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systematic literature review on the latest advancements in online learning for
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5 December 2024 physics in the last decade from 2013-2022. The review examined 53 articles

following the PRISMA protocol and categorized them based on their research
focus, methods, and findings using VoSviewer as a bibliographic analyzer.

Additionally, the paper discusses the growth of online learning in physics based

Keywor o .
eywords on metadata such as papers per year, citations number, sources of articles
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_ _ (journals), publisher, country where the research be done, and the platforms
Online learning

utilized. The findings suggest that online physics learning has become more

Physics
Physics education interactive, engaging, and learner-centered, resulting in improved understanding
Systematic literature review of the subject matter. However, there are still many challenges that need to be

addressed and solved, including student motivation and instructor support, to
optimize the effectiveness of online physics learning. This review contributes to
the field by identifying the strengths and limitations of online learning in physics
education and providing insights for educators and researchers to enhance the

design and implementation of online physics courses in school or university.

Introduction

The field of physics education has long been interested in exploring new pedagogical approaches and technologies
to enhance students' learning experiences and promote scientific literacy. With the advent of the digital age, online
learning has emerged as a promising tool for achieving these goals, offering new opportunities for students to
engage with physics concepts in interactive and collaborative ways (Girwidz & Tremp, 2017). The use of online
learning platforms in physics education has grown rapidly over the past decade, driven by the increasing
availability and accessibility of digital technologies (Koenig et al., 2020). Online learning has the potential to
overcome many of the limitations of traditional classroom-based learning, such as time and location constraints,
and can provide a more personalized and interactive learning experience for students (Hrastinski, 2019). In
addition, online learning platforms can offer a range of tools and resources that can enhance students'
understanding of complex physics concepts, such as simulations, visualizations, and interactive multimedia.

Over the past decade, there has been a growing body of research on the effectiveness of online learning in physics
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education. Several studies have demonstrated the potential of online simulations and virtual labs for promoting
students' understanding of complex physical phenomena (Koenig & Bake, 2021; Prasetya et al., 2022; Pratidhina
etal., 2021; Sari et al., 2019). Interactive video lectures have also been shown to be effective in promoting student
engagement and motivation in physics courses (Ketsman et al., 2018; Kulgemeyer & Peters, 2016; Perez-Navarro
et al., 2021). In addition, online discussion forums and other social learning tools have been used to create
collaborative and interactive learning environments for physics students (Kustijono et al., 2020; Kustijono &

Hakim, 2020). Physics online class was very useful especially in Covid-19 era (Zhang et al., 2021).

Despite the growing interest in online learning in physics education, there is still much debate about its
effectiveness and potential. Some researchers have raised concerns about the quality and rigor of online learning
experiences, as well as the potential for online learning to exacerbate inequalities in access to education (Marisda
& Ma’ruf, 2021; Nurliani et al., 2021; Ruggieri, 2020). Others have highlighted the importance of considering
factors such as students' prior knowledge, learning styles, and cultural backgrounds when designing online

learning initiatives (Fauza et al., 2020).

Moreover, there are several factors that can influence the success or failure of online learning initiatives in physics
education. These factors include students' prior knowledge and skills, their learning styles and preferences, the
design and delivery of online learning activities, and the quality and quantity of instructor support (Hrastinski,
2019; Wang et al., 2018). In addition, cultural and social factors can also play a significant role in shaping students'

experiences and outcomes in online learning environments (Akpan et al., 2017).

In this article, we present a systematic review of literature on online learning in physics education, aimed at
providing a comprehensive overview of the current state of research in the field. The review examines the
effectiveness of online learning in enhancing students' achievement and attitudes towards physics, the
effectiveness of different types of online learning tools as well as the factors that contribute to the success or
failure of online learning initiatives. The review focuses specifically on online learning platforms and tools that
have been used in physics education, including online simulations, virtual labs, interactive video lectures, and
online discussion forums.

We examine the impact of online learning on different subgroups of students, such as those with different levels
of prior knowledge, learning styles, and cultural backgrounds. In addition, we explore the implications of online
learning for the design of physics curricula and the training of physics teachers, as well as the potential of online
learning for promoting scientific literacy and engagement among students. By synthesizing the findings of
previous research, we hope to provide insights into the potential of online learning for improving physics

education, as well as to identify areas where further research is needed.

