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ABSTRACT This study aims to analyze research trends and future directions related to Problem-Based Learning (PBL) and 
e-modules in 21st-century physics education through a bibliometric approach. An analysis was conducted of 281 scientific 
articles published between 2015 and 2025 and indexed in international databases, using keywords related to PBL, e-modules, 
and physics education. Bibliometric and VOSviewer were used to map publication trends, productive sources, and keyword 
networks. The results show a significant increase in publications after 2019, with PBL remaining the primary approach related 
to problem-solving, while e-modules serve as digital learning resources that support structured and self-directed learning. 
Physics education largely serves as an implementation context, indicating that the integration of PBL and e-modules specific 
to the physics discipline is still limited. These findings provide a strategic foundation for the development of PBL-based e-
modules and serve as a guide for empirical research and curriculum innovation in 21st-century physics education. 
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1. INTRODUCTION 
21st-century physics learning is expected to develop 6C 

skills, which include critical thinking, creativity, 
collaboration, communication, citizenship, and character as 
the foundation for students' readiness to face global 
challenges (Fullan et al., 2021; OECD, 2022)In the context 
of physics, learning abstract concepts requires students to 
engage in higher-level reasoning and a systematic problem-
solving process, as well as the material and its demands for 
in-depth conceptual reasoning (Kalonde et al., 2025). 
Furthermore, learning is expected to provide space for 
collaboration and scientific communication so that 
students can build understanding through discussion and 
teamwork. Creativity is also needed so that students can 
design various strategies for solving physics problems that 
are not always procedural. Citizenship and character values 
are expected to develop through involvement in contextual 
problems related to real-life issues and social responsibility. 
To realize this skill profile, physics learning needs to be 
designed based on exploratory activities that are cognitively 
and contextually challenging (Yew & Goh, 2016). The 
integration of digital learning resources such as e-modules 
is also expected to promote students’ capacity for self-
directed learning while enriching the representation of 

physics concepts. Thus, 21st-century physics learning is 
expected to combine a problem-based approach and digital 
technology support to develop the 6C skills in an integrated 
manner (Ariantini et al., 2021). 

Physics learning has undergone a significant 
transformation in the 21st century, particularly with the 
integration of digital technologies, online learning 
environments, and student-centered pedagogies, which 
accelerated during and after the COVID-19 pandemic. For 
instance, the rapid increase in research publications on 
digital learning and PBL in physics education—from only 
2–8 studies per year (2015–2018) to 63 publications in 
2025—reflects a global shift toward more interactive and 
technology-supported learning environments . In real 
classroom contexts, the use of simulations, virtual labs, and 
e-modules has become increasingly common to help 
students visualize abstract concepts and engage in inquiry-
based learning. However, despite these advancements, 
classroom practices in many educational settings still tend 
to be dominated by teacher-centered approaches that focus 
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on concept delivery and routine problem-solving (Sari & 
Rosidah, 2023) indicating a gap between the evolving 
nature of physics education and its implementation in 
practice. This condition results in the learning process 
being more oriented towards end results than in-depth 
thinking (Smarandache et al., 2022). Consequently, 
opportunities for students to develop analytical reasoning 
and systematic problem-solving skills as part of the 6C 
competencies may not be fully optimized in some learning 
contexts. Collaborative activities and scientific 
communication are also sometimes limited, particularly in 
classrooms where instruction remains predominantly one-
way. Furthermore, students' creativity in exploring various 
physics problem-solving strategies is still underdeveloped. 
Although numerous studies have explored the use of digital 
learning resources, including e-modules, in physics 
education, their integration with pedagogical models that 
actively promote problem exploration, such as PBL, 
remains uneven and often lacks instructional coherence. 
Previous research highlights that e-modules are frequently 
utilized as supplementary materials rather than being 
systematically embedded within inquiry-oriented learning 
designs (Alviz-Meza et al., 2022). As a result, the potential 
of digital resources to support higher-order thinking, 
particularly in facilitating structured problem-solving 
processes and conceptual understanding, has not been fully 
realized. Therefore, this study positions the integration of 
e-modules within a PBL framework as a strategic approach 
to create a more coherent, student-centered, and problem-
oriented physics learning environment. This indicates that 
technology integration in learning is often complementary, 
rather than a core part of pedagogical design. This reality 
highlights the gap between expectations for 21st-century 
skill development and physics learning practices in the 
field. 

