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ABSTRACT

The 21st century demands strong critical thinking, a skill often lacking in Indonesian 10th-grade physics
students despite curriculum reforms. Current teaching materials often fail to adequately engage students or
foster higher-order thinking skills. To bridge this gap, this research aimed to develop and validate an innovative
Artificial Intelligence (Al)-integrated e-module on renewable energy, utilizing a Problem-Based Learning (PBL)
model. Using the Analysis, Design, and Development (ADDIE) model, the study focused on the initial three
stages, culminating in expert validation. The e-module was developed using WordPress and validated by three
physics experts from Universitas Negeri Padang using a rigorous instrument adapting six indicators: material
substance, visual communication, software utilization, learning design, PBL model, and Al integration. The
results demonstrated high feasibility, with the e-module achieving a "very valid" category across all indicators
(average score > 0.83). These findings confirm that the Al-integrated e-module is a scientifically accurate,
engaging, and pedagogically sound tool suitable for enhancing students' critical thinking skills in physics
education.
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I.  INTRODUCTION

The rapid advancements in technology and information in the 21st century necessitate a fundamental
transformation in educational paradigms. Education now focuses on developing four key competencies: critical
thinking, creative thinking, collaboration, and communication [1]. Among these, critical thinking serves as an
essential foundation for shaping adaptive individuals capable of navigating global dynamics [2]. This skill
empowers students to grasp abstract concepts, think logically, and formulate alternative solutions [3] . In
response to this need, the Indonesian Government introduced the Merdeka Curriculum to improve educational
quality by emphasizing material comprehension and critical thinking [4, 5]. However, field observations and
literature reviews reveal that the implementation of this curriculum has not yet fully succeeded in boosting the
critical thinking abilities of 10th-grade high school students, particularly in Physics. Observations at Padang
Public Senior High School 4 indicated low performance across Facione’s critical thinking indicators, with scores
for interpretation, analysis, and inference falling below 50%.

A primary contributing factor is the lack of interactive and stimulating teaching materials. Interviews with
physics teachers revealed that existing textbooks and handouts are often monotonous and fail to support student
motivation. Furthermore, while students have access to technology like smartphones, it is rarely utilized
effectively for educational purposes in the classroom. Students expressed a need for ICT-based, interactive
learning media that addresses real-world issues, such as environmental challenges [6]. To address this gap, E-
modules emerge as a promising solution [7]. E-modules can be designed with adaptable content, multimedia, and
interactive features to improve motivation and learning outcomes. To further enhance critical thinking, these
modules must be grounded in effective pedagogical models [8]. The Problem-Based Learning (PBL) model is
particularly suitable, as it presents students with authentic problems that require investigation and problem-
solving [9, 10].

Moreover, the integration of Artificial Intelligence (Al) in education offers transformative potential. Al can
provide real-time support, personalized learning paths, and automated feedback [11, 12]. By combining PBL
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with Al, an e-module can offer a personalized and interactive learning experience that fosters deep critical
thinking through complex case analysis [13, 14]. This study focuses on "Renewable Energy", a topic that
requires strong visual representation and is highly relevant to students' daily lives [15]. The research aims to
develop and validate an Al-integrated e-module with a PBL model on renewable energy. The goal is to provide a
validated, innovative tool to bridge the gap between traditional learning and technological advancements,
ultimately strengthening students' critical thinking skills.

Il. METHOD

This research utilizes the ADDIE model (Analysis, Design, Development, Implementation, Evaluation) as a
guide for developing dynamic learning tools [16] . This study is limited to the first three stages: Analysis,
Design, and Development. The limitation to these stages is due to the focus on ensuring the product's validity
and feasibility through expert judgment before proceeding to large-scale classroom implementation and
effectiveness evaluation in future research [17]. The ADDIE model is illustrated in Figure 1.

revision -M revision
Implementation .

