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Abstract :  

This study aims to analyze research trends on the effectiveness of 

STEM-PjBL learning models in improving students' critical thinking 

skills through a systematic literature review from 2013 to 2024. The 

research employs a bibliometric approach and follows the PRISMA 

framework to select and analyze 32 articles from the Scopus database. 

The results indicate that the implementation of STEM-PjBL 

significantly enhances students' critical thinking skills, particularly 

when integrated with technology and interactive learning tools. The 

analysis highlights trends in research focus, dominant contributing 

countries, and the most cited studies. Indonesia emerges as the leading 

contributor to STEM-PjBL research. Additionally, bibliometric 

visualizations using VOSviewer reveal key themes, including project-

based learning models and their impact on 21st-century skills. The 

findings contribute to the advancement of science and technology 

education, offering valuable insights for educators and policymakers to 

develop more adaptive and effective curricula. Despite its 

contributions, this study is limited by potential publication bias and the 

absence of meta-analytical findings. 
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INTRODUCTION 

Rapid technological advances and globalization have created an increasingly competitive 

world. Individuals are required to have critical thinking skills in solving complex problems effectively 

(Iksal et al., 2024; Li, 2022; Ogedengbe et al., 2023). Critical thinking includes the ability to analyze 

information, make informed decisions, and apply knowledge in real situations (Sitopu et al., 2024; 

Thornhill-Miller et al., 2023; Yee & Huey Shyh, 2024). Education has an important role in developing 

these skills to support students' academic and professional success (García-Pérez et al., 2021; Sokhanvar 

et al., 2021; Wang et al., 2023). Therefore, innovative learning methods are needed to improve critical 

thinking skills. 

The development of the concept of 21st century skills has changed the teaching method from 

traditional to more student-centered (Abdulsamee et al., 2021; Dada et al., 2022; Olugbenga, 2021). One 

approach used is Project-Based Learning (PjBL) which allows students to work on projects based on 

real problems (Chintya et al., 2023; Hussein, 2021; Sarwi et al., 2021). PjBL encourages students to 

think critically, work together, and develop investigation skills (Cortázar et al., 2021; Yanti et al., 2023; 
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Zulyusri et al., 2023). Through this approach, students learn how to solve problems with systematic 

strategies. The application of PjBL at various levels of education has shown positive results in improving 

students' thinking skills (Biazus & Mahtari, 2022; Fadhil et al., 2021; Issa & Khataibeh, 2021). 

STEM-PjBL is a development of PjBL that integrates science, technology, engineering, and 

mathematics in project-based activities (Baran et al., 2021; Hasanah et al., 2024; Uden et al., 2023). This 

approach provides an interdisciplinary experience that allows students to explore real problems (Roslina 

et al., 2022; Shamuganathan, 2023; Winarni et al., 2022). Through hands-on experiments and data 

analysis, students can understand concepts more deeply. STEM-PjBL is effective in improving critical 

thinking because it requires students to design and implement solutions to the problems given (Bulu & 

Tanggur, 2021; Lestari et al., 2024; Rohmah et al., 2023). Thus, this method is relevant to be applied in 

the world of modern education. 

Various studies have shown that PjBL and STEM-PjBL have a positive impact on improving 

students' cognitive abilities (Kurniahtunnisa et al., 2023; Maryani et al., 2021; Mulyani & Arif, 2021). 

Research shows that this model improves deep understanding of learning materials. In addition, students' 

problem-solving skills and creativity also develop through the application of this method. Project-based 

learning helps students to connect theory with practice, thus better understanding the concepts learned 

(AlAli, 2024; Karan, 2023; Yu, 2024). Therefore, the implementation of this method is becoming 

increasingly important in today's education system. 

Although research on STEM-PjBL and PjBL has been widely conducted, there are still some 

gaps that need to be studied further. Most studies still focus on theoretical aspects without in-depth 

exploration of implementation at various levels of education. In addition, studies on the long-term 

impact of implementing this method on the development of students' critical thinking skills are still 

limited. Therefore, this study aims to fill this gap by analyzing the effectiveness of STEM-PjBL and 

PjBL in various educational contexts. 

The novelty of this study lies in its approach that combines bibliometric analysis and systematic 

review to provide a comprehensive overview of STEM-PjBL and PjBL research trends. In addition, this 

study also examines the implementation aspects of this method more broadly, covering various levels 

of education and diverse learning materials. Thus, the results of this study can be the basis for further 

development in project-based learning. 

