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Abstract

:

More and more, educational researchers have advocated for the implementation of socio-scientific issues (SSI) education. To understand the current situation of, and future development trends in, social science issues-based education research, a content analysis method was used to review articles from SSI education research publications from 2004–2022. A total of 580 research publications were identified for content analysis through a keyword search in Web of Science. The basic characteristics of, and hot topics and future development trends in SSI education research were summarized based on the research analysis, including basic information (including the number of publications, journals, titles, and authors), and the coding of the research information (including the research participants, research methods, research topics, and research fields) in the articles. The results show that the number of publications has been increasing year by year, and the journal with the most publications is the International Journal of Science Education, while Science & Education has the fastest growing number of published articles. Researchers from the United States account for the largest number of authors of articles, and the focus has mainly been on research participants in K–12 education. The research methods are mainly qualitative or mixed research methods, and the research topics mainly focus on the teaching value and significance of social science issues, and the application and introduction of social science issues in subject teaching. The annual number of publications shows a significant increasing trend, while the teaching values and significance of SSI education, such as argumentation, reasoning, decision-making skills, and critical thinking, are hot topics. SSI teaching mainly focuses on environmental issues, and emphasizes the concept of sustainability. This study provides comprehensive discussions around both the basic information and research information, offering valuable insights into the current state of, and future trends in, SSI education research. It is particularly beneficial for individuals new to the SSI education field, and those with an interest in SSI.
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1. Introduction


Socioscientific issues (SSI) refer to complex and controversial social issues that are directly related to scientific concepts, principles, and theories [1]. The difference between SSI and ordinary scientific issues is that SSI are not only related to science, but also to social, political, cultural, economic, ethical, and other issues, and involves multiple stakeholders [2,3]. SSI education refers to education that promotes an understanding of the relationship between science and society, through the process of understanding, reasoning, arguing, and decision-making around controversial issues, as well as a formation of personal values and moral development that promotes individuals’ adaptation to social life [4]. Researchers and educators have closely studied and published their academic work, including journals, books, and conference papers. Therefore, it is necessary to have a comprehensive and in-depth understanding of the current status of, and development trends in, SSI education research, which will not only help researchers and educators to carry out and improve SSI education research more clearly, but will also provide better references for the development of SSI education worldwide.



1.1. The Development of Socio-Scientific Issues as a Research Field


The earliest references to SSI can be traced back to 1986 [5,6]. In the late 1960s and early 1970s, many science educators believed that students’ scientific knowledge would develop if they understood the relationship between science and technology, and how they both impacted society. This led some advocates to focus on the field of science, technology, and society (STS) in the United States [7]. In 1989, the American Association for the Advancement of Science (AAAS) proposed that scientifically literate individuals should be able to understand the connections and interdependence between science, technology, and society. This further promoted the development of STS education. However, STS education was criticized for its lack of theoretical foundations and sociological frameworks. For example, the development of nuclear weapons has become detached from young people’s understanding of social relationships, and has overlooked psychological and ethical–moral development. Additionally, little attention has been given to social interaction and reflective discourse. Some advocates believe that STS is a typical notion that requires a theoretical framework [3,8,9]. Afterward, as ecological problems, such as global warming, biodiversity loss, and water pollution, became increasingly prominent, researchers introduced environmental issues on the basis of STS, to cultivate scientifically literate future citizens, with sustainable development awareness. This led to the formation of science, technology, society, and environment (STSE) education [8,10]. Both STS and STSE were criticized for not addressing the emotional and ethical–moral development of learners, which could lead to an ethical gap in science education, and hinder learners’ understanding of the nature of science [11,12]. During this period, an increasing number of researchers underwent a huge transformation in their view of science itself, believing that much scientific knowledge was provisional, unclear, and ambiguous, and that many scientific issues were controversial and had no definitive answers. An increasing number of science education researchers realized that science was a product of time, and that there were countless connections between science and societal culture, and conventions that influenced and restricted it [1,13]. With the rise of argumentation teaching, the further maturation of constructivist educational ideas, and the development of the informal logic movement, researchers in developed capitalist countries in the West introduced reasoning, informal argumentation, critical thinking, and decision-making into science, technology, and social issues, leading to the formation of social science issues, namely SSI [14,15,16]. SSI not only encompass the content knowledge of STS, but also consider the emotional, moral, and ethical development of learners.



In 1980, American universities began offering elective courses on “controversial science and technology issues” for students. In 1982, the National Science Teacher Association included SSI education requirements in its goals for science education. The National Science Education Standards of 1996 explicitly stated that “controversial science and technology issues should be included in personal choices, public speaking, and discussions on scientific events and applications” [17], marking the first time that SSI were included in the national curriculum as standard. The experiences of the United Kingdom and the United States were similar. Influenced by these two countries, others, such as Australia, Canada, Germany, France, Sweden, and Israel, began to recognize the important role of SSI in science education, and even education more broadly. These countries began exploring, practicing, and researching SSI education, and achieved outstanding results.



