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Introduction

Abstract: Physics is a complex science discipline that intertwined with other
disciplines (e.g. chemistry, life sciences, and mathematics), making it
challenging for other learners to learn. To cope, educators developed
strategies tailored to the needs of learners and their context. This article
conducts a comprehensive systematic literature review of research articles
available in Google Scholar that focuses on the concept of innovative
strategies in teaching physics. Guided by the PRISMA model, 119 articles
were identified, and of these, 31 articles were deemed relevant to the study.
The result shows that the most used method in developing teaching
strategies in physics is quasi-experimental followed by research and
development. Result shows that physics education strategies are the most
explored topic followed by physics laboratory innovations. Moreover, the
recently published articles can be classified into two themes: non-digital
teaching strategy and technology-aided teaching strategy. Outcomes of
these developed strategies have shown improved learning among students
and the development/enhancement of skills necessary in the 21st century
such as problem-solving, analytical thinking, visualization, and social skills.
Thus, this shows that the innovation of methodology-oriented new teaching
strategies to address challenges in learning physics is crucial for improving
conceptual understanding among learners.

Keywords: Learning physics; Physics concepts; Physics education; Scientific

literacy; Teaching physics

physics and chemistry (Ye et al., 2024), among others. As
highlighted by Ma et al. (2023), teaching pedagogy have

A growing emphasis on the alignment of physics
education in the 21st century skills highlight the need for
active, learner-centered approaches to teaching physics
(Bao & Koenig, 2019; Nazifah & Asrizal, 2020). Recent
studies have continued to explore and refine strategies
which includes using interactive homework as a tool to
support student learning of measurement uncertainty in
quantum mechanics (Passante & Kohnle, 2024),
examining factors contributing to the improvement of
conceptual understanding in Newtonian dynamics
(Weber & Wilhelm, 2024), and focusing on knowledge
integration in student learning of galvanic cells, bridging
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evolved with the intent to find approaches that fit the
current social context and address the unique
characteristics of students. In the context of Physics
education, it is essential to implement innovations that
accommodate the diverse learning needs of students and
deepen their conceptual understanding.

The urgency of improving physics education is
underscored by international assessments such as the
Programme for International Student Assessment
(PISA). The 2018 and 2022 PISA results indicate that
several countries lag behind global benchmarks in
mathematics and science proficiency (OECD, 2019,
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2023). Specifically, students' performance in Physics is
notably below international standards (Martin et al.,
2004; McLaughlin & Drori, 2000). The struggle with low
student achievement has led educational researchers to
consistently explore and determine the various factors
that influence academic success in the classroom
(Kuswanti, et al., 2024; Orleans, 1994; Zakirman et al.,
2023). This highlights the critical need for research-based
teaching strategies that foster deep learning and skill
development in physics. Approaches such as flipped
classrooms, inquiry-based learning, digital simulations,
and augmented reality-enhanced instruction have
demonstrated positive effects on student engagement
and knowledge retention (Cai et al., 2021; Gunawan et
al., 2018; Hasanah et al., 2021; Tunggyshbay et al., 2023).
However, the effectiveness of these strategies varies
across different educational contexts, necessitating a
systematic review to identify best practices and their
impact on student learning outcomes.

Thus, this study seeks to provide evidence-based
strategies that can be implemented in the classrooms to
foster a more effective and engaging learning
environment for high school physics students.
Additionally, the result of this study will provide
insights for educators, administrators, curriculum
developers, and policymakers in further refining and
enhancing educational practices and policies.
Furthermore, this study aims to determine the method
employed, determine the physics topics explored in
employing the developed teaching strategy and
determine the general themes and outcomes of the
employed teaching strategies.

Method

Materials and Data Source

This study uses secondary data in the form of
research articles to attain the objectives of the study.
Moreover, the use of Google Scholar as a data source of
research articles were selected by the researchers. This
selection is based on Gusenbauer et al. (2020) idea that
Google Scholar is one of the most comprehensive
academic search engines which contains millions of
records. In addition, the researchers employed the
following inclusion criteria in searching the most
suitable research articles to be included in the study.
These include articles that can be found in google
scholar, published between 2018 -2023, that the article is
related to the keywords being used in the search, have
an English version, have an available full text, are
relevance to the study, and the article must be empirical
research. The use of the following keywords was used
by the researchers in finding the most suitable research
articles; strategies in physics at the secondary level;
teaching physics at the secondary level; teaching high
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school physics; and high school physics strategy. The
selection of these keywords is based on the Cronin et al.
(2008) idea that a good keywords for a literature review
must be connected to the topic and have an alternative.
Thus, in this study, the researchers created a keyword
that is directly related to the topic of the study. In
addition, the literature review was conducted from
March to May 2024.

Design and Procedure

This study employed a systematic literature review
(SLR) in addressing the objectives of the study.
Nightingale (2009) pointed out that SLR addresses a
specific question and is bounded by set criteria to
minimize biases. In addition, SLR can also be useful to
synthesize relevant scientific evidence to draw
conclusions on the chosen topic (Lame, 2019). SLR is the
most appropriate design for this study since this study
focuses on obtaining the most recent innovations in
teaching strategy in Physics through a literature review
of the most recent published articles available in Google
Scholar.

