, entails several complex concepts that
require strong reasoning and critical thinking skills for comprehension. Thus, it is
imperative to cultivate critical thinking abilities in pupils from a young age to
gradually enhance their critical thinking capabilities. There are multiple methods for
cultivating critical thinking skills, such as administering assessments that assess
critical thinking indicators, using engaging educational resources to enhance students'
abstract conceptual reasoning skills, implementing diverse instructional models to
prevent student monotony, and so on. The use of instructional media is critical, as
numerous scientific subjects prove difficult to comprehend solely through verbal
explanations, indicating the necessity of illustrative examples [9]. Multimedia is
considered a very useful application of ICT in the learning process. Many complex
and abstract concepts can be visualized with multimedia [10]. In this context, the use
of educational media in scientific or physics education is critically important.
Educational media refers to any tool or resource utilized to enhance the learning
process, ensuring the effective and efficient delivery of educational content.

Currently, there is a wide range of learning media options, including multimedia
modules, e-modules, virtual reality, augmented reality, simulations, virtual
laboratories, smartphone-based media, and others. The multimedia module is a viable
alternative for integrating into the educational curriculum. Multimedia is an
educational approach that employs technology to stimulate student engagement and
transform monotonous learning routines into enjoyable experiences [11]. Interactive
multimedia is learning media that is structured in such a way as to combine text, audio,
graphics, animation, and video in delivering teaching material that allows students to
actively interact with each other [12]. Multimedia influences students' high-level
thinking skills such as problem-solving, evaluation, hypothesis formulation and
conclusion-making, and self-reflection. Learning with multimedia has a positive
impact on students because learning is student-centered [13]. Interactive multimedia
has increased learning outcomes, interaction, and critical thinking skills. However,
there was still a lack of literature on learning multimedia to help students develop their
thinking engagement [14]. The use of multimedia in teaching especially in developing
countries builds students' intellectual capacity and knowledge that will help them
compete favorably with their peers in every part of the world [15].

The multimedia module cannot run by itself. Multimedia modules must also be
combined with suitable learning models so that learning delivery is effective. Using a
learning model with the help of multimedia modules can make students understand
concepts better and at the same time can train their thinking skills, especially critical
thinking skills. One model that is suitable to be combined with a multimedia module

Zul Hidayatullah, et al., / The Influence of Discovery Learning Model Assisted by Multimedia Module on Students’
Critical Thinking Skills | 14



is discovery learning. Discovery learning requires students to actively discover
concepts or prove their hypotheses through the process of discovery or
experimentation independently [16][17]. The discovery learning model aims to
increase active student involvement in obtaining information, reducing dependence
on teachers so that learning becomes active and creative. This model also trains
students to explore and utilize information sources other than teachers, so that students
will be motivated in the learning process [18][19][20].

The multimedia module exposes students to a variety of media-based learning
materials, including videos, audio, simulations, and virtual laboratories. This
facilitates the process of discovering and acquiring knowledge through the use of
discovery learning methods. Students may engage in exploratory tasks by examining
the multimedia module's simulation or virtual laboratory. Even if students do not
participate in actual discovery activities in the environment, they can observe and
practice in the multimedia module's simulations or virtual labs. This enhances
efficiency and indirectly fosters the development of pupils' critical thinking abilities.
Furthermore, an additional benefit is the inclusion of a critical thinking assessment
within the multimedia module, allowing students to promptly evaluate their
comprehension and proficiency after completing the module. This research seeks to
investigate the impact of utilizing the discovery learning model, with the assistance
of a multimedia module, on the development of critical thinking skills.

B. Method

This quasi-experiment determines that the independent variable does not have an
exclusive influence on the creation of the dependent variable. The research examines
the impact of the discovery learning model, supported by multimedia modules, on
critical thinking skills. The discovery learning model is the independent variable,
while critical thinking ability is the dependent variable. This research used a pretest-
posttest control group design. The applied sampling technique was purposive
sampling to intentionally select students with similar initial skills. The study involved
a total of 68 students, with 34 in the control class and 34 in the experimental class.
The researchers subjected the experimental group to multimedia-assisted discovery
learning, while the control group received no treatment and followed standard
learning methods. Table 1 elucidates the study design employed.

Table 1. Research Design

Class Type Pretest Treatment Posttest

Control O X1 Ps
Experiment o)) X P,
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O, represents the initial assessment score for the control class, while O
represents the initial assessment score for the experimental class. X, refers to the
experimental class's learning using discovery learning with the assistance of a
multimedia module, while X; represents conventional learning. P1 represents the
control class's final assessment score, and P represents the experimental class's final
assessment score.

The researchers conducted this investigation at SMAK St. Francis Xaverius
Ruteng, located in East Nusa Tenggara in multiple stages, such as a pretest, three face-
to-face learning sessions, and a final test as the concluding stage. The data collecting
method was a critical thinking assessment consisting of five test items. The data
analysis was an independent t-test to examine the impact of the treatment on the
experimental group in comparison to the control group. Then, the researchers used an
N-Gain assessment to measure the specific impact of the intervention with a
multimedia module to facilitate discovery learning, on the enhancement of students'
critical thinking skills. This assessment determined the improvement in each critical
thinking indicator. Table 2 displays the N-Gain criteria utilized [21].

Table 2. N-Gain Score Interpretation

Interval Score N-Gain Category

0.70<g<1.00 High
0.30<g<0.70 Medium
0.00 <g<0.30 Low

C. Result and Discussion

The goal of this study is to investigate the impact of using the discovery learning
approach with multimedia modules on the development of student's critical thinking
skills. The early activities involved administering a pretest to assess the basic skills of
students in the two courses selected for the study. Then, the researchers subjected the
students to the two groups. The students in the experimental class acquired knowledge
through the method of discovery learning with the assistance of multimedia modules.
Students in the control group received instruction through traditional methods. The
learning procedure consisted of three meetings, followed by a posttest to assess the
critical thinking skills of the students in both groups. The administered critical
thinking assessment comprised five descriptive questions based on the critical
thinking indicators. Then, the researchers used SPSS 25 to examine the outcomes of
the critical thinking assessment in the posttest. Table 3 presents the results.
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Table 3. Comparison of Average Scores

Group Statistics

Type Class N Mean Std. Deviation
Experiment 34 81.992 7.579
Control 34 70.317 9.675

Table 3 clearly demonstrates that the experimental group has a higher mean score
than students in the control class. The experimental group, with the implementation
of multimedia, has a mean score of approximately 82. Conversely, the control class
achieves an approximate mean score of 70. Then, the researchers conducted an
independent t-test analysis to examine the difference in critical thinking skills between
students in the experimental class and those in the control class, as indicated in Table
4.

Table 4. Independent t-Test Result

Levene’s Test Independent t Tes
Category F Sig. Sig. (2-tailed) df
Homogeneous 0.963 0.330 0.000 66

Table 4 shows the significance (2-tailed) value is 0.00 lower than 0.05, indicating
the significant influence of multimedia-assisted discovery learning on students'
critical thinking skills in the context of momentum and impulse material. Discovery
learning enabled pupils to actively seek solutions to their issues, thereby enhancing
their cognitive abilities. Discovery learning involves more than simply providing
students with materials, akin to spoon-feeding a baby. However, this learning
approach emphasizes students actively pursuing the truth of their beliefs through
scientific methods, such as conducting experiments or making observations using
virtual laboratories or simulations. This type of learning process gradually cultivates
students' critical thinking abilities as they directly engage in it and actively seek to
refine their own notions. Research demonstrates that the use of multimedia in
discovery-based learning improves student learning outcomes. Utilizing multimedia
enhances students' skills to visualize and comprehend information, thereby facilitating
their acquisition of knowledge [22]. The use of multimedia-assisted discovery
learning models helps the learning process in the classroom. Learning becomes two-
way and more interesting [23]. To see the effect of multimedia-assisted discovery
learning, see Table 5 below.
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Table 5. N-Gain of Critical Thinking among Experimental Class Students

Critical Thinking Indicator Score N-Gain  Category

Identify 0.41 Medium
Analysis 0.57 Medium
Problem-Solving 0.42 Medium
Inference 0.69 Medium
Evaluation 0.33 Medium

Table 5 demonstrates the increase in each critical thinking indicator within the
medium group, indicating the positive effects of the applied learning on the student's
critical thinking skills in the subject of impulse-momentum. Various factors, such as
the recent introduction of new learning models and media, contributed to the limited
progress in students' critical thinking. Students were receiving their initial training in
critical thinking skills. Previously, the learning process consisted solely of
information transmission. Furthermore, utilizing multimedia modules in conjunction
with the discovery learning paradigm could serve as an additional approach to
improving students' critical thinking abilities. The discovery learning model has the
advantage of encouraging students' engagement and retention of topics through active
participation in conversations or activities with their peers. As a result, the use of
superior learning models and learning materials directly correlated with a more
substantial improvement in students' critical thinking abilities [24]. Other research
concludes that the use of discovery learning can increase students' learning motivation
so that their critical thinking skills also increase [25]. The use of media-assisted
discovery learning can train students' cognitive skills to find and solve problems and
can train students to learn independently [26]. Students enjoy learning when using the
multimedia module because there are interesting simulations and animations and it
can explain concepts they don't understand [27].

