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they were divided into two groups: the experimental group and the
Keywords: control group. The experimental group was instructed using a Deep
Learning approach consisting of the stages of understanding,
applying, and reflecting, whereas the control group participated in
conventional instructional activities. Research instruments included
a critical thinking skills test covering analysis, evaluation, inference,
and scientific reasoning, as well as an observation sheet of learning
implementation. The findings revealed that the implementation of
Deep Learning was classified as very high, achieving an average
implementation percentage of 92%. Students in the experimental
group showed greater improvement in critical thinking skills, as
indicated by the increase in mean scores from 54.21 + 7.35 to 82.47 +
6.18, with an N-gain value of 0.61 categorized as moderate-high. In
comparison, the control group obtained an N-gain value of 0.33,
which fell into the moderate category. These results suggest that
Deep Learning-based instruction was more effective than
conventional teaching methods in improving students’ critical
thinking skills and conceptual understanding in physics learning.
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INTRODUCTION

Critical thinking skills are among the essential competencies required in the 21st century,
particularly for students who must face increasingly complex global challenges (Andr & Ceballos,
2024). In science education, especially physics, critical thinking is not merely an intellectual ability
but also a fundamental aspect of analyzing phenomena, evaluating arguments, and solving
evidence-based problems. Previous studies have demonstrated that successful physics learning is
not only measured by students’ mastery of concepts but also by their ability to reason, evaluate,
and apply knowledge in real-life situations (Ubaidillah et al., 2023). Therefore, the development of
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critical thinking skills should become a major priority in physics instruction at the secondary
school level (Hikmabh et al., 2021).

However, the development of students’ critical thinking skills in physics learning still
encounters various obstacles. Abstract physics concepts, such as dynamics, energy, and waves, are
often taught through conventional memorization-oriented approaches. As a result, students tend to
master procedural aspects without achieving deep conceptual understanding (Musliman &
Kasman, 2022). Several studies have also reported that students experience difficulties in scientific
reasoning processes that require analysis, synthesis, and evaluation (Musliman & Kasman, 2022).
This condition reflects a gap between the competencies expected by the curriculum and students’
actual achievements in the classroom (Ubaidillah et al., 2023).

To overcome these problems, a systematic learning approach is required to encourage
students to develop higher-order thinking skills (Al-Zahra, 2026). Learning models that merely
emphasize information delivery have proven ineffective in fostering students’ analytical and
reflective abilities. Consequently, physics education should be oriented toward pedagogical
strategies that provide opportunities for idea exploration, active engagement, and meaningful
knowledge construction. One promising approach that may achieve these goals is Deep Learning
(Sumarni & Okyranida, 2025).

In the educational context, Deep Learning is defined as an instructional approach that
prioritizes profound conceptual understanding over the mere memorization of factual information.
(Coyle & Meyer, 2023). This approach highlights conceptual connections, critical reflection, and the
application of knowledge in challenging situations. In physics learning, Deep Learning can assist
students not only in understanding fundamental principles but also in applying them to solve
contextual problems, evaluate scientific arguments, and construct meaningful understanding.
Therefore, Deep Learning is considered capable of strengthening conceptual mastery while
simultaneously improving students’ critical thinking skills (Coyle & Meyer, 2023). Deep Learning
contributes to strengthening students” knowledge construction by encouraging learners to actively
connect prior knowledge with new scientific concepts through contextual problem-solving,
reflective discussion, and conceptual exploration. In physics learning, students are not merely
passive recipients of information but actively construct understanding through reasoning,
collaboration, and scientific inquiry processes. This instructional approach enables students to
develop deeper conceptual understanding and meaningful learning experiences.

Despite curriculum policies emphasizing the importance of higher-order thinking skills,
many senior high school students still demonstrate limitations in critical thinking when learning
physics (Wahyuni & Swandi, 2025). Students often rely on procedural memorization without
engaging in deep reasoning regarding the concepts they study (Syafril & Aini, 2022). One factor
contributing to this situation is the dominance of traditional teacher-centered instruction focusing
on expository material delivery. Such learning patterns tend to prioritize examination preparation
rather than the development of critical and reflective thinking skills.

