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This study aims to explore trends and recent developments in socioscientific issues [SSI] within the context 
of sustainable science education. Using bibliometric analysis with the PRISMA methodology, the study 
evaluates 157 articles from the Scopus and ERIC databases published between 2014 and 2024. The findings 
show a significant increase in the integration of SSI in science education, particularly through 
interdisciplinary approaches and digital technologies for real-world problem solving. The study identifies 
key themes science education, scientific literacy, climate change, and sustainability have become key 
focuses in SSI research. With an average of 15.04 citations per document, this study indicates growing 
academic interest and influence in this field. The findings emphasize the need for relevant curricula, 
teacher training, and international collaboration to advance sustainable science education.         
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1. Introduction 

Science education plays a fundamental role in supporting sustainable development (Husamah et 
al., 2022a; Ibragimov et al., 2023) and provides the necessary knowledge base to address complex 
global challenges (Ban & Mahmud, 2024). Science education not only facilitates conceptual 
understanding (Bossér & Lindahl, 2019; Nida et al., 2021) but also empowers individuals to take 
environmentally responsible actions (Husamah et al., 2022b; Zhdanov et al., 2023), social 
(Husamah et al., 2023; Klopfer & Aikenhead, 2022), and economic (Vesterinen et al., 2016) which 
are critical in achieving the Sustainable Development Goals [SDGs] (Cabello et al., 2024; Jackson et 
al., 2023). 

Socioscientific issues [SSI] are problems that are rooted in science but have broad social 
implications (Alcaraz-Dominguez & Barajas, 2021a; Herman et al., 2022; Johnson et al., 2023). SSI in 
science education serves as an important tool for promoting higher order thinking skill (Kinskey & 
Newton, 2024; Yacoubian & Khishfe, 2018), ethical decision-making (Bader et al., 2023; Karakaya & 
Irez, 2022), and student engagement in meaningful discussions about real problems facing society 
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(Grace et al., 2015; Zhu & He, 2022). SSI topics spanning all areas of science such as climate change 
(Dawson & Carson, 2020; Namdar & Namdar, 2022), biodiversity (de Freitas et al., 2023; Purwani 
et al., 2018), biotechnology (Eggert et al., 2017; van Lieshout & Dawson, 2016), renewable energy 
(Zidny et al., 2021), and public health (Powell, 2023) are all highly relevant to the SDGs.  

The importance of SSI integration in science education is not only in improving scientific 
literacy (Bossér, 2024) but also in shaping a deeper understanding of the social implications of 
scientific advances and technological applications (Bay et al., 2017; Calik & Karatas, 2019). When 
global challenges such as climate change and biodiversity loss continue to escalate, sustainable and 
future-oriented science education is crucial to prepare future generations capable of facing these 
challenges effectively and ethically (Bencze et al., 2020; Hodson, 2020). 

The serious lack of attention to the integration of SSI in science education curricula illustrates a 
paradox (Garrecht et al., 2023). Despite extensive research on the potential of SSI approaches, 
concerns are mounting about the inability of educators to prepare future generations for 
increasingly pressing global challenges (Büssing et al., 2020; Genel & Topçu, 2016; Leung, 2022a). 
There is limited research that explicitly reveals how SSI can truly transform science education and 
improve teachers' and students' readiness to deal with the complex issues of the 21st century. 

In fact, only a few studies have addressed the critical question of how SSI can be integrated in 
the science curriculum in a way that encourages students to think critically and take responsibility 
for the future of the earth (Chen & Xiao, 2021; Karakaş, 2022; Klaver et al., 2023). This gap creates a 
significant knowledge gap in the science education literature that highlights a paradox between 
the transformative potential of SSI and the reality of their minimal implementation (Ozcan-Ermis 
& Hervé, 2023). Recent research suggests that there are still major challenges in integrating SSI in 
the science curriculum (Rasa, 2024) the need for more in-depth training for educators (Lesnefsky et 
al., 2023) and lack of infrastructure support (Chen & Xiao, 2021). These findings confirm that 
despite the drive to adopt this approach, its implementation has been uneven across different 
educational contexts (Lee, 2022; Valdez & Bianchini, 2023).  

This systematic and bibliometric analysis aims to respond to the urgent need to fill this gap and 
explore current trends and research frontiers in Socioscientific Issues for Sustainable Science 
Education.  (Lestari & Suyanto, 2024; Navas Iannini, 2023). By systematically reviewing and 
analyzing the literature this study aims to identify not only knowledge gaps but also great 
potential for change and innovation in global science education (Masalimova et al., 2024; 
Zulfugarzade et al., 2024).  

This is the first study to systematically explore trends and research in socioscientific issues for 
sustainable science education. With a comprehensive approach, this study not only maps the 
global research collaboration network but also evaluates key contributions in the field of SSI, and 
identifies gaps and opportunities for further innovation in science education. As a pioneering 
study, the results provide strategic guidance for researchers and educators in integrating SSI into 
science education curricula, which is critical to achieving the Sustainable Development Goals. The 
study seeks answers to the following research questions: 

RQ 1) How has the number of publications on socioscientific issues in science education for 
sustainable development changed over time? 

RQ 2) What are the contributions of the most prolific authors on the subject of socioscientific 
issues (SSI) in science education for sustainable development? 

RQ 3) Which sources are most active in producing publications on socioscientific issues in 
science education for sustainable development? 

RQ 4) Which countries are at the forefront of research in socioscientific issues in science 
education for sustainable development? 

RQ 5) What are the most commonly used keywords in papers on socioscientific issues in science 
education for sustainable development? 

RQ 6) What science education subject areas receive the greatest attention in terms of 
socioscientific issues for sustainable development? 
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RQ 7) How does the distribution of publications each year change across different source fields? 

2. Literature Review 

Education for Sustainable Development [ESD] is an educational concept that evolved from the 
global awareness of the importance of maintaining environmental, economic, and social 
sustainability (UNESCO, 2017). Recent research shows the different ways in which ESD can be 
implemented and the impact it has on learners and society. The study Leicht et al. (2018) 
emphasizes the importance of ESD integration in higher education to equip students with the 
necessary skills and knowledge to address global challenges. The study found that effective ESD 
programs can increase environmental awareness and student engagement in sustainability issues. 
In addition, research by Grosseck et al. (2019) showed that the use of digital technology in ESD can 
improve learning effectiveness. Research by Kong et al. (2022) found that online learning platforms 
and other digital tools can help convey complex information and facilitate collaboration among 
students in sustainability projects. Lee (2022) highlighted the importance of an interdisciplinary 
approach in ESD emphasizing that the challenges of sustainable development are complex and 
require approaches involving various disciplines. The study found that educational programs that 
combine perspectives from science, humanities, and social sciences can be more effective in 
preparing students to address global issues. 