The urgency of this study is based on the increasing demand for critical thinking skills in the 

world of education and the world of work. With the increasing development of technology and the 

complexity of global problems, students need to be equipped with analytical thinking skills and effective 

problem solving. Therefore, this study provides important insights into how STEM-PjBL and PjBL can 

be optimized to meet these needs. The results of this study are expected to contribute to the formulation 

of more adaptive and innovative education policies. 

This study aims to analyze research trends related to the effectiveness of STEM-PjBL and PjBL 

in improving critical thinking skills. This study reviews articles published between 2013 and 2024 to 

understand the development of this learning model. The results of this study are expected to provide 

insight into the best implementation of the two learning methods. In addition, this study also provides 

recommendations for educators and policy makers in developing appropriate curricula. Thus, project-

based learning can continue to develop and provide greater benefits to education. 

 

RESEARCH METHOD 

Research Design 

This study uses a bibliometric approach and systematic literature review (SLR) based on 

PRISMA to analyze research trends related to STEM-PjBL in improving critical thinking skills 

(Krisnawati et al., 2023; Satiti et al., 2024). This approach allows a comprehensive analysis of research 

developments over a period of time, supported by bibliometric visualization. 

Research Target/Subject 

The research subjects are scientific articles published in reputable journals indexed by Scopus 

between 2013 and 2024. The focus of the research is a study that discusses the implementation of STEM-

PjBL and PjBL in education and its impact on students' critical thinking skills. 
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Research Procedure 

The research procedure followed the PRISMA framework which includes four main stages: 

identification, screening, eligibility, and inclusion (Rini et al., 2025; Suryonegoro et al., 2025). In the 

identification stage, articles were searched using relevant keywords through the Scopus database using 

the Publish or Perish application and obtained 100 articles. Articles found were recorded, and duplicates 

were removed. In the screening stage, articles were selected based on the title and abstract to ensure 

relevance to the research topic, obtained 32 articles. Articles that passed this stage were then checked 

for full text at the eligibility stage to ensure compliance with the inclusion criteria, obtained 5 articles. 

Articles that met all criteria were finally included in the inclusion stage for further analysis. The 

PRISMA diagram was used to visualize the flow of article selection, including the number of articles at 

each stage of the study until the final analysis stage. The procedure in this study can be seen in the 

following figure: 

 

Figure 1. Research Procedure 

Instruments, and Data Collection Techniques 

The data in this study were collected through a search for relevant scientific articles using the 

Publish or Perish application and the Scopus database. The keywords used in the search were STEM-

PjBL. The search was limited to articles published in reputable journals between 2013 and 2024. The 

articles found were then filtered using inclusion and exclusion criteria. Inclusion criteria include articles 

in English, published within a certain period, indexed by Scopus, and directly discussing the application 

of STEM-PjBL or PjBL in developing critical thinking skills as many as 5 articles. Meanwhile, 

exclusion criteria include articles that are not relevant to the research topic, duplicated, or not available 

in full text. Articles that pass the initial screening based on title and abstract are re-examined at the full 

text stage to ensure compliance with the selection criteria. 

Data analysis technique 

Data analysis was conducted bibliometrically and systematically. The collected data were 

analyzed using VOSviewer software to visualize relationships between studies, including collaborations 

between researchers and institutions, and to identify key trends in STEM-PjBL and PjBL research topics. 

In addition, a thematic analysis was conducted to explore the impact of STEM-PjBL and PjBL 

implementation on students' critical thinking skills. This process also aims to identify research gaps that 

require further study in the future. The findings from this analysis are compiled to provide a 

comprehensive overview of research developments in the topics studied. 

RESULTS AND DISCUSSION 

Based on the results of collecting articles using Publish or Perish with the Scopus database, 32 

articles were obtained with the keyword STEM-PjBL from 2013-2024. The mapping of the number of 

articles per year can be seen in the following table: 

 

 

 

InclusionEligibilityFilteringIdentification
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Table 1. Mapping of Number of Articles Per Year 

No. Year Number of Articles 

1. 2024 2 

2. 2023 9 

3. 2022 2 

4. 2021 8 

5. 2020 9 

6. 2019 1 

7. 2018-2014 0 

8. 2013 1 

 

Table 1 presents a mapping of the number of articles obtained using the Publish or Perish (PoP) 

software with the Scopus database based on the STEM-PjBL keyword during the period 2013-2024. A 

total of 32 articles were successfully collected. The publication trend shows fluctuations, with the 

highest number of articles published in 2020 and 2023, with 9 articles each. 2021 also recorded a 

significant number, namely 8 articles. On the other hand, there were years without publications (2014-

2018). The first publication was found in 2013, while the last year (2024) recorded 2 articles. This 

indicates that research with the STEM-PjBL theme has tended to increase in recent years. 