D. Conclusion

The data analysis and discussion outcomes suggest that the discovery learning
paradigm, enhanced by multimedia modules, positively influences students' critical
thinking abilities. Utilizing multimedia modules to facilitate exploration learning is
more efficacious than traditional classroom instruction. Students in classrooms that
utilize multimedia modules for discovery learning demonstrate enhanced critical
thinking skills, surpassing their critical thinking skills in traditional classes.
Specifically, the study demonstrates that students' critical thinking skills improve after
engaging in discovery learning with the assistance of a multimedia module. On
average, the improvement falls within the medium range. Furthermore, it is evident
that students display greater enthusiasm for learning when exposed to multimedia
modules because there are numerous captivating simulations. Nevertheless, it is
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important to acknowledge that utilizing this multimedia module necessitates a
significant amount of time for preparation and a comprehensive understanding of
technology.
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ABSTRACT

This study develops a two-tier diagnostic test instrument with Google Forms- to
measure student misconceptions about energy and energy forms. The
development research used the 4-D model with 4 stages: (1) define; (2) design;
(3) develop; and (4) disseminate. The researchers validated the product to
evaluate the construct, material, and language aspects. Expert validation results
declared the two-tier diagnostic test instrument very valid at 87.7%. The
researchers tested the two-tier diagnostic test instrument with Google form to
measure student misconceptions on 30 students and then analyzed using the
Rasch model with the assistance of Ministep 5.6.2 software. Based on the results
of the Rasch analysis, 20 valid items were obtained. The questions on the two-
tier diagnostic test instrument to measure student misconceptions were reliable,
with a Cronbach alpha value of 0.66, categorized as adequate. The final product
of the developed instrument met the standards of instrument validity and
reliability.

INTISARI

Penelitian ini bertujuan untuk mengembangkan instrumen tes diagnostik two tier
berbasis google form untuk mengukur miskonsepsi siswa pada materi energi dan
bentuk-bentuk energi. Penelitian pengembangan menggunakan model 4-D
dengan 4 tahapan yakni: (1) define; (2) design; (3) develop; (4) disseminate.
Validasi produk untuk menilai aspek konstruk, materi, dan bahasa. Berdasarkan
hasil validasi ahli instrumen tes diagnostik two tier dinyatakan sangat valid
sebesar 87,7%. Instrumen tes diagnostik two tier berbasis google form untuk
mengukur miskonsepsi siswa diujicobakan kepada 30 siswa dan selanjutnya
dianalisis menggunakan model Rasch dengan berbantuan software Ministep
5.6.2. Berdasarkan hasil analisis rasch diperoleh sebanyak 20 butir soal yang
valid. Soal-soal pada instrumen tes diagnostik two tier untuk mengukur
miskonsepsi siswa dinyatakan reliabel dengan nilai alpha Cronbach sebesar 0,66
pada kategori cukup. Produk akhir dari instrumen yang telah dikembangkan
telah memenuhi standar kelayakan instrumen yaitu valid dan reliabel.
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A. Introduction

Physics is the study of natural theories and concepts with human-interpreted
explanations. Learning concepts, using them to solve physics questions, and doing
science exercises are all crucial parts of studying physics [1]. Students find it
challenging to understand physics principles because most students cannot connect
between the learned materials and real-world applications. As a result, pupils make
conceptual mistakes and come up with substitute ideas that lead to misunderstandings.

Misconceptions refer to discrepancies between the understanding of physics and
the scientist’s perception of the world. One of the challenges associated with studying
physics is the presence of misconceptions, unnoticed by students [2]. The general
procedures to identify the type of misconceptions are important to prevent
misunderstandings such as identifying the cause, and choosing the best course of
action [3]. A diagnostic test is one tool for dispelling myths. As a result, the creation
of diagnostic exams that may gauge students' misconceptions is crucial to the
assessment procedure and identifying misconceptions. The importance of this
instrument development is crucial for SMAN 1 Kotabumi, which lacks a diagnostic
test tool in terms of energy materials and forms of energy.

A diagnostic test identifies the pupils' areas of material understanding difficulty
in a specific field of study. There are two types of diagnostic tests: cognitive and non-
cognitive [4]. Diagnostic tests provide a comprehensive picture of students' cognitive
preparation for learning, whereas non-cognitive diagnostics seek to ascertain students'
psychological and social well-being as well as their learning preferences,
personalities, and interests.

Education frequently uses technology, particularly for learning assessment and
media [5]. Assessments examine the extent of changes in student learning outcomes
and provide feedback to improve the learning process. The implementation procedure
for assessments in the form of tests continues to rely on paper and stationery to support
the assessment [5]. However, the high cost of money to duplicate questions and the
prolonged time to prepare the answer sheets make the paper test ineffective. On the
other hand, the implementation of the Internet for evaluation is excellent and useful
such as with Google Forms. The Google Form is one tool available on the Google
website for quizzing students or quickly and easily gathering information.

The capacity to do or create anything is known as energy [6]. Energy is necessary
for all life. Humans use energy to drive motorcycles, cars, airplanes, and other
vehicles in their daily lives since power can occur in these situations. Fitri &
Oktavianty [7] and Fujiyati [8] revealed misconceptions about the correlation between
effort and energy materials. Table 1 shows this matter.
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Table 1. Misconceptions of Work and Energy

Literacy Definition

Enterprises Correlation between effort, force, and displacement

Kinetic Energy
Correlation between an object's position and Kinetic energy

Potential Energy Correlation between potential energy and mechanical
energy
Law of Mechanical Energy Objects have different amounts of energy

Conservation

B. Method

This research and development created a diagnostic test instrument, consisting of
questions with five answer choices. The first tier of the test measures students'
misconceptions about energy and its forms. The second tier includes five choices of
reasons that correspond to the first-tier answers. The researchers collected the data for
this research using a Google Form. This research adopted Thiagarajan's 1974 4-D
model, comprising four distinct stages: 1) Define the process, including the necessity
analysis in terms of learners and learning objective; 2) Design the process, after the
creation of diagnostic test in the form of a two-tier test on various energy materials
and energy types; 3) Developing process, validating the materials by experts, revising,
promoting limited trial run, and end-product revising; 4) Disseminating process,
distributing products.

The data collecting instruments in this research included a questionnaire for
teacher necessity analysis and a sheet for expert validity testing. The data collection
strategies were obtaining data on validity and reliability test results. Three validators,
specifically two physics education lecturers and one physics subject instructor,
conducted the validation process. The researchers examined the data using a Likert
scale score consisting of four levels: 1, 2, 3, and 4.

Total score obtained

X 100% 1)

" Sum of the highest scores

Description:
P = feasibility percentage

Table 2. Result Criteria Percentage of Feasibility

Percentage Result Criteria

25% - 43.75% Invalid
43.76% - 62.50% Fairly Valid
62.51% - 81.25% Valid

81.26 % - 100% Very valid

Viyanti, et al., / The Development of the Two-Tier Diagnostic Test Instrument with Google Form to Measure
Student Misconceptions on Energy and Energy Forms | 24



The empirical validity test used the Rasch model with Ministep 5.6.2 software.
This Rasch model could determine the interaction between respondents, items, and
criteria for checking the suitability of items. Table 3 shows the item fit criteria.

Table 3. Item Fit Criteria

Percentage Criteria
25% — 43.75% Invalid
43.76% — 62.50%  Fairly Valid
62.51% - 81.25%  Valid
81.26 % — 100% Very valid

Cronbach Alpha formula is useful to determine the reliability of the Rasch model.
The researchers used the categories of reliability by the values of Cronbach Alpha.

Table 4 shows the criteria.

