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 Elementary schools must creatively develop critical thinking abilities 
to equip students with 21st-century competencies. Analyzing previous 
research on integrating learning models for this purpose is necessary. 
This study will bibliometrically analyze the research on integrating the 
Problem-Based Learning (PBL) model with the Science, Technology, 
Engineering, and Mathematics (STEM) approach to improve 
elementary school critical thinking. VOSviewer software was used to 
conduct a systematic literature review and bibliometric analysis of 52 
Scopus-indexed articles from 2020–2024. Publish or Perish (PoP), 
linked to Scopus, collected publication data using "problem-based 
learning," "STEM," "critical thinking," and "elementary school." The 
literature review found that the STEM-integrated PBL model in 
elementary schools improves critical thinking and student learning by 
providing real-world problems to solve. Indonesia contributed 30 
articles, followed by the US (5 articles) and Hong Kong (3 articles). 
The study's five-year collaboration network includes 69 researchers. 
Bibliometric analysis indicated a high association between "STEM" 
and "critical thinking" and "learning model," showing that STEM 
influences critical thinking skills. The association between "problem-
based learning," "learning model," and "critical thinking" showed that 
PBL strongly impacts these skills. But network visualization revealed 
a research gap in the weak and narrow connections between "STEM," 
"Problem-Based Learning," and "Elementary School." The first co-
occurrence analysis showed "critical thinking," followed by "problem-
based learning" and "STEM." The rise of "bibliometric analysis" and 
"elementary school" suggests elementary education research is 
digitizing. In conclusion, STEM-integrated PBL has worked, but 
further research is needed to apply it to elementary school pupils. 
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1. INTRODUCTION 

The 21st century demands that students possess essential skills to face global 
challenges, summarized in the 6Cs concept: character, citizenship, critical thinking, 
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creativity, collaboration, and communication (Varas et al., 2023). These skills consist 
of character, citizenship, critical thinking, creativity, collaboration, and communication 
(Astuti, 2024). Critical thinking is one of the most important skills for students to learn 
because it helps them understand ideas, figure out how to solve problems, and make 
their own choices, especially in elementary school (Anggraeni et al., 2023; Larsson, 
2017; Xu et al., 2023). Critical thinking skills include the ability to look at information, 
weigh the evidence, and make smart choices (Ariadila et al., 2023; Diani et al., 2020; 
Hitchcock, 2017; Jaelani et al., 2023; Plummer et al., 2022). 

To develop these skills, an effective learning model is needed. Learning model as a 
structured framework or strategy that directs the interaction between educators and 
students to attain designated educational objectives (Diani et al., 2019; Joyce, 2008; 
Siregar, 2021). One widely used model is Problem-Based Learning (PBL), which 
emphasizes solving real-world problems through critical and exploratory thinking 
(Diani et al., 2018; Muzaini et al., 2022; van Der Vleuten & Schuwirth, 2019). PBL 
provides space for students to be active, analytical, and reflective in their learning 
(Hafizah et al., 2024; Hasbi & Fitri, 2023; Loyens et al., 2023). Additionally, Problem-
Based Learning (PBL) is a way for students to learn by solving problems in steps based 
on scientific methods (Aprina et al., 2024; Arici & Yilmaz, 2023; Arthamena et al., 
2025; Diani et al., 2018). Through this model, students not only gain a relevant 
understanding of the problems they face but also develop critical thinking, analytical 
skills, and independent problem-solving. 

This PBL model can be combined with the Science, Technology, Engineering, and 
Mathematics (STEM) approach to make learning more relevant by giving students real-
world problems to solve (Funa et al., 2024; Monika et al., 2023; Wiratman et al., 2023). 
The STEM approach was chosen because it can connect various disciplines in an 
integrated manner, allowing students to understand not only theory but also how these 
concepts are applied in real life (Dare et al., 2021; Diani et al., 2021; Juškevičienė et al., 
2021; Le et al., 2023; Roehrig et al., 2021). The goal is to connect concepts to the real 
world and solve contextual problems through project-based, problem-based, or other 
learning (Diani et al., 2024). Thus, the integration of PBL and STEM creates 
exploration-based learning that can improve students' understanding of scientific 
concepts and critical thinking skills. 

Previous studies have proven the effectiveness of these two approaches in enhancing 
students' critical thinking skills (Arisa & Sitinjak, 2022; Awaludin et al., 2025; Ikhsan 
et al., 2025; Khoirunnissa et al., 2024; Nurazmi & Bancong, 2021). Many studies have 
not thoroughly explored how PBL can be effectively integrated with STEM approaches 
and its impact on elementary school students' critical thinking skills. Most studies focus 
more on higher education levels, such as secondary or tertiary education, while paying 
less attention to implementation at the elementary school level. To fill this gap, the 
bibliometric method was chosen as the method in this study.  