Overall, this systematic review provides a timely and comprehensive overview of the current state of research on
online learning in physics education. The findings have important implications for the development and
implementation of online learning initiatives in physics education, and can help to guide future research in the

field. Research questions of this paper are:
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1. How is the growth of online learning in physics in the last decade?
2. What are the most effective online learning strategies implemented for teaching physics to students?
3. What are the current trends and future directions in the use of online learning in physics education?

Method

This research is a Systematic Literature Review (SLR) study that was conducted by searching for relevant articles
using the Publish or Perish software. Article data searches were performed on Google Scholar and CrossRef
database within the period of 2013-2022. The keywords used during the article search were "physics e-learning,
"physics and digital physics learning,” "online physics course,” "online physics class,” and "online physics
learning." A total of 3.920 articles were obtained from the search. Then, the articles were selected so that only 53

articles related to the title and purpose of this SLR article remained. The selection of articles can be easily seen in

the PRISMA diagram below.

Idenftification of new studies via databases and registers

g Records removed before screening:
= Records identified from: Records marked as ineligible by automation
2 Databases (n = 3,920) > tools (n = 881)
= - Records removed for other reasons (n =
5 876)

Y

Records screened I Records excluded
(n=2,163) (n=1,1686)

-
E Reports sought for retrieval o Reports not refrieved
o (n =997) o (n=690)
3]
(5]

Y

Reports assessed for eligibility 2355;518(}(:':(13{;'}
(n =307) Reason2 (n = 55)

Y
E New studies included in review
E (n=53)
Q
=

Figure 1. PRISMA Diagram Flow
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The selected articles are those that meet all the criteria set by the researcher, namely articles that have been
published in journals, articles that have been cited at least once, articles in English, and article titles that indicate
that the research is related to physics and online learning. After screening through article metadata, the selected
articles were then read for their abstracts and appropriate ones were chosen. After obtaining 53 articles, these
articles were read and analyzed as a whole to be presented in this SLR article.

Results
The Growth of Online Learning in Physics

Networking the articles through VOSviewer

VOSviewer was used to analyze the relationship between the articles reviewed in this study. VOSviewer is a
software tool that can be used for bibliometric analysis, which involves the quantitative analysis of research
publications. The results of the analysis through VVOSviewer, which could be seen in the figure provided, would

provide insights into the relationships and patterns among the reviewed articles.

game
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Figure 2. Network Visualization by VOSviewer

b

Number of Articles Per Year

The development of online learning can be seen through the increasing number of articles that investigate physics
education in an online format year by year. The following diagram presents the number of articles that discuss
online physics education in the last 10 years. The diagram referred to in the sentence likely shows a visual
representation of the number of articles published on the topic over the past decade. This information is important

as it contextualizes the scope of the research and demonstrates the relevance and timeliness of the topic.
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Figure 3. Number of Articles Per Year

Citations Number

The number of citations for an article isalso an important factor in analyzing the growth of online physics learning.

The more citations an article has, the more it indicates that articles on online physics learning are being developed.
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Figure 4. Citations Number
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The Journals and Publishers that Provide Many Articles on Online Physics Learning

The data on articles obtained from Google Scholar and Crossref sources consist of various journals and publishers.
However, among these journals, there are several journals that provide more articles on online physics learning.
The diagram below shows the journals in question.

Journal Sources

Journal of Physics: Conference Series I
European Journal of Physics NN
Journal of Science Education and Technology I

Physical Review Physics Education Research
The Physics Teacher
Education Sciences
Jurnal Pendidikan IPA Indonesia

Research in Science & Technological..
Journal of Science Education ...
Physics Education
Universal Journal of Educational Research
Multimedia Tools and Applications

Journal of Education and e-Learning..