Table 4. Item Reliability and Person Reliability Criteria

Value Criteria
>0.94 Special
0.91-0.94 Very good
0.81-0.90 Good
0.67-0.80 Simply
>0.67 Weak

C. Result and Discussion

This research developed a two-tier diagnostic test instrument with Google Forms
to measure student misconceptions about energy materials and evaluate the validity
and reliability of various energy sources. The instrument product test was divided into
two stages: the defining stage, including both theoretical and empirical investigations.
The researchers conducted an empirical study at SMAN 1 Kotabumi to analyze the
necessity of certain factors by distributing a questionnaire to three teachers at the
school. The questionnaire comprised three analyzed aspects: the learning process, the
online platform, and instrument development requirements. The preliminary study
yielded field data that substantiated the research. Based on the questionnaire, the mean
score of the development was 0.64, indicating the necessity of developing a diagnostic
test instrument. Potential and present issues in the domain, specifically the failure of
teachers to assess students' comprehension levels and devise efficient learning
techniques, became the necessities of the development. The educators did not use
internet tools for conducting evaluations. Teachers encountered challenges when
using the two-tier diagnostic test instrument with Google Forms to assess student
misconceptions.

The second step was designing stage. The researchers determined the
instrument's structure in the design step by creating a two-tier diagnostic test
instrument based on the learning objectives. The researchers designed the diagnostic
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exam questions in a two-tier format, considering cognitive capacities derived from
Bloom's taxonomy and concepts associated with energy and its various
manifestations. The researchers divided the diagnostic exam questions into two tiers.
The first tier consisted of questions with five answer choices, while the second tier
with five corresponding options to the given answers in the first tier. Additionally, the
test instrument provided rubrics, scoring criteria, and recommendations for answering
questions. Therefore, the researchers divided the text into three sections: the first
section consisted of the cover, preface, table of contents, and rationale. The content
section consisted of a grid, instructions, instrument form, instrument rubric,
instrument scoring criteria, and instrument recapitulation. The last section of the text
comprised recommendations and a bibliography.

The next phase involved development. The stages of product development
included preparing test instrument parts, consisting of three components. Instrument-
shaped writing implements are digital assessments that include student identification,
guestion instructions, and 2-tier 20 multiple choice questions put on Google Forms.
The initial section comprises the personal information of the learners, while the
subsequent section encompasses the questions.

An expert conducted a rigorous validity test after designing the instrument. This
stage involved the evaluation of the instrument's validity by two highly
knowledgeable physics education professionals with a specialization on the
instrument development and also physics subject teachers. The evaluation covered
three key aspects: construct, material, and language. The researchers used quantitative
data in the form of Likert scale scores to assess the validity of the expert test results.
Then, the researchers measured three different elements using the Likert scale,
consisting of four response options: 1, 2, 3, and 4. Table 5 shows the results of the
validity test.

Table 5. Test Instrument Expert Validity Results

Aspect Expert Max  Assessment S
2 3  Score Percentage
Construct 27 30 30 36 80,3% Highly valid
Material 32 34 35 36 93,4% Highly valid
Language 9 10 12 12 89,6% Highly valid
Average assessment percentage 87,7% Highly valid

The validity test value from the constructed aspect is 80.3%, categorized as very
high [9], and is valid with minor revisions. The material aspect is 93.4%, categorized
as very high [9]; and is valid with minor revisions. The language aspect is 89.6%,
categorized as very high [9]; and is valid with minor revision. The researchers revised
the product based on the suggestions and improvements of the validator. After the
revision, the researcher conducted a field trial to test the empirical validity and
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reliability of the developed instrument. The researchers promoted the test after the
three validators declared the product was valid. Then, the researchers involved 30
students of X-2 at SMAN 1 Kotabumi.

Analysis of empirical validity or the level of item fit using the Rasch model with
the assistance of Ministep 5.6.2 software. Table 6 shows the results of the empirical
validity analysis.

Table 6. Item Fit Analysis on Diagnostic Test Instruments

Outfit PT-Measure Item
Measure
MNSQ  ZSTD Corr

5.05 0.97 0.25 0.69 S18
0.68 1.26 0.71 0.43 S1
032 0.87 -0.12 0.45 S10
0.23 0.94 0.5 0.42 S14
0.18 1.26 0.64 0.29 S12
0.09 0.98 0.14 0.37 S4
-0.15 1.17 0.48 0.29 S15
-0.21 0.94 0.11 0.33 S5
-0.31 0.72 -0.28 0.33 S2
-0.31 1.01 0.23 0.29 S20
-0.37 0.83 -0.7 0.31 S6
-0.37 1.02 0.24 0.29 S17
-0.43 1.23 0.54 0.24 S11
-0.43 1.04 0.28 0.27 S16
-0.49 0.82 -0.5 0.30 S3
-0.49 0.89 0.6 0.26 S8
-0.49 0.74 -0.19 0.30 S13
-0.84 0.83 -0.6 0.26 S7
-0.84 0.66 -0.38 0.30 S9
-0.84 0.71 -0.28 0.26 S19

The outfit mean squared (Outfit MNSQ) value is in the interval 0.66 <MNSQ>
1.38, indicating the accurate measurement of the product to assess the students. The
Outfit ZSTD value is -0.37<ZSTD>0.64, indicating the rational probability value of
the data. The PT Measure Corr value is in the interval 0.24 <PT Measure Corr> 0.69,
indicating the normal distribution of the data. Based on these three criteria, all items
met the Rasch model.

The obtained analysis on item fit is in the form of item suitability based on Bond
and Fox (2015): (1) the outfit mean square (MNSQ) value is accepted 0.5 < MNSQ <
1.5; (2) the Outfit Z-standard (ZSTD) value is accepted -2.0 < ZSTD < +2.0; (3) the
Point Measure Corr value is accepted 0.4 < Pt Measure Corr < 0.85. If the test item
meets at least one of the criteria, then the item or statement is applicable or valid.
Azizah and Wahyuningsih also explain the determination of fit items must at least
meet one of the criteria [10]. Based on these criteria, the items of the test instrument
met one of the conditions so that the instrument was valid.
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An instrument is reliable if the instrument shows the same results after being
repeatedly used [14]. Reliability validity analysis using Rasch model with the
assistance of Ministep 5.6.2 software. Table 7 shows the results of the empirical
validity analysis.

Table 6. Item Reliability and Pearson Reliability Analyses

Analysis Value  Question Conclusion
Person Reliability 0.88 1-20 Average reliability
Item Reliability 0.95

Alpha Cronbach 0.66

The INFIT MNSQ and OUTFIT MNSQ values increase by 0.98 and 0.94 because
these values are close to the ideal of 1.00 and INFIT ZSTD. The OUTFIT SZTD
values increase by 0.06 and 0.12 because these values are close to the ideal of 0.00,
so the reliability of the question items is excellent. Furthermore, the item reliability
value is 0.95, meeting the special criteria [11]. The grouping of respondents on the
item question is quite good, 4.27, indicating the capability of the item question to
measure respondents with low to high abilities. Respondents' interaction with the
question items is moderate because the Cronbach alpha value is 0.66, average. Tarigan
et al also explain that high or low reliability is empirically indicated by a number
called the reliability coefficient [12]. Based on item reliability, item reliability, and
Conbach's alpha value, the two-tier diagnostic test instrument is acceptable. This isin
line with Bond and Fox's statement that the item and respondent reliability index is
acceptable if it is more than 0.8 [15]. The last stage is dissemination. After the test
instrument is valid based on the experts and empirically valid and reliable, the
developed instrument was declared a standardized product.

D. Conclusion

The development resulted in a two-tier diagnostic test instrument based on
Google Forms, designed to measure student misconceptions about energy and various
forms of energy. The instrument includes a grid, instructions for use, an instrument
form, answer guidelines, and a score recapitulation. Experts declared the test
instrument valid in terms of construct, substance, and language. The Minister 5.6.1
software found the two-tier diagnostic test instrument, based on Google Forms, to be
empirically valid and reliable for measuring student misconceptions about energy and
forms of energy based on the empirical validity standards in the very valid category
and average category reliability.
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ABSTRACT

Learning media makes the teaching and learning process easier and increases
students' interest in learning. This development research developed a pop-up
book-based learning media on optical devices material for Senior High
School/lslamic Senior High School. This type of research is research and
development research. The development model used in this research is the 4D
model: define, design, develop, and disseminate. Product testing of pop-up book-
based learning media development applied validation from material experts and
media experts, subject teachers and student response questionnaires. Technical
analysis of data from the distribution of questionnaires was done by tabulating
data from each validator and calculating the percentage. Data collection
techniques use instruments in the form of interviews, sheets validation,
questionnaire, and pretest-posttest. The researchers analyzed the obtained data
using the formula for determine the percentage of product feasibility. Based on
the assessment results of 2 material experts, 2 media experts and 2 teachers, it
shows that pop up books are included in the very feasible category. Meanwhile,
the student response assessment was included in the very good response category
and the results of the effectiveness test showed the quite effective category.

