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Abstract. To support the goals of sustainable development
in education (SDGSs), it is inseparable from the 21st-century
learning framework. 21st-century learning has provided a
framework known as 4C, one of which is critical thinking
skills (CTS) and creativity. The critical thinking and
creativity skills of high school students are still relatively
low so they need to be improved. The purpose of this study
is to create a suitable learning module (valid, practical, and
effective) to support sustainable education. The method
used in this study is the development method of Klein and
Richey with a one-group pretest-posttest design type, the
sample in this study was 180 high school students from
various districts in Madura. The research instruments were
validation sheets, implementation sheets, and pretest-
posttest sheets. The results of this study indicate that the
physics learning module integrated with artificial
intteligence is proven valid with a validity level reaching
95% in the very valid category. Practically where the
implementation of the learning module with this module
reaches 95% is well implemented. The effectiveness of the
module, with the N-gain analysis results, reached a score
of 0.77, categorized as high. This result is reinforced by the
results of the effect size test with a score of 0.57, which
has a very positive effect on achieving learning objectives.
Therefore, this module is suitable for improving CTS and
scientific creativity so that it can achieve the SDGs.
Keywords: Modules, development, artificial intteligence,
SDGs

Introduction

Education plays a crucial role in achieving the sustainable development goals (SDGs)
(Alfathy et al., 2024) particularly SDG 4, which focuses on quality education (Astuty et al.,
2024). Learning aligned with the SDGs aims to create an inclusive, innovative, and
sustainability-oriented learning environment (Suprapto & Hidaayatullaah, 2023). The
advantage of learning with an SDGs approach is its ability to instill sustainable values in
students, such as 21st-century skills, including critical thinking, scientific creativity, and
innovation (Rahayu et al., 2021). The SDGs offer hope for the education system,
particularly in Indonesia. This hope is instilling character values and developing higher-
order thinking skills, thus creating a generation aware of global issues and future
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challenges (El-Kholei, 2023; Yi, 2023). Furthermore, SDG-based learning methods,
strategies, and models also have the potential to narrow educational disparities by ensuring
that every individual receives equal and quality learning opportunities (Mitarlis et al.,
2023).

To achieve this, innovation in learning, particularly in physics learning in high schools,
is necessary. Technological advancements are key to developing learning innovations.
Among the rapidly developing technologies currently available are the internet of things
(IoT), digital learning, and artificial intelligence (AI) (Heeg & Avraamidou, 2023). Each of
these technologies has its own limitations and advantages in application. One advantage
of Al technology is its ability to process information with various keywords very quickly.
This advantage can be utilized by teachers to explore students' thinking skills at a higher
level. The use of Al technology in the learning process has a positive impact (Filiz et al.,
2025). AI can help students discover information, knowledge, and technology, and its
application in everyday life (Jiao et al., 2024). With the various advantages of the
technology mentioned above, it is hoped that it will contribute to the learning process,
thereby indirectly improving the quality of education, particularly in Indonesia, on a
sustainable basis. The presence of Al technology in the learning process will offer new
opportunities for engaging students in every investigative activity, fostering critical and
creative thinking (Shofiyah et al., 2024).

In reality, Indonesia's education ranking is still relatively low, this is based on the
results of research conducted by PISA in 2015, Indonesia was ranked 64th out of 72 OECD
participating countries where Indonesian students' abilities in science were at levels 1 and
2 of the 6 existing levels (creativity) in the field of scientific literacy (OECD, 2015). In 2018
and was ranked 69th out of 79 countries with a science score of 396 out of a maximum
score of 850 (OECD, 2018). In 2022, the science literacy score of 383 decreased by 13
points from 2018 (OECD, 2023). One of the causes of Indonesia's low education ranking
compared to other countries is the learning process which is still conventional (Sumo &
Soeharto, 2025). This is evidenced by research conducted by researchers in 2023/2024,
which found that learning was still ineffective because students felt bored with lecture-
style material and tended to play with their phones during the learning process (Sumo et
al., 2024; Wahyuni et al., 2025). Several researchers have attempted to address the low
quality of learning by improving students' critical thinking skills (CTS) and scientific
creativity, including developing physics learning modules based on the scientific creativity
project model integrated with Al as teaching materials in the physics learning process.

A learning module is a teaching material containing descriptions of material, practice
questions, and scientific exploration through scientific investigation activities. Modules,
which can be hard copies or electronic copies, are a key component as a learning resource
for finding relevant information related to scientific investigations. The existence of learning
modules is nhot merely a complement to the learning process; the learning model, as the
main support for the module content, is a distinctive feature of the module in achieving
learning objectives. There are many modules that have been developed by previous
researchers, including the science learning module developed by Wahyuni et al. (2025) in
this module it is presented how the role of the module in contributing as a teaching material
that can improve high-level thinking skills. Research conducted by Barelli et al., (2025)
science learning modules are integrated with AI, in this study states that the role of the
module as a science teaching material has an impact on the level of student activity after
integration with Al. Different research results were conducted by Barelli et al. (2025), The
researcher developed a physics learning module to improve physics knowledge about
Einstein's theory of energy, after using the learning module that has been developed,
student knowledge has increased, this can be seen from the posttest which is 31% higher
than the initial test. Handayani et al. (2023) has developed a module that is integrated
with students' metacognitive abilities based on a virtual laboratory, the results state that
the module has a positive impact on students' abilities after experimenting with the virtual
laboratory.
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The aforementioned studies demonstrate that learning modules have a positive
impact on various student science learning activities, such as modules integrated with Al,
modules developed based on knowledge content, and modules integrated with virtual
laboratories. However, none of these studies have specifically integrated learning modules
with AI to enhance 21st-century skills, such as critical thinking and scientific creativity.
Al's role extends beyond simply guiding learning; it is expected to serve as a bridge to
stimulate and assist students in mastering 21st-century skills, namely critical thinking and
scientific creativity (Dahlkemper et al., 2023). Therefore, Al should be part of ongoing
research in education. Comprehensive physics learning modules that accommodate 21st-
century skills are a core component of the physics learning process, exploring students'
thinking abilities (Dahalan, 2020).

The novelty of this research is the integration of learning modules developed based
on the scientific creativity project model with AI to simultaneously enhance students'
critical thinking and scientific creativity. To achieve this, this study uses two approaches:
knowledge exploration using an Al-based website. Second, the results of this knowledge
exploration are implemented in a project, transforming scientific knowledge into a product,
either an idea or a tangible object. The goal of this study is to create a viable module (valid,
practical, and effective) to enhance students' CTS and scientific creativity, supporting the
SDGs in sustainable education.