Although Deep Learning has increasingly attracted attention in educational literature, its
implementation in senior high school physics learning remains limited. Most studies focus on
innovative instructional models such as problem-based learning, inquiry learning, or collaborative
learning, while only a few studies systematically investigate the effectiveness of Deep Learning in
improving critical thinking skills. The lack of empirical evidence causes teachers to hesitate in
broadly adopting this approach in physics classrooms (Erlangga & Fitriyah, 2025).

Based on these issues, this study aimed to analyze the effectiveness of Deep Learning in
developing senior high school students’ critical thinking skills in physics learning. Specifically, this
study sought to: (1) Analyze how students' critical thinking abilities have improved after engaging
in Deep Learning-based instruction; and (2) determine the aspects of critical thinking skills,
including analysis, evaluation, and inference, that develop most significantly through this
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approach; and (3) provide pedagogical recommendations for physics teachers in designing
instructional strategies oriented toward higher-order thinking skills development.

The novelty of this study lies in the integration of the Deep Learning framework into
senior high school physics instruction through the structured stages of understanding, applying,
and reflecting to specifically enhance students’ critical thinking skills in dynamics learning. Unlike
previous studies that primarily focused on problem-based or inquiry-based learning, this study
empirically investigates how Deep Learning facilitates conceptual understanding, scientific
reasoning, and reflective thinking within physics classrooms. Unlike previous studies emphasizing
problem-based or inquiry-based learning, this study positions Deep Learning as a pedagogical
framework designed to encourage students to construct deep conceptual understanding while
enhancing higher-order thinking skills.

From an academic perspective, this research contributes to expanding the literature
regarding the effectiveness of Deep Learning in science education, particularly physics. Practically
speaking, the results should be used as a guide for physics teachers in designing learning activities
that emphasize not only content mastery but also the development of critical thinking skills
relevant to 21st-century educational demands.

RESEARCH METHODOLOGY

Research Design

This study employed a quasi-experimental method with a pretest-posttest control group
design. This design was chosen because it allows the measurement of students” critical thinking
skills before and after treatment while comparing the results between the experimental group
receiving Deep Learning-based instruction and the control group taught using conventional
approaches.

Population and Sample

The population of this study consisted of all senior high school students in Yogyakarta
City, Indonesia. Cluster random sampling was employed to determine the research sample. Two
classes from Senior High School X were selected. Two classes were selected because they possessed
relatively similar academic characteristics, learning achievement levels, and classroom conditions
based on school records and teachers’ recommendations. One class was assigned as the
experimental group and the other as the control group to enable comparison between Deep
Learning-based instruction and conventional teaching under comparable learning conditions. Each
class consisted of 32 students. The sample size of 64 students was considered sufficient for
statistical analysis because quasi-experimental studies in educational research commonly employ
sample sizes ranging from 30 to 60 participants per group to identify significant differences
between instructional treatments. Furthermore, the number of participants fulfilled the minimum
requirement for conducting parametric statistical tests, including the independent sample t-test,
which assumes adequate sample representation and normal data distribution.

Research Instruments

The research instruments included a physics critical thinking skills test and an observation
sheet for learning implementation. The critical thinking test measured students’ abilities in
analysis, evaluation, inference, and scientific reasoning. Meanwhile, the observation sheet was
used to assess the implementation quality of Deep Learning instruction.

Data Analysis Technique

The collected data were analyzed descriptively and inferentially. Descriptive statistics were
used to determine the mean and standard deviation of students” pretest and posttest scores. The
degree of progress in students' critical thinking abilities was assessed using the normalized gain
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(N-gain) technique. In addition, to determine whether there was a significant difference, an
independent sample t-test was used between the experimental and control groups.

RESULTS AND DISCUSSIONS

Critical Thinking Skills Achievement
The descriptive analysis of students’ critical thinking skills before and after the
implementation of Deep Learning is presented in Table 1.