In contemporary times, the United States has issued documents such as “A Framework for K-12 Science Education: Practice, Crosscutting Concept and Core Ideas” and “Next Generation Science Standards (NGSS)”, in which the importance of SSI has been highlighted and recognized as one of the important ways of developing students’ abilities [18]. The Next Generation Science Standards utilize Performance Expectations to specify what students should be able to do to demonstrate their attainment of the standards. Each Performance Expectation is divided into three dimensions: Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts. Sadler et al., (2017) integrated the Framework and NGSS document, particularly focusing on the theme of big ideas in science, in conjunction with the scientific practices in the NGSS [19]. They adapted the initial generalized framework for describing SSI-TL (socio-scientific issue teaching and learning) into a model for designing and implementing SSI-TL. This model translates the NGSS ideas into “performance expectations”. Many developed countries in Europe have also proposed requirements and standards for SSI education that align with the cultivation of scientific literacy (Council of Ministers of Education Canada Pan-Canadian Science Project, 1997; Queensland School Curriculum Council, 2001). In recent years, SSI have become a global research topic, with significant changes in the number of articles, authors, and content; thus, it is necessary to further analyze and review the SSI educational research.




1.2. Literature Review of SSI Education Research


To understand the current state of, and future development trends in, a specific field, it is common to use scientometric or content analysis methods to analyze the relevant literature, and summarize the findings. For example, in the field of science education, scientometric methods were used to analyze the research themes and development trends in, and the contributors to, articles published in four authoritative science education journals from 1990 to 2007: International Journal of Science Education, Journal of Research in Science Teaching, Science Education Research, and Journal of Science Education [20]. Professor Lin and colleagues conducted comprehensive surveys of articles published in three major science journals, Science Education, International Journal of Science Education, and Journal of Research in Science Teaching, every five years (1998–2002/2003–2007/2008–2012/2013–2017). The surveys aimed to determine the research topics, subjects, and trends in science education, and to assist researchers in recognizing the current status of internationalization [21,22].



Some researchers have conducted literature reviews on SSI. Sadler (2004) conducted a comprehensive review of informal reasoning research in the context of SSI, encompassing four aspects: social scientific argumentation, the relationship between scientific nature conceptualization and decision-making, the evaluation of SSI source information, and the impact of a conceptual understanding on informal reasoning [1]. Hernandez-Ramos and colleagues conducted a review of the use of SSI in problem-based learning [23]. Researchers from South Korea utilized the program analysis framework [24] to analyze SSI education research in their country from 2000 to 2016 [25]. Their review focused on the level of contradiction in SSI, the utilization of scientific knowledge, and the development of social content in SSI. The researchers encouraged educators to integrate SSI into their teaching, develop diverse substantive programs, and establish SSI training or teacher-training sessions.



A study used software, such as Cite Space, to perform a visual analysis, and review 167 relevant pieces of literature on SSI research between 2000 and 2018 [26]. The article analyzed the research topics and ideas from the perspective of the keywords and co-cited literature. Despite providing a comprehensive review of SSI education, this article was published three years ago. Since then, there has been a significant increase in the number of SSI education articles, with changes in the content and authors. Consequently, a further analysis and review of recent SSI education articles is necessary. Researchers from China selected 267 empirical pieces of literature on SSI from international authoritative journals on science education from 2000 to early 2021, and used technology and systematic review methods to review the hot topics [27]. Unfortunately, this review was only published in Chinese, which limits its accessibility to many English-speaking researchers who may benefit from the research information and the insights it provides. To address this gap, we deem it necessary to conduct an analytical review of SSI education. However, attempting to encompass the entire spectrum of SSI in a single review is not feasible. The core themes highlighted in the resolution proposed by the United Nations Educational, Scientific and Cultural Organization (UNESCO) emphasized curriculum and pedagogical practices, and enhancing value-based learning and interdisciplinary approaches, while emphasizing critical reasoning, to advance education for sustainable development during the period from 2005 to 2014 [2]. This theme aligns well with the research framework of SSI. Given UNESCO’s strong promotion, a significant increase in SSI education research articles after 2005 is expected. Therefore, we have defined the time frame of our review study as 2004, to verify this hypothesis.



While acknowledging the significant contribution of these reviews to SSI education research, we recognize the need for a more comprehensive review. Our study will encompass the latest research articles, and utilize a more detailed coding approach, to comprehensively analyze the basic characteristics and research attributes of the relevant studies. This approach aims to provide a deeper understanding of the current publication status of, and trends in, SSI education research, including the research participants, research methods, research topics, and research fields. We hope that this review can attract more researchers’ attention to SSI education research and assist them in quickly understanding the relevant studies on SSI, and finding valuable reference materials. This review can also help researchers understand what past researchers have focused on, identify trends in research hotspots, and discover research gaps, thus facilitating a better development of SSI education research.