Based on the search results, the countries that conduct the most research on STEM-PjBL were 

then mapped. The results of the mapping can be seen in the table below: 

 

Table 2. Countries with the most research on STEM-PjBL 

No. Country Number of Articles 

1. Indonesia 29 

2. Taiwan 2 

3. Turkey 1 

 

Table 2 shows the results of mapping countries that conduct the most research related to STEM-

PjBL based on data obtained from Publish or Perish using the Scopus database. Of the total 32 articles 

collected, Indonesia is the country with the most research, namely 29 articles. Taiwan is in second place 

with only 2 articles. While Turkey with 1 article. These data reflect that research on STEM-PjBL is 

more dominant in Indonesia compared to other countries. This shows that there is great attention to this 

topic in Indonesia, both in the context of implementation and development. 

Next, from the 32 articles, 5 articles were selected that were most cited. The mapping can be 

seen in the following table: 

 

Table 3. 5 Most cited articles 

No. Author  Year Journal Citation  Country  

1. Tseng et al., 2013 International Journal of Technology and 

Design Education 

299 Taiwan  

2. Baran et al., 2021 Journal of Turkish Science Education 31 Turkey  

3. Chen et al., 2019 International Journal of Science and 

Mathematics Education 

30 Taiwan  

4. Purwaningsih et 

al., 

2020 Jurnal Pendidikan IPA Indonesia 22 Indonesia  

5. Widarti et al., 2020 Jurnal Pendidikan IPA Indonesia 15 Indonesia  

 

Table 3 displays the 5 articles with the highest number of citations from a total of 32 articles 

obtained based on a search with Publish or Perish using the Scopus database. The article with the highest 

citations was written by Tseng et al. (2013) from Taiwan, which has been cited 299 times. The second 

and third articles came from Turkey (Baran et al., 2021) with 31 citations and Taiwan (Chen et al., 2019) 

with 30 citations. The next two articles came from Indonesia, namely Purwaningsih et al. (2020) with 

22 citations and Widarti et al. (2020) with 15 citations. These data show significant contributions of 
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research from various countries in the topic of STEM-PjBL, with articles from Taiwan dominating in 

terms of citations. 

Based on the 5 most cited articles, they were then analyzed using VOSviewer. The results of 

the analysis can be seen in the image below: 

 

 
Figure 2. Network Visualization 

 

This bibliometric visualization shows the relationships between terms that frequently appear in 

research on STEM-PjBL. The figure reflects five main groups (clusters) represented by different colors, 

each indicating a different focus of research on this topic. 

The green cluster stands out as one of the largest groups, including terms such as STEM PjBL, 

student, and critical thinking skill. The strong relationship between these terms indicates a major focus 

on how STEM-PjBL is implemented to improve students' critical thinking skills. In addition, the terms 

stem approach and pjbl stem indicate that the research also highlights a project-based approach in a 

broad sense. The red cluster emphasizes the relationship between skill, STEM, effect, and analysis. This 

indicates that research in this group focuses heavily on analyzing the impact of STEM-PjBL 

implementation on students' skills, including specific aspects such as need analysis and problem solving. 

The blue cluster highlights the relationship between science, engineering, development, and 

TPACK, indicating that the research also explores technology-based development in the context of 

STEM, with a focus on collaboration across disciplines such as science and engineering. The yellow 

cluster connecting project, model, and development shows that there is attention to the development of 

effective project-based learning models in the implementation of STEM-PjBL. This provides an 

indication that project-based learning methods are considered an important element in the STEM 

approach. 

