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Abstract: The purpose of this study is to describe research trend data related to the 
implementation of PBL in science education. Article metadata was collected from the 
SCOPUS database, and 131 relevant articles were selected in 2013-2022. Data were 
analyzed using the Systematic Literature Network Analysis (SLNA) method with the 
VOSViewer application. Variables of bibliometric analysis, such as the number of articles 
and citations each year, the journals and authors with the most publications, countries, and 
networks of authors' cooperation, were determined based on metadata and analyzed 
descriptively. This research shows that the number of PBL research articles in science 
education during the 2013-2022 period fluctuated and tended to increase. The top 
keywords with the highest link strength are science, teacher, and technology. Recent 
research focuses on modules/e-modules, scientific literacy, natural science, and physics as 
important keywords. Future research related to the use of PBL learning has the potential 
to be developed in physics material and focuses on developing 21st-century skills such as 
creative thinking, critical thinking, communication, and collaboration. In addition, further 
research can focus on developing the knowledge and skills of prospective teachers in 
implementing PBL models that are integrated with 21st-century skills.  
 
Keywords: bibliometric; problem-based learning; science education. 

  

 

Introduction 
  

Problem-Based Learning (PBL) is an innovative 
learning model that can improve the quality of 
education from the elementary to the tertiary level 
through an emphasis on problem-solving and higher-
order thinking (Amin et al., 2020; Anggraeni et al., 2023). 
PBL is not a new model and was first developed by 
Barrows in the study of medical science in the 1960s. The 
development of PBL then penetrated other disciplines, 
such as social sciences, business education, architecture, 
engineering, and science education. John Dewey 
introduced PBL in education. According to Dewey 
(Shishigu et al., 2018), in problem-based learning, there 
is an interaction between stimuli and responses in the 
learning environment. Relevant problems are 

introduced at the beginning of the learning cycle, which 
provide context and motivation in subsequent learning. 
Dewey assumed that learning through problem-solving, 
critical thinking, and action would make learning better 
than memorizing facts. 

Problem-based learning (PBL) has influenced 
various fields over the last half-century, both in higher 
education and schools (Anggraeni et al., 2023). The 
results of PBL implementation show that PBL is an 
effective classroom teaching method that encourages 
active and meaningful learning in students. Over the 
past half century, researchers have demonstrated that 
PBL can be practically useful in enhancing students' 
cognitive skills and attitudes towards learning (Fidan & 
Tuncel, 2019). PBL is effective in improving problem-
solving skills (Simanjuntak et al., 2021; Khoiriyah & 
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Husamah, 2018, critical thinking (Ismail et al., 2018; 
Amin et al., 2020; Anggraeni et al., 2023), creative 
thinking (Yaman & Yalçın, 2020; Wartono et al., 2018; 
Khoiriyah & Husamah, 2018), and communication 
(Jdaitawi, 2020; Miner-Romanoff et al., 2019; Khodijah, 
2018). In addition, PBL can facilitate learners for lifelong 
learning through the development of self-regulation, 
inquiry, and metacognition. In other words, PBL does 
not only emphasize the acquisition of knowledge and 
skills, but also trains students to apply knowledge and 
skills in the real world or authentic contexts. 

In reviewing research on PBL, most of the research 
focuses on the effectiveness of PBL implementation 
(Shishigu et al., 2018), PBL implementation problems 
(Fadillah et al., 2019) such as perceptions students, tutor 
role, group processing skills and learning PBL problem 
design. The evolution of the knowledge base in problem-
based learning based on bibliometric results conducted 
by Hallinger (2021) shows that publications about PBL 
have continued to increase over the past ten years (2010-
2019), and most of them have been implemented in the 
medical/health education sector. The bibliometric 
results also show that PBL research is starting to shift 
towards learning student satisfaction, self-directed 
learning, self-efficacy, collaboration, and critical 
thinking. 

