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Abstract: Problem-Based Learning (PBL) is an effective instructional model for 
encouraging students to think critically, solve contextual problems, and develop 
scientific literacy through investigation and analysis activities. This study aims to 
examine the trends and development of research related to the application of the PBL 
model in enhancing students' scientific literacy through a bibliometric approach over 
the period 2016–2025. A descriptive bibliometric analysis was conducted on 1,000 
documents retrieved from Google Scholar using Publish or Perish and Dimensions.ai 
software. The data were analyzed using VOSviewer to map keyword co-occurrence, 
visualize topic trends (overlay visualization), and assess research density (density 
visualization). The results reveal a significant increase in publications after 2019, with 
prominent clusters focusing on STEM integration, critical thinking skills, learning 
effectiveness, and the role of teachers in promoting scientific literacy. The overlay 
visualization further highlights a growing emphasis on creative thinking skills, 
contextual approaches, and scientific literacy in recent research. This study 
recommends further exploration of underrepresented aspects, such as digital literacy, 
scientific attitudes, and interdisciplinary approaches grounded in local wisdom. 
 
Keywords: Bibliometrics; Problem based learning; Science Learning; Science 
Literacy; VOSviewer. 

  

Introduction  
 

The 21st century is an era where the dynamics of 
scientific, technological, and social growth occur very 
quickly (Kimianti & Prasetyo, 2019). In this century, 
people who have scientific knowledge and knowledge 
of the latest technological issues are needed (Turiman 
et al., 2012). The world of education is required to be 
able to adapt to the challenges of the globalization era 
through efforts to equip students with various skills in 
order to survive and compete at the global level 
(Sariningrum et al., 2018). 21st-century learning not 
only focuses on mastering knowledge, but also 
emphasizes the development of skills that individuals 
need to be able to adapt and succeed in an increasingly 
complex and globally interconnected society (Bray et 
al., 2023). Science literacy is important for individuals 
to understand environmental issues and problems of 

modern society that depend on advances in science and 
technology (Rahayuni, 2016).  

The learning process not only emphasizes 
students' ability to memorize concepts or rely on 
memory alone, but also demands a connection between 
the concepts understood and everyday life situations, 
known as aspects of science literacy (Qomaliyah et al., 
2016). Science literacy is the ability to use scientific 
knowledge to identify problems, draw conclusions 
based on evidence, and understand and make decisions 
about nature and changes that occur due to human 
activities (Ardiyanti et al., 2019). Scientific literacy 
emphasizes the importance of thinking and action 
skills, which include mastering and applying scientific 
reasoning to recognize and address social issues. It has 
become a major focus in science education and serves 
as a key indicator of the quality of science education at 
the national level. (Aradia et al., 2024). Scientific literacy 
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is important for students to understand the 
environment, health, economy, modern social issues, 
and technology. Therefore, measuring scientific literacy 
is essential to assess students’ literacy levels, with the 
aim of achieving high or adequate scientific literacy. 
This, in turn, can improve the quality of education in 
Indonesia and enable it to compete with other countries 
(Pratiwi et al., 2019). 

Several previous studies have indicated that 
students' scientific literacy levels in Indonesia remain 
relatively low (Afni et al., 2018; Fuadi et al., 2020; 
Saraswati et al., 2021; Masfuah et al., 2021). Students in 
Indonesia often struggle to connect scientific concepts 
with everyday life and to provide scientific 
explanations for the phenomena they study. Data on 
students' scientific literacy skills were obtained from 
scientific literacy tests using indicators proposed by 
PISA in 2015, which consist of four interrelated main 
dimensions: competencies (scientific processes), 
scientific knowledge or content, scientific contexts, and 
attitudes. (Jufri, 2017). Data from Balitbang Kemdikbud 
(2011) indicate that only 29% of students have mastery 
of the content aspect, 34% in the scientific process 
aspect, and 32% in the context of applying science in 
daily life (Fakhriyah et al., 2017). Based on the results of 
PISA 2015, Indonesian students’ performance was still 
considered low, with an average science score ranking 
62nd out of 69 countries. In PISA 2018, Indonesia’s 
science score was recorded at 396, placing it 75th out of 
80 participating countries. These data indicate that the 
quality of science education in Indonesia remains far 
behind compared to OECD member countries 
(Ermawati et al., 2024; Merta et al., 2020). The low level 
of scientific literacy among Indonesian students is 
partly due to the lack of attention to sociocultural 
contexts. In addition, many aspects of content, context, 
and processes in learning have yet to be fully utilized as 
sources for developing the domains of scientific literacy 
(Dewi et al., 2019). 