Moreover, the researchers followed the suggestions
of Templier et al. (2015) in conducting literature review.
This includes the following steps: Step 1. Formulating
the problem - the objectives of the study focus on
determining the outcomes of created physics teaching
strategies. ~From these objectives, keywords were
created to specifically address the main objectives of the
study. Step 2. Searching the literature - using Google
Scholar as the main search engine, keywords were
individually searched. From the four keywords, a total
of 119 research articles were downloaded and for
screening (strategies in physics at the secondary level =
43 articles; teaching physics at the secondary level = 36
articles; teaching high school physics = 23 articles; and
high school physics strategy = 17 articles). Step 3.
Inclusion criteria - the downloaded articles were
screened based on the set inclusion criteria of the study
and other crucial information such as a focus on the
topic, lack of empirical findings, and no clear discussion
of the topic. Step 4. Assessing quality - the downloaded
articles were screened based on the quality of the paper
and its relevance to the study. These step include
selecting only research articles published by peer-
reviewed journals, articles with concrete findings based
on the objectives of their respective studies, clear
methodology, can answer the objectives of the study,
and finally are bounded by the inclusion criteria set by
this study. Step 5. Extracting data - a total of 31 articles
were included and deemed relevant to the study. Thus,
a content analysis was used in the study to extract the
most crucial data from the downloaded articles.
Harwood et al. (2003) have pointed out that content
analysis is useful in reducing phenomena to better
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analyze and interpret the data. Step 6. Analyzing and
synthesizing data - analysis and synthesis of data were
done after the extraction of the data.

In addition, the researchers employed the Preferred
Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) flow diagram to organize the
analysis (Moher et al., 2009) as seen in Figure 1. This
method ensures that a thorough process is done to
obtain and collect the necessary data. In the
identification phase, a total of 119 articles which can be
seen in Google Scholar are included (based on
keywords). In the screening phase, a total of 42 articles
were retained after removing 77 research articles based
on the following limitations; 11 research articles
removed due to duplication, 11 articles are removed
primarily because these articles don’t have a full free
version and only give the summary of the research
paper, 5 articles are removed because these articles are
not in English, 6 articles are removed due to unclear
discussion of the physics concepts used such as the use
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of the general term “science” or “general science”, 5
articles are removed because these articles focuses in
STEM in general, thus covering the broad field such as
technology, science, and mathematics discipline, 14
articles are removed due to these articles are not directly
related to the topic of this study such as focuses on what
is physics rather than how to teach physics, and lastly 25
articles are removed because the articles focuses only on
the nature of physics learning but not on the strategy
employed to improve physics learnings.

Moreover, in eligibility checking, 31 articles are
retained after removing 11 articles. The following are the
basis for this removal: 8 of these removed articles have
vague findings and therefore cannot provide a good
discussion on the argument of their research, while 3
articles were removed because these articles focuses the
discussion on the results itself rather than the
implications of the findings. Thus, a total of 31 articles
were included in the study after the screening and
eligibility checking.
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Figure 1. Selection of articles based on the PRISMA model
Data Analysis pertaining to the objectives of the study. Krippendorff

This study used content and thematic analysis to
analyze the gathered documents. Content analysis was
used to uncover the presence of words and concepts

(2018) noted that this method of analysis involves the
evaluation of document content and tabulating the
relevant information to yield meaningful findings. In
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this study, this method is used to address the first and
second objectives of the study. In addition, thematic
analysis is also used to address the third objective of the
study. Braun et al. (2012) have noted that this method of
analysis is used primarily in identifying patterns,
organizing these patterns, and giving meaning to these
patterns. Therefore, this method of analysis is helpful in
addressing the objective of the study.

Results and Discussion

This section focuses on the main findings and
discussion of the study and is organized based on the
objectives of the study. Discussion includes the findings
on the method used by the research articles, the physics
topic explored, and general themes and outcomes of
these research articles.

Based on the analysis of 31 systematically reviewed
articles, the most frequently employed research method
is quasi-experimental design (58.06%), which is widely
used for assessing the effectiveness of teaching
interventions  through  pre-test and  post-test

Table 1. Method Employed by the Study
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comparisons (Miller et al, 2020). This method is
particularly valuable in physics education, where
instructional innovations require quantifiable evidence
of impact on student learning (Gopalan et al., 2020).

Additionally, research and development (16.13%)
has gained popularity for designing new instructional
models aimed at improving students” comprehension of
complex physics concepts (Atmowardoyo, 2018). Other
methodologies, including case studies (6.45%), action
research (6.45%), experimental designs (6.45%), pre-
experimental (3.23%), and quantitative-descriptive
methods (3.23%), contribute to understanding various
dimensions of teaching effectiveness and student
engagement (see Table 1).

In physics education, the call to develop new
teaching strategy (Jolly et al., 2009), innovative teaching
physics training (Zavala et al., 2007), and develop
readiness in teaching physics (Jugembayeva &
Murzagaliyeva, 2022) are among the needed topics to
address the complexity of this discipline. Thus, with the
use of research and development, there will be more
innovative solutions to address gaps in teaching physics.

Method f %

Author

Quasi-Experimental

(Achor & Abuh, 2020; Al Sultan, 2023; Baran et al., 2018; Citra et al., 2020; Fida:

& Tuncel, 2019; Gunawan et al., 2018; Hochberg et al., 2018; Maknun, 202C
Nafiah et al., 2023; Ojo & Owolabi, 2020; Omokorede & Siyelnen, 2021; Sanggar:
et al., 2018; Santyasa et al., 2018, 2020; Sari et al., 2019; Sulisworo et al., 2018

18 58.06
Research and Development 5 16.13
Action Research 2 6.45
Case Study 2 6.45
Experimental Design 2 6.45
Pre-Experimental 1 3.23
Quantitative-Descriptive 1 3.23

Suwarna & Fatimah, 2019; Zain & Jumadi, 2018

(Arista & Kuswanto, 2018; Buhungo et al., 2023; Dasilva et al., 2019; Fitriadi et al.

