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 Purpose of the study: This study aimed to develop augmented reality–based 
flashcard learning media for teaching atomic models and to examine its validity, 

practicality, and effectiveness in fostering senior high school students’ critical 

thinking skills. 

Methodology: This study employed a research and development approach using 
the Rowntree model, comprising planning, development, and evaluation stages, 

with formative evaluation adapted from Tessmer. Data were collected through 

expert validation sheets, practicality questionnaires, and critical thinking skills 

tests. Data analysis included CVR and CVI for validity, descriptive analysis for 

practicality, and N-gain analysis for effectiveness. 

Main Findings: The results indicated that the augmented reality–based flashcard 

media achieved excellent content validity, with S-CVI/Ave and S-CVI/UA 

values of 1.00, categorized as very valid. The media was considered practical, 
with mean practicality scores of 3.9 in the one-to-one evaluation and 4.1 in the 

small group evaluation. Additionally, the field test showed an improvement in 

students’ critical thinking skills, with an N-gain value of 0.56, indicating 

moderate effectiveness. 

Novelty/Originality of this study: The novelty of this study lies in integrating 

augmented reality technology into flashcard-based learning media to foster 

students’ critical thinking skills in learning atomic models. Unlike previous 

studies that mainly emphasize visualization or conceptual understanding, this 
research focuses on developing higher-order thinking skills through interactive, 

mobile-supported learning media to address abstract physics concepts. 
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1. INTRODUCTION 

The rapid advancement of technology has encouraged teachers to implement creative and innovative 

learning strategies to achieve effective learning objectives [1]. The ease of accessing information without 

limitations of space and time has made technology inseparable from educational activities, particularly for 

teachers who play a central role in achieving learning goals [2]-[4]. Effective learning requires adequate facilities 

and teacher creativity, one of which is the use of appropriate learning media as intermediaries to minimize 

communication failures, focus students’ attention, and create optimal and enjoyable learning environments [5]-
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[7]. Several studies have reported that digital-based learning can improve students’ learning outcomes compared 

to conventional learning approaches [8]-[10]. 

In recent years, technology has become an essential supporting tool in education to assist teachers in 

achieving targeted learning outcomes [11]. One technological innovation widely applied in education is 

Augmented Reality (AR), which integrates two-dimensional and three-dimensional virtual objects into real-

world environments and displays them in real time [12]. AR-based learning media can present various forms of 

content, including text, audio, music, and video, making learning more interactive by bridging real and virtual 

environments [13], [14]. The use of AR through Android-based smartphones enables flexible and accessible 

learning [15], [16]. Flashcards assisted by AR have been shown to enhance students’ memory retention, provide 

practical learning experiences, and support long-term information recall [17]-[19]. Furthermore, AR-based 

flashcard media have the potential to support the development of students’ critical thinking skills through 

interactive learning activities [20]-[22]. 

Critical thinking is one of the essential skills required in the era of the Industrial Revolution 4.0 and the 

21st century, as it enables students to analyze problems systematically and make reasoned decisions [23]-[25]. 

Critical thinking skills develop through learning processes that actively engage students in higher-order thinking 

activities [26]-[28]. Current educational paradigms emphasize student-centered learning, in which students 

actively construct their own knowledge, with greater emphasis on learning processes rather than solely on 

outcomes [29]. In science education, critical thinking skills are crucial to enable students to analyze and evaluate 

natural phenomena and develop deep conceptual understanding rather than relying on memorization [30], [31]. 

Therefore, learning media should be designed to explicitly support critical thinking skills in science learning 

contexts [32]-[34]. 

Physics, as part of science education, includes abstract concepts that are difficult for students to 

understand, particularly atomic model material taught at the senior high school level. Science learning requires 

students to be directly involved in observing and systematically investigating natural phenomena [35], [36]. 

However, atomic models involve microscopic phenomena that cannot be directly observed, making the material 

abstract and challenging for students [37]. Previous studies have indicated that atomic model material requires 

visualization and animation to facilitate students’ conceptual understanding [38]. Without appropriate learning 

media, students often experience difficulties in understanding atomic structures, which can hinder the 

development of their critical thinking skills [39]-[41]. 