2. Research Questions


	
What is the basic information of SSI education research publications (including the number of publications, journals, titles, and authors),



	
What is the research information of SSI education research publications (including the research participants, research methods, research topics, and research fields).







3. Methods


To ensure the validity and reliability of the research results, three effective steps were taken in this study, to determine, collect, and analyze articles related to SSI: (1) a keyword search and screening, (2) a journal search and screening, and (3) a coding and analysis framework.



3.1. Keyword Search and Screening for SSI


This study used the Web of Science (WoS) database, which includes the Social Science Citation Index, Arts and Humanities Citation Index, and Conference Proceedings Citation Index (Social Science and Humanities). The search was refined based on the year (2004–2022) and language (English). To ensure comprehensive coverage of SSI education articles, the following keywords were used for the search: socioscientific, socio-scientific, socioscientific issues, socio-scientific issues, socio-scientific issues education, and socioscientific issues education. The search time frame was set from January 2004 to December 2022. This is because, without denying the importance of publications before 2004, the author relies on a study [28] in which the authors stressed the impossibility of reviewing all the published articles in the entire human history, and decided to choose a timeline between 2004–2022, as it is in line with the concept of the study field’s maturity [29]. Within this period, the number of relevant articles is higher; therefore, more major topics are investigated, and more evidence is given. A total of 2747 articles were retrieved.




3.2. Journal Search and Screening


Due to the interdisciplinary nature of SSI, they involve a wide range of dimensions, including sociology, culture, environment, economics, science, ethics, morality, policy, values, personal experience, and knowledge. In order to enhance the quality of the research articles, the researchers categorized the 2747 articles obtained from the keyword search, and excluded general education journals with fewer than four articles published between 2004 and 2022. This decision is based on the rationale that if the number of articles published in a journal related to SSI education research during the 19-year period is lower than four, it can be inferred that the journal does not primarily focus on this area. The researchers selected mainstream journals with a high recognition of SSI education research articles published in the WoS database. After the journal search and screening, a total of 25 journals were selected (Table 1), and 580 published English articles related to SSI were included in the study (Figure 1).




3.3. Coding and Analytical Framework


Referring to the coding analysis framework [30], the researchers developed a coding and analysis framework for this study’s research questions. The coding framework is divided into two parts: the first part includes the basic information of the articles, and the second part includes the research information of the articles. The basic information includes the author, the title, the country or region of the first author’s affiliation, the year of publication, the journal name, and the article type. The research information includes the research participants, research methods, research topics, and research fields. The explanation of the codes is shown in Table 2.



The author, title, year of publication, journal name, and article type in the basic information were coded directly. The country or region of the first author’s affiliation was coded based on the country or region of the first author’s institution. If the first author had multiple affiliations, only the country or region of the first affiliation was coded.



The two researchers independently conducted the manual coding of the research information. Once the preliminary coding framework was established, they individually coded the samples. After the completion of the coding process, a consistency analysis of the coded information was conducted, resulting in a 86.5% consistency. Subsequently, the researchers discussed any inconsistent coding information, and reached a consensus on the final coding. Following the completion of the coding, the researchers further discussed and revised the coding framework, ultimately finalizing the coding framework.



The coding of the research participants and research methods was divided into three steps. Firstly, the coding framework [30] was used, including 10 research object categories: (1) not applicable, (2) primary school students, (3) secondary school students, (4) high school students, (5) university non-teacher-education students, (6) teacher-education students, (7) primary and secondary school teachers, (8) university teachers, (9) cross-grade, and (10) others, including problems and schools. The four categories of research method were (1) quantitative research, (2) qualitative research, (3) mixed research, and (4) non-empirical research, which included theoretical articles, conceptual articles, and literature reviews. Secondly, after coding 100 samples based on this framework, the coders modified and determined the final coding framework for the research objects and research methods. The research object categories were reduced to eight: (1) no research objects, (2) K–12 students, (3) college students, (4) pre-service teachers, (5) primary and secondary school teachers, (6) college teachers, (7) cross-grade/cross-profession, and (8) others, including problems, schools, and courses. The five categories of research methods were: (1) quantitative research, (2) qualitative research, (3) mixed research, (4) theoretical construction and model verification, and (5) others, including content analysis, introduction, and sharing articles. Finally, after the completion of the coding framework, the articles related to SSI education research publications were analyzed, using this coding framework.



To encode the research topics and fields, the researchers went through three steps. Firstly, the coders selected 80 samples to code independently, and entered the original information. Examples of research topics included the assessment of teaching cognitive thinking about SSI, enhancement of argumentation abilities, explorations of a scientific nature, research on SSI curricula, theoretical and model explorations of SSIs, and others. Hot topics included global climate change, global warming, COVID-19, vaccines, nuclear energy use, nanomaterials, sexual behavior, and others. Then, two coders proofread the coded information and, after the discussion, we established a preliminary coding framework. The coding framework for the research topics included: (1) the educational value and significance of SSI education, (2) SSI teaching practices in subject teaching, (3) teacher education and professional development in SSI (including pre-service teachers), (4) SSI curricula, policy, assessment, and evaluation (5) teaching models and conceptual frameworks, and (6) historical and epistemological perspectives (including literature reviews in general fields). The educational value and significance of SSI education were further refined and classified as: (1) the nature of science (including scientific knowledge, such as scientific nature, concepts, and terms), (2) argumentation, reasoning, decision-making ability, and critical thinking, (3) ethics, morals, emotions, and values; (4) social, cultural, and religious, and (5) mixed (including the mixing of two or three categories).