The gap between the demands of developing 6C skills 
and physics learning practices indicates a fundamental 
problem in learning design, which is not yet oriented 
toward authentic problem-solving (OECD, 2022). 
Learning that still focuses on routine procedures leaves 
students poorly trained to connect physics concepts to 
complex real-world situations. This condition impacts 
students' ability to transfer knowledge to new contexts that 
require flexible reasoning. Furthermore, limited 
collaborative activities and problem-based discussions 
result in the underdevelopment of scientific 
communication and collaboration skills as part of the 6C 
competencies. This problem is further exacerbated by the 
suboptimal use of digital technology to support higher-
order thinking processes in physics learning (Kalonde et al., 
2025). While some students are able to navigate inquiry 
processes effectively without digital support, the availability 
of structured digital learning materials can provide 
additional scaffolding that helps many learners engage 
more systematically with open-ended problems. In 

particular, such resources can support the organization of 
ideas, visualization of abstract concepts, and guidance 
throughout the inquiry process, especially for students who 
require more structured learning support. These 
circumstances demonstrate the importance of 
implementing an effective instructional approach that not 
only presents contextual problems but also provides 
systematic and interactive learning support. Accordingly, 
the integration of the PBL model is considered essential 
with e-modules as a learning innovation that specifically 
targets strengthening problem-solving competencies 
aligned with the demands of contemporary education in 
physics education (Yew & Goh, 2016) 

In response to these issues, the application of the 
Problem-Based Learning (PBL) approach in combination 
with e-modules is seen as a relevant pedagogical innovation 
in 21st-century physics learning. PBL encourages students 
to learn through exploring authentic problems, thereby 
stimulating critical thinking, collaboration, and scientific 
communication skills as part of the 6C competencies (Yew 
& Goh, 2016) Through group discussions and inquiry 
processes, students not only understand physics concepts 
but also develop the ability to formulate and evaluate 
solutions logically. Furthermore, e-modules provide a 
structured, interactive digital learning environment that 
supports independent learning. Multimedia features, 
simulations, and feedback in e-modules help visualize 
abstract physics concepts, thus strengthening students' 
knowledge construction process (Alviz-Meza et al., 
2022).When combined, PBL provides a framework for 
problem-based activities, while e-modules act as 
scaffolding that guides students throughout the inquiry 
process. The integration of the two creates a more 
contextual, collaborative learning experience, aligned with 
the characteristics of 21st-century digital learning. Thus, e-
module-assisted PBL has the potential to be an effective 
approach to developing problem-solving skills in physics 
education (Ernawati & Rahmawati, 2021) 

The growing attention to  the application of a PBL 
approach in combination with e-modules in physics 
education has driven the growth of scientific publications 
on this topic in recent years. This rapid growth of the 
literature makes it difficult for researchers to obtain a 
comprehensive overview of research trends, the focus of 
studies, and established collaboration patterns. Narrative 
literature reviews often fail to systematically and 
quantitatively map the intellectual structure of a field 
(Bashir & Warraich, 2023). Thus, an additional 
comprehensive approach is required to objectively 
determine dominant themes and research development 
directions. Bibliometric analysis allows mapping of 
publication trends, author collaboration networks, and 
keyword relationships within a field of study (Sarıkaya & 
Çeliker, 2024). Through this approach, researchers can 
uncover patterns of research development and uncover 
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underexplored topics. To date, bibliometric studies 
specifically mapping the integration of PBL and e-modules 
in the context of physics education are still limited (Aria & 
Cuccurullo, 2017). Based on this, this study employs a 
bibliometric approach to examine publication trends, map 
the structure of research, and propose directions for future 
studies on problem-based learning and e-modules in 
physics education. 

 
2. METHOD  

This research was designed using a quantitative 
approach with bibliometric analysis to systematically map 
and analyze scientific publications related to PBL and e-
modules in physics education. The choice of this 
quantitative approach is based on the ability to produce 
objective and measurable data processing from large 
amounts of publication data to identify patterns, trends, 
and characteristics of research in a field of study (Donthu 
et al., 2021).This method analyzes bibliographic data such 
as publication year, author, affiliation, journal source, 
citations, and keywords to quantitatively describe research 
developments. This study employed a quantitative 
bibliometric approach to systematically analyze 
publications related to PBL and digital-based learning in 
physics education. The data were collected from indexed 
international databases using predefined keywords such as 
“Problem-Based Learning,” “PBL,” “e-module,” and 
“physics education.” The selected articles were then filtered 
based on inclusion criteria, including relevance to the topic, 
publication type, and availability of full text. Furthermore, 
bibliographic data such as authors, publication year, source 
titles, citations, and keywords were extracted and 
processed. The analysis was conducted using VOSviewer 
to map author collaboration networks and identify 
relationships between research topics based on keyword 
co-occurrence. Through this procedure, the study aims to 
reveal research trends, dominant themes, and potential 
directions for future research in the integration of PBL and 
e-modules in physics education. 

Figure 1 presents the stages of research implementation 
that adopt the PRISMA-based Systematic Literature 
Review (SLR) framework combined with quantitative 
bibliometric analysis. The flow includes keyword 
identification, initial literature search, result screening, data 
collection, and systematic data analysis (Page et al., 2021). 
This approach is applied to ensure a systematic, 
transparent, and replicable literature selection process, 
while minimizing bias in document selection (Donthu et 

al., 2021). The data analyzed consisted of reputable 
international journal articles discussing PBL, e-modules, 
and physics education. 