2022; Liliarti & Kuswanto, 2018

(Fayanto et al., 2019; Herndndez-Sudrez et al., 2020
(Bogusevschi et al., 2020; Ramma et al., 2018

(Cai et al., 2021; Saputra & Kuswanto, 2019

(Ndoa & Jumadi, 2022

(Alif Syaiful Adam, 2022

Table 2 shows that topics explored in the new
innovations in teaching Physics. Based on the analysis, it
was found that most studies focused on physics
education strategies (19.35%), with an emphasis on
developing active learning environments and
improving conceptual understanding (Santyasa et al.,
2018). Physics laboratory innovations (12.90%) were the
second most explored area, reflecting the increasing use
of virtual laboratories and technology-assisted
experimental learning (Gunawan et al., 2018; Arista &
Kuswanto, 2018). Newton’s Laws (9.68%) received
significant attention, particularly in studies addressing
student  misconceptions and  problem-solving
techniques (Baran et al., 2018; Saputra & Kuswanto,
2019). Similarly, oscillations and elasticity (16.13%) were
explored wusing interactive digital tools, aiding
visualization and practical application of concepts
(Fitriadi et al., 2022; Hochberg et al., 2018). Notably,

underrepresented physics topics, such as photoelectric
effects, thermodynamics, static electricity, and fluid
dynamics, indicate research gaps where further
instructional innovations are needed. This shows that
innovative teaching of physics is not just confined to one
topic but also cascaded to other topics (Campos et al.,
2020). This is very crucial, especially since physics
comprises different sub-disciplines (Jena & Castleman,
2006; You & Nori, 2011).

Table 3 shows the topics explored in the new
innovations in teaching Physics. Based on the analysis,
there were two main themes: non-digital teaching
strategy and technology-aided teaching strategy. non-
digital teaching strategy include concept mapping,
direct instruction, guided inquiry, and project-based
learning, all of which have demonstrated effectiveness
in enhancing students’ conceptual understanding and
engagement in problem-solving tasks (Santyasa et al.,
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2018). Technology-aided strategies, such as augmented experiences that improve students' retention, cognitive
reality, mobile learning, virtual physics laboratories, and  skills, and problem-solving abilities (Gunawan et al.,
digital assessments, provide interactive learning 2018; Fitriadi et al., 2022).

Table 2. Explored Topics in Innovating Teaching Strategies in Physics
Topic f % Authors
Physics Education Strategies 6 19.35 (Al Sultan, 2023; Fidan & Tuncel, 2019; Liliarti &
Kuswanto, 2018; Ndoa & Jumadi, 2022; Omokorede &
Siyelnen, 2021; Santyasa et al., 2018)

Physics Laboratory Innovations 4 12.90 (Arista & Kuswanto, 2018; Bogusevschi et al., 2020;
Gunawan et al., 2018; Sanggara et al., 2018)
Newton’s Law 3 9.68 (Baran et al., 2018; Saputra & Kuswanto, 2019; Suwarna
& Fatimah, 2019)
Oscillations 3 9.68 (Alif Syaiful Adam, 2022; Fitriadi et al., 2022; Hochberg
etal., 2018)
Elasticity 2 6.45 (Buhungo et al., 2023; Sulisworo et al., 2018)
Light 1 3.23 (Fayanto et al., 2019)
Measurement and Motion 1 3.23 (Ramma et al., 2018)
Mechanical Physics 1 3.23 (Hernandez-Suérez et al., 2020)
Motion and Force 1 3.23 (Santyasa et al., 2018)
Newtons Law of Motion, work and energy, impulse 1 3.23 (Dasilva et al., 2019)
and momentum, thermodynamics, and
characteristics of mechanical wave.
Optics 1 3.23 (Zain & Jumadi, 2018)
Parabolic Motion 1 3.23 (Nafiah et al., 2023)
Photoelectric Effect 1 3.23 (Cai et al., 2021)
Physics Analogical Transfer Skill 1 3.23 (Sari et al., 2019)
Physics Practical 1 3.23 (Ojo & Owolabi, 2020)
Static Electricity Material 1 3.23 (Citra et al., 2020)
Thermal Physics 1 3.23 (Achor & Abuh, 2020)
Static Fluid 1 3.23 (Maknun, 2020)

Table 3. Themes and Outcomes of the Innovative Teaching Strategies in Physics

Theme of Strategy Teaching Strategy Topic Author
Conceptual Change Pedagogy Thermal Physics (Achor & Abubh, 2020)
Concept Map Mechanical Physics Concepts (Hernandez-Sudrez et al., 2020)
Conceptual Change Model Motion and Force (Santyasa et al., 2018)
Direct instruction model using Light (Fayanto et al., 2019)
multimedia
Guided Inquiry Leaning Model Static Fluid (Maknun, 2020)
Non-Digital Jigsaw instructional strategy (JIS) Physics Education  (Omokorede & Siyelnen, 2021)
Teaching Strategy Learning Cycle 7E Parabolic Motion (Nafiah et al., 2023)
Multiple Representations Based Static Electricity Material (Citra et al., 2020)
Teaching Material
Predict, Organize, Search, Summarize, Physics Education (Al Sultan, 2023)
and Evaluate(POSSE) strategy
Project-Based Learning Parabolic Motion (Nafiah et al., 2023)
Physics Education (Santyasa et al., 2020)
Project-Based Learning Game Technique Newton's Law of Motion (Baran et al., 2018)
Android-Based Earning Media with Physics Concepts (Diagramming (Liliarti & Kuswanto, 2018)
Local Cultural Content and Argumentative
Representation)
Android-Based Interactive Physics ~ Newtons Law of Motion, work (Dasilva et al., 2019)
Technology- Mobile and energy, impulse and
Aided Teaching Learning Media (IPMLM) with momentum, thermodynamics,
Strategy Scaffolding Learning and
Approach characteristics of mechanical
wave.
Augmented Reality - AROSE (Augment Photoelectric Effect (Caietal., 2021)

Reality Optical Simulation Experiments)
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Contextualized Teaching and Learning
(CTL)-Based E-Book
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Simple Harmonic Oscillation (Fitriadi et al., 2022)

Digital Assignments Newton's Law (Suwarna & Fatimah, 2019)