Methods

Based on the background of the problem and the research objectives outlined in the
introduction, this study uses the development research method from Richey & Klein,
(2005). This method is used because the process produces a new creative product through
systematic and planned steps, with each step being evaluated (Sugiyono, 2018). This
research was conducted in public senior high schools in four districts in Madura with a
sample of 180 grade XI science students. The research flow is shown in Figure 1.

Problem
Identification

> Design Stage

\ 4

product
Revison =" development Validation

A

Implementation

Final Product < of Module - —— Revison
integration Al

Figure 1. Flowchart of research and development (Richey & Klein, 2005)

Figure 1 shows the stages of development research adapted from Richey and Klein.
In the first stage of problem identification, the researcher focuses on a problem to be
studied. In this case, the problem is low CTS and scientific creativity. This data was
obtained from the results of previous research studies and initial research in the field when
the researcher used the scientific creativity project integration AI model in the physics
learning process. The results of the problem analysis indicate a need for learning tools that
can facilitate the limitations of current learning tools such as the lack of teaching materials
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that are not integrated with learning technologies such as Al. The second stage, designing
learning tools including learning modules, student worksheets (LKPD), and tests. After the
design was carried out, the researcher sought someone who was an expert in the field of
learning technology, language experts, and learning pedagogy. These experts were asked
to review the learning tools that had been prepared. After the review was carried out, the
next stage was the development of learning modules.

In the third stage of module development, researchers integrated the AI into the
learning module. This was done to facilitate reals experiments to improve CTS and scientific
creativity through the AI Website. After integrating the module with AI, the next step was
to develop LKPD. Students were given access to a QR code that led to a google sites website
containing Al. Students scanned the QR code to develop scientific creativity by reading and
understanding the provided e-book. Afterward, students wrote down physics concepts and
proved these concepts by conducting virtual experiments based on previously identified
scientific phenomena. The developed device was then validated by three experts to
determine its validity and reliability.

In the fourth stage, evaluation was carried out. The developed device was then tested
on a limited basis with students. The results were then analyzed for shortcomings in the
learning device, which consisted of a module. The practicality of the device was then
evaluated. After assessing its practicality and effectiveness, the module was refined to
become the final product, the fifth step in this development. It was then implemented in a
large-scale trial or product testing. Valid, practical and effective products can be used to
collect research data because their wettability has been tested in real time (Plomp &
Nieveen, 2010)

The validity of the module and learning tools was determined by the assessment
results of three validators who were experts in the fields of language, learning technology,
and pedagogy. The learning tools that were validated were the physics teaching module,
LKPD, and Test. The validation results were then analyzed using the formula from Aiken's
v (Hasanah et al., 2023; Kamaliya et al., 2023). The validity of each item was calculated
using formula 1. Meanwhile, to calculate the overall validity, formula 2 was used.
Meanwhile, to calculate the reliability of all validity aspects, the formula from Cronbach's
alpha (Mendes et al., 2021) was used as shown in Formula 3. After obtaining the validity
score, it was then converted into a percentage.

__ XS
- n(c-1) (1)
__ xS
V= mn(c-1) (2)
_(k T o
Tac = (E) [1 T o? ] ()
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: Item assessment index from experts
: r-lo

: Scores given by experts
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: Number of categories selected by the validator
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After calculating the validity and reliability scores of the learning devices,
categorization is carried out based on the criteria as presented in Table 1.

Table 1. Validation result criteria

Number Validity score (%) Validity level
1 81-100 Very valid
2 61-80 Valid
3 41-60 Quite valid
4 21-40 Less valid
5 <21 Invalid

(Source: Arikunto, 2010)

To calculate the practicality of the AI integrated physics module using the
implementation observation sheet, the observation results are then calculated using
Arikunto's (2010) practicality equation, such as formula 4.

. S btained
Practically Score = >~ 21°C » 100% 4)
maxsimal score

After calculating the module practicality score, categorization is carried out based
on the criteria as presented in Table 2.

Table 2. Practicality result criteria

Number Practicality scores (%) Level of practicality
1 81-100 Very practical
2 61-80 Practically
3 41-60 Quite practical
4 21-40 Less practical
5 <21 Not practical

(Source: Arikunto, 2010)

To calculate data on increasing CTS and scientific creativity, the N-gain formula
(Hake, 1998) is used as shown in formula 5.

Spost— Spre (5)

N — gain Score =
Smax— Spre

After calculating the N-gain score, it is categorized into criteria such as Table 3.

Table 3. N-gain result criteria

Number N-gain Score N-gain criterion level
1 g >0.7 High
2 0.3=2g<07 Currently
3 g<0.3 Low

(Source: Hake, 1998)

To determine the effectiveness of the integrated inquiry-based module AI can be
seen from the completion of CTS indicators (Ennis, 1993), namely: providing simple
explanations, building basic skills, making inferences, providing further explanations,
organizing strategies and tactics. Then calculate the achievement score for the scientific
creativity indicator (Hu & Adey, 2010), namely: identifying scientific phenomena, providing
explanations for scientific phenomena, deepening scientific knowledge, solving problems,
designing products, analyzing products, and evaluating scientific evidence.

The research data consisted of validity, practicality, and effectiveness data
calculated using excel with the minimum criteria of validity, practicality, and effectiveness.
Effectiveness data was calculated using SPSS 18 by looking for an increase in posttest
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scores compared to pretest using the N-gain calculation and the completeness of CTS and
scientific creativity indicators (Sudjana, 2004). After the N-gain calculation is done, then
the pretest and posttest data are tested statistically, namely the Wilcoxon test and effect
size. This is done to strengthen the effectiveness data of N-gain. The Wilcoxon test results
follow the sig-2 tailed criteria smaller than 0.05, then there is a significant difference in
the pretest and posttest scores, but if the sig-2 tailed value is smaller than 0.05, then there
is no difference in the average pretest score compared to the posttest. Next, the effect size
score is calculated to see the effectiveness of learning using a module integrated with Al.
Before the Wilcoxon test is carried out, a normality test is first carried out with the criteria
of Sig value > a = 0.05, then the data is normal, but if the Sig value < a = 0.05 the data
is not normal, in addition to the normality test, the homogeneity test is first with the criteria
if Sig> a = 0.05, then the data is homogeneous, but if Sig <a = 0.05 then the data is not
homogeneous. If the data is not normal and not homogeneous, a nhon-parametric statistical
test is carried out (Sudjana, 2004).