Journals

LAK21: 11th International Learning.. = Total
Canadian Journal of Physics
Jurnal Pijar Mipa
Journal of Physics: Conference ...
Jurnal Penelitian Pendidikan IPA
Indonesian Review of Physics

Jurnal Penelitian &amp; Pengembangan..
European Journal of Engineering Education
E-Learning and Digital Media
Jurnal Geliga Sains: Jurnal Pendidikan Fisika

Education and Information Technologies

JPI (Jurnal Pendidikan Indonesia)

Journal of Technology and Science Education

o
N

4 6 8 10 12 14 16 18 20
Number of Articles

Figure 5. Article's Journal
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Publisher
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Springer Science and Business..
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Asian Educational Journal..
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Taylor &Francis

Horizon Research Publishing Co.,..
Omnia Publisher SL
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journals.sagepub.com
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Informa UK Limited
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Publisher

m Total
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Figure 6. The Publisher of the Articles

Based on Country of Research

The country where the research was conducted is equally important to analyze the development of online

physics learning. The following is a graph of the countries in question.

Country

= Indonesia

= United State

= Germany
South Africa

= Malaysia

= China

S

= Cyprus

= Singapore
= Thailand
= Spanyol

Figure 7. Country of Research
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The Most Effective Online Learning Strategies for Teaching Physics
Research Methods

Research Methods

2%
- \ 204 = Descriptive Qualitative
o 2%

= Experimental Method
= ADDIE

Quasi Experiment
= Quantitative Research
= R&D
= Mixed method

= Classroom Action
Research

Figure 8. Research Methods

Research Subjects
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Figure 9. Research's Subject
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Figure 10. Platforms that Used for Online Learning in Physics
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Trends and Future Directions Based on Findings

Table 1. Classification of findings

Article’s Identity Findings
(Balci et al., 2022; Safarati & Rahma, 2020) Gamification tools like Quizziz and Kahoot!
(Abdullah et al., 2021; Bergeler & Read, 2021; The advantages and disadvantages between

Faulconer et al., 2018; Fauza et al., 2020; Klein etal.,  online learning and face to face learning
2021; Kortemeyer, 2016; Kustijono & Hakim, 2020;

Marisda & Ma’ruf, 2021; Nurdiana et al., 2021;

Nurliani et al., 2021; Ruggieri, 2020; Surahman &

Sujarwanto, 2021; Terrana et al., 2017; Uden et al.,

2022; Van De Heyde & Siebrits, 2019)

(Tsivitanidou et al., 2021) Inquiry

(Phanphech et al., 2022) Conceptual understanding
(Bartels & Kulgemeyer, 2019; Ketsman et al., 2018; Video or YouTube for learning physics
Perez-Navarro et al., 2021)

(Koenig & Bake, 2021; Prasetya et al., 2022; Virtual laboratory such as PhET
Pratidhina et al., 2021; Sari et al., 2019)

(Diana et al., 2021; Hikmah et al., 2021; Purba, 2020;  Online assessment

Wang et al., 2020)

(Aisyah et al., 2020; Bartels & Kulgemeyer, 2019; Learning media development
Darma et al., 2019; Henukh et al., 2020; Liliana et al.,

2020; Permatasari et al., 2019; Ramli et al., 2021;

Rizal et al., 2020; Saehana et al., 2018; Sani et al.,

2021; Sarah, 2021; Serevina et al., 2019; Takatsné

Lucz, 2021; Tania et al., 2020; Widodo et al., 2019;

Widyaningsih et al., 2020)

(Zhang et al., 2021) Physics learning during Covid-19

Discussion
The Growth of Online Learning in Physics

Networking the articles trough VOSviewer

The interpretation results of the selected articles using VOSviewer software show that there are various main and
supporting points that are interconnected with each other. However, the results also show that there is one point
that is not connected to other points at all, which is "game". There are six points with large circles, namely "basic
physics material”, "technique”, "level", "video", "personal site", and "university". This means that these six points
are often discussed in the 53 selected articles and have connections between articles. The articles that discuss
online physics learning often focus on techniques for conducting online physics learning at both school and

university levels. The physics materials discussed or used in the research are basic materials appropriate for
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educational levels. In addition, the dominant platforms used in these studies are personal sites and learning aided
by videos such as those found on YouTube.

