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Abstract 

This study aims to map the development of Problem-Based Learning (PBL) research in physics education, 

focusing on the relationship and temporal development of problem solving and collaborative learning. A 

quantitative bibliometric approach was employed using 113 publications retrieved from the Scopus database on 

October 4, 2026, covering the period 2015–2026. Bibliographic data were analyzed using VOSviewer and 

Bibliometrix to examine publication trends, citation patterns, scientific collaboration, keyword co-occurrence, and 

thematic development. Additionally, the five most-cited publications were examined to identify influential 

research contributions. The findings indicate that PBL research in physics education has experienced fluctuating 

publication trends, with 22 publications recorded in 2026 as of the data retrieval date. Keyword co-occurrence 

analysis reveals a conceptual connection between problem solving and collaborative learning, suggesting that 

cognitive and social dimensions are interconnected within the PBL research landscape. Temporal analysis 

identifies collaborative skills, collaborative settings, artificial intelligence (AI) literacy, and digital literacy as 

relatively recent research interests. However, these developments do not provide sufficient evidence of a thematic 

shift from problem solving toward collaborative learning; rather, they indicate the coexistence and potential 

expansion of both dimensions. Geographically, Indonesia dominates the research landscape with 66 publications 

(58.4%). Meanwhile, Physics and Astronomy (30.3%) and Social Sciences (25.3%) represent the leading subject 

areas. This study highlights the importance of integrating cognitive and social dimensions in PBL research and 

provides directions for future investigations into collaborative problem solving and technology-supported physics 

learning. 
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INTRODUCTION 

Quality education is a fundamental foundation for developing human resources who are 
competent, competitive, and capable of responding to the demands of the twenty-first century 

(Dwikoranto et al., 2025; Karoso et al., 2024; W. Mubarok et al., 2026). Education in the 21st 

century requires students to develop a range of skills, including critical thinking, problem-
solving, communication, and collaboration, to address various challenges in everyday life 

(Suprapto et al., 2024; Xu et al., 2023). Therefore, learning should no longer focus solely on 
knowledge acquisition but should also provide active and contextual learning experiences that 

foster higher-order thinking skills (Habibi et al., 2026; Pertiwi, 2019; Sujanem & Putu 

Suwindra, 2023; Trisnayanti et al., 2023). These demands highlight the importance of 
instructional approaches that actively engage students in investigating problems, exchanging 

ideas, and constructing knowledge through meaningful learning activities (Suciati et al., 2024). 
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Physics is a field of science that examines natural phenomena through scientific concepts 

and theories, requiring analytical thinking, conceptual reasoning, and mathematical skills 
(Lintangesukmanjaya et al., 2025; Rachmawati et al., 2024). Physics learning involves 

interpreting phenomena, applying scientific concepts, and solving problems that often require 
abstract reasoning and mathematical representation (W. K. Mubarok et al., 2026; Pospiech & 

Fischer, 2021). However, physics education still faces challenges when learning focuses on 

formula application and routine problem-solving rather than conceptual understanding and 
contextual problem-solving (Miller et al., 2026; Musengimana et al., 2025). This highlights the 

need for instructional models that connect physics concepts with authentic problems and 
promote active scientific investigation. One relevant approach is Problem-Based Learning 

(PBL), which begins with authentic and contextual problems, encouraging students to identify 

problems, investigate information, develop solutions, and evaluate their findings (Husna et al., 
2025; Nicholus et al., 2023; Prastawa & Radiyanto, 2024). Previous studies have shown that 

PBL supports conceptual understanding, critical thinking, and problem-solving skills in 
physics education (Argaw et al., 2017; Ayu et al., 2024; Dewi & Rahayu, 2024). Thus, problem 

solving is a fundamental cognitive dimension of PBL research in physics education, as it 

reflects how students investigate and resolve physics-related problems. 
Beyond problem solving, PBL involves social interaction through group discussions, 

information exchange, and collaborative investigations. In this study, problem solving refers 
to the cognitive process of identifying problems, analyzing information, developing strategies, 

and evaluating solutions, while collaborative learning represents a social process in which 

students exchange ideas, negotiate perspectives, and construct knowledge collectively. 
Although interconnected within PBL, these are distinct analytical dimensions: problem solving 

focuses on addressing problems, whereas collaborative learning emphasizes social interaction 
and knowledge construction. Through collaboration, students exchange information, present 

arguments, evaluate alternatives, and develop shared understanding (Dhika et al., 2026; Hmelo-
Silver et al., 2023; Koriťáková et al., 2023; Wijaya et al., 2024). However, effective 

collaborative learning depends not only on group activities but also on interaction quality, 

instructional design, and the teacher's role in facilitating discussions and investigations (Dinil 
Arifah et al., 2024; Rahmadani et al., 2026). Therefore, examining both dimensions is essential 

to understanding whether PBL research emphasizes individual problem-solving, collaborative 
learning, or the simultaneous development of both. 