It appears that several scientific contributions 
related to PBL in various fields have been made but as 
far as we know, research that specifically discusses in 
depth the current PBL research trends in the field of 
science learning has not been carried out. Even though 
the implementation of PBL in science learning has a 
special place in the curriculum, especially in Indonesia. 
Many science education researchers carry out PBL 
learning innovations to improve students' science 
learning achievement. PBL is constructivism-based 
learning (Kuvac & Koc, 2018) which can increase 
conceptual understanding, help students apply physics 
principles well when learning, increase learning 
motivation (Shishigu et al., 2018), increase metacognitive 
awareness (Kuvac & Koc, 2018), improve critical 
thinking skills and care for the environment (Aufa, et al., 
2021). Therefore, to see new innovation opportunities in 
PBL research in the field of science education can be 
done by means of Systematic Literature Network 
Analysis (SLNA) (Khitous et al., 2020). 

Systematic Literature Network Analysis (SLNA) is 
a method for obtaining accurate and relevant data with 
a broader range. SLNA is a combination of Systematic 
Literature Review (SLR) and Bibliographical Analysis 
(BA), which aims to find and identify all material 
relevant to the topic to be studied systematically or 
following a set of procedures (Wahyudi et al., 2023). SLR 
identify where little or no relevant research has been 

conducted, necessitating new primary research. 
Traditionally in education, Newman & Gough (2020) 
revealed that literature reviews are useful in making 
claims regarding a known and unknown phenomenon, 
subject or topic, thereby opening up new research 
opportunities in education and teaching. A quantitative 
analytical method that reveals the bibliographical 
features of the literature is called BA. The bibliometric 
method is based on the principle of obtaining a general 
view of the subject area studied with bibliographic data 
obtained from databases and is mostly carried out for 
two purposes, namely performance analysis and 
scientific mapping. In bibliographic analysis, the 
performance of scientific publications of institutions or 
countries is determined, while scientific mapping 
reveals dynamics in scientific fields and the structure of 
these dynamics. 

Various tools such as quantitative bibliometrics, 
algorithms and software are implemented in SLNA. The 
result is a dynamic picture of the progress of research on 
the implementation of PBL in science education from 
time to time. The purpose of this study is to describe 
research trend data related to the implementation of PBL 
in the field of science education. The research questions 
are: 1) How are the citations of PBL publications and 
research articles in science education developed over 
time from 2013 to 2022?; 2) Who are the most influential 
authors and countries in the publication of articles on 
PBL in science education from 2013 to 2022?; 3) What are 
the most relevant keywords, and what patterns of 
occurrence can be found on the topic of PBL in science 
education? The results of this publication will contribute 
to finding topics that have been researched and useful 
for directing future studies of PBL in science education. 
 

Method  
 

This paper assesses the academic publications on 
PBL research in science education available in the 
Scopus bibliographical database (Goli & Haghighinasab, 
2022; Khitous et al., 2020; Thu et al., 2021). The Scopus 
database is declared as the largest database and is 
estimated to be 60% larger than the Web of Science 
(WoS) database (Khitous et al., 2020; Supriadi et al., 
2020). More than 77.8 million core records are contained 
in the Scopus database from various fields with various 
metadata and document types, both non-academic and 
academic fields (Nurdin et al., 2021; PhamDuc et al., 
2021; Singh et al., 2021). 

The articles in this study were selected and 
analyzed using the Systematic Literature Network 
Analysis (SLNA) method (Figure 1), which consists of 
two stages, namely SLR and BA. SLR to describe the 
scope of research and produce papers that are used as 
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input for the next step. SLR stages (Colicchia et al., 2019) 
include stages; 1) Scope of the analysis, to formulate 
research questions and to frame the correct literature 
review; 2) Locating Studies ("keywords, time, document 
type, language") using the Scopus database, 3) Selecting 
the body of literature using the criteria to use/not use 
the article. The output of this stage is a collection of 
selected articles to be analyzed in the next stage. Stages 
of Bibliographical Analysis and Visualization to describe 
emerging research trends using Citation Network 
Analysis and Keyword Co-occurrence Network. 