INTISARI

Penelitian ini bertujuan untuk mengembangkan media pembelajaran berbasis
pop-up book pada materi alat-alat optik untuk SMA/MA. Jenis penelitian ini
adalah penelitian pengembangan research and developmen. Model
pengembangan yang digunakan pada penelitian ini adalah model 4D, yaitu
devine, design, develop, dan disseminate. Berdasarkan kebutuhan peneliti,
prosedur pengembangan 4-D pada penelitian pengembangan ini hanya sampai
pada tahap pengembangan (develop) dan di uji skala terbatas hal Ini karena
adanya pertimbangan keadaan, waktu, dan biaya. Pengujian produk
pengembangan media pembelajaran berbasis pop up book dilakukan melalui
validasi dari ahli materi dan ahli media, guru mata pelajaran dan angket respon
siswa. Teknis analisis data hasil penyebaran angket dilakukan dengan dengan
tabulasi data dari masing-masing validator dan menghitung persentasenya.
Berdasarkan hasil penilaian 2 ahli materi menunjukkan bahwa pop up book
termasuk dalam kategori sangat layak, dengan persentase 89%. Sedangkan untuk
hasil penilaian dari 2 ahli media menunjukkan bahwa pop up book termasuk
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dalam kategori sangat layak, dengan persentase 95%. Dan berdasarkan penilaian
dari 2 guru mata pelajaran menunjukkan bahwa pop-up book termasuk dalam
kategori sangat layak , dengan persentase 90%. Sedangkan penilaian dari respon
siswa termasuk dalam kategori respon sangat baik dengan persentase nilai 95%.
Dan dari hasil uji efektifitas menunjukan kategori cukup efektif dengan
persentase 67%.

A. Introduction

Education is a very important need for every human being to increase the quality
and sources of human energy so that they can keep up with the growth of the era and
improve their abilities. Along with technological advances, the era's needs and
demands for competencies that humans must have are increasingly developing. Along
with the rapid growth of science and technology, every country is required to produce
quality human energy sources. Education a process of developing each individual's
self that lasts a lifetime, including the family environment, school environment, and
community environment [1]. The teaching and learning process is a mechanism by
schools to carry out the function of educational facilities. In the teaching and learning
process, one of the teachers' abilities is to prepare varied learning media. Professional
teachers not only need to prepare lesson materials, but are also required to be creative
in using and developing learning media. According to Supriatna, creative teachers can
develop imaginative designs by planning how the learning process will occur and how
students will be involved in the learning process [2]. Learning media will facilitate
interaction between teachers and students so that learning activities will be more
effective and efficient. Learning media is an important factor in improving the quality
of learning. Learning media functions to simplify complex concepts so that they can
be easily digested, Apart from that, the absorption capacity of the five different human
senses will be maximized if you combine the senses of sight, hearing and touch with
appropriate media [3]. The learning media created must also be able to arouse
students' curiosity. If you only listen to verbal information from the teacher, students
will not understand the lesson well. Learning will be more meaningful if students are
involved in seeing, touching, or experiencing it themselves through the media.

Muchlisa explains the implementation of pop up box media in physics subjects
improved students’ mean scores, effectively used in learning [4]. Apart from
increasing the effectiveness of learning, pop-up media can also increase student
learning motivation. Nurlaelah on the subject of light among junior high school
students also found the effectiveness of pop-up book implementatio [5]. Kusuma
regarding the feasibility of developing pop-up media in physics subjects showed
feasible and useful results [6]. Therefore, Pop-up Books are applicable in physics
learning to convey the content of learning material, Pop-up Books are a visual medium
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that displays book pages containing three-dimensional information when opened,
which are easy to understand. and easy for readers to understand.

Sutrisno explains physics learning should develop students' science process
skills, seen as creative activities in an open attitude [7]. Hernawan [8] explains
learning media is a component that plays a role in learning to facilitate students'
understanding of concepts or processes. In this case, the media can play a role in
replacing objects, symptoms of real events become something that students can
observe in the classroom [8]. Therefore, learning media could facilitate the learning
process and increase students' understanding.

Based on the results of an interview conducted with one of the teachers at
Madrasah Aliyah (MA)/Islamic Senior High School Mualimat Nahdlatul Wathan
Diniyah Islamiah (NWDI) Pancor, many students argued that physics subject is
difficult to understand, and sometimes boring, so that not a few students have
difficulty understanding it. The applied learning media is also less varied, and some
students are always sleepy because physics lessons are always placed in the last hour
before noon. The applied media is in the form of textbooks containing material and
less attractive pictures. These make students less interested in reading. Based on the
description, this research will focus on developing Pop-Up Book-based learning
media for class XI students of MA Mualimat NWDI PANCOR.

B. Method

This Research & Development produces a product in the form of a Pop Up Book
on Optical Instruments material and examines the effectiveness of the product [9].
This research also examines the product feasibility and effectiveness to develop and
validate existing products or new products based on user needs analysis. The applied
model in the research is the Four-D (4-D) development research model. This model
consists of four stages, namely: define, design, development and dissemination.

Product trials were carried out by 2 material experts, 2 media experts and 2
subject teachers to determine the feasibility level of the product being developed. A
limited trial was carried out by class XI Science students at MA Mu'allimat NWDI
Pancor to find out user responses to the Pop Up Book product. The researchers
collected the data with interviews, validation sheets, questionnaires, and pretest-
posttest. The product eligibility criteria based on the percentage obtained are
determined as follows.

Tabel 1. Eligibility Criteria
Score in percentage (%)  Eligibility Criteria

<21% Unworthy
21 - 40% Not feasible
41 - 60% Average

61 — 80% Worthy
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Next, the percentage of the results of filling out the response questionnaire by
students is determined using the following formula.

pP= % X 100% (1)

Description

P = percentage of respondents’ answers
F = number of respondents' answers

N = the sum of all ideal scores

Using a Likert scale with number 1 as the lowest score and number 5 as the
highest score, the researchers determined the responses with these criteria.

Table 2. Conversion of Student Response Questionnaire Scores

Score Eligibility Criteria
0% - 20% Not responsive
21% - 40% Lack of response
41% - 60% Average response
61% - 80% Adequate response
81% - 100% Excellent response

C. Result and Discussion

The R&D produces a product in the form of pop-up book learning media using
the 4D model. The carried stages out are: define, design, develop, and disseminate.
During the definition stage, the researchers identified and analyzed problems using a
beginning-to-end analysis and set learning objectives. The findings from this
definition stage revealed problems that necessitated the development of learning
media. At the design stage, there are several steps, such as selecting material, writing
the contents of the pop-up book, and determining the details of the material presented
in the pop-up book. The researchers arranged the pop-up book's contents to determine
its design outline, encompasing the cover, foreword, table of contents, fundamental
principles, learning objectives, concept map, a portion of the material's content,
practice questions, summary, glossary, and bibliography.

After revisions by material experts, media experts, and subject teachers, the
development stage produced a finished product in the form of a pop-up book. Material
experts, media experts, and subject teachers validated the pop-up book to identify its
shortcomings. Material experts, media experts, and subject teachers validate the pop-
up book and then provide comments and suggestions, leading to the subsequent
revision stage. We made revisions to refine and improve the pop-up book. The pop-
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up book underwent testing on class XI Science 1 MA Mu'allimat NWDI Pancor
students after the revision stage concluded. The researchers conducted a pop-up book
trial to measure the students' reactions to the developed pop-up book, and the
researchers also conducted a pretest-posttest to evaluate the efficacy of the pop-up
book learning medium on optical instruments.

Table 3. The Development Test Data

Assessment Aspects Percentage score Category
Material expert 89% Very worthy
Media expert 95% Very worthy
Subject teachers 90% Very worthy
Student response 95% Very excellent
response
Posttest-pretest 67% Quite effective

The research results indicate that pop-up book-based learning media received an
89% rating from material experts. Media experts get a percentage of 95%, and subject
teachers get a percentage of 90%. According to student responses, pop-up book-based
learning media received a percentage score of 95%. Meanwhile, the pretest-posttest
question sheet get a score of 67%. The result indicates that the pop-up book learning
medium falls into the "appropriate™ category for student use.

Putri's research, involved developing pop-up book media for third grade
elementary school students, yielded similar results [10]. Modeong's research, focused
on creating pop-up cards for VSD class students, yielded similar outcomes [11].
Setyaningrum's research delves into literature studies, demonstrating the potential of
pop-up book media as a medium in the aftermath of the COVID-19 pandemic [12].
Hamzah's research, developed pop-up book media for class IV islamic elementary
school students, falls into the category of suitable use [13]. 1zzah's literature study on
the use of pop-up book media revealed its suitability in fostering student curiosity,
with elementary school students in grades I, I, and 11l achieving minimum standard
mastery scores higher than average [14]. Suroiha conducted another study on the
development of pop-up media to train students' critical thinking skills. The resulting
pop-up book medium was suitable for use and could improve students' critical
thinking skills [15].