Flipped Learning-Based Physics E- Physics Education (Ndoa & Jumadi, 2022)
Module

Guided Inquiry Based on Blended Optics (Zain & Jumadi, 2018)
Learning

Isomorphic Physics Analogical Transfer Skill (Sari et al., 2019)

Physics (FORFIS) application (momentum and impulses)
Line@ Social media application Elasticity (Sulisworo et al., 2018)

Physics Mobile Learning (PML) with
HomboBatu theme smartphone
android-assisted

Newton's Law (Saputra & Kuswanto, 2019)

Physics Pop-Up Question Video Oscillation (Alif Syaiful Adam, 2022)

Problem-Based Leaning Assisted with Physics Education (Fidan & Tuncel, 2019)
Augmented Reality

Process Oriented Guided Inquiry Physics Laboratory (Sanggara et al., 2018)
Learning
Model Based On Virtual Laboratory

Quality Physics Learning Tools Using Elasticity and Hooke's Law (Buhungo et al., 2023)
Problem-Based Learning
(Contextualized Learning Approach)

Smartphone as Experimental Tools Harmonic Mechanic Oscillations (Hochberg et al., 2018)

(Smartphones' Acceleration Sensors) (i.e. pendulum movements)

Technology Integration in the Affective Measurement and Motion (Ramma et al., 2018)
Domain (Pedagogical Technological
Integrated Medium (PTIM)).

Virtual Laboratory Media Physics Laboratory (Gunawan et al., 2018)

Virtual Physics Laboratory Application Physics Laboratory (Arista & Kuswanto, 2018)
(ViPhyLab Application)

Virtual Reality and Virtual Laboratory Physics Laboratory (Bogusevschi et al., 2020)
(Water Cycle in Nature Application)

Virtual Laboratory Instructional Physics Practical (Ojo & Owolabi, 2020)

Strategy

Among the non-digital teaching strategy, studies
found that guided inquiry and conceptual change
models  significantly = help  students  correct
misconceptions and develop deeper physics
comprehension (Maknun, 2020). Project-based learning,
applied in studies on Newtonian mechanics and motion,
has been shown to improve students' problem-solving
and analytical thinking abilities (Baran et al., 2018).
However, direct instruction models, though effective for
structured  content delivery, exhibited lower
engagement levels compared to interactive models,
suggesting a need for supplementary active learning
techniques (Santyasa et al., 2020).

The review also highlights the increasing
integration of technology-enhanced teaching methods,
with virtual laboratories and mobile learning
applications being particularly effective in making
abstract physics concepts more tangible (Ahmad et al.,
2024; Arista & Kuswanto, 2018; Yolanda et al., 2025).
Studies incorporating augmented reality in physics
education reported notable improvements in students'
visualization skills, particularly in photoelectric effects
and thermodynamics—topics traditionally challenging

for students to grasp (Cai et al., 2021). Additionally,
digital physics simulations have been successful in
reinforcing problem-solving strategies, as demonstrated
in research focusing on elasticity and harmonic
oscillations (Hochberg et al., 2018). While technology-
aided instruction consistently enhances engagement and
conceptual understanding, it also presents challenges in
accessibility and implementation, requiring teachers to
be well-equipped with the skills necessary for
integrating digital tools (Ellermeijer & Tran, 2019).
Future research could further explore blended learning
models, combining non-digital teaching strategy with
digital enhancements to maximize learning effectiveness
across diverse physics topics.

Moreover, the reviewed studies emphasize that
physics education innovations contribute directly to the
development of 21st-century skills (Soh et al., 2010),
notably in complex-reasoning competencies and auto-
systemic thinking to support problem-solving and
address social needs (Gonzilez-Pérez & Ramirez-
Montoya, 2022). These competencies align with modern
educational frameworks, which prioritize interactive,
student-centered learning approaches that encourage
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critical thinking, collaboration, and creativity (Zain &
Jumadi, 2018).

Figure 1 represents the key outcomes from the
systematic review of teaching strategies in physics
education, highlighting the most frequently studied
concepts related to student learning, skills development,

improvement

creative

thinking

increased

e l@arning

significant

attitudes
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and conceptual understanding. The most prominent
terms—learning, conceptual understanding, problem-
solving, thinking, skill development—reflect recurring
themes in the 31 reviewed articles, demonstrating how
innovative instructional methods enhance student
competencies.

positive

interest

Improve

understanding conceptuadl e

enhance

effective

curiosity

critical motivation

enthusiasm S ki I | S higher

enhancing promote

problem-solving

Figure 1. Outcomes of the articles in teaching physics

The reviewed studies indicate that problem-solving
is a central learning outcome of various teaching
strategies, particularly in research on guided inquiry,
project-based learning, and digital simulations
(Maknun, 2020; Santyasa et al, 2018). Conceptual
understanding also emerged as a key focus, with studies
finding that students engaging in active learning
environments show significant improvement in
grasping fundamental physics principles (Baran et al.,
2018). Additionally, strategies incorporating mobile
learning, virtual laboratories, and augmented reality
have demonstrated positive effects on student
engagement and self-efficacy, particularly in complex
topics such as oscillations, Newtonian mechanics, and
thermodynamics (Gunawan et al., 2018; Cai et al., 2021).

Moreover, the emphasis on creativity and
enthusiasm in physics learning suggests that strategies
promoting student-centered exploration, interactive
learning tools, and inquiry-based activities contribute to
higher motivation and participation in the subject (Cadiz
et al., 2023; Fidan & Tuncel, 2019; Zulfaniar et al., 2024).
The systematic review confirms that students exposed to
technology-aided teaching methods exhibit increased
curiosity and deeper engagement, aligning with 21st-
century education frameworks emphasizing interactive,
student-driven learning (Gonzalez-Pérez & Ramirez-
Montoya, 2022).

