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Abstract

The intricate nature of socio-scientific issues has gained traction among
researchers in recent decades. This study explores educational research focused
on socio-scientific issues over the last 21 years (2002-2023) using the
bibliometric method. The analysis of 350 Scopus-indexed articles was
conducted, examining publication trends, influential contributors, and research
trajectories through citation, co-occurrence, and co-citation analyses. Co-
citation analysis reveals a complex intellectual structure within the field, with a
dominant cluster of influential authors and several smaller, specialized research
communities emerging. Analysis revealed that the major themes discussed by
the examined articles include the nature of science, climate-change decision-
making, and education for sustainability, which are crucial in addressing
contemporary challenges in education and society. This study highlights the
significance of fostering interdisciplinary cooperation and integration of
technological aspects into future research. It also identifies the necessity of
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addressing gaps in research resources, improving knowledge accessibility, and
strengthening international collaborations for the field's advancement.

Introduction

A wide range of disciplines and courses are included in the diversified field of education, all of
which support students' intellectual and cultural development (Khotinets & Shishova, 2023;
Ladson-Billings, 1995; Piaget, 1964). One of the prominent narratives about education in modern
society is that it plays a critical role in shaping the lives of people through a multidisciplinary
approach. The multidisciplinary nature of education helps learners to understand complex issues,
fosters creativity, and encourages drawing connections between different knowledge structures
(Jukola, 2007; Nissani, 1997). Education, as a body of knowledge, is an assemblage of various
disciplines. The key ones that contribute to the knowledge of education are philosophy,
psychology, sociology, and history. The confluence of knowledge from these disciplinary
backgrounds offers critical contributions to understanding and identifying the curricular content,
delivery of knowledge, and conduct of assessment. In addition, the integration of sociological,
philosophical, and historical elements into education not only enhances knowledge generation
(Gunasekaran et al., 2022; Ozcan & Balim, 2021), but also develops critical thinking and problem-
solving abilities (Molinatti et al., 2010). This approach emphasizes the necessity of intertwining
various fields to create a comprehensive, culturally-relevant, educational experience that equips
students for complex real-world challenges. Socio-scientific issue-based education is one of the
innovative approaches that show promise in this area of pedagogical transformations. Science is a
robust knowledge system, across history, which has meddled with conventional thoughts. The way
that science is produced, and the way it is further discussed is an intricate matter of concern.

In order to foster scientific literacy and provide students with the tools that they need to
make wise decisions, socio-scientific-issues-based instruction incorporates social, ethical, and
environmental topics into science lessons. "Social dilemmas with conceptual or technological links
to science" are known as SSI (Sadler, 2004a). These dilemmas are usually controversial, real-
world problems that are ill-structured (Chowdhury et al., 2020; Sadler & Zeidler, 2005b; D.
Zeidler, 2015). Socio-scientific issues include concerns about environmental conservation, such
as the protection of flora and fauna, pollution of water, air and soil, man-made disasters, etc.
Several studies have been carried out on the SSI paradigm, shedding light on how effective SSI is
as a powerful agent for science transactions (Badeo & Duque, 2022; Cavagnetto, 2010; Dawson
& Venville, 2010; Evren-Yapicioglu, 2018; Grace, 2009; Kumar et al., 2024; Osborne et al., 2004;
Ratcliffe & Grace, 2005; Sadler & Zeidler, 2005a; Simonneaux & Simonneaux, 2009; D. L.
Zeidler et al., 2009a). The argument's empirical justification has been investigated in a number of
research studies. The divergent nature of SSI is due to societalproblems, which have a link to
science and technology.

It is crucial to recognize the trends and patterns in research efforts focused on socio-
scientific issues. One can identify the roots of SSI in educational research, which is evident from
the path-breaking researchers like Sadler and Zeidler(Ban & Mahmud, 2023; Barzilai & Chinn,
2020; Sadler, 2004a, 2004b, 2009, 2011a, 201 1b; Sadler & Zeidler, 2004, 2005a; Tang et al., 2024;
D. L. Zeidler et al., 2009b). Even though the root of this construct was educational research, it is
discussed widely in different disciplines. The researchers intend to explore the scope of
bibliometric analysis in the area of socio-scientific issues focused on educational research, which
would help in analysing the ongoing trends in an area, and to identify their intellectual base. This
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analysis focused on educational research related to this subject over the period of 2002-2023, and
valuable insights were garnered, which can contribute to the evolving landscape of this innovative
pedagogical approach. The findings will shed light on the influential publications, prominent
authors, and emerging trends shaping the discourse surrounding educational research focused on
SSI. The influential publications based on the normalized citation help in identifying the key topics
and research questions emanating out of this topic, and the way in which these questions are
answered. In addition to the generation of new knowledge, this would help in understanding the
methods of research that evolve out of the research questions. Identification of the prominent
authors helps in discovering their critical contributions and the backgrounds that shaped their
scholarship. The emerging trends in the area of educational research focused on SSI would enable
the researchers to set their focus for future studies, and also develop a sensitivity for identifying
issues around them that are socio-scientific in their basic nature. Given the multidisciplinary
feature of this field, and its potential impact on fostering scientific literacy and decision-making
skills, a comprehensive understanding of the research patterns and citation dynamics is crucial.
Existing research literature with a bibliometric focus on this area is less in number.The findings of
this bibliometric study can inform future research directions, identify potential collaborations, and
highlight areas that require further exploration within the research landscape of educational
research focused on SSI.

In this context, to guide this analysis and uncover critical aspects of the field's development,
the following research questions were posed:

RQ 1. Who are the most cited authors in educational research focused on socio-scientific
issues over the past 21 years?

RQ 2. Which countries have the most significant educational research publications focused
on socio-scientific issues during the last 21 years?

RQ 3. Which are the most cited research papers in educational research focused on socio-
scientific issues over the past 21 years?

RQ 4. Which are the most cited sources/journals in educational research focused on socio-
scientific issues over the past 21 years?

