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Introduction

Education is a critical aspect of improving the
(HR)

quality of human resources

Abstract: The low level of science literacy and higher-order thinking skills
among Indonesian students, as indicated by PISA results, necessitates more
interactive and contextual learning innovations. This study aimed to examine
the effectiveness of the SCCrT model assisted by Augmented Reality (AR) in
improving students’ critical thinking, creative thinking, and science literacy in
chemical bonding topics. This study used a quasi-experimental design with a
nonequivalent control group design involving 11th-grade students at SMAN
1 Alalak and SMAN 12 Banjarmasin. The research instruments consisted of
critical thinking, creative thinking, and science literacy tests. The results
showed that the experimental groups achieved higher average post-test scores
than the control groups across all variables. In critical thinking, the scores were
higher in the experimental classes (82.85 and 83.56) than in the control classes
(75.00 and 74.00). Creative thinking scores were higher in the experimental
classes (81.54 and 82.4) than in the control classes (73.85 and 72.72). Similarly,
scientific literacy scores were higher in the experimental classes (81.79 and
83.71) than in the control classes (74.47 and 73.44). Independent sample -tests
indicated significant differences between the experimental and control groups
(p <0.05) with Cohen’s d values exceeding 0.78, indicating a substantial effect.
Student observations and responses also revealed positive engagement
during SCCrT-AR learning activities. In conclusion, the AR-assisted SCCrT
model is effective in enhancing students’ critical and creative thinking, as well
as their science literacy, and represents a promising alternative for chemistry
learning in the digital era.

Keywords: Augmented reality; Chemical bonding; Critical-creative thinking;
SCCrT; Science literacy

A well-developed and excellent education system is
crucial for cultivating high-quality human resources
among the millennial generation, particularly in terms of
the quality of education and its relevance to societal
demands and workplace needs. In the context of the

and the

competitiveness of a nation. In the modern era,
characterized by rapid technological development,
education plays a crucial role in preparing the younger
generation to face global challenges (Bareke et al., 2021).

How to Cite:

Digital Society 5.0 era, education equips the younger
generation with critical thinking, creativity, and
emotional intelligence, enabling them to adapt to rapid
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technological advances and global competition. Thus,
education is crucial in enhancing a nation's
competitiveness in the modern era (Abdillah et al., 2022).
Education significantly enhances the quality of human
resources, which is crucial for a nation's advancement.
Effective human resource management in education
focuses on developing competencies, thereby enhancing
the overall quality of education and fostering
competitiveness in the global landscape (Tiara et al.,
2023).

Education is essential for preparing students to
compete and adapt in the future, in an era of ever-
evolving technology. The 2Ist century demands
improved digital literacy and competence. As a result,
educational curricula must be adapted (Meyanti &
Lasmawan, 2023). One of the main focuses is the
development of critical thinking, creativity, and science
literacy skills, which are key to success on the
international stage (Gonzéalez-pérez & Ramirez-
montoya, 2022). The results of a 2018 study by the
Programme for International Student Assessment
(PISA) ranked Indonesia 70th out of 78 countries in
science, indicating that Indonesian students' science
literacy skills are still low. This literacy includes critical
thinking skills, namely the ability to distinguish between
valid and invalid arguments, as well as understanding
basic concepts and methods in science (Atmojo et al.,
2022; Dianti et al., 2023; Karatas et al., 2022). Empirical
evidence shows that improvements in scientific literacy
are closely associated with the development of students’
critical thinking skills, as both competencies are shaped
by instructional strategies used in science classrooms
(Susilawati et al, 2025). Additionally, PISA 2022
assessed the creative thinking skills of students from 64
countries worldwide. The creative thinking skills of
students in Indonesia indicate that only 31% of
Indonesian students have achieved a basic level of
creative thinking, which is significantly lower than the
OECD average of 78%. Some of the survey results
provide evidence that science literacy and critical and
creative thinking skills among students in Indonesia are
still low (Aiman et al., 2020; Aufa et al., 2021). Many still
complain about the low critical and creative thinking
skills of graduates from elementary school to university
in Indonesia (Sujanem & Putu Suwindra, 2023).

Education in Indonesia will be more advanced if it
focuses on developing critical thinking skills and science
literacy, which are urgently needed in the era of an
industrialized economy era (Khery et al., 2020; Uslan et
al., 2024). Well-designed science learning that actively
engages students in reasoning and contextual problem-
solving has been shown to empower both critical
thinking skills and scientific literacy simultaneously
(Bramastia et al., 2025). High-quality education must
prepare students not only to master subject content but
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also to develop important life skills such as innovation,
adaptability, and critical thinking (Huda et al., 2025).
Critical thinking-based learning increases learning
efficiency by training students to be more
communicative, collaborative, creative, innovative, and
able to solve real-world problems (Febriani & Suryani,
2022; Zekri et al., 2020). There are four leading indicators
of critical thinking, namely analysis, inference,
evaluation, and decision making (Prayogi et al., 2024).
Critical thinking skills can be implemented through the
learning process. Students who can think critically well
will also develop creative mindsets (Suwistika et al.,
2024). Creative thinking skills in the 21st century are not
only about creative ways of thinking, such as originality,
flexibility, and fluency (Mardiyah et al., 2021;
Rahmawati et al., 2023). Meanwhile, creative thinking
enables students to view problems from multiple
perspectives, allowing them to produce new and
innovative solutions (Saeed & Ramdane, 2022). Low
critical thinking, creative thinking, and science literacy
skills in Indonesian education have the potential to
hamper the nation's progress and competitiveness in
facing global challenges (Pujawan et al., 2022).

