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Abstract— The significance of fostering critical thinking in scientific 

education cannot be overstated in today's rapidly evolving 

technological landscape. The researcher conducts a comprehensive 

bibliometric analysis, scrutinizing 220 scholarly articles, to deepen the 

understanding of research in critical thinking within science 

education. This analysis reveals the foremost authors, influential 

journals, and pivotal keywords, offering insights into the primary 

contributors and central themes in this field. Furthermore, the global 

distribution of research on critical thinking in science education is 

explored, shedding light on the substantial and diverse contributions 

from various regions and academic institutions. The findings 

emphasize the need for an increased focus on nurturing critical 

thinking skills and their practical applications within educational 

contexts. To enhance science education, a multifaceted approach is 

proposed. This includes the strategic integration of technology into 

curricula, the exploration of innovative pedagogical methods such as 

the Flipped Classroom model, the incorporation of constructed-

response questions in assessment techniques, and the facilitation of 

global collaboration among researchers, educators, and 

policymakers. The study goes beyond these recommendations to 

advocate for a more holistic student development approach. 

Interdisciplinary collaboration is encouraged, and a student-centered 

approach to teaching and learning is endorsed. Following these 

recommendations aims to enrich science education and empower 

students and educators to navigate the complexities of the 

contemporary scientific landscape effectively. 
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I. INTRODUCTION  

Critical thinking is the cornerstone of scientific education, 

serving as the bedrock upon which the entire scientific inquiry, 

discovery, and understanding is built. In pursuing knowledge, 

the ability to think critically is not merely a desirable skill; it is 

an absolute necessity. Critical thinking in science education is 

the vehicle through which students learn to question, analyze, 

evaluate, and synthesize information, enabling them to 

effectively navigate the complex landscape of scientific 

concepts, theories, and empirical evidence. 

In this era of rapid technological advancement and ever-

expanding access to information, the role of critical thinking in 

science education has never been more crucial. It empowers 

students to distinguish between credible scientific sources and 

pseudoscience, fostering a culture of skepticism that safeguards 

against misinformation. Furthermore, critical thinking 

encourages students to engage actively in the scientific process, 

encouraging them to propose hypotheses, design experiments, 

and draw evidence-based conclusions. 

To better understand the landscape of research on critical 

thinking in science education, this study employs bibliometric 

analysis using VOSviewer (Van Eck, N. J., & Waltman, 

L.,2011), a powerful tool for visualizing and analyzing 

scholarly literature. By examining the existing body of 

research, we aim to identify key trends, prominent authors, and 

emerging themes in this field. Specifically, 

1. To conduct a comprehensive bibliometric analysis of 

studies on critical thinking in science education, mapping 

the intellectual landscape and identifying influential works. 

2. To analyze the most frequently cited authors, journals, and 

keywords, shedding light on the central contributors and 

topics within this area of research. 

3. To discern any temporal trends or shifts in the focus of 

critical thinking in science education, providing insights 

into the evolving nature of the field. 

4. To assess the global distribution of research on this topic, 

highlighting regions and institutions that have made 

significant contributions. 

By achieving these research objectives, we aim to contribute 

to a deeper understanding of the significance of critical thinking 

in science education and provide a valuable resource for 

educators, researchers, and policymakers seeking to enhance 

the quality of science education in an increasingly complex 

world.  

II. METHODOLOGY  

The methodology employed for this study involved 

bibliometric analysis, with a primary focus on utilizing 

VOSviewer, a comprehensive tool for visualizing and 

analyzing scholarly literature, to identify and select relevant 

articles for the analysis. 

A. Initial Search 

The research began with an extensive search in academic 

databases using the keywords "critical thinking" and "science 

education." This initial search yielded a substantial number of 

articles, totaling 3,573. 
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B. Refinement of Search Criteria 

A series of exclusion criteria were applied to narrow down 

the selection to the most relevant articles for the bibliometric 

analysis. These criteria were as follows: 

• Discipline: Articles were filtered to include only those 

classified under the discipline of "Social Sciences," 

ensuring that the focus of the study remained within the 

scope of this field. 