 

 

Figure 1. Steps and software used for the SLNA 

 
Data collection took place on January 19, 2023. For 

Data collection took place on January 19, 2023. For paper 
searches, a general set of criteria has been defined 
regarding recognized data, which includes the use of 
keywords in concurrence with binary operators such as 
“OR, AND, and AND-NOT”. In addition, we limited 
data assembly to research published in 2013-2022 
periode, and papers published in journals and 
proceedings and written in English. 

The results are sorted by "number of citations" from 
high to low. Then, it was filtered again by checking one 
by one the papers that were relevant to the research 
objectives. Then the data results were taken in .csv and 
.ris file formats and uploaded to the VOSViewer 
software to display details of data transcription and 
visualize bibliometric assignments (Abdullah, 2022; 
Effendi et al., 2021; Williams, 2020). For the final phase, 
the data were investigated descriptively to answer the 
research aims. 
 

Result and Discussion 
 
Results of Systematic Literature Review 
Scope of the analysis 

This stage aims to state the research scope analyzed 
to avoid ambiguity in the review (Wahyudi et al., 2023). 
The approach used in determining the scope of papers 
to be analyzed is the CIMO approach, which includes 
Context, Intervention, Mechanism, and Outcome. 1) 
Context: The papers to be analyzed are research papers 
in the situation of PBL implementation in science 
education. 2) Intervention: the scope of intervention in 
the papers analyzed are papers related to implementing 
PBL in science learning. 3) Mechanisms: mechanisms 
according to the treatment given and related to the 
learning strategies in the reviewed papers. 4) Outcome: 
the selected papers are articles that has impact student 
knowledge and skills, such as learning outcomes, 
thinking skills, motivation, high-level skills, and various 
21st-century skills needed by students. 
 

 
Figure 2. Articles selection procedure and results 

 
Locating studies 

Data collection was approved out using the Scopus 
database. The data is traced using titles related to PBL, 
namely: "problem-based learning", and "pbl". The focus 
of data search in the field of science education is then 
added with the keyword "science education". The data 
search was carried out over the last 10 years (2013-2022). 
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Selecting the body of literature 
The selection of papers begins with use of 

predefined keywords. Next choose the type of paper and 
the use of language. The type of paper selected is only 
journal publications and proceedings written in English. 
The final selection stage is selecting papers that are 
related to the topic of implementing PBL in science 
education one by one. The series of paper selection is 
presented in Figure 2. 

 
Bibliometric Analysis Results 
Citation Network Analysis (CNA) 

The development of research on PBL in science 
education from time to time is presented in Figure 3. It 
appears that the amount of publications during the 2013-
2022 period fluctuated and tended to increase. The 
fewest papers produced were in 2014 (n=2), 2016 (n=4), 
and 2017 (n=7). The growth in the number of 
publications began in 2014 and the highest increase will 
be in 2021 with 39 papers. This indicates that PBL has 
become a hot topic of research to be implemented in 
science education in recent years. 

Based on the analysis, it is known that 117 authors 
published research results over ten years between 2013 
and 2022. A total of 14 authors published two Scopus 
articles; two authors published three (3) articles; one 
author published four (4) articles and five (5) articles. In 
other words, most authors published only one article 
during this period. If you look at the quantity of article 
citations each year, it can be understood in Figure 4 that 
the number of citations fluctuates each year and the 
highest citations are in 2019. This number is in line with 
the number of documents published that year. If 
calculated, on average each published article receives an 
average of 5.82 citations and each publication averages 
around 76.20 citations per year. 

 
Figure 3. Number of papers relevant to PBL topics in science 

education in the 2013-2022 period 

 

 
Figure 4. Number of article citations on PBL topics in science 

education each year in the 2013-2022 period. 

 
Then it is analyzed regarding the most influential 

researchers using PBL in science education in total 
citations from 2013 to 2022. The results of the analysis 
are exposed in Table 1. It can be seen that Fidan M is the 
most quoted as a whole, namely 124 citations and 
followed by Kim NJ with 62 citations Allchin D with 45 
citations. The article published by Fidan M has been 
widely cited because PBL is integrated with augmented 
reality, a hot topic currently being researched in the field 
of education.