Results and Discussion

The results of the development research in the form of findings from the module
developed with the title "physics learning module based on scientific creativity integrated
with AI" to meet the eligibility criteria can be seen in the following stages:

Problem Identification

The results of the problem identification in this development research include
findings from students and findings from teacher teaching activities. The first part of this
study is a description of the analysis of field findings, which are empirical facts. The first
finding stems from interviews and observations with students at SMAN 4 Pamekasan. The
research findings indicate that students' physics scores are still relatively low, as evidenced
by the results of daily exam reviews and teacher assignments, which are still below the
school's minimum score of 75. This was followed by interviews between students and the
researcher. Based on the interviews, students expressed that physics learning is difficult,
and that they require memorizing numerous formulas, making it difficult to differentiate
between them.

The researcher then conducted interviews with teachers. The interviews revealed
that during the learning process, teachers use the same models, methods, and strategies
at every meeting. Meanwhile, the learning resources used are still based on books provided
in the library. This finding was reinforced by the researcher's observations of teachers
teaching physics in class. Teacher observations tend to emphasize only the cognitive level
of memorization and understanding, for example, requiring students to memorize physics
concepts and formulas. This contrasts sharply with the concept of 21st-century learning,
which emphasizes four core competencies: critical thinking and problem-solving, creativity
and innovation, communication, and collaboration (Sumo & Soeharto, 2025). Furthermore,
learning with 21st-century skills emphasizes the learning process to enhance
metacognitive abilities through innovative learning processes (Andres & Rosalinda, 2023).

Based on these findings, researchers developed learning resources with more
innovative models. This was done to address the limitations outlined above. The
development of physics learning modules represents a concrete step toward changing the
paradigm of the learning process, which has remained conventional and monotonous. The
development of learning modules serves as an alternative solution to problems (Ion &
Popescu, 2025). The developed learning modules are integrated with AI technology.
Modules that are integrated with technology to make it easier for readers to understand
and access the information they need (Barelli et al., 2025).
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Design Stage

The second stage of this development research is the module design stage. In this
stage, the learning module is designed based on the needs of the learning process, namely
through identification. The characteristics of the developed learning module include the
integration of physics learning with Al technology. The use of Al in learning facilitates
filtering and confirming information found (Al Sagri & Sohail, 2024; Yannier et al., 2024).
The characteristics of the developed physics learning module are to support the SDGs.
SDGs in learning support improving the quality of learning outcomes through increased
scientific creativity and critical thinking. One of the SDG goals is improving the quality of
education, which can be achieved by improving the learning process (Pangsuma et al.,
2024). The learning module, as a learning resource to achieve learning objectives and
learning success, is one factor in improving the SDGs in education (Alfathy et al., 2024).
In this module, students will learn about oscillations or simple harmonic motion based on
the syntax flow of the scientific creativity project model integrated with AI. Students
observe scientific phenomena as a scientific orientation. Based on scientific observations,
students identify problems and then study physics material to connect them to the
observed phenomena. Students can scan QR codes to learn more about the material and
product design. This knowledge exploration activity provides a more meaningful learning
experience (Orozco, 2024; Shofiyah et al., 2024). The design results of a physics learning
module based on the scientific creativity project model and Al integration are shown in
Figure 1.

4. Merancang tugas projek dengan Al Peserta didik mampu
merancang tugas projek dengan bantuan Al dan
memvisualisasikannya dalam bentuk video atau gambar sebelum
dirancang dalam bentuk real. Peserta didik dapat menerapkan
p fisika saat g tugas proyek.
5. Memproses, Menganalisis Data dan Informasi, Peserta didik
fsirk i yang dids dengan jujur dan
E_ \[Y ¢ bertanggung jawab. Peserta didik menggunakan berbagai metode
: i untuk menganalisis data. Peserta didik mendeskripsikan
berbasis Scientific Creatlvnty Pm]eCt hubungan antar variabel. Peserta didik mampu menjelaskan hasil
Terintegarasi Artifical Intelligence (Al) pengerjaan tugas proyek berdasarkan fenomena ilmiah di awal.
Peserta didika mampu memberikan alasan ilmiah terkait proyek
yang di buat.
6. Memonitor dan menilai, Peserta didik mampu merancang tugas
proyek sesuai dengan jadwal yang telah disepakai. Siswa mampu
menjelaskan fungsi setiap bagian dari tugas proyek. Peserta didik
mampu merancang alat dengan kebaruan yang jelas.
Mengomunikasikan Hasil, Peserta didik mampu
mempresentasikan hasil tugas proyek peserta didik mampu
jelaskan peny ian masalah ilmiah b kan
rancangan yang dibuat oleh peserta didik.

Gambar 1.8 orang mengalam| sakit antung Gambar 1.b Simulas| detak Jantung

Olahraga adalah cara yang bagus untuk mengurangi risiko
penyakit jantung. Olahraga teratur seperti berjalan telah terbukti
meningkatkan kesehatan jantung. Bahkan dapat menghindari
beberapa faktor risiko penyakit i dengan
menurunkan berat badan dan menurunkan tekanan darah.

Disusun Oleh ;
Maimon Sumo,
Nirwana Haidar Hadi,
El Indahnia Kamariyah
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KEGIATAN PEMBELAJARAN

Gerak harmonik sederhana memiliki amplitudo (simpangan
maksimum) dan frekuensi yang tetap. Gerak inl bersifat periodik. Setiap
gerakannya akan terjadi secara berulang dan teratur dalam selang
waktu yang sama. Dalam gerak harmonik sederhana, resultan gayanya
memiliki arah yang selalu sama, yaitu menuju titik kesetimbangan.
Gaya ini disebut dengan gaya pemulih. Besar gaya pemulih berbanding
lurus dengan posisi benda terhadap titik kesetimbangan.

gerak ini a adalah dapat
dinyatakan dengan grafik posisi partikel sebagai fungsi waktu berupa
sinus atau kosinus. Gerak ini juga dapat ditinjau dari persamaan
dan

P
persamaan energi gerak yang
tersebut, gerak memiliki
percepatan, dan energi.

1. pada Gerak i (GHS)

1 getaran dapat sebagai
proyeksi partikel yang pada di
lingkaran. Secara umum, persamaan simpangan dalam gerak ini adalah
sebagai berikut:

Y = A sin wt Dengan w = 2r/ T = 2xf Sehingga Y = A sin 2nf.t

Keterangan
Y = simpangan getaran/gelombang (meter)
A = Amplitudo getaran/gelombang (meter)
w = Kecepatan sudut (ingat dalam gerak melingkar V=w.R) dalam
satun (rad/s)
T = Periode getaran/gelombang (sekon)
f = frekuensi getaran/gelombang (Hertz)
t = waktu (sekon)

Grafik simpangan (y) terhadap fungsi waktu (t) dianalisis sebagai
berikut:

Jika saat t = 0, benda berada pada titik seimbang (y=0), e = 0 Maka
y() =Asinwt

(@

LEMBAR KEGIATAN PESERTA DIDIK
(LKPD)

1. Isilah identitas, nama kelompok, nama siswa, dan kelas kelas
pada tempat yang disediakan

2. Baca dan pahami instruksi, pertanyaan maupun orientasi ilmiah
dari instruksi yang ada dengan seksama dan teliti

3. Silahkan lakukan diskusi kelompok sesuai dengan ketentuan
yang sudah di sepakati bersama dan catatlah jawaban kalian pada
tempat yang disediakan.