Bibliometrics is a quantitative method that systematically and structurally visualizes 
the results of analyzing large volumes of scientific literature (Donthu et al., 2021; 
Passas, 2024; Pessin et al., 2022). This method enables researchers to discern 
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publication patterns, emerging topic trends, collaborations among researchers, and 
prevailing concept maps within a specific field of study (Hassan & Duarte, 2024; 
Hidayatullah et al., 2024; Klarin, 2024; Öztürk et al., 2024). The use of bibliometric 
analysis in this study is important because this approach can provide a comprehensive 
and objective visualization of the development of scientific studies in the field of 
integrating Problem-Based Learning (PBL) and STEM approaches in elementary 
education. 

This study utilizes the Scopus database from 2020 to 2024 to investigate the 
developmental trends and deficiencies in research concerning the integration of 
Problem-Based Learning (PBL) and STEM in fostering critical thinking skills among 
elementary school students. We expect the results of this analysis to contribute 
conceptually and practically to the development of innovative learning strategies at the 
elementary level. Moreover, this bibliometric study can provide a basis for future 
researchers investigating the amalgamation of learning models that address the 
requirements of 21st-century competencies, especially in enhancing critical thinking 
skills via problem-based and contextual methodologies. 

 

2. METHOD 

The methods used in writing this scientific article are bibliometric analysis and 
bibliometric visualization. Bibliometric visualization methods function to display the 
structure and relationships within a particular field of study (Zakiyyah et al., 2022). In 
this study, the type of analysis used is descriptive bibliometrics, which focuses on 
describing the characteristics of the literature reviewed. The use of bibliometric analysis 
has several objectives, one of which is to identify current trends in the publication of 
scientific articles and journals (Azzahrawaani et al., 2023; Klarin, 2024). This method 
allows researchers to uncover data on trends, patterns, and relationships in a particular 
field by examining factors such as citations, collaborations between authors, and 
keywords. Relevant articles were downloaded in RIS format and then imported into 
Mendeley software, which stores reference information related to the articles.  

The obtained data was processed and visualized using the VOSviewer application. 
Then, the publication frequency was obtained based on the keywords PBL, STEM, 
critical thinking, and elementary school students. VOSviewer is software for building 
and visualizing bibliometric analysis (Iriyani et al., 2023; Martins et al., 2024). This 
application provides an interactive interface that allows users to explore bibliometric 
maps in depth. Furthermore, VOSviewer can present maps in various visualizations 
according to the desired aspects, making it easier for users to conduct detailed analysis 
of the maps (Ananda et al., 2025). 

 
Figure 1. Bibliometric Analysis 
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Stages in Bibliometric Analysis 
This analysis process employed five main stages, carried out in a structured manner 

to ensure the quality of the literature data synthesis and the depth of the analysis. These 
five stages are as follows: 

1. Determining Selected Keywords 
The crucial initial step in conducting bibliometric analysis is determining search 

keywords. Keyword selection must accurately represent the context and substance of 
the research topic. In this study, the research used primary keywords such as 
"problem-based learning," "STEM," "critical thinking," and "primary/elementary 
school." These keywords were chosen because they represent the three main pillars 
of the research: PBL, STEM, and critical thinking at the elementary education level. 
The selection of appropriate keywords significantly determines the relevance and 
quality of the collected scientific documents. These keywords are then entered into 
the Publish or Perish (PoP) software, which is connected to the Scopus database, the 
primary repository of scientific documents. 
2. Initial Data Search 

The second stage is conducting an initial search for scientific literature based on 
predetermined keywords. This search was conducted using PoP software to extract 
data from Scopus with publication dates spanning the last four years (2020-2024). 
This timeframe was chosen to capture current research trends and the topic's 
relevance in the context of modern education, which is increasingly based on 
technology integration and problem-based learning. The types of documents 
collected included scientific journal articles, conference proceedings, and other 
academically relevant, peer-reviewed works. This initial search aimed to broadly 
capture the literature as starting material before the screening and mapping process. 
3. Narrowing the data results by only including inclusion criteria 

After the documents were collected from the initial search, the next step was to 
filter or narrow the search results. Not all results collected from PoP were 
automatically used. This process eliminated irrelevant documents, duplicates, or 
those that did not meet the inclusion criteria. The narrowing was carried out 
systematically, considering several inclusion and exclusion criteria. The following 
are the inclusion and exclusion criteria applied by the researcher in the article 
selection process in Table 1. 