Based on a needs analysis conducted at Senior High School 3 Tanjung Raja, 66.1% of students 

experienced difficulties in learning atomic model material, indicating that their critical thinking skills were not 

yet well developed. In addition, 76.7% of teachers expressed interest in and the need for augmented reality based 

flashcard learning media. Therefore, this study focuses on developing augmented reality based flashcard learning 

media to train high school students’ critical thinking skills on atomic model material. 

 

 

2. RESEARCH METHOD 

This study used a research and development (R&D) design based on the Rowntree model, which 

involves planning, development, and evaluation phases [42]. Formative evaluation was adopted from Tessmer’s 

model, including self-evaluation, expert review, one-to-one evaluation, small group evaluation, and field testing 

to refine and validate the learning media [43]. The aim was to develop augmented reality–based flashcard media 

that are valid, practical, and effective for training critical thinking skills in atomic model learning. 

The research was conducted at Senior High School 3 Tanjung Raja. Subjects included 29 Grade XII 

students in the 2025/2026 academic year. In the formative evaluation, three students participated in the one-to-

one evaluation, nine in the small group evaluation, and all 29 students participated in the field test. Validation of 

the media and instruments was conducted by five experts: one material expert, two media experts, and two 

experts in critical thinking assessment. 

 

Table 1. Distribution of Research Subjects Across Developmental Evaluation Stages 

Evaluation Stage Participants 

One-to-one Evaluation 3 students 

Small Group Evaluation 9 students 

Field Test 29 students 

Validators 5 experts (1 material, 2 media, 2 critical thinking) 

 

Three main instruments were used to collect data: Validation sheets, used to assess the feasibility of the 

learning content, media design, and conformity with critical thinking indicators [44]. Practicality questionnaires, 

Likert-scale questionnaires administered to students to measure media usability. Critical thinking tests, pretest 

and posttest instruments developed based on Ennis’s critical thinking indicators [45]. 
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Table 2. Research Instruments and Their Functions 

Instrument Purpose 

Validation sheets Measure content, media, and indicator validity 

Practicality questionnaires Assess usability and practicality 

Critical thinking tests Measure pretest–posttest learning improvement 

 

Content validity was analyzed using the Content Validity Ratio (CVR) and Content Validity Index 

(CVI) based on expert judgments. A CVR greater than zero indicates item validity, and a CVI of 1.00 indicates 

overall content validity. Practicality data from one-to-one and small group questionnaires were analyzed 

descriptively by calculating mean scores. A higher mean score indicates greater practicality in terms of ease of 

use and student satisfaction. Effectiveness in improving critical thinking skills was measured using normalized 

gain (N-gain), calculated from pretest and posttest scores. Interpretation followed Hake’s criteria for categorizing 

gain levels. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Content Validity of the Augmented Reality–Based Flashcard Media 

The validity of the augmented reality–based flashcard media was evaluated through expert review 

involving five validators, consisting of one material expert, two media experts, and two experts in critical 

thinking assessment. Content validity was analyzed using the Content Validity Ratio (CVR) and Content 

Validity Index (CVI) as proposed by Polit and Beck (2006). 

 

Table 3. Content Validity Analysis of Each Aspect 

No Aspect CVI Category 

1 Media Design Feasibility 1.00 Very Valid 

2 Learning Media Feasibility 1.00 Very Valid 

3 Critical Thinking Skills Feasibility 1.00 Very Valid 

Overall Average 1.00 Very Valid 

 

The analysis results showed that all assessment items obtained positive CVR values, indicating that 

more than half of the validators agreed on the relevance of each item. Furthermore, the overall content validity 

index reached an S-CVI/Ave value of 1.00 and an S-CVI/UA value of 1.00, which categorizes the developed 

media as very valid. These results indicate that the content, media design, and critical thinking indicators 

embedded in the flashcard media are appropriate and aligned with learning objectives. 

The high validity confirms that the integration of augmented reality into flashcard media provides 

accurate scientific representation and supports conceptual understanding of atomic models, which are abstract 

and difficult to visualize [37] [38]. 