The development of PBL research in physics education has generated diverse research 

interests, including learning outcomes, conceptual understanding, higher-order thinking skills, 
problem-solving abilities, and collaborative learning (Chen et al., 2023). Previous studies have 

increasingly discussed the role of interaction and collaboration in knowledge construction, 
suggesting that PBL research encompasses both cognitive and social dimensions of learning 

(Alfidyah, 2025; Hmelo-Silver et al., 2023). However, the growing visibility of collaborative 

learning does not necessarily indicate that it has replaced problem solving as the central focus 
of PBL research. The two themes may develop simultaneously, overlap within individual 

publications, or demonstrate different patterns of prominence across publication periods. 
Therefore, their relationship and temporal development need to be examined using systematic 

bibliometric evidence rather than inferred solely from the appearance or interconnectedness of 

particular keywords. 
Bibliometric analysis provides a systematic approach to examining research development 

and intellectual structures through publication productivity, citation patterns, scientific 
collaboration, and keyword relationships (Lundberg, 2023; Robledo-Giraldo et al., 2023). By 

combining performance analysis and science mapping, it identifies prominent research themes, 

their interrelationships, and their evolution over time (Lyu et al., 2024; Singh et al., 2021). 
Previous bibliometric studies have explored PBL research in physics education from different 

perspectives. Dwikoranto et al. (2024), in Research Trend of PBL and PjBL in Bibliometric 
Analysis: Implications for a Better Future of Physics Education, analyzed 89 publications on 
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Problem-Based Learning and Project-Based Learning, providing an overview of their research 

trends and development. Similarly, Nurjanah et al. (2024), in Bibliometric Analysis of Problem 
Based Learning in Physics Education: A Scopus Based Study (1996–2023), examined 58 

publications to identify research productivity, citation patterns, scientific collaboration, and 
keyword trends. Although these studies provide important insights into the broader 

development of PBL research, the relationship between problem solving and collaborative 

learning as distinct research themes remains insufficiently explored, particularly regarding 
their co-occurrence patterns and development across publication periods. Examining whether 

collaborative learning emerges as a new research emphasis, extends problem-solving-oriented 
research, or develops alongside problem solving is therefore essential to understanding the 

conceptual evolution of PBL research in physics education. 

Addressing this gap, the present study examines the relationship and temporal 
development of problem solving and collaborative learning within the broader bibliometric 

landscape of PBL research in physics education. Unlike previous studies that mainly mapped 
general publication trends, research productivity, citation patterns, and the development of PBL 

and PjBL, this study emphasizes the conceptual relationship between these two learning 

dimensions. Bibliometric analysis is used to examine publication productivity, citation 
patterns, scientific collaboration, keyword co-occurrence, and temporal keyword development. 

The novelty lies in integrating performance analysis, keyword co-occurrence mapping, and 
temporal comparison to investigate the position, connectivity, and relative prominence of 

problem solving and collaborative learning in PBL research. Specifically, keyword co-

occurrence analysis identifies their connections within the research network, while temporal 
analysis examines changes in their relative prominence across publication periods. Importantly, 

thematic shifts are not inferred solely from the emergence of keywords, network positions, or 
overlay colors but require evidence of changes in relative frequency or prevalence over time, 

considering overall publication growth. This approach provides an evidence-based 
understanding of whether collaborative learning reflects a shift in research emphasis, an 

expansion of problem-solving themes, or the parallel development of both dimensions. 

Based on these considerations, this study aims to map the development of Problem-Based 
Learning research in physics education through bibliometric analysis, with particular attention 

to publication trends, citation patterns, dominant research themes, scientific collaboration, and 
the relationship between problem solving and collaborative learning. More specifically, this 

study addresses four research questions: 

1. How has PBL research in physics education developed in terms of publication trends and 
citation patterns during the period 2015–2026? 

2. What are the dominant research themes, and how are problem solving and collaborative 
learning positioned within the keyword co-occurrence network? 

3. How have problem solving and collaborative learning developed across publication 

periods, and does their relative prominence provide evidence of a thematic shift? 
4. What patterns of scientific collaboration, geographical contributions, and disciplinary 

contributions characterize this research field? 
By addressing these research questions, this study seeks to provide a more focused 

understanding of the conceptual and temporal development of PBL research in physics 

education. The findings are expected to contribute to the bibliometric understanding of how 
cognitive and social dimensions of learning are represented and interconnected in the research 

literature. Furthermore, the study is expected to identify research directions and opportunities 
for future investigations into the integration of problem solving, collaborative learning, and 

purposeful technology use in physics education. 

METHODS 
This study employed a quantitative bibliometric research design to examine the 

development of Problem-Based Learning (PBL) research in physics education. The analysis 
focused on publication trends, research productivity, citation patterns, scientific collaboration, 
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and the development of research themes, particularly problem-solving and collaborative 

learning. Bibliometric analysis enables the systematic evaluation of scientific publications 
through metadata such as authors, citations, affiliations, and keywords, thereby facilitating the 

identification of publication trends, research productivity, collaboration networks, and the 
intellectual structure of a research field. 

This study integrated performance analysis and science mapping to provide a 

comprehensive overview of the development of PBL research in physics education. 
Performance analysis was employed to examine research productivity and impact, including 

publication trends, authors, countries, institutions, and publication sources, whereas science 
mapping was used to visualize relationships among research elements and reveal the 

conceptual structure of the research field (Lyu et al., 2024; Singh et al., 2021). Bibliographic 

data were retrieved from the Scopus database on October 4, 2026. Scopus was selected because 
it provides bibliographic metadata required for publication and citation analyses. The search 

was conducted using the TITLE-ABS-KEY field, which covers publication titles, abstracts, 
and keywords. 

The literature identification process began with an initial search using the query TITLE-

ABS-KEY (("problem-based learning" OR PBL) AND ("education" OR "learning")), which 
yielded 30,247 records. The results were subsequently restricted to publications from 2015 to 

2026, resulting in 18,734 records, while 11,513 records outside the specified publication period 
were removed. The search was then refined to focus specifically on physics education using 

the query TITLE-ABS-KEY (("problem-based learning" OR PBL) AND ("physics education" 

OR "physics learning")). This refinement yielded 113 records, while 18,621 records were 
outside the refined search scope. These 113 records constituted the final dataset for the main 

bibliometric analysis. 
The literature identification and selection process was presented using the PRISMA 

framework (Anugrah et al., 2026), as illustrated in Figure 1.  