Number of Articles Per Year

The development of online physics learning can be observed from the number of related articles published each
year. This SLR study provides an overview of the development of online physics learning based on articles found
on Google Scholar and Crossref in the last decade. In 2013 and 2014, there were no articles that met the article
selection criteria discussing online physics learning. Online physics learning began in 2015 and has experienced

an increase every year.

The most rapid increase occurred in 2020-2021, which was the year when the whole world was affected by the
Covid-19 pandemic. The pandemic had a significant impact on the learning process in various levels of education,
including physics subjects in both schools and universities. Learning could not be conducted face-to-face in
classrooms, but learning had to continue. This led educators and policymakers to strive for online learning.
Teachers, lecturers, and researchers collaborated in developing teaching materials, software to support learning,

assessment development, and virtual laboratory development, which were very beneficial for physics learning.

In 2022, there was a decrease in the number of articles discussing online physics learning. One reason is the
emergence of the new normal era, where people can start to engage in activities again, and schools have started
to operate offline. However, the development of online physics learning through various platforms should

continue to be carried out so that the education world is better prepared to conduct learning in various conditions.

Citations

The existence of articles on online physics learning can also be seen from the number of citations received by
those articles. Out of the 53 selected articles, the highest number of citations was 115. In this SLR study, the
researchers did not include articles with zero citations to ensure that the articles reviewed were those that have

been used as references by other researchers.

The number of citations an article receives is a measure of its impact and importance in the field. It indicates that
the article has been influential in shaping the direction of research and practice in online physics learning.
Therefore, it is important to consider the number of citations when assessing the significance and relevance of an
article. By only including articles with at least one citation, the researchers were able to focus on those articles

that have made a meaningful contribution to the field.

The Journals and Publishers that Provide Many Articles on Online Physics Learning

The 53 selected articles were published in different journals and by different publishers. The Journal of Physics:

Conference Series provided the most articles on online physics learning, although the articles were presented at
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conferences, they have been published as scientific journal articles. Other journals focused on physics education,
science education, and even general education. The publishers of these articles were organizations that established
journals, educational institutions such as universities, and Scopus-indexed article publishers such as Taylor and

Francis and Springer.

Based on The Research Country

From the aspect of the country of origin of the research, it can be seen that out of the 53 reviewed articles, 60%
of the research was conducted in Indonesia, 14% was conducted in the United States, 4% was carried out in
Germany, and 22% in other countries. The researchers assume that before the Covid-19 pandemic, online learning
had not been widely studied in Indonesia, so when the pandemic hit, research on online physics learning became
more prevalent. This is different from other countries such as the United States and Germany, which may have
already been developing online learning long before the pandemic occurred.

It is interesting to note that the majority of the reviewed articles (60%) were conducted in Indonesia, which
suggests a growing interest in exploring online physics education in the country. This could be attributed to the
sudden need to shift to online learning during the pandemic. It is also worth noting that the United States and
Germany accounted for 14% and 4% of the articles, respectively. These countries may have been better equipped
to adapt to online learning due to their prior experience and infrastructure. However, the fact that research on
online physics education is being conducted in various countries worldwide suggests a global recognition of the
importance of this area of study.

The Most Effective Online Learning Strategies for Teaching Physics
Research Methods

The articles on online physics learning discussed here use different research methods because they target different
journal areas. Development research that develops various learning tools and media will use methods such as
R&D, ADDIE, and DDD-E. Research that discusses the results of the application of prepared products will use
research methods such as experiments, quasi-experiments, and classroom action research. These methods are used
to assess the effectiveness of the developed learning tools or products. For example, experiments are conducted
to test the impact of a new technology-based learning tool on student learning outcomes, while classroom action

research is used to improve the learning process by implementing interventions and monitoring the results.

Research Subjects

The research from the 53 selected articles was conducted across various educational levels, including high school,
vocational school, and undergraduate students. However, there were no studies conducted on students from lower
educational levels such as elementary and middle school since physics is not yet included in the curriculum. In
addition, research on physics learning at the junior high school level was not conducted since it is still integrated

with other science subjects such as biology and chemistry under the umbrella of science education.
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This finding implies that there is a need for more research in the future to explore the effectiveness of online
physics learning at lower educational levels, particularly in the primary and junior high school levels. Moreover,
it is important to investigate the best practices for integrating physics, biology, and chemistry into a coherent and
effective science education program at the junior high school level. This would provide a more comprehensive
understanding of the potential benefits of online physics learning across different educational levels.