RQ 5. What are the keywords frequently used by authors in educational research focused
on socio-scientific issues during the last 21 years?

RQ 6. Which research documents are co-cited most frequently by authors in educational
research focused on socio-scientific issues over the past 21 years?

Method

In the present study, literature related to educational research efforts focused on socio-scientific
issues is examined using bibliometric analysis, which uses a quantitative lens to view the existing
literature in a chosen field to find patterns in trends, social networks, and research gaps (Dede &
Ozdemir, 2022; José de Oliveira et al., 2019; Wirzal et al., 2022). This thorough evaluation of
metadata helps to identify the most influential articles, authors, themes, and institutions that
promote studies related to SSI (Van Raan, 2003). The details of the data collected and the analytical
procedure are explained in the subsequent sections.
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Table 1: Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria
Publication Year articles published from articles published before January
January 2002 to December 2002
2023
Document Type articles conference paper, book chapter,
Source type journal conference proceedings, books,
book
series, trade journals, and
undefined
Language English languages other than English

Data collection

Metadata for bibliometric analysis, related to educational research, focused on socio-
scientific issues, and was retrieved from the Scopus database. Scopus is considered, since it has
been accepted as one of the primary bibliographic sources of information (Aghaei Chadegani et
al., 2013; Mongeon & Ad¢le Paul-Hus, 2016). It has more published works related to social
sciences, compared to other databases, like the Web of Science (Gao et al., 2022; Narong &
Hallinger, 2024). Also, Scopus is more compatible with the most widely used bibliometric
software, such as Biblioshiny, Gephy, and VOSviewer (Tomaszewski, 2023).

There are two methods for collecting the appropriate bibliometric data in a chosen field of
study: a search for a selected keyword and a search for articles published in one or several specific
journals (Zupic & Cater, 2014). To cover as many articles in educational research that focused on
socio-scientific issues as possible, the selected keyword search approach was chosen for the
present study. It was initiated using the term “socio-scientific issue.” Further filtering was applied
using Boolean operators (AND, OR) and default filtering options that are listed in the Scopus
database, such as document type, source, and subjects. The data-collection process began by
defining the inclusion and exclusion criteria, as detailed in Table 1. These criteria were aligned
with the study's purpose of maximizing the number of articles in educational research that focused
on socio-scientific issues. Articles written in English were considered, for two reasons: the status
of English as the primary language in socio-scientific academic publishing and the comfort of the
researchers to read and write in the English language. The selection of the English language
ensured consistency across the analysis of articles and could improve accessibility for the broader
research community. The document type was restricted to "articles," and the source type was
limited to "journals," using filters in the Scopus database. The timeframe of 2002 to 2023 was
determined, due to the availability of articles based on the search string. The search results
automatically covered publications from January 2002 to December 2023, providing a
comprehensive overview of the research landscape of educational research that focused on socio-
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scientific issues over the past 21 years. The process of data collection is illustrated in Figure 1, and
it followed PRISMA standards (Moher et al., 2010). The search generated 1215 documents, which
were exported as a comma-separated value (.CSV) file for analysis using MS Excel and the VOS
viewer toolkit. A total of 865 documents were excluded, because they did not meet the inclusion
criteria.

Topic Educational research focused on socio-scientific issues.
. v
IE Scope and coverage Database Time Frame | Search Field Language | Source
Bt Scopus 2002 to 2023 | Article English Journal
=)
3 A 4
2 Keyword & search "socioscientific i " "soci ienti
2 y ( TITLE-ABS-KEY ( "socioscientific issues" OR "socio scientific
@ string issue" OR "socio-scientific issue*" OR "socio scientific education"
< OR "socioscientific education" OR "socio scientific argumentation"
5 OR "socioscientific argumentation" OR "socio scientific inquiry" OR
=

"socio scientific reasoning" ) AND ( "education" OR "pedagogy" OR
"teaching" OR "learning" OR "curriculum" OR "instruction" OR
"educational policy” OR "educational psychology" OR "educational
technology" OR "educational assessment" OR "educational research"
OR "educational leadership" OR "educational administration" ) AND
( "science education" OR "school education" OR "college" OR
"university" OR "graduate" OR "post graduate" OR "K-12 education"
) ) AND PUBYEAR > 2001 AND PUBYEAR < 2024 AND
PUBYEAR > 2001 AND PUBYEAR < 2024 AND ( LIMIT-TO (
SRCTYPE , "j" ) ) AND ( LIMIT-TO ( OA, "all" ) ) AND ( LIMIT-
TO ( PUBSTAGE , "final" ) ) AND ( LIMIT-TO ( DOCTYPE, "ar"

) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

v

Date extracted
= 1 April 2024
=
s
R Record Identified _
&Screened n=1215
Record Removed n=865
=
D
E
= Record Included for
= Bibliometric Analysis n=350

Figure 1: Process of data collection (Kavitha & Joshith, 2024, Zakaria et al., 2021).
Data screening and cleaning

There is a chance that bibliometric data may consist of duplicates, keyword errors, and
missing entries. Hence, data screening was carried out to obtain more reliable results. The editable
format (.CSV) of bibliometric data provides the opportunity to curate mistakes, duplicates, and
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keyword errors before analysis. To develop the thesaurus file, researchers began using VOSviewer,
which was then used to create a map, with the keywords exported to a text file containing essential
information, such as keyword occurrences and link strengths. The exported file was then opened
in Microsoft Excel, where researchers filtered out irrelevant columns to focus solely on the
keywords. A two-column table was created with the headers "label" and "replace by" to facilitate
consistent terminology. Each original term was listed in the "label" column, with preferred
replacements specified in the "replace by" column, or left blank, if removal was desired. For
example, "Hong Kong" was standardized as "China." Terms with similar meanings were merged,
in order to enhance clarity and thematic consistency. Final adjustments were made by
consolidating redundant terms, and applying preferred singular forms to maintain uniformity. The
thesaurus was saved as a plain text file (.txt) for integration back into VOSviewer. This process
allowed for a refined and comprehensive list of terms, optimising the quality of subsequent
bibliometric analyses (Jan van Eck & Waltman, 2023).