But the ESD journey has not always gone well. There is a significant gap between theory and 
practice (Bossér, 2024). The implementation of ESD in various countries still faces various 
challenges, such as the lack of understanding of the concept of ESD, limited resources, and the lack 
of integration of ESD in the education curriculum. These challenges show the gap between the 
ideal vision of ESD and the reality on the ground. On the one hand, ESD is heralded as a solution 
to various global issues, such as climate change, poverty, and inequality. On the other hand, many 
educators and stakeholders still do not understand how to effectively integrate ESD into learning 
practices (Navas Iannini, 2023). Bridging this gap requires targeted and sustained efforts. This 
effort should involve various parties, including the government, educational institutions, civil 
society organizations, and the private sector. 

Socioscientific Issues are topics that combine social and scientific aspects in a complex and 
controversial context (Ban & Mahmud, 2023). These issues often require moral and ethical 
judgment, as well as a deep understanding of the relevant science (Zeidler et al., 2019). SSI 
demands not only learners' cognitive ability to understand scientific concepts, but also the ability 
to consider the social and ethical implications of such knowledge. This is in line with the view that 
science education should involve values and moral dimensions, and not solely focus on cognitive 
aspects. Research (Khishfe, 2014) shows that teaching that integrates SSI can improve students' 
science literacy. This is due to increased student engagement in discussions that challenge 
students' critical thinking and connect science knowledge with real-world contexts (Karahan, 
2022). SSI also plays a role in developing students' argumentation skills, where they are 
encouraged to examine multiple viewpoints and build arguments based on scientific evidence 
(Dawson & Venville, 2022). The integration of SSI with education often involves an 
interdisciplinary approach that includes science, ethics and social studies. This approach not only 
enriches students' understanding of complex issues but also equips them with the critical thinking 
skills needed to participate in discussions and decision-making related to scientific issues in 
society. 

Recent research (2020-2024) has reinforced the importance of SSI in science education (Abrori et 
al., 2024; Gandolfi, 2024; Navas Iannini, 2023; Ram, 2020). The integration of SSI in the science 
curriculum can increase students' learning motivation  (Itzek-Greulich & Vollmer, 2017; Levy et al., 
2021) and help students develop a more holistic view of complex global issues (Herman et al., 
2019; Lenhart & Bouwma-Gearhart, 2022). These studies have also found that students who engage 
in SSI discussions show a better understanding of how science can be applied to solve real 
problems (Iversen & Jónsdóttir, 2019) as well as improved critical thinking skills (Lombard et al., 
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2020) and problem solving (Fadzil, 2017). Research by (Bossér & Lindahl, 2019; Tidemand & 
Nielsen, 2017) highlighted the importance of the teacher's role in the facilitation of SSI discussions. 
Teachers who have a deep understanding of SSI and are able to effectively manage class 
discussions can help students develop better argumentation skills (Herman, 2018) ) and increase 
teacher and student engagement in science learning (Herman et al., 2019; Topçu et al., 2018).  

3. Method 

This study used the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses) method in Figure 1 to identify, evaluate, and synthesize literature related to trends and 
research frontiers in Socioscientific Issues for Continuing Science Education using the steps of the 
bibliometric analysis process described by Pham-Duc et al. (2020) and Tuyet et al. (2024).  

Figure 1  
PRISMA flow diagram 

 

 
3.1. Data Collection 

Table 1 provides an overview of the search terms utilized in the Scopus and ERIC databases to find 
studies focused on socioscientific issues within the context of science education and sustainable 
development. The searches aimed to identify a variety of research that explored the role of SSI in 
science education and its impact on sustainable development. 

Table 1 
The specific search in the Scopus and ERIC databases 
Search Search Term(s) in the Scopus and ERIC 

S1 TITLE-ABS-KEY ( socioscientific AND issues AND science AND education ) AND 
PUBYEAR > 2013 AND PUBYEAR < 2024 

S2 "socioscientific issues" AND "science education" AND "sustainable development," 
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Records screened  

(n = 1027) 

Reports assessed for eligibility  

(n = 353) 

Excluded (n=674) records that 

outside of social and/or science 

education 

Excluded (n=196) records that 

did not fit the inclusion criteria 

after reading title, keywords, and 

abstract. 

Reports of included studies  

(n =157) 

Excluded (n = 552)  

-Duplicates 

-Published before Jan 1, 2014 or 

after June 1, 2024 

-Not published in online journals 

-Not written in English  
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3.2. Data Extraction 

After identifying relevant sources, a selection was made by applying the pre-defined inclusion and 
exclusion criteria as in Table 2. These criteria included certain aspects that supported the research 
objectives and the defined scope of the study. The selection process was then followed by data 
extraction from the selected articles. Collecting relevant information related to indigenous 
knowledge in science education for sustainable development. 

Table 2  
Search keywords and inclusion/exclusion criteria 
Category Inclusion Criteria Exclusion Criteria 

Publication period Studies published from January 
2014 to June 2024 

Studies published before January 
2014 

Language of publication Full-text available in English Full-text available in other languages 

Study Materials Studies published in peer-reviewed 
journals rated in Scimago Journal 

Studies published in books, chapter 
or conference proceedings  

Document Type Studies conducted in science 
education fields 

Studies outside science education 
(such as those in medical, nurse, 
therapy, rehabilitation, or gaming 
fields) 

Subject area Social Science Studies outside social science (such as 
Business, Management, Accounting, 
and  Linguistics) 

 
3.3. Data Analysis 

Data analysis was conducted using bibliometric methods. This includes counting the number of 
publications each year, keyword analysis to identify research trends, and citation analysis to 
evaluate the impact of research. This analysis not only provides a comprehensive picture of the 
current research landscape but also offers strategic insights for future research and education 
policy (Grosseck et al., 2019). Thematic maps and keyword clouds can be used to identify key 
themes and sub-themes developing in the literature on SSI. The VOSviewer (www.vosviewer.com) 
and Bibioshiny software (using the “bibliometrix” package of the Rstudio software to install) were 
used to analyze and graph the data obtained on publication networks, collaboration networks 
between researchers, participating organizations, main and emerging keywords in Socioscientific 
Issues research in sustainable science education. 