• Publication Type: Only articles were considered for 

inclusion in the analysis. This exclusion criterion aimed to 

exclude other types of documents such as books, reviews, 

or conference papers. 

• Language: To maintain consistency in language for analysis 

and accessibility, only articles published in English were 

retained. 

• Access: To promote open access to research findings, the 

researcher exclusively selected articles from open-access 

journals. 

C. Final Selection 

After applying these exclusion criteria, the initial pool of 

3,573 articles was significantly refined, resulting in a last set of 

220 articles meeting all the requirements. These 220 articles 

constituted the dataset for the subsequent bibliometric analysis.  

III. RESULTS 

With the dataset of 220 selected articles, VOSviewer was 

employed to conduct the bibliometric analysis. VOSviewer 

allowed us to create visualizations and identify critical trends, 

influential authors, frequently occurring keywords, and other 

relevant bibliometric indicators. This analysis aimed to provide 

insights into the landscape of critical thinking in science 

education research, highlighting this field's most significant 

contributions, themes, and temporal trends.  

 

 
Fig. 1. Network visualization in terms of Co-authorship and citations. 

 

In terms of the most cited authors in the field of critical 

thinking in science education, current rankings place the study 

conducted by Roschelle et al. (2020) at the forefront, titled 

"Changing how and what children learn in school with 

computer-based technologies" (n=1599). Following closely is 

the work by Moraros et al. (2015) titled "Flipping for success: 

evaluating the effectiveness of a novel teaching approach in a 

graduate-level setting" (n=376), and Stanger-Hall (2012) with 

the study "Multiple-choice exams: an obstacle for higher-level 

thinking in introductory science classes" (n=257). 

Roschelle et al.'s (2020) study delves into the transformative 

potential of computer technology in enhancing learning within 

schools. It highlights the role of technology in facilitating active 

engagement, promoting group participation, providing frequent 

interaction and feedback, and establishing real-world 

connections. Additionally, the study emphasizes that 

technology's effectiveness is contingent upon a more 

comprehensive educational reform, encompassing teacher 

training, curriculum development, student assessment, and the 

capacity of schools to adapt to change. 

Moraros et al. (2015) conducted research that compared the 

effectiveness of the Flipped Classroom model among graduate 

students in an introductory epidemiology class. Their findings 

revealed that 80% of students found this teaching model to be 

somewhat or very effective, with international students rating it 

more favorably than their North American counterparts. 

Notably, the study demonstrated that students who found the 

Flipped Classroom effective were more satisfied with their 

overall course experience. Moreover, students enrolled in the 

Flipped Classroom approach exhibited higher SEEQ variable 

scores than those in the traditional format. Despite its 

challenges, the Flipped Classroom emerged as a novel and 

effective teaching approach at the graduate level. 

In a different vein, Stanger-Hall's (2012) study explored the 

influence of exam format on the development of critical-

thinking skills in introductory science courses. The research 

revealed that while traditional multiple-choice (MC) exams led 

to mixed results, incorporating constructed-response (CR) 

questions encouraged students to engage in deeper learning and 

become better critical thinkers, simultaneously reducing gender 

bias. However, the study observed increased student resistance 

as individuals adjusted their perceptions of their critical-

thinking abilities. These findings shed light on the nuances of 

assessment formats and their impact on students' cognitive 

development. 

 

 
Fig. 2. Network visualization in terms of Co-authorship and citations. 
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In terms of the most cited countries about critical thinking in 

science education, the United States of America ranks first with 

2,192 overall citations in 87 articles, followed by Canada with 

261 overall citations in 9 articles published, and third on the list 

is the United Kingdom with 246 citations in 13 articles 

published. 

The most cited article in the USA is Changing how and what 

children learn in school with computer-based technologies 

written by Roschelle, J.M., Pea, R.D., Hoadley, C.M., Gordin, 

D.N., Means, B.M. with 382 citations in 2000. The article 

discusses how Computer technology can enhance school 

learning by supporting active engagement, group participation, 

frequent interaction and feedback, and real-world connections. 