The search process was conducted using a combination 
of keywords such as “Problem-Based Learning,” “PBL,” 
“e-module,” “digital module,” and “physics education” 
through the application of Boolean operators. The data 
were collected from internationally indexed databases, 
specifically Scopus, covering publications within the period 
of 2015 to 2025. The data retrieval process was carried out 
in January 2026. From the initial search, a total of 281 
articles were obtained, which were then subjected to 
screening and selection procedures based on predefined 
inclusion criteria. Search results were then filtered based on 
selection criteria, including articles that have gone through 
a peer review process and are relevant to the research topic 
of PBL or e-modules in a learning context, and related to 
physics education. Duplicate documents, non-research 
articles, and publications without full text were excluded 
from the analysis following the PRISMA procedure (Page 
et al., 2021). From the initial dataset, articles were screened 
based on predefined inclusion criteria, resulting in a final 
sample of 281 eligible articles for analysis. 

The selected bibliographic data were obtained through 
a structured search and screening process. The search 
query was formulated using Boolean operators to ensure 
the inclusion of studies that simultaneously address 
Problem-Based Learning, e-modules, and physics 
education, for example: (“Problem-Based Learning” OR 
“PBL”) AND (“e-module” OR “digital module”) AND 
(“physics education”). This query was applied to the title, 
abstract, and keywords fields in the database. 

The initial results were then screened in several stages. 
First, duplicate records were removed. Second, titles and 
abstracts were reviewed to ensure relevance to the 
integration of PBL and digital modules within the context 
of physics education. Third, full-text screening was 
conducted to confirm that the studies explicitly discussed 
both the implementation of PBL and the use of e-modules 
or digital modules in physics learning contexts. 

The inclusion criteria consisted of: (1) peer-reviewed 
journal or conference articles, (2) publications within the 
specified time range, (3) studies focusing on physics 
education, and (4) studies that integrate both PBL and e-
modules/digital modules. Articles that only discussed one 
aspect (e.g., PBL without digital modules, or digital 
modules without a PBL approach) were excluded. Through 
this multi-stage selection process, a final dataset of eligible 
articles was established for analysis. 

Bibliometric analysis was conducted using VOSviewer 
software to map author collaboration networks, citation 
relationships, and keyword associations in the literature 
(van Eck & Waltman, 2010).The findings of the analysis are 
presented in the form of network visualizations, 
publication trend graphs, and productivity tables to reveal 

 
Figure 1. Research phase flow 
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the structure of research development and identify 
dominant themes and future research opportunities in the 
integration of PBL and e-modules in physics education. 

 
3. RESULTS AND DISCUSSION 
3.1 Research Publication Trends 
Publication trend analysis shows the number of studies on 
PBL and e-modules in physics education has increased 

significantly over the past decade. 
In the initial period, 2015–2018, the number of articles 

published tends to be low and fluctuates in the range of 2 
to 8 documents per year. An increase began in 2019 with 
23 publications, followed by a slight decrease in 2020 to 19 
publications. The most prominent spike occurred in 2021 
with 44 publications, indicating increased research 
attention. Application of the PBL approach supported by 
digital learning in the context of physics education. 
Although there was a decrease in 2022 to 28 publications, 
the trend continued to increase consistently in the 
following years, with 38 publications in 2023, 50 
publications in 2024, and reaching a peak in 2025 with 63 
publications, as shown in Figure 2. 

Based on Figure 2, the number of publications 
examining PBL and e-modules in physics education shows 
a significant upward trend over the past decade. Publication 
trends indicate a significant increase in studies on PBL and 
e-modules in physics education over the past decade. After 
a relatively low and fluctuating number of publications 
during 2015–2018, the trend began to rise in 2019 and 
reached its peak in 2025. Despite a slight decline in 2020 
and 2022, the overall pattern shows consistent growth, 
reflecting increasing research interest in the integration of 
PBL and digital learning in physics education. 

This increasing trend indicates that the integration of 
PBL and e-modules is increasingly viewed as a crucial 
approach in 21st-century physics learning (Kalonde et al., 
2025). The sharp increase after 2020 indicates a strong push 
towards the implementation of problem-based learning 
supported by digital technology models (Donthu et al., 
2021)This aligns with the need to develop critical thinking, 

problem-solving, collaboration, and digital literacy skills, 
which are the focus of modern education. The continued 
upward trend until 2025 also demonstrates that this topic 
is not a temporary phenomenon but is developing into a 
major focus in physics education research. Thus, the graph 
confirms a shift in research attention toward more 
contextual, interactive, and technology-based physics 
learning designs. 
 