reviston i revision

Development

Fig. 1. Hlustration of the ADDIE Model Procedures

Based on Figure 1, the following research procedures were carried out: (1) Analysis: In the analysis phase,
this research focuses on gathering and examining information to define the problem and plan for the
development of an Al-integrated e-module with problem-based learning (PBL) model. This stage involves needs
analysis to identify discrepancies in current learning conditions in school (Padang Public Senior High School 4),
specifically focusing on renewable energy material, and a literature study analysis to review relevant references
such as books, journals, and articles, particularly concerning Al-integrated e-modules with PBL model,
renewable energy, and critical thinking skills; (2) Design: Following analysis, the design phase involves creating
a prototype. This includes designing learning material components like learning objectives and activities, then
designing the product itself as an Al-integrated e-module with PBL model for 10th-grade students on renewable
energy to improve critical thinking. Finally, content and media design combine various interactive elements and
integrates Al according to the PBL model. (3) Development: The development phase then involves creating the
product using WordPress to build the Al-integrated e-module as a website. This is followed by self-evaluation to
identify initial errors based on feature completeness and conceptual alignment, leading to necessary
improvements.

The validation subjects were three expert Physics lecturers from Universitas Negeri Padang. The validity
instrument was adapted from the "Practical Guide to Develop E-modules™ [18]. It assessed six indicators: The
first, material substance, ensures content quality through four components: veracity, material completeness,
contemporary, and readability. Second, visual communication focuses on user experience and aesthetic appeal,
measured by six elements: effective navigation, clear letters, appropriate colors, logical layout, suitable media,
and engaging animation. Third, software utilization assesses the resource's technical aspects with three criteria:
interactivity, the use of supporting software, and originality in its implementation. Fourth, learning design
scrutinizes the pedagogical structure through fifteen components, ranging from foundational elements like the
cover and table of contents to core instructional parts such as learning outcomes, material, and exercises. It also
includes evaluative and reflective sections like worksheets, evaluation, and reflection, culminating with a
bibliography and appendices. Fifth, the Problem-Based Learning model is integrated with five distinct syntax
components. Finally, Artificial Intelligence integration enhances the resource through two components: the
integration of analysis and feedback, and the integration of interaction and motivation.
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The expert validation questionnaire aimed to determine the feasibility of the Al-integrated e-module before
testing it on students in schools. The validity test used a validation questionnaire instrument using a Likert scale.
The Al-integrated e-module is considered suitable for use if it achieves a high validity percentage. The final
validation results of this e-module were obtained based on a questionnaire assessed by lecturers from the Physics
Department of UNP. The assessment of the validity test questionnaire was based on the following Likert scale.

Table. 1. Linkert Scale

Scale Rating
1 Strongly Disagree
2 Disagree
3 Agree
4 Strongly Agree

(Source: Ref [19])

The data obtained will be analyzed using the Cohen's Kappa formula with the following equation.

_ Realized Value )
Po = Total Value

Unrealized Value

Pe = "Total Value @)
Po — Pe
k=== o ®)
Information:
K = Kappa Moment Index
po = Realized Proportion
pe = Unrealized Proportion

After the kappa moment results are obtained, they are divided into three category indices. The following are
the five category indices based on Cohen's Kappa Index.

Table. 2. Validity Category Interval

Interval Rating
0,00 -0,20 Poor Agreement
0,21-0,40 Slight Agreement
0,41-0,60 Fair Agreement
0,61 -0,80 Moderate Agreement
0,81-1,00 Substantial Agreement

(Source: Ref [20])
I11. RESULTS AND DISCUSSION

Result

The teaching material created is an artificial intelligence integrated e-module with problem-based learning
model on renewable energy material to improve critical thinking skills of grade 10 high school students.
Developed following an adaptation of the Practical Guide for Developing E-Modules, this comprehensive
resource features a well-structured layout beginning with a Cover, Foreword, and a hyperlinked Table of
Contents. The Introduction provides essential information including the e-module's identity, user instructions,
and a clear breakdown of the PBL syntax. Learning Competencies are laid out clearly in concept maps and
learning outcomes to guide students. The center of the module is its Al-Integrated Learning Activities consisting
of detailed lesson materials, summaries, worksheets for students, and exercises painstakingly prepared to
enhance critical thinking. Additionally, the Evaluation section includes a final test, a unique critical thinking
skills rubric, and creative Al-integrated feedback answers for immediate and personalized insights. Finally, the
Conclusion offers a long glossary, a bibliography of further reading, and an appendices. As shown in Figure 2,
the module includes a cover, interactive contents, PBL-based activities, Al-integrated feedback mechanisms, and
critical thinking evaluations.
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Fig. 2. Al Integrated E-module Product with PBL Model of Renewable Energy Material

