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questionnaires. Results: The results showed that the implementation of learning in
the experimental class was in the “outstanding” category, with an average score of
3.62 (89.5%). The paired t-test analysis indicated a significant improvement between
pre-test and post-test scores in both the experimental (p=0.000) and control (p=0.003)
classes, with mean score differences of 32.90 and 20.20, respectively. The N-Gain
value of the experimental class was 0.68 (medium category), which was higher than
the control class’s N-Gain of 0.39 (medium category). Student responses toward the
learning approach were highly positive, with an overall average Of 82% in the
“outstanding” category. Novelty: This study highlights the novelty of integrating
PhET digital simulations into guided inquiry learning to foster critical thinking in
physics education, specifically in understanding harmonic oscillation.
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INTRODUCTION

In the era of globalization and rapid technological advancement, 21st-century skills have
become essential competencies for every student. One of the most important skills to be
developed is critical thinking. Critical thinking can be defined as the ability to analyze
ideas in detail, distinguish them clearly, identify, evaluate, and further develop them into
more mature forms (Eka et al., 2024). This skill is crucial to ensure that students are
prepared to compete in the future and capable of solving complex problems.

In science education, particularly in physics, critical thinking is not only vital for
understanding abstract concepts but also for fostering scientific reasoning in addressing
real-life challenges. Developing critical thinking requires the integration of multiple
components of higher-order thinking, which allows students to approach problem-
solving better (Saputra, 2020). Students' low critical thinking skills are currently
influenced by various factors, such as teacher-centered learning patterns that tend to
emphasize memorization (Fitriani et al., 2024; Lintangesukmanjaya et al., 2024). The lack
of stimulus through questions or activities that encourage analysis and problem-solving,
and a learning culture that prioritizes quick and correct answers over in-depth thinking
(Angwaomaodoko, 2024).

Furthermore, the habit of accessing information instantly through technology makes
students less accustomed to filtering, studying, and critically processing data. Social
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environmental factors also play a role, where asking questions or arguing is sometimes
still considered impolite, so students are reluctant to criticize ideas. Furthermore, limited
teacher training in developing higher-order thinking skills-based learning results in a
less-than-optimal learning process in building a culture of critical thinking in the
classroom (Kwangmuang et al., 2021).

However, physics instruction in schools is still predominantly conventional, teacher-
centered, and lacks active student participation. As a result, students' critical thinking
skills have not been optimally developed. Therefore, an instructional model that
encourages students to think critically, explore, and discover concepts through scientific
processes is needed (Sutiani, 2021; Zulyusri et al., 2023). One such relevant model is the
guided inquiry learning model.

According to Marzuki (2023), guided inquiry consists of a series of learning activities
that emphasize the development of students' critical thinking and analytical abilities to
explore and find solutions to problems. Through guided inquiry, students can identify
and formulate problems, generate hypotheses, conduct experiments, and draw
conclusions, while the teacher acts as a facilitator (Nurmayani et al., 2018). To enhance
the effectiveness of this approach, digital simulations such as PhET can be integrated.

PhET (Physics Education and Technology) is a virtual laboratory developed at the
University of Colorado, USA, designed to support physics learning by helping students
understand abstract concepts. PhET simulations aim to increase student engagement,
support active exploration, and enhance conceptual understanding through interactive
activities (Rizaldi et al., 2020).

RESEARCH METHOD

Types of Research

This study employed a quasi-experimental research design using a pretest-posttest
control group. A quasi-experiment is a research design similar to an actual experiment,
but without the use of complete randomization in group selection (Lam & Wolfe, 2022).
Researchers still compare treatment and control groups through pretests and posttests to
determine the effect of an intervention. The advantage of this design is that it is more
practical in educational settings, although it has limitations in controlling external
variables that could influence the results.

The participants consisted of two Grade XI classes at SMAN 1 Pacet, recommended by
the physics teacher. The experimental group was taught using guided inquiry learning
with PhET digital simulations, while the control group received guided inquiry learning
without simulations. The research design is presented as follows in Table 1:

Tabel 1. Research design

Class Pre-test Treatment  Post-test
Experimental O1 X1 Oz
Control O1 C O,

DPE: https;//journal.i-ros.org/index.php/dpe 43522 -2



The Effectiveness of Guided Inquiry Learning Model with Digital Simulations to Enhance Students” Critical Thinking Skills in
Physics

This study used a quasi-experimental design with a pretest-posttest control group
pattern, where X; is the experimental group given treatment in the form of Guided
Inquiry Learning with the help of digital simulation. At the same time, C is the control
group that only uses Guided Inquiry Learning without simulation. Both groups were
given O1 as a pre-test before treatment to determine students' initial abilities. After
treatment, Oz was given as a post-test to measure the improvement in abilities. Thus, a
comparison of the pre-test and post-test results in both groups can show the effectiveness
of using digital simulation in guided inquiry learning.