It can also expand understanding of core concepts like math, 

science, and literacy. However, the effectiveness of technology 

depends on a broader education reform movement, including 

teacher training, curriculum, student assessment, and school 

capacity for change. Further research is needed to identify the 

most effective uses of computer technology and the conditions 

for successful implementation in the future role of computers in 

the classroom. 

The most cited article in Canada is Flipping for success: 

Evaluating the effectiveness of a novel teaching approach in a 

graduate level setting written by Moraros, J., Islam, A., Yu, 

S., Banow, R., Schindelka, B. in 2015 with 170 citations. The 

article talks about how the study compared the effectiveness of 

the Flipped Classroom model among 67 Master-level graduate 

students in an introductory epidemiology class. Results showed 

that 80% of students found the model compelling, with 

international students rating it significantly more effective than 

North American students. This innovative teaching approach is 

gaining recognition in health science curricula. 

The most cited article in the United Kingdom is Peer 

education, gender and the development of critical 

consciousness: Participatory HIV prevention by South African 

youth written by Campbell, C., MacPhail, C. with 342 citations 

in 2002. The study explores the impact of participatory peer 

education on sexual norms, focusing on gender inequalities and 

social identity. It provides a critical case study of a school-based 

peer education program in a South African township school. 

The research reveals that the program's features, such as 

didactic methods, unequal gender dynamics, and a highly 

regulated environment, may undermine critical thinking and 

empowerment. The study also highlights the need for broader 

social and community development initiatives to maximize the 

likelihood of program success. 

The term "critical thinking" stands out as the most prevalent 

co-occurring word, appearing 135 times, followed closely by 

"Education," observed 101 times, and "Human," with 89 

instances. Regarding recent research trends, "Science 

Education" has garnered notable attention with 10 publications, 

demonstrating an average publication year 2021.40. 

Additionally, "Quantitative Analysis" and "Sustainability" have 

also emerged as significant areas of study, each with five 

publications. Interestingly, "Quantitative Analysis" reports an 

average publication year of 2021.80, while "Sustainability" 

appears to have gained prominence with an average publication 

year of 2022.40. 

 

 
Fig. 3. Network Analysis of the Keywords. 

IV. DISCUSSION 

In the discussion of the most cited authors in the field of 

critical thinking in science education, the results point to 

significant contributions by several researchers. Notably, 

Roschelle et al.'s (2020) study titled "Changing how and what 

children learn in school with computer-based technologies" 

emerges as the most cited, with a substantial citation count of 

1599. This research focuses on the transformative potential of 

computer technology in enhancing learning within schools. It 

underscores the pivotal role of technology in promoting active 

engagement, facilitating group participation, providing 

continuous interaction and feedback, and establishing real-

world connections. Importantly, the study highlights that the 

efficacy of technology hinges on broader educational reform 

efforts, encompassing teacher training, curriculum 

development, student assessment, and the adaptability of 

schools to change. These findings indicate a growing 

recognition of the importance of technology in education and 

the need for systemic changes to harness its full potential. 

Following closely in the citation rankings is the work by 

Moraros et al. (2015) titled "Flipping for success: evaluating the 

effectiveness of a novel teaching approach in a graduate-level 

setting" with 376 citations. Moraros and colleagues conducted 

research that delved into the effectiveness of the Flipped 

Classroom model among graduate students in an introductory 

epidemiology class. Their findings revealed that a significant 

proportion of students, 80%, considered this teaching approach 

to be somewhat or very effective. Interestingly, international 

students rated it more favorably than their North American 

counterparts, suggesting the model's adaptability across diverse 

student populations. The study also demonstrated that students 

who found the Flipped Classroom approach effective reported 

higher satisfaction with their overall course experience. 

Additionally, students enrolled in this novel approach exhibited 

higher scores on Student Evaluation of Educational Quality 

(SEEQ) variables than those in traditional formats. Despite the 

inherent challenges, Moraros et al.'s work highlights the 
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potential of the Flipped Classroom as an innovative and 

effective teaching strategy, particularly at the graduate level. 