The definition of science literacy, according to the
OECD (2003), is the ability to use scientific knowledge,
identify questions or problems, and draw conclusions
based on data or evidence (Bahtiar et al., 2022;
Mahmudah et al, 2020). Science literacy is the
understanding or knowledge of scientific concepts and
processes that individuals need, especially when
making decisions and contributing to social and
economic aspects, with problem-solving skills (Dewi et
al., 2021; Mm et al., 2020; Prasetia & Adlan, 2022; Spitzer
& Fraser, 2020). Science literacy skills are basic
competencies that students must have in the field of
science, and have been recognized as an important issue
that is currently being discussed by all countries,
including Indonesia (Falantin & Qosyim, 2021). Students
who lack the skills to analyze information and
understand scientific principles critically will find it
challenging to make the right decisions and keep up
with the latest technological developments (Leasa et al.,
2021).

The existence of various forms of information in
various media today requires students to have the skills
to respond, think critically and creatively, and have
sufficient knowledge that can be mastered through
students' scientific literacy skills (Heliawati et al., 2022).
One of the solutions offered is the SCCrT (Science
Critical Creative Thinking) model. The SCCrT model is
a constructivist model that involves students in the
process of understanding concepts and applying them in
experimental activities as a form of proving the truth of
the concepts learned to train critical and creative
thinking skills (Dwi et al., 2023). The steps of the SCCrT

632



Jurnal Penelitian Pendidikan IPA (JPPIPA)

learning model are 1) student orientation; 2) scientific
activities involving critical and creative thinking; 3)
presentation of scientific activity results; 4) completion
of critical and creative thinking tasks; and 5) evaluation
and reflection (Rusmansyah et al., 2022).

Through these stages, the SCCrT model actively
encourages students to construct knowledge, apply
scientific reasoning, and reflect on their learning
processes. Empirical studies have reported that SCCrT
tends to be more effective than conventional instruction
in improving students’ critical and creative thinking
skills in chemistry learning. Therefore, the
characteristics of the SCCrT model align closely with the
need to address low higher-order thinking skills and
science literacy, as reported in international assessments
such as PISA (Huda et al., 2022; Mazzuco et al., 2022).

Chemistry learning involves abstract concepts that
require students to wunderstand microscopic and
symbolic representations. These abstract characteristics
often make chemistry difficult to comprehend through
conventional instructional methods. The science
learning process should ideally begin with the
development of a systematic thinking framework,
including problem formulation, hypothesis
development, solution seeking, theory review, and
conclusion drawing (Rios et al., 2020; Sutanto et al.,
2022). One of the fundamental concepts in high school
chemistry (grade 11) is chemical bonding, which
explains the forces that bind atoms together to form
molecules or chemical compounds. The subject of
chemical bonding can be challenging to understand due
to the complexity of the differences between ionic,
covalent, metallic, and hydrogen bonds. The solution is
to utilize 3D visualization and Augmented Reality (AR)
to enable students to visualize molecular structures
interactively (Mazzuco et al., 2022).

AR combines the real world with virtual objects,
making it easier to understand abstract concepts in
chemistry (Hidayat & Wardat, 2024). AR provides
interactive three-dimensional visualizations that allow
students to observe and manipulate virtual
representations of chemical structures within real-world
contexts. Systematic reviews have consistently reported
that AR supports conceptual understanding, enhances
spatial reasoning, and improves students” engagement
and motivation in chemistry education. Consequently,
AR is considered a relevant technological tool to reduce
abstraction and support meaningful learning in
chemistry classrooms (Ajit et al., 2020; Garzon, 2021).
The combination of the SCCrT model with AR
technology has the potential to enhance students' critical
thinking, creativity, and science literacy skills (Garzoén,
2021).

Although previous studies have examined the
effectiveness of constructivist learning models and
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augmented reality separately, limited research has
integrated the SCCrT model with AR technology to
simultaneously enhance critical thinking, creative
thinking, and science literacy within a single
instructional framework. In addition, most AR-based
chemistry studies primarily focus on conceptual
understanding or motivation, rather than higher-order
cognitive competencies. Therefore, this study was
conducted to examine the effectiveness of the AR-
assisted SCCrT model in improving students’ critical
thinking, creative thinking, and science literacy in
chemical bonding materials, thereby offering a novel
contribution by integrating the SCCrT pedagogical
model with Augmented Reality to address multiple
higher-order learning outcomes simultaneously
(Pujawan et al., 2022).