After creating the product, the next step is product validation. Based on input from the validators, this e-
module was then revised comprehensively, including the addition of a scoring system to the critical thinking
rubric, improvements to the Al input and responses per question, adjustments to practice questions and
evaluations with indicators of critical thinking skills, variations in learning activities on student worksheets with
simulations and simple experiments, adjustments to the arrangement of worksheet activities according to PBL
syntax, improvements to the beginning of the material with definitions, and improvements to the e-module
display with more attractive navigation icons and animations to increase student interest. Following
development, the e-module was validated by three experts. The detailed results for each indicator are presented
below.

A. Material Substance Result

In the Material Substance indicator, there are four components, including: (1) Veracity with a value of 0.80
or valid. This shows that the truth of the material presented is in accordance with scientific principles, tested,
factual, and rational; (2) Material Completeness with a value of 0.80 or valid. This shows that the material
presented is complete, exploratory, collaborative, and descriptive; (3) Contemporary with a value of 0.80 or
valid. This shows that the material presented is actual, up-to-date, innovative, and accessible; and (4) Readability
with a value of 0.91 or very valid. This shows that the writing used is easy to understand, in accordance with
KBBI rules, appropriate physics terminology, and does not cause misunderstandings. In this indicator, the
average validity value obtained is 0.83 or a very valid category. The average validity value per component is
shown in the following graph.

Material Substance Result

Veracity 0.80

% Material Completeness 0.80

g Contemporary 0.80
Readibilty 0.91

0.50 0.60 0.70 0.80 0.90 1.00
Cohen's Kappa Score

Fig. 3. Validity Test Results for Material Substance

Physics Learning and Education, page. | 231



lhsan, et al

B. Visual Communication Result

In the visual communication indicator there are six components, including: (1) Navigation with a value of
1.00 or very valid. This shows that the navigation presented by the e-module functions well; (2) Letters with a
value of 1.00 or very valid. This shows that the composition of the letters used by the e-module is proportional;
(3) Colors with a value of 1.00 or very valid. This shows that the composition of the colors used by the e-module
is proportional; (4) Layout with a value of 1.00 or very valid. This shows that the structure and layout of the e-
module are proportional; (5) Media with a value of 0.91 or very valid. This shows that the e-module presented is
an interesting learning media to support learning; and (6) Animation with a value of 0.91 or very valid. This
shows that the e-module presented has interesting animation to support learning. In this indicator, the average
validity value is 0.97 or very valid category. The average value of validity per component is shown in the
following graph.

Visual Communication Result
Navigation 1.00
Letters 1.00
IS
] Colors 1.00
o
o
€  Layout 1.00
O
Media 0.91
Animation 0.91
0.50 0.60 0.70 0.80 0.90 1.00
Cohen's Kappa Score

Fig. 4. Validity Test Results for Material Substance
C. Software Utilization Result

In the software utilization indicator, there are three components, including: (1) Interactive with a value of
1.00 or very valid. This shows that this Al-integrated e-module with PBL model provides feedback interaction
from the system to the user; (2) Supporting Software with a value of 1.00 or very valid. This shows that this Al-
integrated e-module with PBL model can be directly accessed via computer (PC) and smartphone; and (3)
Originality with a value of 1.00 or very valid. This shows that this Al-integrated e-module with PBL model is an
original work. Of the three components, the average validity value is 1.00 or very valid category. The average
validity value per component is shown in the following graph.
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Software Utilization Result

Interactive 1.00
g
[
2 Supporting Software 1.00
g
O

Originality 1.00

0.50 0.60 0.70 0.80 0.90 1.00
Cohen's Kappa Score

Fig. 5. Validity Test Results for Software Utilization

D. Problem Based Learning Model Result

The integration of PBL syntax on e-module. All components (Orienting to Problems, Organizing Learning,
Guiding Inquiries, Developing Work, and Analyzing/Evaluating) consistently scored 0.91 (Very Valid). That
means confirms the module faithfully follows PBL stages. The average validity value per component is shown in
the following graph.