3.4. Interpretation of Results 

The results of the bibliometric analysis provide insights into research trends and frontiers in SSI for 
sustainable science education. From this analysis, we can infer key developments in the field, such 
as the increasing focus on student engagement in science-based decision-making and the 
integration of environmental issues in the science curriculum. These conclusions also help identify 
existing research gaps and direct future research agendas. 

4. Results 

4.1. The Number of Publications on Socioscientific Issues in Science Education 

4.1.1. General information about socioscientific issues research publications in science education 

Research on socioscientific issues in science education has become an increasingly important focus 
in efforts to support sustainable development. Publications in this area not only contribute to 
scientific understanding, but also play a key role in integrating science concepts with complex 
societal challenges. From 2014 to 2024, there has been significant growth in the number and quality 
of publications addressing SSI in the context of science education. 
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Table 3 shows a study covering 157 documents from 66 different sources, reflecting the breadth 
of interest and engagement of the scientific community in this topic. Although the annual growth 
rate shows a decrease of -1.17%, the relatively young average document age of 4.2 years makes it 
clear that the field continues to grow with significant new contributions. 

All documents analyzed in this study were articles (157 articles) because journal articles, 
through a rigorous peer review process and standardized format, provide rich and structured data 
essential for bibliometric analysis, ensuring the dissemination of high-quality research that has 
significant impact and wide accessibility within the academic community. Each document has an 
average of 15.04 citations, indicating substantial academic impact within the scientific community. 
The number of references used reached 8833, indicating a broad and deep coverage of the 
literature. Keyword analysis showed that there were 174 Keywords Plus [ID] and 405 Author's 
Keywords [DE], indicating a rich diversity and research focus in this topic. 

A total of 347 authors contributed to the research on SSI in science education, with 25 of them 
writing documents individually. Collaboration between authors was also evident with 29 
documents written by a single author and an average of 2.65 co-authors per document. In addition, 
the international collaboration rate reached 20.38%, indicating that this research has a strong global 
dimension. 

Table 3 
Main Information  
Description Results 
Main Information About Data 

Timespan 2014:2024 
Sources (Journals, Books, etc) 66 
Documents 157 
Annual Growth Rate % -1.17 
Document Average Age 4.2 
Average citations per doc 15.04 
References 8833 

Document Contents  
Keywords Plus  174 
Author's Keywords  405 

Authors  
Authors 347 
Authors of single-authored docs 25 
Authors Collaboration  
Single-authored docs 29 
Co-Authors per Doc 2.65 
International co-authorships % 20.38 

Document Types  
Article 157 

Note. Analysis by authors using Biblioshiny tool. 

 
4.1.2. Publication trends of socioscientific issues in science education for sustainable development 

Figure 2 illustrates the number of articles published from 2014 to 2024 in the research field of 
socioscientific issues in science education for sustainable development. During this period, it can 
be seen that the number of publications fluctuates every year. In 2014, the number of articles 
published was 9, but decreased to 7 in 2016. Scientific production increased sharply in 2019, with 
19 articles published, compared to only 8 articles in 2018. 
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Figure 2 
Annual Scientific Production 

 
The growth trend continued gradually from 2019 to 2022, peaking in 2023 with 27 articles 

published, marking the highest-producing year of the decade. However, in 2024, there was a sharp 
decline with only 8 articles published. Nonetheless, in general, this graph shows an upward trend 
in the number of publications from 2014 to 2023, despite significant fluctuations each year. 

Figure 3 shows the average number of citations per year for articles published in research on 
socioscientific issues in science education for sustainable development from 2014 to 2024. In 2014, 
the average citations per article was 1.67, and this figure increased to reach 2.21 in 2015. A 
significant spike occurred in 2016 with the average citation reaching 4.94 per article. 

After 2016, the average citations per article fluctuated. In 2017, this figure decreased to 2.99 but 
increased again to 3.32 in 2018. 2019 recorded the highest peak in this period with an average of 
5.88 citations per article. However, after this peak, there was a steady decline in average citations. 
In 2020, the average citations decreased to 2.99, and continued to decrease to 2.26 in 2021, 1.87 in 
2022, 0.90 in 2023, until it reached its lowest point of 0.62 in 2024. 

Figure 3  
Avarage Citations Per Year 
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4.2. Contribution by Authors  

Table 4 describes the production of top authors in socioscientific issues research in science 
education, revealing some important findings. Dana L. Zeidler from the University of South 
Florida emerges as the most productive and influential researcher in this area, with the highest 
number of publications and very significant total citations. Zeidler's dominance in these research 
contributions demonstrates his strong influence in the development and dissemination of 
knowledge regarding SSI in science education. 

Table 4 
Top-10 authors ranked by number of publications produced 
Rank Authors Institutions Articles TC 

1 Zeidler, Dana L. University of South Florida,  United States 8 536 

2 Herman, Benjamin 
C. 

Texas A&M University, United States 5 337 

3 Namdar, Bahadir Ege Üniversitesi, Turkey 5 58 

4 Eilks, Ingo University of Bremen, Germany 4 56 

5 Karahan, Engin Middle East Technical University (METU), 
Turkey 

4 20 

6 Sadler, Troy D. The University of North Carolina, United States 4 162 

7 Bögeholz, Susanne Georg-August-Universität Göttingen, Germany 3 105 

8 Christenson, Nina Karlstads Universitet, Sweden 3 79 

9 Dawson, Vaille The University of Western Australia, Australia 3 76 

10 Khishfe, Rola American University of Beirut, Lebanon 3 42 

Note. TC: Total citation. 
 

In addition, it is noticeable that the study is led by researchers from the United States, such as 
Zeidler and Benjamin C. Herman from Texas A&M University, which shows the strength of SSI 
research in this region. However, important contributions also came from researchers in Europe 
and Australia, such as Ingo Eilks from the University of Bremen and Vaille Dawson from The 
University of Western Australia, indicating a broad international collaboration and geographical 
diversification in this research. 

Research on SSI in science education is not limited to one particular region. Researchers from 
different countries, such as Bahadir Namdar from Ege Üniversitesi in Türkiye and Rola Khishfe 
from the American University of Beirut in Lebanon, also contributed, showing that the issue is 
globally recognized and relevant in a variety of educational contexts. This indicates that attention 
to SSI in science education is a phenomenon that transcends geographical and cultural boundaries. 

Although some researchers had fewer publications, the number of citations they received was 
high, indicating that the quality of their research is recognized and used as a reference by other 
researchers in this field. This signifies that their research has a significant impact and is considered 
important in the scientific community. 