Platform Used

The need for innovation in online physics learning to improve its quality through a supporting platform. Various
existing platforms are being further developed to meet the needs of education, especially in physics. There are
two types of platforms used in research: existing platforms and self-developed platforms by researchers. Examples
of existing platforms are Zoom, YouTube, Kahoot!, and Quizizz. Meanwhile, examples of self-developed
platforms are e-books, e-modules, and LMS which are usually tailored to the conditions and needs of learners.
These online learning support platforms have various roles, some have only one role while others have multiple
roles. Examples of platforms that only have one role are Quizizz and Kahoot! which are only used to provide
online assessments such as quizzes and exams. Platforms that have multiple roles include e-books and mobile

applications that can be used to deliver materials, provide questions, and conduct online training.

Learning Chapter

The physics subjects used in the research are diverse, ranging from basic physics topics to those that are combined
with other subjects. Basic physics topics include electric circuits, forces, motion, fluids, and so on. Meanwhile,
physics combined with other subjects refers to topics such as mathematical physics and chemical physics that are

usually studied by college students.

It is important to note that the choice of physics topics may depend on the level of education and the specific
research focus. For example, research on online physics learning for high school students may focus more on
basic physics topics, while research on physics education for college students may delve into more advanced

topics.

Moreover, the choice of physics topics may also be influenced by the learning platform and technology used in
the research. For instance, a research project that utilizes simulations or virtual experiments may require physics
topics that are more suitable for such methods. Overall, the choice of physics topics in online learning research is

crucial to ensure the relevance and effectiveness of the research outcomes in improving physics education.
Trends and Future Directions Based on Findings
Based on the findings of each article, the results were grouped into 9 main themes, two of which are the most

frequently cited sources. These themes are about the strengths and weaknesses of online physics learning based

on survey, observation, and other research results. The weaknesses identified in these studies can be used as a
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background for improvement. The next theme that is widely discussed is the development of online physics
learning media. Various development studies can also be used as a background for further research by varying the

research variables and subjects.

For example, a study could explore the effectiveness of different types of online physics learning media or
compare the impact of online learning versus traditional classroom learning. The findings of these studies can
inform the development of more effective and engaging online physics learning materials. Additionally, studies
could also focus on the use of virtual labs or simulations to supplement online learning and enhance students'
understanding of complex physics concepts. These types of studies can contribute to the overall improvement of

online physics education.

Conclusion

The development of research on online physics learning in the last 10 years has been increasing every year. Its
improvement is influenced by various factors that support the sustainability of online physics learning. The most
effective strategy should be adapted to the needs, in accordance with the learning objectives to be achieved, and
the material to be taught. The trend of articles on online physics learning is about evaluating its strengths and
weaknesses as well as developing learning media/teaching materials used. In addition, the use of technology in
online physics learning has also become an important topic in recent years, with various studies exploring its
impact on student learning outcomes and engagement. Furthermore, the integration of virtual and augmented
reality technology in online physics learning is also an emerging trend that has the potential to revolutionize the

way physics is taught and learned online.

Recommendations

Given the potential for online learning to provide flexible and accessible learning opportunities, it is recommended
that policymakers invest in the development of high-quality, accessible online resources for physics education. In
order to maximize the benefits of online learning for physics education, it is recommended that educators receive
training and support to effectively integrate online technologies into their teaching practices. Based on the
evidence presented in the literature review, it is recommended that physics educators explore the use of interactive
online simulations and virtual laboratories to supplement traditional instruction and engage students in hands-on
learning activities. Further research is needed to evaluate the effectiveness of online learning strategies and
technologies for teaching physics to students with different learning needs and backgrounds, and to determine
how online learning can be used to promote equity and access in physics education. Future research should explore
the impact of online learning on the development of students' scientific skills and competencies, such as critical

thinking, problem-solving, and inquiry-based learning.
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