Problem Based Learning Model Result

Orienting to Problems 0.91 |

g Organizing for Learning 0.91 |
g_ Guiding Learning Inquiries 0.91 |
3 Develop & Present the Work 0.91 |
0.91 |

050 0.60 070 080 090 1.00
Cohen's Kappa Score

Fig. 6. Validity Test Results for Problem Based Learning Model
E. Learning Design Result

This extensive indicator includes 15 components (from Cover to Bibliography). The average was 0.92
(Very Valid). While most components scored very high, Learning Objectives and Material scored 0.80. The
average validity value per component is shown in the following graph.
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Design Learning Result
Cover 0.91
Table of Content 1.00 |
Instruction 1.00 |
Concept Map 0.91
Learning Outcome 1.00 |
Learning Objectuve 0.80 |
% Material 0.80 |
8_ Example 0.91 |
§ Summary 1.00
Worksheet 0.91 |
Exercise 0.80 |
Evaluation 0.80 |
Reflection 1.00 |
Bibliography 1.00 |
Appendices 1.00 |
0.50 0.60 0.70 0.80 0.90 1.00
Cohen's Kappa Score

Fig. 7. Validity Test Results for Design Learning
F. Artificial Intelligence Integration

In the Artificial Intelligence (Al) Integration indicator, there are two components, namely: (1) Integration
of Analysis and Feedback with a value of 0.91 or very valid. This shows that the e-module can analyze user
answers and provide feedback; and (2) Integration of Interaction and Motivation with a value of 0.91 or very
valid. This shows that the e-module can make learning more interactive and provide a pleasant learning
experience. From these two components, the average validity value is 0.91 or the very valid category. The
average validity value per component is shown in the following graph.

Artificial Intelligence Integration Result

é Analysis and Feedback 0.91
o
o
g Interaction and Motivation 0.91
O

050 060 070 0.80 090 1.00
Cohen's Kappa Score

Fig. 8. Validity Test Results for Artificial Intelligence Integration

Based on these results, the overall average validity value of this Al-integrated e-module with PBL model is
0.92, categorized as very valid. This indicates that this Al-integrated e-module with PBL model is highly feasible
for implementation. The average validity value per indicator is shown in the following graph.

Physics Learning and Education, page. | 234



lhsan, et al

Validity Test Result
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Fig. 9. Validity Test Result
Discussion

The comprehensive validation process, confirmed the high feasibility and quality of the e-module across all
evaluated aspects. Based on the validators' input, comprehensive revisions were implemented to further improve
the e-module's quality. These revisions included adding a scoring system to the critical thinking rubric, refining
Al input and responses, adjusting practice questions to align with critical thinking indicators, diversifying
learning activities with simulations and experiments, reorganizing worksheet activities according to PBL syntax,
and improving the e-module's visual appeal. The validation data confirms that this Al-integrated e-module is not
just a digital textbook, but a robust pedagogical tool. To understand the broader implications of these findings, it
is valuable to situate them within recent research trends [21].

The strong score in Material Substance (0.83) ensures the module is scientifically sound. This aligns with
Hariyanti et al. (2025), who argue that for the Merdeka Curriculum to succeed, teaching materials must be
strictly aligned with contemporary contexts like renewable energy [22]. Furthermore, our focus on material
completeness addresses a gap highlighted by Gunawan et al. (2023). In their work on PBL instruments, they
found that integrating valid learning models with relevant local content is non-negotiable for fostering critical
reasoning [23]. Our study extends this by proving that such rigor is achievable in a digital, Al-driven format for
high school physics.

The perfect scores in Software Utilization (1.00) and high marks in Visual Communication support the
meta-analysis findings of Fadillah et al. (2024). Their review of physics e-modules concluded that interactive
digital media yields a significantly higher effect size on student learning compared to static materials [24].
Additionally, Virijai, Asrizal, and Festiyed (2022) emphasized that to prepare students for the Industrial
Revolution 4.0, materials must go beyond text and integrate technology that stimulates higher-order thinking.
Our module’s cross-platform compatibility ensures it meets these modern technical standards [25].

