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Abstract: This study aims to analyze the trends, patterns, and dynamics of research on students' scientific literacy 

in relation to critical thinking skills in science learning through a bibliometric approach. The research seeks to identify 
dominant topics, international collaboration networks, and contributions from institutions and countries, as well as 
to explore the integration of scientific literacy with critical thinking skills in educational contexts. Data were collected 
from the Scopus database using keywords "students' scientific literacy and critical thinking skills", resulting in 68 
articles after a rigorous screening process based on publication year (2019–2024). The analysis employed 
descriptive bibliometric methods, utilizing tool VOSviewer for mapping collaboration networks and research focus 
areas. The findings reveal a significant increase in publications, particularly in 2022 and 2024, Citation trends 
indicate that publications from 2019 had the highest impact, with 184 citations. International collaborations were 
dominated by countries with advanced education systems, such as the United States, Norway, and Taiwan, while 
developing countries like Indonesia and Malaysia showed active. Key research themes project-based learning 
(PjBL-STEM), socio-scientific issues, and the integration of local and spiritual values in science education.The study 
concludes that scientific literacy and critical thinking skills are increasingly recognized as essential competencies in 
education, with innovative pedagogical approaches playing a pivotal role in their development. The results provide 
valuable insights for researchers, educators, and policymakers to enhance curriculum design and teaching 
strategies. Future research should focus on specific contexts and interdisciplinary approaches to further explore the 
relationship between scientific literacy and critical thinking skills. 
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INTRODUCTION 

Students' scientific literacy has become a critical competency for addressing 
21st-century challenges. As the ability to understand, analyze, and apply scientific 
concepts in daily life, scientific literacy not only supports the development of scientific 
knowledge but also enables students to make informed and responsible decisions in 
social, economic, and environmental contexts (Rahmadanita, 2022). In education, 
scientific literacy is considered foundational for nurturing a generation capable of 
critical, creative, and solution-oriented thinking amid increasingly complex global 
issues (Ankamah et al., 2021). 

The importance of scientific literacy in education has spurred numerous studies 
exploring its aspects, from curriculum and teaching methods to learning outcomes 
(Barnes et al., 2024; Eymur & Çetin, 2024). However, despite extensive research, gaps 
remain in understanding how scientific literacy is developed and integrated with critical 
thinking skills. Additionally, there is a lack of comprehensive mapping of research 
trends, collaborations among researchers, and the most productive institutions and 
countries in this field (Cintamulya et al., 2024; Feng Qinna, 2023; Yang, 2023). This 
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underscores the need for a systematic and in-depth analysis of the evolution of 
scientific literacy research. 

Bibliometrics, as a quantitative analysis method for academic publications, offers 
an effective approach to mapping research developments in a specific field (Zupic & 
Čater, 2015). Using data from the Scopus database, a leading repository of high-
quality scientific publications, this study aims to analyze trends, patterns, and dynamics 
in scientific literacy research in education. The bibliometric analysis will identify 
dominant topics, researcher collaboration networks, and contributions from institutions 
and countries in advancing scientific literacy linked to students' critical thinking skills. 

This study was also driven by the need to understand how students' scientific 
literacy has been integrated into critical thinking skills. Risahadi and Akbar found a 
favorable and statistically significant correlation between students' scientific literacy 
and their ability to think critically (Risahadi & Akbar, 2024). Therefore, children who 
master the scientific method tend to be more able to think. Scientific literacy and 
students' ability to think critically are two areas that teachers really need to work on 
and more research is conducted to investigate the variables that influence scientific 
literacy and evaluate the effectiveness of various learning methods, techniques, and 
media in this regard. By mapping the development of student scientific literacy 
research, it is hoped that areas that need more attention can be identified, as well as 
opportunities for further research (Wulandari & Setiani, 2025). These assessments 
often serve as benchmarks for evaluating national education systems and identifying 
areas for improvement (Rahmadanita, 2022; Ware et al., 2019). Thus, a deeper 
understanding of scientific literacy research has both academic relevance and practical 
implications for enhancing global education quality. 