 

3.2 Practicality of the Augmented Reality-Based Flashcard Media 

The practicality of the developed media was evaluated through one-to-one and small group evaluations 

involving students. Practicality data were collected using a Likert-scale questionnaire focusing on ease of use, 

clarity of instructions, attractiveness, and usefulness of the media. 

 

Table 4. Practicality Evaluation Result 

Evaluation Stage Number of Students Mean Score Category 

One-to-One Evaluation 3 3.9 Practical 

Small Group Evaluation 9 4.1 Practical 

 

In the one-to-one evaluation involving three students with different ability levels, the average 

practicality score was 3.9, categorized as practical. Meanwhile, the small group evaluation involving nine 

students resulted in a higher average score of 4.1, also categorized as practical. These findings indicate that 

students were able to use the augmented reality–based flashcards independently without significant difficulty. 

The portability of the flashcards combined with smartphone-based AR technology enabled flexible learning 

anytime and anywhere, supporting student-centered learning environments [6], [19], [46]. 

The positive responses suggest that AR-based flashcards are not only technologically appealing but also 

functionally practical in classroom learning, consistent with previous studies emphasizing the usability of AR-

assisted learning media [5], [7]. 
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3.3 Effectiveness in Training Students’ Critical Thinking Skills 

The effectiveness of the developed media was measured through pretest and posttest results assessing 

students’ critical thinking skills based on Ennis’s indicators, including providing simple explanations, building 

basic skills, drawing conclusions, giving further explanations, and setting strategies and tactics [47]. 

 

Table 5. Pretest and Posttest Results of Critical Thinking Skills 

Test Mean Score 

Pretest 35.0 

Posttest 71.8 

N-Gain 0.56 

Category Moderate 

 

The results showed an improvement in students’ critical thinking performance after using the 

augmented reality–based flashcard media. The normalized gain (N-gain) analysis yielded an average score of 

0.56, which falls within the moderate category. This indicates that the media is effective in enhancing students’ 

critical thinking skills. The improvement can be attributed to the interactive visualization provided by augmented 

reality, which allows students to actively explore atomic models rather than passively memorizing concepts. This 

aligns with constructivist learning principles that emphasize active engagement and cognitive processing in 

developing higher-order thinking skills [29], [30], [48]. The findings of this study demonstrate that augmented 

reality–based flashcard media can function as a valid, practical, and effective learning tool for training students’ 

critical thinking skills in atomic model learning. The results suggest that the integration of interactive 

visualization with concise learning prompts supports students in analyzing abstract atomic structures, which are 

traditionally difficult to conceptualize. This finding is consistent with recent studies reporting that AR-based 

instruction significantly enhances critical thinking performance in physics education by promoting active 

engagement and deeper cognitive processing [49]. 

The novelty of this research lies in the pedagogical integration of augmented reality technology with 

flashcard media explicitly designed to foster higher-order thinking skills, rather than merely supporting 

conceptual understanding or student motivation. While previous AR studies in physics education primarily 

emphasize visualization and engagement, this study highlights the role of structured AR-flashcard interactions in 

stimulating analysis, evaluation, and reasoning processes. Recent systematic reviews also emphasize that AR 

learning environments are most effective when aligned with clear cognitive objectives, particularly for abstract 

physics concepts [50]. From an educational perspective, the findings imply that AR-enhanced flashcards can be 

strategically implemented in physics classrooms not only as visualization tools but also as instructional media to 

support the development of critical thinking skills. The portability and ease of use of flashcards combined with 

AR features allow flexible integration into classroom activities, independent learning, or enrichment tasks. This 

is supported by recent research indicating that AR-based learning environments, when combined with inquiry-

oriented approaches, facilitate student interaction and critical exploration of scientific phenomena [51]. 