Verification steps were performed to validate the thesaurus files created. Initially, maps
were generated using VOSviewer, both with and without the thesaurus file, to assess differences
in keyword clustering and term visibility. This comparison allowed for the identification of any
terms that were still missing or ambiguously grouped. Threshold adjustments were tested within
VOSviewer to ensure relevant terms were neither omitted, nor redundantly included. In addition
to this, researchers reviewed the revised clusters and maps with other researchers to confirm that
the chosen terms and replacements aligned with common usage in the literature (Jan van Eck &
Waltman, 2023; Lim et al., 2024).

While considering the data for citation analysis with countries, the number of countries
listed initially was 64. However, during the data screening process, we identified specific errors in
the data set, which omitted five entries, including, biology, Educacdo, institute for biology,
Instituto de educagdo, and technology. Additionally, Hong Kong was listed among the countries,
and it is relabeled as China. Finally, 58 countries were selected for further analysis.

In the dataset considered for the co-citation analysis, several typographical errors and
inconsistencies were identified. These included differences in the presentation of journal details,
authors’ names, and publication titles. For example, entries such as "driver r., newton p., osborne
J.» establishing the norms of scientific argumentation in classrooms, science education, 84, pp. 287-
312, (2000)" exhibited slight variations. To ensure accuracy and uniformity, these errors were
rectified, and entries with only slight variations were combined. For instance, various versions of
"Sadler t.d., Barab s.a., Scott b., What do students gain by engaging in socioscientific inquiry?,
research in science education, 37, 4, pp. 371-391, (2007)" were matched and merged. The curation
process was completed using a thesaurus file.

Data analysis

This study involves a bibliometric analysis to examine the educational research landscape
focused on socio-scientific issues. The data was retrieved from Scopus using a specific search
query, mentioning the keywords, document type, year of publication, access status, etc. (See Figure
1). The resulting CSV file, containing comprehensive information on 350 articles, served as the
data source. VOSviewer, an open-source software tool with a user-friendly interface and better
clustering functionality (Cobo et al., 2011), was used to generate visual maps based on this
bibliometric data. Additionally, the MS Excel toolkit was used for corresponding analytical
research. The analysis included two main components: performance analysis and bibliometric
mapping. Performance analysis examined research elements, like the total number of citations,
publications by author, and average citations per article per year. These metrics provide insights
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into researcher influence and productivity in the field. Bibliometric or science mapping explores
the structure and evolution of knowledge in the research area (Bayer et al., 1990; Hota et al., 2020;
Yang & Liu, 2022). An important deficiency of this table is that it did not offer an understanding
of the connections among the research components and the strength of the relationship among
them. The visual maps generated using the VOSviewer address this limitation of the performance
analysis table. Considering this, in the present study, the VOS viewer was used to generate the
visual maps, based on the bibliometric data. These maps provided a detailed understanding of the
connections among research components and the strength of their relationships. Citation analysis
revealed the most prominent and influential authors, publications, and sources/journals. Co-
citation analysis illustrates the network of authors who crafted foundational and influential articles,
and it also explores the foundational documents, which are the intellectual base of a specific
research area. Keywords that are prominent in this research landscape were identified through co-
occurrence analysis. The study utilized quantitative performance metrics and visual mapping
techniques to investigate the evolution of educational research literature that focused on socio-
scientific issues over the past 21 years (2002-2023). This analysis helped the researcher to answer
the research questions set for the study.

Results and Findings
Major results and findings are presented in this section.
Volume and distribution of documents across years and countries

The general statistics of the data regarding articles are initially explored by focusing on the volume
and distribution across years and countries. Figure 2 illustrates the yearly breakdown of documents
and citations related to educational research efforts addressing socio-scientific issues from 2002
to 2023. Observing the trend, volatility in the number of documents and citations over the years is
evident. There was only one publication in 2002, which will grow exponentially to reach 68 in
2021. No documents were recorded from 2003 to 2006. The number of citations has also grown,
from 297 in 2002 to a peak of 537 in 2010. The crucial years in this data appear to be 2019 and
2020, which saw a significant spike in documents (31 and 38, respectively) and citations (497 and
380, respectively). This suggests that these years have been pivotal in terms of publishing activity
related to socio-scientific issues based educational research.
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Figure 2: The total number of publications and citations by year.
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No documents were recorded between the years 2003 to 2006, highlighting a decline in
publications related to educational research focused on SSI. A separate manual review was
conducted to investigate the wane in publication trends, focusing on the period from 2003 to 2006.
Significant changes in the number of publications for these years were noticed, when certain filters
were altered. Therefore, the "open access" and language filters were removed to allow for a more
comprehensive review, capturing all relevant articles, regardless of their access status or language.
This approach ensured that no potentially significant publications were overlooked, providing a
clearer picture of the research activity during these years. This review identified 24 articles, 22
written in English and not classified as “open access.” The finding highlights the restrictions on
knowledge acquisition, as retrieval of these articles may be restricted by financial barriers
(Ignatow & Robinson, 2017; Mariotti, 2022). The two non-English articles, in French and
Portuguese, were included in the “open access all” category. Notably, 2003 remains a year with
no recorded publications. The overall pattern is cyclical, with peaks and valleys in documents and
citations. However, the general trajectory is one of growth, indicating an increasing level of interest
and activity in this field over the past 21 years.

ARTICLES

(%]
4
=
=
<
=
(@]

5 6
COUNTRIES

e Seriesl Series2

Figure 2: Country-wise publication trajectory.