A critical success factor was the PBL Model validity (0.91). Ardha and Emiliannur (2025) recently
demonstrated that PBL-integrated worksheets effectively facilitate creative thinking [26]. In their research
complements this by showing that a similar PBL structure, when digitized, is equally valid for enhancing critical
thinking. In research was highlighted by Hirahmah et al. (2024), following the PBL syntax, from problem
orientation to evaluation, the module provides the necessary "scaffolding” for students to analyze complex
problems, a need also identified in the bibliometric analysis [27].

Perhaps the most significant finding is the valid integration of Al (0.91). Hikmawati and Mohammad
(2025) recently posited that Generative Al could revolutionize critical thinking education by offering complex
scenarios and instant feedback [28]. Our validated module serves as a practical proof-of-concept for their theory.
Moreover, the interactive nature of our Al features mirrors the work of Chen et al. (2023), who found that Al
assistants (chatbots) could successfully support student success at scale [29]. Unlike generic chatbots, our Al is
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contextually embedded within the renewable energy curriculum, providing targeted support that guides, rather
than gives away, the answers [30].

IV. CONCLUSION

This research successfully developed and rigorously validated an Al-integrated e-module, specifically
designed with a Problem-Based Learning (PBL) model, to cultivate critical thinking skills in 10th-grade high
school students studying renewable energy. The comprehensive validation process, carried out by expert Physics
Lecturers, consistently demonstrated the e-module's high feasibility and quality across all evaluated aspects. This
confirms that the e-module provides scientifically accurate, comprehensive, and up-to-date content presented in
an accessible manner, complemented by an engaging and interactive digital learning environment.

In essence, this Al-integrated e-module with a PBL model stands as a highly promising and feasible
teaching material. Its innovative design and strong validation indicate its potential as a valuable resource for
modern physics education, poised to significantly improve high school students' critical thinking abilities.

While the prototype is structurally sound, the next logical steps involve the Implementation and Evaluation
phases of the ADDIE model. Future research will focus on deploying this module in real classrooms to
empirically measure its impact on students' critical thinking scores through practically and effectiveness testing.

ACKNOWLEDGMENT

We would like to thank Universitas Negeri Padang for providing the opportunity for the researchers to
conduct this research, and the Physics Department, Faculty of Mathematics and Natural Sciences UNP, for
providing the platform for publishing this article. We also thank the Physics Department lecturers, who served as
validators and provided suggestions and input in the development of an artificial intelligence integrated e-
module with problem-based learning models on renewable energy to improve high school students' critical
thinking skills.

REFERENCES

[1] Frydenberg, M., & Andone, D., “Learning For 21st Century Skills. International Conference on
Information  Society”, i-Society 2011, pp. 314-318, 2011, doi: https://doi.org/10.1109/i-
society18435.2011.5978460.

[2] Nurhabibah, S., “Tahapan Proses Berpikir Kritis Dan Kreatif”, Pemikiran Kritis dan Kreatif, pp. 31,
Bandung: Media Sains Indonesia, 2022.

[3] Facione, P. A., “Critical Thinking: What It Is and Why It Counts”, Insight Assessment, 2015.

[4] Festiyed, F., Elvianasti, M., Diliarosta, S., & Anggana, P., “Pemahaman Guru Biologi SMA di Sekolah
Penggerak DKI Jakarta Terhadap Pendekatan Etnosains pada Kurikulum Merdeka”, Jurnal Pendidikan
Dan Kebudayaan, vol. 7, no. 2, pp. 152-163, 2022, doi: https://doi.org/10.24832/JPNK.V712.2993.

[5] Fakhrel, M., & Emiliannur, E., “Development of an Integrated E-Module with The Problem-Based Leaning
Model to Facilitate Critical Thinking Skills on Temperature and Heat Material”, Jurnal Penelitian
Pembelajaran Fisika, vol. 10, no. 2, pp. 173-184, 2024, doi: https://doi.org/10.24036/JPPF.VV1012.131419.

[6] Mahmudah, S., Kirana, T., & Rahayu, Y. S., “Profile of Students’ Critical Thinking Ability:
Implementation of E-Modul Based On Problem-Based Learning”, IJORER : International Journal of
Recent Educational Research, vol. 3, no. 4, pp. 478-488, 2022, doi:
https://doi.org/10.46245/1JORER.V314.231.