 
Table 1. The ten most influential writers using PBL in science education in the 2013-2022 period 

Cites 
Corresponding 

Authors 
Title 

Publications 
year 

Source 

124 Fidan M. Integrating augmented reality into problem based 
learning: The effects on learning achievement and 

attitude in physics education 

2019 Computers and 
Education 

62 Kim NJ Effectiveness of Computer-Based Scaffolding in the 
Context of Problem-Based Learning for Stem 

Education: Bayesian Meta-analysis 

2018 Educational Psychology 
Reviews 

45 Allchin D. Problem- and case-based learning in science: An 
introduction to distinctions, values, and outcomes 

2013 CBE Life Sciences 
Education 

32 Tosun C. The effect of problem-based learning on 
undergraduate students' learning about solutions 

and their physical properties and scientific 
processing skills 

2013 Chemistry Education 
Research and Practice 
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Cites 
Corresponding 

Authors 
Title 

Publications 
year 

Source 

28 Panda P. The validity and effectiveness of physics 
independent learning model to improve physics 

problem solving and self-directed learning skills of 
students in open and distance education systems 

2017 Journal of Baltic Science 
Education 

26 Chonkaew P. Development of analytical thinking abilities and 
attitudes towards science learning of grade-11 

students through science technology engineering 
and mathematics (STEM education) in the study of 

stoichiometry 

2016 Chemistry Education 
Research and Practice 

25 Belland BR A Blended Professional Development Program to 
Help a Teacher Learn to Provide One-to-One 

Scaffolding 

2015 Journal of Science 
Teacher Education 

17 Laredo T. Changing the first-year chemistry laboratory 
manual to implement a problem-based approach 

that improves student engagement 

2013 Journal of Chemical 
Education 

15 Parno A case study on comparison of high school 
students' scientific literacy competencies domain in 

physics with different methods: PBL-stem 
education, PBL, and conventional learning 

2020 Journal of Indonesian 
Science Education 

15 Penuel WR Developing tasks to assess phenomenon-based 
science learning: Challenges and lessons learned 

from building proximal transfer tasks 

2019 Science Education 

To provide an overview of the distribution of 
countries that influence PBL research in science 
education, the author's country is examined, followed by 
the number of publications and citations. The results are 
presented in Figure 5. The most influential countries in 
publishing PBL research in science education were 
Indonesia (n=51), the United States (n=26), and Turkey 
(n=13). Meanwhile, if seen from the number of citations, 
the influential countries were the United States (n=274), 
Turkey (n=216), and Indonesia (n=133). 

 

 
Figure 5a. Country of Authors seen from the number of 

publications 
 

 
Figure 5b. Author's country seen from the number of citations 

Furthermore, an investigation of the relationship 
between authors was approved out based on the co-
author network to see the relationship between 
corresponding authors. The results are presented in 
Figure 6. The authors were limited to at least two joint 
publications in the grouping criteria. Based on Figure 6, 
the collaboration of researchers on the topic of PBL in 
science education is still relatively small. This shows that 
the published articles are not related to other articles. In 
comparison, collaborative research is essential in 
promoting scientific productivity, knowledge 
development, and scientific superiority (Putri et al, 2023) 
in modern science. 
 

 
Figure 6. Relationship between researchers (authors) in pbl 

research in science education 

 
Network Analysis of the Keyword Cooccurrences 

To inform the emerging themes of PBL research in 
science education from time to time, a co-word analysis 
was conducted. The data used comes from the title of the 
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article and abstract. Data was collected from all Scopus 
articles (i.e. 131 papers), analyzed and visualized using 
VOSviewer software by set the software on its default 
parameters (i.e. keywords must appear together in at 
least 5 papers). The results obtained were 171 keywords, 
but only 35 relevant keywords were used in the analysis. 
We removed some keywords that have the same 
meaning and low relevance scores. The analysis results 
yielded 4 clusters (Table 2) which were ordered by the 
occurrence of the keywords together (i.e., the frequency 
of occurrence of the keywords in the data set). The 
keyword network visualization is presented in Figure 7. 