In a global context, students' scientific literacy is also an important indicator in 
international education assessments, such as the Programme for International Student 
Assessment (Setyawarno et al., 2021). By mapping research trends and collaboration 
networks, it will provide a holistic overview of scientific literacy development in the 
educational context. Future research should investigate improvements in content 
mastery and competency-based learning skills, offering recommendations for more 
effective educational policies and practices (Woodley et al., 2019). 

Despite the widely recognized importance of scientific literacy, challenges persist 
in understanding its development, measurement, and integration into education 
systems. While numerous studies have explored aspects of scientific literacy, few have 
comprehensively analyzed its research evolution through bibliometrics (Lyu et al., 
2024). This study aims to provide a holistic picture of scientific literacy research in 
education, including dominant topics, researcher collaborations, and the most 
productive institutions and countries. 

The bibliometric approach is expected to significantly contribute to educational 
stakeholders, including researchers, educators, and policymakers, in understanding 
the dynamics of scientific literacy research and formulating more effective development 
strategies (Zupic & Čater, 2015). Additionally, the findings may serve as a foundation 
for further in-depth studies focusing on specific aspects of scientific literacy that 
influence critical thinking skills in education. 

This study collects data on scientific literacy research using a bibliometric 
approach based on Scopus data. The article presents a comprehensive bibliometric 
analysis of students' scientific literacy linked to critical thinking skills in education, 
covering publication trends, international research collaborations, and research focus. 
By analyzing journals, conferences, and other related academic publications, the study 
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aims to provide a systematic overview of recent research and recommendations for 
future research agendas. 

 
METHOD 

This study employs a descriptive bibliometric analysis method consisting of four 
key stages: identification, screening, eligibility, and inclusion (Habibi & Artha Glory 
Romey Manurung, 2023; Muhammad Siddiq, 2019; Nurfauzan & Faizatunnisa, 2021). 
In the identification stage, researchers searched the Scopus database using keywords 
aligned with the research theme: "students' scientific literacy and critical thinking skills." 
This step identified 4,317 relevant articles. The next stage, screening, filtered 201 
articles from the initial pool using criteria such as critical thinking skills and publication 
years (2019–2024). Of these, 65 articles did not meet the criteria and were excluded, 
leaving 136 articles. Further screening based on subject area and document type 
(articles only) resulted in 73 articles proceeding to the eligibility stage. Here, 
researchers evaluated whether the 73 articles were suitable for inclusion in the final 
analysis. Only English-language publications were included, reducing the number to 
68 articles. 

 
Figure 1. Stages in data refinement 

 
Researchers used various tools to process the data. Microsoft Excel was used to 

display tables of publication and citation trends. VOSviewer visualized international 
collaborations and research focus areas. The PoP application calculated citation 
metrics such as NCP, C/CP, and h-index. 

 
RESULT AND DISCUSSION 

In this section, we will discuss the trend in the number of publications, the trend 
in the number of citations, the trend in research collaboration between countries, and 
the focus of research related to students' scientific literacy in Education. The trend in 
the number of publications reflects the development in the number of scientific 
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publications that have been published in this field during the period 2019 to 2024. This 
trend provides an overview of the growth of research conducted by scientists and 
academics in studying students' scientific literacy associated with critical thinking skills 
in Education. Furthermore, the trend in the number of citations illustrates the extent to 
which the research has influenced further research and become a reference for other 
scientists. The increase in the number of citations indicates a level of recognition and 
widespread acceptance among the scientific community of research on students' 
scientific literacy associated with critical thinking skills in education. From the data, the 
number of citations in 2019, when COVID-19 attacked the world which resulted in the 
need to improve student literacy because much online learning was carried out, at this 
time there is a lot of research that leads to improving students' critical thinking skills 
which requires student literacy and can achieve learning objectives (Pinto et al., 2019). 
International collaboration can produce higher quality research and is associated with 
various fields because it involves various perspectives and expertise. Finally, the trend 
in research focus refers to research areas that receive special attention in the study of 
students' scientific literacy associated with critical thinking skills in education during the 
period 2019 to 2024. 
 