 
Note: All 113 records were retained for the main bibliometric analysis. The five most-cited publications were 
selected separately for supplementary analysis 

Figure 1. PRISMA for Systematic Literature Review Information Flow 

Following the establishment of the main dataset, a supplementary citation-based 
selection was conducted using the Highest Cited feature available in Scopus. This feature 

returned 69 records from the initial dataset of 113 publications, while the remaining 44 records 
were not retained in this citation-based subset. Subsequently, the five publications with the 

highest citation counts were selected for a more focused examination of influential studies in 
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PBL research in physics education. It is important to distinguish that all 113 records were 

retained for the main bibliometric analysis, whereas the five most-cited publications were 
selected separately for supplementary analysis. Therefore, the citation-based selection did not 

reduce or replace the main bibliometric dataset. The reduction in records during the 
publication-year and research-scope refinement stages represents the application of database 

search restrictions rather than manual exclusion following full-text assessment. 

The bibliographic records were exported from Scopus in CSV format and used for 
subsequent analyses, including publication trends, document types, publication sources, 

country distribution, scientific collaboration, keyword co-occurrence, and thematic 
development. 

The bibliometric analysis was conducted using VOSviewer and the Bibliometrix 

package. VOSviewer was used to visualize collaboration networks among authors, institutions, 
and countries, citation relationships, and keyword co-occurrence (Dang et al., 2025; Dewi & 

Rahayu, 2024). Meanwhile, the Bibliometrix package was used for descriptive analyses, 
including annual publication trends, publication source impact, author productivity, and the 

development of research themes (Khanra et al., 2022). Both tools were applied to the same 

dataset of 113 publications to maintain consistency across the analyses. 
The data analysis comprised several interconnected procedures. First, performance 

analysis was conducted to identify annual publication trends, document types, publication 
sources, author productivity, citation patterns, and country distribution. This analysis provided 

an overview of research productivity and the contributions of different authors, countries, and 

publication sources to the development of PBL research in physics education. Second, 
scientific collaboration analysis was performed to examine relationships among authors, 

institutions, and countries based on their publication records. Third, keyword co-occurrence 
analysis was conducted to identify dominant research topics and the relationships among 

keywords within the PBL research landscape in physics education. Particular attention was 
given to problem solving and collaborative learning as two distinct but potentially 

interconnected research themes. Their occurrence and interconnections within the keyword 

network were examined to understand their respective positions and relationships in the 
research field. 

Furthermore, thematic development was examined through the temporal distribution of 
keywords to identify how research topics were represented across publication periods. 

Particular attention was given to the development of problem solving and collaborative 

learning and their relative positions within the research landscape. The temporal keyword 
visualization was interpreted by considering the average publication year associated with the 

keywords and their relationships within the network. However, the emergence of a keyword, 
its network position, or its overlay color alone was not considered sufficient evidence of a 

thematic shift. Instead, the temporal findings were interpreted cautiously to distinguish between 

the emergence of newer research topics, the expansion of existing themes, and the possible 
development of different research emphases over time. 

In addition to the main bibliometric analysis, a separate citation-based examination was 
conducted to identify influential publications. The five publications with the highest citation 

counts, selected from the 69 records returned by Scopus's Highest Cited feature, were examined 

in terms of their research focus, findings, and contributions to PBL in physics education. These 
publications were presented in Table 2 (Overview of Most Cited Papers) to provide further 

insight into influential research directions and developments in the field. Citation information 
was based on the Scopus records retrieved on October 4, 2026. 

RESULTS AND DISCUSSION 

Result 

This section presents the results of the bibliometric analysis of Problem-Based Learning 

(PBL) research in physics education during the period 2015–2026. The analysis focuses on 
publication trends, document characteristics, geographical distribution, publication sources, 
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subject areas, scientific collaboration, and keyword co-occurrence patterns. Particular attention 

is given to the relationship and temporal development of problem solving and collaborative 
learning as two important dimensions of PBL research. The findings are presented through 

performance analysis and science mapping to provide an overview of the development, 
research structure, and emerging directions within the field. Furthermore, the five most-cited 

publications are examined to highlight influential contributions to PBL research in physics 

education. 

 
Figure 2. Annual Publication Trends on PBL in Physics Education (2015–2026) 

The annual distribution of publications provides an overview of the development of 

Problem-Based Learning (PBL) research in physics education between 2015 and 2026. As 

presented in Figure 2, the publication output demonstrates a fluctuating pattern throughout the 
observation period. No publications were recorded in 2015, followed by three publications in 

2016 and four in 2017. The number subsequently declined to two publications in 2018 before 
increasing considerably to 13 publications in 2019. Publication output then decreased to six 

publications in 2020 and increased to 16 publications in 2021. A similar fluctuation continued, 

with eight publications in 2022, rising to 16 in 2023, declining to eight in 2024, and increasing 
again to 15 publications in 2025. By October 4, 2026, a total of 22 publications had been 

recorded, representing the highest number observed in the dataset. However, this figure should 
be interpreted cautiously because the data collection was conducted before the end of 2026 and 

therefore does not represent a complete annual publication count. Overall, the findings indicate 

that PBL research in physics education has maintained a recurring publication presence since 

2016, although its annual output has varied considerably across the observation period. 