3.2 Distribution of Publication Types 

The distribution of publication types in this study 
demonstrates the variety of forms of scientific 
dissemination used by researchers in examining PBL and e-
modules in physics education. Based on Figure 3, 
conference papers account for 48% of the total 
publications, followed by journal articles at 47%, while 
conference reviews and book chapters each contribute 2%, 
review articles 1%, and books 0%. These figures indicate 
that conference papers and journal articles dominate the 
dissemination of research in this field, whereas other 
publication types make only a minor contribution. This 
pattern indicates that most research results in this field are 
disseminated through conference forums and scientific 
journals as the primary medium of academic 

communication. 
The predominance of conference papers indicates that 

research on PBL and e-modules in physics education is 
developing dynamically and is often presented first at 
international scientific forums before being fully published 
in journals (Dwi Astutik et al., 2021). Conferences typically 
provide a faster and more flexible space for researchers to 
publish initial findings, particularly on rapidly evolving 
topics such as the integration of problem-based learning 
and digital technology. Furthermore, the high proportion 
of journal articles indicates that research in this area also 
has a strong scientific foundation and has undergone 
rigorous peer review. This combination of conference and 
journal publications reflects the balance between rapid 

 

Figure 2. Graph of the number of publications in 10 years 

 

 

Figure 3. Percentage of publication types 
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dissemination and academic validation in the development 
of physics education research (Donthu et al., 2021) 

Overall, the distribution of these publication types 
demonstrates that research related to e-module-assisted 
PBL is not only growing in quantity but is also actively 
discussed within the international scientific community. 
This pattern confirms that this field is progressive, 
responsive to developments in learning technology, and 
continues to mature through reputable scientific 
publications. These findings also demonstrate that studies 
on the integration of PBL and e-modules in physics 
education have become part of the global discourse in 
science education research. 
 
3.3 Top Publication Sources 

The most productive sources of scientific publications 
in research related to PBL and e-modules in physics 
education over the past ten years are presented in Table 1. 
The data shows that the Journal of Physics: Conference 
Series (JPCS) ranks first with a very dominant number of 
publications, namely 47 articles. This number far exceeds 
other publication sources, indicating that JPCS has become 
one of the main forums for researchers to publish study 
results in the realm of physics education and problem-
based learning. This position indicates that the 
international conference proceedings forum still plays a 
significant role in the dissemination of science education 
research. 

In general, these data indicate that research publications 
are dominated by conference proceedings and reputable 
international journals with broad scientific coverage. The 
dominance of the Journal of Physics: Conference Series (JPCS) 
indicates that conference proceedings play a major role in 
disseminating research in physics education. While JPCS is 

a reputable international conference proceeding indexed in 
major databases such as Scopus, it is important to note that 
conference publications generally undergo a different level 
of peer-review rigor compared to journal articles. 
Therefore, although JPCS provides a credible and 
accessible platform for the rapid dissemination of emerging 
research, the findings reported in such proceedings may 
still require further validation through publication in high-
impact peer-reviewed journals. 

 
3.4 Distribution of Fields of Science 

The distribution of scientific fields provides an 
overview of the range of disciplines contributing to 
research related to the application of PBL and electronic 
modules in physics education. This analysis is important for 
understanding the trends in the most involved scientific 
fields and demonstrating the multidisciplinary nature of the 
research topics studied. The ten scientific fields with the 
highest number of publications in the last decade are 
shown in Table 2. 

Based on Table 2, research publications are dominated 
by the fields of Physics and Astronomy with 101 
publications, followed by Engineering (96 publications) 
and Computer Science (91 publications). The dominance 
of these three fields indicates that research on PBL and e-
modules in physics education focuses largely on developing 
understanding of physics concepts, problem solving, and 
the use of learning technology. Furthermore, the 
involvement of the fields of Engineering and Computer 
Science confirms the integration of pedagogical approaches, 
learning design, and digital technology. Overall, this 
distribution demonstrates that research on this topic is 
interdisciplinary and develops at the intersection of science, 
technology, and education. 

 
3.5 Institutional Affiliation Distribution 

Institutional affiliations provide an overview of 
institutions most actively contributing to research 
publications on PBL and e-modules in physics education. 
This analysis identifies the institutional centers that have 
been the primary drivers of research on these topics over 

Table 1. Top 10 Journals Over the Last 10 Years 

No Author Name Amount 

1 Journal of Physics Conference Series 47 
2 IEEE Transactions on Geoscience and  

Remote Sensing 
8 

3 Proceedings of SPIE the International 
Society Optical Enginnering 

7 

4 Aip Conference Proceedings 7 
5 ASEE Annual Conference and 

Exposition Conference Proceedings 
6 

6 Communications in Computer and 
Information Science  

5 

7 ACM International Conference 
Proceeding Series 

4 

8 Physics Education 3 
9 Lecture Notes in Computer Science 

Including Subseries Lecture Notes in 
Artifical Intelligence and Lecture Notes 
in Bioinformatics 

3 

10 IOP Conference Series Earth and 
Environmental Science 

3 

 

Table 2. Top 10 fields of science over the last 10 years 

No Field of Science  Amount 

1 Physics and Astronomy 101 
2 Engineering 96 
3 Computer Science 91 
4 Social Sciences 46 
5 Mathematics 36 
6 Earth and Planetary Sciences 25 
7 Materials Science 19 
8 Energy 17 
9 Environmental Science 15 
10 Multidisciplinary 7 
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the past ten years. The ten institutions that have the highest 
number of publications are shown in Table 3. 