The overall visualization shows the complex relationship between the various terms, reflecting 

the various dimensions of research on STEM-PjBL, ranging from student skills, learning effectiveness, 

to the development of new technologies and learning approaches. However, there is an opportunity to 

further integrate elements such as creativity, technology, and cross-disciplinary applications in future 

research. This figure provides important insights to understand research trends and the potential for 

further development of this topic. 
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Figure 3. Overlay Visualization 

 

This bibliometric map from VOSviewer shows the development of research on STEM-PjBL 

(Project-Based Learning) based on publications from 2018 to 2022. The main focus of research is seen 

in keywords such as STEM-PjBL, PjBL, Project, and Skill, indicating that many studies highlight the 

use of project-based learning models in STEM contexts to improve students' skills. The close 

relationship between PjBL, project, development, and STEM approach reflects that many studies focus 

on the development of project-based learning tools. In addition, the learning outcomes that are often 

studied are seen from the emergence of the keywords skill and critical thinking skill, which highlight 

the importance of developing students' critical thinking skills. Research on the effectiveness of this 

learning model is seen through the keywords effect, analysis, and impact which indicate a study of the 

influence of STEM-PjBL on student learning outcomes, especially critical thinking and problem-solving 

skills. In terms of time development, the color map shows a shift in research themes.  

In 2018–2019 (marked in purple-blue), research focused more on the basics of STEM, 

educational technology approaches (TPACK), and science integration. Entering 2020–2021 (green), 

studies developed into project development, learning models, and skills evaluation. Meanwhile, in 2022 

(yellow), research highlighted more aspects of impact and effectiveness analysis on critical thinking 

skills. However, several topics such as need analysis and TPACK appear to have fewer connections, 

indicating that studies on needs analysis and technology integration in STEM-PjBL learning have not 

been widely explored. This map reflects that research on STEM-PjBL continues to grow with a primary 

focus on project development and critical thinking skills enhancement, but opportunities for new studies 

remain open on aspects of needs analysis and educational technology integration. 
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Figure 4. Density Visualization 

 

This bibliometric map in the form of density visualization shows the density of research related 

to STEM-PjBL based on frequently occurring keywords. Yellow indicates areas with high density, 

indicating topics frequently discussed in research, while green to blue indicate topics with lower 

frequency. The main focus of the research is seen in the keywords STEM-PjBL, PjBL, project, model, 

and skill, which reflect the great attention to the use of project-based learning models in the STEM 

context to improve students' skills. In addition, the keywords critical thinking skill, impact, and effect 

analysis indicate that many studies explore the impact of the STEM-PjBL learning model on students' 

critical thinking skills. 

Low density is seen in keywords such as need analysis, TPACK, and engineering, indicating 

that these topics have not been widely explored. This indicates new research opportunities, such as 

analyzing the needs for developing learning tools or exploring technology integration (TPACK) in 

STEM-PjBL. In addition, the problem keyword that appears in the medium density area indicates that 

there is research that discusses problem-solving skills as a result of implementing this model. This map 

illustrates that STEM-PjBL research has developed rapidly in improving critical thinking skills and 

problem-solving skills, but there are still opportunities for exploration in the technology and needs 

analysis aspects. 

 

Implementation of the STEM-PjBL Learning Model in Improving Critical Thinking Skills 

Based on the literature study that has been conducted, 32 articles have been selected from the 

Scopus database which shows that 5 articles discuss the implementation of the STEM-PjBL learning 

model in improving students' critical thinking skills. The results of the literature study are presented in 

Table 4 below. 

 

Table 4. Matrix of the application of the STEM-PjBL learning model in improving students' critical 

thinking skills 

No. Author Year 
Research 

methods 
Research result  

1. Astra et al., 2023 

(R&D) with 

the ADDIE 

model 

The results of this study are based on the average 

proportion of the material validation test of 

96.25%, the media validation test of 73.62%, the 

learning validation test of 80%, and the product 

assessment by the teacher's perspective of 
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89.23%, and the product assessment by students 

of 88.4%. With an overall average of 85.5%, 

based on the validation and product trials, a 

proportion of 85.5% was obtained, the Sway e-

learning media was in the very feasible category, 

and an n-gain value of 0.58 was also obtained in 

the moderate category. From the results of the n-

gain value, it is concluded that e-learning based on 

PjBL integrated with STEM products using 

Microsoft Sway on parabolic motion material can 

improve students' critical thinking skills. 

2. Nafi’ah 2020 

(R&D) with 

the ADDIE 

model 

The main design results developed include the 

home page, login, and main menu which have 

nine options to facilitate the mathematics learning 

process. Based on expert assessments, the average 

value of 4.78 indicates a good assessment 

category. Therefore, the interactive multimedia 

design based on STEM-PjBL for mathematics 

learning activities in stimulating students' MCTS 

quality can be continued to the development, 

implementation, and evaluation stages. 