[7] Saputra, I. G. P. E., Harnipa, Hasan, N., & Triani, Konteks Dan Strategi Pembelajaran Fisika Abad 21,
Purwokerto: EUREKA MEDIA AKSARA, 2024.

[8] Arends, R. I., Learning to Teach, 9th Edition, New York: McGraw-Hill, 2012.

[9] Santrock, J. W., Educational Psychology, 6th Edition, New York: McGraw-Hill, 2018.

[10] Hung, W., Jonassen, D. H., & Liu, R., “Problem-Based Learning”, In Handbook of Research on
Educational Communications and Technology, pp. 485-506, 2008, doi:
https://doi.org/10.4324/9780203880869.

[11] Goel, A. K., & Joyner, D. A., “Using Al to Teach Al: Lessons from an Online Al Class”, Al Magazine, vol.
38, no. 2, pp. 48-59, 2017, doi: https://doi.org/10.1609/AIMAG.V3812.2732.

Physics Learning and Education, page. | 236


https://doi.org/10.1109/i-society18435.2011.5978460
https://doi.org/10.1109/i-society18435.2011.5978460
https://doi.org/10.24832/JPNK.V7I2.2993
https://doi.org/10.24036/JPPF.V10I2.131419
https://doi.org/10.46245/IJORER.V3I4.231
https://doi.org/10.4324/9780203880869
https://doi.org/10.1609/AIMAG.V38I2.2732

lhsan, et al

[12] Wibowo, S. A., & Faizah, 1., “Pengaruh Model Pembelajaran Berbasis Masalah berbantuan Chatbot Al
terhadap Higher Order Thinking Skill”, Jurnal Nyanadassana: Jurnal Penelitian Pendidikan, Sosial dan
Keagamaan, vol. 2, no. 2, pp. 73-85, 2023, doi: https://doi.org/10.59291/JND.V2I2.36.

[13] Aji, D. P., Akhsan, H., & Marlina, L., “Development of Augmented Reality-Based and Artificial
Intelligence-Assisted E-Modules on Global Warming Materials to Improve Critical Thinking Skills of High
School Learners”, Jurnal Penelitian Pendidikan IPA, vol. 11, no. 2, pp. 696-707, 2025, doi:
https://doi.org/10.29303/JPPIPA.\VV1112.9993.

[14] Harahap, D. S., “Implementation of ChatGPT to Improve Students’ Critical Thinking Abilities”,
Indonesian Journal of Education and Social Humanities, vol. 1, no. 2, pp. 33-39, 2024, doi:
https://doi.org/10.62945/1JESH.V112.58.

[15] Syahri, B., Syahril, S., Refdinal, R., Indrawan, E., Media, A., & Rifelino, R., “Al-PBL Framework:
Innovative Problem Based Learning Model Supported by Artificial Intelligence Technology”, Data and
Metadata, vol. 4, no. 1116, 2025, doi: https://doi.org/10.56294/DM20251116.

[16] Branch, R. M., & Varank, I., Instructional Design: The ADDIE Approach, New York: Springer, 2009.

[17] Mulyatiningsih, E., Metode Penelitian Terapan Bidang Pendidikan, Yogyakarta: Alfabeta, 2012.

[18] Direktorat Pembinaan SMA, Panduan Praktis Penyusunan E-Modul, Jakarta: Departemen Pendidikan
Nasional, Direktorat Jenderal Pendidikan Dasar dan Menengah, Direktorat Pembinaan SMA, 2017.

[19] Sugiyono., Statistik Untuk Penelitian, Bandung: Alfabeta, 2012.

[20] Warrens, M. J., “Five Ways to Look at Cohen’s Kappa”, Journal of Psychology & Psychotherapy, vol. 5,
no. 4, 2015, doi: https://doi.org/10.4172/2161-0487.1000197.

[21] Prastowo, A., Panduan Kreatif Membuat Bahan Ajar Inovatif, Yogyakarta: DIVA Press, 2011.