 
Figure 3. Distribution of Document Types in PBL Research in Physics Education (2015–2026) 

The distribution of document types provides an overview of the forms of scholarly 

publications contributing to PBL research in physics education. As shown in Figure 3, the 113 
publications are classified into eight document types, with journal articles representing the 

largest proportion, accounting for 56 publications (49.56%). Conference papers constitute the 
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second-largest category, with 48 publications (42.48%). Meanwhile, review articles account 

for three publications (2.65%), followed by two conference reviews (1.77%). Books, book 
chapters, data papers, and errata each contribute one publication (0.88%). These findings 

indicate that journal articles and conference papers collectively account for 104 publications, 
representing 92.04% of the total dataset. The substantial representation of both document types 

suggests that research on PBL in physics education is disseminated through journal 

publications as well as academic conference proceedings. The relatively small number of 
review articles and other publication types indicates that these formats constitute a smaller 

proportion of the retrieved literature. 

 
Figure 4. Top Contributing Countries 

The geographical distribution of publications provides an overview of the countries 
contributing to PBL research in physics education. As presented in Figure 4, Indonesia 

demonstrates the largest contribution, with 66 publications, representing approximately 58.4% 
of the total dataset of 113 documents. This contribution is considerably higher than that of the 

United States, which accounts for four publications, followed by China and Kazakhstan with 

three publications each. Meanwhile, Brazil, Ecuador, Ethiopia, Japan, the Russian Federation, 
Rwanda, Singapore, South Africa, Spain, and Uganda each contribute two publications. In 

addition, four records are categorized as undefined due to the absence of identifiable country 
information in the corresponding affiliation data. The substantial difference between Indonesia 

and the other contributing countries indicates a considerable geographical concentration of 

PBL research in physics education within the analyzed dataset. Although several countries have 
contributed to this research area, their publication outputs remain relatively limited compared 

with Indonesia. This distribution highlights the importance of expanding international research 
contributions and collaboration to provide broader geographical perspectives on the 

development of PBL in physics education. 

 
Figure 5. Document per Year by Source 
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The distribution of publications by source provides further insight into the development 

and dissemination of PBL research in physics education across different publication outlets. 
As illustrated in Figure 5, the publication patterns vary among sources throughout the 

observation period. The Journal of Physics: Conference Series demonstrates the most 
prominent contribution during the earlier years, reaching its highest output of seven 

publications in 2019. Its publication output subsequently fluctuated, with four publications in 

2020 and six in 2021, before declining to two publications in 2022 and one publication in 2023. 
In contrast, AIP Conference Proceedings shows a more recent contribution, with publications 

appearing from 2021 and increasing to four documents in 2023 and five in 2026. Similarly, 
Physics Education demonstrates a recent increase, from one publication in 2025 to three 

publications in 2026. Other sources, including Eurasia Journal of Mathematics, Science and 

Technology Education, Top Conference Series Earth and Environmental Science, Journal of 
Science Education and Technology, Journal for the Education of Gifted Young Scientists, 

International Journal of Learning, Teaching and Educational Research, and International 
Journal of Innovation in Science and Mathematics Education, contribute relatively small 

numbers of publications across the observation period. Overall, these findings indicate that 

PBL research in physics education has been disseminated through various publication outlets, 
particularly conference proceedings and academic journals, with different sources 

demonstrating distinct patterns of publication activity over time. However, the publication 
figures for 2026 should be interpreted as provisional because the bibliographic data were 

retrieved on October 4, 2026, before the end of the publication year.. 

 
Figure 6. Distribution by Subject Area 

The distribution of publications by subject area provides an overview of the disciplinary 
perspectives contributing to PBL research in physics education. As presented in Figure 6, 

Physics and Astronomy represents the largest subject area, accounting for 30.3% of the 

publications, followed by Social Sciences at 25.3%. Computer Science contributes 8.4%, while 
Engineering accounts for 4.5%. Earth and Planetary Sciences and Psychology each represent 

3.9%, followed by Environmental Science and Mathematics at 3.4% each. Business, 
Management and Accounting contributes 2.8%, while Medicine accounts for 2.2%. Other 

subject areas collectively represent 11.8% of the publications. The predominance of Physics 

and Astronomy reflects the central disciplinary context of the analyzed research, while the 
substantial contribution of Social Sciences highlights the educational and pedagogical 

dimensions of PBL implementation. Furthermore, the presence of Computer Science, 
Engineering, Mathematics, and Psychology indicates that PBL research in physics education 

also intersects with broader disciplinary perspectives related to technology, scientific problem-

solving, and learning processes. Overall, the distribution demonstrates the multidisciplinary 
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character of PBL research in physics education, although its primary contributions remain 

concentrated in Physics and Astronomy and Social Sciences. 

 
Figure 7. Keyword Co-Occurance Network Visualization 

The keyword branch analysis provides further insight into the conceptual relationships 

among research themes in PBL research in physics education, as illustrated in Figure 7. Several 

interconnected thematic branches can be identified, particularly those involving problem-based 
learning, physics learning, problem solving, and physics education. The first branch connects 

physics learning with problem solving and creative thinking, indicating the relationship 
between physics learning activities and the development of students' problem-solving and 

higher-order thinking skills. The second branch illustrates a direct connection between problem 

solving and collaborative learning, suggesting that these two dimensions are represented within 
an interconnected research structure. This relationship is particularly relevant because problem 

solving emphasizes the cognitive processes involved in identifying, analyzing, and resolving 
problems, whereas collaborative learning focuses on social interaction, idea exchange, and 

collective knowledge construction. The third branch connects collaborative learning and 

problem solving with attitude and academic achievement, indicating that research on PBL also 
addresses students' learning experiences and educational outcomes. In addition, the appearance 

of specific physics topics, such as dynamic fluids, illustrates the application of PBL across 
different physics learning contexts. 