Method

This study employed a quasi-experimental design
using a nonequivalent Control Group Design. The
participants were eleventh-grade students from two
public senior high schools (SMAN 1 Alalak and SMAN
12 Banjarmasin), with one class assigned as the
experimental group and one class as the control group
at each school. The experimental group was taught using
the Science Critical Creative Thinking (SCCrT) model
assisted by Augmented Reality (AR), while the control
group received conventional chemistry instruction
(Miller et al., 2020). Both groups were administered
pretests and posttests. The research flow is shown in
Figure 1.

The independent variable of this study was the
implementation of the SCCrT-AR learning model. The
dependent variables included students’ critical thinking
skills, creative thinking skills, and science literacy. Data
were collected using tests designed to measure each of
these variables, which were administered before and
after the instructional intervention. The instruments
were developed based on relevant indicators and
validated prior to use.

The research procedure consisted of determining
the experimental and control groups, administering
pretests, implementing the instructional treatments, and
administering posttests. Quantitative data were
analyzed by comparing pretest and posttest scores to
examine learning improvements and by conducting
independent sample t-tests to identify differences
between the experimental and control groups (Abraham
& Supriyati, 2022). Qualitative data were obtained from
classroom  observations and student response
questionnaires to support the quantitative findings.
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Figure 1. Research flow
Result and Discussion

The results of the study indicate that the application
of the SCCrT model assisted by Augmented Reality (AR)
can significantly improve students' critical thinking,
creative thinking, and science literacy skills. These
findings align with the research hypothesis that the use
of a constructivist approach, combined with interactive
visual technology, can enhance the understanding of
abstract chemistry concepts.

Analysis Distribution

As presented in Table 1, the experimental class
showed a higher average gain in critical thinking
compared to the control class in both schools. At SMAN
1 Alalak, the experimental class reached 30.08, while the
control class only reached 15.31. A similar pattern was
also observed at SMAN 12 Banjarmasin, with a score of
29.62 in the experimental class and 14.71 in the control
class. The results of the t-test, with p < 0.001 and a
Cohen's d effect size exceeding 0.5, indicate a significant
and powerful influence. This finding is in line with a
study previously conducted by Allo et al., (2022) which
proved that scientific activity stages in the SCCrT model,
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such as problem formulation and empirical analysis,
effectively stimulate students' critical thinking ability to
identify, differentiate, and deeply evaluate arguments.

Table 1. Pre-test and Post-test Results for Critical

Aspects

School Class Pre-test Post-test

SMAN 1 Alalak Control 19.90 75.00
Experiment 20.65 82.85

SMAN 12 Banjarmasin Control 20.88 74.00
Experiment 20.21 83.56

The results of creative thinking skills, as presented
in Table 2, also showed significant improvement. The
experimental class yields an average gain of more than
31, whereas the control class averages around 16. The p-
value < 0.001 and the effect size of more than 0.7
strengthen the evidence that SCCrT-AR learning is very
effective in generating innovative ideas and solutions.
According to the study by Kurniawan et al. (2024), the
visualization of molecules using Augmented Reality
(AR) technology enables students to view the structure
from various angles, thereby facilitating the emergence
of new, varied, and original ideas.

Table 2. Pre-test and Post-test Results for Creative

Aspects

School Class Pre-test Post-test

SMAN 1 Alalak Control 20.08 73.85
Experiment 19.24 81.54

SMAN 12 Banjarmasin Control 20.79 72.72
Experiment 20.23 82.46

Overall, improvements in the three aspects of
critical thinking, creative thinking, and scientific literacy
indicate that the application of the SCCrT model,
assisted by Augmented Reality, can enhance the quality
of chemistry learning. This model helps students
understand abstract concepts, reason scientifically, and
relate knowledge to real phenomena, thus positively
impacting the development of higher-order thinking
skills. This is in line with research Wulandari et al,,
(2020) that interactive molecular visualization through
AR helps students view structures from various
perspectives, thereby encouraging the emergence of
new, more varied, and original ideas.

Table 3. Pre-test and Post-test Results for Science

Literacy Aspects

School Class Pre-test Post-test

SMAN 1 Alalak Control 19.00 74.47
Experiment 19.94 81.79

SMAN 12 Banjarmasin Control 17.24 73.44
Experiment 17.79 83.71
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Overall, the descriptive analysis results in Table 3
indicate that students' science literacy improved in both
schools, across both experimental and control classes.
However, the increase in the experimental class tended
to be higher than in the control class. This is in line with
research by Mazzuco et al. (2022) that indicates the

Table 4. Paired t-Test Results (Pre-test and Post-test)
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application of the Augmented Reality-assisted SCCrT
model is more effective in helping students understand
abstract concepts of chemical bonds and relate them to
real phenomena, thereby having a positive impact on
improving their science literacy.