The coding of the fields included environmental issues, such as global warming, water pollution, and ocean acidification; safety and health issues, such as the prevention and control of infectious diseases, the use and pollution control of nuclear energy, and others; resource and energy issues, such as the global shortage of fresh water and seawater, the development and utilization of clean energy, and others; ecosystem issues, such as biodiversity; biotechnology issues, such as genetically modified technology, cloning, gene therapy, and others; new materials, such as nanotechnology and nanomaterials; physical science issues, such as particle physics, physical dynamic models, and others; prevention and emergency issues related to natural disasters, such as earthquakes, typhoons, volcanic eruptions, and extreme weather events; population and eugenics issues, such as human sexual behavior, commercial surrogacy, abortion, and others; and other and hybrid issues, such as iron mining, designer babies in crises, global warming, genetically modified foods, acid rain, and human cloning. The coding framework for the fields of the SSI articles included: (1) environmental issues, (2) safety and health issues, (3) resource and energy issues, (4) ecosystem issues, (5) biotechnology issues, (6) new materials, (7) physical science issues, (8) prevention and emergency issues related to natural disasters, (9) population and eugenics issues, and (10) “other” or “mixed”.





4. Results


4.1. Results of Basic Information of SSI Education Research Publications


4.1.1. Annual Distribution of SSI Education Research Publications


As shown in Figure 2, the number of SSI education research publications has increased year by year. From 2007 to 2012, the number of articles increased sevenfold; from 2015 to 2017, the number of publications doubled. In particular, the number of publications in 2018 increased from 28 to 72 in 2022, indicating a rapid growth in the publication of SSI education research during this period. The results indicate that, since 2007, SSI education research publications have shown significant growth and, during this time, the number of published SSI education research articles has multiplied, indicating that SSI have become a popular and important research field for many researchers, and has been recognized by many different well-known journals.




4.1.2. Title of SSI Education Research Publications


From 2004 to 2022, a total of 580 SSI education research publications were published, of which 179 article titles included “SSI”, and 401 article titles did not include “SSI”, but their abstracts or keywords contained “SSI”. According to the development trend, the number of articles with and without “SSI” in the title is generally increasing (Figure 3). Compared with articles with “SSI” in the title, the number of articles without “SSI” in the title is increasing more rapidly each year, especially from 2018 to 2022; the trend of publication is increasing rapidly each year. This is due to researchers’ more specialized research in the field of SSI. Researchers tend to highlight “SSI” in the titles of articles, such as “Which socio-scientific dimensions do 11th graders refer to when deciding whether to be vaccinated against COVID-19?”, “Using Drama to Enrich Students’ Argumentation About Genetically Modified Foods”, and “Role Reversal to Facilitate Social & Moral Compassion: A Case for Climate Change as an Ethics Dilemma”. More specialized topics, such as COVID-19, genetically modified foods, and climate change are increasingly appearing in the titles of articles.




4.1.3. Journal Sources of SSI Education Research Publications


According to the analysis, the top five journals with the most publications of SSI education research articles are INTERNATIONAL JOURNAL OF SCIENCE EDUCATION (J12, 25.3%, N = 147), SCIENCE & EDUCATION (J21, 11.9%, N = 69), RESEARCH IN SCIENCE EDUCATION (J20, 11.0%, N = 64), JOURNAL OF RESEARCH IN SCIENCE TEACHING (J16, 9.0%, N = 52), and SCIENCE EDUCATION (J22, 5.2%, N = 22).



The characteristic trends in the annual publication volume for the top five journals with the highest number of published SSI education articles were analyzed, and are shown in Figure 4. The annual publication volumes for these five journals all exhibit fluctuating trends. The journal SCIENCE & EDUCATION (J21) shows a rapid growth trend in publications during the period from 2021 to 2022. Both RESEARCH IN SCIENCE EDUCATION (J20) and JOURNAL OF RESEARCH IN SCIENCE TEACHING (J16) show stable and uniform growth trends during the same period. Although the publication volumes for INTERNATIONAL JOURNAL OF SCIENCE EDUCATION (J12) and SCIENCE EDUCATION (J22) show a downward trend in 2021 and 2022, the annual publication number for INTERNATIONAL JOURNAL OF SCIENCE EDUCATION (J12) is significantly higher than that of the other journals publishing SSI education research articles.