Based on the results of a review of the research conducted, the feasibility of pop-
up learning media from various development results shows a high level of creativity
on the part of the authors. There are many difficulties to go through, step by step, in
producing quality and useful products. Based on a series of development stages
carried out, it demonstrates the authors' high motivation to produce quality products
that are suitable for use. The researchers hope that this development will inspire other
researchers to persist in creating high-quality and useful educational products.
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D. Conclusion

The researchers draw the following conclusions based on the research and
discussions conducted. Firstly, the outcomes of this research and development involve
the creation of a pop-up book-based learning medium, utilizing a 4D model that
encompasses 4 development stages: define, design, develop, and distribute. We
developed a printed and shaped pop-up book in F4 size, containing material
information and images. We created this pop-up book using Canva. We present this
pop-up book in an engaging manner to pique students' interest in reading and utilizing
it as a learning tool. According to criticism and suggestions from validators, pop-up
book media is excellent to use. Secondly, the data analysis and discussion results
indicate that material experts, media experts, and subject teachers deem pop-up books
suitable for use. Additionally, the assessment of pop-up book students yields excellent
responses, confirming the suitability of these books for use. The assessment results
from material experts were 89%, those from media experts were 95%, and those from
subject teachers were 90%. These scores fall within the range of 81-100%, indicating
their feasibility, while the student response questionnaire yielded a percentage of 95%
within the same range. This indicates that it falls into the category of outstanding
responses. Thirdly, Pop-book-based learning media utilized on optical instruments.
The developed material exhibits significant effectiveness. An increase in the pretest-
to-posttest value from the N-gain percentage value of 67%, which falls into the quite
effective category, proves this.
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ABSTRACT

Student learner-centered creates interaction and activeness of teaching and
learning activities in the classroom. Students can play an active role in learning
by using Problem-Based Learning (PBL) based student worksheets. This study
aims to 1) Know the results of the development of student worksheets Problem-
Based Learning (PBL) on optical instrument material, 2) Know the
quality/feasibility of student worksheets Problem-Based Learning (PBL) on
optical instrument material, 3) Know the response of students to student
worksheets Problem-Based Learning (PBL) on optical equipment material. This
research is a Research & Development using 4D development procedures by
Thiagarajan. The development phase includes define, design, develop, and
disseminate, but this research is limited to the develop stage by conducting
limited and field tests. The product developed is a student worksheet based on
Problem Based Learning (PBL) on optical instruments for high school students.
The quality of student worksheets based on Problem-Based Learning (PBL) on
optical instrument material for Senior High School class XI which was
developed based on the assessment of material experts, media experts and
physics teachers obtained Very Good (VG) criteria. The response of students to
student worksheet in limited trials and field trials obtained Very Good (VG)
criteria. These results show that student worksheets based on Problem-Based
Learning (PBL) can be used as teaching material in the learning process on
optical instrument materials.

INTISARI

Pembelajaran yang berorientasi pada peserta didik mendorong terciptanya
interaksi dan keaktifan kegiatan belajar mengajar di kelas. Peserta didik dapat
berperan aktif dalam pembelajaran dengan menggunakan Lembar Kerja Peserta
Didik (LKPD) berbasis Problem Based Learning (PBL). Penelitian ini bertujuan
untuk 1) Mengetahui hasil pengembangan LKPD Problem Based Learning
(PBL) pada materi alat optik, 2) Mengetahui kualitas/kelayakan LKPD Problem
Based Learning (PBL) pada materi alat optik, 3) Mengetahui respon peserta
didik terhadap LKPD Problem Based Learning (PBL) pada materi Alat Optik.
Penelitian ini merupakan penelitian pengembangan (Research & Development)
menggunakan prosedur pengembangan 4D oleh Thiagarajan. Tahap
pengembangan meliputi define (pendefinisian), design (perancangan), develop
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(pengembangan), dan disseminate (penyebaran), namun penelitian ini dibatasi
sampai tahap develop (pengembangan) dengan melakukan uji coba terbatas dan
uji luas. Hasil penelitian ini adalah LKPD berbasis Problem Based Learning
(PBL) pada materi alat optik untuk peserta didik SMA/MA. Kualitas LKPD
berbasis Problem Based Learning (PBL) pada materi alat optik untuk SMA/MA
kelas XI yang dikembangkan berdasarkan pada penilaian ahli materi, ahli media
dan guru fisika memperoleh kriteria Sangat Baik (SB). Respon peserta didik
terhadap LKPD pada uji coba terbatas dan uji coba luas mendapatkan kriteria
Sangat Baik (SB). Hasil tersebut menunjukkan bahwa LKPD berbasis Problem
Based Learning (PBL) dapat digunakan sebagai bahan ajar dalam proses
pembelajaran pada materi alat optik.

A. Introduction

Physics is a natural science that studies the nature, phenomena, and interactions
of nature that have a significant impact on human life. However, physics is still
considered difficult because of the many abstract equations and concepts, as well as
the boring and incomprehensible learning traits of students [1]. The purpose of
learning physics is to not only help students comprehend concepts and principles, but
also to enhance their knowledge and confidence, preparing them for higher education.
Additionally, students can learn life-enhancing science and technology.

Current learning still focuses on teachers as central figures in the educational
process. In fact, the curriculum requires learner-centered learning to enhance students'
active participation in the classroom [2]. One of the learning models that fosters
student activeness is problem-based learning (PBL) [3]. Problem-Based Learning
(PBL) presents students with real-life problems in order to encourage them to be more
active and cooperative in collecting information, fostering independence, and
developing critical thinking skills [4]. The implementation of this model requires
guidelines containing activities to solve a problem in the form of teaching materials,
namely Student Worksheets [5]. Teachers expect student worksheet to enhance
students' critical thinking skills, information analysis, and ability to compile activity
results [6]. student worksheet are student work guidelines that can facilitate the
implementation of learning so that students master certain competencies. student
worksheet is a tool that can help students understand concepts and build on the
knowledge gained to create a positive learning environment [7].

An interview with a physics teacher at SMA N 10 Purworejo revealed that
students still struggle with optical instruments, particularly loupes and binoculars. The
most difficult part is determining magnification with a microscope and binoculars.
This is due to the memorization of concepts and calculations, rather than a thorough
understanding. The limited availability of optical instruments in schools has led to a
learning process that primarily focuses on theoretical concepts. In fact, optics is part
of physics that is close to everyday life [8]. Students still need a direct picture of
optical instruments, such as binoculars' original shape. Teachers still use teaching
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materials like text books and student worksheets, but they haven't utilized them to
their full potential. Student worksheet contains concise material and practice questions
that are not mastered by students, so they are unable to solve inquiries well. In
addition, the physics teacher at SMA N 10 Purworejo reports that students exhibit a
preference for the approach that facilitates problem-based learning. This is supported
by Hendrayani's research [9], which shows that problem-based learning (PBL)
effectively gives learners the freedom to work through their own problems and
conduct research so as to improve their understanding of concepts.

The distribution of guestionnaires to students at SMA N 10 Purworejo reveals
that the use of teaching materials (textbooks and student worksheet) in physics
learning has not reached its full potential. The Student worksheet used in physics
learning is colorless and less attractive, so students feel bored with it. The lack of
completeness in the presentation of optical instrument material in student worksheet
causes difficulties for students in understanding the concepts taught. Additional
problems arise because the level of difficulty of the practice questions given by the
teacher is not in line with the example questions contained in the textbook and Student
worksheet, making it difficult for students to do them. When the teacher presents
material solely based on similarities, students often memorize it without
comprehending the concepts, leading to easy forgetting. In addition, students consider
optical instrument material to be one of the more difficult materials, especially in
determining shadow formation and calculating magnification in optical instruments.
Due to the limited availability of optical instruments and the infrequent practicum
activities, students often struggle to understand the material and struggle to solve
problems related to their daily lives.

Based on the observations, the student worksheet was colorless, limited
compatible images with optical instrument materials such as loupes, binoculars,
microscopes, and cameras. student worksheet contains a design for an experiment to
find the correlation between distance, shadow distance, and focal distance in convex
and concave lenses, but there are no experimental steps. This prevents students from
conducting experiments on student worksheet, thereby reducing their proficiency in
using optical instruments.

The aforementioned issues demonstrate the need for teaching materials that not
only facilitate learning but also cater to the specific needs of students when it comes
to physics instruction on optical instruments. Additionally, we anticipate that these
materials will aid students in comprehending the subject matter. The focus of this
research will be the "Development of student worksheet Based on Problem-Based
Learning (PBL) on Optical Instruments Materials."
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B. Method

This research employs the research and development (R&D) method to develop
new products. Thiagarajan [10] introduced the 4D model, comprising four stages:
define, design, develop, and disseminate. In this study, the stages of product
development are limited to the development stage, the extensive trials. The
development research culminated in the creation of a student worksheet by utilizing
problem-based learning (PBL) on optical instrument material.