Based on Table 3, the highest publication contribution 
came from Padang State University with 10 publications, 
followed by Sebelas Maret University (8 publications). 
Several other institutions, such as the Chinese Academy of 
Sciences, the University of Yogyakarta, and Sultan Idris 
University of Education, published seven publications. 
Contributions were also made by the Ministry of Education 
of the People's Republic of China and Jakarta State 
University, each of which contributed 6 publications, 
followed by Nanyang Technological University (5 
publications) and Zhejiang University (4 publications). 
Overall, this distribution suggests that research on PBL and 
e-modules in physics education is concentrated in several 
countries, particularly China, the United States, and 
Indonesia, rather than being evenly distributed globally. 
The dominance of universities emphasizes the important 
role of higher education institutions in developing 
technology-based physics learning innovations. 

 
3.6 Country Affiliation Distribution 
The distribution of country affiliations shows the global 

distribution of research contributions related to PBL and 
e-modules in physics education. This analysis helps identify 
the countries most active in developing and disseminating 
research in these areas over the past ten years. The 
countries with the highest publication contributions are 
shown in Table 4. 

Based on Table 4, China ranks first with 86 publications, 
followed by the United States (62 publications) and 
Indonesia (61 publications). Other countries such as 
Malaysia (12 publications) and Germany (11 publications) 
also show significant contributions, followed by Singapore 
and Canada (8 publications each), Hong Kong (7 
publications), Italy (6 publications), and India (5 
publications). Overall, this distribution indicates that 
research on PBL and e-modules in physics education is 
growing globally, with strong contributions from Asia and 
North America. The dominance of these countries reflects 
the support of higher education institutions, the 

development of technology-based educational research, 
and the increasing attention to innovation in science 
learning internationally. 
 
4.3 Publication Authors 

The findings in Figure 4 indicate that author 
productivity is spread across several researchers with 
relatively balanced contributions, without strong 
dominance by any one individual. This indicates that PBL 
and e-module research in physics education is developing 
collaboratively across various research groups. Although 
efforts were made during the initial screening to ensure 
metadata completeness, including the verification of author 
information, some records with incomplete metadata were 
retained to preserve the overall dataset size and trend 
representation. As a result, this study emphasizes general 
research trends and collective contributions rather than 
precise individual author productivity. Overall, these 
results confirm the broad academic community's support 
for the development of e-module-assisted PBL research. 

 
 
 
 
 

Table 3. Top 10 institutional affiliations over 10 years 

No Institution Amount 

1 Universitas Negeri Padang 10 
2 Universitas Sebelas Maret 8 
3 Chinese Academy of Sciences 7 
4 University of Chinese Academy of Sciences 7 
5 Universitas Negeri Yogyakarta 7 
6 Universiti Pendidikan Sultan Idris 7 
7 Ministry of Education of the People's Republic 

of China 
6 

8 Universitas Negeri Jakarta 6 
9 Nanyang Technological University 5 
10 Zhejiang University 4 

 

Table 4. Top 10 country affiliations over the past 10 years 

No Country Amount 

1 China 86 
2 United States 62 
3 Indonesia 61 
4 Malaysia 12 
5 Germany 11 
6 Singapore 8 
7 Canada 8 
8 Hong kong 7 
9 Italy 6 
10 India 5 

 

 

Figure 4. Shows the percentage of publication authors  
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3.7   Top 5 most cited articles 
Table 5 displays the five articles ranked top based on 

the number of citations from all publications reviewed. 
These articles predominantly involve research integrating 
physics, learning systems, and computational approaches 
based on artificial intelligence, particularly machine 
learning and deep learning. The most highly cited articles 
discuss the development of differentiable physics models 
and physically consistent neural networks, demonstrating 
the strong interest in the scientific community in using 
modern computational methods to understand and model 
physical phenomena more accurately (Azer, 2017; Luckin 
& Cukurova, 2019). 