These key findings summarize and give importance
to the effectiveness of the developed teaching strategies
in physics for basic education learners. It can be

generalized that the outcomes of these developed
strategies are not just limited to the enhancement of
learning but served as a generation of skills. Though
there are topics in physics that needs to be explored,
such as universal gravitation, general relativity, fluid
mechanics, wave phenomena, and the application of
digital simulations in advanced physics concepts, the
current studies provide enough information for other
studies on the processes how to create new innovations.
Thus, the current research significantly contributed to
the body of knowledge specially in the realm of physics
education.

Conclusion

Teaching physics can be a challenge to some
educators, primarily in how to deliver the lesson well to
diverse groups of learners in the classroom. To alleviate
this, physics educators have created an innovative
teaching strategy designed to address specific learning
challenges in this discipline. The used of a systematic
literature review was used to uncover the method used,
explored topics, the general themes of developed
teaching strategies, and their outcomes were studied in
the paper. Guided by the PRISMA mode, 119 research
articles on innovative strategies in teaching physics were
identified; of these, only 31 articles qualified and were
used in the analysis. Findings of the study highlight that
of the 31 research articles, 18 (58.06%) used a quasi-
experimental method. This shows that educators
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measure the applicability and relevance of their
developed strategy through testing in a controlled setup.
Allowing them to provide feedback on the effectiveness
of their developed strategy to address a certain
challenge/issue in teaching physics. In terms of the
topics explored, 6 (19.25%) research articles studied
physics education strategies emphasizing the
importance of developing salient concepts in teaching
physics. Moreover, themes of these created teaching
strategies can be classified into non-digital teaching
strategies and technology-aided teaching strategies,
highlighting the evolving landscape of teaching in the
21st-century education. Outcomes of these developed
teaching strategies include the
development/enhancement of students’ 21s-century
skills such as problem-solving, analytical thinking,
visualization, and social skills. From these findings, this
research provides insights into areas for further
investigation in the realm of innovative teaching
strategies in Physics. First, educators and researchers
can explore other methods such; as any form of
qualitative method, to explore the experiences of
learners in the developed strategy, or any form of mixed
methods to add more rigor, to name a few. Second,
exploring other topics in physics such as universal
gravitation, general relativity, concepts of fluid
mechanics, wave phenomena, and the application of
digital simulations in advanced physics concepts, and
other concepts that pose a challenge for learners to relate
due to their complex nature and are less well
documented in the literature. Third, develop new
teaching strategies that cater other competencies,
especially the needed competencies in the 21st-century
and the current society (industry 4.0 and industry 5.0).

Acknowledgments

All authors acknowledged the support of their respective
institutions, the Universitas Ahmad Dahlan and the University
of Mindanao - Digos, for giving them the opportunity for this
research.

Author Contributions

All authors contribute equally to the research paper, including
writing the proposal, data collection, interpretation, and the
full manuscript.

Funding
No external funding.

Conflicts of Interest
The authors declare no conflict of interest.

References

Achor, E. E.,, & Abuh, Y. P. (2020). Fostering students’
academic performance in physics using cognitive

May 2025, Volume 11, Issue 5, 112-123

conflict instructional strategy and conceptual
change pedagogy. International Journal of Education
and Learning, 2(1), 42-57.
https:/ /doi.org/10.31763/ijele.v2i1.118

Adam, A. S. (2022). Pop-up question on educational
physics video: Effect on the learning performance
of students. Research and Development in Education,
2(1), 1-11.
https://doi.org/10.22219/raden.v2i1.20271

Ahmad, L. S, & Prasetyo, Z. K. (2024). Discovery
learning-based virtual laboratory in physics
education as an effort to enhance students’
scientific attitudes. Jurnal Penelitian Pendidikan IPA,
10(3), 1433-1441.
https://doi.org/10.29303/jppipa.v10i3.5522

Al Sultan, A. A. (2023). Effects of the POSSE Strategy on
reading comprehension of physics texts and
physics anxiety among high school students.
International Journal of Learning, Teaching and
Educational Research, 22(5), 243-261.
https:/ /doi.org/10.26803 /ijlter.22.5.12

Arista, F. S., & Kuswanto, H. (2018). Virtual physics
laboratory application based on the android
smartphone to improve learning independence
and conceptual understanding. International
Journal of Instruction, 11(1), 1-16.
https:/ /doi.org/10.12973/1ji.2018.1111a

Atmowardoyo, H. (2018). Research methods in tefl
studies: descriptive research, case study, error
analysis, and r &amp; d. Journal of Language
Teaching and Research, 9I(1), 197.
https://doi.org/10.17507 /jltr.0901.25

Bao, L., & Koenig, K. (2019a). Physics education research
for 21st century learning. Disciplinary and
Interdisciplinary Science Education Research, 1(1), 2.
https://doi.org/10.1186/543031-019-0007-8

Baran, M., Maskan, A., & Yasar, S. (2018). Learning
physics through project-based learning game
techniques. International Journal of Instruction, 11(2),
221-234. https:/ /doi.org/10.12973/1ji.2018.11215a

Bogusevschi, D., Muntean, C., & Muntean, G. M. (2020).
Teaching and learning physics using 3d virtual
learning environment: a case study of combined
virtual reality and virtual laboratory in secondary
school. Journal of Computers in Mathematics and
Science Teaching, 39(1), 5-18. Retrieved from
https:/ /www.newtonproject.eu/wp-
content/uploads/2019/07/SITE2019_DBogusevsc
hi_CameraReady.pdf

Braun, V., & Clarke, V. (2012). Thematic analysis In APA
handbook of research methods in psychology,

Research designs: Quantitative, qualitative,
neuropsychological, and biological. American
Psychological Association.