In another line of research, Stanger-Hall's (2012) study titled 

"Multiple-choice exams: an obstacle for higher-level thinking 

in introductory science classes" garners attention with 257 

citations. This study explored the impact of exam formats on 

developing critical-thinking skills in introductory science 

courses. The findings revealed that while traditional multiple-

choice (MC) exams yielded mixed results, incorporating 

constructed-response (CR) questions encouraged students to 

engage in deeper learning and become more adept critical 

thinkers. Moreover, the study indicated a reduction in gender 

bias with CR questions. However, the research also observed 

increased student resistance as individuals adjusted their 

perceptions of their critical-thinking abilities in response to this 

format shift. Stanger-Hall's work sheds valuable light on the 

nuances of assessment formats and their influence on students' 

cognitive development. 

The high citation counts of these studies reflect their 

significant contributions to the field of critical thinking in 

science education. They underscore the evolving landscape of 

educational practices, the potential of innovative teaching 

approaches, and the importance of assessment methods in 

nurturing critical-thinking skills. These findings provide 

valuable insights for educators, researchers, and policymakers 

seeking to advance the quality of science education. 

In discussing the most cited countries regarding critical 

thinking in science education, it is evident that the United States 

of America holds the top position, with a remarkable 2,192 

overall citations stemming from 87 articles. Canada follows 

closely, with 261 overall citations in 9 articles, and the United 

Kingdom ranks third with 246 citations found across 13 articles. 

These statistics shed light on the prominence of these countries 

in the field and the contribution of their research endeavors. 

United States of America: The most cited article in the United 

States is "Changing how and what children learn in school with 

computer-based technologies," authored by Roschelle, J.M., 

Pea, R.D., Hoadley, C.M., Gordin, D.N., Means, B.M., with an 

impressive 382 citations since its publication in 2000. This 

study emphasizes the transformative potential of computer 

technology in enhancing school learning. It underscores the role 

of technology in supporting active engagement, group 

participation, frequent interaction, feedback, and real-world 

connections. The article also highlights the technology's 

capacity to expand the understanding of core subjects, such as 

math, science, and literacy. However, it acknowledges that the 

effectiveness of technology is contingent on broader education 

reform, encompassing teacher training, curriculum 

development, student assessment, and school adaptability. It 

calls for further research to identify the most effective uses of 

computer technology and the conditions for its successful 

implementation in the classroom of the future. 

Canada: In Canada, the most cited article is "Flipping for 

success: Evaluating the effectiveness of a novel teaching 

approach in a graduate-level setting" by Moraros, J., Islam, A., 

Yu, S., Banow, R., Schindelka, B., published in 2015, with 170 

citations. This study delves into the effectiveness of the Flipped 

Classroom model among 67 Master-level graduate students in 

an introductory epidemiology class. The research findings 

revealed that a significant 80% of students found this teaching 

approach compelling, with international students rating it 

considerably more effective than their North American 

counterparts. The article highlights the increasing recognition 

of this innovative teaching approach within health science 

curricula. 

United Kingdom: In the United Kingdom, the most cited article 

is "Peer education, gender, and the development of critical 

consciousness: Participatory HIV prevention by South African 

youth" authored by Campbell, C., MacPhail, C., with 342 

citations since its publication in 2002. This study explores the 

impact of participatory peer education on sexual norms, 

focusing on gender inequalities and social identity. It provides 

a critical case study of a school-based peer education program 

in a South African township school. The research findings 

reveal that certain program features, including didactic 

methods, unequal gender dynamics, and a highly regulated 

environment, may undermine critical thinking and 

empowerment. The article underscores the need for broader 

social and community development initiatives to maximize the 

likelihood of program success. 

In summary, these findings highlight the significant role of 

these countries in contributing to critical thinking in science 

education research. They also point to specific articles that have 

shaped and influenced the discourse within these countries, 

underlining the evolving landscape of educational practices, 

innovative teaching approaches, and the challenges and 

opportunities associated with critical thinking in science 

education. These insights hold important implications for 

educators, researchers, and policymakers aiming to enhance the 

quality of science education on a global scale. 