Trend in number of publications 
The trend in the number of publications is shown by grouping the number of 

publications by year of publication. The trend in publications from 2019 to 2024 related 
to research on student science literacy associated with critical thinking skills in 
education can be seen in Figure 2. 
 

 
Figure 2. Publication trends 

 

The graph shown shows the trend of publication of documents related to students' 
scientific literacy associated with critical thinking skills based on Scopus data in the 
period 2019 to 2024. There is a significant increase in the number of publications, 
especially in the last year. This shows that students' scientific literacy associated with 
critical thinking skills is increasingly becoming a topic of interest and relevance in the 
world of education. This increase may be driven by global awareness of the importance 
of students' scientific literacy in facing 21st-century challenges, such as climate 
change, technological advances, and global health issues (the COVID-19 pandemic). 
In addition, international assessments such as PISA (Programme for International 
Student Assessment) may also have driven research interest in this area. Publications 
of interest in students' scientific literacy with critical thinking skills increased in 2022 
and 2024 influenced by the concern of education experts about the quality of education 
in the post-Covid-19 era and how students' scientific literacy will develop after the 
return to normal of the learning process carried out directly and online. The spike in 
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certain years can also be caused by certain policies issued by the government that 
encourage increased research (Brooks et al., 2024; Roberts et al., 2019). Such as the 
existence of blended learning that empowers students to continue learning outside of 
school hours online with the help of online learning guides created by their respective 
teachers (Anazifa & Djukri, 2017) For example, a sharp increase in a particular year 
could be related to the launch of a new curriculum that emphasizes students' scientific 
literacy associated with critical thinking skills, or the holding of an international 
conference discussing this topic (Pantiwati et al., 2024). These spikes could also reflect 
a response to global challenges, such as the pandemic, which forces the world of 
education to focus more on students' scientific literacy as part of relevant education 

Increasing collaboration between researchers, institutions, and countries. This can be 
seen from the possibility of increasing the number of publications involving authors 
from various countries or institutions. This collaboration is important to broaden 
perspectives and improve the quality of student science literacy research (Udoh et al., 
2020).  

International collaboration often produces more comprehensive and broadly 
related research, because it combines various perspectives and resources. 
Differences in perspectives in education are the basis for research collaboration, 
supported by differences in resources from several countries located on several 
continents. Collaboration that often occurs between the American continent and 
Taiwan, Norway and Malaysia. In terms of cultural differences, it can also increase 
research collaboration to improve students' thinking skills with student science literacy 
from elementary school to university. Research collaboration is often carried out by the 
United States with all countries, while Indonesia and Malaysia have carried out 
reciprocal collaborative research. But Spain and the Asian continent rarely carry out 
research collaboration. 

The shift in research focus in the early years, research may focus more on 
measuring students' scientific literacy, while in the later years, research may discuss 
more innovative learning methods or technology integration in teaching students' 
scientific literacy, the end result of which will be associated with students' critical 
thinking skills. This shift reflects the dynamics in the field of education, where practices 
and policies continue to evolve to respond to students' needs and global challenges. 
the application of Hybrid-PjBL had a significant influence on the achievement of 
learning outcomes and creative thinking skills. The results of this study indicate that 
Hybrid-PjBL is an alternative learning, suitable to the demands of the twenty-first 
century (Rahardjanto et al., 2019). The increasing number of publications on students' 
scientific literacy associated with critical thinking skills is increasingly recognized as an 
important component in education. This can encourage policymakers to pay more 
attention to the development of curricula and learning methods that support students' 
scientific literacy so that they can develop students' critical thinking skills. In addition, 
this trend can also influence national and international education policies, with more 
countries investing in research and development of students' scientific literacy related 
to critical thinking skills (Septiadevana & Abdullah, 2024). This indicates that research 
on this topic continues to be more specific with a more targeted approach. 