https:/ /doi.org/10.1037/13620-004
119



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Buhungo, T. ., Supartin, S., Arbie, A., Setiawan, D. G. E,,
Djou, A, & Yunus, M. (2023). Learning tools
quality of problem-based learning model in
contextual teaching and learning approach on
elasticity and hooke’s law materials. Jurnal
Penelitian ~ Pendidikan  IPA, 9(3), 1092-1098.
https:/ /doi.org/10.29303 /jppipa.v9i3.3127

Cadiz, G. S, Lacre, G. J. R, Delamente, R. L., & Diquito,
T.J. A. (2023). Game-based learning approach in
science education: a meta-analysis. International
Journal of Social Science and Human Research, 06(03).
https:/ /doi.org/10.47191/ijsshr/ v6-i3-61

Cai, S, Liu, C, Wang, T, Liu, E,, & Liang, J. (2021).
Effects of learning physics using Augmented
Reality on students’ self-efficacy and conceptions
of learning. British Journal of Educational Technology,
52(1), 235-251. https:/ /doi.org/10.1111/bjet. 13020

Campos, E., Armenta, I. H., Barniol, P., & Ruiz, B. (2020).

Physics education: systematic mapping of
educational innovation articles. Journal of Turkish
Science Education.

https:/ /doi.org/10.36681/tused.2020.29

Citra, C., Distrik, I. W., & Herlina, K. (2020). The
practicality and effectiveness of multiple
representations based teaching material to
improve student’s self-efficacy and ability of
physics problem solving. Journal of Physics:

Conference Series, 1467(1), 012029.
https:/ /doi.org/10.1088/1742-
6596/1467/1/012029

Cronin, P., Ryan, F., & Coughlan, M. (2008).

Undertaking a literature review: a step-by-step
approach. British Journal of Nursing, 17(1), 38-43.
https:/ /doi.org/10.12968 /bjon.2008.17.1.28059

Dasilva, B. E., Ardiyati, T. K., Suparno, S., Sukardiyono,
S., Eveline, E., Utami, T., & Ferty, Z. N. (2019).
Development of Android-Based Interactive
Physics Mobile Learning Media (IPMLM) with
Scaffolding Learning Approach to Improve HOTS
of high school students in Indonesia. Journal for the
Education of Gifted Young Scientists, 7(3), 659-681.
https://doi.org/10.17478 /jegys.610377

Ellermeijer, T., & Tran, T.-B. (2019). Technology in
teaching physics: benefits, challenges, and
solutions. In Upgrading Physics Education to Meet the
Needs of Society (pp. 35-67). Springer International
Publishing.  https://doi.org/10.1007/978-3-319-
96163-7_3

Fayanto, S., Misrawati, M., Sulisworo, D., Istiqomah, H.
F. N., & Sukariasih, L. (2019). The Implementation
of multimedia on physics learning based on direct
instruction model in the topic of light. Indonesian
Journal of Learning Education and Counseling, 1(2),
124-132. https:/ /doi.org/10.31960/ijolec.v1i2.94

May 2025, Volume 11, Issue 5, 112-123

Fidan, M., & Tuncel, M. (2019). Integrating augmented
reality into problem based learning: The effects on
learning achievement and attitude in physics
education. Computers & Education, 142, 103635.
https://doi.org/10.1016/j.compedu.2019.103635

Fitriadi, P., Latumakulita, L. I., Jumadi, J., & Warsono, W.
(2022). CTL-based physics e-book to improve
students physics problem solving skills in senior
highschool. Jurnal Penelitian Pendidikan IPA, 8(3),
1121-1127.
https://doi.org/10.29303 /jppipa.v8i3.1341

Gonzalez-Pérez, L. 1., & Ramirez-Montoya, M. S. (2022).
Components of education 4.0 in 21st century skills
frameworks: systematic review. Sustainability,
14(3), 1493. https:/ /doi.org/10.3390/su14031493

Gopalan, M., Rosinger, K., & Ahn, ]J. Bin. (2020). Use of
quasi-experimental research designs in education
research: growth, promise, and challenges. Review
of Research in  Education, 44(1), 218-243.
https:/ /doi.org/10.3102/0091732X20903302

Gunawan, G., Nisrina, N., Y Suranti, N. M., Herayanti,
L., & Rahmatiah, R. (2018). Virtual laboratory to
improve students’ conceptual understanding in
physics learning. Journal of Physics: Conference
Series, 1108, 012049.
https://doi.org/10.1088/1742-
6596,/1108/1/012049

Gusenbauer, M., & Haddaway, N. R. (2020). Which
academic search systems are suitable for
systematic reviews or meta-analyses? Evaluating
retrieval qualities of Google Scholar, PubMed, and
26 other resources. Research Synthesis Methods,
11(2), 181-217. https:/ /doi.org/10.1002/jrsm.1378

Harwood, T. G., & Garry, T. (2003). An overview of
content analysis. The Marketing Review, 3(4), 479-
498. https:/ /doi.org/10.1362/146934703771910080

Hasanah, M., Halim, A., Safitri, R., & Yusrizal, Y. (2021).
The effect of edmodo-based flipped classroom
learning model on students’” learning outcomes on
the topic of sound waves. Jurnal Penelitian

Pendidikan =~ IPA,  7(Speciallssue),  180-186.
https:/ /doi.org/10.29303 /jppipa.v7iSpeciallssue.
1061

Hernandez-Suéarez, C. A., Prada-Nuiiez, R., & Gamboa-
Suédrez, A. A. (2020). Using concept maps to
understand mechanical physics concepts in high
school students. Journal of Physics: Conference Series,
1672(1), 012019. https://doi.org/10.1088/1742-
6596,/1672/1/012019

Hochberg, K., Kuhn, J., & Miiller, A. (2018). Using
smartphones as experimental tools—effects on

interest, curiosity, and learning in physics
education. Journal of Science Education and
Technology, 27(5), 385-403.