The high number of citations indicates the significant 
contribution of these articles to scientific advancement, 
particularly at the intersection of physics, modeling, and 
technology-based learning systems. Furthermore, the 
predominance of publications in internationally reputable 

journals—such as Advances in Neural Information 
Processing Systems, Neural Networks, Applied Energy, 
and various IEEE journals—confirms that the most 
influential research still focuses on the development of 
advanced technology-based methods and models. To 
maintain alignment with the focus of this study, only 
articles that explicitly address PBL, e-modules, and their 
application in physics education were considered in the 
analysis. Articles that did not directly examine these aspects 
were excluded to ensure the relevance and validity of the 
findings. Given that the most cited articles primarily focus 
on computational and technology-based approaches rather 
than explicitly on PBL or e-modules, caution is needed in 
interpreting their relevance. These findings indicate general 
technological advancements in physics-related research, 
but do not directly confirm the potential or effectiveness 
of PBL and e-modules in physics education. 
 

Table. 5 Top Five Most of Cited Articles 

No Authors Title Source Citation Key Findings 

1 Belbute-Peres, 
F.D.A., Allen, K.R., 
Smith, K.A., 
Tenenbaum, J.B., 
Zico Kolter, J. 
 

End-to-end differentiable 
physics for learning and 
control 
 

Advances in Neural 
Information 
Processing Systems, 
2018- 
December, pp. 
7178–7189 
 

223 The integration of differentiable 
physics machines enables 
simultaneous learning of 
dynamics and control models, is 
more data-efficient, and results in 
more stable and accurate 
optimizations. 
 

2 Jin, P., Zhang, Z., 
Zhu, A.,Tang, Y., 
Karniadakis,G.E. 
 

End-to-end differentiable 
physics for learning and 
control 
 

Advances in Neural 
Information 
Processing Systems, 
2018- 
December, pp. 
7178–7189 
 

223 able to accurately model the 
dynamics of a Hamiltonian 
system while preserving its 
physical structure 

3 Di Natale, L., 
Svetozarevic, B., 
Heer, P., Jones, C.N. 
 

Physically Consistent 
Neural Networks for 
Building thermal 
modeling: Theory and 
analysis 
 

Applied Energy, 
325, 119806 

101 PCNN is able to predict the 
thermal dynamics of buildings 
more accurately while remaining 
consistent with the laws of 
physics. 

4 Qi, S., Wang, Y., Li, 
Y., Ren, Q., Ren, Y. 
 

Two- Dimensional 
Electromagnetic Solver 

Based on Deep Learning 
Technique 
 

IEEE Journal on 
Multiscale and 
Multiphysics 
Computational 
Techniques, 5, pp. 
83–88, 9096576 
 

92 Deep learning can predict 2-D 
electromagnetic fields with 
similar accuracy to classical 
methods, but much faster, 
making it suitable for real-time or 
high-resolution simulations. 

5 Feng, S., Ji, K.,Wang, 
F., Ma, X., Kuang, G. 
 

Electromagnetic 
Scattering Feature (ESF) 
Module Embedded 
Network Based on ASC 
Model for Robust and 
Interpretable SAR ATR 
 

IEEE Transactions 
on Geoscience and 
Remote Sensing, 
60,5235415 

91 A neural network with an ASC-
based ESF module improves 
SAR target recognition by 
exploiting the physical features of 
electromagnetic scattering, 
resulting in more accurate and 
stable predictions than 
conventional deep learning 
models. 
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3.8 VOSviewer Analysis 
A total of 281 articles were analyzed using VOSviewer 

to map research keywords and identify the interconnected 
themes and focuses of studies related to the 
implementation of PBL and the use of electronic-based 
physics modules (Suliyanah et al., 2021). The resulting 
visualization displays a network of research themes, 
revealing the relationships between PBL, e-modules, 
various learning outcomes, and pedagogical approaches 
frequently discussed in the publications. The findings of 
this study provide a comprehensive understanding of the 
current research development directions and thematic 
priorities in developing innovative learning strategies in 
physics education. 

Figure 5 shows the mapping of the co-occurrence of 
keywords resulting from analysis using VOSviewer 
software. This network illustrates the conceptual structure 
of research related to PBL, learning modules, and physics 
education, based on the frequency of occurrence and 
relationships between keywords in the analyzed 
publications. The visualization results show several 
interconnected clusters, indicating that research in this area 
is organized into several interrelated main themes. One 
prominent cluster is dominated by keywords related to PBL, 
including problem-solving skills, critical thinking skills, and 
a learning approach that places students at the center of the 
learning process. This finding confirms that PBL is 
consistently positioned as a pedagogical approach that 

encourages strengthening high-level thinking skills and 
increasing student activity in learning (Ali, 2019; Branch, 
2004; Schmidt et al., 2011) 

Another major cluster focuses on learning modules and 
digital learning, characterized by keywords such as e-
module, digital learning, and learning media. This reflects 
the increasingly important role of digital learning resources 
in supporting PBL implementation, particularly in 
technology-integrated learning environments (Alviz-Meza 
et al., 2022; Zhang et al., 2022) The strong link between 
PBL and digital learning keywords demonstrates a trend 
toward integration between pedagogical and technological 
aspects in the physics education literature, emphasizing a 
research direction that combines methodological 
innovation with the use of learning technologies. 