[22] Hariyanti, S. N., Hikmawati, U., Yunanto, B. A., Rahmawati, F., Fadly, W., Julianto, & Deta, U. A.,
“Analisis Bibliometri Pengembangan E-Modul Fisika Berbasis HOTS untuk Meningkatkan Berpikir Kritis
Siswa SMA”, Epistemic: Scientific Thinking and Literacy, vol. 1, no. 1, pp. 40-55, 2025.

[23] Gunawan, R., Festiyed, F., llwandri, 1., Gunawan, G., & Anita, “Validitas Instrumen Kemampuan Bernalar
Kritis melalui Model Problem Based Learning bermuatan Kearifan Lokal pada Pembelajaran IPA SMP”,
Jurnal Kumparan Fisika, vol. 6, no. 2, pp. 141-148, 2023, doi: https://doi.org/10.33369/JKF.6.2.141-148.

[24] Fadillah, M. A., Asrizal, A., Festiyed, F., & Usmeldi, U., “The Effect of E-modules on Physics Learning in
Senior High School: A Meta-Analysis”, Indonesian Journal of Science and Mathematics Education, vol. 7,
no. 3, pp. 574-589, 2024, doi: https://doi.org/10.24042/IJSME.V713.21641.

[25] Virijai, F., Asrizal, A., & Festiyed, F., “Meta Analisis Pengaruh Bahan Ajar Terhadap Kemampuan
Berpikir Kritis Siswa Dalam Menghadapi Era Revolusi 4.0”, Jurnal Penelitian Pembelajaran Fisika, vol.
8, no. 1, pp. 54-61, 2022, doi: https://doi.org/10.24042/IJSME.\V/713.21641.

[26] Ardha, M. A., & Emiliannur, E., “Desain Lembar Kerja Peserta Didik (LKPD) Terintegrasi Problem Based
Learning (PBL) untuk Memfasilitasi Kemampuan Berpikir Kreatif Siswa”. Jurnal MIPA dan
Pembelajarannya, vol. 5, no. 1, 2025, doi: https://doi.org/10.1007/978-94-011-4255-7_10.

[27] Hirahmah, A., Yani, I. P., Festiyed, F., & Emiliannur, E., “Critical Thinking Skills in Assessment Essays to
Improve Motivation and Learning Outcomes: Bibliometric Analysis”, Jurnal Pijar MIPA, vol. 19, no. 5,
pp. 916-921, 2024, , doi: https://doi.org/10.29303/JPM.V1915.7163.

[28] Hikmawati, A., & Mohammad, N. K., “Enhancing Critical Thinking with Gen Al: A Literature Review”,
Buletin Edukasi Indonesia, vol. 4, no. 1, pp. 40-46, 2025, doi: https://doi.org/10.56741/bei.v4i01.764.

[29] Chen, Y., Jensen, S., Albert, L. J., Gupta, S., & Lee, T., “Artificial Intelligence (Al) Student Assistants in
The Classroom: Designing Chatbots to Support Student Success”, Information Systems Frontiers, vol. 25,
no. 1, pp. 161-182, 2023, doi: https://doi.org/10.1007/S10796-022-10291-4/METRICS.

[30] Sarosa, M., Kusumawardani, M., Suyono, A., & Sari, Z., “Implementasi Chatbot Pembelajaran Bahasa
Inggris menggunakan Media Sosial”, JEPIN (Jurnal Edukasi dan Penelitian Informatika), vol. 6, no. 3, pp.
317-322, 2020, doi: https://doi.org/10.26418/JP.\VV613.43191.

Physics Learning and Education, page. | 237


https://doi.org/10.59291/JND.V2I2.36
https://doi.org/10.29303/JPPIPA.V11I2.9993
https://doi.org/10.62945/IJESH.V1I2.58
https://doi.org/10.56294/DM20251116
https://doi.org/10.4172/2161-0487.1000197
https://doi.org/10.33369/JKF.6.2.141-148
https://doi.org/10.24042/IJSME.V7I3.21641
https://doi.org/10.24042/IJSME.V7I3.21641
https://doi.org/10.1007/978-94-011-4255-7_10
https://doi.org/10.29303/JPM.V19I5.7163
https://doi.org/10.56741/bei.v4i01.764
https://doi.org/10.1007/S10796-022-10291-4/METRICS
https://doi.org/10.26418/JP.V6I3.43191