 

Tabel 1. Distribusi data kemampuan berpikir siswa 

Tahun TP TC NCP H G 

2024 15 10 6 2 2 
2023 8 18 5 3 3 
2022 15 142 15 7 11 
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Tahun TP TC NCP H G 

2021 10 87 8 5 9 
2020 11 114 11 7 10 
2019 9 184 8 7 9 

TP : Total Publication ; TC : Total Citation ; NCP : Number Citation Paper; H: h-index; G: g-index 
 

Total Publications Fluctuate with peaks in 2022 and 2024 (15 publications), and 
a low point in 2023 (8 publications). Indicates the highest productivity, possibly related 
to research focus or major projects. The drastic decline in 2023 (only 8 publications) 
could be due to external factors such as the pandemic, changes in institutional policies, 
or shifts in research topics. The peak of citations occurred in 2019 (184 citations), 
followed by a significant decline until 2024 (10 citations). The decline in citations in 
2023–2024 may reflect a lack of visibility or relevance of recent research, or a delay in 
the citation process (it usually takes 2–3 years to accumulate citations). In terms of 
Cited Articles, the highest value was in 2022 (15 cited articles) and the lowest in 2024 
(6 articles). Because there was consistency in cited articles in 2019–2022, it shows the 
quality of research that is recognized. In 2024, the quality of articles decreased due to 
the short time for citation. The highest H-Index and G-Index were in 2022 and 2020 
(value 7), the lowest in 2024 (value 2), while the highest G-Index was in 2022 (value 
11), the lowest in 2024 (value 2). High H-Index and G-Index in 2019–2022 indicate that 
researchers/institutions have influential publications with balanced citations. Low 
values in 2023–2024 indicate the dominance of new publications with few citations or 
a lack of high-impact articles. The publication with the most citations was in 2019, 
which was the beginning of the pandemic. 
 

Table 2. Publications with the  most citations 
Writer Title Journal Name Quote Research result 

Kinslow, A.T., 
Sadler, T.D.,  
guyen, H.T, 
2019 

Socio-scientific 
reasoning and 
environmental 
literacy in a field-
based ecology 
class 

Environmental 
Education 
Research 

76 This study describes how an existing 
field-based ecology course was 
modified to frame learning around local 
environmental socio-scientific issues. 
We used a convergent parallel mixed 
methods approach to examine changes 
in social-scientific reasoning (SSR) over 
time for middle school students in this 
course as a measure of scientific and 
environmental literacy. Results suggest 
that a focused SSI field-based 
environmental education curriculum can 
support the development of social-
scientific reasoning and environmental 
literacy competencies among middle 
school students (Kinslow et al., 2019). 

Afandi, 
Sajidan, 
Akhyar, M., 
Suryani, 
N.,2019 

Development 
frameworks of 
the Indonesian 
partnership 21 st 
-century skills 
standards for 
prospective 
science 
teachers: A 
Delphi study 

Jurnal 
Pendidikan 
IPA Indonesia 

42 From the results of this study, we 
have determined four IP-21CSS that 
are considered by the panelists as the 
right standards for prospective 
science teachers in Indonesia ranging 
from 4.5 to 5 or at a high level. These 
standards include: (1) 4C (critical 
thinking, creative thinking, 
collaboration, and communication); 
(2) ICT (technology, media, and 
information literacy); (3) spiritual 
values (religious beliefs and spiritual 
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Writer Title Journal Name Quote Research result 

awareness); and (4) character 
building (teacher attitudes and 
scientific attitudes). Therefore, it can 
be concluded that the implementation 
of 21st century education learning that 
emphasizes each of the IP-21CSS 
indicators needs to be considered as 
an important component in the lecture 
process for prospective science 
teachers in Indonesia (Afandi, 2019). 