Despite these promising results, this study has several limitations. The absence of a control group limits 

the strength of causal conclusions regarding the effectiveness of the developed media. Additionally, the study 

was conducted in a single school context, which may restrict the generalizability of the findings. Practical 

implementation of AR-based learning media also depends on technological infrastructure and teacher readiness, 

challenges that have been identified in recent AR implementation studies [50]. Future research is therefore 

recommended to employ experimental or quasi-experimental designs with control groups to provide stronger 

evidence of effectiveness. Further studies could also explore the application of AR-based flashcards across 

different physics topics and educational levels to assess broader applicability. Additionally, investigating the 

integration of AR-flashcard media with other pedagogical models, such as guided inquiry or problem-based 

learning, may offer deeper insights into its potential to enhance critical thinking and other higher-order cognitive 

skills in science education. The novelty of this research lies in the systematic embedding of critical thinking 

skills into portable flashcard-based augmented reality media, enabling students to engage in higher-order 

thinking processes while learning abstract physics concepts. This approach provides an innovative solution to the 

challenges of teaching atomic models, which are inherently microscopic and abstract. Overall, the findings 

support the use of augmented reality–based flashcards as an effective learning medium to foster critical thinking 

skills and enhance meaningful learning in physics education at the senior high school level. 

 

 

4. CONCLUSION 

This study successfully developed an augmented reality–based flashcard learning media for atomic 

model material that is valid, practical, and effective in training senior high school students’ critical thinking 

skills. The content validity results showed excellent validity based on CVR and CVI analysis. Practicality 

evaluation indicated positive student responses, demonstrating that the media is easy to use and beneficial in 
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learning activities. Furthermore, the effectiveness test revealed a moderate N-gain score, indicating an 

improvement in students’ critical thinking skills after using the developed media. Therefore, augmented reality–

based flashcards can be used as an alternative learning media to support student-centered and higher-order 

thinking–oriented physics instruction. 

 

ACKNOWLEDGEMENTS 

The author expresses sincere gratitude to Dr. Leni Marlina, M.Si and Dr. Sardianto Markos Siahaan, 

M.Si., M.Pd for their invaluable guidance, constructive feedback, and continuous support throughout the 

completion of this research. Their expertise and encouragement were essential in refining the study and ensuring 

its academic quality. The author also extends appreciation to the teachers and students who participated in the 

needs analysis, as well as all parties who contributed to the successful implementation of this work. No specific 

financial support or external funding was received for this study. 

 

AUTHOR CONTRIBUTIONS 

Conceptualization, Methodology, Validation, Investigation, Resources, Data Curation, Writing-Original 

Draft Preparation, Supervision, Writing-Review & Editing: Riska Anggraini. Formal Analysis, Visualization, 

Project Administration: Leni Marlina and Sardianto Markos Siahaan. 

 

CONFLICTS OF INTEREST 

The author(s) declare no conflict of interest. 

 

USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED TECHNOLOGY 

The authors declare that no artificial intelligence (AI) tools were used in the generation, analysis, or 

writing of this manuscript. All aspects of the research, including data collection, interpretation, and manuscript 

preparation, were carried out entirely by the authors without the assistance of AI-based technologies.  

 

REFERENCES 
[1] L. Marlina and J. Jauhari, “The effect of using flipbook-based e-modules on student learning outcomes,” Kasuari Phys. 

Educ. J., vol. 3, no. 2, pp. 69–75, 2020, doi: 10.37891/kpej.v3i2.156. 

[2] T. P. Socrates, F. Mufit, and U. N. Padang, “The effectiveness of using augmented reality-based learning media in 

physics learning: Literature study,” J. Electrolyte, vol. 01, no. 02, pp. 4–11, 2022, doi: 10.54482/electrolyte.v1i02.160. 

[3] A. H. Lubis and M. D. Dasopang, “Pengembangan buku cerita bergambar berbasis augmented reality untuk 
mengakomodasi generasi z [Development of augmented reality-based picture story books to accommodate generation 

z],” J. Pendidik. Teor. Penelitian, dan Pengemb., no. 2017, pp. 780–791, 2020, doi: 10.17977/jptpp.v5i6.13613. 

[4] S. Khoirunnisa, M. Fatih, and K. Wafa, “Pengembangan media flashcard berbasis augmented reality pada materi tata 

surya siswa kelas v SD N Sumberdiren 01 Garum [Development of augmented reality-based flashcard media on solar 
system material for fifth grade students of SD N Sumberdiren 01 Garum],” Al-Madrasah J. Ilm. Pendidik. Madrasah 

Ibtidaiyah, vol. 8, no. 4, pp. 1812–1825, 2024, doi: 10.35931/am.v8i4.4072. 