4. Jika terdapat masalah yang belum dipahami anyakan pada guru
5. Jika sudah selesai mengisi LKPD dengan lengkap silahkan
persentasikan di depan kelas

1.Peserta didik dapat identifikasi dan i faktor-
faktor yang i ya osilasi, i, periode,
dan amplitudo ayunan dalam penerapan fenomena sains.
2.Peserta didik mampu menggunakan pengetahuan fisika dalam
memberikan alasan ilmiah

3.Dengan memanfaatkan teknologi Al, peserta didik mampu
mendesain alat peraga fisika materi osilasi gerak harmonik.
4.Peserta didik mampu menganalisis data hasil percobaan
dengan dengan mmenggunakan produk yang telah dibuat
sebelumnya.

5.Peserta didik mampu mencari informasi berbasis digital untuk
mendukung hasil analisis data dan menjawab pertanyaan ilmiah
yang telah di rumuskan sebelumnya.

6.Pesrta didik mampu i hasil p dan
membandingkan dengan teori yang relevan.

d

Figure 2. Designh SCP AI module: (a) module cover, (b) module content of phenomena,
(c) activities of learning, (d) LKPD

Product Development

After the module is designed, the module is then developed. The development stage
begins with the development of a website in the form of Google sites containing Al content
to support learning activities and find the information needed. These Google sites consist
of e-books on complex physics material, the PhET website for viewing experimental
simulations, and an Al website about physics and its applications. Before entering this
website, students first scan the barcode provided in the module as shown in Figure 3a.
After scanning, students are directed to the website as shown in Figure 3b.

Materl fizika SMA lentang osilasi

encakup konsep dasar gerak

K harmanik dan
contoh-contohnya sepertl ayunan bandul
dan pegas. Osllas! adalah gerak bolak-
ballk suatu benda melewatl posisl
setimbang dalam Interval waktu tertentu.
Untuk lebih jelasnya kallan dspat men-
Sean OR Code disamping.

werdasarkan pengamatan kahan pada bagisn pendshulusn, skshian
masalanan yong ada scsual Sengan pertanyson berkt.

1.dentifikasi iimiah

51 O laman vang sudsh Gisediakan terkait dengan

s perencansan kalian d tempat yeng

3 @ i stesgoogiecomd/ Hesily-haTNCIbctEPOGRjjulp/1ERi3gcimICEpatGORTY00pFAZSGE fade cx 0*0Q
© Mabaiea KUK

B AlPhysicsandsDG4 e semitie 6 Q@ [0 © & @ i ()
i Heaman  Tema

Sisipian e

Al- PHYSICS , o

LEARNING TO P

UPPORT THE SDGS —— [z
(SDG4 Al)

Senior High Schoo

b

Figure 3. Results of Al integrated module development: (a) QR code, (b) Al integrated

website
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The developed module was then consulted for review by three reviewers from
Madura Islamic University and Surabaya State University. These three reviewers also
served as validators for the module and other supporting tools. The three reviewers
included three experts in language, learning technology, and pedagogy. The module review
results provided input and suggestions for improvements before validation. The reviewers'

input is shown in Table 4.

Table 4. Suggestions and input from reviewers

Revision Before After
Problem-oriented
based phenomena
need to be Olahragh sdush 6 ying bague unkk visogurmngl ok

accompanied by
images.

On the student
activity sheet or
LKPD, write down
trigger questions
when students
observe the
phenomenon.

There are still
sentences that are
not standard and
there are typos in
the data analysis
section.

penyakit Jantung. Olahraga teratur sepertl berjalan telah terbuktl
meningkatkan kesehatan jantung. Bahkan dapat menghindari
beberapa faktor risiko penyakit kardiovaskular dengan membantu
menurunkan berat badan dan menurunkan tekanan darah.
Namun, olahraga kadang-kadang dapat meningkatkan risiko
serangan jantung, terutama pads mereka yang memiliki penyskit
jantung dan tidek memantau aktivitas mereka dengan benar.
Olahraga momiliki banyak manfaat dan harus menjadi bagian
rutin dari kehidupan hampir semua orang termasuk pada orang
dengan penyakit jantung bawaan. Penelitian pada pasien dengan
penyakit jantung bawaan, bahkan penyakit kompleks telah
menunjukkan bahwa olahraga rutin aman dan dapat bermanfaal.
tu sebabnya disarankan bahva hampir semua pasien melakukan
beberapa bentuk aktlvitas flslk secara teratur. Ada beberapa
pengecuallan terutama pada penderita kelainan Jantung dengan
pembesaran aorta.

Pada kondisi ini seorang yang olahraga harus mengontrol
frokuens! detak Jantung saat olahraga, detak Jantung orang
dewasa berkisar 100 detak per menit, Namun, dilapangan sering
ditemukan orang yang sedang olahraga tiba-tiba mual dan nyeri
dada, salah sstu pemicunya adalah detak jantung yang berlebih
akibat terlalu berat saat olahraga. Hal itu terjadi karena
olahragawan sulit mongontrol frekuonsi dotak jantung, Dalam
fislka detak Jantung termasuk dalam osilasi harmonik, dimana
detak jantung seaeorang dapat ditentukan frekuenal, periode dan
Amplitudo. Permasalshan apa saja yang kalian amati?

Berdasarkan pengamatan Kalian pada bagian pendahuluan,
silahkan urakan permasalahan yang ada sesuai dengan
pertanyaan herikut.

1, Merencanakan tugas proyek

Silahkan cari infromasi di laman yang sudah disediakan terkait
dengan project yang akan kalian buat! tulis perencanaan kalian di
tempat yang disediakan !

Lakkan analisis hasil percobaan produk dengan menjawab
pertanyaan evaluasi pengalaman belajar!

(a) Gunakan perbandingan jawaban kalian dengan tori atau rumus
fisika yang kalian pelajari sebelumnya |

(b) Gunakan Perbandingan jawaban kalian dengan menghitung
konstanta pegas menggunakan rumus fsika yang kalian telah
pelajari sebelumnya !