Figure 6 presents a more detailed visualization of the 
keyword network based on the three main research 
variables: (a) PBL, (b) learning modules, and (c) physics. 
This visualization highlights the relationship structure 
between keywords within each variable as well as their 
interrelationships across domains. In the PBL network 
(Figure 6a), keywords such as problem-solving, students, 
and learning outcomes emerge as key nodes, indicating that 
PBL research places significant emphasis on student 
learning outcomes, particularly cognitive aspects and 
problem-solving skills (Anazifa & Djukri, 2017; Huang et 
al., 2021) Meanwhile, the learning module network  

 

 
Figure 5. Visualization of Keyword Correlation Analysis  
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(Figure 6b) demonstrates a strong relationship between 
learning modules, digital learning, and learning media, 
indicating that learning modules are increasingly 
conceptualized as digital learning resources that support 
independent and structured learning processes in PBL 
environments (Hmelo-Silver, 2004). The physics network 

(Figure 6c) shows that research in physics frequently links 
PBL and learning modules with keywords such as concept 
understanding, critical thinking, and physics learning. 
Although physics appears as a relatively separate cluster, its 
significant association with PBL and learning modules 
underscores the growing interest in integrating active 

 
(a) 

 
(b) 

 
c) 

Figure 6. Visualization of Keyword Correlation Analysis  
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learning models and digital learning resources in physics 
education. 

Overall, this network visualization demonstrates that 
while each variable has been extensively studied separately, 
research explicitly integrating PBL, digital modules, and 
physics education remains relatively limited. This indicates 
significant research opportunities for further study 
(Sulhiyah, 2025). 

Figure 7 shows a map of the development and direction 
studies focusing on PBL and e-modules in physics 
education over the last decade, based on the results of 
bibliometric analysis. The overlay visualization shows a 
shift in research focus from early topics dominated by 
computational and algorithmic approaches, indicated by 
blue to teal, to newer themes, indicated by green to yellow. 
In the early phase, research focused heavily on machine 
learning, deep learning, and neural networks, reflecting 
studies on the use of computational technologies in physics 
learning and simulation system development (Goos et al., 
2021; Handoyo & Safran, 2025). 

Over time, the focus of research has shifted 
significantly to the realm of physics education, marked by 
the emergence of keywords such as students, physics 
learning, problem solving, critical thinking, e-learning, and 
engineering education . The shift toward yellow indicates 
the increasing intensity of recent research emphasizing the 
implementation of e-module-based PBL and digital 
learning to improve students' critical thinking skills. This 
development began to be seen significantly around 2019 
and intensified in the 2020–2022 period, triggered by the 
impact of the COVID-19 pandemic, which encouraged 
innovation in interactive e-modules, online learning, and 

problem-based learning systems that are appropriate to the 
characteristics of physics learning . 

Overall, this map indicates that the future direction of 
PBL and e-module research in physics education tends to 
integrate problem-based pedagogical approaches with 
digital and computing technologies. Future research trends 
could potentially focus on the development of adaptive e-
modules, the integration of artificial intelligence in physics 
learning, and the strengthening of critical thinking and 
problem-solving skills as key competencies for the 21st 
century (Garzón et al., 2020). 

Figure 8 displays a visualization of keyword density, 
representing the intensity and focus of the study regarding 
the application of PBL and e-modules in physics education. 
In this map, lighter colors indicate keywords with higher 
frequency of occurrence and strong links to scientific 
publications. Keywords such as students, physics learning, 
problem solving, and critical thinking appear most 
dominant, indicating that e-module-based PBL research 
consistently places students at the center of the learning 
process and focuses on developing higher-order cognitive 
skills (Howard et al., 2021). 

Furthermore, the high intensity of the appearance of 
keywords such as e-learning, active learning, teaching, and 
engineering education indicates that the implementation of 
PBL in physics education is increasingly geared toward 
strengthening active learning and utilizing digital 
technology (Zawacki-Richter et al., 2019). This finding 
underscores the role of e-modules as learning media that 
support problem-solving, exploration of physics concepts, 
and development of students' critical thinking skills (Puspa 
et al., 2021; Sutarmi & Suarjana, 2017). 

 
Figure 7.  Overlay Visualization 
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In addition, the relationship between educational 
keywords and computing terms such as learning systems 
and simulations opens up opportunities for future research 
to integrate PBL, interactive e-modules, and technology-
based approaches. Overall, this density map suggests that 
future research should focus on developing PBL-based 
physics learning supported by digital e-modules, with the 
goal of creating a learner-centered learning experience, 
increasing cognitive engagement, and strengthening critical 
thinking and problem-solving skills (Belay et al., 2023; 
Hidayati et al., 2024; Hinojo-Lucena et al., 2019). 