Table 1. Inclusion and Exclusion Criteria 

Inclusion Criteria Exclusion Criteria 

The publication type is an article (Full Text) 
with open access, obtained from the Publish 

or Perish database in Scopus. 

Publication Types other than articles 
obtained from the Publish or Perish 

database and Scopus 

The title and content of the article are related 
to PBL, STEM, and Critical Thinking in 

Elementary Schools. 
Unrelevant titles 

Publication Year: 2020-2024. 
Publication Year not within the 2020-2024 

Period 
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Inclusion Criteria Exclusion Criteria 

All languages can be used in this study, 
depending on the needs and relevant research 

context. 
Others 

Publications with similar research topics will 
be selected based on the level of detail and 

the current relevance of the findings 
presented. 

Others 

The theme of the article is PBL, STEM, and 
Critical Thinking, with elementary school 

students as the research participants. 

Themes other than PBL, STEM, and 
Critical Thinking, with elementary school 

students as participants. 

 

The Mendeley app was also used to group documents as a reference manager during 
this process. It sorted and stored the final selection results in RIS (Research Information 
Systems) format. This stage resulted in a more focused, high-quality, and relevant 
collection of literature for the bibliometric analysis objectives. 

4. Analysis with VOSviewer 

This crucial stage in bibliometric analysis is the visualization and analysis of the 
data network using VOSviewer software. This software is capable of constructing a 
visual map of the relationships between entities in the reviewed literature, such as: 

• Relationships between keywords (co-occurrence) 

• Collaboration between authors (co-authorship) 

5. Reporting the final results 

This stage is the final step in bibliometrics, where the articles from the search and 
selection are processed into a report and discussed in a literature review article. 
Through VOSviewer, researchers can identify dominant themes, discover research 
clusters, and detect trends in the development of studies related to the application of 
PBL with a STEM approach. Furthermore, this visual map enables researchers to 
identify research gaps that can be used as opportunities for further research. By 
integrating these three applications—PoP, Mendeley, and VOSviewer—this study 
not only presents descriptive bibliographic data but also provides a visual and 
interpretive understanding of the patterns of relationships between elements in the 
literature. This approach supports the achievement of the research objective, namely, 
to present a comprehensive and informative scientific mapping of the contribution 
of PBL and STEM to developing critical thinking in elementary school students. 

Researchers used the POP database to collect metadata related to PBL, STEM, and 
critical thinking in elementary school students between 2020 and 2024. Relevant 
articles were downloaded in RIS format and then imported into Mendeley software, 
which stores reference information related to the articles. The collected data was 
processed and visualized using the VOSviewer application, and then publication 
frequency was obtained based on predetermined keywords. 
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3. RESULTS AND DISCUSSION 

There are 52 publications in the POP database that include the keywords PBL, 
STEM, and Critical Thinking in Elementary Schools during the 2020-2024 period, as 
shown in Table 2 and illustrated with a percentage graph in Figure 2. 

Table 2. Number and percentage of STEM-integrated PBL publications on Critical 
Thinking of Elementary School Students (2020-2024) 

No Publication Year Number of Publications Percentage 
1 2024 7 13,46 % 
2 2023 9 17,31 % 
3 2022 15 28,85 % 
4 2021 8 15,38 % 
5 2020 13 25,00 % 

         Total 52 100 % 

 

Figure 2. Graph of the Number and Percentage of STEM-Integrated PBL 
Publications on Critical Thinking of Elementary School Students (2020-2024) 

The data indicated that the highest number of publications per year was in 2022, with 
15 publications, with a research trend that has been declining for the past three years. 
Of these 52 publications, 52 were from journals or articles. The data analysis technique 
used in this study was descriptive. The analysis began with processing Publish Or Perish 
(POP) data using VOSviewer. There are 14 countries with published articles related to 
PBL, STEM, and critical thinking in elementary schools in the Scopus database. 
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Figure 3. Graph of Distribution of Research in Various Countries 
The graph above shows the distribution of published articles related to the application 

of PBL with a STEM approach to critical thinking in elementary education across 
various countries. According to the Scopus database, 14 countries have published this 
topic. Indonesia has made the most contributions to the field, with 30 publications. The 
USA comes in second with 5, followed by Hong Kong with 3, and Taiwan, Malaysia, 
and Turkey with 2 each. Meanwhile, Ireland, Australia, the UK, Israel, Korea, Vietnam, 
and Spain have only 1 publication. 