Scientific literacy can be developed in students 
through learning activities that involve the discovery of 
scientific facts, concepts, laws, and principles. In this 
process, students should be provided with stimuli in 
the form of questions presented in various formats such 
as tables, written explanations, or other structures to 
encourage their active engagement (Muzijah et al., 
2020). One of the factors directly related to the learning 
process and contributing to the low level of students' 
scientific literacy is the choice of teaching methods and 
instructional models used by teachers (Gorghiu et al., 
2015). The low level of scientific literacy among 
students in Indonesia is influenced by various factors, 
including the curriculum, the selection of teaching 
methods and instructional models by teachers, the 
availability of facilities and infrastructure, learning 

resources, and other related aspects. Among these 
factors, one that is directly related to the student 
learning process and has a significant impact on the low 
level of scientific literacy is the selection of teaching 
methods and instructional models used by teachers 
(Aiman et al., 2020). In addition, the learning process 
has not fully engaged students actively, with limited 
student participation in learning activities (Lendeon & 
Poluakan, 2022). Learning should also be student-
centered, where the teacher acts as a facilitator while 
students take an active role as the main subjects in 
seeking and processing information, solving problems, 
and understanding concepts. 

The selection of an instructional model plays a 
crucial role in developing students' scientific literacy 
and therefore should be a primary focus in the 
implementation of the learning process. An effective 
strategy for promoting scientific literacy is learning that 
connects subject matter to real-world scientific contexts, 
including issues or problems occurring in the 
surrounding environment (Hafizah & Nurhaliza, 2021; 
Rafi’y et al., 2023). One of the instructional models that 
aligns with this approach is Problem-Based Learning 
(PBL), which encourages students to think critically and 
solve problems based on contextual situations  (Ariana 
et al., 2023; Azizah et al., 2021). This model is 
considered an effective learning approach to help 
improve students’ scientific literacy skills (Yang et al., 
2020).The Problem-Based Learning (PBL) model 
presents contextual problems to stimulate students’ 
curiosity, thereby encouraging them to actively seek 
information as part of the problem-solving process 
(Daryanes et al., 2023; Hartati, 2016; Yusuf et al., 2023). 
The PBL model can develop aspects of students’ 
scientific literacy through investigative activities and 
analytical processes (Fauziah et al., 2019; Rubini et al., 
2019). This learning model is designed to facilitate 
students in learning scientific concepts through solving 
real-world problems that are relevant to daily life 
(Cahyanto et al., 2024). According to Kang & Lee (2023), 
Problem-Based Learning (PBL) provides opportunities 
for students to actively engage in the process of 
understanding, analyzing, and solving complex 
problems. This approach encourages active 
participation, collaboration, critical thinking, and 
problem-solving skills. To optimize the implementation 
of the Problem-Based Learning model, instruction 
should not be limited to a single textbook but supported 
by various learning resources to help students master 
competencies, solve problems, and enhance scientific 
literacy (Kaniyah et al., 2022). 

Several studies have shown that the PBL model is 
effective in improving students' scientific literacy 
(Alatas & Fauziah, 2020; Khasanah, 2023; Kurniawati & 
Hidayah, 2021). The study by Utami & Setyaningsih 
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(2022) showed that PBL effectively enhances scientific 
literacy among junior high school students. This aligns 
with the study by Restiani et al. (2023), which indicated 
that the Problem-Based Learning (PBL) model 
integrated with local wisdom is more effective in 
improving students’ scientific literacy compared to 
conventional learning models. The syntax of this 
learning model enables students to participate more 
actively by finding solutions to problems.  
 