School Class Aspect Mean Pre Mean Post p
Experiment Critical 20.65 82.85 0.00

Experiment Creative 19.24 81.54 0.00

SMAN 1 Alalak Experiment Science Literacy 19.94 81.79 0.00
Control Critical 19.90 75.00 0.00

Control Creative 20.08 73.85 0.00

Control Science Literacy 19.00 7447 0.00

Experiment Critical 20.21 83.56 0.00

Experiment Creative 20.23 82.46 0.00

. . Experiment Science Literacy 17.79 83.71 0.00

SMAN 12 Banjarmasin Control Critical 20.88 74.00 0.00
Control Creative 20.79 72.72 0.00

Control Science Literacy 17.24 73.44 0.00

The t-test results in Table 4 show a significant
difference between the experimental classes and the
control classes on all three aspects in both schools (p <
0.001). The average post-test score of the experimental
class was more consistent and higher compared to the
control class.

Table 5. Results of the Unpaired T-test (Post-test
Experiment vs Control)

School Aspect Mean Mean p
Experiment Control
SMAN 1 Critical 82.85 75.00 0.00
Alalak Creative 81.54 73.85 0.00
Science Literacy 81.79 74.47 0.00
SMAN 12 Critical 83.56 74.00 0.00
Banjarmasin Creative 82.46 72.72 0.00
Science Literacy 83.71 73.44 0.00

Based on Table 5 above, at SMAN 1 Alalak, the
average scores for critical thinking increased from 75.00
to 82.85, creative thinking from 73.85 to 81.54, and
science literacy from 74.47 to 81.79. This shows that the
SCCrT model, assisted by Augmented Reality (AR),
effectively enhances higher-order thinking ability,
primarily through stages that demand scientific analysis
and empirical proof.

Similar results were also found at SMAN 12
Banjarmasin, where the average experimental class score
was higher in all aspects: critical thinking (83.56 vs.
74.00), creative thinking (82.46 vs. 72.72), and science
literacy (83.71 vs. 73.44). A very small p-value (p < 0.001)
indicates a significant difference, confirming that the
implementation of SCCrT-AR has a positive impact on
the ability to think critically, creatively, and scientifically
literate among students.

While the p-value confirms the existence of
statistically significant differences between groups, the
large effect size (Cohen’s d > 0.5) provides stronger
evidence of the practical effectiveness of the SCCrT-AR
model (Cohen, 1988). A large effect size indicates that the
observed differences are not only statistically detectable
but also educationally meaningful. This finding suggests
that the SCCrT-AR intervention contributes
substantially to students” learning outcomes, rather than
producing trivial gains, which is particularly important
in educational research where practical relevance is as
critical as statistical significance.

In general, these results reinforce the findings of the
descriptive analysis previously presented. The SCCrT-
AR model has been proven to contribute significantly to
improving higher-order thinking skills (HOTS), as it
integrates scientific processes with interactive visual
learning.

Observation of Student Activities and Responses

In addition to the test results, observations of
learning activities revealed that the level of student
engagement in the experimental class reached an
average of 4.41-4.43 on a 5-point Likert scale (excellent
category), surpassing that of the control class, which
averaged 3.12-3.25. Student responses, as indicated
through questionnaires, also showed a very positive
perception of SCCrT-AR-based learning, with an
average score of above 3.5 on a scale of 4. This confirms
that students feel more motivated, interested, and better
equipped to understand the material through the use of
AR, which may contribute to the observed
improvements in learning outcomes.
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Overall, these findings suggest that the SCCrT-AR
model is not only effective in enhancing cognitive
outcomes (critical thinking, creativity, literacy) but also
in improving affective aspects, such as motivation and
positive attitudes toward learning. These results are
consistent with constructivist theory and previous
research by Fredricks et al., (2004) and Garzén, (2021a),
which emphasize the importance of active student
engagement through scientific activities and the use of
digital technology in science education.

The implementation of the Augmented Reality-
assisted SCCrT model can be an innovative alternative
in chemistry learning, especially for abstract concepts
such as chemical bonds, while also serving as a solution
to improve students' science literacy and higher-order
thinking skills in the digital age.

Conclusion

The study's results show that the application of the
SCCrT model, aided by Augmented Reality (AR),
consistently improves students' critical thinking,
creative thinking, and science literacy skills significantly
compared to conventional learning methods. The results
showed that the experimental groups achieved higher
average post-test scores than the control groups across
all variables. In critical thinking, the scores were higher
in the experimental classes (82.85 and 83.56) than in the
control classes (75.00 and 74.00). Creative thinking
scores were higher in the experimental classes (81.54 and
82.4) than in the control classes (73.85 and 72.72).
Similarly, scientific literacy scores were higher in the
experimental classes (81.79 and 83.71) than in the control
classes (74.47 and 73.44). Independent sample t-tests
indicated  significant  differences between the
experimental and control groups (p < 0.05) with Cohen’s
d values exceeding 0.78, indicating a substantial effect.
In addition, observations of student activities and
response  questionnaires also revealed active
engagement and positive attitudes towards learning,
leading to the conclusion that the SCCrT-AR model is
not only effective in improving cognitive abilities but
also in enhancing student motivation and learning
experiences. Thus, this model is worthy of being used as
an innovative alternative in chemistry learning,
particularly for abstract concepts such as chemical
bonds, to enhance the quality of science education in the
digital age.