Taken together, the keyword branches indicate that problem solving and collaborative 

learning are interconnected research dimensions within the broader conceptual structure of 
PBL in physics education. The presence of problem solving across several thematic 

connections suggests its continuing relevance, while its association with collaborative learning 
demonstrates that research attention also encompasses the social processes involved in 

learning. However, these network relationships indicate thematic connectivity rather than a 

chronological transition from one research focus to another. Therefore, the findings are more 
appropriately interpreted as evidence of the coexistence and potential expansion of cognitive 

and social dimensions within PBL research, rather than a confirmed shift from problem solving 
toward collaborative learning. 

Table 1. Top 5 Keyword by Author 

Keywords Occurrences Total Link Strength 

Students 40 530 

Problem Based Learning 37 490 
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Keywords Occurrences Total Link Strength 

Physics Education 29 271 

Problem-Based Learning 29 260 

Physics Learning 25 251 

The most significant keywords are identified based on their total link strength, reflecting 

the strength of their connections within the research network, with students emerging as the 
most strongly connected keyword with a total link strength of 530, followed by problem-based 

learning (490). Physics education and problem-based learning also demonstrate strong 

connectivity, with total link strengths of 271 and 260, respectively, while physics learning 
records a total link strength of 251. The high link strength of students indicates its central 

position within the research network, while the strong connectivity of both problem-based 
learning and problem-based learning reflects the central role of PBL as the primary research 

topic. Meanwhile, physics education and physics learning demonstrate strong relationships 

with the PBL-related keywords, confirming the close connection between PBL and the physics 
education context. Overall, the keyword network is primarily centered on students, Problem-

Based Learning, and physics education, providing a basis for further examination of the 
thematic branches and keyword relationships within the research domain, as presented in 

Figure 7. 

 
Figure 8. Branches Keywords 

The keyword branch analysis reveals several interconnected thematic branches centered 
on problem-based learning, physics learning, problem solving, and physics education. The first 

highlighted branch connects physics learning with problem solving and creative thinking, 

indicating a thematic relationship between PBL-based physics learning and the development 
of problem-solving and higher-order thinking-related outcomes. The second branch shows a 

direct connection between problem solving and collaborative learning, demonstrating that both 
themes occur within the same research network rather than developing as isolated research 

topics. The third branch further connects collaborative learning and problem solving with 

attitude and academic achievement, indicating the expansion of PBL research toward learning 
processes and student outcomes beyond problem-solving performance alone. In addition to 

these major branches, specific physics topics such as dynamic fluids also appear within the 
network, showing that PBL research has been applied to different physics learning contexts. 

The presence of problem solving across multiple branches, together with its connection to 

collaborative learning, provides evidence of an interconnected thematic development in PBL 
research in physics education. Overall, the keyword branches illustrate a research landscape 
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that connects PBL with problem solving as a prominent theme while increasingly incorporating 

collaborative learning and related student outcomes, supporting the coexistence and potential 
integration of problem solving and collaborative learning as interconnected cognitive and 

social dimensions within PBL research. 

Table 2. Overview of Most Cited Papers 

Author (s) Citation; SJR Research Findings and Recommendation 

(Fidan & 

Tuncel, 2019) 

407; 4.434 (Q1) This study investigated the integration of augmented reality 

into problem-based learning in physics education. The 

findings indicated that AR-supported PBL could improve 

students’ learning achievement, attitudes, and retention 

compared with conventional approaches. The study 

demonstrates the potential of combining technology with 

PBL to create more engaging and contextualized physics 

learning experiences. Future research can further examine the 

integration of AR with PBL across different physics topics 

and learning contexts. 
(Argaw et al., 

2016) 

147; 0.693 (Q2) This study investigated the effect of PBL instruction on 

students’ motivation and problem-solving skills in physics 

using a quasi-experimental design involving 81 grade 12 

students. The findings showed a statistically significant 

difference in problem-solving skills between the experimental 

and comparison groups, with a positive effect of PBL on 

students’ problem-solving performance. However, the 

difference in students’ motivation to learn physics was not 

statistically significant. The study highlights the potential of 

PBL to improve problem-solving skills in physics education, 

while emphasizing the need for careful implementation to 

support students’ learning motivation. 

(Anwar et al., 

2019) 

95; 0.693   (Q2) This study compared the ARIAS and PBL learning models in 

teaching temperature and heat concepts to high school 

students using a quasi-experimental design. The results 

revealed a significant difference in students’ conceptual 

mastery between the two learning models, with ARIAS 

showing greater effectiveness than PBL. The study reported 

an effect size of 0.45, indicating a medium effect. These 

findings suggest that the selection of instructional models 

should consider the specific learning objectives and students’ 

conceptual needs. Further research could explore the 

implementation of PBL across different physics topics and 

learning contexts to examine its effectiveness more broadly. 

(Lai & 

Cheong, 2022) 

63; 0.884   (Q1) This review study examines the development and 

implementation of augmented reality (AR) in education, with 

particular emphasis on physics education. The study 

highlights the potential of AR to support virtual laboratories, 

interactive problem-based learning, visualization, and access 

to learning resources beyond conventional classroom settings. 

However, the authors emphasize that existing AR 

implementations have not yet demonstrated sufficient 

evidence to conclude that AR has fundamentally transformed 
physics teaching and learning. Challenges related to 

pedagogical implementation, educator readiness, technical 

considerations, and evaluation remain important areas for 

further research. 