Y
Gambar 1,

Olahraga adalah cara yang bagus untuk mengurangi risiko

penyakit jantung. Olahraga teratur seperti berjalan telah terbukti

meningkatkan kesehatan jantung. Bahkan dapat menghindari

beberapa faktor risiko penyakit kardiovaskular dengan membantu
kan berat badan dan kan tekanan darah,

 Investigasi limiah

uerdasarkan pengsmatan kalian pada bagian pendshulusn, sdshkan
uraiksn permasalshan yang ads sesual dengan pertanyasn berikut,

1.1dentifikasi ilmiah

Berdasarkan orientasi masalah pada fenomana sains lmish,
bagaimana cars mengatasi sulitnya mengontrol detak jantung ssng
clshragawan? Apaksh harus ads produk yang dapst membantu
permasalehan tersebut?

Lengkapi fawaban kalian dengan alasan imish (konsep fisike yang
kalian ketahul)(

2. Merencanakan tugas proyek
Silahkan cari infromasi & laman yang sudah disediakan terkalt dengan
praject yang akan kalian bust! tulis perencansan kalian di tempat yang

W hasil percobaan produk dengan menjawab
Pertanyaan evaluasl pengalaman belajar!

(a) [Bandingkan Jawaban kallan enganatau rumus flslika

yang Kallan pelajari sebelumnya

(b)|Bandingkan_jawaban_kalianfdengan menghitung konstanta
pegas menggunakan rumus [fisikal yang kalian telah pelajari

sebelumnya !

1136 Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 13(4), 1136-1153, (2025)



Based on Table 4, the module reviewers provided suggestions on several conceptual
and technical components. Overall, the module received positive feedback and was
considered worthy of further development. The reviewers' suggestions and input were used
to improve the module and then validated. The module validation results are shown in
Table 5.

Table 5. Validator assessment results
Validator assessment (%) Average

Number Rated aspect 1 5 3 value (%) Category

Relevance of

1 module content to 100 95 97 97 Very valid
the topic

2 Language Accuracy 90 89 92 90 Very valid
Suitability of Al vV lid

3 applications with 100 90 98 96 ery vall
learning outcomes

Average validator value 97 91 96 95 Sangat valid

Based on the results of the validation analysis from three experts in their respective
fields. The physics learning module based on the scientific creativity project model
integrated with Al to improve scientific creativity and critical thinking to support the SDGs
goals received an average score from three experts of 95% in the very valid category. The
results of the average score for each aspect received a score of 97% in the aspect of the
relevance of the module content to the topic, the accuracy of the language received a score
of 90%, the suitability of the AI application to the learning outcomes of 96% with the very
valid category. These results indicate that the physics learning module is relevant and in
line with the research objectives to be achieved, namely valid. These results are in line
with the results of research conducted by Wahyuni et al., (2025) which stated that a valid
learning module meets the aspects of content, constructs and components in accordance
with the objectives. This learning module integrates innovative models with Al technology.
Modules designed and integrated with AI technology make it easier to find information
according to the desired algorithm (Barelli et al., 2025) The results of research conducted
by Asih et al. (2022) stated that learning modules that fulfill all aspects of learning needs
can be categorized as valid module characteristics.

Implementation of Module integration AI

After the module was declared valid, an implementation was carried out to see the
practicality of the module. The results of the module's practicality were seen from the
implementation of learning observed by three observers. The instrument used was an
observation sheet for the implementation of learning activities during the learning process
in the classroom. The learning used a physics learning module based on the scientific
creativity project model integrated with Al. Observations of the implementation of learning
focused on: (1) problem orientation based on scientific phenomena, (2) the process of
deepening physics material activities with the help of Al, (3) scientific investigations based
on AI technology, (4) Analysis of investigation results, (5) evaluation of learning
experiences. The results of the analysis of the learning implementation observation sheet
are shown in Table 6.
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Table 6. Results of practicality assessment

i 0,
Activities assessed Meeting (%) Avera%e Category
value (%)
1 2 3 4

Problem orientation based
on phenomena contained in 95 97 100 100 98 Very practical
the module
The process of deepening
physics material with the 90 96 98 100 96 Very practical
help of Al
Al Technology-based 92 88 92 94 91 Very practical
scientific investigation
Analysis of investigation 92 90 90 93 91 Very practical
results
Evalugtlon of learning 90 95 97 100 95 Very practical
experiences

Total 92 93 95 97 94 Very practical

Based on the results of the practicality analysis as shown in Table 6, the
implementation of the learning process during the four meetings achieved an average score
of 94%, which was carried out very practically. The learning activities assessed by
observers were problem-based orientation based on phenomena contained in the module
well, in this aspect reaching 98% implemented with the category of very practical. The
teacher was able to prepare students by providing problem-based phenomena as an initial
opening for learning. Meaningful learning activities can begin with a phenomenon that
provides interest in subsequent learning (Engelschalt et al., 2023). The physics deepening
process obtained a percentage of 96%, the teacher successfully guided students in using
Al technology to find information related to the required material. Mastery of the initial
material has a positive effect on the subsequent learning process (Hu, 2024). The process
of student activities in project-based activities obtained a percentage score of 91%, then
continued to analyze the results of the investigation and evaluate the learning experience
which reached 91% and 95%, respectively. Students were able to carry out project
activities with the teacher as a consultant for the completion of student assignments.
Collaborative activities between students and teachers have a positive impact on the
success of the learning process (Chang et al., 2022; Hartini, 2021; Reith & Nehring, 2024).
Based on the results of the practicality data analysis, the physics learning module based
on the scientific creativity project model integrated with Al can be said to meet the
eligibility criteria.

To assess the effectiveness of the developed modules in enhancing CTS and scientific
creativity to support the SDGs, an N-gain calculation was performed on the pretest and
posttest score increases. The results of the N-gain calculation can be seen in Table 7.

Table 7. Results of N-gain calculations

Number of Average pre- Post-test N-aain Catedor
students test score average score 9 gory
180 455.5 87.61 0.77 High

Based on the pretest and posttest analysis results, calculated using the N-gain formula,
the average N-gain score was 0.77, categorized as high. These results indicate that the
physics learning module integrated with Al has proven effective in improving CTS and
scientific creativity. Research conducted by Barelli et al. (2025) stated that modules
integrated with Al technology are effective in achieving learning objectives. Another study
conducted by Asih et al. (2022) explained that technology-based learning modules help
students achieve learning objectives, one of the characteristics of which is practicality and
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effectiveness. After calculating the N-gain, a Wilcoxon statistical test and effect size were
conducted to determine significant differences in the pre-test and post-test results of 180
high school students. The results of the Wilcoxon test and effect size are shown in Table
8.