The global terrain of research output is revealed through an analysis of the distribution of
documents across various countries. The United States leads significantly, contributing 71
documents during the period of 2002-2023, indicating its dominant position in the number of
publications. Turkey and Germany are prominent contributors, with 43 and 41 documents,
respectively. Indonesia (33 documents) and Sweden (32 documents) also show vigorous research
activities. Countries like the United Kingdom (24 documents) and Spain (23 documents) have
substantial, but comparatively lower outputs, indicating active, but fewer publications in
educational research focused on SSI. South Korea (14 documents), Australia (15 documents), and
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the Netherlands (12 documents) are notable contributors, reflecting their involvement in the global
research community.

Country-wide analysis revealed that Cyprus has a high amount of citations (197), relative
to document count (7), indicating a high impact with fewer publications. Additionally, the number
of documents (33) and citations (178) in Indonesia marks it as one of the countries where SSI is
an emerging research site. Citation counts have limits, even though the small number of citations
(3) for the six Malaysian documents might point to issues with the prominence or quality of the
research. (Ebrahim et al., 2013). Citation counts can be influenced by particular discipline citation
styles, age of publications, and field of research (Tahamtan et al., 2016; Wheeler et al., 2022).
Further analysis of the study areas, sites for publication, and collaborations among Malaysian
researchers in this field may shed light on the causes of the lesser impact of citations (Haddow &
Genoni, 2010). Countries like Argentina, Belgium, Georgia, Iran, Japan, Jordan, Kyrgyzstan,
Mexico, Mozambique, Panama, Poland, and Uruguay, each with only 1 document, suggest
minimal contributions, which could be due to educational research that is focused on socio-
scientific issues has not been a great concern in these countries. Mozambique, Panama and
Uruguay were reported as countries with no citations.

This data exposes a significant hegemony in publication by the United States, followed by
European countries like Germany, the United Kingdom, and Turkey. This dominance indicates a
concentration of research resources and infrastructure in these regions. The disparity in publication
output highlights the uneven distribution of concerns over SSI, research facilities, and
opportunities for publications in indexed research journals compared to developed countries
leading in research contributions.

Citation analysis with authors

To identify the most influential authors in educational research, those who focus on
socioscientific issues, a citation analysis was performed. The minimum requirement was set to at
least one document and one citation, and documents with numerous authors were omitted. The
maximum number of authors per document is set as 25. Based on these criteria, 746 authors were
selected out of 895 and were considered for further analysis. Three-hundred-sixty-seven (367)
writers with the highest link strength among the 746 authors were considered for science mapping
and performance analysis. Table 2 arranges the top 20 writers according to the total number of
citations and displays of their performance values. TroyD. Sadler emerges as the most prominent
author in the research related to socio-scientific issues, having the highest citations and norm
citations with this count of 573, with an average of 63.66 per document. These citation metrics
demonstrate his multiple publications' consistent and significant impact, with a notable normalized
citation of 2.68.

As seen in Table 2, the three most productive authors in the field are Troy D. Sadler, Ingo
Eilks, and Maria Evagorou, with 9, 14, and 4 publications, respectively. When considering the
average year of publications, these authors emerge as the most recently active ones. The analysis
reveals that the most influential writers of this topic, based on total citations, are Troy D. Sadler,
Dana L. Zeidler, and Wayne A. Ackett, with total citations of 573, 544, and 297, respectively.
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Table 2: The most cited 20 authors.

Avg.
SL. o Avg. Norm Avg.
No Author Document  Citation Citation Citation N."m.’ Pub.Year
Citation
1 Troy D.Sadler 9 573 63.66 24.15 2.68 2017
2 DanaL.Zeidler 5 544 108.8 7.9 1.58 2014
3 Wayne A.Ackett 1 297 297 1 1 2002
4  Michael ] 297 297 ] 1 2002
L.Simmons
Kimberly
5 A Walker 1 297 297 1 1 2002
Andy
6 R Cavagneto 1 264 264 3.44 3.44 2010
7  Ingo Eilks 14 253 18.07 20.11 1.43 2019
8  Sasha ABarab 1 200 200 1.99 1.99 2007
9  Conan Heiselt, 1 200 200 1.99 1.99 2007
10 Daniel Hickey, 1 200 200 1.99 1.99 2007
11 Steven Zuiker 1 200 200 1.99 1.99 2007
12 Scott Applebaum 1 180 180 2.72 2.72 2009
|3 BrendanE. 1 180 180 272 272 2009
Callahan
14  Marcus Grace 5 154 30.8 6.01 1.202 2015
15 Maria Evagorou 4 131 32.75 9.57 2.3925 2019
1¢ Vaille Maree 1 127 127 1.66 1.66 2010
Dawson
17 Grady Venville 1 127 127 1.66 1.66 2010
18 Laura Zangori 2 120 60 10.95 5.475 2019
19 Tatricial. 2 101 50.5 8.03 4.015 2020
Friedrichsen
ho Jan Alexis 2 96 48 4.66 2.33 2014i
Nielsen

Normalized citations, which evaluate the number of citations per article against the average
of those of all articles published in the same year, indicate that Troy D. Sadler (2.68), Laura
Zangori (5.475), and Patricia J. Friedrichsen (4.015) are among the top influential authors. Troy
D. Sadler’s high average normalized-normalized citations (2.68) imply that his work is
consistently recognized and cited by peers. In contrast, Laura Zangori’s higher score (5.475)
reflects her substantial impact, despite having fewer publications. Patricia J. Friedrichsen’s score
(4.015) indicates a balanced mix of productivity and influence. Figure 4 depicts the overlay
visualisation of authors based on average norm citations. Each node's size, in this picture,
represents the total number of citations the author has received, and each node's colour represents
the average normalized-normalized citation score. In essence, the colours of the nodes represent
the level of influence that writers have in educational research that is focused on socio-scientific
issues. The authors who are coloured yellow are the most influential, while those who are coloured
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blue are less prominent (Dede & Ozdemir, 2022; Jan van Eck & Waltman, 2023). The analysis
highlights that while some authors have numerous total citations, their influence, as measured by
normalized citations, might differ. For example, Wayne A. Ackett (297), Michael L. Simmons
(297), and Kimberly A. Walker (297) have high total citations, but lower normalized-normalized
citation scores (1, 1, 1, respectively), indicating that their impact might be concentrated in specific
high-citation works, rather than consistently influential publications. This trend could be due to
seminal papers that garner significant attention, but are not followed up by a series of impactful
works. Conversely, authors like Ingo Eilks (253 total citations, 20.11 normalised-normalized
citations) and Laura Zangori (120 total citations, 10.95 normalized-normalized citations), with
moderate total citations, show vital average normalised citations, indicating a broader impact
across their publications. This pattern suggests that their contributions are widely acknowledged
in the field, supporting sustained academic influence.
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Figure 3: Overlay visualization of authors (average norm citations).