4.1.4. The Countries or Regions of the First Author of SSI Education Research Publications


Figure 5 shows a heat map of the countries or regions of the first author of SSI education research publications. Among the 580 SSI education research articles, researchers from the United States published 146 articles as the first author, accounting for 25.2%, followed by researchers from Taiwan, China, who published 45 articles, accounting for 7.8%. The third to tenth places were represented, respectively, by Turkey with 41 articles (7.1%), Germany with 40 articles (6.9%), Sweden with 33 articles (5.7%), the United Kingdom with 26 articles (4.5%), Australia with 24 articles (4.1%), Spain with 19 articles (3.3%), Switzerland with 19 articles (3.3%), Canada with 16 articles (2.8%), and mainland China with 16 articles (2.8%). Spain and Switzerland tied for eighth place, while Canada and mainland China tied for ninth.





4.2. Results of Research Information of SSI Education Research Publications


4.2.1. Research Participants


After coding and analysis, it was found that among the 580 articles in SSI education research publications, the research participants were mainly K–12 and college students. The number of articles on K–12 students, not applicable, and college students was 244, 101, and 76, respectively. The number of articles on pre-service teachers, primary and secondary school teachers, cross-grade/cross-profession, others, and college teachers were 45, 43, 36, 32, and 3, respectively, as shown in Figure 6.



From the annual distribution trend, it can be seen that, during the period from 2004 to 2022, SSI articles focusing on K–12 students showed a fluctuating growth trend. Although the fluctuation range was relatively large, the annual publication number was significantly higher than that of the other research participants. SSI education research publications on college students, with no research objects, on pre-service teachers, and on K–12 students all showed a clear increasing trend. However, SSI articles focusing on cross-grade/cross-profession and college teachers did not show an increasing trend, and were relatively evenly distributed over the 19 years (Figure 7).




4.2.2. Research Methods of SSI Education Research Publications


Of the 580 SSI education research publications, 210 (36.2%) adopted qualitative research methods, 154 (26.6%) adopted mixed research methods, and 89 (15.3%) adopted quantitative research methods. There were 61 (10.5%) theoretical construction and model verification articles, and 66 (11.4%) other articles.



Based on the annual distribution trend from 2004 to 2022, the growth trend in qualitative research articles fluctuated greatly, while the articles using quantitative research methods, mixed research methods, theoretical and model articles, and other articles all showed a fluctuating growth trend, as shown in Figure 8.




4.2.3. Research Topics of SSI Education Research Publications


A statistical analysis of the 580 SSI education research publications from 2004 to 2022 revealed that 276 articles, accounting for 47.6% of the total, focused on the educational value and significance of SSI education. Meanwhile, 108 articles, accounting for 18.6% of the total, introduced and discussed SSI teaching practices in subject teaching. In addition, 79 articles (13.6% of the total) focused on teaching models and conceptual frameworks, while 56 articles (9.7% of the total) explored teacher education and professional development in SSI (including pre-service teacher education). Articles discussing the SSI curricula, policies, assessment, and evaluation totaled 27, accounting for 4.7% of the total, while those on history, epistemology, and perspectives (including literature reviews in the general field) accounted for 34, or 5.9% of the total.



Based on the annual distribution trend, there was a significant increase in the number of articles on the research of the educational value and significance of SSI education, as well as those discussing SSI teaching practices in subject teaching from 2004 to 2022. Articles focusing on teaching models and conceptual frameworks, teacher education and professional development in SSI (including pre-service teacher education), and history, epistemology, and perspectives also showed an increasing trend. However, articles discussing SSI curricula, policies, assessment, and evaluation did not show an obvious increase trend (Figure 9).



Regarding the 276 articles on the topic of educational value and the significance of SSI education, there are 58 articles on the nature of science, accounting for 21.0%; 112 articles on argumentation, reasoning, decision-making ability, and critical thinking, accounting for 40.6%; 35 articles on ethics, morals, emotions, and values, accounting for 12.7%; 17 articles on social, cultural, and religious, accounting for 6.2%; and 54 mixed articles, accounting for 19.6% (Figure 10).



According to the trend in the annual distribution, publications on the topic of the educational value and significance of SSI education, particularly in the areas of argumentation, reasoning, decision-making ability, and critical thinking, as well as mixed-category publications, have shown a clear increasing trend, despite some fluctuations. However, publications related to ethics, morals, and values, as well as social, cultural, and religious values, have shown a decreasing trend in annual publication from 2004 to 2022 (Figure 11).




4.2.4. Research Field of SSI Education Research Publications


Of the 580 SSI articles, 354 (61.0%) dealt with specific research areas. Among them, there were 99 articles related to environmental issues, 58 related to ecosystem issues, and 55 related to safety and health issues. There were also 54 articles categorized as “other” or “mixed”. Additionally, there were 49 articles related to biotechnology issues, while the remaining articles covered topics such as resource and energy issues, population and eugenics issues, physical science issues, new materials, and prevention and emergency issues related to natural disasters, with 13, 10, 7, 6, and 3 articles, respectively (Figure 12).