Table 8. Results of the Wilcoxon Signed Rank test

Asymp. Sig. Interpretation

Data Z Value (2-tailed) Slgrligl/cealnce
The difference between
Pretest- 6.271 0.000 0.05 pretest_and p_os_ttest mean
posttest scores is statistically

significant

Based on the Wilcoxon test results as shown in Table 5, the sig (2-tiled) value of 0.000
is smaller than the significance level of 0.05. This means there is a significant difference
between the average pretest score and the average posttest score. A Z-value of 6.271 and
N = 180 were used to calculate the effect size. After calculating the effect size, a score of
0.57 was obtained. This score indicates that the learning module based on the AI-
integrated scientific creativity project model has met the requirements for effectiveness in
improving CTS and scientific creativity to support the SDGs. Modules that have met the
requirements for effectiveness in improving CTS can be characterized by the ability to solve
problems with interpretation, analysis (C4), evaluation (C5), and creativity (C6) (Asih et
al., 2022). The next step to determine the effectiveness of the module is to calculate the
completeness of the CTS and scientific creativity indicators. The results of the N-gain
calculation for each critical thinking and scientific creativity indicator are shown in Tables
9 and 10.

Table 9. N-gain for critical thinking indicator achievement
Test scores

Critical thinking indicators Pretest  Posttest N-gain N-gain category
Provide a simple explanation 28 86 0.81 High
Building basic skills 42 87 0.77 High
Making inferences 35 82 0.72 High
Provide further explanation 25 86 0.81 High
Setting strategy and tactics 33 85 0.78 High

To see the completeness of scientific creativity indicators in the learning process using
a module based on the scientific creativity model integrated with Al, see Table 10.

Table 10. N-gain for achievement of scientific creativity indicators
Test scores

Pretest Posttest

Indicators of scientific creativity N-gain N-gain Category

Scientific phenomena 33 87 0.81 High
Scientific problem solving 40 88 0.80 High
Scientific knowledge 35 82 0.72 High
Ability design product 29 75 0.65 Moderate
Technical product 20 78 0.72 High

Table 6 shows that each indicator of CTS overall experienced an increase, with the
results categorized as high. This is due to several factors, including the design of the
learning module applied by physics teachers, which is not only easy to use but also
stimulates higher-order thinking skills. It provides challenges for exploring knowledge and
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solving problems. Research conducted by Uslan et al. (2024) found that using the
developed module helped students learn the material contextually, enabling them to solve
problems. Further studies have shown that physics learning modules tailored to innovative
learning can improve CTS (Yulianti & Herpratiwi, 2024).

Another 21st-century skill targeted by this research is scientific creativity. The
achievement of scientific creativity in learning using a module based on the Al-integrated
scientific creativity project model can be seen in Table 7. Based on the results of the
analysis of the scientific creativity indicator scores, students can explain scientific
phenomena well, in addition, students have been able to solve my problems while
deepening knowledge related to the problem, after deepening the material, students plan
project assignments well, with instructions from the teacher, students design and plan
project assignments as an implementation of solving the problems they previously
identified. All of these indicator achievements are evidenced by the acquisition of N-gain
scores that reach the high category. Prepared learning including the creation of valid
modules is one step to achieve the learning objective of increasing scientific creativity
(Pangsuma et al., 2024). The results of this study are in line with research conducted by
(Mendoza, 2020; Park, 2021; Susongko et al., 2024) students will be encouraged to study
knowledge in depth due to external factors, one of which is the use of good learning
facilities and technological support. Research conducted by Luzyawati et al., (2025) states
that teaching materials or learning media based on scientific creativity should be in line
with the goals of high-level thinking skills.

Conclusion

Based on the research results, the developed physics learning module is categorized
as feasible. Where the module's feasibility is reviewed from the validity aspect, the physics
learning module is proven valid with a validity level in the very valid category. This module
has also proven practical in improving students' CTS and scientific creativity with the
implementation level reaching the very good implementation category. Meanwhile,
reviewed from the effectiveness aspect, this learning module has proven effective with an
average increase in students' N-gain in the high category. Another proof of effectiveness
is the results of the Wilcoxon test which obtained results in the form of a difference in
posttest scores higher than the pretest score and the module's effect size reaching a very
positive category on improving students' critical thinking and scientific creativity. Thus,
this learning module is in accordance with the SDGs goals in the field of education quality.
Suggestions for educators to use physics learning modules that have been integrated with
Al during the teaching and learning process.

Acknowledgement

The author would like to thank the Ministry of Higher Education, Science, and
Technology (Kemendiktisaintek) for funding this research with research contract number
128/C3/DT.05.00/PL/2025 on May 28, 2025, LLDIKTI contract number for region VII East
Java with contact number 049/LL7/DT.05.00/PL/2025, and research grant contract number
0282/UIM/MONO/VI1/2025 on June 4, 2025. The author would also like to thank all research
members who have contributed to the completion of the article entitled "Development of
a physics learning module based on the scientific creativity project model integrated with
Al to support the SDGs".

1136 Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 13(4), 1136-1153, (2025)



References

Alfathy, R.M., Saputro, S., Sarwanto, S., & Ramli, M. (2024). Implementation of
Sustainable Development Goals in Higher Education Modalities: Literature Review.
Journal of Turkish Science Education, 21(1), 22-43.
https://doi.org/10.36681/tused.2024.002

AlSagri, H.S., & Sohail, S.S. (2024). Evaluating the Role of Artificial Intelligence in
Sustainable Development Goals with an Emphasis on “Quality Education”. Discover
Sustainability, 5(1), 442-458. https://doi.org/10.1007/s43621-024-00682-9

Andres, C.A., & Rosalinda, B. (2023). Online Flipped Learning Model in a College Physical
Education Course. European Journal of Educational Research, 13(1), 413-425.
https://doi.org/https://doi.org/10.12973/eu-jer.13.1.413

Arikunto, S. (2010). Prosedur Penelitian Suatu Pendekatan Praktik [Research Procedures
a Practical Approach]. Rineka Cipta: Jakarta.