Citation analysis with sources

A citation analysis of 350 articles based on their sources was conducted. The top 15 highly
cited journals were tabulated in Table 3. The table comprises the names of prominent journals and
metrics like the number of documents, citations, h-index, and quartile value (Q value). Citation
analysis reveals the significant reach and influence of the journals within the academic community.
The highly cited journals, such as the "International Journal of Science Education" (909 citations),
"Journal of Research in Science Teaching" (390 citations), and "Science and Education" (320
citations), demonstrate their ability to disseminate high-quality research that resonates with
scholars worldwide.
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Table 3: Citation analysis with sources.

h Q Avg.
SI.No Source Documents Citations . Pub
index value
Year
1 Internaponal Journal of Science 34 909 126 Q1 2014
Education
) Journa} of Research in Science 10 390 157 Q1 2018
Teaching
3 Science And Education 20 320 58 Ql 2021
4 Science Education 3 303 135 Ql 2015
5 Review Of Educational Research 1 264 186 Ql 2010
Eurasia Journal of Mathematics,
6 Science and Technology Education 22 252 >6 Q2 2018
7 Research In Science Education 11 241 67 Q1 2018
2 Journal Of Science Education and 1 200 20 Q1 2007
Technology
9 Studies In Science Education 3 167 54 Q1 2012
Cultural Studies of Science
10 Education 10 135 41 Ql 2017
11 Sustainability 22 114 169 Ql 2022
12 Ensenanza De Las Ciencias 6 73 22 Q2 2017
13 Frontiers In Education 15 68 40 Q2 2021
14 Education Sciences 9 66 53 Q2 2021
15 Learning And Instruction 2 64 144 Ql 20181

The table also presents the h-index values, which provide a balanced measure of a journal's
productivity and citation impact (Hirsch, 2005). The "Review of Educational Research" (h-index
of 186) and "Journal of Research in Science Teaching" (h-index of 157) stand out as having both
a high h-index and a significant number of citations, indicating their consistent publication of
influential and highly-cited research over time.

Science mapping is carried out by defining the criteria of a minimum of one citation and
the number of documents per journal. Out of 116 journals, 107 met the criteria, and the top 15 are
considered for science mapping. From the selected 15 journals, only 14 items are interconnected.
The average publication year of these top 15 sources ranges from 2007 to 2022, reflecting a
significant shift in influential research around 2014. This observation aligns with the observed
trends, where foundational articles from 2002 to 2012 continue to be heavily cited, and are among
the top five most influential articles.

61



Perceptions on Oral Corrective Feedback: The Case of Iranian EFL Teachers and Students in Face-to-Face and
Virtual Learning Contexts 19(1)

science aducation

science and education

journal of research in science

sustainability (switzerland)
frontiers in education
. . ensenanza de las ciencias
learning andsinstruction

international&urnal of scien

cultural studiesiof science ed
e

& vOsviewer I 000
v 2012 2014 2016 2018 2020 2022

Figure 4: Overlay visualization of 15 most cited journals (average publication year).

One key development during this period (2002-2014) was the SSI framework by Zeidler,
Sadler, and their colleagues in SSI-based research (Sadler, 2004a; D. L. Zeidler et al., 2002).
Journals with earlier average publication years, like "Review of Educational Research" (Avg. Pub
Year 2010, 264 citations, h-index 186) and "Journal of Science Education and Technology" (Avg.
Pub Year 2007, 200 citations, h-index 80) have maintained their influence and impact over an
extended period, as evidenced by their impressive citation counts and high h-indices. Adding to
that, journals with more recent average publication years, such as "Sustainability" (Avg. Pub Year
2022, 114 citations) and "Frontiers in Education" (Avg. Pub Year 2021, 68 citations), have
managed to accumulate substantial citation counts within a relatively short period, suggesting their
ability to rapidly disseminate timely and relevant research that resonates with the scientific
community.

Citation analysis by countries

Citation analysis was done with countries, and a minimum number of documents and
citations was set to a minimum of one. Out of 59, only 41 met the threshold. The citation analysis
of socio-scientific issues research across various countries reveals significant disparities in
productivity and impact. The three most productive countries, measured by the number of
documents, are the United States (71), Turkey (44), and Germany (42). Each country exhibits
unique characteristics in terms of citations, average citation counts, normalised citations, average
normalised citations, and average publication year (see Table 4).

The United States leads in terms of the number of documents (71) and total citations (1707),
with an average citation count of 24.04 per document. The country's normalised citation score is
74.53, with an average normalised citation of 1.05, indicating that U.S.-based research is prolific
and influential, despite a slightly older average publication year (2018). This finding suggests that
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the United States has a well-established presence in the field, with research that continues to garner
significant attention over an extended period.
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Figure 5: Network visualisation of country-wise citation analysis.

Turkey, the second most productive country with 44 documents, shows a lower total
citation count (176) and an average citation count of 4.00 per document. The normalized citation
score for Turkey is 26.09, with an average normalised citation of 0.59, indicating a relatively lower
impact than other countries. The average publication year for Turkey (2021) is among the most
recent, suggesting a newer, but growing contribution to the field, which may yet see increased
citations over time.