Instruments of Research

The instruments used in this study include observation sheets to evaluate the
implementation of the learning process, critical thinking tests consisting of pre-tests and
post-tests to measure the improvement of students' critical thinking skills, and student
response questionnaires used to analyze students' perceptions of the learning process
that has been implemented.

Data Analysis

The research data were analyzed using several techniques, namely the implementation
of learning was analyzed using an average score which was then categorized into four
levels, namely very poor, poor, good, and very good; the increase in students' critical
thinking skills was measured through a paired t-test and normalized gain (N-gain)
calculation; while student responses were analyzed using percentages and categorized
from very poor to very good.

RESULTS AND DISCUSSION
Results

The evaluation was conducted by assessing various indicators of teaching performance,
and the scores were converted into mean values, percentages, and categorical ratings.
This analysis aims to provide a comprehensive overview of the consistency and quality
of learning implementation throughout the observed sessions. The results of classroom
observation on the implementation of learning across three meetings as shown in Table
2.

Tabel 2. Observation results of learning implementation

Meeting Mean Score Percentage (%) Category
1 3.62 89.5 Very Good
2 3.55 88.0 Very Good
3 3.70 92.55 Very Good

Average 3.62 89.0 Very Good

Observation over the course of three meetings revealed that the experimental class
achieved an overall average score of 3.62 (89.5%), which was categorized as very good.
Among the three sessions, the highest implementation score was recorded in the third
meeting, with a mean of 3.70 (92.55%), while the second meeting obtained the lowest
score of 3.55 (88%). These findings suggest that the application of the guided inquiry
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learning model assisted by digital simulations was carried out consistently with high
quality. The steady improvement across meetings, culminating in the highest score
during the final session, also reflects the adaptability of both teachers and students in
optimizing the use of digital simulations to support inquiry-based learning. This
consistency indicates not only the effectiveness of the instructional design but also its
potential to be sustainably integrated into classroom practices to enhance learning
engagement and outcomes.

The results of the critical thinking test showed a significant improvement in the
experimental group, with the mean score increasing from 52.1 in the pre-test to 85.0 in
the post-test, yielding a mean difference of 32.9. In contrast, the control group
experienced a smaller gain, improving from 50.9 to 71.1, with a mean difference of only
20.2.

Tabel 3. Critical thinking test results (pre-test and post-test)

Group Pre-test Post-test Difference (8)
Experimental 52.1 85.0 32.9
Control 50.9 71.1 20.2

These findings as shown in Table 3 is indicate that students who were taught using the
guided inquiry learning model supported by digital simulations demonstrated greater
progress compared to those who experienced guided inquiry without simulations. The
substantial improvement in the experimental group suggests that the integration of
digital simulations not only facilitated students’ conceptual understanding but also
provided opportunities to analyze, evaluate, and draw conclusions from simulated
phenomena —skills that are essential indicators of critical thinking. Thus, the use of
digital simulations within guided inquiry learning can be seen as an effective strategy to
foster the development of students’ critical thinking abilities in physics learning.

The results of the statistical analysis showed that the data fulfilled the assumptions for
parametric testing based on normality and homogeneity tests. The paired t-test revealed
significant differences (p < 0.05) between the pre-test and post-test scores in both groups,
with the experimental group obtaining a higher t-value, which indicates a more
substantial improvement compared to the control group. Furthermore, the N-gain
analysis demonstrated that the experimental class achieved an N-gain score of 0.68,
categorized as medium, which was notably higher than the control class’s N-gain of 0.39,
also in the medium category. These results confirm that guided inquiry learning with
digital simulations was more effective in enhancing students’ critical thinking skills than
guided inquiry learning without simulations. The response questionnaire revealed that
students reacted positively to the integration of digital simulations. The overall
percentage reached 82% (“perfect”), with the highest rating in learning interest (85%) and
the lowest in active involvement (78%). These results indicate that PhET simulations not
only enhanced conceptual understanding but also increased learning motivation.