[5] Q. A. Nina, M. Fatih, and C. Alfi, “Pengembangan media flashcard berbasis augmented reality materi gaya untuk 

meningkatkan kemampuan berpikir kritis siswa kelas IV [Development of augmented reality-based flashcard media for 
style material to improve the critical thinking skills of fourth grade students],” JIIP (Jurnal Ilm. Ilmu Pendidikan), vol. 

6, 2023, doi: 10.54371/jiip.v6i11.2597. 

[6] L. Marlina and A. Fathurohman, “Penggunaan media flashcard berbasis augmented reality untuk meningkatkan hasil 

belajar peserta didik [The use of augmented reality-based flashcard media to improve student learning outcomes],” JIIP 
(Jurnal Ilm. Ilmu Pendidikan), vol. 6, pp. 3–6, 2023, doi: 10.54371/jiip.v6i10.2896. 

[7] C. I. Tamboo, H. Mardin, I. Husain, M. Ibrahim, and F. Usman, “Pengembangan media pembelajaran flashcard 

berbasis augmented reality pada materi sel di kelas xi SMA Negeri 1 Tibawa [Development of flashcard learning media 

based on augmented reality on cell material in class XI SMA Negeri 1 Tibawa],” ORYZA J. Pendidik. Biol., vol. 13, no. 
2, 2024, doi: 10.33627/oz.v13i2.2750. 

[8] N. Khamidah and V. R. Mustikasari, “Discovery learning: Penerapan dalam pembelajaran IPA berbantuan bahan ajar 

digital interaktif untuk meningkatkan prestasi belajar siswa [Discovery learning: Application of interactive digital 

teaching materials in science learning to improve student learning achievement],” JIPVA (Jurnal Pendidikan IPA 
Veteran),  vol. 3, pp. 87–99, 2019, doi: 10.31331/jipva.v3i1.770. 

[9] A. S. Narestuti, D. Sudiarti, and U. Nurjanah, “Penerapan media pembelajaran komik digital untuk meningkatkan hasil 

belajar siswa [Implementation of digital comic learning media to improve student learning outcomes],” Bioedusiana J. 
Pendidik. Biol., vol. 6, no. 20, pp. 305–317, 2021, doi: 10.37058/bioed.v6i2.3756. 

[10] P. A. Rakhman, A. Salsyabila, and N. Nuramalia, “Meningkatkan motivasi belajar siswa di SDN Cilampang melalui 

media pembelajaran digital dan konvensional [Increasing student learning motivation at Cilampang Elementary School 

through digital and conventional learning media],” J. Inov. Pembelajaran di Sekol., vol. 5, no. 2, pp. 615–622, 2024, 
doi: 10.51874/jips.v5i2.293. 

[11] A. Maritsa, U. H. Salsabila, and M. Wafiq, “Pengaruh teknologi dalam dunia pendidikan [The influence of technology 

in the world of education],” Al-Mutharahah J. Penelit. dan Kaji. Sos. Keagamaan, vol. 18, no. 2, pp. 91–100, 2021, 

doi: 10.46781/al-mutharahah.v18i2.303. 
[12] L. Hidayat, “Pengembangan media belajar IPA materi tata surya melalui aplikasi augmented reality untuk peningkatan 



In. Sci. Ed. J ISSN: 2716-3725  

Augmented Reality–Based Flashcard Media: A Study of Foster Senior High School … (Riska Anggraini) 

23 

motivasi belajar siswa SD negeri di kecamatan adiwerna Kabupaten Tegal [Development of science learning media for 

solar system material through augmented reality applications to increase learning motivation of public elementary 

school students in Adiwerna District, Tegal Regency],” J. Educ. Res., vol. 5, no. 1, pp. 781–794, 2024, doi: 
https://doi.org/10.37985/jer.v5i1.909. 

[13] D. T. K. Ng, W. Y. W. Lai, M. S-Y. Jong, and C. W. Ng, “Using cospaces in augmented reality digital story creation: A 

thematic analysis,” Computers & Education: X Reality, vol. 5, pp. 100090, 2024, doi: 10.1016/j.cexr.2024.100090. 