Research production by top authors shows a steady and sometimes increasing trend over time, 
reflecting consistent growth in research interest and investment in SSI for science education. This 
trend is relevant to the sustainable development goals, indicating that attention to socioscientific 
issues in science education continues to increase and is becoming increasingly important in the 
global effort to achieve these goals. Figure 4 illustrates the number of articles published each year 
by some of the most prominent authors in this field. Based on the graph, it can be seen that some 
authors show an increasing trend of article production over time.  
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Figure 4 
Production of top-authors over time (Source: Authors’ own elaboration, using bibliometrix) 

 
 

Zeidler, Dana L. shows a consistent upward trend, signaling his commitment to producing 
quality scientific work. On the other hand, several other authors show flat or even declining 
production trends. This can be interpreted in various ways, such as a shift in research focus, a 
change in priorities, or even a decrease in productivity. The continued contribution of authors both 
in number and impact of publications, demonstrates the importance of this topic in the science 
education literature. This trend also suggests continued growth and innovation in the field, with 
an influx of new researchers and the development of new ideas relevant to contemporary 
socioscientific challenges.  

The author collaborative network in Figure 5 shows the relationships and collaborations 
between different researchers in the scientific community. The figure shows several interconnected 
groups of authors, with some authors standing out as centers of collaboration, as well as smaller 
groups showing more specialized collaborative relationships.  Understanding these collaborative 
networks helps in recognizing influential research groups and potential interdisciplinary 
opportunities. Identifying these central figures can also assist new researchers in finding potential 
mentors or collaborators. 

Author Dana L. Zeidler appears to be a central figure in this network, which suggests that 
Zeidler has many collaborations with other researchers. This central position suggests that Zeidler 
has great influence in his research community. Close collaborations with other authors such as 
Troy D. Sadler and Benjamin C. Herman further emphasizes Zeidler's important position in this 
network. Besides Zeidler, Troy D. Sadler and Benjamin C. Herman also show high levels of 
connectivity, suggesting that they have strong collaborative relationships with other researchers.  

Figure 5 also shows some smaller groups of authors, indicating more specialized collaboration 
between some researchers. For example, Mustafa Sami Topcu and David Owens form a small 
group that shows a close collaborative relationship. Similarly, Ratna Sari Siti Aisyah and Ingo Eliks 
show a similar pattern of collaboration. Authors M. Alcaraz-Dominguez, Sebinia Eggert, and 
Gillian Roehrig are at the periphery of the network, suggesting that they have fewer collaborations 
in this dataset. However, this peripheral position does not necessarily reflect their overall influence 
in the academic community, but rather indicates more specialized or independent research 
activities. 

The different colors represent different research themes, institutions, or regions, showing how 
collaborative efforts are clustered. The length and thickness of the lines between nodes represent 
the strength and frequency of collaboration, with thicker lines indicating stronger or more frequent 
collaboration. 
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Figure 5  
Collaborative network between authors (Source: Authors’ own elaboration, using bibliometrix) 

 

4.3. Contribution by Journals 

Based on bibliometric analysis of the top ten sources that most frequently publish articles related 
to socioscientific issues in science education, it appears that academic contributions in this field are 
heavily dominated by journals with high reputations. Journals such as Journal of Research in 
Science Teaching, Science and Education, International Journal of Science Education, and Research 
in Science Education show significant impact with a high number of publications and substantial 
total citations. The Scopus Q1 and WoS core collection [SSCI] indexes of these journals confirm the 
quality and relevance of the research published. 

Table 5 
Top-10 most frequently published sources ranked by number of publications 

Rank Source Publisher NP TC 
Scopus 

Q* 
WoS core 
collection** 

SJR 
2023 

CiteScore 
2023 

1 Journal of Research in 
Science Teaching 

John 
Wiley & 
Sons 

12 332 Q1 SSCI 1.906 8.8 

2 Science and Education Springer 
Nature 

12 183 Q1 ESCI 1.121 5.9 

3 International Journal of 
Science Education 

Taylor & 
Francis 

11 278 Q1 SSCI 0.965 4.6 

4 Research in Science 
Education 

Springer 
Nature 

11 281 Q1 SSCI 1.045 6.4 

5 Cultural Studies of Science 
Education 

Springer 
Nature 

9 306 Q1 SSCI/AHCI 0.725 3.1 

6 International Journal of 
Science And Mathematics 
Education 

Springer 
Nature 

7 156 Q1 SSCI 1.038 5.1 

7 Disciplinary and 
Interdisciplinary Science 
Education Research 

Springer 
Open 

6 135 - ESCI - - 

8 Education Sciences MDPI 5 44 Q2 ESCI 0.669 4.8 

9 Journal of Science Teacher 
Education 

Taylor & 
Francis 

5 42 Q1 ESCI 0.946 4.9 

10 Science Education Wiley-
Blackwell 

5 128 Q1 SSCI 1.543 6.6 
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In particular, Table 5 explains that the Journal of Research in Science Teaching stands out with 
the highest SJR and CiteScore, reflecting great influence in the science education research 
community. In addition, journals such as Cultural Studies of Science Education and International 
Journal of Science And Mathematics Education also make meaningful contributions with a focus 
on interdisciplinary studies and mathematics education, enriching the academic discourse 
around socioscientific issues. Although some journals such as Disciplinary and Interdisciplinary 
Science Education Research and Education Sciences have lower citation data and journal metrics, 
their presence in the ESCI index shows that they still make important contributions to developing 
understanding and research in this field. 

4.4. Contribution by Countries 

Based on the data presented in Table 6 there are some interesting patterns and trends in 
countries' contributions to research on socioscientific issues in continuing science education. This 
analysis reveals not only which countries are most productive in terms of number of publications 
but also how each publication is assessed based on its influence and impact within the academic 
community. 

The United States emerged as the dominant leader in SSI research in science education. With 
56 publications, the US has the highest number of publications among all the countries studied. 
This suggests that the academic community in the US is very active in learning and 
disseminating knowledge on socioscientific issues. However, what is more impressive is that the 
total citations reached 1153, which resulted in a citation per publication ratio of 20.6. This means 
that each publication from the US not only contributes quantitatively but also has great influence, 
reflecting the high quality of research and strong relevance in the global literature. 

Looking at the average citations per article, New Zealand and Australia performed 
exceptionally well. Although New Zealand only has six publications, each article is cited 77 times 
on average, the highest number in this analysis. This shows that research from New Zealand has 
a huge impact and is widely appreciated in the scientific community. Australia also stood out 
with an average of 28.7 citations per article, showing that publications from this country are 
highly influential despite its relatively small total number of publications. 