Acknowledgments

We would like to express our gratitude to the Rector of ULM
who has provided research funds, LPPM ULM who issued the
research permit, the South Kalimantan Provincial Education
Office who has granted the research permit, the
Principal of SMAN 12 Banjarmasin and the Principal of

December 2025, Volume 11, Issue 12, 631-639

SMAN 1 Alalak, the Chemistry Teachers of SMAN 12
Banjarmasin and the Chemistry Teachers of SMAN 1
Alalak, as well as the Students of SMAN 12 and SMAN
1 Alalak, who granted permission to carry out research
activities and the chemistry students involved in this
research, so that the research can be carried out
smoothly.

Author Contributions
All authors contributed to writing this article.

Funding
No external funding.

Conflicts of Interest
No conflict interest.

References

Abraham, I, & Supriyati, Y. (2022). Desain Kuasi
Eksperimen Dalam Pendidikan: Literatur Review.
Jurnal Ilmiah Mandala Education (JIME), 8(3), 2442~
9511.
https:/ /doi.org/10.36312/jime.v8i3.3800/ http

Aiman, U., Hasyda, S., & Uslan. (2020). The influence of
process oriented guided inquiry learning (POGIL)
model assisted by realia media to improve
scientific literacy and critical thinking skill of
primary school students. European Journal of
Educational Research, 9(4), 1635-1647.
https://doi.org/10.12973 /EU-JER.9.4.1635

Ajit, G., Lucas, T., & Kanyan, R. (2020). A Systematic
Review of Augmented Reality in STEM Education.
Studies of  Applied Economics, 39(1).
https://doi.org/10.25115/ eea.v38i3 %20(2).4280

Allo, A. Y. T.,, Suhendra, C. D., Allo, A. Y. T,, &
Suhendra, C. D. (2022). Development of E-Module
Using Augmented Reality in Physics Teaching At
The High School Of Manokwari Regency. Jurnal
Penelitian Pendidikan IPA, 7(2), 52-59. Retrieved
from
http:/ /journal.unesa.ac.id/index.php/jppipahttp:
//journal.unesa.ac.id/index.php/jppipa

Apdillah, D., Panjaitan, K., Stefanny, N. T. P., & Surbakti,
F. A. (2022). The Global Competition in the Digital
Society 5.0 Era: The Challenges of the Younger
Generation. Journal Of Humanities, Social Sciences
And Business, 1(3), 75-80.
https:/ /doi.org/10.55047 /jhssb.v1i3.151

Atmojo, I. R W, Ardiansyah, R., & Saputri, D. Y. (2022).
Empowering Science-Based Entrepreneurship
(SciPreneur) Skills through CEL-BaDiS up
Learning Model on Food Biotechnology Materials.
International Journal of Instruction, 15(3), 83-102.
https:/ /doi.org/10.29333/1ji.2022.1535a

636


https://doi.org/10.36312/jime.v8i3.3800/http
https://doi.org/10.12973/EU-JER.9.4.1635
https://doi.org/10.25115/eea.v38i3%20(2).4280
http://journal.unesa.ac.id/index.php/jppipahttp:/journal.unesa.ac.id/index.php/jppipa
http://journal.unesa.ac.id/index.php/jppipahttp:/journal.unesa.ac.id/index.php/jppipa
https://doi.org/10.55047/jhssb.v1i3.151
https://doi.org/10.29333/iji.2022.1535a

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Aufa, M. N., Rusmansyah, R., Hasbie, M., Jaidie, A., &
Yunita, A. (2021). The Effect of Using e-module
Model Problem Based Learning (PBL) Based on
Wetland Environment on Critical Thinking Skills
and Environmental Care Attitudes. Jurnal
Penelitian ~ Pendidikan ~ IPA, 7(3), 401-407.
https://doi.org/10.29303 /jppipa.v7i3.732

Bahtiar, Ibrahim, & Maimun. (2022). Analysis Of
Students’ Scientific Literacy Skill In Terms Of
Gender Using Science Teaching Materials
Discovery Model Assisted By PhET Simulation.
Jurnal Pendidikan IPA Indonesia, 11(3), 371-386.
https://doi.org/10.15294 /jpii.v11i3.37279

Bareke, M. L., Agezew, B. H., Dedho, N. H., Lebeta, M.
F., Demissie, M. M., Yimer, B. M., & Herut, A. H.
(2021).  Determinants of Human Capital
Development in Ethiopia: Implications to
Education Policy. Education Research International,
2021. https:/ /doi.org/10.1155/2021 /6619674