(Ceberio et al., 

2016) 

52; 1.740   (Q1) This study developed simulation-based teaching materials to 

improve problem-solving skills in university-level physics. 

The findings showed that a significant proportion of students 
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Author (s) Citation; SJR Research Findings and Recommendation 

using the simulation-based materials adopted scientific 

problem-solving procedures, including qualitative analysis, 

hypothesis formulation, and analysis of results. The 

experimental group also achieved better results in solving 

standard textbook problems than students receiving 

conventional instruction. Most students expressed satisfaction 

with the simulation-based methodology and showed a 

favorable attitude toward learning problem-solving. The 

study suggests that interactive simulations can support the 

development of systematic problem-solving strategies in 

physics education. 

The analysis of the five most-cited publications provides further insight into influential 
contributions and research directions in Problem-Based Learning (PBL) research in physics 

education. As presented in Table 2, Fidan and Tuncel (2019) received the highest number of 
citations, with 407 citations, followed by Argaw et al. (2016) with 147 citations and Anwar et 

al. (2019) with 95 citations. Meanwhile, Lai and Cheong (2022) received 63 citations, while 

Ceberio et al. (2016) received 52 citations. These publications address different aspects of PBL 
and physics learning, including problem-solving skills, conceptual understanding, technology-

supported instruction, and simulation-based learning. 
Regarding their research contributions, Fidan and Tuncel (2019) investigated the 

integration of augmented reality (AR) into PBL and reported improvements in students' 

learning achievement, attitudes, and retention. Argaw et al. (2016) examined the effects of PBL 
on students' motivation and problem-solving skills in physics. Their findings indicated a 

statistically significant improvement in problem-solving skills, although the difference in 
students' motivation was not statistically significant. In contrast, Anwar et al. (2019) compared 

the ARIAS and PBL instructional models in teaching temperature and heat concepts and found 
that ARIAS produced greater conceptual mastery than PBL, with a medium effect size. This 

finding indicates that the effectiveness of an instructional model may depend on the intended 

learning outcomes and the characteristics of the subject matter. Meanwhile, Lai and Cheong 
(2022) reviewed the application of augmented reality in education, particularly its potential to 

support virtual laboratories, interactive problem-based learning, and visualization in physics 
education. However, they also highlighted that existing evidence was insufficient to conclude 

that AR had fundamentally transformed physics teaching and learning. Furthermore, Ceberio 

et al. (2016) demonstrated that simulation-based teaching materials could support systematic 
problem-solving procedures, including qualitative analysis, hypothesis formulation, and the 

interpretation of results. 

Taken together, these publications highlight the continued importance of problem solving 

in PBL research in physics education, alongside investigations into technology-supported and 

simulation-based learning environments. Nevertheless, the findings should be interpreted 
within the scope of the five selected publications and should not be generalized as representing 

the entire research field. In particular, the presence of augmented reality and simulation-based 
studies among highly cited publications indicates their scholarly visibility but does not, by 

itself, establish a general shift toward technology-enhanced PBL. Similarly, although problem 

solving is explicitly addressed in several of these studies, the selected publications provide 
limited direct evidence regarding how collaborative learning is integrated with problem-

solving activities. This observation identifies an opportunity for further investigation into the 
relationship between cognitive processes and social interaction in PBL-based physics learning. 

Discussion 

The findings demonstrate that Problem-Based Learning (PBL) research in physics 
education has maintained a consistent presence during the 2015–2026 observation period, 

although annual publication output fluctuated considerably. Regarding publication 
productivity, several periods of increased research activity were identified, particularly in 2019, 
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2021, 2023, and 2025. The 22 publications recorded in 2026 represent the highest number in 

the dataset; however, this figure should be interpreted cautiously because data collection was 
conducted on October 4, 2026, before the completion of the publication year. These 

fluctuations indicate that research interest in PBL has not developed linearly but has remained 
an active area of investigation. This sustained scholarly attention may be associated with the 

relevance of PBL to the characteristics of physics education, which requires students to 

interpret natural phenomena, apply scientific concepts, analyze information, and develop 
solutions to contextual problems. By presenting authentic problems as the starting point for 

investigation, PBL provides opportunities for students to engage in scientific inquiry, critical 
thinking, and problem-solving activities. This interpretation is consistent with previous studies 

reporting the potential of PBL to improve conceptual understanding, critical thinking, and 

problem-solving skills in physics education (Ayu et al., 2024; Gumisirizah et al., 2023). 
Therefore, the publication trend reflects the continuing scholarly relevance of PBL in 

addressing the cognitive and contextual demands of physics learning rather than demonstrating 
a continuous increase in research productivity. 

Regarding the intellectual development and citation patterns of the field, the five most-

cited publications reveal influential contributions addressing problem-solving skills, 
conceptual understanding, learning outcomes, and technology-supported instruction. Fidan and 

Tuncel (2019) received the highest citation count, with 407 citations, demonstrating substantial 
scholarly visibility for research integrating augmented reality (AR) with PBL. Argaw et al. 

(2016) received 147 citations and contributed empirical evidence concerning the development 

of physics problem-solving skills through PBL. Meanwhile, Anwar et al. (2019), with 95 
citations, provided a comparative perspective by demonstrating that the ARIAS instructional 

model produced greater conceptual mastery than PBL in teaching temperature and heat. Lai 
and Cheong (2022) discussed the potential and limitations of augmented reality in educational 

settings, while Ceberio et al. (2016) demonstrated the contribution of interactive simulations 
to systematic problem-solving processes in physics. Collectively, these publications indicate 

that influential contributions to PBL research encompass both established pedagogical 

concerns, particularly problem solving and conceptual understanding, and the exploration of 
technology-supported learning environments. However, citation counts represent scholarly 

visibility rather than direct measures of research quality or instructional effectiveness. 
Differences in publication years must also be considered because earlier publications have had 

longer periods to accumulate citations. Consequently, the citation patterns provide insight into 

influential research contributions without necessarily establishing the relative effectiveness or 
dominance of particular instructional approaches. 