Discussion
The findings confirm that integrating digital simulations into guided inquiry learning

enhances students’ critical thinking skills. The results align with previous studies
(Nurmayani & Doyan, 2018; Rizaldi et al., 2020), which demonstrated that guided inquiry
combined with interactive tools supports better engagement and understanding. The
improvement in the experimental group compared to the control group also supports the
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claim that PhET simulations bridge the gap between abstract concepts and real-world
visualization, leading to deeper conceptual understanding.

Students' critical thinking skills are enhanced by the use of virtual simulations, which
present physical phenomena in a more concrete and interactive way. Through digital
simulations, students can observe variables that are difficult to visualize in real-life
experiments and then analyze the resulting cause-and-effect relationships
(Lintangesukmanjaya et al., 2025). This process requires students to ask questions,
evaluate data, and draw conclusions based on observed evidence, thus fostering the
development of critical thinking skills such as analysis, interpretation, and evaluation
(Plummer et al., 2022).

The use of virtual simulations aligns well with guided inquiry learning models, as both
emphasize exploration and discovery of concepts through active learning experiences. In
guided inquiry, teachers provide general direction but still allow students to develop
investigation strategies and find answers. Digital simulations support this by providing
a flexible, safe experimental environment that allows for repeated experiments without
time or equipment constraints. Thus, virtual simulations enhance the inquiry stages, such
as formulating problems, conducting experiments, analyzing data, and concluding
conclusions.

The implications of this research emphasize the importance of utilizing technology,
particularly virtual simulations, as an effective learning medium to enhance students'
critical thinking skills. Integrating digital simulations into science learning not only
strengthens conceptual understanding but also develops 21st-century skills relevant to
the demands of the digital era (Putra et al., 2025). This demonstrates that the use of
technology in a pedagogical context is not merely a visualization tool, but rather a
strategic part of creating a more meaningful, interactive learning experience oriented
toward developing higher-order thinking skills.

CONCLUSION
Fundamental Finding: Guided inquiry learning integrated with digital simulations is

effective in enhancing students’ critical thinking skills in physics, particularly in the topic
of harmonic oscillation. Implication: This study implies that incorporating interactive
simulations such as PhET into inquiry-based learning can increase student engagement,
improve conceptual understanding, and strengthen higher-order thinking skills in
physics education. Limitation: The study was limited to two classes at a single school
with a relatively small sample size, which restricts the generalizability of the results.
Future Research: Further research should involve larger and more diverse samples,
investigate other physics topics, and explore the long-term effects of integrating digital
simulations into inquiry-based learning models.

DPE: https;//journal.i-ros.org/index.php/dpe 43522 -5



The Effectiveness of Guided Inquiry Learning Model with Digital Simulations to Enhance Students” Critical Thinking Skills in
Physics

ACKNOWLEDGEMENTS

The authors express their gratitude to the principal and physics teachers of SMAN 1 Pacet
for their permission and collaboration in conducting this study, as well as to the students
who actively participanted as research subjects.

AUTHOR CONTRIBUTIONS

Mahdalysa Dayu contributed to the conceptual framework, research design, and
validation process; Rahmatta Thoriq Lintangesukmanjaya was sourcing references, and
drafting the manuscript; Lindsay N. Brgsma handled data management, methodology
development and project coordination. All listed authors have reviewed and approved
the final version of this submission.

CONFLICT OF INTEREST STATEMENT
No conflict interest.

ETHICAL COMPLIANCE STATEMENT

This manuscript complies with research and publication ethics. The authors affirm that
the work is original, conducted with academic integrity, and free from any unethical
practices, including plagiarism.

STATEMENT ON THE USE OF AI OR DIGITAL TOOLS IN WRITING

The authors acknowledge the use of digital tools, including Al-based technologies, as
support in the research and writing stages of this article. Specifically, Grammerly for a
writing aid that offers various advantages, especially in terms of improving the quality
and clarity of writing in English. All outputs generated with digital assistance were
critically evaluated and revised to ensure academic rigor and ethical standards were
upheld. The final responsibility for the manuscript rests entirely with the authors.