Indonesia has demonstrated a significant role in research on the PBL model with a 
STEM approach to critical thinking in elementary school students. One example of a 
relevant publication is the study by Nurazmi & Bancong (2021), which examined the 
effect of implementing the PBL-STEM learning model on elementary school students' 
critical thinking skills in specific materials. This study was designed quantitatively with 
experimental and control groups. Experimental research has also been conducted to 
improve elementary school students' critical thinking skills using a systematic approach. 

 
Figure 4. Visualization of Collaboration Between Authors 
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5
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The figure above depicts a collaborative network between authors in research on 
PBL, STEM, and critical thinking over the past five years, generated using VOSviewer 
and involving 69 researchers. Nodes with similar color proximity represent groups of 
authors who frequently collaborate, forming clusters based on specific research topics. 
This collaboration reflects a common pattern in academic research, where researchers 
with similar interests collaborate, forming research groups focused on specific areas 
(Rahayu & Christiani, 2020). 

From the analysis of 52 articles, 153 keywords were identified in research on PBL, 
STEM, and critical thinking in elementary schools. The researchers set a minimum 
threshold of one occurrence for each term to ensure statistical validity. The most 
dominant keyword was "STEM" with 9 occurrences, followed by "Critical Thinking" 
with 8 occurrences, "Elementary School" with 6 occurrences, "Problem-Based 
Learning" with 5 occurrences, "Learning Model" with 2 occurrences, "6C Skills" with 
1 occurrence, and "Bibliometrics" with 1 occurrence. The findings of these frequently 
appearing keywords can be seen in Table 3 below.  

Table 3. Frequently Appearing Keywords 

Keyword Occurences Total Link Strenght 

STEM 9 34 
Critical Thinking 8 30 

Elementary School 6 20 
Problem Based Learning 5 15 

Learning Model 2 8 
6C Skills 1 4 

Bibliometrics 1 3 
  

This study examines how the PBL learning model integrated with the STEM 
approach affects students' critical thinking skills in elementary schools. The primary aim 
of this study is to furnish a comprehensive and objective depiction of the evolution of 
scientific research in the integration of Problem-Based Learning (PBL) with the STEM 
approach at the elementary education level. The implementation of the Problem-Based 
Learning (PBL) model integrated with the Science, Technology, Engineering, and 
Mathematics (STEM) approach can significantly improve the 4C skills (Critical 
Thinking, Creativity, Collaboration, and Communication) of elementary school students 
(Angga, 2022). This PBL model can be integrated with the Science, Technology, 
Engineering, and Mathematics (STEM) approach to create a more contextual learning 
experience where they are faced with real problems that require solutions. Thus, the 
integration of PBL and STEM creates exploration-based learning that can improve 
students' understanding of scientific concepts and critical thinking skills (Funa et al., 
2024; Nur & Ikhsan, 2024). 
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(a) 

 

(b) 

 
(c) 

Figure 5. (a) Network Visualization, (b) Overlay Visualization Co-Occurences, (c) 
Destiny Visualization Co-Occurrence 

 
Figure 5(a) shows the results of the analysis of 153 identified keywords. Ninety of 

the 153 identified keywords demonstrated a significant relationship, leading to their 
inclusion in the co-occurrence visualization. The visualization illustrates the 
relationship between the concept of "STEM" and various other concepts, such as 
"Critical Thinking" and "Learning Model," suggesting that the STEM approach as a 
learning method or model can positively impact students' critical thinking skills. The 
relationship between the keywords "Problem-Based Learning," "Learning Model," and 
"Critical Thinking" also indicates that PBL is a learning model that has a significant 
influence on critical thinking skills. However, the resulting bibliometric graphic 
visualization shows that the relationship between "STEM," "Problem-Based Learning," 
and "Elementary School" is narrow and less connected. This conclusion suggests a 
research gap and presents an opportunity for future research to integrate the problem-
based learning model with the STEM approach in its application to elementary school 
students. STEM was chosen because it can connect various disciplines in an integrated 
manner so that students understand not only theory but also how these concepts are 
applied in real life (Ammar et al., 2024; Maričić & Lavicza, 2024). This approach 
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stresses the need to keep the teaching and learning process honest by improving teachers' 
skills through new and effective ways of learning (Abu Khurma et al., 2022; Talib et al., 
2025). 

Figure 5(b) displays a temporal dimension highlighting the dynamics of changes in 
the focus of keyword research between 2020 and 2024. The shift in color from blue to 
green in the visualization indicates that topics such as "Critical Thinking" were more 
dominant at the beginning of the period, followed by research developments in 
"Problem-Based Learning," then "STEM" in the middle of the period, and further 
growth at the end of the research period following digitalization, marked by the 
emergence of the keyword "bibliometric analysis" and its application in elementary 
schools, characterized by the keyword "Elementary School." This is certainly a positive 
trend, reflecting researchers' rapid response to the context of developing learning 
methods in elementary schools. 