Method  
 

This study employs a descriptive analytical method 
with a bibliometric approach aimed at identifying and 
describing research trends related to the Problem-Based 
Learning (PBL) model and its impact on scientific 
literacy in learning. The data were obtained from Google 
Scholar using the Publish or Perish and Dimensions.ai 
applications to search for keywords related to the 
influence of Problem-Based Learning on scientific 
literacy skills. Data analysis was conducted using 
VOSviewer, which included (1) keyword clustering (co-
occurrence), (2) overlay visualization to identify 
emerging trends, and (3) density visualization to map 
the density of research themes. This study analyzed 
1,000 documents indexed in Google Scholar from 2016 to 
2025. 

 
Result and Discussion 

 
This study aims to describe the research trends on 

Problem-Based Learning (PBL) to improve scientific 
literacy skills based on articles published from 2016 to 
2025. Figure 1 illustrates the trend in the number of 
publications addressing the topic of Problem-Based 
Learning (PBL) in relation to scientific literacy. Overall, 
there is a significant year-to-year increase, especially 
between 2018 and 2021. In 2016, approximately 600 
articles were published, with gradual increases in 2017 
and 2018, reaching nearly 700 and 900 publications, 
respectively. The growth trend showed a sharp rise 
starting in 2019 with more than 1,300 publications, 
followed by a significant increase to around 1,900 in 
2020, and a temporary peak in 2021 with over 2,400 
publications. 

However, the graph shows a slight decline in 2022, 
with the total number of publications dropping to 
around 2,150. This trend reversed in 2023, rising again to 
reach its highest peak in 2024 with approximately 3,300 
publications. A sharp decline is observed in 2025, where 
the number of publications drastically falls to fewer than 
1,000. This decrease likely does not reflect a waning 
researcher interest in the topic, but rather results from 

incomplete data accumulation since 2025 was still 
ongoing when the graph was exported in May 2025. 

 

Figure 1. Article Publication Trend 
 
Overall, the graph illustrates that the topic of 

Problem-Based Learning (PBL) within the context of 
science literacy has received increasing scholarly 
attention over the past decade. The notable rise in 
publications, particularly after 2019, reflects an 
enhanced awareness of the significance of problem-
based learning approaches in improving students’ 
science literacy. This trend also aligns with the global 
emphasis on 21st-century education, which necessitates 
the integration of critical thinking skills with relevant 
and contextualized learning experiences. 
 
Table 1. Publication Type 
Publication Type Publication 

Article 9,535 
Chapter 5,534 
Edited Book 3,412 
Monograph 982 

 
Based on Table 1, regarding types of publications 

related to PBL in the context of science literacy, it can be 
observed that scientific articles dominate the literature 
contribution with the highest number of publications, 
totaling 9,535 works. This dominance reflects that the 
PBL approach to science literacy remains a primary 
focus in academic research and is highly favored by the 
scientific community for dissemination in accredited 
journals. It also indicates that this topic is considered 
relevant and timely in addressing the challenges of 
modern science education, which demands critical 
thinking skills and evidence-based decision making. 

Other types of publications, such as book chapters 
(5,534 publications) and edited books (3,412 
publications), occupy the next positions in the 
dissemination of knowledge about PBL and science 
literacy. The large number of book chapters indicates 
that the PBL approach is not only discussed individually 
in scientific articles but also integrated as an important 
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part of the broader discourse in science education books. 
This suggests a growing, deeper, and collaborative 
understanding within the academic community 
regarding the implementation of PBL across various 
educational levels and cultural contexts. Meanwhile, the 
number of monographs recorded at 982, although 
relatively fewer, still demonstrates a significant 
contribution in providing in-depth and comprehensive 
studies on the PBL model. Monographs typically offer 
theoretical perspectives or results from longitudinal 
studies that are more detailed compared to regular 
journal articles, thus their existence further strengthens 
the foundational scientific understanding of PBL in 
shaping science literacy. 