Bramastia, Suciati, Utami, B., Gunawan, K. D. H., & Rini,
E.F.S. (2025). The Implementation of Education for
Sustainable Development (ESD)-Based Natural
Science Learning to Empower Critical Thinking
Skills and Scientific Literacy. Jurnal Penelitian
Pendidikan IPA, 11(9), 313-320.
https:/ /doi.org/10.29303 /jppipa.v11i9.12722

Cohen, ]. (1988). Statistical Power Analysis for the
Behavioral Sciences Second Edition. New York

Dewi, C. A., Erna, M., Martini, Haris, 1., & Kundera, I. N.
(2021). Effect of Contextual Collaborative Learning
Based Ethnoscience to Increase Student’s Scientific
Literacy Ability. Journal of Turkish Science Education,
18(3), 525-541.
https:/ /doi.org/10.36681/tused.2021.88

Dianti, T. S. A., Pamelasari, S. D., & Hardianti, R. D.
(2023). Penerapan Pembelajaran Berbasis Proyek
Dengan Pendekatan Stem Terhadap Peningkatan
Kemampuan Literasi Sains Siswa. In Proceeding

Seminar ~ Nasional  IPA. Retrieved  from
https:/ / proceeding.unnes.ac.id/snipa/article/vie
w/2325

Falantin, L. K., & Qosyim, A. (2021). Completeness of
Science Literature Elements in Class VII Science
Literacy Assessment Instruments. Indonesian
Journal of Science Learning (IJSL), 2(2), 101-108.
https:/ /doi.org/10.15642/1js1.v2i2.1626

Febriani, W. & Suryani, A. T. (2022, August).
Implementasi Multimedia Interaktif Dalam
Pembelajaran Kimia Untuk Meningkatkan Literasi
Sains Peserta Didik Pada Abad Ke-21. In Prosiding
Seminar Nasional Pendidikan Kimia (Vol. 1, No. 1, pp.
199-205).

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004).
School Engagement: Potential for the Concept, State of

December 2025, Volume 11, Issue 12, 631-639

the Evidence (Vol. 74, Issue 1).
https://doi.org/10.3102/00346543074001059
Garzoén, ]. (2021). An overview of twenty-five years of

augmented reality in education. In Multimodal
Technologies and Interaction (Vol. 5, Issue 7). MDPI
AG. https:/ /doi.org/10.3390/ mti5070037
Gonzalez-pérez, L. I., & Ramirez-montoya, M. S. (2022).
Components of Education 4.0 in 21st Century Skills
Frameworks: Systematic Review. In Sustainability
(Switzerland)  (Vol. 14, Issue 3). MDPL
https://doi.org/10.3390/su14031493
Heliawati, L., Lidiawati, L., Adriansyah, P. N. A., &
Herlina, E. (2022). Ethnochemistry-Based Adobe
Flash Learning Media Using Indigenous
Knowledge to Improve Students’ Scientific
Literacy. Jurnal Pendidikan IPA Indonesia, 11(2), 271~
281. https:/ /doi.org/10.15294 /jpii.v11i2.34859
Hidayat, R., & Wardat, Y. (2024). A systematic review of
Augmented Reality in Science, Technology,
Engineering and Mathematics education. Education
and Information Technologies, 29(8), 9257-9282.
https:/ /doi.org/10.1007/s10639-023-12157-x
Huda, M., Sulistyonob, Y., Rusdiyanto Soleh, A., &
Dwiksan Retikae, N. (2025). Element of students’
creative thinking skills: A critical evaluation of
senior high school Indonesian textbooks.
BAHASTRA, 45(1), 18-31.
https:/ /doi.org/10.26555/bahastra.v45i1.1134
Karatas, F. O., Orcan, F., Celik, S., Uludiiz, S. M., Bektas,
B.T., & Akaygitin, S. (2022). Perception and Reality:
Two Dimensions of Scientific Literacy Measures.
Journal of Turkish Science Education, 19(1), 129-143.
https:/ /doi.org/10.36681/tused.2022.114
Khery, Y., Rosma Indah, D., Aini, M., & Asma Nufida, B.
(2020). Urgensi Pengembangan Pembelajaran
Kimia Berbasis Kearifan Lokal dan Kepariwisataan
untuk Menumbuhkan Literasi Sains Siswa. Jurnal
Kependidikan: Jurnal Hasil Penelitian Dan Kajian
Kepustakaan Di Bidang Pendidikan, Pengajaran Dan
Pembelajaran, 6(3), 460.
https:/ /doi.org/10.33394/jk.v6i3.2718
Kurniawan, A., Jumadi, J., Kuswanto, H., & Syar, N. 1.
(2024). The 21st Century Education: A Systematic
Literature Review Of Transforming Learning
Methods To Foster Critical Thinking Skills
Through Augmented Reality In Science Learning.

Jurnal Eduscience, 11(3), 601-622.
https://doi.org/10.36987 /jes.v11i3.6438
Leasa, M., Batlolona, J. R., & Talakua, M. (2021).