REFERENCES
Angwaomaodoko, E. A. (2024). Critical thinking: Strategies for fostering a culture of
inquiry in education. Path of Science, 10(9), 1001-1007.

http:/ /dx.doi.org/10.22178 / pos.108-1
Antonio, R. P., & Prudente, M. S. (2024). Effects of inquiry-based approaches on students'

higher-order thinking skills in science: A meta-analysis. International Journal of
Education in Mathematics, Science and Technology, 12(1), 251-281.
https:/ /doi.org/10.46328 /ijemst.3216

Arifin, Z., Saputro, S., & Kamari, A. (2025). The effect of inquiry-based learning on

students’ critical thinking skills in science education: A systematic review and meta-
analysis. Eurasia Journal of Mathematics, Science and Technology Education, 21(3),
em?2592. https:/ /doi.org/10.29333 / ejmste /15988

Susilawati, S., Doyan, A., Mulyadi, L., Abo, C. P, & Pineda, C. I. S. (2022). The
effectiveness of modern physics learning tools using the phet virtual media assisted

inquiry model in improving cognitive learning outcomes, science process skills, and
scientific creativity of prospective teacher students. Jurnal Penelitian Pendidikan
IPA, 8(1), 291-295. https:/ /doi.org/10.29303 /jppipa.v8il.1304

DPE: https;//journal.i-ros.org/index.php/dpe 43522 -6


http://dx.doi.org/10.22178/pos.108-1
https://doi.org/10.46328/ijemst.3216
https://doi.org/10.29333/ejmste/15988
https://doi.org/10.29303/jppipa.v8i1.1304

The Effectiveness of Guided Inquiry Learning Model with Digital Simulations to Enhance Students” Critical Thinking Skills in
Physics

Febriant, A., Pratidhina, E., Wijaya, A. (2024). Development of student worksheets using
guided inquiry model assisted by PhET to support science learning in junior high
school. Jurnal Ilmiah Profesi Pendidikan. 9(4), 2655-2660.
https:/ /doi.org/10.29303 /jipp.v9i4.2606

Fitriani, S. R., Doyan, A., Taufik, M., & Wahyudi, W. (2024). The effect of the guided
inquiry model assisted by PhET media on students’ critical thinking skills. Jurnal
Penelitian Pendidikan IPA, 10(6), 3527-3532.
https:/ /doi.org/10.29303 /ippipa.v10i6.4852

Hake, R. R. (2002). Relationship of individual student normalized gain to class averages.
The Physics Teacher, 40(2), 64-67.

Jatmiko, B., Prahani, B. K., Munasir, Supardi, Z. A. I, Wicaksono, I., Erlina, N.,
Pandiangan, P., Althaf, R., & Zainuddin. (2018). The comparison of ORIPA teaching
model and problem-based learning model effectiveness to improve critical thinking

skills of pre-service physics teachers. Journal of Baltic Science Education, 17(2), 300~
319. https:/ /doi.org/10.33225/ibse/18.17.300
Kwangmuang, P., Jarutkamolpong, S., Sangboonraung, W., & Daungtod, S. (2021). The

development of learning innovation to enhance higher order thinking skills for
students in  Thailand  junior = high  schools. Heliyon, 7(6),  e07309.
http:/ /doi.org/10.1016/j.helivon.2021.e07309

Lam, C., & Wolfe, J. (2023). An introduction to quasi-experimental research for technical

and professional communication instructors. Journal of Business and Technical
Communication, 37(2), 174-193. https:/ /doi.org/10.1177/10506519221143111
Lintangesukmanjaya, R. T., Prahani, B. K., Sunarti, T., & Saphira, H. V. (2024). Profile of
critical thinking skills of senior high school students in physical wave material.
In Journal of Physics: Conference Series, 2900(1), 012030. http://doi.org/1742-
6596/2900/1/012030
Lintangesukmanjaya, R. T., Prahani, B. K., Dwikoranto, D., Alhusni, H. Z., & Kurtulus,

M. A. (2025). Technology integration for SDGs-oriented social science education: A
bibliometric =~ perspective. = E3S  Web  of  Conferences, 640,  02017.
https:/ /doi.org/10.1051/ e3sconf /202564002017

Marzuki, D. Santo B. (2023). Student activities and learning outcomes on the topic of

characteristics of living things. Jurnal Review Pendidikan dan Pengajaran, 6(2), 356-365

Nurmayani, L., & doyan, A. (2018). The effect of guided inquiry learning model on
students’ physics learning outcomes. Jurnal Penelitian Pendidikan IPA, 4(2).
https:/ /doi.org/10.29303 /jppipa.v4i2.113

Plummer, K. J., Kebritchi, M., Leary, H. M., & Halverson, D. M. (2022). Enhancing critical
thinking skills through decision-based learning. Innovative Higher Education, 47(4),
711-734. https:/ /doi.org/10.1007/510755-022-09595-9

Putra, D., Sujatmiko, B., Dwikoranto, D., Lintangesukmanjaya, R. T., & Bergsma, L. N.