Table 1. Mean scores of pretest and posttest critical thinking skills

Group Pretest (Mean + SD)  Posttest (Mean + SD)
Experimental 54.21+7.35 82.47 +6.18
Control 53.68 £7.12 68.92 £ 6.85

Table 1 demonstrates that the experimental and control groups had relatively equivalent
initial critical thinking abilities before treatment. The similarity of the pretest scores indicates that
both groups started from comparable levels of conceptual understanding and reasoning skills in
physics learning. Following the instructional intervention, both groups experienced improvements
in their posttest scores; However, the improvement demonstrated by the experimental group was
significantly greater than that of the control group.

The substantial increase in the experimental group suggests that Deep Learning-based
instruction effectively facilitated students’ engagement in meaningful and reflective learning
processes. Students were encouraged to connect concepts, evaluate evidence, and apply scientific
reasoning to contextual dynamics problems. Deep Learning contributed to students’ ability to
connect physics concepts to real-life contexts by presenting contextual dynamics problems closely
related to students’ daily experiences, such as motion, force, and acceleration phenomena. Through
the stages of understanding, applying, and reflecting, students were encouraged to analyze real
situations using scientific principles, thereby enabling them to relate abstract physics concepts to
authentic problem-solving situations. This process strengthened conceptual understanding and
improved students’ ability to apply scientific reasoning in meaningful contexts. In contrast,
students in the control group primarily focused on procedural problem-solving activities, resulting
in a lower level of conceptual understanding and analytical reasoning,.

N-gain Analysis
The normalized gain (N-gain) was computed to gauge how much the students' critical
thinking abilities had improved. The results are presented in Table 2.

Table 2. N-gain scores of critical thinking skills

Group N-gain Category
Experimental 0.61 Moderate-High
Control 0.33 Moderate

The findings indicate that the experimental group achieved a moderate-to-high N-gain
category, whereas the control group remained within the moderate category. This result
demonstrates that the Deep Learning approach was more effective in improving students’ critical
thinking skills than conventional instruction.

The improvement in the experimental group can be attributed to the systematic
implementation of the three instructional stages of Deep Learning, namely understanding,
applying, and reflecting. During the understanding stage, students analyzed contextual dynamics
problems and identified relevant physical variables such as force, mass, and acceleration. This
stage encouraged students to construct conceptual understanding rather than merely memorizing
formulas.
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At the applying stage, students collaboratively solved physics problems using Newton’s
laws and scientific reasoning. Students were required to explain the rationale behind their
solutions and evaluate alternative approaches. This activity strengthened students’ analytical and
inferential thinking skills. Furthermore, collaborative discussions promoted active participation
and knowledge construction among students.

The reflecting stage played a crucial role in developing evaluative thinking. Students
reviewed their solutions, defended scientific arguments, and reflected on their reasoning processes.
Teachers facilitated reflective learning by providing guiding questions and feedback that
encouraged students to reconsider their conceptual understanding. These reflective activities
contributed significantly to the improvement of students” higher-order thinking skills.

Hypothesis Testing

To determine whether the difference between the two groups was statistically significant,
an independent sample t-test was performed on the posttest scores. The analysis produced a t-
value of 8.31 with df = 62 and p < 0.05. Therefore, the null hypothesis was rejected.

These findings indicate that Deep Learning-based instruction had a significant effect on
students’ critical thinking skills. The statistical significance confirms that instructional approaches
emphasizing conceptual understanding, contextual application, and reflective learning are more
effective in fostering critical thinking abilities compared to conventional teaching methods.

Implementation of Deep Learning in Physics Learning

The implementation of Deep Learning in the experimental class was categorized as very
high, with an average implementation percentage of 92%, indicating that the instructional
procedures were consistently conducted according to the designed learning stages. This high
implementation rate suggests that the Deep Learning model can be applied systematically and
reliably in physics classroom settings. The instructional process consisted of three major stages:
understanding, applying, and reflecting.