This trend indicates that although scholarly articles 
remain the primary medium for disseminating research 
findings with the highest number of publications, the 
substantial number of book chapters and edited books 
published reflects a shift toward a more integrative and 

holistic approach in discussing PBL-based science 
literacy. This underscores that the PBL approach is 
viewed not only as a classroom teaching strategy but 
also as an evolving and expanding conceptual 
framework across diverse educational contexts globally. 

Table 2 presents the source titles publication 
sources with the highest number of studies on Problem-
Based Learning (PBL) and science literacy. It is evident 
that publications are distributed across various journals 
and proceedings spanning multiple disciplines. The 
journal with the highest number of publications is Jurnal 
Penelitian Pendidikan IPA, with 483 publications and 
1,328 citations, resulting in an average of 2.75 citations 
per article. This indicates that the journal serves as a 
primary platform for disseminating PBL-based research 
in the context of science education, particularly in 
Indonesia, while also reflecting its relevance and 
credibility within the academic community. 

 

Table 2. Source Titles 

Name Publications Citations Citaions 
mean 

Jurnal Penelitian Pendidikan IPA 483 1,328 2.75 

Advances in Social Science, Education and Humanities Research 316 414 1.31 

Lecture Notes in Computer Science 246 1,297 5.27 

Encyclopedia of the UN Sustainable Development Goals 235 488 2.08 

BULLETIN of the L N Gumilyov Eurasian National University PEDAGOGY 
PSYCHOLOGY SOCIOLOGY Series 

219 7 0.03 

Journal of Physics Conference Series 186 1,486 7.99 

Integration of Education 171 565 3.30 

NWU Self-Directed Learning Series 170 259 1.52 

Education Sciences 135 2,173 16.10 

Lecture Notes in Networks and Systems 134 317 2.37 

 
Although the journal dominates in terms of 

quantity, Education Sciences ranks highest in impact 
quality, with an average citation of 16.10 from 135 
publications and a total of 2,173 citations. This indicates 
that despite having fewer publications, the journal's 
impact on the scientific community is significantly 
greater. It is followed by the Journal of Physics Conference 
Series with a mean citation of 7.99 and Lecture Notes in 
Computer Science with a mean citation of 5.27. These 
sources suggest that research on PBL and science 
literacy also extends into the fields of technology and 
international scientific conferences. 

On the other hand, journals such as Advances in 
Social Science, Education and Humanities Research and 
NWU Self-Directed Learning Series show relatively stable 
contributions in terms of both the number of 
publications and their impact, although with lower 
average citations (1.31 and 1.52, respectively). 

Meanwhile, the BULLETIN of the L.N. Gumilyov Eurasian 
National University PEDAGOGY PSYCHOLOGY 
SOCIOLOGY Series has a considerable number of 
publications (219), but its impact factor is very low 
(0.03), indicating limited citation potential or a lack of 
relevance of its articles within the global community. 
This data reveals a dual trend in publication patterns: 
on one side, there is a preference among researchers for 
local or national publication outlets with high 
frequency but moderate impact; on the other side, there 
are reputable international journals that, although 
having fewer publications, possess significantly greater 
academic influence. The implication of this trend 
highlights the importance of considering not only the 
quantity but also the quality and reach of publications 
when formulating dissemination strategies for PBL-
based research aimed at developing science literacy. 



Current Educational Review  September 2025, Volume 1, Issue 3, 131-141 
 

135 

Based on the data in Table 3, there are ten key 
publications that serve as important references in 
research on Problem Based Learning (PBL) and its 
relevance to science literacy and critical thinking skills. 
The most cited article was written by Kokotsaki, 
Menzies, and Wiggins (2016), with 2,491 citations. This 
article is a comprehensive literature review on PBL that 
demonstrates the effectiveness of this approach in 

enhancing student engagement and learning outcomes, 
thereby providing a strong theoretical foundation for 
the development of problem-based science learning. In 
second place, the study by Almulla (2020), which 
received 1,030 citations, discusses the effectiveness of 
PBL in increasing student engagement in learning, an 
important aspect of active and meaningful science 
literacy. 