The keyword co-occurrence analysis further identifies the dominant research themes and 
their conceptual relationships within PBL research in physics education. The prominence of 

problem-based learning, problem based learning, physics education, physics learning, and 

students indicates that the research landscape is primarily organized around the instructional 
model, its disciplinary context, and the learners involved. Among these themes, problem 

solving occupies an important position through its connections with physics learning, creative 
thinking, and other learning-related concepts. Collaborative learning and collaborative skills 

are also connected to the central keyword network, demonstrating that PBL research 

encompasses social and interactive dimensions in addition to cognitive learning processes. The 
keyword branch analysis further identifies a direct relationship between problem solving and 

collaborative learning, with additional connections to attitude and academic achievement. This 
relationship is theoretically meaningful because problem solving emphasizes the cognitive 

processes involved in identifying problems, analyzing information, developing strategies, and 

evaluating solutions, whereas collaborative learning emphasizes interaction, information 
exchange, negotiation, and collective knowledge construction. These findings are consistent 

with Hmelo-Silver et al. (2023), who emphasize interaction and knowledge construction in 
problem-based learning environments, and Koriťáková et al. (2023), who highlight the 
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importance of collaborative processes in learning. Thus, the findings suggest that problem 

solving and collaborative learning represent distinct but interconnected dimensions within the 
conceptual structure of PBL research in physics education. 

The temporal keyword analysis provides further insight into how these research themes 
are positioned across publication periods. Keywords such as problem solving, physics learning, 

and dynamic fluids appear within relatively earlier-to-middle average publication-year ranges, 

whereas collaborative skills, collaborative settings, AI literacy, and digital literacy are 
associated with relatively newer average publication-year ranges. This pattern indicates 

differences in the temporal positioning of established and relatively recent research topics. In 
particular, the appearance of collaborative and competency-related keywords suggests that 

PBL research encompasses broader learning dimensions beyond the investigation of problem-

solving outcomes alone. Nevertheless, the temporal positioning of keywords in the overlay 
visualization does not independently demonstrate an increase in their publication frequency or 

establish a chronological shift in research emphasis. Therefore, the findings should be 
interpreted as evidence of thematic development and potential expansion rather than a 

confirmed transition from problem solving toward collaborative learning. This distinction is 

important because both themes may develop simultaneously, overlap within individual 
publications, and contribute to different aspects of PBL implementation. The relationship 

between problem solving and collaborative learning is consequently better understood as the 
coexistence and potential integration of cognitive and social dimensions of learning. This 

interpretation is consistent with Xu et al. (2023), who discuss the contribution of collaborative 

problem solving to critical thinking, suggesting that problem-solving processes can also be 
examined through the interaction and shared reasoning involved in collaborative learning. 

The relationship between these two dimensions can be further explained through the 
instructional characteristics of PBL. Students generally engage in group activities to identify 

problems, exchange information, investigate possible explanations, evaluate alternatives, and 
develop solutions. These activities require individual cognitive engagement as well as 

meaningful social interaction. Consequently, the development of problem-solving abilities in 

PBL cannot be understood solely through individual performance because collaborative 
processes also provide opportunities for students to articulate ideas, evaluate different 

perspectives, and construct shared understanding. Hmelo-Silver et al. (2023) emphasize the 
importance of interaction and knowledge construction in problem-based learning, while 

Koriťáková et al. (2023) and Wijaya et al. (2024) highlight the contribution of collaborative 

processes to learning activities. Furthermore, effective collaboration requires appropriate 
instructional design and teacher facilitation to ensure that group interaction contributes 

meaningfully to learning objectives (Dinil Arifah et al., 2024; Rahmadani et al., 2026). 
Accordingly, the connection between problem solving and collaborative learning identified in 

this study provides a conceptual basis for future investigations into how collaborative 

interaction can support students' processes of investigating and solving physics-related 
problems. 

The geographical and disciplinary distributions provide additional perspectives on the 
development of PBL research in physics education. Indonesia represents the largest 

contribution in the analyzed dataset, with 66 publications, followed by the United States with 

four publications, while several other countries contribute smaller numbers of publications. 
This distribution demonstrates a substantial geographical concentration of the retrieved 

literature in Indonesia. Although contributions from other countries indicate the international 
presence of PBL research, the differences in publication output highlight opportunities to 

broaden geographical representation and comparative research. Such comparisons are relevant 

because educational curricula, classroom practices, teacher preparation, and available learning 
resources may influence how PBL is implemented across different educational contexts. 