In Figure 7, the size of font represents the relative 
frequency of occurrence of keywords and the linking 
lines signify the co-occurrence of keywords. Repeating 
term sets are highlighted with the same color. It appears 
that the green cluster is the largest cluster with the 
highest frequency of occurrence of keywords consisting 
of 10 keywords (Table 2). The Red cluster is the second 
largest cluster which consists of 11 keywords. Then 
followed by the third and fourth clusters, namely the 
green and blue clusters. Based on co-word analysis for 
PBL research in science education, it was concluded that 
there are several keywords that rarely appear, for 
example physics, scientific literacy, 21st century skills, 
chemistry education, biology, inquiry, computer, and 
senior high school. Furthermore, to see the development 
of keyword emergence by year, co-words are visualized 
in Figure 8. 

Table 2. Distribution of keywords for each cluster 

 
 
 

 

 
Figure 7. Visualization of the co-word analysis 

 

Cluster Color Number 
of Items 

Keywords 

Cluster 1 Red 11 21st century learning, 
ability, case study, high 
school student, learning 

model, PBL model, 
physics, science learning, 
scientific literacy, senior 

high school, student’s 
problem 

Cluster 2 Green 10 Biology, case, computer, 
knowledge, PBL 

approach, science, science 
education, teacher, 

undergraduate student, 
understanding 

Cluster 3 Blue 10 Assessment, challenge, 
chemistry education, 

critical thinking skill, e-
module, environment, 
higher order thinking 
skill, module, natural 

science, student critical 
thinking 

Cluster 4 Yellow 4 Inquiry, STEM, 
technology, tools 
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Figure 8. Visualization of The Overlay of the co-word analysis results 

 
The rapid development of technology has also 

influenced the growth of 21st-century learning, 
especially in learning physics. These developments have 
made physics learning carried out with the help of 
digital technology, such as digital modules. Figure 8 
shows that PBL research is also related to the topic of 
electronic learning modules (Purnamasari & Utomo, 
2020; Seruni et al., 2020; Kurniati et al., 2021; Yunita et 
al., 2021), which is the latest topic being researched 
(topics marked in yellow clusters). Other recent PBL 
research topics are related to other topics, namely 21st-
century learning (Marshel & Fauzi, 2021; Ranggi et al., 

2021; Parno et al., 2020; Saputro et al., 2020), physics 

(Wibowo, 2021; Parno et al., 2020), critical thinking 
(Marthaliakirana et al., 2022; Susanto et al., 2022; Rehmat 
& Hartley, 2020; Seruni et al., 2020; Saputro et al., 2020; 
Puspita & Aloysius, 2019; Hakim & Meidawati, 2019; 
Rubini et al., 2019), and scientific literacy (Amaringga et 
al., 2021; Parno et al., 2020; Wibowo, 2021). 
 
Discussion 

This research is the first study to conduct SLNA on 
PBL research in science education during the last ten 
years, from 2013-2022. In education, using the PBL 
model is a hot topic for discussion. The analysis results 
show that the quantity of published articles on PBL in 
science education fluctuates but tends to increase. 
Publications have increased since 2014 and the most in 
2021, totaling 39 articles. Research on PBL is currently 
gaining popularity because the PBL model is in 
accordance with 21st-century learning. Learning with 
the PBL model can facilitate students in generating 

creative ideas and encourage students to discuss and 
debate specific issues that are being discussed (Ismail et 
al., 2018). This spontaneously encourages and increases 
students' HOTS. PBL views learning as the result of 
working toward understanding and solving problems to 
allow students to progress critical thinking skills in 
relation to the ideas they receive and decide what action 
to take based on the information they receive (Anggraeni 
et al., 2023; Amin et al., 2020). The PBL model facilitates 
students in connecting the concepts learned with real 
world problems (Heong et al., 2020). This reveals that the 
PBL model facilitates students in developing 21st-

century skills, such as critical (Marthaliakirana et al., 
2022; Susanto et al., 2022; Rehmat & Hartley, 2020; 
Seruni et al., 2020; Saputro et al., 2020; Puspita & 
Aloysius, 2019; Hakim & Meidawati, 2019; Rubini et al., 
2019) and creative thinking skills (Wahyudiati, 2022; 
Sumarni & Sekarini, 2020). 