European countries such as Germany and Sweden also show significant contributions. With 14 
publications each, these two countries have a high citation per publication ratio of 19 for 
Germany and 17.86 for Sweden. This places them as important contributors who are not only 
quantitatively active but also have a significant impact in the literature. Germany, in particular, 
has an average of 18.2 citations per article, which confirms that research from this country is 
highly valued and referred to by other researchers. 

Table 6  
Top-10 most productive countries ranked on number of publications 
Rank Country TP TC TC/TP Average Article Citations 

1 USA 56 1153 20.58 20.6 
2 Turkey 31 337 10.87 12.2 
3 Germany 14 266 19 18.2 
4 Sweden 14 250 17.85 14.8 
5 Canada 9 163 18.11 25.2 
6 Australia 6 97 16.16 28.7 
7 France 5 79 15.8 20 
8 New Zealand 6 77 12.83 77 
9 Spain 4 40 10 17 
10 Indonesia 5 39 7.8 9.8 
Note. TP: Total paper; TC: Total citation. 
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Turkey and Indonesia also contribute to SSI research, with Turkey taking second place in the 
number of publications (31 publications) and total citations (337). However, the ratio of citations 
per publication and average citations per article for Turkey show that although it is 
quantitatively active, there is an opportunity to increase the impact per publication. Indonesia, 
with five publications, shows a lower ratio of citations per publication (7.8) and average citations 
per article (9.8), indicating that there is room for further development in terms of research quality 
and impact. 

The map of world collaboration between authors shown in Figure 6 shows the dynamics of 
research interactions in the field of science education, especially those related to socioscientific 
issues. This collaboration between authors from various countries reflects the integration and 
dissemination of knowledge and efforts to achieve sustainable development goals through 
science education.  

The United States is a major center of collaboration with strong links to countries in Europe, 
Asia, and Australia. This dominance is evident from the darker color on the map, indicating a 
higher number of collaborations. Collaborations between the United States and European 
countries such as Germany and Sweden may reflect joint efforts in addressing global 
socioscientific issues such as climate change, sustainability education, and others. 

Figure 6 
World map of collaboration of authors between countries (Source: Authors’ own elaboration, using 
Bibliometrix) 

 
 

In addition, the involvement of countries such as Turkey, Lebanon, and several Asian countries 
shows that research related to socioscientific issues is not only a concern of developed countries, 
but also developing countries. This signifies global awareness and joint efforts in solving global 
challenges through inclusive and collaborative science education. 

This pattern of collaboration also reflects a shift and broadening of research focus from merely 
local issues to global problems, demonstrating that knowledge and solutions are not limited by 
geographical boundaries. These collaborations strengthen the exchange of ideas and best practices, 
accelerate innovation, and increase the impact of research in solving complex global issues. 

The visualization of bibliometric coupling in Figure 7 between countries in research on 
socioscientific issues provides an in-depth view of the dynamics of international collaboration and 
global knowledge flows in this field. Bibliometric coupling measures the relationship between 
scientific documents based on the references they share. When applied at the country scale, this 
method helps us understand how countries are interlinked in the production of scientific 
knowledge. 
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The United States plays a central role in this network, followed by European countries, 
Australia and Canada as major contributors. The involvement of developing countries 
demonstrates the increasing inclusiveness of this research. This network of cross-continental 
collaborations is crucial for knowledge exchange and progress in understanding and addressing 
socioscientific issues, ultimately supporting sustainable science education worldwide. 

Figure 7 
Bibliographic Coupling between Country (Source: Authors’ own elaboration, using Vos Viewer) 

 

4.5. Institutional Collaborative Networks 

Figure 8 shows the collaborative networks between different academic institutions, illustrating the 
cooperative relationships and research collaborations between them. This figure is the author's 
elaboration using the bibliometrix tool to visualize this pattern of collaboration. These 
collaborative networks between institutions demonstrate the dynamics of cooperative 
relationships within the global academic community, which are essential for scientific innovation 
and development. By understanding these patterns, institutions can better coordinate their 
research efforts and encourage more productive collaborations in the future. 

The University of South Florida appears to be the most prominent institution and has very high 
connectivity. The larger node size and central position indicate that the University of South Florida 
has many collaborations with other institutions. This indicates that the institution plays a key role 
in the global research network and is a major hub that coordinates or facilitates many research 
projects. 

Other institutions that also stand out in this network are the University of Missouri and 
Michigan State University. These two institutions have some significant collaborative 
relationships, as shown by the thickness of the lines connecting them to other institutions. The 
strong links between the University of Missouri and the University of Helsinki, as well as the 
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visible links between Michigan State University and other institutions such as East Carolina 
University and the University of Montana, indicate active and ongoing research collaborations. 

Figure 8  
Collaboration Network between institutions (Source: Authors’ own elaboration, using bibliometrix) 

 
 

The network also shows some smaller but focused collaborative groups. For example, Middle 
East Technical University has close links with several European universities such as Université de 
Toulouse and Linnaeus University. These relationships indicate specific research projects or shared 
research themes being undertaken between these institutions. 

Different colors in the network indicate thematic or geographical groups of collaborations. For 
example, the green line connecting the University of South Florida with other institutions such as 
the Middle East Technical University and the University of Toronto indicates a strong network of 
collaboration between them. Similarly, the red line connecting Michigan State University with 
other institutions indicates a collaborative group based in a particular region or area of research. 

Institutions such as the University of Pennsylvania, University of Nebraska-Lincoln, and 
Stockholm University are in a more peripheral position, indicating that they have fewer 
collaborations in the context of this dataset. However, this peripheral position does not necessarily 
reflect their overall influence or contribution in the global academic community, but rather 
indicates a narrower specialization or research focus. 

4.6. Analysis of Keywords and Main Topics that Appear in the Literature 

The Three-Field Plot visualization shown in Figure 9 provides deep insight into the relationship 
between document identification, primary keywords in the title and abstract [TI_TM], and 
research field or dominant keyword. This diagram helps in understanding how different research 
topics are connected to each other in academic literature. The Three-Field Plot is particularly useful 
for identifying global research trends, showing how different research topics are interrelated, and 
helping to find gaps in research that could be opportunities for further study. For example, 
research linking “students” and “argumentation” with “science education” shows academic 
attention to ways of improving student argumentation in science education. 