Regarding disciplinary contributions, Physics and Astronomy represents the largest subject 
area, accounting for 30.3% of publications, followed by Social Sciences at 25.3%. 
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Contributions from Computer Science, Engineering, Mathematics, Psychology, and other 

disciplines further demonstrate the multidisciplinary context of PBL research. The 
predominance of Physics and Astronomy reflects the disciplinary foundation of the analyzed 

literature, whereas the substantial contribution of Social Sciences highlights its pedagogical 
and educational dimensions. The presence of computing and engineering-related research also 

indicates connections with technological and interdisciplinary learning contexts. However, 

geographical and subject-area distributions describe the characteristics of the retrieved Scopus 
dataset and should not be interpreted as direct measures of the quality of PBL implementation 

or educational outcomes in individual countries. 
The geographical and subject-area distributions reveal both opportunities and limitations 

in the development of PBL research. Indonesia contributes 66 publications, considerably 

exceeding the contributions of other countries, indicating a strong national contribution but 
also an uneven international distribution. Differences in curriculum, classroom culture, teacher 

preparation, and educational resources may influence how PBL and collaborative learning are 
implemented across contexts, highlighting the need for broader international and comparative 

research. In addition, although Physics and Astronomy dominates the subject distribution, 

contributions from Social Sciences, Computer Science, Engineering, Mathematics, and 
Psychology demonstrate the multidisciplinary character of PBL research. The emergence of AI 

literacy and digital literacy further indicates potential directions for future research. Overall, 
the field is moving toward the integration of problem solving, collaborative learning, and 

technology-supported competencies. However, research that simultaneously integrates these 

dimensions remains limited. Future studies should therefore examine how collaborative 
processes can be deliberately designed within PBL to strengthen problem solving across 

diverse physics topics, educational contexts, and technological environments. 
Overall, the findings indicate emerging research interests in the integration of problem 

solving, collaborative learning, and technology-supported competencies. The principal 
contribution of this study lies in examining problem solving and collaborative learning as 

distinct but interconnected research dimensions within the broader PBL research landscape . 

While problem solving remains an established and prominent theme, its connection with 
collaborative learning indicates the relevance of examining how cognitive processes and social 

interaction operate together in physics learning. The relatively newer positioning of 
collaborative skills, collaborative settings, AI literacy, and digital literacy also suggests 

opportunities to broaden research attention toward collaborative and competency-oriented 

learning environments. However, the available bibliometric evidence does not establish that 
collaborative learning has replaced problem solving or that a statistically verified thematic shift 

has occurred. Instead, it highlights the possibility of thematic expansion and coexistence, 
providing a basis for future empirical research examining how PBL can integrate problem-

solving activities, collaborative learning, and purposeful technology use across different 

physics topics and educational contexts. 

CONCLUSION 

This bibliometric study mapped the development of Problem-Based Learning (PBL) 
research in physics education from 2015 to 2026, with particular attention to the relationship 

between problem solving and collaborative learning. The findings indicate that PBL research 

has continued to expand, with problem solving remaining a central and established research 
focus. At the same time, the emergence of keywords such as collaborative skills, collaborative 

settings, AI literacy, and digital literacy indicates a broadening of research interests toward 
more collaborative, competency-oriented, and technology-supported learning environments. 

The keyword co-occurrence and branch analyses identify problem solving as an 

established research dimension that is conceptually connected to collaborative learning. These 
findings indicate that cognitive processes and social interactions are interconnected within the 

broader PBL research landscape. The temporal keyword visualization also reveals differences 
in the average publication periods of these themes, with collaborative skills, collaborative 
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settings, AI literacy, and digital literacy appearing among relatively newer research interests. 

However, the available bibliometric evidence does not establish a confirmed thematic shift 
from problem solving toward collaborative learning. Instead, the findings suggest the 

coexistence and potential expansion of research interests toward broader cognitive, social, and 
competency-related dimensions of PBL. 

Regarding geographical and disciplinary contributions, Indonesia represents the largest 

contributor to the analyzed publication dataset, while Physics and Astronomy and Social 
Sciences constitute the two most prominent subject areas. Contributions from Computer 

Science, Engineering, Mathematics, Psychology, and other disciplines further demonstrate the 
multidisciplinary character of PBL research in physics education. Meanwhile, highly cited 

publications addressing augmented reality and interactive simulations indicate scholarly 

interest in technology-supported learning, although citation prominence alone does not 
establish the effectiveness or dominance of these approaches. 

The principal contribution of this study is its focused examination of problem solving 
and collaborative learning as distinct but interconnected dimensions of PBL research in physics 

education. By combining performance analysis, keyword co-occurrence mapping, and 

temporal keyword visualization, this study provides a more focused understanding of their 
conceptual relationships and temporal positioning within the research landscape . These 

findings provide a basis for future research to investigate how collaborative learning can be 
systematically integrated into problem-solving activities through PBL, particularly across 

different physics topics and educational contexts. Further empirical studies are needed to 

examine how the quality of collaborative interaction contributes to students' problem-solving 
performance, conceptual understanding, and other higher-order competencies. Research should 

also explore purposeful technology integration that supports meaningful investigation, 
interaction, and knowledge construction rather than treating technology as an independent 

instructional objective. 

RECOMMENDATION 

Future research is recommended to move beyond examining the effectiveness of 

Problem-Based Learning (PBL) primarily in terms of problem-solving outcomes by 
investigating how collaborative learning and collaborative skills can be systematically 

integrated into PBL. Researchers should also explore the use of technology-supported PBL, 
including augmented reality, interactive simulations, and emerging digital technologies, while 

ensuring that technology serves clear pedagogical purposes rather than functioning only as an 

additional learning medium. Further studies should examine PBL across a wider range of 
physics topics, educational levels, and geographical contexts to strengthen the generalizability 

of existing findings. In addition, empirical studies with rigorous research designs are needed to 
investigate how collaborative processes within PBL contribute to students’ problem-solving 

performance and other higher-order competencies. Greater international collaboration is also 

encouraged to address the geographical concentration of publications, particularly the strong 
contribution from Indonesia. Overall, future research should develop integrated PBL 

frameworks that connect problem solving, collaborative learning, and purposeful technology 
integration to support more comprehensive learning outcomes in physics education. 
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