 
Table 3. Top 10 Citations 

Cites/year Year Author Title 

2491 2016 D Kokotsaki, V Menzies, A 
Wiggins 

Project-based learning: A review of the literature 

1030 2020 MA Almulla The effectiveness of the project-based learning (PBL) 
approach as a wy to engage students in learning 

962 2020 PA Kamil, E Putri, S Ridha, S 
Utaya 

Promoting environmental literacy through a green project: a 
case study at adiwiyata school in Banda Aceh City 

885 2021 SKW Chu, RB Reynolds, NJ 
Tavares, M Notari 

21st century skills development through inquiry-based 
learning from theory to practice 

715 2022 S Boss, J Krauss Reinventing prohect-based learning: Your field guide to real-
world projects in the digital age 

440 2021 P Kwangmuang, S 
Jarutkamopolong 

The development of learning innovation to enhance higher 
order thinking skills for students in Thailand junior high 

schools 
411 2021 D Aguilera, J Ortiz-Revilla STEM vs. STEAM education and student creativity: A 

systematic literaturre review 
227 2023 M Maros, M Korenkova, M Fila, M 

Levicky 
Project-based learning an its effectiveness: evidence from 

Slovakia 
181 2023 DM Anggraeni, BK Prahani, N 

Suprapto 
Systematic review of problem based learning research in 

fostering critical thinking skills 

 
The study by Kamil et al. (2020), which received 

962 citations, explored the implementation of PBL in the 
context of environmental education at Adiwiyata 
schools. It demonstrated how a project-based approach 
can support the development of environmental literacy 
as an integral part of science literacy. Meanwhile, the 
article by Chu et al. (2021), with 885 citations, 
highlighted the development of 21st-century skills 
through inquiry-based learning, a concept closely 
related to PBL that emphasizes scientific thinking 
processes. The publication by Boss and Krauss (2022), 
which garnered 715 citations, provided a practical 
guide to implementing PBL in real-world projects and 
digital environments, underscoring the relevance of 
PBL to the demands of modern, technology-based 
learning. 

The study by Kwangmuang and Jarutkamopolong 
(2021) emphasized instructional innovation aimed at 
enhancing higher-order thinking skills (HOTs), which 
are closely linked to science literacy, and has received 
440 citations. This is followed by Aguilera and Ortiz-
Revilla (2021), with 411 citations, who examined the 
comparison between STEM and STEAM education in 
relation to student creativity, reinforcing the argument 
that interdisciplinary learning through PBL and 

contextual science approaches can stimulate students' 
creative and scientific thinking abilities. Two articles 
from 2023 also appear on this list: Zhang and Ma (248 
citations), who used a meta-analytic approach to assess 
the impact of PBL on student learning outcomes, and 
Maros et al. (227 citations), who evaluated the 
effectiveness of PBL in Slovakia. Although relatively 
recent, both publications reflect the growing global 
interest in implementing PBL across various 
educational contexts. Lastly, the article by Anggraeni, 
Prahani, and Suprapto (2023), with 181 citations, 
specifically reviewed problem-based learning as a 
means of improving critical thinking skills through a 
systematic review, directly highlighting the strong 
relationship between PBL and science literacy. Overall, 
these publications reinforce that Problem-Based 
Learning (PBL) is a relevant, contextual, and provenly 
effective approach for supporting the development of 
science literacy. This is achieved through the 
enhancement of critical thinking skills, creativity, 
student engagement, and the integration of 
environmental and technological issues. 

Figure 2 illustrates the distribution of the number 
of publications based on research categories related to 
the implementation of Problem-Based Learning (PBL) 
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in strengthening science literacy. The data show that the 
“Education” category significantly dominates, with a 
total of 9,460 publications, far exceeding other 
categories. This indicates that PBL is most widely 
explored within educational contexts, ranging from 

primary to higher education levels, as it is a pedagogical 
approach that directly supports the development of 
critical thinking skills, problem-solving abilities, and 
conceptual understanding, all of which are core pillars 
of science literacy.