Based on the annual distribution trends, between 2004 and 2022, the top five research areas in SSI education research publications were environmental issues, safety and health issues, ecosystems issues, biotechnology issues, and “other” or “mixed”. Articles related to environmental issues showed a steady increasing trend, while articles on ecosystem issues, safety and health issues, and biotechnology issues fluctuated, but also showed an increasing trend. However, articles related to other social issues and mixed issues in SSI hot topics fluctuated greatly, and did not show an increasing trend (Figure 13).






5. Discussion and Conclusions


The results of this study provide an overview of the development trends in SSI, and could be useful for researchers, especially newcomers and those interested in SSI. Using keyword and journal selection, this study analyzed and coded 580 SSI education articles, summarizing the current state of, and development trends in, SSI. This provides a reference for the development and practice of SSI education research publications.



5.1. Basic Information of SSI Education Research Publications


The number of SSI education research publications has been increasing year by year, which indicates that the importance of SSI education research has been recognized globally, and an increasing number of researchers and educators are engaging in research and practices related to SSI education. This upward trend has also been observed in a previous review [31], which can be attributed to the successful implementation of SSI education, and its positive outcomes in numerous countries [32,33]. To investigate this trend further, we categorized publications into two groups, based on whether their titles included “SSI”, and compared their publication trends. The results indicated a faster increase in the number of publications without “SSI” in the title. As researchers deepen and refine their understanding of SSI education research, they tend to focus on specific controversial SSI education scenarios for research and practice. Moreover, an increasing number of frontline science teachers are engaging in SSI education research and practice, and research article titles usually directly indicate specific research areas or backgrounds. SSI involve the deliberate use of scientific issues, and these issues are personally meaningful and engaging to students.



Journals related to science education are the most attentive to SSI education [31]. In the WoS database, the top five journals for SSI education research publications are INTERNATIONAL JOURNAL OF SCIENCE EDUCATION, SCIENCE & EDUCATION, RESEARCH IN SCIENCE EDUCATION, JOURNAL OF RESEARCH IN SCIENCE TEACHING, and SCIENCE EDUCATION. Research articles in these journals have always constituted the main type of publication every year, and the number of publications has generally increased. SCIENCE & EDUCATION has shown the fastest growth in the number of SSI education research publications.



The development of SSI education research is uneven on a global scale. Researchers from the United States published the most articles as the first author, followed by researchers from Taiwan, China. Researchers can learn about the latest research directions of SSI in the United States, which is a leader in SSI education research, to better conduct research and practice in SSI education. The second-highest number of publications by researchers from Taiwan, China, is due to the early introduction of, and emphasis on, SSI in Taiwan’s education, which closely focuses on everyday technology issues around the learners, and values the integration of international and local research, to form a regional SSI model that is student-centered. This innovative research mode of absorption and innovation has led to a rapid development and rise in localized SSI research in Taiwan [34]. Numerous countries or regions have the opportunity to directly benefit from international experience, to explore the significance and value of SSI education in fostering scientific literacy and argumentation skills among students and teachers. However, various aspects of the SSI education research are influenced by local science education contexts and practical requirements. Therefore, while drawing on international experience, it is equally important to consider local research, to provide relevant evidence.




5.2. Research Information of SSI Education Research Publications


Articles utilizing qualitative research methods were the most prevalent, displaying an upward trend over time, with some fluctuations. Qualitative research enables a deeper comprehension of individuals’ subjective experiences and perspectives; however, it also comes with limitations, including the sample representativeness, researcher subjectivity, and the interpretative nature of the data. In contrast, mixed methods and quantitative research articles were less numerous, but demonstrated a more consistent growth pattern. Quantitative research findings often directly influence policies, and have practical implications, offering advantages in aspects including the sample size, objectivity, and replicability. Consequently, when investigating SSI education, it becomes crucial to consider the research purpose and subjects, and make informed choices regarding the research methods.



In terms of SSI education research subjects, the studies mainly focus on K–12 students; and articles on SSI for college students, with no research subject, on pre-service teachers, and on primary and secondary school teachers all showed a significant increasing trend. It can be seen that researchers pay special attention to practical research in SSI education research publications, and to the education of SSI teachers. This is consistent with the main research themes, which mainly focus on research on the value and significance of SSI teaching, the application and introduction of SSI in subject teaching, and the teaching models and conceptual frameworks of SSI. SSI themselves contain scientific, technological, personal, cultural, and social content, which can provide rich scientific value and teaching experience for educational practice [1]. In school education, to solve controversial or even thorny issues in SSI, teachers guide students in using scientific knowledge and scientific abilities to discover, analyze, judge, make decisions, and express the relevant information [35]. This process can enhance students’ knowledge of a scientific nature, scientific concepts/terms, and other scientific literacy [9,36]. It can also promote the development of students’ critical thinking, informal reasoning, argumentation skills, and decision-making skills [13,37,38]. At the same time, thoughts and feelings about ethical paradoxes and dilemmas in some thorny social issues also challenge students’ emotional attitudes, moral ethics, and values [39]. Many studies have shown that although science teachers and pre-service science teachers have a positive attitude toward implementing social science issues in classroom teaching, they lack the relevant background knowledge, are unfamiliar with the methods of implementing SSI, and lack the teaching strategies and methods to evaluate students’ academic performance and progress in SSI education [27]. Therefore, more and more research is focusing on the professional development of SSI teachers, with the hope of cultivating high-quality SSI teachers, through the development and use of SSI curricula and teaching materials, beliefs and participation in implementing SSI, the selection and application of teaching strategies, and research into teacher actions [2]. In SSI classroom teaching practices, prioritizing student-centered approaches, and considering students’ objective and subjective characteristics, are essential. The teaching methods and curriculum design employed by teachers significantly influence students’ learning outcomes [40,41]. Thus, promoting effective teaching experiences, and implementing them appropriately among teachers, will significantly contribute to the advancement of SSI education.