 

3. Prastiyan et al., 2023 
Quasi-

Experiment 

This study showed that there was no significant 

difference between students' critical thinking 

skills in both groups (U=25.00, p>0.05). This may 

be because students did not work together during 

the project and had low dependence on learning. 

These results imply that improving students' 

critical thinking skills is not easy to do. 

Furthermore, more attention and effort are needed 

when implementing TPACK-integrated STEM-

PjBL during online learning environments. 

 

4. Parno et al., 2022 
Quasi-

Experiment 

The results showed that the CTS in the 

Experimental class with an average of 65.19 and 

an increase of 0.52 (moderate) was significantly 

higher than the comparison class with an average 

of 52.36 and an increase of 0.35 (moderate). 

Experimental class students had different levels of 

improvement in the probability and uncertainty 

analysis indicators. However, both classes 

experienced almost the same increase in the 

problem solving and decision making indicators, 

as well as an increase in the low category in the 

hypothesis testing indicator. The effect size value 

of 1.13 (Very Large category) indicates that PjBL-

STEM-AF learning should be carried out more 

often in the field. Experimental class students 

gave a more positive learning response than the 

Comparison class. It is recommended in further 

research to add the "Art" aspect to the STEM 

approach to further develop students' CTS. 

 

5. 
Pramasdyahsari 

et al., 
2023 Experiment 

The research findings show that the STEM PjBL 

digital book is valid and significant in fostering 

students' critical thinking skills and has a positive 

impact on other 21st century learning skills. 
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Furthermore, the data shows that students feel 

satisfied and interested in learning through active 

teaching and learning methods that combine ICT 

tools and STEM-PjBL aspects. 

 

The results of the literature review indicate that the application of the STEM-PjBL learning 

model has the potential to improve students' critical thinking skills with various approaches. The use of 

STEM-PjBL-based e-learning has proven effective with an increase in critical thinking skills in the 

moderate category. The development of interactive multimedia based on STEM-PjBL in mathematics 

learning has received good reviews from experts and has the potential to improve students' critical 

thinking skills. However, the application in online learning shows less than optimal results due to 

minimal cooperation between students, so more attention is needed in technology integration. The PjBL-

STEM-AF model shows high effectiveness with a significant increase in critical thinking skills and 

positive student learning responses, while recommending enrichment of the approach with aspects of 

art (STEAM). In addition, the use of STEM-PjBL-based digital books has proven effective in fostering 

critical thinking skills and 21st century skills, with positive responses from students to active and 

innovative learning methods. Overall, the STEM-PjBL approach is effective in improving critical 

thinking skills, especially when supported by relevant learning tools, appropriate technology integration, 

and a collaborative learning environment. 

This research has a significant positive impact on the development of science and technology 

education. This study can provide in-depth insights into the trends, effectiveness, and implementation 

patterns of the STEM-PjBL learning model in improving critical thinking skills. In addition, the results 

of this study can be a primary reference for educators and policy makers in designing a more relevant 

and contextual curriculum. By mapping research results for more than a decade, this study also helps 

identify the best strategies, challenges faced, and opportunities for the development of more innovative 

and effective learning models. 

However, this study also has several limitations. First, as a systematic literature review, the 

results of the study are highly dependent on the quality and availability of the reviewed articles, so 

publication bias can affect the findings. Second, the time span of 2013–2024, although quite long, may 

not cover the latest developments in real time, especially research that has not been widely published. 

In addition, limitations in the analysis method, such as the lack of quantitative meta-analysis, can limit 

the generalizability of the results. Even so, this study still makes an important contribution in providing 

direction for future research and the development of evidence-based learning practices. 

CONCLUSION 

This study provides a comprehensive overview of research trends on the implementation of 

STEM-PjBL learning models to enhance students' critical thinking skills. The findings confirm that 

STEM-PjBL effectively fosters critical thinking, especially when supported by technology integration, 

collaborative projects, and interactive learning tools. The study also highlights Indonesia’s leading role 

in STEM-PjBL research. However, the results reveal gaps in technology integration and needs analysis 

within the existing literature, indicating opportunities for future exploration. Despite potential 

publication bias and limited meta-analytical synthesis, this study contributes valuable insights to 

educational practice and policy. Future research should focus on quantitative meta-analyses and explore 

underrepresented aspects such as technology integration and cross-disciplinary approaches in STEM-

PjBL implementation. 
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