 

 
Figure 2. Research Categories 

 

A considerable contribution is also evident from 
the categories “Information and Computing Sciences” 
with 2,156 publications and “Language, 
Communication and Culture” with 945 publications. 
The involvement of these fields indicates that PBL has 
expanded towards the digitalization of education and 
the strengthening of media literacy as well as scientific 
communication. This is relevant in the context of 21st-
century learning, which demands the integration of 
content mastery and technological competencies. 
Meanwhile, the application of PBL is also prominent in 
STEM fields such as engineering (814 publications), 
biomedical and clinical sciences (773), and health 
sciences (700). These fields have long utilized the PBL 
approach, especially in case-based learning, laboratory 
practice, and real-world problem solving in 
professional contexts. 

However, there is a noticeable tendency that pure 
natural sciences fields such as “Chemical Sciences” (31 
publications), “Agricultural, Veterinary and Food 
Sciences” (56), and “Mathematical Sciences” (73) still 
contribute relatively little to the development of PBL 
and science literacy literature. These fields actually 
have great potential to apply PBL in scientific 
experiments, laboratory explorations, and context-
based eco-pedagogical approaches rooted in local 
contexts. This gap can be seen as a strategic opportunity 
for more innovative and integrated research, especially 
in the development of teaching materials such as ethno-
STEM based e-modules that combine PBL, local culture, 
and science literacy enhancement. In addition, there are 
contributions from social-humanities fields such as 
“Philosophy and Religious Studies” (447), “Creative 
Arts and Writing” (526), and “History, Heritage and 
Archaeology” (103), indicating that PBL is beginning to 
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be used to connect science with societal values, culture, 
and history. These findings confirm that the trend of 
applying PBL to science literacy is not limited to exact 
sciences and technology, but also extends into 
interdisciplinary areas. Therefore, future research 
directions can emphasize the importance of cross-
disciplinary collaboration in building science literacy 
that is relevant to the socio-cultural contexts of learners. 

The following is a visualization of bibliometric 
analysis results using VOSviewer, which maps the 
network of keyword co-occurrences from the literature 
studies collected through Publish or Perish. Figure 3 
shows several keyword clusters distinguished by color. 
Based on the analysis using VOSviewer, a total of 56 
keyword items were identified, grouped into five 
clusters. Each cluster represents a set of keywords that 
frequently appear together in the analyzed articles. 

Cluster 1 (green) includes keywords such as 
science literacy, student’s scientific literacy, science 
learning, learning model, effectiveness, and ability, 
indicating a focus on students’ science literacy skills and 
the effectiveness of learning models in enhancing them. 
This shows a strong relationship between science 
literacy, learning outcomes, and learning models. 
Cluster 2 (blue) includes STEM, technology, 
mathematics, engineering, and STEM literacy. This 

indicates the integration of science literacy within the 
context of STEM education, including elements of 
technology and engineering. Cluster 3 (red) includes 
PBL model, critical thinking skill, science process skill, 
scientific attitude, and others. This cluster illustrates the 
direct connection between the PBL model and the 
development of critical thinking skills, scientific 
attitudes, and science process skills. It confirms that 
PBL supports science literacy through problem-based 
learning that challenges higher-order thinking skills. 

Meanwhile, Cluster 4 (yellow) includes 
effectiveness, PBL approach, teacher, model, and 
learning model. This cluster highlights the role of 
teachers, learning approaches, and the overall 
effectiveness of models in the context of improving 
student abilities. Cluster 5 (purple) includes reading, 
competency, education, and science education. This 
shows the connection of science literacy with basic 
literacy skills such as reading and general 
competencies, emphasizing that the development of 
science literacy also requires a strong literacy 
foundation. Overall, this bibliometric map indicates 
that the PBL model is closely linked to strengthening 
science literacy through the integration of innovative 
learning approaches, critical thinking skills, and 
interdisciplinary education. 