[14] U. Kalsum, S. M. Siahaan, and S. Syuhendri, “Analisis kebutuhan pengembangan media pembelajaran berbasis 
aumented reality bagi siswa fisika dalam proses pembelajaran [Analysis of the need to develop augmented reality-based 

learning media for physics students in the learning process],” JIIP (Jurnal Ilm. Ilmu Pendidikan), vol. 6, 2023, doi: 

10.54371/jiip.v6i5.2138. 

[15] N. Andriani, S. Saparini, and H. Akhsan, “Kemampuan literasi sains fisika siswa SMP kelas vii di sumatera selatan 
menggunakan kerangka PISA (Program for International Student Assesment) [Physics science literacy skills of seventh 

grade junior high school students in South Sumatra using the PISA (Program for International Student Assessment) 

framework],” Berk. Ilm. Pendidik. Fis., vol. 6, no. 3, p. 278, 2018, doi: 10.20527/bipf.v6i3.5288. 

[16] S. Markos and R. Susanti, “Analisis kebutuhan pengembangan media augmented reality pada mata pelajaran ekonomi 
pembelajaran menggunakan [Analysis of the need for developing augmented reality media in economics learning 

subjects using],” J. Intelekt. Keislaman, Sos. dan Sains, vol. 12, 2023, doi: 10.19109/intelektualita.v12i1.17425. 

[17] A. P. Munthe and J. V. Sitinjak, “Manfaat serta kendala menerapkan flashcard pada pelajaran membaca permulaan 

[Benefits and constraints of applying flashcards to beginning reading lessons],” J. Din. Pendidik., vol. 11, no. 3, pp. 
210–228, 2019, doi: 10.51212/jdp.v11i3.892. 

[18] A. S. Sari, K. Wijaya, and R. G. Wijaya, “Flashcard media innovation in thematic science lessons growth and 

development of living creatures in elementary schools,” Mimb. PGSD Undiksha, vol. 11, no. 3, pp. 483–489, 2023, doi: 

10.23887/jjpgsd.v11i3.66898. 
[19] I. M. A. Winangun, “Pengenalan life science bagi anak usia dini melalui media flashcard berkonten lokal [Introducing 

life science for early childhood through flashcards with local content],” J. Pendidik. Anak Usia Dini, vol. 1, pp. 80–89, 

2020, doi: 10.55115/widyakumara.v1i2.934. 

[20] D. Ashari, “Analisis pemanfaatan media pembelajaran augmented reality (AR) untuk meningkatkan keterampilan 
berpikir kritis [Analysis of the use of augmented reality (AR) learning media to improve critical thinking skills],” J. 

Ilm. Pendidik., vol. 17, no. 1, pp. 176–185, 2023, doi: 10.30595/jkp.v17i1.16040. 

[21] A. Ardhi Saputri, L. Ellany Mohtar, A. Arsini, I. Said Prastyo, and I. Surya Fitra, “Critical thinking skills (CTS) 

through augmented reality worksheets using the inquiry-scaffolding models,” Phys. Educ. Res. J., vol. 6, no. 1, pp. 21–
28, 2024, doi: 10.21580/perj.2024.6.1.19657. 

[22] H. Nusroh, M. A. Khalif, and A. A. Saputri, “Developing physics learning media based on augmented reality to 

improve students’ critical thinking skills,” Phys. Educ. Res. J., vol. 4, no. 1, pp. 23–28, 2022, doi: 

10.21580/perj.2022.4.1.10912. 
[23] R. A. Negoro, A. Rusilowati, M. P. Aji, and R. Jaafar, “Critical thinking in physics: Momentum critical thinking test 

for pre-service teacher,” J. Ilm. Pendidik. Fis. Al-Biruni, vol. 9, no. 1, p. 73, 2020, doi: 10.24042/jipfalbiruni.v9i1.4834. 

[24] B. Setiawan, R. Rachmadtullah, M. Subandowo, and D. Retnani Srinarwati, “Flashcard-Based augmented reality to 

increase students’ scientific literacy,” KnE Soc. Sci., vol. 2022, pp. 192–201, 2022, doi: 10.18502/kss.v7i19.12441. 
[25] Z. L. Azmi et al., “Study of critical thinking skills for junior high school students in the era industial revolution 4.0,” 

JIPFRI (Jurnal Inov. Pendidik. Fis. dan Ris. Ilmiah), vol. 6, no. 1, pp. 19–23, 2022, doi: 10.30599/jipfri.v6i1.1255. 