Asih, F.E., Poedjiastoeti, S., Lutfi, A., Novita, D., Ismono, I., & Purnamasari, A.P. (2022).
The Practicality and Effectiveness of Case Study-Based Module on Chemical
Thermodynamics Course (Ideal and Real Gases) as Learning Tool During the Covid-
19 Pandemic. Journal of Technology and Science Education, 12(2), 466-483.
https://doi.org/10.3926/jotse.1654

Astuty, E., Ikhsan, R.B., & Aryanto, R. (2024). Sustainable Entrepreneurial Culture in
Promoting Innovation: A Higher Education Perspective. International Journal of
Evaluation and Research in Education, 13(1), 170-186.
https://doi.org/10.11591/ijere.v13i1.26740

Barelli, E., Lodi, M., Branchetti, L., & Levrini, O. (2025). Epistemic Insights as Design
Principles for a Teaching-Learning Module on Artificial Intelligence. In Science and
Education, 34(2), 445-464. Springer Netherlands. https://doi.org/10.1007/s11191-
024-00504-4

Chang, T., Wang, H., Macdonald, A., Song, M., Lai, S., & Hsieh, S. (2022). Enhancing
Student Creativity Through an Interdisciplinary, Project-Oriented Problem-Based
Learning Undergraduate Curriculum. Thinking Skills and Creativity, 46, 101-173.
https://doi.org/10.1016/j.tsc.2022.101173

Dahalan, S.C. (2020). The Effectiveness of The 21st Century Teaching History Module (21-
Cthm) Towards High Order Thinking Skills. International Journal of Innovation,
Creativity and Change, 12(11), 106-120.
https://api.elsevier.com/content/abstract/scopus_id/85084461460

Dahlkemper, M.N., Lahme, S.Z., & Klein, P. (2023). How do Physics Students Evaluate
Artificial Intelligence Responses on Comprehension Questions a Study on The
Perceived Scientific Accuracy and Linguistic Quality of ChatGPT. Physical Review
Physics Education Research, 19(1), 1-25.
https://doi.org/10.1103/PhysRevPhysEducRes.19.010142

El-Kholei, A.O. (2023). Embedding Sustainability and SDGs in Architectural and Planning
Education: Reflections From a Kap Survey, Egypt. International Journal of
Architectural Research: Archnet-1JAR, 17(3), 459-477.
https://doi.org/10.1108/ARCH-07-2022-0156

Sumo et al.: Development of a Physics Learning Module Based..... 11149



Engelschalt, P., Rdoske, M., Penzlin, J., Kriger, D., & Upmeier, A. (2023). Abductive
Reasoning in Modeling Biological Phenomena as Complex Systems. Frontiers in
Education, 8, 211-231. https://doi.org/10.3389/feduc.2023.1170967

Ennis, R.H. (1993). Critical Thinking Assessment. Theory into Practice, 32(3), 179-186.
https://doi.org/10.1080/00405849309543594

Filiz, O., Haldun, M., & Tufan, K. (2025). Teachers and AI: Understanding the Factors
Influencing AI Integration in K-12 Education. Education and Information Technologies,
3(0123456789), 1-37. https://doi.org/10.1007/s10639-025-13463-2

Hake, R.R. (1998). Interactive-Engagement Versus Traditional Methods: A Six-Thousand-
Student Survey of Mechanics Test Data for Introductory Physics Courses. American
Journal of Physics, 66(1), 64-74. https://doi.org/10.1119/1.18809

Handayani, T., Saulon, B.O., & Maryani, I. (2023). Integrating Metacognitive Strategies
Impact in Virtual Science Experiments for Undergraduate Students’ HOTs. Cakrawala
Pendidikan, 42(2), 380-391. https://doi.org/10.21831/cp.v42i2.51752

Hartini, S. (2021). An Investigation of Critical Thinking Skill of Pre-Service Physics Teacher
in the Case of Fission and Fusion Reactions. In Journal of Physics: Conference Series
1806(1), 1-20. https://doi.org/10.1088/1742-6596/1806/1/012031

Hasanah, D., Ditya, N.T., & Listiyani, L.R. (2023). Pengembangan E-Modul IPA Berbasis
Pendekatan Saintifik Pada Materi Sistem Pencernaan Pada Manusia untuk Peserta
Didik Kelas 1[Development of a Science E-Module Based on a Scientific Approach to
The Human Digestive System Material for Grade 1 Students]. Wacana Akademika:
Majalah Ilmiah Kependidikan, 7(1), 35-45.
https://202.162.35.16/index.php/wacanaakademika/article/view/14534

Heeg, D.M., & Avraamidou, L. (2023). The Use of Artificial Intelligence in School Science:
A Systematic Literature Review. Educational Media International, 60(2), 125-150.
https://doi.org/10.1080/09523987.2023.2264990

Hu, W., & Adey, P. (2010). A Scientific Creativity Test for Secondary School Students.
International Journal of Science Education, 24(4), 389-403.
https://doi.org/10.1080/09500690110098912

Hu, Y. (2024). The Implementation of Project-Based Learning in Chinese Basic Education:
Challenges and Recommendations. Science Insights Education Frontiers, 21(1),
3363-3374. https://doi.org/10.15354/sief.24.re349

Ion, T.C., & Popescu, E. (2025). An Innovative Distance Learning Platform for Mathematics
Education in Secondary Schools: Design, development and preliminary studies.
Education and Information Technologies, 30(5), 5529-5560.
https://doi.org/10.1007/s10639-024-13040-z

Jiao, L., Song, X., You, C., Liu, X., Li, L., Chen, P., Tang, X., Feng, Z., Liu, F., Guo, Y.,
Yang, S., Li, Y., Zhang, X., Ma, W., Wang, S., Bai, J., & Hou, B. (2024). Al Meets
Physics: A Comprehensive Survey. In Artificial Intelligence Review, 57(9), 332-364.
Springer Netherlands. https://doi.org/10.1007/s10462-024-10874-4

1136 Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 13(4), 1136-1153, (2025)



Kamaliya, A.F., Sumarni, S., Putranta, H., Lestari, A.I., & Nurhayati, F. (2023). Analysis of
the Quality of Islamic Religious Education Subject Test Applying the Item Response.
Jurnal Hurriah: Jurnal Evaluasi Pendidikan dan Penelitian, 4(1), 117-124.
https://doi.org/https://doi.org/10.56806/jh.v6i2

Luzyawati, L., Hamidah, I., Fauzan, A., & Husamah. (2025). Higher-Order Thinking Skills-
Based Science Literacy Questions for High School Students. Journal of Education and
Learning, 19(1), 134-142. https://doi.org/10.11591/edulearn.v19i1.21508

Mendes, P., Cirillo, M.A., & Angelo, M. (2021). Computation Construction of the Average
Variance Extracted Index for Construct Validation in Structural Equation Models With
Adaptive Regressions. Communications in Statistics - Simulation and Computation,
2(1), 1-13. https://doi.org/10.1080/03610918.2021.1888122

Mendoza, J.R.P. (2020). Employing Big Process for the Development of Information
Literacy Among College Students. International Journal of Scientific and Technology
Research, 9(3), 901-905. https://api.elsevier.com/content/abstract/scopus_id
/85083863161

Mitarlis, Azizah, U., & Yonata, B. (2023). The Integration of Green Chemistry Principles in
Basic Chemistry Learning to Support Achievement of Sustainable Development Goals
(SDGs) Through Education. Journal of Technology and Science Education, 13(1), 233-
254. https://doi.org/10.3926/jotse.1892

OECD. (2015). PISA 2015 Results (volume I): The State of Learning and Equity in
Education: Vol. I, OECD Publishing. https://doi.org/https://doi.org/
10.1787/53f23881-en

OECD. (2018). PISA 2018 Results (Volume I): What Students Know and Can Do. In OECD
Publishing: Vol. I. https://www.oecd.org/pisa/publications/pisa-2018-results-volume-
iii-acd78851-en.htm

OECD. (2023). PISA 2022 Results Factsheets Indonesia. The Language of Science
Education, 1, 1-9. https://oecdch.art/a40deldbaf/C108.