 
Figure 3. Network visualization 

 
Figure 4 shows the results of overlay visualization 

using VOSviewer software, which identifies trends in 
the novelty of research topics related to the relationship 
between the PBL model and science literacy. This 
visualization presents a color gradient from blue to 
yellow, with blue indicating earlier studies and yellow 
indicating more recent ones, based on the year of 
publication, thereby illustrating the dynamic 

development of research topics between 2019 and 2021. 
Topics highlighted in yellow, such as "student’s science 
literacy," "science literacy test," "science learning," 
"creative thinking skill," and "STEM approach," indicate 
that recent research has increasingly focused on higher-
order thinking skills and the evaluation of student 
learning outcomes within the context of science literacy.
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Gambar 4. Overlay visualization 

 
This indicates that researchers have increasingly 

focused on examining how the PBL model is not only 
used as an active learning strategy but also as an 
approach capable of enhancing scientific reasoning and 
preparing students to face the challenges of the twenty-
first century. Meanwhile, topics such as technology, 
education, and digital literacy appear in bluish-purple 
shades, suggesting that although these topics remain 
relevant, they have been extensively discussed in earlier 
studies and tend to have a well-established research 
foundation. Keywords such as critical thinking skill, 
science process skill, and teacher show a transition from 
green to yellow, indicating that the role of teachers and 

the development of process and critical thinking skills 
continue to receive consistent attention in recent 
literature. 

Overall, this bibliometric map indicates a shift in 
research focus from conceptual approaches toward 
more applied and evaluative approaches, in line with 
the demand for innovative learning based on the PBL 
model to comprehensively enhance science literacy. 
These findings can serve as a foundation for future 
researchers to explore problem-based learning designs 
that are not only contextual but also adaptive to the 
evolving science literacy and contemporary needs.

 

  
Figure 5. Density visualization 
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The density visualization (Figure 5) generated 
using VOSviewer provides an overview of the intensity 
of research conducted in the domain of science literacy 
and PBL-based learning. In the map, areas highlighted 
in bright yellow indicate keywords with high frequency 
of occurrence and strong connections to other 
keywords, while areas colored green to blue represent 
lower frequency and density. 

Keywords such as “model,” “education,” 
“teacher,” “science literacy,” and “technology” appear 
in areas of high brightness, indicating that these topics 
have been extensively studied and have been central to 
numerous previous studies. This suggests that the use 
of learning models, particularly in the context of science 
education, remains a dominant theme in the 
development of students’ science literacy. Meanwhile, 
keywords like “digital literacy,” “PBL approach,” and 
“scientific attitude” appear in darker areas, indicating 
that although these topics have appeared in the 
literature, their intensity remains relatively low. This 
presents opportunities for further research to explore 
these themes more deeply, especially considering the 
importance of digital literacy and scientific attitudes in 
21st-century learning. 

High density is also observed in keywords such 
as “mathematics,” “engineering,” and “technology” 
indicates the relevance of the STEM approach in 
strengthening science literacy through problem-based 
learning models. These findings show that 
interdisciplinary integration within the STEM 
framework is a popular and promising approach to 
comprehensively enhance science literacy. This opens 
opportunities to promote more innovative, contextual, 
and transformative research. The STEM approach can 
be designed to be more adaptive to global and local 
issues, such as environmental sustainability, the 
development of 21st-century skills, and the critical and 
creative use of digital technology in learning. Therefore, 
this density map provides valuable information for 
researchers to understand the main focuses of previous 
studies as well as potential gaps that can be further 
explored, such as the integration of digital aspects, 
scientific attitudes, and technological literacy within 
PBL models to support holistic science literacy. 
 

Conclusion  
 

Based on the bibliometric analysis covering the 
period from 2016 to 2025, it can be concluded that the 
Problem-Based Learning (PBL) model holds high 
relevance and continues to develop as an effective 
approach to enhancing students’ science literacy skills. 
Publication trends show a significant increase since 
2019, reflecting a growing awareness of the importance 
of integrating 21st-century skills into the learning 

process. Keyword cluster visualization reveals strong 
associations between PBL and the development of 
critical thinking skills, learning effectiveness, the role of 
teachers, and the STEM approach. Overlay analysis 
indicates that recent studies have begun to focus more 
on evaluative and contextual aspects of science literacy, 
while density visualization shows a dominance of 
research on general themes such as education and 
learning models. Nevertheless, there remain 
opportunities for further development in topics such as 
digital literacy and scientific attitudes. Therefore, this 
study recommends that future research adopt more 
contextual, interdisciplinary, and locally based 
approaches to advance science literacy through the PBL 
model. 
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