https:/ /doi.org/10.1007 /s10956-018-9731-7
120



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Jena, P., & Castleman, A. W. (2006). Clusters: A bridge
across the disciplines of physics and chemistry.
Proceedings of the National Academy of Sciences,
103(28), 10560-10569.
https:/ /doi.org/10.1073/pnas.0601782103

Jolly, P., Hartline, B. K., Horton, R. K., & Kaicher, C. M.
(2009). Research and innovation in physics
education: transforming classrooms, teaching, and
student learning at the tertiary level. AIP Conference
Proceedings, 52-58.
https://doi.org/10.1063/1.3137908

Jugembayeva, B., & Murzagaliyeva, A. (2022). Physics
students” innovation readiness for digital learning
within the university 4.0 model: essential scientific
and pedagogical elements that cause the
educational format to evolve in the Context of
Advanced Technology Trends. Sustainability, 15(1),
233. https:/ /doi.org/10.3390/su15010233

Kuswanti, E., Sukatmi, S., Gaol, L. L., Suryani, P., &
Robiansyah, A. (2024). Transforming in the digital
era: uncovering the potential of self-reliance and
technology for the success of new ut students in
distance learning. Jurnal Penelitian Pendidikan IPA,
10(8), 5919-5928.
https://doi.org/10.29303 /jppipa.v10i8.8178

Lame, G. (2019). Systematic literature reviews: an
introduction. Proceedings of the Design Society:
International Conference on Engineering Design, 1(1),
1633-1642. https:/ /doi.org/10.1017/dsi.2019.169

Liliarti, N., & Kuswanto, H. (2018). Improving the
competence of diagrammatic and argumentative
representation in physics through android-based
mobile learning application. International Journal of
Instruction, 11(3), 106-122.
https:/ /doi.org/10.12973/1ji.2018.1138a

Ma, C., & Lu, J. (2023). Research on the application
strategies of teaching methods in physics teaching.
International  Journal of New Developments in
Education, 509), 11-10.
https:/ /doi.org/10.25236/IJNDE.2023.050903

Maknun, J. (2020). Implementation of guided inquiry
learning model to improve understanding physics
concepts and critical thinking skill of vocational
high school students. International Education
Studies, 13(6), 117.
https:/ /doi.org/10.5539/ies.v13n6p117

Martin, M. O., Mullis, I. V. S., & Chrostowski, S.J. (2004).
TIMSS 2003 technical report.

McLaughlin, D., & Drori, G. (2000). School level
correlates of academic achievement: Student
assessment score in SASS public schools. Education
Statistics Quarterly, 2(1), 162-165. Retrieved from
https:/ /eric.ed.gov/?id=ED441039

Miller, C. J.,, Smith, S. N., & Pugatch, M. (2020).
Experimental and quasi-experimental designs in

May 2025, Volume 11, Issue 5, 112-123

implementation research. Psychiatry Research, 283,
112452.
https://doi.org/10.1016/j.psychres.2019.06.027
Moher, D., Liberati, A., Tetzlaff, J.,, & Altman, D. G.
(2009). Preferred reporting items for systematic
reviews and meta-analyses: The PRISMA
Statement. PLoS Medicine, 6(7), e1000097.
https://doi.org/10.1371/journal.pmed.1000097
Nazifah, N., & Asrizal, A. (2022). Development of STEM
integrated physics e-modules to improve 21st
century skills of students. Jurnal Penelitian
Pendidikan IPA, 8(4), 1783-1789.
https:/ /doi.org/10.29303 /jppipa.v8i4.1820
Nafiah, D., Sunarno, W., & Suharno, S. (2023).
Interaction of student’s creativity thinking skills
through project based learning and learning cycle
7e in parabolic motion on the second grade
students of senior high school. Jurnal Penelitian
Pendidikan IPA, 9(2), 645-649.
https:/ /doi.org/10.29303 /jppipa.v9i2.2449
Ndoa, Y. A. A,, & Jumadi, J. (2022). Increasing learning
motivation through the application of physics e-
module based on flipped learning. Jurnal Penelitian
Pendidikan IPA, 8(3), 1223-1230.
https:/ /doi.org/10.29303 /jppipa.v8i3.1556
Nightingale, A. (2009). A guide to systematic literature
reviews.  Surgery  (Oxford), 27(9), 381-384.
https://doi.org/10.1016/j.mpsur.2009.07.005
OECD. (2019). PISA 2018 Results (Volume I): What
students know and can do: Vol. I. PISA, OECD
Publishing. https:/ /doi.org/10.1787/5{07c754-en
OECD. (2023). PISA 2022 results (volume i): the state of
learning and equity in education (Vol. 1). PISA,
OECD Publishing.
https://doi.org/10.1787/53f23881-en
Ojo, O. M., & Owolabi, O. T. (2020). Effects of virtual
laboratory instructional strategy on secondary
school students” learning outcomes in physics
practical. International Journal of Scientific and
Research  Publications (IJSRP), 10(4), p10048.
https://doi.org/10.29322 /IJSRP.10.04.2020.p1004
8

Omokorede, D. E., & Siyelnen, M. M. (2021). The effect
of jigsaw instructional strategy on senior
secondary school students” knowledge retention in
physics in jos, nigeria. European Journal of Education
Studies, 8(5), 124-1309.
http://dx.doi.org/10.46827/ ejes.v8i5.3719

Orleans, A. V. (1994). The relative effectiveness of calculus-

based college physics instruction on  student
achievement. Retrieved from
https:/ /animorepository.dlsu.edu.ph/etd_master
al/1631.