The leftmost column of the diagram, which lists IDs, displays important words or phrases that 
appear frequently in the research documents. Words such as “teaching”, “education”, “student”, 
“human” and “science education” appear frequently and are an important part of the literature. 
The frequency with which these words appear indicates the focus of research on these themes, 
reflecting significant academic attention to these topics. The middle column, which lists TI_TM, 
highlights the main topics found in the titles and abstracts of the research documents. Topics such 
as “sociocientific”, “science”, “issues”, “education”, “students”, and “argumentation” indicate the 
main concentration areas of the analyzed research. The length of the box in this column illustrates 
how dominant these topics are in the literature, giving an indication of emerging research trends. 
The rightmost column, which lists DEs, shows the dominant research areas or keywords associated 
with the documents and main topics. Keywords such as “socio-scientific issues”, “science 
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education”, “argumentation”, and “socio-scientific reasoning” reflect the research areas that 
appear most frequently in the analyzed literature. The length of the boxes in this column indicates 
the prevalence of each topic in the literature, providing insight into the popularity and relevance of 
these topics in current research. 

Figure 9  
Three-Field Plot between document identification, keyword or main topic in the title and abstract, and 
research field or dominant keyword (Source: Authors’ own elaboration, using bibliometrix) 

 

The lines connecting the boxes between the columns show the relationship between the key 
words in the documents, the main topics in the titles and abstracts, and the dominant research 
areas. For example, the line connecting “teaching” in the ID column to “sociocientific” in the 
TI_TM column shows that “teaching” is part of the main topic “sociocientific”. Furthermore, the 
line connecting “sociocientific” to “sociocientific issues” in column DE shows that this topic is 
often associated with research on socioscientific issues. 

Motor Themes (Top-Right Quadrant) describes the key themes of human, student and humans 
stand out as very important and well-developed themes in this research. These themes reflect a 
strong focus on the human and student aspects of science education and their role in addressing 
socioscientific issues. Strong theoretical development in these themes indicates significant and 
sustained research interest in this topic. Meanwhile, Basic Themes (Bottom-Right Quadrant) 
features themes such as education, students, and teaching. These themes form the main foundation 
of the SSI research area in science education, although they are less developed than the motor 
themes. This indicates ongoing foundational research in educational methodologies and student 
engagement in SSI discussions. 

In the niche themes quadrant, we find themes such as curriculum and sustainability. These 
themes are well developed but not so central to the wider field. They represent emerging research 
areas or highly specialized topics, such as curriculum design for sustainability in science 
education. The emerging or declining themes quadrant shows themes such as citizenship that 
currently have low relevance and density. This could indicate an emerging research interest that 
has not yet become significant or an old topic that is losing its relevance in the current research 
context. 

Additional themes such as science classroom and curricula fall between the basic and niche 
themes, showing moderate development and relevance. They represent research that focuses on 
the practical implementation of SSI in science classrooms and curriculum design. In addition, 
themes such as science teachers and socioscientific issues are in the emerging themes category, 
indicating a growing but less central interest in the role of science teachers and the specific 
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socioscientific issues addressed in education. Overall the thematic map in Figure 10 provides a rich 
visual representation of the SSI research landscape in science education for sustainable 
development. The map helps in identifying established themes, areas with growth potential, as 
well as themes that require further attention in this research. This is particularly useful for 
academics and researchers to understand existing trends and determine future research directions. 

Figure 10  
The thematic map of different themes in research publications on socioscientific issues in science education 
for sustainable development (Source: Authors’ own elaboration, using bibliometrix) 

 
 
The word cloud visualization in Figure 11 provides an overview of the focus and direction of 

research in socioscientific issues in science education. The significant emphasis on teaching, 
education, student engagement and decision-making suggests that this research seeks to integrate 
scientific understanding with practical applications in educational and teaching contexts. Topics 
such as climate change, sustainability and risk assessment also highlight the importance of science 
education in preparing students for global challenges. The word cloud image shows the most 
frequently used keywords in research on socioscientific issues in science education. The dominant 
keywords are teaching, education, students, and socio-scientific issues. This suggests that research 
in this area focuses heavily on the teaching process, education in general, and student engagement. 
Words such as decision making, science education, human, and curriculum also appeared 
frequently, indicating that this research emphasizes decision making, science education, human 
aspects, and curriculum as important elements in teaching SSI. 

Other keywords that appear include climate change, sustainability and risk assessment, 
indicating that these topics are highly relevant in the context of SSI. These topics are often the 
focus of discussions on how science education can help students understand and address complex 
environmental and social issues critical to sustainable development. 

The clustering and evolution of research themes in SSI (Socioscientific Issues) within science 
education reveal how the focus of research has shifted from the introduction of basic concepts to 
practical applications and direct impact. Themes such as science education, socioscientific issues, 
decision-making, climate change, and sustainability continue to be central, reflecting the 
importance of integrating SSI into education to prepare young generations to face global 
challenges. 

In Table 7 shows several main groups emerge as research focuses. Themes like science 
education, socioscientific issues, and decision-making appear as central clusters, indicating high 
relevance and the broad scope of research related to how science education is used to address 
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Figure 11  
Words cloud (base on keyword) in the field of socioscientific issues in science education (Source: Authors’ 
own elaboration, using bibliometrix 

 
significant social and scientific issues. These themes encompass various sub-themes related to 
enhancing scientific literacy, critical thinking, and student engagement in ethical decision-making 
regarding scientific issues. 

There is also a cluster focused on the environment and sustainability, with themes such as 
climate change and sustainability. This cluster reflects global concern about environmental 
challenges and the importance of integrating these topics into science education to raise awareness 
and action among students. These themes demonstrate how science education can play a role in 
preparing students to face and solve future environmental challenges. 