At the understanding stage, students were presented with contextual physics problems
related to dynamics concepts encountered in everyday life. This stage stimulated students to
activate prior knowledge and identify relationships among physical variables such as force, mass,
and acceleration. Students demonstrated active participation in formulating problems and
constructing initial conceptual understanding (Ramadhani & Andriani, 2025).

During the applying stage, students collaboratively solved contextual dynamics problems
by applying scientific principles and mathematical equations (Pranata, 2024). This activity
encouraged students to explain the logical basis of their problem-solving strategies rather than
merely memorizing formulas. Students in the experimental group demonstrated stronger
reasoning abilities and more coherent scientific explanations compared to those in the control
group.

At the reflecting stage (Aitzhan et al., 2023), students evaluated their solutions (Jin, 2022),
defended their arguments using scientific evidence, and reflected on the reasoning processes they
employed throughout learning activities. Teachers acted as facilitators by providing reflective
questions and constructive feedback. This stage played a crucial role in strengthening students’
evaluative and inferential abilities.

The successful implementation of Deep Learning indicates that the approach effectively
created a learning environment that promoted active engagement, conceptual understanding, and
reflective thinking (Suardin et al,, 2025). These findings align with the principles of student-
centered learning, which emphasize knowledge construction and higher-order thinking
development.

Discussion
The findings of this study confirm that Deep Learning provides meaningful contributions
to the development of critical thinking skills in physics learning (Mulyani et al., 2025). Students
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who participated in Deep Learning-based instruction demonstrated stronger analytical, evaluative,
and inferential abilities compared to those who learned through conventional instruction. This
improvement occurred because Deep Learning emphasizes active engagement, conceptual
connections, and reflective reasoning throughout the learning process (Sastrawati & Nizaar, 2025).

The results are consistent with previous studies indicating that student-centered
instructional approaches effectively enhance higher-order thinking skills (Saputra et al.,, 2025).
Through contextual problem-solving and reflective discussions, students became more capable of
analyzing relationships among physical concepts and applying scientific principles logically (Haris
et al., 2025). Such activities encouraged students not only to focus on obtaining correct answers but
also to understand the scientific reasoning underlying their solutions (Kahar et al., 2021).

Moreover, the implementation of Deep Learning created a learning environment that
fostered meaningful conceptual understanding (Carli, 2025). Students actively constructed
conceptual understanding through collaborative exploration, scientific discussion, and reflective
reasoning processes. This finding supports the view that meaningful learning occurs when
students engage cognitively and emotionally in the learning process.

In contrast, conventional instruction tended to focus on teacher explanations and
procedural exercises, limiting students’ opportunities to develop reflective and evaluative
thinking. As a result, although the control group demonstrated some improvement, the
development of critical thinking skills was less optimal compared to the experimental group.

Overall, the findings suggest that Deep Learning may serve as an effective pedagogical
approach for improving critical thinking skills in physics education (Sofa et al., 2025). By
integrating understanding, application, and reflection into instructional activities, teachers can
create learning experiences that foster deeper conceptual understanding and scientific reasoning
among students.

CONCLUSION

Based on the findings and discussion, it can be inferred that the Deep Learning approach
effectively improves students’ critical thinking abilities in senior high school physics education,
particularly in dynamics material. The experimental group demonstrated significantly higher
improvement compared to the control group, as indicated by the posttest scores and N-gain
values. Students who participated in Deep Learning-based instruction achieved an N-gain score of
0.61 categorized as moderate-to-high, whereas the control group obtained an N-gain score of 0.33
categorized as moderate.

The implementation of Deep Learning through the stages of understanding, applying, and
reflecting successfully encouraged students to engage in deeper cognitive processes. Students were
not only able to understand physics concepts procedurally but also capable of analyzing problems,
evaluating solutions, constructing scientific arguments, and drawing conclusions based on
scientific reasoning. Furthermore, the high level of instructional implementation indicates that the
Deep Learning approach can be applied consistently and effectively in physics classrooms.