[26] H. Affandy, N. S. Aminah, and A. Supriyanto, “Analisis keterampilan berpikir kritis siswa pada materi fluida dinamis 

di SMA Batik 2 Surakarta [Analysis of students’ critical thinking skills on fluid dynamics material at SMA Batik 2 
Surakarta],” J. Mater. dan Pembelajaran Fis., vol. 9, pp. 25–33, 2019, doi: 10.20961/jmpf.v9i1.31608. 

[27] S. Markos and R. E. Putri, “The augmented reality based flashcards for learning heat and thermodynamics in high 

school,” JPPPF (Jurnal Penelit. dan Pengemb. Pendidik. Fis., vol. 10, no. 1, pp. 99–108, 2024, doi: 

doi.org/10.21009/1.10112. 
[28] M. Fatih, C. Alfi, and M. A. Muqtafa, “Science learning game (SLG) based on augmented reality enhances science 

literacy and critical thinking students skills,” J. Penelit. Pendidik. IPA, vol. 10, no. 2, pp. 973–981, 2024, doi: 

10.29303/jppipa.v10i2.6107. 

[29] L. Marlina, Liliasari, T. B, and H. S, “Improving the critical thinking skills of junior high school students on Earth and 
Space Science (ESS) materials. In Journal of Physics: Conference Series (Vol. 1013, No. 1, p. 012063). IOP 

Publishing, 2018, doi: 10.1088/1742-6596/1013/1/012063. 

[30] I. Warsah, R. Morganna, M. Uyun, and M. Afandi, “The impact of collaborative learning on learners’ critical thinking 

skills,” Int. J. Instr., vol. 14, no. 2, pp. 443–460, 2021, doi: 10.29333/iji.2021.14225a. 
[31] S. Amin, S. Utaya, S. Bachri, and S. Susilo, “Effect of problem-based learning on critical thinking skills and 

environmental attitude,” J. Educ. Gift. Young Sci., vol. 8, no. June, pp. 743–755, 2020, doi: 10.17478/jegys.650344. 

[32] L. Marlina, G. P. Paramitha, and I. Sriyanti, “Development of electronic modules based on critical thinking skills on 
vibration, waves, and sound materials for junior high school students,” J. Pendidik. Sains Indones., vol. 10, no. 2, pp. 

342–354, 2022, doi: 10.24815/jpsi.v10i2.23844. 

[33] Y. Tri, H. Napitupulu, S. M. Siahaan, and H. Akhsan, “Initial study of students’ critical thinking ability level and 

concept mastery on earth structure material,” J. Penelit. Pendidik. IPA, vol. 10, no. 8, pp. 5943–5952, 2024, doi: 
10.29303/jppipa.v10i8.7684. 

[34] S. Saki, B. Usodo, and E. B. Santosa, “Effectiveness of augmented reality application on critical thinking skills of 

elementary school students based on learning interest,” J. JPSD (Jurnal Pendidik. Sekol. Dasar), vol. 12, no. 1, pp. 39–

49, 2025, doi: 10.26555/jpsd.v12i1.a30760. 
[35] A. Nurrahma and W. Utami, “Augmented reality-based discovery learning: an effective strategy to improve critical 



                ISSN: 2716-3725 

In. Sci. Ed. J, Vol. 7, No. 1, January 2026:  18 – 24 

24 

thinking in sciences for grade IV,” Lect. J. Pendidik., vol. 16, pp. 293–306, 2025, doi: 10.31849/lectura.v16i1.25775. 

[36] F. O. Rosa, “Pengembangan modul pembelajaran IPA SMP pada materi tekanan berbasis keterampilan proses sains 

[Development of a junior high school science learning module on pressure material based on science process skills],” J. 
Pendidik. Fis, vol. 3, no. 1, 2015, doi: 10.24127/jpf.v3i1.21. 