Orozco, M. (2024). Disclosing Own Reasoning While Appraising The Students’ Reasoning:
Implications for Developments in Formative Assessment in Science-Engineering
Education. Assessment and Evaluation in Higher Education, 49(2), 165-177.
https://doi.org/10.1080/02602938.2023.2196008

Pangsuma, N.S., Nurahman, A.A., Riandi, R., & Solihat, R. (2024). Innovation of ESD
Learning Module (Education for Sustainable Development) Based on Bugis Local
Wisdom for Critical Thinking Skills and Environmental Literacy. Journal of Science
Learning, 7(3), 257-266. https://doi.org/10.17509/jsl.v7i3.71247

Park, H. (2021). A Scientometric Study of Digital Literacy, ICT Literacy, Information
Literacy, and Media Literacy. Journal of Data and Information Science, 6(2), 116-138.
https://doi.org/10.2478/jdis-2021-0001

Plomp, T., & Nieveen, N.M. (2010). An Introduction to Educational Design Research.
Netherlands Institute for Curriculum Development: Netherland.

Sumo et al.: Development of a Physics Learning Module Based..... |1151



Rahayu, I.K., Sanjaya, Y., & Solihat, R. (2021). Integration of SDGs in Environmental
Education Subjects of Adiwiyata Vocational High School. Journal of Physics:
Conference Series, 1806(1), 1-5. https://doi.org/10.1088/1742-
6596/1806/1/012167

Reith, M., & Nehring, A. (2024). Fostering Scientific Reasoning Competencies:
Investigating Impacts of Cross-and Within-Content Area Experimentation Using The
Competency Triad. International Journal of Science Education, 0693(sept), 1-25.
https://doi.org/10.1080/09500693.2024.2394708

Richey, R.C., & Klein, J.D. (2005). Developmental Research Methods: Creating Knowledge
from Instructional Design and Development Practice. Journal of Computing in Higher
Education, 16(2), 23-38. https://doi.org/10.1007/BF02961473

Shofiyah, N., Suprapto, N., Prahani, B.K., Jatmiko, B., Anggraeni, D.M., & Nisa’, K. (2024).
Exploring Undergraduate Students’ Scientific Reasoning in The Force and Motion
Concept. Cogent Education, 11(1), 255-270.
https://doi.org/10.1080/2331186X.2024.2365579

Sudjana. (2004). Metode Statistika. Bandung: Tarsito.

Sugiyono. (2018). Metode Penelitian Pendidikan Pendekatan Kuantitatif, Kualitatif dan R&D
[Educational Research Methods Using Quantitative, Qualitative and R&D Approaches].
Bandung: Alfabeta.

Sumo, M., Jatmiko, B., Arifin, Z., & Supardi, 1. (2024). Profile of Scientific Creativity Based
on Project Based Learning of Physics Education Undergraduate Students : Preliminary
research. Jurnal IImu Pendidikan Fisika (JIPF), 9(3), 377-386.
https://doi.org/10.26737/jipf.v9i3.5802

Sumo, M. & Soeharto, S. (2025). Fostering Scientific Creativity Through Feasibility Project-
Based Learning in Undergraduate Physics. Journal of Science Learning, 8(2), 191-
205. https://doi.org/10.17509/jsl.v8i2.83225

Suprapto, N., & Hidaayatullaah, H.N. (2023). University Students’ Perspectives on Physics
Education in Sustainable Development Goals. Journal of Physics: Conference Series,
2623(1), 1-10. https://doi.org/10.1088/1742-6596/2623/1/012001

Susongko, P., Wahab, N.B.A., Arfiani, Y., & Kusuma, M. (2024). Validation and
Implementation of 3-Dimensional Scientific Literacy Test (Lisa3d Test): Measuring
Scientific Literacy for Senior High School Students Based on Scientific Reasoning,
Scientific Inquiry, And Nature of Science. Jurnal Pendidikan IPA Indonesia, 13(3),
459-470. https://doi.org/10.15294/591rx526

Uslan, Abdullah, N., Imami, M.K.W., & Aiman, U. (2024). The Effectiveness of The Local
Knowledge-Based Module (LKBM) to Improve Students’ Scientific Literacy and
Thinking Skills. Jurnal Pendidikan IPA Indonesia [Indonesian Journal of Science
Education], 13(1), 147-161. https://doi.org/10.15294/jpii.v13i1.47561

Wahyuni, S., Putri, A., Fadilah, R.E., & Sya, H. (2025). Development of E-Modules Based
on Puger ' s Marine Potential to Improve Higher Order Thinking Skills in Junior High
School. JIPI  (Jurnal IPA dan Pembelajaran IPA), 9(2), 312-325.
https://doi.org/https://doi.org/10.24815/jipi.v9i2.44379

1136 Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 13(4), 1136-1153, (2025)



Yannier, N., Hudson, S. E., Chang, H., & Koedinger, K. R. (2024). Al Adaptivity in A Mixed-
Reality System Improves Learning. International Journal of Artificial Intelligence in
Education, 34(4), 1541-1558. https://doi.org/10.1007/s40593-023-00388-5

Yi, C. (2023). Exploration and Analysis of Middle School Teachers’ Classroom Questioning
Methods from The Perspective of Dialogue Education. Journal of Law and Sustainable
Development, 11(6), 234-255. https://doi.org/10.55908/sdgs.v11i6.834

Yulianti, D., & Herpratiwi. (2024). Development of A Science, Environment, Technology,
and Society-Based Learning Module to Foster Critical Thinking in Elementary Students.
Journal of Education and Learning, 18(4), 1372-1384.
https://doi.org/10.11591/edulearn.v18i4.21713

Sumo et al.: Development of a Physics Learning Module Based..... 11153