Germany ranks third, with 42 documents and a total citation count of 562. The average
citation per document is 13.38, with a normalized citation score of 63.95 and an average
normalised citation of 1.52. Germany's average publication year is relatively recent (2020),
reflecting both the productivity and significant impact of German research in the field. The higher
normalized citation scores indicate that German research is well-regarded and influential.

Other notable countries include Sweden (33 documents, 433 citations), the United
Kingdom (24 documents, 494 citations), and Spain (24 documents, 278 citations). Sweden's
average citation per document is 13.12, with a normalized citation score of 33.59 and an average
normalized citation of 1.02. The United Kingdom exhibits a higher average citation per document
(20.58) and a significant total citation count (494), with a normalized citation score of 31.1 and an
average normalized citation of 1.30, highlighting its influential research output. Spain, with an
average citation count of 11.58 per document and an average normalised citation of 1.14,
demonstrates a noteworthy impact, despite a slightly more recent average publication year (2020).
From a critical perspective, the country-wise citation analysis presents a clear picture of regional
research strengths and trends. The United States stands out for its prolific and influential research,
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a result of its long-standing academic and research infrastructure. Germany and the United
Kingdom similarly demonstrate substantial impacts, reflected in their high normalized citation
scores, signifying influential research contributions. In contrast, despite their recent and growing
contributions, Turkey and Indonesia show lower average citations and normalized citations,
suggesting that their research may still be gaining broader recognition and impact.

Table 4: Country-wise citation analysis.

Country Document Citation éi‘;gt.ion g;rtrirl()'n éi\‘/[iiljr?rm. ?e \;‘% pub
United States 71 1707 24.04 74.53 1.05 2018
Turkey 44 176 4.00 26.09 0.59 2021
Germany 42 562 13.38 63.95 1.52 2020
Indonesia 33 178 5.39 31.44 0.95 2021
Sweden 33 433 13.12 33.59 1.02 2018
Spain 24 278 11.58 27.27 1.14 2020
E?;tgejom 24 494 20.58 311 1.30 2017
Australia 15 375 25.00 17.72 1.18 2017
South Korea 14 52 3.71 11.33 0.81 2021
Netherlands 13 161 12.38 16.6 1.28 2020

The data indicates the importance of productivity and influence in assessing research
impact. Countries with a more extended history of research in the field, such as the United States
and the United Kingdom, benefit from sustained citation counts over time. Meanwhile, with newer
contributions, countries like Turkey and Indonesia may see increased impact as their research gains
traction. The average publication year provides context for understanding the temporal aspect of
research impact, with more recent publications often requiring time to accumulate citations.

Citation analysis by articles

Citation analysis was done with articles, and the minimum number of citations was set to at least
one for the document to qualify for analysis. Out of 350 articles, 292 satisfied the criteria. Among
these, 139 articles were used to create the map, as they were the only ones interconnected.
According to the methodological approaches utilized in the top 20 most cited publications, 14
papers (70%) employed qualitative procedures (see Figure 7). "’Should we kill the grey squirrels?’
A Study Exploring Students' Justifications and Decision-Making" by Evagorou (2012), "Selecting
Socio-Scientific Issues for Teaching" by Hancock (2019), "Use of the Concept of Bildung in the
International Science Education Literature, Its Potential, and Implications for teaching and
learning" by Sjostrom (2017), "A Conceptual Analysis of Perspective Taking in Support of
Socioscientific Reasoning" by Kahn (2019), and "Science Education and Education for
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Sustainable Development” by Eilks (2015) are the top documents, based on their number of
citations and norm citations.

Qualitative
70%

B Qualitative ™ Mixed

Figure 7: Methodology of the most cited articles.

Six articles (30%) adopted mixed methods, which combined qualitative and quantitative
approaches. The mixed-methods studies include: "Developing pre-service teachers' evidence-
based argumentation skills on socio-scientific issues" by liordano (2014), "Student development
of model-based reasoning about carbon cycling and climate change in a socio-scientific issues
unit" by Zangori (2017), and "Argument to Foster Scientific Literacy: A Review of Argument
Interventions in K-12 Science Contexts" by Cavagnetto (2010).

The field of science education research has produced diverse influential publications, as
evidenced by these analyses. Among the most highly cited articles are Cavagnetto's (2010) review
on "argument interventions" with 264 citations, Zeidler's (2002) exploration of "beliefs in the
nature of science" with 297 citations, and Barab's (2007) study on "supporting consequential play",
which has received 200 citations. However, when considering the normalized citation scores as a
measure of relative impact, Ke's (2021) work on "Promoting scientific literacy in the context of
socio-scientific issues" emerges as the mostprominent , with a normalized citation score of 7.04.
Iordano's (2014) research on "Pre-service teachers' argumentation skills" follows with a
normalized citation score of 4.21, and Zangori's (2017) investigation into student development of
model-based reasoning about carbon cycling and climate change in a socio-scientific issues unit,"
scoring 3.78. These findings highlight the diverse range of influential topics and methodologies
shaping the contemporary discourse in science education, from intervention-focused studies to
those exploring the complex reasoning processes of students within socio-scientific contexts.

While citation counts are often used as a metric to gauge the influence and impact of
academic works, a closer examination of the data reveals that relying solely on raw citation counts
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can be misleading. Despite having the highest overall citation count of 297, the article "Tangled
up in views: Beliefs in the nature of science and responses to socioscientific dilemmas" by Zeidler
(2002) has a relatively low normalised citation score of 1.0. This metric suggests that while the
article has accumulated a significant number of citations over time, its impact may not be as
substantial, when considering the age of the publication and citation patterns within the discipline.
While mixed-method studies can claim representation among highly cited works and a presence
among impactful studies within the research domain, it is crucial to examine the extent and
implications of these claims critically. The data shows that two mixed-method studies, "Tangled
up in views: Beliefs in the nature of science and responses to socioscientific dilemmas" by Zeidler
(2002) and "Argument to Foster Scientific Literacy: A Review of Argument Interventions in K—
12 Science Contexts" by Cavagnetto (2010), have garnered the highest overall citation counts.
However, it is essential to recognize that citation counts alone do not necessarily equate to impact
or significance. The study by Zeidler (2002), despite having the highest citation count, has a
relatively low normalized citation score of 1.0, suggesting that its affect may not be as substantial,
when accounting for the disciplinary field in which the publication is made, the age of the
publication, and document type (research articles in this study) citations of the publication.
Conversely, the more recent qualitative study by Ke (2021) has a remarkably high normalized
citation score of 7.04, indicating its potential for significant contributions and relevance within a
shorter timeframe.