Baran, M., 
Karakoyun, 
F., Maskan, 
A., 2019 
 

The Influence of 
Project-Based 
STEM (PjbL-
STEM) 
Applications on 
the 
Development of 
21st-Century 
Skills 

Journal of 
Turkish 
Science 
Education 

32 Significant improvement in students’ 
21st century skills, such as the level 
of use of autonomy and cooperation 
skills and their level of environmental 
sensitivity. Students also reported that 
the activities had a positive effect on 
many of their 21st century skills such 
as communication, and collaboration, 
problem solving, creativity, critical 
thinking, responsibility, environmental 
awareness, and information 
technology literacy. Based on the 
findings, the following suggestions are 
proposed: PjbL-STEM activities can 
be carried out more in educational 
institutions owned by the Ministry of 
National Education. Teacher training 
activities can be carried out, and in-
service training can be organized to 
support the implementation of 
innovative methods(Baran et al., 
2021). 

Nelms, A.A., 
Segura-
Totten, M., 
2019 

Expert–novice 
comparison 
reveals 
pedagogical 
implications for 
students’ 
analysis of 
primary 
literature 

CBE Life 
Sciences 
Education 

29 Our results reveal that lecturers have 
more complex schemas than students 
and that they reduce cognitive load 
through two main mechanisms: 
summarizing and note-taking. 
Lecturers also engage with articles at 
a higher cognitive level, described as 
constructive by the ICAP framework, 
compared to students. More complex 
schemas, which effectively reduce 
cognitive load, and deeper 
engagement with the text may help 
explain why lecturers encountered 
fewer comprehension difficulties than 
students in our study. Finally, 
lecturers analyzed and evaluated data 
more frequently than students when 
reading texts. The findings include a 
discussion of successful pedagogical 
approaches for instructors seeking to 
improve students’ comprehension and 
analysis of research articles (Nelms & 
Segura-Totten, 2019). 

 
Based on the data presented, there are four studies with varying numbers of 

citations, ranging from 29 to 76. The number of citations reflects the level of influence 
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and relevance of the research in their respective fields. The study with the highest 
number of citations of 76 citations explains how a modified field-based ecology course 
focused on environmental socio-scientific issues can improve the socio-scientific 
reasoning (SSR) and environmental literacy of high school students (Sarabi et al., 
2020). A convergent parallel mixed methods approach was used to measure changes 
in SSR over time. The results show that a focused field-based curriculum can support 
the development of environmental literacy and socio-scientific reasoning 
competencies. The second with 42 citations explains four 21st century skill standards 
for prospective science teachers in Indonesia, including: 4C (critical thinking, creativity, 
collaboration, communication), ICT, spiritual values, and character building (Anazifa & 
Djukri, 2017). These standards are considered very relevant to the lecture process of 
prospective science teachers. The third highest with 32 citations explains that the 
Implementation of PjbL-STEM shows a significant increase in students' 21st century 
skills, such as autonomy, collaboration, communication, and technological literacy. 
This study recommends teacher training to support the implementation of this 
innovative method in educational institutions (Thiagarajan, 1974).  

Teachers are expected to be able to utilize various online applications and 
platforms to create interactive and engaging learning materials for students. In 
addition, by using technology, teachers can also provide direct feedback to students 
and monitor their progress more effectively. The fourth highest with 29 citations found 
that lecturers have more complex cognitive schemes than students in analyzing 
primary literature. They reduce cognitive load by summarizing and taking notes, and 
engage at a higher cognitive level. These findings provide insights for effective 
pedagogical approaches. From all these studies, it is concluded that these studies 
emphasize the importance of innovative approaches (such as PjbL-STEM and field-
based curriculum) and teacher training to improve 21st century skills and scientific 
literacy (Rahardjanto et al., 2019). However, some studies have relatively low citation 
counts, perhaps due to more recent publication or a more specific journal scope. 
 

Trends in Research Collaboration Between Countries 

 
Figure 3. Research collaboration between countries 

 

The image shows a research collaboration between countries involving Taiwan, 
Norway, Turkey, Portugal, Spain, the United States, Italy, Indonesia, and Malaysia. 
This collaboration reflects a global effort to improve students' scientific literacy and its 
relationship to critical thinking skills. 
 