The researchers used non-test instruments such as interview sheets, questionnaire
sheets, instrument validation sheets, program validation sheets, assessment sheets,
and student response sheets for data collection. This study yielded two types of data:
qualitative and quantitative. Qualitative data includes input and suggestions from the
validation and assessment process (material experts, media experts, and physics
teachers). Material experts, media experts, and physics teachers combine guantitative
data, or numerical data from measurements or observations, with qualitative data on
the assessment sheet for evaluation.

The applied data analysis is qualitative and quantitative. Qualitative descriptive
data analysis describes the results of interviews and advice from experts [11]. Expert
validation, expert assessment, and student responses to the developed product serve
as the basis for quantitative descriptive data analysis, which determines the level of
product quality [11]. The researchers carried out quantitative descriptive data analysis
by processing data in the form of numbers obtained through questionnaires.

The validation instrument used by media experts and material experts is a
guestionnaire with questions compiled by the researcher himself. Calculating validity
with Aiken's V [12] according to equation 1:

= (’:‘fl)] withs = r— [, (1)
Information:
Lo = Lowest scoring score
c = Highest scoring score
r = Score given by the rater
n = Number of experts assessing

Table 1. Average Score Percentage Criteria

Score Percentage (V) Criteria
V<0,5 Invalid
V>0,5 Valid
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Product eligibility is assessed using a Likert scale with a maximum score of four
and a minimum score of one. The final score is generated by summing all indicator
scores and then averaging them to establish the percentage of product viability [13].
Table 1.2 shows the range of assessment scores. Equation 2 is used to calculate the
average assessment score from physics experts and teachers [14].

Xaverage = % 2
Information:
Xaverage = Average score
¥ x = Total score obtained from research
N = Number of Assessors
n = Number of questions

Table 2. Criteria for Average Percentage Score

Percentage Criteria
1,00-1,75 Very Not Good (Poor)
1,76 — 2,50 Low Good (Under average)
2,56 — 3,25 Good (Excellent)
3,26 — 4,00 Very Good (Extremely Excellent)

Student response scoring is assessed using a Likert scale with a maximum score
of four and a minimum score of one. To analyze the response of learners can use
equation 3. The results of the percentage of learner responses are then interpreted in
gualitative statements based on table 2.

C. Result and Discussion

This development research produces teaching materials in the form of student
worksheet based on Problem-Based Learning (PBL) on optical instrument materials.
This research uses Thiagarajan's 4D model (define, design, development, disseminate)
and is limited to the development stage with extensive testing. The define stage is the
first step to determine the needs of the learning process and analyze it appropriately.
Needs analysis was obtained from teacher interviews and dissemination of
preliminary study questionnaires to students.

The second stage is design with three main activities, namely media selection,
format selection and product initial design. First, media selection identifies the right
learning media with the characteristics of the material and according to the needs of
students. Second, in choosing the format of teaching materials that are adjusted to the
results of needs in the form of student worksheet based on Problem-Based Learning
(PBL) on optical tool materials. The sections of student worksheet are adapted from
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Elfina & Sylvia's research [15], including the title of student worksheet, subjects to be
taken, semesters, places, study instructions, competencies to be achieved, learning
indicators, supporting information, tools and materials in working on student
worksheet, work steps, and assessments. Third, namely the preparation of the initial
design of the product. The initial design of student worksheet is prepared in Canva
and the steps of student worksheet activities based on Problem-Based Learning (PBL).
In the manufacture of student worksheet products with instructions for use,
experimental activities, and pictures of optical instruments.

The third stage is development with two activities, namely expert appraisal and
developmental testing. Expert appraisal is an activity to validate and assess the
feasibility of product design carried out by experts in their fields. For example, its
activities are validation and assessment of product development. Developmental
testing is a product design trial activity that involves actual subjects. Examples of
activities are student response tests.

The development stage includes validation to create a final product that
undergoes validity testing. The validation stages include instrument validation and
student worksheet product validation. Instrument validation involves two instrument
experts, and student worksheet product validation involves two material experts and
two media experts. The instrument validation results are declared. The instrument is
declared valid with an Aiken's V coefficient value of 0.90. This suggests that future
use of the instrument is possible. In the expert validation phase, the material comprises
21 statements that address various aspects such as core competencies and basic
competencies, the veracity of a concept or material, language and writing skills,
presentation systematics, and problem-based learning (PBL). The media validation
consists of 11 statements covering the display aspect. The material expert validation
results are as follows:

Table 3. Material Expert Validation Results

Aspect Aiken’s V. Criteria

Material Aspect with KI and KD 1.00 Valid
Aspect of The Truth of A Concept/Material 0.91 Valid
Aspect of Language and Writing 0.95 Valid
Supporting Aspects of Learning Materials 0.88 Valid
Aspect of Presentation Systematics 1.00 Valid
Aspect of Problem-Based Learning (PBL) 1.00 Valid
Average 0.96

Table 4. Media Expert Validation Results

Aspect Aiken’s V Criteria
Display Aspect 0.92 Valid
Average 0.92
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Product quality assessment determined whether the revised product 1 was
feasible or not based on the assessment of material experts, media experts and
teachers. The following are the results of material expert assessments, media expert
assessments and teacher assessments.

Table 5. Material Expert Assessment

Aspect Aiken’s V Criteria

Material Aspect with KI and KD 3.67 Very Excellent
Aspect of The Truth of A Concept/Material 3.25 Excellent
Aspect of Language and Writing 3.00 Excellent
Supporting Aspects of Learning Materials 3.33 Excellent
Aspect of Presentation Systematics 3.25 Excellent
Aspect of Problem-Based Learning (PBL) 3.21 Excellent
Average 3.21

Table 6. Media Expert Assessment

Aspect Aiken’s V Criteria
Display Aspect 3.36 Very Excellent
Average 3.36

Table 7. Teacher Assessment

Aspect Aiken’s V Criteria
Material feasibility aspect 4.00 Very Excellent
Aspect of material accuracy 4.00 Very Excellent
Aspects of material presentation 3.66 Very Excellent
The graphic aspect 3.66 Very Excellent
Aspect of Problem-Based Learning (PBL) 4.00 Very Excellent
Average 3.83

Problem-based learning (PBL) products, developed by material experts, media
experts, and physics teachers, undergo a quality assessment stage. The researchers
conducted both limited and extensive trials as part of the trial process. Here are the
results of limited and extensive trials.

Table 8. Limited Trials

Aspect Aiken’s V Criteria
User Friendly Aspect 341 Very Excellent
Display Aspect 3.38 Very Excellent
Average 3.39
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Table 9. Extensive Trials

Aspect Aiken’s V Criteria
User Friendly Aspect 3.24 Excellent
Display Aspect 3.13 Excellent
Average 3.18

D. Conclusion

This research generates a student worksheet that utilizes problem-based learning
(PBL) with an emphasis on optical instrument materials. The developed student
worksheet, based on Problem-Based Learning (PBL), exhibits a very excellent quality
(VG) rating proved by the assessment of material experts, media experts, and physics
teachers, with the obtained category of Very Excellent (VG) with means of 3.56, 3.28,
and 3.86. Student responses to the student worksheet based on Problem-Based
Learning (PBL), developed in limited trials and broad trials, fall under the Very
Excellent (VG) criteria based on the mean scores: 3.4 in limited trials and 3.2 in
extensive trials.
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ABSTRACT

The limited facilities in the laboratory are an obstacle for students in carrying
out practicums. The material on momentum and impulse is considered
complicated by students, this is due to the limited use of printed books as the
only teaching material in the physics learning process. Therefore, it is necessary
to use additional teaching materials in the form of E-Student Worksheet to help
students understand the concepts of momentum and impulse. This research has
two main objectives, namely to design an E-Student Worksheet design assisted
by PhET Simulation and to determine the feasibility of the e-worksheet. Making
E-Student Worksheet with the help of PhET Simulation is used as an interactive
learning animation simulation to deepen understanding and increase students'
interest in physics. The E-Student Worksheet development process assisted by
PhET Simulation follows the model developed by Alessi and Trollip, which
consists of three stages: (1) Planning, (2) Design, and (3) Development. The
result of this research is E-Student Worksheet assisted by PhET Simulation
which focuses on momentum and impulse material. Determining the suitability
of the product is carried out through validation by media experts and material
experts, with the percentage of media expert validation reaching 94.37%, and
material expert validation reaching 93.14%. Based on these results, it can be
concluded that E-Student Worksheet is very suitable for teaching material in the
learning process.