The most influential authors using PBL in science 
education can be seen from the amount of citations in the 
last ten years: Fidan M with a Turkish state affiliation, 
Kim NJ, and Allchin D with United States state 
affiliation. This is also in line with the finding that the 
USA is the top country and the most influential country 
based on the quantity of citations. However, based on 
the number of publications about PBL in science 
education, the country that publishes the most in 
Indonesia, while the USA is in second place and Turkey 
is in third place. These findings indicate that PBL 
research in science education has been carried out by 
various countries and not only in the United States but 
has even become a research topic for researchers in 
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Indonesia. The increasing trend of PBL research in 
Indonesia is inseparable from existing curriculum 
policies in Indonesia, both at the secondary and tertiary 
education levels. Indonesia has implemented a science 
education curriculum that emphasizes the use of the PBL 
model in secondary education since the emergence of 
the 2013 curriculum. 

The results of the co-word analysis show that the 
most relevant keywords in PBL research in science 
education include science, technology, teacher, 
knowledge, critical thinking, and others. These findings 
indicate that research trends on PBL are often associated 
with the use of technology, teacher abilities, and 
students' critical thinking skills. Meanwhile, topics 
related to 21st century skills, the application of PBL to 
high school students and the competency development 
of prospective teachers are still very limited. The results 
shown in Figure 5 show that PBL is rarely studied in 
physics education. This indicates that the application of 
PBL is still dominated by science education in general, 
thereby opening up opportunities for PBL research 
innovations that are oriented towards 21st century skills 
in physics content. 

The finding that the application of PBL to 
secondary school students is rarely carried out is in line 
with a meta-analytic study conducted by Moallem et al. 
(2019). The results show that the application of PBL in 
education is more dominated at the tertiary level than at 
the secondary school level. Teachers show interest in 
PBL but teachers feel burdened and find it difficult to 
implement PBL in the classroom. 

Figure 6 also shows the latest trends in PBL research 
related to keywords such as module/e-module, 
scientific literacy, natural science, and physics. While 
keywords such as science education, environment, and 
undergraduate student are keywords that have been 
researched for a long time. This indicates an opportunity 
to carry out the latest research on the application of PBL 
for undergraduate students. Universities need to include 
training in the curriculum to upsurge the understanding 
and skills of pre-service teachers in designing and 
implementing 21st century skill-oriented learning 
through the PBL model. This was also revealed by 
(Hakkinen et al., 2017), that the education of prospective 
teachers can be a powerful resource for triggering long-
term alteration and supporting the incorporation of 21st 
century skills in daily school practice. 
 

Conclusion 
 

PBL has developed one of the areas of study that 
has experienced significant growth and improvement 
and its contribution to the world of education, especially 
in science education. The findings can be concluded that 

the number of PBL publications in science education 
tends to increase from year to year and the most 
publications are in 2019. Indonesia is the top country in 
publishing PBL research in science education, and the 
United States is the top country in publications based on 
the number of citations. The most influential authors 
based on the number of citations for PBL research in 
science education are Fidan M with Turkish state 
affiliation, Kim NJ and Allchin D with United States 
state affiliation. Collaboration between authors is still 
rare and there are only four authors who collaborate 
with each other with two number of joint publications. 
The top keywords in PBL research in science education, 
ordered by link strength, are science (192), teacher (149), 
and technology (126). This research is limited to the 
Scopus database. Through the results of the mapping 
and visualization shapes of the implications of this 
research, we tend to discover the novelty of research on 
PBL research, and trends in science education over the 
past ten years (2013-2022). Future researchers are 
expected to extend the metadata by adding other 
metadata, such as Google Scholar and Web of Science, 
and combining them. Researchers can also narrow down 
the following trends that can be developed in this 
research field, for example the application of PBL in 
learning Physics or the field of Physics education. In 
addition, future researchers can explore PBL in science 
teacher education and 4C skill-oriented learning. 
Finally, this publication can become the basis for future 
research, so that it has great citation and impact on the 
implementation of PBL in science education.  
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