Passante, G., & Kohnle, A. (2024). Interactive homework
to support student learning of measurement
121



Jurnal Penelitian Pendidikan IPA (JPPIPA)

uncertainty in quantum mechanics. Physical Review

Physics  Education  Research, 20(2), 020131.
https:/ /doi.org/10.1103 /PhysRevPhysEducRes.2
0.020131

Ramma, Y., Bholoa, A., Watts, M., & Nadal, P. S. (2018).
Teaching and learning physics using technology:
Making a case for the affective domain. Education
Inquiry, 9(2), 210-236.
https:/ /doi.org/10.1080/20004508.2017.1343606

Sanggara, P. W., Doyan, A., & Verawati, N. N. S. P.
(2018). The effect of process oriented guided
inquiry learning model based on virtual laboraory
toward problem solving abilities of physics
student. Jurnal Penelitian Pendidikan IPA, 5(1).
https:/ /doi.org/10.29303 /jppipa.v5il.154

Santyasa, I. W., Rapi, N. K., & Sara, . W. W. (2020).
Project  based learning and  academic
procrastination of students in learning physics.
International Journal of Instruction, 13(1), 489-508.
https:/ /doi.org/10.29333/1ji.2020.13132a

Santyasa, I. W., Warpala, I. W. S., & Tegeh, 1. M. (2018).
The effect of conceptual change model in the senior
high school students” understanding and character
in learning physics. SHS Web of Conferences, 42,
00058.
https:/ /doi.org/10.1051/shsconf /20184200058

Saputra, M. R. D., & Kuswanto, H. (2019). The
Effectiveness of Physics Mobile Learning (PML)
with HomboBatu theme to improve the ability of
diagram representation and critical thinking of
senior high school students. International Journal of
Instruction, 12(2), 471-490.
https:/ /doi.org/10.29333/1ji.2019.12230a

Sari, D., Simbolon, M., & Reski, A. (2019). Utilization
Isomorphic Physics (FORFIS) application to
improve physics analogical transfer skill of senior
high school students. Proceedings of the International
Conference on Social Science 2019 (ICSS 2019).
https://doi.org/10.2991/icss-19.2019.206

Soh, T. M. T., Arsad, N. M., & Osman, K. (2010). The
relationship of 21st century skills on students’
attitude and perception towards physics. Procedia -
Social and Behavioral Sciences, 7, 546-554.
https://doi.org/10.1016/j.sbspro.2010.10.073

Sulisworo, D., Daimah, S., Toifur, M., & Suryadi, A.
(2018). The impact of using LINE@ on the
cooperative learning to improve the critical
thinking skills of high school students. Journal of

Physics:  Conference  Series, 1088,  012065.
https://doi.org/10.1088/1742-
6596,/1088/1/012065

Suwarna, I, & Fatimah, F. (2019). Implementation of
digital assignments to improve high order thinking
skills (hots) ability of senior high school students in
the concept of newton’s law. EDUSAINS, 10(2),

May 2025, Volume 11, Issue 5, 112-123

335-340. Retrieved from
https:/ /journal.uinjkt.ac.id /index.php/edusains/
article/view /10236

Templier, M., & Paré, G. (2015). A Framework for
guiding and evaluating literature reviews.
Communications of the Association for Information
Systems, 37.

https://doi.org/10.17705/1CAIS.03706

Tunggyshbay, M., Balta, N., & Admiraal, W. (2023).
Flipped classroom strategies and innovative
teaching approaches in physics education: A
systematic review. Eurasia Journal of Mathematics,
Science and Technology Education, 19(6), em2283.
https:/ /doi.org/10.29333 / ejmste /13258

Weber, J., & Wilhelm, T. (2024). Contributing factors to
the improvement of conceptual understanding in a
computer-based intervention in Newtonian
dynamics. Physical Review Physics Education
Research, 20(2), 020130.
https:/ /doi.org/10.1103 /PhysRevPhysEducRes.2
0.020130

Ye, D., Qian, J., Xu, W,, Lu, Y., Wang, S., Xiao, L., & Bao,
L. (2024). Assessment of knowledge integration in
student learning of galvanic cell: An
interdisciplinary approach connecting physics and

chemistry. Physical Review Physics Education
Research, 20(2), 020129.
https:/ /doi.org/10.1103 /PhysRevPhysEducRes.2
0.020129

You, J. Q, & Nori, F. (2011). Atomic physics and
quantum optics using superconducting circuits.
Nature, 474(7353), 589-597.
https://doi.org/10.1038 /nature10122

Yolanda, V., Nasir, M., & Fakhruddin. (2025). Enhancing
critical thinking and written communication skills
through problem-based learning assisted by
virtual labs. Jurnal Penelitian Pendidikan IPA, 11(2),
1001-1005.
https:/ /doi.org/10.29303 /jppipa.v11i2.10287

Zain, A. R, & Jumadi. (2018). Effectiveness of guided
inquiry based on blended learning in physics
instruction to improve critical thinking skills of the
senior high school student. Journal of Physics:
Conference Series, 1097, 012015.
https://doi.org/10.1088 /1742-
6596,/1097/1/012015

Zakirman, Widiasih, W., Sukmayadi, D., Aprianti, R., &
Nadiyyah, K. (2023). A new pattern to improving
student physics learning outcomes. Jurnal
Penelitian ~ Pendidikan  IPA, 9(9), 7439-7444.
https://doi.org/10.29303/jppipa.v9i9.3324

Zavala, G., Alarcén, H., & Benegas, J. (2007). Innovative
training of in-service teachers for active learning: a
short teacher development course based on
physics education research. Journal of Science

122



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2025, Volume 11, Issue 5, 112-123

Teacher Education, 18(4), 559-572.
https://doi.org/10.1007 /s10972-007-9054-7
Zulfaniar, Arsyad, M., & Palloan, P. (2024).
Development of physics teaching materials based
on sets (science, environment, technology, and
society) to improve student creativity. Jurnal
Penelitian Pendidikan IPA, 10(12), 10102-10108.
https:/ /doi.org/10.29303/jppipa.v10i12.8774

123