Therefore, this study demonstrates that the development of critical thinking skills is
strongly influenced by the quality of instructional processes that encourage reflective, analytical,
and concept-based learning experiences. The implementation of Deep Learning also implies that
sustainable development of higher-order thinking skills can be achieved through continuous
engagement in reflective, analytical, and contextual learning activities. By consistently integrating
understanding, application, and reflection into physics instruction, students may develop long-
term critical thinking habits that are transferable to other scientific and real-life problem-solving
situations.

Future research is recommended to investigate the effectiveness of Deep Learning across
different educational levels, including elementary, junior high school, and university contexts, to
examine its broader pedagogical impact on higher-order thinking skills development. Further
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studies may also explore the integration of Deep Learning with digital technologies, virtual
laboratories, and inquiry-based learning models in various scientific disciplines. In addition,
longitudinal studies are needed to evaluate the sustainability of critical thinking skill development
resulting from Deep Learning implementation over extended instructional periods.

ACKNOWLEDGEMENTS

The authors would like to express their sincere gratitude to the principal, physics teachers, and
students of Senior High School X, Yogyakarta, Indonesia, for their participation and cooperation
during the research process. The authors also appreciate the valuable support and constructive
feedback provided by colleagues and reviewers, which contributed significantly to the
improvement of this study. Finally, the authors acknowledge all parties who supported the
implementation of this research both academically and administratively.

References

Aitzhan, A,, Saule, A., Aizhan, A., Assiya, A., & Ainur, A. (2023). Reflection Influence on the Thought Process of
Students with Distance Learning. 261-266. https:/ /doi.org/10.52209/1609-1825

Al-Zahra, S. (2026). View of An Analysis of Higher Order Thinking Skills (HOTS) in the Implementation of Deep
Learning Based Instruction through Joyful, Mindful, and Meaningful Learning.pdf (pp. 952-956). TOFEDU:
The Future of Education Journal. https://doi.org/10.61445/ tofedu.v5i1.1653

Andr, ], & Ceballos, H. G. (2024). Identification of Complex Thinking Related Competencies : The Building Blocks of
Reasoning for Complexity. 11(1), 37-48.

Carli, F. (2025). Peningkatan Pemahaman Konseptual Siswa melalui Strategi Pembelajaran Deep Learning Edu
Happiness : 04(2), 327-337.

Coyle, D., & Meyer, O. (2023). Exploring the Mechanics of Deeper Learning. 1-3.

Erlangga, S. Y., & Fitriyah, I. J. (2025). Effectiveness of EDP-STEM to empower higher order thinking skills in
physics learning: a meta-analysis. Compton: Jurnal Ilmiah Pendidikan Fisika, 11(2), 267-282.
https:/ /doi.org/10.30738/ ¢jipf.v11i2.20702

Haris, A., Hasyim, M., Ma'ruf, Halim, A. D., Mahir, & Ramadhan, 1. (2025). The Effectiveness of Dynamic
Problem-Solving Strategy and Innovative Assessment Tools to Improve Students. Jurnal Pendidikan IPA
Indonesia, 14(1), 181-191. https:/ /doi.org/10.15294 /jpii.v14i1.21433

Hikmah, N., Niswati, M., & Jauhariyah, R. (2021). Meta- Analysis of Students ' Critical Thinking Skills
Improvement on Physics Learning. 9(2). https:/ /doi.org/10.20527 / bipf.v9i2.10585

Jin, Q. (2022). Elementary Students ’~ Argument Evaluation in a Science Classroom. Alberta Journal of
Educational Research, 68(4), 463-479.

Kahar, M. S, Syahputra, R., Arsyad, R. Bin, Nursetiawan, & Mujiarto. (2021). Validity Level of the Developed
Student Worksheets. Eurasian Journal of Educational Research, 96, 14-29.
https:/ /doi.org/10.14689/ ejer.2021.96.2

Mulyani, M., Widaningsih, S., Wiyati, R, & Novianti, A. (2025). Sosialisasi Proses Implementasi Deep
Learning dalam Pembelajaran Bahasa: Mewujudkan Pengalaman belajar yang. KOMUNITA: Jurnal
Pengabdian Dan Pemberdayaan Masyarakat, 4(3), 699-708. https:/ / doi.org/10.60004/komunita.v4i3.246

Musliman, A., & Kasman, U. (2022). Analisis Keterampilan Berpikir Tingkat Tinggi Siswa SMA pada Pembelajaran
Fisika ( Analisis Keterampilan Berpikir Tingkat Tinggi Siswa SMA ....). 6(November).