 
DISCUSSION  

The findings of the bibliometric analysis provide a 
comprehensive understanding of research trends related to 
PBL, e-modules, and physics education over the past ten 
years. The increase in the number of publications, 
particularly after 2019, indicates growing academic interest 
in learner-centered learning models and the use of digital 
learning resources, in line with the global educational 
transformation that demands mastery of critical thinking 
and problem-solving skills (Alviz-Meza et al., 2022; 
Donthu et al., 2021)The dominance of proceedings and 
journal articles demonstrates the dynamics of research: 
proceedings serve as the initial space for learning 
innovation, while journals represent more mature and 
methodologically sound empirical research (Azer, 2017; 
Suprapto et al., 2021). 

Keyword correlation analysis confirms that PBL 
remains a primary pedagogical framework, with strong 
links to problem solving, critical thinking, and learner-
centered learning. Keywords such as students, physics 
learning, and problem solving indicate a focus on 

developing students' higher-order cognitive skills, while 
PBL's association with e-learning, active learning, and 
learning media underscores the role of e-modules as 
scaffolding to support independent learning and 
exploration of physics concepts (Alviz-Meza et al., 2022; 
Zhang et al., 2022) 

The visualization of the development map and keyword 
density shows a shift in research focus from computational 
topics (machine learning, deep learning) to pedagogical 
themes based on PBL and e-modules (students, physics 
learning, critical thinking). This shift has intensified since 
2019–2022, triggered by the COVID-19 pandemic, which 
has driven innovation in interactive e-modules, online 
learning, and technology-based PBL systems (Riyadi et al., 
2025). However, physics education still plays a more 
application-focused role than an analytical focus, indicating 
the need for deeper exploration of the conceptual 
challenges unique to physics, such as changes in 
conceptions, representation of phenomena, and scientific 
reasoning (Suwastini et al., 2021). 

The novelty of this research lies in its integrative focus 
on PBL, e-modules, and physics education, differing from 
previous studies that tend to examine each aspect 
separately. This finding opens up opportunities for the 
development of adaptive and interactive e-modules that 
utilize digital technology and AI, emphasize active learning, 
and strengthen critical thinking and problem-solving skills 
as key 21st-century competencies. Furthermore, this study 
highlights the need for longitudinal studies and systematic 
synthesis to build a more robust theoretical framework in 
PBL-based physics education, so that pedagogical 
innovation can align with the conceptual needs of the 

 
Figure 8. Density Visualization 
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discipline (Luciani et al., 2024; Musa’ad et al., 2024; 
Musridannur, 2025). 
 
4. CONCLUSION 

Findings: This bibliometric study reveals a significant 
increase in research related to PBL and e-modules in 
physics education over the last decade, particularly after 
2019. The findings indicate that PBL has consistently been 
the dominant pedagogical approach, with strong links to 
problem-solving skills, critical thinking, and learner-
centered learning. Meanwhile, e-modules have emerged as 
important digital learning tools, supporting PBL 
implementation by providing a structured, flexible learning 
environment and encouraging independent learning. 
However, physics education is often positioned as a 
context of application, rather than the primary focus of 
analysis, indicating that the integration of PBL and e-
modules specific to the physics discipline remains relatively 
limited  

Implications: The results of this study are relevant and 
meaningful for the research community, education 
practitioners, and curriculum developers. For researchers, 
the findings emphasize the need for studies that not only 
assess general pedagogical effectiveness but also focus on 
specific physics learning outcomes, such as concept 
mastery and scientific reasoning skills. For educators, the 
integration of PBL with systematically designed digital e-
modules offers a promising strategy for increasing student 
engagement and higher-order thinking skills in physics 
learning. Meanwhile, for curriculum developers, this study 
emphasizes the urgency of adapting learning design to the 
epistemological characteristics of physics, so that 
meaningful and sustainable learning outcomes are achieved  

Research Limitations: Despite its significant 
contribution, this study has several limitations. First, the 
bibliometric analysis is based entirely on published data 
indexed in international databases, specifically Scopus and 
Web of Science, which may result in the exclusion of 
relevant studies published in local or non-indexed journals. 
Second, the analysis focused on bibliographic metadata, 
rather than the full text, thus limiting the depth of 
interpretation regarding pedagogical implementation and 
learning effectiveness. Third, differences in keyword usage 
across publications may impact the completeness of the 
research theme mapping . 

Directions for Further Research: Based on these 
limitations, further research is recommended to conduct an 
empirical study that specifically assesses the effectiveness 
of the approach in the context of physics learning PBL-
based e-modules, particularly on students' conceptual 
mastery, critical thinking skills, and problem-solving 
abilities. Furthermore, longitudinal and mixed-method 
research designs are necessary to conduct a study on the 
long-term impact of implementing a digital-based PBL 
learning environment. Future bibliometric studies can also 

expand data sources and integrate content analysis to gain 
a more comprehensive insight into the development of 
research and learning innovation in the field of physics 
education.  
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