A total of 354 articles covered specific research fields, mainly environmental issues, ecosystem issues, and safety and health issues. From the research fields covered by SSI, it can be seen that the international community is concerned about SSI, and they are often the most valuable content in teaching. SSI education research on sustainable issues is prominent. This is not only related to global topics, but also to the origin of SSI development. SSI are conceptually related to STSs and STSE [3]. The goal of environmental education originated from the green revolution, and the latest framework for environmental literacy consists of four parts, contexts, competencies, environmental knowledge, and dispositions toward the environment, making environmental literacy a part of Volume I of scientific literacy [2,18]. SSI have been proven to be a way of establishing and developing scientific literacy [36,42,43]. When SSI involve environmental issues, they not only enable learners to acquire environmental-related cognition, practical abilities, and moral emotions, but also enhances environmental literacy, to solve Volume I of scientific literacy [31,44]. Sustainability is a global issue that intersects with ecological civilization and human wellbeing. SSI education serves as a vital tool for shaping students’ sustainability awareness, showing positive outcomes [45]. It plays a pivotal role in promoting sustainability, and its significance cannot be overstated.




5.3. Limitations


Rasch’s framework for the development of communication is defined by the five W questions of “who”, “what topic (what)”, “when”, “where (which countries or regions)”, and “what effects (producing what effects)” [46]. This study used content analysis to investigate who, what topics, when, and where in SSI education research. The research results can provide a more rapid and effective understanding of the current status of, and future development trends in, SSI education research, as well as of the hot topics in SSI in recent years, which will help researchers and educators to focus on research topics. This study analyzed and summarized SSI education research publications but, due to the complexity and comprehensiveness of SSI, the “who” in the research results needs further exploration, such as co-authors and authors from different disciplines. The “what effects” also require further exploration, such as citation analysis and citation frequency analysis, to determine the level of research impact [47,48]. In this review, journals with fewer than four publications related to SSI education research were excluded, creating a curated list of journals focusing on SSI education research. While this facilitates efficient journal selection, it also raises the concern of potentially overlooking valuable research articles. Moreover, this review primarily focused on publications from the WoS database, which could have led to the omission of high-quality papers indexed in other databases that were not captured in our search. In terms of coding, the development and application of a more systematic and objective approach would be more reasonable.





6. Implications


The enthusiasm for SSI research is growing, and an increasing number of scholars are focusing on educational theory and practice within specific disciplinary domains. However, the research findings indicate that, in numerous countries or regions, SSI education has not witnessed significant development. These areas warrant prioritization when it comes to further investigation by scholars. Additionally, alongside conducting new research, local scholars can utilize the research findings from countries or regions, such as the United States, and validate them in diverse contexts, to facilitate the implementation of established practices.



Researchers primarily focus on K–12 students, and we anticipate a continued prominence of studies among this age group in the future. While other participant categories show an upward trend, their prominence is comparatively lower than that of K–12 students. Investigating and comparing diverse student populations could present a promising avenue for future research. Qualitative research constitutes the largest proportion of research methods, while the use of quantitative and mixed methods is expected to increase progressively. Quantitative methods are deemed more reliable, particularly in practical research involving the validation of teaching approaches. The educational value and significance of SSI education, with a specific focus on argumentation, reasoning, decision-making ability, and critical thinking, stands as the most prominent research topic. These competencies are vital for students’ development, and the trend is anticipated to persist. Within specific domains, nearly all the topics pertain to sustainability, with environmental issues being the most prevalent. This underscores the significant role of sustainability in the present era, and the attention it garners in student education. Subsequent research should continue to prioritize sustainability, and incorporate specific topics into teaching practices within the respective disciplines.