Pranata, O. D. (2024). View of Analysis of Correlation Between Students Free-Body Diagrams Quality and Conceptual
Understanding in Dynamics.pdf (pp. 26-37). JIFP (Jurnal Ilmu Fisika dan Pembelajarannya).

Ramadhani, A., & Andriani, N. (2025). Analisis Konsep Fisika Hukum Newton pada Kearifan Lokal Perahu
Bidar. OPTIKA: Jurnal Pendidikan Fisika, 9(2019), 59-68.

Saputra, Z. A., Restiani, H., Ayu, M., & Pratiwi, R. H. (2025). Perbandingan Efektivitas Pembelajaran Deep
Learning dan Diferensiasi terhadap Kemampuan Pemecahan Masalah dan Penalaran Matematika Siswa
SMP yang dirilis oleh OECD ( 2019 ), Indonesia menempati peringkat 72 dari 79 negara dalam aspek
Salah satu pendekatan. Aljabar: Jurnal Ilmuan Pendidikan, Matematika Dan Kebumian, 1(3), 124-140.

Sastrawati, D., & Nizaar, M. (2025). Efektivitas Deep Learning terhadap Kemampuan Bernalar Kritis Siswa.
Jurnal Pendidikan, 6(4), 4-7.

Sofa, E. L., Saptanigrum, E., Khoiri, N., & Kurniawan, A. F. (2025). Effectiveness of Integrating Deep Learning

Nira Nurwulandari, The effectiveness of deep learning in enhancing senior high school students’ critical
thinking skills in physics learning



288
0 ISSN 2087-4049 (Print), 2808-3644 (Online)

into Problem- Based Learning with PhET Simulations to Enhance Students ’. Jurnal Pendidikan Fisika,
13(3), 416-428. https:/ /doi.org/10.26618/ ttrea958

Suardin, D., Sani, N. K., Jarnawi, M., Zaky, M., & Khuzaimah, A. U. (2025). The Influence of the Deep
Learning Approach on Students * Physics Learning Outcomes. Jurnal Studi Guru Dan Pembelajaran, 8(3),
1586-1595. https:/ /doi.org/10.30605/jsgp.8.3.2025.6833

Sumarni, R. A., & Okyranida, I. Y. (2025). Deep Learning in Physics Education: Exploring the Potential of
Mindful , Meaningful , and Joyful for a Better Learning Experience. Navigation Physics: Journal of Physics
Education, 7(1), 118-127. https:/ /doi.org/10.30998 /npjpe.v7il.4215

Syafril, S., & Aini, N. R. (2022). Development of physics module based high order thinking skill ( HOTS ) to
improve student ” s critical thinking Development of physics module based high order thinking skill (
HOTS ) to improve student ’ s critical thinking. Journal of Physics: Conference Series.
https://doi.org/10.1088/1742-6596/2165/1/012018

Ubaidillah, M., Hartono, Marwoto, P., & Bambang Subali, W. (2023). Radiasi : Jurnal Berkala Pendidikan Fisika
The Trend of Research Critical Thinking Skills in Physics Education Journal Evolution in Physics Education
Journals across Indonesia : From Research Design to Data Analysis. 16(2), 51-60.

Wahyuni, A. S. A, & Swandi, A. (2025). Analisis Keterampilan Berpikir Kritis Peserta Didik dalam
Pembelajaran Fisika Tingkat SMA di Kabupaten Gowa. Jurnal Ilmiah Ecosystem, 25(3), 576-586.
https://doi.org/10.35965/ eco.v25i3.7956

CENDIKIA, Vol.16, No. 5 May 2026: pp. 281-288