Figure 5(c) shows frequency patterns and identifies overall trends or dominant topics 
within a data collection. Areas with high density are typically represented by brighter 
colors, such as yellow, while areas with low density use cooler colors. Areas with higher 
light intensity are depicted by the keyword "STEM," followed by "Critical Thinking," 
"Elementary School," "Problem-Based Learning," and "Learning Model," indicating 
that these topics are frequently discussed in published literature. This visualization 
clearly illustrates the current research trends that dominate the related fields. 

This article contributes to mapping and identifying trends, collaboration patterns 
(authors, institutions, countries), dominant keywords, and thematic developments of 
research linking PBL, STEM, and critical thinking skills at the elementary school level 
over a specific time. It provides a comprehensive overview of the implementation and 
effectiveness of the STEM-based PBL model as a framework for training critical 
thinking skills at the elementary school level, which is rarely synthesized 
bibliometrically. The results of this study can serve as a theoretical basis for curriculum 
development or teacher guidance in integrating STEM and PBL and strengthening 
critical thinking literacy in elementary schools. In addition, for teachers, it provides 
practical recommendations regarding the most effective keywords, instruments, and 
learning designs (based on the most influential articles) in implementing PBL-STEM to 
strengthen the critical thinking skills of elementary school students. Overall, the specific 
combination of the three main variables (PBL + STEM + Critical Thinking in 
Elementary School) analyzed using bibliometric methods is still relatively rare, 
especially with an exclusive focus on the elementary school level. Analysis is often 
broader in scope or only focuses on two of the three variables. 

 

4. CONCLUSION 

A literature review of 52 articles indexed by Scopus for the 2020–2024 period that 
met the inclusion criteria concluded that the implementation of the problem-based 
learning model integrated with STEM at the elementary school level has proven 
effective in improving critical thinking skills and student learning outcomes. This PBL 
model can be combined with the Science, Technology, Engineering, and Mathematics 
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(STEM) approach to make learning more relevant by giving students real-world 
problems to solve. The distribution of article publications related to the application of 
PBL with a STEM approach to critical thinking at the elementary school level varies 
across countries, with Indonesia contributing significantly by publishing 30 articles, 
followed by the USA with 5 articles and Hong Kong with 3 articles. Bibliometric 
analysis charted the collaborative network among authors, encompassing 69 researchers 
within the scope of this study over the preceding five years.  

The results of the network visualization from the bibliometric analysis show the 
relationship between the concept of "STEM" and various other concepts, such as 
"critical thinking" and "learning model." This data indicates that the STEM approach, 
as a method or learning model, can impact students' critical thinking abilities. The 
relationship between the keywords "problem-based learning," "learning model," and 
"critical thinking" also indicates that PBL is a learning model that has a significant 
influence on critical thinking abilities. However, the visualization results indicate that 
the relationship between "STEM," "Problem-Based Learning," and "Elementary 
School" is narrow and less connected; this suggests a research gap that could be 
addressed in the future by integrating the Problem-Based Learning model with the 
STEM approach for application to elementary school students. The results of the 
bibliometric co-occurrence visualization overlay indicate that "critical thinking" was 
more dominant at the beginning of the period, followed by developments in "problem-
based learning" and then "STEM" in the middle. Towards the end of the research period, 
digitalization emerged, marked by the introduction of the keyword "bibliometric 
analysis," which is applied in elementary schools, as indicated by the keyword 
"elementary school." Overall, this study confirms that the PBL learning model 
integrated with the STEM approach is an effective learning model for improving 
elementary school students' critical thinking skills. We anticipate that the analysis's 
results will contribute conceptually and practically to the development of innovative 
learning strategies at the elementary education level. 

As a suggestion, educational policymakers (such as the Ministry of Education and 
Culture) need to consider strengthening the implementation of STEM-based PBL in the 
elementary school curriculum as a key strategy for developing 21st-century skills. 
Future research should focus on developing and testing conceptual models that 
explicitly bridge PBL and each dimension of STEM (science, technology, engineering, 
and mathematics) in the cognitive context of elementary school students, particularly in 
measuring improvements in critical thinking. In addition, researchers are encouraged to 
use more rigorous quantitative experimental methods with control groups, as well as 
combine them with qualitative approaches to deeply understand students' critical 
thinking processes as they engage in PBL-STEM tasks. 
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