Elementary students’ creative thinking skills in

science in the Maluku islands, Indonesia. Creativity

Studies, 14(1), 74-89.
https:/ /doi.org/10.3846/cs.2021.11244

Mahmudah, U., Chamdani, M., Tarmidzi, T., & Fatimah,

S. (2020). Robust regression for estimating the

637


https://doi.org/10.29303/jppipa.v7i3.732
https://doi.org/10.15294/jpii.v11i3.37279
https://doi.org/10.1155/2021/6619674
https://doi.org/10.29303/jppipa.v11i9.12722
https://doi.org/10.36681/tused.2021.88
https://doi.org/10.15642/ijsl.v2i2.1626
https://doi.org/10.3390/mti5070037
https://doi.org/10.3390/su14031493
https://doi.org/10.15294/jpii.v11i2.34859
https://doi.org/10.1007/s10639-023-12157-x
https://doi.org/10.26555/bahastra.v45i1.1134
https://doi.org/10.36681/tused.2022.114
https://doi.org/10.33394/jk.v6i3.2718
https://doi.org/10.3846/cs.2021.11244

Jurnal Penelitian Pendidikan IPA (JPPIPA)

impact of student’s social behaviors on scientific
literacy. Cakrawala Pendidikan, 39(2), 293-304.
https:/ /doi.org/10.21831/cp.v39i2.29842
Mardhiyah, R. H., Aldriani, S. N. F., Chitta, F., &
Zulfikar, M. R. (2021). Pentingnya keterampilan
belajar di abad 21 sebagai tuntutan dalam
pengembangan sumber daya manusia. Lectura:
Jurnal Pendidikan, 12(1), 29-40.
https:/ /doi.org/10.31849/lectura.v12i1.5813
Mazzuco, A., Krassmann, A. L., Reategui, E., & Gomes,
R. S. (2022a). A systematic review of augmented
reality in chemistry education. In Review of
Education (Vol. 10, Issue 1). John Wiley and Sons
Inc. https://doi.org/10.1002/rev3.3325
Mazzuco, A., Krassmann, A. L., Reategui, E., & Gomes,
R. S. (2022b). A systematic review of augmented
reality in chemistry education. In Review of
Education (Vol. 10, Issue 1). John Wiley and Sons
Inc. https://doi.org/10.1002/rev3.3325
Meyanti, I. G. A. S., & Lasmawan, 1. W. (2023). Tuntutan
Digital Literasi pada Kurikulum Pendidikan IPS.
Media  Komunikasi ~ FPIPS, 22(2), 115-122.
https:/ /doi.org/10.23887 /mkfis.v22i2.62514
Miller, C. J.,, Smith, S. N., & Pugatch, M. (2020).
Experimental and quasi-experimental designs in
implementation research. Psychiatry Research, 283.
https:/ /doi.org/10.1016/j.psychres.2019.06.027
Mm, R. Y, Irwandani, Asniati, M., Anwar, C, &
Subandi. (2020). Development of Google Form
Based on Scientific Literacy Principles for Junior
High School Students in Heat Material. Journal of
Physics: Conference Series, 1467(1).
https://doi.org/10.1088/1742-
6596,/1467/1/012055
Prasetia, I, & Adlan, M. (2022). Management of the
Literacy Movement Program (LMP) to Improve
Reading Culture in Elementary Schools. Journal of
Innovation in Educational and Cultural Research, 3(3),
316-322. https:/ /doi.org/10.46843 /jiecr.v3i3.117
Prayogi, S., Bilad, M. R., Verawati, N. N. S. P., & Asy’ari,
M. (2024). Inquiry vs. Inquiry-Creative:
Emphasizing  Critical Thinking Skills of
Prospective STEM Teachers in the Context of
STEM Learning in Indonesia. Education Sciences,
14(6). https:/ /doi.org/10.3390/ educscil4060593
Pujawan, I. G. N., Rediani, N. N., Antara, I. G. W. S,
Putri, N. N. C. A, & Bayu, G. W. (2022). Revised
Bloom Taxonomy-Oriented Learning Activities To
Develop Scientific Literacy And Creative Thinking
Skills. Jurnal Pendidikan IPA Indonesia, 11(1), 47-60.
https://doi.org/10.15294 /jpii.v11i1.34628
Rahmawati, T., Mulyaningsih, T., Nahadi, N., Suhanda,
H., Lee, W. K., Aziz, H. A, & Anwar, S. (2023).
Electronic Portfolio Assessment Instruments In
Improving Students” Creative Thinking Skills.