In general, there is a growing focus on, and development of, SSI research. Researchers should prioritize students’ characteristics and their holistic development, and endeavor to make advancements in key areas, and address gaps in the field. Regarding teachers’ professional development, it is essential to acknowledge the significance of teachers, as their understanding of new teaching reforms directly impacts their classroom instruction. Therefore, careful attention should be paid to teachers’ professional development. By leveraging successful international experience, diverse methods can be employed to enhance the professional development of teachers in SSI teaching across various stages and subject areas, thus catering to the diverse needs of SSI implementation.
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Figure 1. Flowchart of articles selected for the SSI education research. 
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Figure 2. Annual publication number of SSI education research publications. 
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Figure 3. Trends in the annual publication number of SSI-related and non-SSI-related titles in SSI education research publications. 
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Figure 4. The annual number of SSI publications for the top five journals with the highest number of SSI articles published. 
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Figure 5. Heat map of the countries or regions of the first author of SSI education research publications. 
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Figure 6. Research participants in SSI education research publications. 
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Figure 7. Annual distribution of SSI education research publications according to the research participant category. 
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Figure 8. Annual distribution of SSI education research publications according to the research method category. 
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Figure 9. Annual distribution of SSI education research publications according to the research topic category. 
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Figure 10. Secondary distribution of the research on teaching value and significance. 
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Figure 11. Annual distribution of the secondary distribution of the research on teaching value and significance. 
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Figure 12. Annual distribution of SSI education research publications by research field category. 
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Figure 13. The annual distribution of the top five research fields in SSI education research publications. 






Figure 13. The annual distribution of the top five research fields in SSI education research publications.



[image: Sustainability 15 11841 g013]







[image: Table] 





Table 1. The 25 journals that published articles on SSI education research, selected through screening.
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	No.
	Journal Name
	Number of Articles





	J1
	AMERICAN BIOLOGY TEACHER
	6



	J2
	CBE-LIFE SCIENCES EDUCATION
	5



	J3
	CHEMISTRY EDUCATION RESEARCH AND PRACTICE
	6



	J4
	COMPUTERS & EDUCATION
	8



	J5
	COMPUTERS IN HUMAN BEHAVIOR
	5



	J6
	CULTURAL STUDIES OF SCIENCE EDUCATION
	15



	J7
	ENVIRONMENTAL EDUCATION RESEARCH
	12



	J8
	EURASIA JOURNAL OF MATHEMATICS SCIENCE AND TECHNOLOGY EDUCATION
	12



	J9
	FRONTIERS IN PSYCHOLOGY
	6



	J10
	INSTRUCTIONAL SCIENCE
	6



	J11
	INTERNATIONAL JOURNAL OF SCIENCE AND MATHEMATICS EDUCATION
	28



	J12
	INTERNATIONAL JOURNAL OF SCIENCE EDUCATION
	147



	J13
	JOURNAL OF BALTIC SCIENCE EDUCATION
	13



	J14
	JOURNAL OF BIOLOGICAL EDUCATION
	25



	J15
	JOURNAL OF CHEMICAL EDUCATION
	6



	J16
	JOURNAL OF RESEARCH IN SCIENCE TEACHING
	52



	J17
	JOURNAL OF SCIENCE EDUCATION AND TECHNOLOGY
	17



	J18
	LEARNING AND INSTRUCTION
	5



	J19
	RESEARCH IN SCIENCE & TECHNOLOGICAL EDUCATION
	14



	J20
	RESEARCH IN SCIENCE EDUCATION
	64



	J21
	SCIENCE & EDUCATION
	69



	J22
	SCIENCE EDUCATION
	30



	J23
	STUDIES IN SCIENCE EDUCATION
	9



	J24
	SUSTAINABILITY
	16



	J25
	TEACHING AND TEACHER EDUCATION
	5
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Table 2. The explanations/categories of the codes.
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Information Codes

	
Explanation/Categories






	
Basic information

	
Author

	
All authors’ names




	
Title

	
Full title of the study




	
Country or region

	
The country or region of the first author’s affiliation




	
Year of publication

	
Published year




	
Journal name

	
Full name of the journal




	
Article type

	
Type stated on the published page




	
Research information

	
Research participants

	
No research objects




	
K–12 students




	
College students




	
Pre-service teachers




	
Primary and secondary school teachers




	
College teachers




	
Cross-grade/cross-profession




	
Others, including problems, schools, and courses




	
Research methods

	
Quantitative research




	
Qualitative research




	
Mixed research




	
Theoretical construction and model verification




	
Others, including content analysis, introduction, and sharing articles




	
Research topics

	
Educational value and significance of SSI education




	
Teacher education and professional development in SSI




	
SSI teaching practice in subject teaching (including pre-service teacher education)




	
SSI curriculum, policy, assessment, and evaluation




	
Teaching models and conceptual frameworks




	
History, epistemology, and perspectives (including literature reviews in general fields)




	
Research fields

	
Environmental issues




	
Safety and health issues




	
Resource and energy issues




	
Ecosystem issues




	
Biotechnology issues




	
New materials




	
Physical science issues




	
Prevention and emergency issues related to natural disasters




	
Population and eugenics issues




	
“Other” or “mixed”
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