Table 7  
The clustering of research themes 
Cluster Items 

Cluster 1 (10 items) Biology, Biology Education, Curriculum, Health Education, Inquiry-
Based Learning, Obesity, Secondary Education, Socio-Scientific Issue, 
Socioscientific, STSE 

Cluster 2 (9 items) Attitudes, Epistemological Beliefs, Equity, Informal Reasoning, Preservice 
Science Teach, Science, Socioscientific Issues, Socioscientific Issues-Ba, 
Values 

Cluster 3 (8 items) Assessment, Educational Innovation, Formal Education, Literature 
Review, Pre-Service Teachers, SSI, STEM Education, Teacher Education 

Cluster 4 (7 items) Argumentation, Civic Engagement, Climate Change Education, Decision 
Making, Reasoning, Science Literacy, STEM 

Cluster 5 (6 items) Argument, Critical Thinking, Mixed Methods, Multiple Representations, 
Science Education, Socio-Scientific Issues 

Cluster 6 (5 items) Context-Based Learning, Education for Sustainable, Indigenous Science, 
Sustainability, Systems Thinking 

Cluster 7 (5 items) Decision-Making, Informal Science Educat, Phenomenology, Pre-Service 
Science Teac, STSE Education 

Cluster 8 (4 items) Climate Change, Conceptual Analysis, Scientific Literacy, Socioscientific 
Reasoning 

Cluster 9 (3 items) Citizenship Education, Controversy Mapping, Socioscientific Issues (SSI) 
Cluster 10 (3 items) Conceptual Change, Nature of Science, Socioscientific Issue 
Cluster 11 (3 items) Environmental Education, Futures Thinking, Science Teaching 
Cluster 12 (2 items) Culturally Relevant Pedagogy, Science and Society 
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Figure 12 presents a visualization of the network of concepts related to "socioscientific issues" 
(SSI) within the context of science education. In this diagram, "socioscientific issues" serves as the 
central node connecting various concepts, demonstrating how SSI interacts with multiple fields in 
science education. Concepts such as "science education," "environmental education," "scientific 
literacy," and "decision-making" are closely linked to SSI, highlighting the importance of this 
approach in developing critical thinking and decision-making skills among students. Additionally, 
concepts like "argumentation," "nature of science," "sustainability," and "culturally relevant 
pedagogy" emerge as significant elements associated with SSI teaching, indicating the various 
methods and perspectives used in education to address these issues. The broad scope and 
relevance of SSI in various aspects of science education, as well as the potential for 
interdisciplinary collaboration to advance the understanding and application of SSI in the context 
of sustainable learning, are evident. 

Figure 12  
Clustering research themes in socioscientific issues in science education  (Source: Authors’ own elaboration, 
using Vos Viewer) 

 

A key opportunity lies in further exploration of how SSI can be used to develop students' 
scientific literacy and critical thinking skills, particularly in the context of ethical decision-making 
and solving complex problems. This research can explore various teaching approaches that 
integrate SSI, such as environmental education and scientific argumentation, to assess their 
effectiveness in enhancing students' understanding of science and its societal implications. 
Moreover, research opportunities are also available in developing more inclusive and culturally 
relevant teaching strategies, considering how different social and cultural contexts affect students' 
reception and understanding of SSI. With the increasing focus on sustainability and the role of 
science education in achieving it, there is an urgent need for research that examines how concepts 
such as sustainability and scientific literacy can be better integrated into the curriculum through 
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the lens of SSI, as well as how teachers can be prepared and supported to effectively teach these 
complex topics. 

4.7. Dominant Research Themes and How these Evolved over Time 

Figure 13 illustrates the evolution of research themes in socioscientific issues and science education 
from 2014 to 2024. During the period from 2014 to 2017, research primarily focused on 
environmental education and socioscientific issues, reflecting an initial concern with how 
environmental-related issues could be incorporated into education to enhance students' awareness 
and understanding of the environmental challenges facing the world. 

Figure 13  
Thematic Evolution of Research on Socioscientific Issues (SSI) in Science Education 

 
 

In the following period, between 2018 and 2020, there was a diversification of research themes. 
While socioscientific issues remained a primary focus, new attention emerged on science 
education, the nature of science, and environmental education. These themes reflect a more holistic 
approach in research, with an emphasis on teaching that not only touches on environmental 
aspects but also delves into the scientific concepts themselves and how science is taught to 
students. Entering the period from 2021 to 2024, there was a significant shift toward the themes of 
argumentation and sustainability. Research began to focus on how argumentation skills can be 
developed within the context of SSI, which is crucial for strengthening students' critical thinking 
abilities. The theme of sustainability became increasingly prominent, indicating a direction in 
science education that is more integrated with global sustainability goals, showing that science 
education is now increasingly geared toward preparing students to face the complex and ever-
evolving challenges of the real world. 

5. Discussion 

Overall the period from 2014 to 2024 reflects strong growth in research on socioscientific issues 
and sustainable science education. The decline in 2024 signals the importance of paying attention 
to the dynamics and external factors that may influence long-term trends in scientific publications. 
Although there were some years with significant increases in average citations, the general trend 
shows a decrease in the number of citations per article since 2019. This decline is attributed to 
various factors, including shifts in research focus, variations in the quality and impact of articles, 
or citation dynamics within the related academic community. This highlights the importance of 
critical evaluation of citation trends and research contributions in the field of SSI within science 
education for sustainable development. 

Global events such as pandemics, political changes (Fages & Albe, 2015; Hodson, 2020), 
economic crises can have a major impact on research capacity (Hoeg et al., 2015). The COVID-19 
pandemic disrupted many aspects of academic life in 2020 and 2021  (Chadwick & McLoughlin, 
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2022; Forsythe & Chan, 2021) and its impact could continue to be felt for years to come (Maia et al., 
2021; Yapıcıoğlu, 2020). The decline in 2024 could be the after-effects of similar events, where 
resources are diverted or access to laboratory and research resources is limited. 

The main objectives of integrating socioscientific issues in science education is to support 
sustainable development (UNESCO, 2017; Zeidler et al., 2019). By promoting a deep 
understanding of how science can be used to solve real-world problems, science education plays 
an important role in shaping individuals who are responsible and committed to sustainable 
development (Lenhart & Bouwma-Gearhart, 2022).  

High-quality journals play a vital role in supporting and disseminating research on 
socioscientific issues in science education. Through publications that focus on the integration of 
critical issues into education, these journals help drive change in the way we view and teach 
science (Ban & Mahmud, 2023; Grosseck et al., 2019). The academic community's commitment to 
integrating critical issues such as sustainability, social justice, and climate change into science 
education is evident through the support provided by reputable journals. For example, journals 
such as "Journal of Research in Science Teaching", "Science Education", and "International Journal 
of Science Education" consistently publish articles that explore how socioscientific issues can be 
incorporated into science education curricula and practices 

The significance of collaboration networks between academic institutions is very important in 
the context of the development of science and innovation (Fayzullina et al., 2023). These 
collaborative networks enable a broader exchange of ideas, resources and expertise among 
researchers from different backgrounds and natural science disciplines (Masalimova et al., 2024). 