December 2025, Volume 11, Issue 12, 631-639

Jurnal Pendidikan IPA Indonesia, 12(4), 598-610.
https://doi.org/10.15294/pii.v12i4.45639

Rios, J. A, Ling, G., Pugh, R, Becker, D., & Bacall, A.
(2020). Identifying Critical 21st-Century Skills for
Workplace Success: A Content Analysis of Job
Advertisements. Educational Researcher, 49(2), 80-
89. https:/ /doi.org/10.3102/0013189X19890600

Rusmansyah, R., Huda, N., Safitri, L., Heldaniah, H.,
Isnawati, I, & Mahdian, M. (2022). Melatihkan
Keterampilan Berpikir Kritis Dan Berpikir Kreatif
Peserta Didik dengan Model Scientific Critical
Creative Thinking. Orbital: ~ Jurnal — Pendidikan
Kimia, 6(2), 124-
135. https://doi.org/10.19109/ 0jpk.v6i2.14930

Saeed, B. A, & Ramdane, T. (2022). The effect of
implementation of a creative thinking model on the
development of creative thinking skills in high
school students: A systematic review. Review of
Education, 10(3).
https:/ /doi.org/10.1002/rev3.3379

Spitzer, W., & Fraser, J. (2020). Advancing Community
Science Literacy. Journal of Museum Education,
45(1), 5-15.
https:/ /doi.org/10.1080/10598650.2020.1720403

Sujanem, R., & Putu Suwindra, 1. N. (2023). Problem-
Based Interactive Physics E-Module In Physics
Learning Through Blended Pbl To Enhance
Students” Critical Thinking Skills. Jurnal Pendidikan
IPA Indonesia, 12(1), 135-145.
https:/ /doi.org/10.15294 /jpii.v12i1.39971

Susilawati, Harjono, A., Sabrina, A., & Annam, S. (2025).
Can Students” Scientific Literacy and Critical
Thinking Skills be Improved through the
Development of Science Teaching Materials with a
STEM-integrated Project Based Learning (PjBL)
Model? (A Systematic Review). Jurnal Penelitian
Pendidikan IPA, 11(9), 70-80.
https:/ /doi.org/10.29303 /jppipa.v11i9.12297

Sutanto, S., Koto, I, & Winarni, E. W. (2022).
Pengembangan Bahan Ajar Digital Berbasis
Discovery Learning dengan Augmented Reality
Untuk Meningkatkan Kemampuan Berfikir Kritis
pada Pembelajaran IPA di Sekolah Dasar. Jurnal
Kajian Pendidikan Dasar (Kapedas), 1(2), 175-187.
https:/ /doi.org/10.33369/kapedas.v1i2.23196

Suwistika, R., Ibrohim, I, & Susanto, H. (2024).
Improving critical thinking and creative thinking
skills through POPBL learning in high school
student. JPBI (Jurnal Pendidikan Biologi Indonesia),
10(1), 115-122.
https:/ /doi.org/10.22219/jpbi.v10i1.30172

Tiara, Z. D., Supriyadi, D., & Martini, N. (2023).
Manajemen Sumber Daya Manusia dalam
Lembaga Pendidikan. J-MAS (Jurnal Manajemen

638


https://doi.org/10.21831/cp.v39i2.29842
https://doi.org/10.1002/rev3.3325
https://doi.org/10.1002/rev3.3325
https://doi.org/10.23887/mkfis.v22i2.62514
https://doi.org/10.1016/j.psychres.2019.06.027
https://doi.org/10.1088/1742-6596/1467/1/012055
https://doi.org/10.1088/1742-6596/1467/1/012055
https://doi.org/10.46843/jiecr.v3i3.117
https://doi.org/10.3390/educsci14060593
https://doi.org/10.15294/jpii.v11i1.34628
https://doi.org/10.15294/jpii.v12i4.45639
https://doi.org/10.3102/0013189X19890600
https://doi.org/10.19109/ojpk.v6i2.14930
https://doi.org/10.1002/rev3.3379
https://doi.org/10.1080/10598650.2020.1720403
https://doi.org/10.15294/jpii.v12i1.39971
https://doi.org/10.29303/jppipa.v11i9.12297
https://doi.org/10.22219/jpbi.v10i1.30172

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Dan Sains), 8(1), 450.
https:/ /doi.org/10.33087 /jmas.v8il.776

Uslan, U, 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, 13(1), 147-161.
https:/ /doi.org/10.15294 /jpii.v13i1.47561

Wulandari, R.,, Widodo, A., & Rochintaniawati, D.
(2020). Penggunaan Aplikasi Augmented Reality
Untuk Memfasilitasi Penguasaan Konsep Dan
Keterampilan Berpikir Kreatif Peserta Didik. Jurnal
Pendidikan Biologi, 11(2), 59.
https:/ /doi.org/10.17977 /um052v11i2p59-69

Zekri, Z., Ganefri, G., & Anwar, M. (2020).
Pengembangan Modul Pembelajaran Berbasis
Proyek pada Mata Pelajaran Simulasi dan
Komunikasi Digital SMK. Pedagogi: Jurnal Ilmu
Pendidikan, 20(1), 33.
https:/ /doi.org/10.24036/ pedagogi.v20i1.827

December 2025, Volume 11, Issue 12, 631-639

639


https://doi.org/10.33087/jmas.v8i1.776
https://doi.org/10.15294/jpii.v13i1.47561
https://doi.org/10.17977/um052v11i2p59-69
https://doi.org/10.24036/pedagogi.v20i1.827