[37] A. Rahmi, H. Fitriani, and N. Muna, “Pengaruh model pembelajaran cooperative script dengan media kartu gambar 

terhadap minat dan hasil belajar siswa pada materi perkembangan model atom [The influence of the cooperative script 

learning model with picture card media on students' interest and learning outcomes in the material on the development 
of atomic models],” KATALIS J. Penelit. Kim. dan Pendidik. Kim., vol. 4, no. 1, pp. 33–38, 2021, doi: 

10.33059/katalis.v4i1.3738. 

[38] D. Saputra and S. M. Indah, “Efektivitas media augmented reality dalam pembelajaran struktur atom di sekolah 

menengah [The effectiveness of augmented reality media in learning atomic structure in secondary schools],” J. 
pendidikan, Kim. Fis. dan Biol., vol. 1, no. 1, pp. 29–39, 2025, doi: 10.61132/jupenkifb.v1i1.166. 

[39] D. T. Tiruneh, M. De Cock, A. G. Weldeslassie, J. Elen, and R. Janssen, “Measuring critical thinking in physics: 

Development and validation of a critical thinking test in electricity and magnetism,” Int. J. Sci. Math. Educ., vol. 15, 

no. 4, pp. 663–682, 2017, doi: 10.1007/s10763-016-9723-0. 
[40] S. Ahzari and A. Akmam, “Analyzing students’ critical thinking as a basis for developing interactive physics 

multimedia with generative learning and cognitive conflict strategies,” J. Pendidik. Fis., vol. 13, no. 2, pp. 163–176, 

2025, doi: 10.26618/jpf.v13i2.17702. 

[41] C. Walsh, K. N. Quinn, C. Wieman, and N. G. Holmes, “Quantifying critical thinking: Development and validation of 
the physics lab inventory of critical thinking,” Phys. Rev. Phys. Educ. Res., vol. 15, no. 1, pp. 1–16, 2019, doi: 

10.1103/physrevphyseducres.15.010135. 

[42] D. Rowntree, Preparing Materials for Open, Distance and Flexible Learning. London: Kogan Page, 1994. 

[43] M. Tessmer, Planning and Conducting Formative Evaluations: Improving the Quality of Education and Training . 
London: Kogan Page, 1993. 

[44] C. T. Polit, D. F., & Beck, “The content validity index: Are you sure you know what’s being reported? Critique and 

recommendations,” Research in Nursing & Health, 2006, pp. 489–497. 

[45] R. H. Ennis, The nature of critical thinking: An outline of critical thinking dispositions and abilities. Insight 
Assessment, 2011. 

[46] A. Anggraini, S. Markos, and A. Fathurohman, “Student worksheets assisted by augmented reality on critical thinking 

skills in high school physics: Study of teacher perceptions in Indonesia,” J. Penelit. dan Pengemb. Pendidik. Fis., vol. 

10, no. 1, pp. 139–146, 2024, doi: doi.org/10.21009/1.10112. 
[47] R. Ennis, “Critical thinking: A streamlined conception,” Teach. Philosopy, vol. 14, p. 1, 1991. 

[48] A. Y. T. Allo, R. O. Pramanagara, and C. D. Suhendra, “Development of augmented reality media to enhance students’ 

critical thinking skills in high schools,” Kasuari Phys. Educ. J., vol. 8, no. 1, pp. 40–49, 2025, doi: 

10.37891/kpej.v8i1.494. 
[49] I. Hasan, K. Arafah, and M. Hasyim, “The impact of augmented reality media on high school students’ critical thinking 

skills in physics,” J. Pendidik. Fis., vol. 13, no. 3, pp. 600–613, 2025, doi: 10.26618/zsft6997. 

[50] T. Tugirin, H. Kuswanto, D. A. Ramazhoni, R. A. Putri, M. Riyadi, and J. K. More, “Enhancing high school physics 

learning through augmented reality: A bibliometric and systematic review,” J. Pendidik. Progresif, vol. 15, no. 02, 
2025, doi: 10.23960/jpp.v15i4.pp2. 

[51] K. Mukaromah and F. Fibriana, “Improvement of students’ critical thinking skills by guided inquiry with augmented 

reality-based solar system learning media,” Int. J. Sci. Educ. Teach., vol. 3, no. 3, pp. 86–96, 2024, doi: 

10.14456/ijset.2024.8. 