Table 5: Most influential articles.

Author Titles Citations Norm Methodology
citations

Ke Developing and Using Multiple Models 49 7.04 Qualitative
(2021) to Promote Scientific Literacy in the

Context of Socio-Scientific Issues
Iordanou Developing Pre-Service Teachers' 56 4.21 Mixed
(2014) Evidence-Based Argumentation Skills

on Socio-Scientific Issues
Zangori Student Development of Model-Based 71 3.78 Mixed
(2017) Reasoning About Carbon Cycling and

Climate Change in a Socio-Scientific

Issues Unit
Tidemand The Role of Socioscientific Issues in 71 3.78 Qualitative
(2017) Biology Teaching: From the Perspective

of Teachers
Sjostrom Use of the Concept of Bildung in the 66 3.51 Qualitative
(2017) International Science Education

Literature, Its Potential, and

Implications for Teaching and Learning
Cavagnetto Argument to Foster Scientific 264 3.44 Mixed
(2010) Literacy: A Review of Argument

Interventions in K—12 Science Contexts
Evagorou ‘Should We Kill the Grey Squirrels?” A 93 3.26 Qualitative
(2012) Study Exploring Students’ Justifications

and Decision-Making
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Hancock
(2019)
Kahn
((2019)

Zeidler
(2009a)

Eilks
(2015)

Tomas
(2016)
Barab (2007)

Dawson
(2010)

Furberg
(2008)

Grace (2009)

Zeidler
(2002)

Simonneaux
(2009)

Hingant
(2010)

Meisner
(2007)

Selecting Socio-Scientific Issues for 52

Teaching

A Conceptual Analysis of Perspective 48
Taking in Support of Socioscientific

Reasoning

Advancing Reflective Judgment 180
Through Socioscientific Issues

Science Education and Education for 55

Sustainable Development —

Justifications, Models, Practices and

Perspectives

Students' Regulation of Their Emotions 46

in a Science Classroom

Relating Narrative, Inquiry, and 200
Inscriptions: Supporting Consequential

Play

Teaching Strategies for Developing 127

Students’ Argumentation Skills about
Socioscientific Issues in High School

Genetics

Students' Meaning-Making of Socio- 59
Scientific Issues in Computer-Mediated
Settings: Exploring Learning Through

Interaction Trajectories

Developing High-Quality Decision- 91
Making Discussions about Biological
Conservation in a Normal Classroom

Setting

Tangled Up in Views: Beliefs in the 297
Nature of Science and Responses to

Socioscientific Dilemmas

Students’ Socio-Scientific Reasoning on 63
Controversies from the Viewpoint of
Education for Sustainable Development
Nanosciences and Nanotechnologies 56
Learning and Teaching in Secondary
Education: A Review of Literature

Exhibiting Performance: Co-

63

participation in Science Centres and

Museums
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Co-occurrence analysis

Co-occurrence analysis explores the connections and relationships between the key
concepts, themes, and prominent keywords within the research landscape. By analysing the co-
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occurrence patterns, the researchers could pinpoint the central and most impactful topics shaping
educational research that addresses socio-scientific issues.
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Figure 8: Network visualization of most co-occurred keywords.

Co-occurrence analysis using all the keywords was done using VOSviewer. The threshold
for a minimum number of occurrences of keywords is set to six, since the researcher intended to
analyze socio-scientific issues in detail, and the number of keywords in total is 1115, which is
comparatively less than other research topics. To have a comprehensive view, the occurrence
threshold is set to six after a thorough discussion among the researchers. A major argument in
favour of this number as a threshold was that it would ensure a visual network that is not too
cluttered, or too sparse. Additionally, keeping this threshold ensures the balance between
inclusivity and relevance, and it helps reduce the noise due to the least (less than six) mentioned
keywords, thereby helping to reduce the computational complexity. Setting an occurrence
threshold of this number can help reduce the keywords to a manageable level, making it
computationally efficient and faster to complete. Out of the total keywords (1115), 3.58 % (40)
satisfied the criterion and are used to create a visual network, illustrated in Figure 8. Keywords
frequently appearing in educational research efforts focused on socio-scientific issues are denoted
by the nodes in the network.

A total of 40 keywords are distributed in the network, and the size of the nodes indicates
the number of occurrences of specific keywords across different studies. The lines between the
two nodes suggest the co-occurrence of those connected keywords in a study, and the node's colour
is considered a label for which cluster they belong. The most common keywords in educational
research related to socio-scientific issues are tabulated in Table 6.

The keyword co-occurrence analysis, sorted by average normalised citations, provided a
comprehensive view of research trends and significance within the academic literature. The
analysis focused on 15 prominent keywords, revealing distinct insights based on their frequency,
average citations, normalised citations, and publication years. The keyword, "nature of science,"
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stands out, with an average normalised citation of 1.71 and an average citation of 27.2, indicating
that it is highly influential in research with substantial academic impact. Similarly, "education for
sustainable development" also shows significant influence, with a normalised citation of 1.66 and
an average citation of 24.36, despite having an average publication year of 2017, suggesting
sustained relevance over time.

Table 6: Most influential keywords.