INTISARI

Permasalahan keterbatasan fasilitas di laboratorium menjadi kendala bagi
peserta didik untuk melakukan praktikum. Materi momentum dan impuls
dianggap rumit oleh peserta didik, hal ini disebabkan oleh keterbatasan
penggunaan buku cetak sebagai satu-satunya bahan ajar dalam proses
pembelajaran fisika. Oleh karena itu, diperlukan penggunaan bahan ajar
tambahan berupa E-LKPD untuk membantu peserta didik memahami konsep
momentum dan impuls. Penelitian ini memiliki dua tujuan utama, yaitu untuk
merancang desain E-LKPD berbantuan PhET Simulation dan untuk mengetahui
kelayakan E-LKPD tersebut. Pembuatan E-LKPD berbantuan PhET Simulation
digunakan sebagai simulasi animasi pembelajaran yang bersifat interaktif,
sehingga akan memperdalam pemahaman dan meningkatkan minat peserta didik
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terhadap ilmu fisika. Proses pengembangan E-LKPD berbantuan PhET
Simulation mengikuti model yang telah dikembangkan oleh Alessi dan Trollip,
yang terdiri dari tiga tahap: (1) Perencanaan (Planning), (2) Perancangan
(Design), dan (3) Pengembangan (Development). Hasil dari penelitian ini adalah
E-LKPD berbantuan PhET Simulation yang fokus pada materi momentum dan
impuls. Mengetahui kelayakan produk dilakukan melalui validasi oleh ahli
media dan ahli materi, dengan persentase validasi ahli media mencapai 94,37%,
dan validasi ahli materi mencapai 93,14%. Berdasarkan hasil tersebut dapat
disimpulkan bahwa E-LKPD ini extremely feasible digunakan sebagai bahan
ajar dalam proses pembelajaran.

A. Introduction

The teaching style of an educator has a significant impact on the readiness and
ability of students to absorb the material. The responsibility of an educator involves
managing the classroom and enjoyably delivering lessons. Efforts are being made to
ensure that the knowledge provided can be effectively applied in everyday life [1].
Interest in the learning process is a psychological factor that influences every
individual during the learning process. When students have a high interest in learning,
engagement in the learning process arises naturally from within themselves [2].
Learning media is important to implement in the classroom so that learning activities
develop and have a positive impact on the quality of education [3]. The use of media
such as videos and animations can provide a more enjoyable and engaging learning
experience for students. The use of various media can support the learning process by
presenting information in an interesting way that captures students' attention.
Sometimes, computer simulations can also serve as a substitute for direct experiments
in the laboratory. Conducting experiments is an important part of learning science [4].

The challenges due to the limitations of laboratory equipment pose a serious
obstacle in conducting practical learning in schools. Thus, many teachers cannot carry
out practical activities, and this can hinder the learning process of students in an
optimal way. To address this issue, teachers can use virtual laboratories as an
alternative to school laboratories. The author proposes the utilization of a site called
PhET Simulation. PhET Simulation offers various laboratory simulations within the
context of online learning.

Based on the necessity analysis and difficulties of the students on February 3,
2023, at Muhammadiyah 09 High School in Kualuh Hulu, Kualuh Hulu district,
Labuhan Batu Utara Regency, North Sumatra Province. The questionnaire results
indicated that physics learning in schools still relied solely on printed books without
any practical work so the students could not understand the material explained by the
teacher. Students also wanted to conduct practical work in the laboratory, but due to
limited practical equipment at school, the researcher offered to carry out the practical
work using PhET Simulation.
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Several previous studies reveal that PhET simulation encourages students to be
more enthusiastic in the learning process. Rizky Nafaida et al. found that the average
score percentage of 85.91 among students indicates feelings of happiness and
increased interest in the PhET-based learning process [5]. Siti Ita Masita et al. found
that PhET simulation could enhance students' understanding of physics concepts [6].

Previous research found Student Worksheet was crucial in the learning process
and suitable for improving mastery of the material. Melva Oktavia et al. found that
teaching materials such as Student Worksheet and learning media were essential for
the learning process in schools. One of them is the Student Worksheet based on PhET
simulation [7]. Hantika and Supahar found the effectiveness of the REACT-based
Student Worksheet assisted by PhET Simulation for improving the mastery of
material and science process skills of eleventh-grade students [8].

Student Worksheets are usually in printed form. Along with the development of
technology, many innovations in the presentation of Student Worksheet by adopting
an electronic format are available, known as e-worksheet, to support learning
activities. The developed e-worksheet would be packaged in the form of descriptive
text, images, and videos. This e-worksheet is created in Microsoft Word, converted to
PDF, and then transformed into an electronic book or FlipBook using the Flip PDF
Corporation application.

This research has two main objectives: to design the e-worksheet assisted by
PhET Simulation and to determine the feasibility of the e-worksheet. The creation of
the e-worksheet assisted by PhET Simulation serves as an interactive learning
animation simulation, which will deepen students' understanding and increase their
interest in physics. The process of developing e-worksheet assisted by PhET
Simulation follows the model developed by Alessi and Trollip, which consists of three
stages: (1) Planning, (2) Design, and (3) Development.

B. Method

Research and development methods are defined as a research approach to
produce specific products and examine the effectiveness or potential of those products
[9]. Research and development serve to validate the accuracy and develop educational
materials in the form of e-worksheets [10]. The applied development model in this
research is the Alessi and Trollip model. The Alessi and Trollip Development Process
consists of three important phases: Planning, Design, and Development [11].

The research location was at Muhammadiyah 09 Kualuh Hulu High School. The
study was conducted in February 2023 by distributing questionnaires to students and
teachers and conducting interviews with subject teachers. This research validated the
sustainability of the developed products. This test involved three media experts,
namely a lecturer in Electrical Engineering Education, and three subject matter
experts, the lecturers in Physics Education from the Faculty of Tarbiyah and Teacher
Training at UIN Ar-Raniry Banda Aceh.
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The types of obtained data in this research consist of two types: qualitative data
and gquantitative data. The qualitative data is derived from initial observations,
critiques, and suggestions from media experts and content experts. Several
suggestions were made for product improvement during the revision stage.
Quantitative data was collected through the completion of assessment questionnaires
by validators, aimed at determining whether the product is suitable for trial and can
be used as supplementary teaching material in the learning process. The research
instrument used is a validation sheet by validators. The validation sheet is a collection
of statements aimed at obtaining critiques, suggestions, and corrections regarding the
developed product.

The researchers analyzed the data to determine the feasibility of the product
developed by the validator using a Likert scale questionnaire. The response
questionnaire for this feasibility assessment has 5 evaluation criteria, such as: "very
feasible,” "feasible,” "sufficiently feasible," "less feasible," and "not feasible." Each
has a different score that indicates the level of feasibility. The total assessment score
can be calculated using the formula (1):

X
P= ZZ—X x 100% 1)

Remarks :

P = Percentage of each criterion

»'X = the obtained score of each aspect
»'X; = the maximum score of each aspect

Table 1 shows the feasibility criteria of the obtained results.

Table 1. The Criteria of the Feasibility Percentages [12]

The Criteria of The Degree of
Feasibility Percentages Feasibility
81%-100% Extremely Feasible

61%-80% Feasible

41%-60% Averagely Feasible
21%-40% Less Feasible
<20% Not Feasible
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C. Result and Discussion

Result

The results of the development research conducted by the researchers produced
a product in the form of an e-worksheet assisted by PhET Simulation. Researchers
collected data from Muhammadiyah High School 09 Kualuh Hulu. The analysis of
necessity and difficulties in developing teaching materials was conducted with
students and teachers by interviewing the subject teachers. Meanwhile, the product
trial was conducted by three expert lecturers in media and content. The e-worksheet
assisted by PhET Simulation is accessible online or offline once the file is
downloaded.