Table 3. Number of research between countries 

No Country Documents Citation Total Link Strength 

1 Norway 2 57 165 
2 Malaysia 2 24 100 
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No Country Documents Citation Total Link Strength 

3 Spain 6 39 99 
4 Sigapore 1 20 98 
5 United Stated 28 223 98 
6 Taiwan 1 25 87 
7 Turki 1 32 78 
8 Kazakhstan 1 8 50 
9 Poland 1 8 50 

10 Belgium 1 23 49 
11 Kanada 3 11 43 
12 Equador 1 1 43 
13 Indonesia 13 130 41 
14 China 1 5 38 
15 Australia 3 22 32 
16 United Kingdom 5 38 20 
17 Italy 2 1 7 
18 South Korea 1 1 6 
19 Portugal 1 6 5 
20 Argentina  1 6 4 

 

The United States, Taiwan, and Norway emerged as major hubs for scientific 
literacy research collaboration. This is in line with studies showing that countries with 
advanced science education systems tend to be active in international collaboration 
(Li et al., 2021). Meanwhile, developing countries such as Indonesia and Malaysia are 
involved in collaboration, although with lower frequency. This shows an effort to adopt 
best practices from developed countries on the integration of 21st century skills in the 
science curriculum (Adedokun & Popoola, 2024). 

 

 
Figure 4. Research focus 

 

The figure above shows a network of interrelated keywords or themes, reflecting 
the main areas of research and the novelty of this study. In terms of research focus, 
scientific literacy is used as a foundation for understanding scientific concepts and 
applying knowledge in real-life contexts by exploring scientific literacy as a basis for 
developing students' critical thinking skills. This is in line with the definition of scientific 
literacy emphasizing the ability to use scientific knowledge to identify questions, 
evaluate evidence, and make decisions, encouraging students to think critically, such 
as analyzing information, evaluating arguments, and solving complex problems 
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(Dharmayanti et al., 2024; Susongko et al., 2021). These skills are very relevant in the 
digital era, where students are faced with a lot of information that needs to be filtered 
critically (Facione, 2015) by using an active approach in science learning. 
 

 
Figure 5. Research recency 

 

The novelty of this study lies in the use of VOS Viewer analysis to uncover 
clusters of themes that may not have been explored in depth in previous studies, such 
as the role of digital media or socio-scientific contexts in linking the two concepts. This 
study also fills a gap in the literature by focusing on a specific context (high school 
students in Indonesia) or a new pedagogical approach (such as STEM integration). 
21st century skills in Indonesia show that local contexts often require adaptation of 
existing scientific literacy models (Afandi, 2019). An interdisciplinary approach that 
links scientific literacy not only with pure science, but also with fields such as cognitive 
psychology or environmental education (Cintamulya et al., 2024). 

 
CONCLUSION 

Based on the research results, it can be concluded that (1) it was found that there 
was a significant increase in publications related to scientific literacy and critical 
thinking skills, especially in 2022 and 2024. This reflects global awareness of the 
importance of this topic, driven by challenges such as climate change, pandemics, and 
international assessments; (2) Citation Trends Publications in 2019 dominate the 
number of citations (184 citations), indicating a strong influence on further research; 
(3) International Collaboration with the main contribution from countries with strong 
education systems. This collaboration enriches the perspective and methodology of 
research;(4) Research in 2019-2024 has dominant Topics Project-based learning 
(PjBL-STEM) for the development of 21st century skills; (5) Integration of science 
literacy with local and spiritual values. The role of socio-scientific approaches in 
improving environmental literacy. 

 
RECOMMENDATION 

After analyzing several studies published in Scopus, it is suggested to conduct 
further research on students' scientific literacy through new pedagogical approaches 
(such as STEM integration). Where 21st century skills in Indonesia show that the 
context of local potential often requires adaptation of existing scientific literacy models. 
An interdisciplinary approach that connects scientific literacy not only with pure 
science, but also with fields such as cognitive psychology or environmental education 
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