In the realm of critical thinking within science education, the 

frequency of specific terms provides valuable insights into the 

prevailing discourse. The term "critical thinking" takes center 

stage as the most frequently co-occurring word, making its 

presence felt in the literature a substantial 135 times. This 

observation underlines the foundational importance of critical 

thinking in the field, signifying its pervasive role in discussions 

and research. 

Following "critical thinking" in prominence, we find the term 

"Education" making a strong appearance 101 times. This 

underscores the inseparable connection between critical 

thinking and education, emphasizing the core role of education 

in nurturing and fostering critical thinking skills. These terms, 

"critical thinking" and "education," are fundamentally 

intertwined and central to the subject of our analysis. 

Another notable term is "Human," which surfaces 89 times 

in the context of critical thinking within science education. This 

term highlights the human element and the individuals involved 

in the education process and the cultivation of critical thinking 

skills. It signifies the focus on human cognition, behavior, and 

learning as essential components of the educational experience. 

Shifting our focus to recent research trends, we observe the 

emergence of specific areas garnered notable attention. 

"Science Education" is a prime example, with a total of 10 

recent publications in the field. The average publication year 

for these works is 2021.40, suggesting a growing interest in 
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advancing science education and exploring novel approaches to 

foster critical thinking skills in this domain. 

"Quantitative Analysis" and "Sustainability" have also risen 

as significant areas of study. Each area is associated with five 

recent publications, indicating a noteworthy level of research 

activity. It is particularly intriguing to note that "Quantitative 

Analysis" reports an average publication year of 2021.80, 

closely aligning with the trends in science education research. 

On the other hand, "Sustainability" appears to be gaining 

prominence, with an average publication year of 2022.40, 

signifying that it is a rapidly evolving area of interest. 

These observations collectively paint a picture of the current 

landscape of critical thinking in science education. The 

prevalence of "critical thinking" and "education" showcases 

their foundational roles, while the co-occurrence of "human" 

emphasizes the human-centered nature of this educational 

endeavor. 

Moreover, the rise of "Science Education," "Quantitative 

Analysis," and "Sustainability" as recent research foci 

underscores the dynamic nature of the field. Researchers are 

actively exploring these areas, likely with the aim of enhancing 

the quality of science education and advancing critical thinking 

within it. These trends offer a glimpse into scholars' and 

educators' evolving priorities and interests, guiding future 

research endeavors and educational strategies. 

V. IMPLICATIONS 

The study on critical thinking in science education highlights 

the importance of nurturing critical thinking skills among 

educators and the link between education and critical thinking. 

Research trends show a growing interest in advancing science 

education, with a focus on "Science Education," "Quantitative 

Analysis," and "Sustainability". Practical applications of these 

findings are evident in cited articles, such as Roschelle et al.'s 

(2020) study on technology in education, Moraros et al.'s (2015) 

research on the Flipped Classroom model, and Tanger-Hall's 

(2012) study on assessment formats. The most cited countries, 

the United States, Canada, and the United Kingdom, play vital 

roles in advancing critical thinking in science education. 

Policymakers should address technology integration and 

support comprehensive educational reform, such as 

investments in teacher training, curriculum development, and 

school adaptability. The dynamic nature of research trends 

signifies evolving priorities in the field, and educators, 

researchers, and policymakers should stay vigilant in 

monitoring these trends. 

VI. RECOMMENDATIONS  

The study on critical thinking in science education suggests 

several recommendations to improve the quality of education. 

These include integrating technology, exploring innovative 

teaching methods like the Flipped Classroom model, and 

incorporating constructed-response questions in assessment 

methods. Global collaboration among researchers, educators, 

and policymakers is also crucial. Staying updated with research 

trends in science education is essential for effective strategy 

adaptation. Policymakers should support comprehensive 

educational reform efforts integrating technology, innovative 

teaching methods, and advanced assessment strategies. 

Institutions should prioritize the development of critical 

thinking skills in students, explore research trends in 

sustainability and quantitative analysis, and encourage 

interdisciplinary collaboration between science educators and 

experts. Adopting a student-centered approach to teaching and 

learning can foster critical thinking, problem-solving, and 

creativity. These recommendations enrich science education by 

promoting critical thinking skills, innovative teaching methods, 

and technology use. 
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