Before conducting the research, the researcher distributed questionnaires to
students and teachers and also conducted interviews with subject teachers to
understand the importance of providing additional teaching materials in the learning
process. The results of the interview indicate that during physics lessons, students
desire real practical work in the laboratory. However, due to the limitations of
laboratory equipment, in this case, the researcher proposes conducting the practical
work using PhET Simulation. This is also supported by the availability of facilities at
school, such as underutilized computers that could be optimized for virtual practical
applications. Meanwhile, the results of the questionnaire analyzing the difficulties
with the material found that students were struggling to understand the concepts of
momentum and impulse because they only studied from printed books without any
practical exercises. Thus, they could not grasp the material explained by the teacher.
On the other hand, momentum and impulse are concepts that exist in everyday life
[13]. Therefore, students are required to be able to analyze and think logically about
these concepts [14]. The results of the questionnaire also indicate that students need
teaching materials in the form of e-worksheets. The following are the components
included in the e-worksheet such as:

Here are the components of the e-worksheet:

a. Cover

The cover page displays text and images; the text includes the main title of the
teaching material, the identity of the material developer, the identity of the institution,
and the name of the supervising lecturer. The images include the PhET Colorado Edu
logo, an animation of a car crash, and images of impulse and momentum. Figure 1
shows the cover page.
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E-LKPD FISI

Berbasis Virtual Laboratorium Simulasi PhET

MOMENTUM DAN IMPULS

Tingkat SMA/MA

Figure 1. The Cover Page

b. The Preface Page

The display of the preface consists of the e-worksheet descriptions and the rear
part of the preface has the author’s expectation toward the developed e-worksheet.
c. The Content Page

The display of the content page consists of the materials of the e-worksheet, and
the function to show the page sites of the e-worksheet parts. Figure 2 shows the

content page content.

DAFTAR ST

KATA PENGANTAR
DAFTAR IS

DAFTAR GAMBAR
DAFTAR TABEL
PENDAHULUAN
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Figure 2. The Content List Page

d. The Figure List Page
The figure list page consists of the figures of the e-worksheet to show the page
sites of the figures in the e-worksheet.
e. The Table List Page
This page shows the parts of the tables in the e-worksheet, the function to show
the page sites of the table parts.
f.  The Introduction
This page consists of the e-worksheet identity, core competence, indicator of the
achieved competence, learning objective, and guidance to use e-worksheet. The core
competence was arranged based on the ministerial regulation of the Educational and
Cultural Ministry number 37 in the year 2018. The elaborated core competence 3.10
and 4.10 include 17 indicators of achieved competence. Figure 3 shows the

introduction page.

PENDAHULUAN

>

. Identitas E-LKPD

E-worksheet
Identity

Core
Competence

Indicators of
Achieved
Competence

(a) E-worksheet identity, Core competence, and Indicators of Achieved
Competence
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4104 Melakukan percobasn mmbakan lenting sempuna, lenting

- Petunjuk Pengerjaan £-LKPD
1. Ddukl

Lelompok Faru

4107 Mdl
PHET

4108 Menyelidiki karakteristik impuls.

4109 hasil percobaun impuls der dia simulasi

(b) Learning Objectives (c) The Guidance to Use e-Worksheet
Figure 3. The Introduction Page

g. The Mapping Page of the Materials

The mapping page about the materials consists of material grouping for the tenth,
eleventh, and twelfth grades of SHS and ISHS. Figure 4 shows the mapping page of

the materials.

PETA KEDUDUKAN MATERI

Kelws X1 Kebas X1
Listrik Arus Seasah
Haum Ohm
Hekum Kirchhoft
-+
Laseik Statss
¥
Medan Magnes

Caya Lomentz
Lisrik Arus Bolak
Balik
¥
Efek Feeofistrik
Permanasan Cikbal
ek Rusmah Kaca
Teon Relativius
Finika Kossoum
Teknabog) Digiral

Fisika las

Figure 4. The Mapping Page of the Materials
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h. The Conceptual Map Page
This page consists of the flowchart of the materials to describe the materials

accurately.

The Learning Activity Page

This page shows the students' identities, learning materials, objectives of the
experiments, materials, and tools, working procedures, data collections, data analyses,

evaluations, and conclusions. Figure 5 shows the learning activity page.

Materials
and Tools

(Sumber: hytgs J/youtabe/ GOV on Y Sc i=ZCimB SN DRULS)

B. TUJIUAN PERCOBAAN
3100 Melo

dib

4101

(a) Objectives of experiment, materials, and tools

Objectives of
the
Experiments
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an dan momentum setelah

Gambar 1.10 Tombol Ulang

(Sumber: hips://phetcok

D. MENGUMPULKAN DATA

Pada Tumbukan Lenting Sebagian

[ Percobasn | Do | Miems | Kecepatan | Momeniun s Collecting the data
1| |

|
[3
[

E. ANALISIS DATA

1. Berdasarkan simulasi yang telsh dilakukan menggunakan smulasi JPhET

ela e ura massa benda, kecepatan bendd dan

Analyzing the data

(b) Collecting and Analyzing the Data

Figure 5. The Learning Activity Page

J.  The Bibliography Page & The Curriculum Vitae
This page shows the references of the authors during the learning activity and
shows the authors' photographs and biographies.

The results of each stage of this procedure produce potential issues in data
collection, product design, design validation, design revision, product testing, and
product revision. Media and content experts first validated the researchers before
conducting the trials. The experts validated the researchers using a questionnaire they
had provided, after which the validators evaluated the aspects outlined in the
questionnaire. The validation conducted by media experts and content experts yielded
the following results:
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Table 2. The Media Expert Validation Results

Indicators of Assessment el ol 17 Feas_|b|I_|ty
Percentage Criteria
E-worksheet cover design 96.66% Extremely feasible
Obiject Design of the 92.08% Extremely feasible
Teaching Material
The mean total of all scores  94.37% Extremely feasible
Content

Table 2. The Material Expert Validation Results

Indicators of Assessment FezElBl Feas_lbll_lty
Percentage Criteria

Material relevance with core  100% Extremely feasible
competence
Material accuracy 88.88% Extremely feasible
Material update 96.66% Extremely feasible
Displaying technique 88.88% Extremely feasible
Supporting display 96.66% Extremely feasible
Learning display 96.66% Extremely feasible
Brief 91.11% Extremely feasible
Communicative 93.33% Extremely feasible
Dialogic and interactive 93.33% Extremely feasible
Relevance with learners” 86.66% Extremely feasible
development
Relevance with grammar 88.88% Extremely feasible
The mean total of all scores  93.14% Extremely feasible
Content

The tables shows media expert shares the highest validation results. It means that
the developed product is extremely feasible for further use in trials, considering the
design of the e-worksheet cover and the content design of the teaching materials. The
average score from media assessment experts for the design of the e-worksheet cover
and the content design of the teaching materials is 94.37%. The validation results from
content experts yielded lower results compared to the validation results from media
experts, considered extremely feasible by the three validators for the next trial.

Discussion

The learning materials developed are in the form of e-worksheets assisted by
PhET Simulation, which can be accessed via the internet (online). This aims to utilize
technology in an increasingly advanced era. Learning can be conducted both offline
and online, requiring teachers to engage in innovative practices in education, so that
the knowledge imparted is effectively conveyed.

Netti's research reveals the use of PhET Simulation during the learning process
that requires the implementation of real laboratory experiments is very effective and
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easy to use by educators and students [15]. This also supports researchers in using
teaching materials accessed through the internet because they are relevant and
advantageous according to their characteristics. The researchers chose PhET
Simulation-assisted teaching materials to conduct experiments amidst the limitations
of practical tools in schools.

This development was carried out through a literature review to understand the
necessity of this research. A field study was conducted at Muhammadiyah 09 High
School Kualuh Hulu to understand the learning conditions at the school. There are
several differences in previous research. In the research by Oktavia [8] and Dewi
Novita [2], the development of the Student Worksheet (LKPD) was based on
Problem-Based Learning and Discovery Learning. Therefore, this research required a
relatively long time due to the complex procedures to follow.

The results of the field study indicate that the school being researched requires
teaching materials that enable students to learn actively and independently during the
learning process. So far, no teachers have utilized e-worksheets supported by PhET
Simulation as teaching materials in the learning process. Meisyaroh's research on the
development of PhET Simulation-assisted e-worksheet to enhance learning
independence and critical thinking [11]. This study concludes that the PhET
Simulation-assisted e-worksheet is extremely feasible for teaching material in physics
education.

D. Conclusion

This research concludes that the researchers successfully created teaching
materials in the form of e-worksheets assisted by PhET Simulation on the topic of
momentum and impulse. The validation results are extremely feasible for testing in
schools. The advantage of the product (e-worksheet assisted by PhET Simulation) is
that it is an online learning material that can be accessed using a mobile phone, laptop,
computer, and so on. This learning material can be accessed anytime and anywhere,
provided there is an internet connection. This e-worksheet is the latest variation in the
physics learning process that utilizes PhET Simulation, complete with interactive
images and videos so that students do not feel bored while studying the material taught
by the teacher. The drawbacks of this product are that it requires a computer, phone,
and laptop that are connected to the internet, and at certain times, the links contained
in the e-worksheet cannot be used. Suggestions from researchers for future studies
include testing the e-worksheet assisted by PhET Simulation on the topic of
momentum and impulse for students so that the developed teaching materials can be
utilized in the learning process at schools.
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