The future of science research increasingly relies on interdisciplinary approaches (Tosun, 2024). 
Collaborative networks allow researchers from different fields to work together, integrate 
knowledge, and create innovative solutions that would be impossible to achieve by one discipline 
alone. In addition, collaboration enables faster and wider access to new technologies and 
innovations. Institutions can share the latest technologies and best practices with each other, 
accelerating the translation of research findings into practical applications (Agbo et al., 2021; Arici 
et al., 2019). 

The evolution of research topics and themes over time in the field of Socioscientific Issues 
shows significant dynamics and developments in related research over the past few years. At its 
core, "socioscientific issues" occupy a central position in this topic network, suggesting that these 
issues are becoming major themes that connect various aspects of science education. Related topics 
such as "science education," "decision-making," "critical thinking," and "sustainability" appear 
frequently in SSI-related research. This evolution indicates that SSI is not only considered 
important in isolation but also as an integral part of holistic and value-based science education 
(Cebesoy, 2021; Schenk et al., 2021). 

Over time, shifts in research focus are observable. Topics such as "sustainability" and "climate 
change" have become increasingly dominant in recent years, represented by light yellow in the 
visualization, indicating more recent research (years 2022-2024). These results reflect the growing 
global awareness and urgency to address environmental issues through science education. In 
contrast, more established and general topics like "science education" and "critical thinking" 
remain important but tend to be more stable in publication numbers from year to year. 

The connections between these topics are also interesting to observe. For instance, the topic of 
"decision-making" is often associated with "science education" and "critical thinking," indicating 
that decision-making in the context of SSI (Socio-Scientific Issues) is closely linked to educational 
approaches that focus on developing analytical and critical thinking skills. This suggests that 
research in SSI is not only focused on scientific content but also on the development of cognitive 
skills essential for understanding and solving the complex problems society faces today. 
Additionally, the topics of "science teachers" and "pre-service teachers" indicate a continuous effort 
to ensure that teachers are well-trained to teach SSI, so they can effectively guide students in 
understanding and addressing these issues. The transformation in methodological approaches is 
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also evident in topics such as "argumentation skills" and "critical thinking." These approaches 
emphasize the importance of argumentation and critical thinking in the process of SSI education, 
reflecting a paradigm shift in education that prioritizes the development of analytical skills over 
mere memorization of facts. 

Overall, the literature analysis reveals several significant gaps that future research needs to 
address within the context of Socioscientific Issues (SSI) for sustainable science education. While 
existing studies have extensively explored how SSI can be integrated into the science education 
curriculum and how this integration can develop critical thinking and decision-making skills, 
certain areas remain underexplored (Chen & Xiao, 2021). 

More in-depth empirical research is urgently needed to evaluate the effectiveness of various SSI 
teaching approaches  (Bossér & Lindahl, 2019; Nielsen, 2020; Ottander & Simon, 2021). Much of the 
current research is conceptual or theoretical, which is important for framework development  
(Nielsen et al., 2020). However, without in-depth empirical research, it is difficult to identify best 
practices that can be applied across different educational contexts(Alcaraz-Dominguez & Barajas, 
2021b; Baytelman et al., 2020). Longitudinal studies are also very limited, yet such research is 
crucial for understanding how SSI teaching affects the development of critical thinking skills, 
argumentation (Jafari & Meisert, 2021) , attitudes towards science, and students' decision-making 
abilities in the long term (Capkinoglu et al., 2020; Kinskey & Callahan, 2022; Leung, 2020). 

Diversification of research contexts is also an urgent need (Chowdhury et al., 2020). Most SSI 
research is conducted in developed countries, particularly in the United States and Europe. There 
is a need to expand this research to developing countries and more diverse contexts to understand 
how different cultural, social, and economic factors influence the implementation and effectiveness 
of SSI teaching (Herman et al., 2022; Leung, 2022b). 

The integration of technology in SSI teaching is another under-researched area (Albe & Pedretti, 
2013; Chen & Xiao, 2021; Owens et al., 2019). Given the rapid technological advancements, there is 
a significant opportunity to explore how digital tools and online platforms can be used to make SSI 
learning more interactive and engaging for students (Calik & Karatas, 2019; Gandolfi, 2024). The 
use of technology such as computer simulations (Araiza-Alba et al., 2021; Mystakidis & 
Christopoulos, 2022; Namdar & Shen, 2018; Rojas-Sánchez et al., 2023), game-based learning 
(Mystakidis & Christopoulos, 2022; Stoeffler et al., 2020), and online learning platforms can 
enhance student engagement and the effectiveness of learning (Lawson & Lawson, 2020; Solli, 
2021). 

The development and validation of assessment tools are also crucial for measuring the critical 
thinking and decision-making skills developed through SSI teaching (Capkinoglu et al., 2020; 
Herman, 2018). These tools are needed to objectively evaluate the effectiveness of SSI education 
programs and provide useful feedback for program improvement  (Christenson et al., 2017; 
Klosterman, 2010; Rahayu & Rosawati, 2023). 

The evolution of research topics and themes over time shows that topics such as science 
education, decision-making, and sustainability are receiving increasing attention. These themes 
indicate that SSI research continues to evolve and adapt to emerging global issues, such as climate 
change and sustainability. Through this ongoing research, it is hoped that new and innovative 
ways of integrating SSI into science education can be found, ultimately preparing students to face 
the complex challenges of the modern world (Chen & Xiao, 2021). 

6. Conclusion 

This research provides an in-depth analysis of trends and frontiers in Socioscientific Issues 
research for sustainable science education. The main findings indicate that topics such as science 
education, scientific literacy, climate change, and sustainability have become key focuses in SSI 
research. Additionally, there has been a significant increase in international collaboration, 
particularly between the United States, Turkey, and European countries, which strengthens the 
global research network in this field. This research is crucial in the context of science education for 
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sustainable development as it identifies critical focus areas and demonstrates how international 
collaboration can accelerate progress in science education. By combining bibliometric approaches 
and systematic reviews, this study offers valuable insights for educators, researchers, and 
policymakers to develop more effective strategies for integrating SSI into the science curriculum. 

This research has several limitations. First, the bibliometric analysis only includes publications 
in certain databases, such as Scopus and ERIC, which means some relevant research may be 
excluded, necessitating the inclusion of other indices like Web of Science. Second, the focus on 
publications in English may introduce linguistic bias and overlook important contributions from 
research in other languages. Third, while the analysis of collaboration networks provides insights 
into the relationships between researchers and countries, it does not offer in-depth details about 
the nature of the collaborations or the specific outcomes of these partnerships.  
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