(2025). Development of Web-Let's learn online to improve student competence in
learning network device installation and configuration with the PjBL model. JPPS

DPE: https;//journal.i-ros.org/index.php/dpe 43522 -7


https://doi.org/10.29303/jipp.v9i4.2606
https://doi.org/10.29303/jppipa.v10i6.4852
https://doi.org/10.33225/jbse/18.17.300
http://doi.org/10.1016/j.heliyon.2021.e07309
https://doi.org/10.1177/10506519221143111
http://doi.org/1742-6596/2900/1/012030
http://doi.org/1742-6596/2900/1/012030
https://doi.org/10.1051/e3sconf/202564002017
https://doi.org/10.29303/jppipa.v4i2.113
https://doi.org/10.1007/s10755-022-09595-9

The Effectiveness of Guided Inquiry Learning Model with Digital Simulations to Enhance Students” Critical Thinking Skills in
Physics

(Jurnal Penelitian Pendidikan Sains), 203-
213. https://doi.org/10.26740/jpps.v14n2.p203-213
Rahman, H. A., Bachri, B. S., Maureen, I. Y. (2024). Test instruments for measuring critical

thinking skills in statistics material. Jurnal Cendekia: Jurnal Pendidikan Matematika,
8(2), 1472-1480. https:/ /doi.org/10.31004 / cendekia.v8i2.3343

Rizaldi. D. R. Jufri. A. W. & Jamal, J. (2020). PhET interactive simulation in physics
learning process. Jurnal Ilmiah Profesi Pendidikan, 5(1).
https:/ /doi.org/10.29303 /iipp.v5i1.103

Saputra, H. (2020). Mathematical critical thinking ability. Perpustakaan IAI Agus Salim
Metro Lampung, 2, 1-7.

Sutiani, A. (2021). Implementation of an inquiry learning model with science literacy to
improve student critical thinking skills. International Journal of Instruction, 14(2), 117-
138. https:/ /www.e-iji.net/dosyalar/ijii 2021 2 8.pdf

Zulyusri, Z., Elfira, L, Lufri, L., & Santosa, T. A. (2023). Literature study: Utilization of the
PjBL model in science education to improve creativity and critical thinking
skills. Jurnal Penelitian Pendidikan IPA, 9(1), 133-143.
https:/ /doi.org/10.29303 /ippipa.v9il.2555

*Mahdalysa Dayu (Corresponding Author)

Afilliation: Universitas Negeri Surabaya, Indonesia

Address: JI. Ketintang, Kec. Gayungan, Kota Surabaya, Jawa Timur, 60231
Email: 24031635014@mbhs.unesa.ac.id

Rahmatta Thoriq Lintangesukmanjaya

Afilliation: Universitas Negeri Surabaya, Indonesia

Address: JI. Ketintang, Kec. Gayungan, Kota Surabaya, Jawa Timur, 60231
Email: 24031635011@mbhs.unesa.ac.id

Lindsay N. Bergsma

Afilliation: Psychology Student of Tilburg University, Tilburg School of
Social and Behavioral Sciences, Netherland

Address: Warandelaan 2, 5037 AB, Tilburg, The Netherlands

Email: ul87576@uvt.nl

DPE: https://journal.i-ros.org/index.php/dpe 43522 -8


https://doi.org/10.26740/jpps.v14n2.p203-213
https://doi.org/10.31004/cendekia.v8i2.3343
https://doi.org/10.29303/jipp.v5i1.103
https://www.e-iji.net/dosyalar/iji_2021_2_8.pdf
https://doi.org/10.29303/jppipa.v9i1.2555
mailto:24031635014@mhs.unesa.ac.id
mailto:24031635011@mhs.unesa.ac.id
mailto:u187576@uvt.nl

	Fundamental Finding: Guided inquiry learning integrated with digital simulations is effective in enhancing students’ critical thinking skills in physics, particularly in the topic of harmonic oscillation. Implication: This study implies that incorpora...
	ACKNOWLEDGEMENTS