SL.No Keywords Occurrences Average Avg. Norm Avg.Pub
citations Citations Year
1 Nature of Science 10 27.20 1.71 2020
2 Education For Sustainable 11 24.36 1.66 2017
Development
3 Student 27 18.63 1.42 2020
4 Climate Change 15 13.80 1.41 2021
4 Literacy 6 46.50 1.40 2020
6 Sustainability 14 8.07 1.24 2021
7 Curriculum 18 20.78 1.22 2018
8 Critical Thinking 12 11.25 1.17 2019
9 Education 24 13.08 1.14 2020
10 Argumentation 34 13.82 1.10 2018
11 Scientific Literacy 34 12.47 1.06 2019
12 Teaching 20 12.90 1.03 2020
13 Socio-Scientific Issue 200 11.03 0.99 2019
14 Decision-Making 34 12.29 0.94 2019
15 Science Education 45 17.02 0.92 2018

Keywords like "students" (27 occurrences) and "science education" (45 occurrences)
appeared the most. However, their average normalized citations are relatively modest, at 1.42 and
0.92, respectively, suggesting that while these topics are widely discussed, their contributions are
more incremental, rather than groundbreaking. Emerging trends are evident in keywords such as
"climate change" and "sustainability," with recent average publication years (2021) and growing
academic interest. Their normalized citations (1.41 and 1.24) indicate that these fields are still
evolving, but are increasingly becoming focal points of research. The overlay visualisation of
keyword occurrence is depicted in Figure 9, where keywords depicted in yellow are emerging
themes, and the one in blue are the foundational.
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Figure 6: Overlay visualisation of keyword co-occurrence.
Author co-citation analysis

The analysis of co-citation, that is, the occurrence of two publications or authors being
cited together in the same text, has long been recognized as a standard procedure in bibliometric
analysis (Rossini, 2024). Co-citation analysis with authors and cited references was done to
identify the crux of educational research focused on socio-scientific issues. A fractional counting
method was opted in VOSviewer, instead of the full-counting method, since fractional counting
produces a more accurate and balanced picture of the co-citation network, by reducing the
influence of articles with exceptionally large reference lists. The minimum number of co-citations
received by an author was set at 30, after having a thorough discussion among the investigators.
With a total of 19,857 authors in the dataset, applying this cutoff resulted in a subset of 100 authors
meeting the criterion, representing approximately 0.5% of the overall author population in the
dataset. Visual representation (Figure 10) of the co-citation network reveals that the top 100
authors in the data set are distributed in six different clusters. The cluster sizes vary greatly, with
1 and 2 having the most authors, each with 23 (46% of the total authors in the analysis). Cluster 3
has 20 authors (20%), cluster 4 has 14 authors (14%), cluster 5 has 13 authors (13%), and cluster
6 has the fewest authors (7%).
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Figure 7: Network visualisation author co-citation analysis.

Cluster 1, depicted in red, consists of 23 items that contribute to a total of 1957 citations in
the analysis. This cluster accounts for 21.77% of the total citations. Prominent authors within
cluster 1 include Osborne J., with 335 citations, making up 17.12% of the cluster's citations. Other
prominent authors are Erduran S. (178 citations) and Simon S. (151 citations). Similarly, cluster
2, represented by the green colour, also contains 23 items, contributing 1454 citations, which
accounts for 16.17% of the total. Leading authors in this cluster are Grace M.M., with 164 citations,
representing 11.28% of the cluster's citations, and Hodson D., who has 81 citations. Additional
influential authors include Nielsen J.A. (59 citations).

Cluster 3, indicated in blue, emerges as the most influential and cited cluster, comprising
20 items, with 3440 citations, contributing 38.25% to the overall citation count. The dominant
authors in this cluster are Sadler T.D., with a substantial 1272 citations, accounting for 36.98% of
the cluster's total, and Zeidler D.L., with 967 citations (28.11% of the cluster). Other notable
contributors include Lee H. (162 citations) and Scott B. (75 citations).

Apart from this, cluster 4, highlighted in the yellow colour, with 14 items, contributes 927
citations, making up 10.31% of the total. Lederman N.G. is the leading author in this cluster, with
130 citations, representing 14.02% of the total. Other significant authors include Simmons M.L.
(105 citations) and Tsai C.C. (53 citations).

Furthermore, cluster 5, in purple, consists of 13 items and contributes 870 citations, which
18 9.67% of the overall count. Eilks I. stands out, with 276 citations, accounting for 31.72% of the
cluster’s citations. Other key contributors are Hofstein A. (97 citations) and Sjostrom J. (51
citations). The high citation count for Eilks I. signifies a substantial impact within this relatively
small cluster.

Additionally, cluster 6, in turquoise colour, the smallest with 7 items, contributes 343
citations, representing 3.81% of the total citations. Leading authors in this turquoise-tinted cluster
include Stromso H.I. with 61 citations (17.78% of the cluster’s total), Sinatra G.M. (39 citations),
and Pekrun R. (35 citations).
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Table 7: Cluster-wise analysis of author co-citation.

Cluster Number Author 1 Citations Author 2 Citations Author 3 Citations
of Items 1 2 3

Clulster 23 Osborne J. 335 Erduran S. 178 Simon S. 151
Cluster Grace Nielsen

) 23 M.M. 164 Hodson D. 81 TA 59
Clu;ter 20 Sadler T.D. 1272 chﬂer 967 Lee H. 162
Cluster Lederman Simmons )

A 14 NG, 130 ML 105 Tsai C.C. 53
Cluster 13 Filks 1. 276 Hofstein 97 Sjostrom 51

5 A. J.
Cluster Stromso Sinatra Pekrun

6 7 HLL 61 GM. 39 R, 35

In conclusion, cluster 3 defines the intellectual structure of the educational research domain
that is focused on socio-scientific issues. The dominance of authors like Sadler T.D. (1272
citations, 36.98% of the cluster) and Zeidler D.L. (967 citations, 28.11% of the cluster) within this
cluster highlights their influential contributions to the intellectual discourses on socio-scientific
issues. Additionally, the highest citation count reveals that their research works have been the
fulcrum of further studies, specifically the methodological and theoretical foundations that they
laid. Even though cluster 3 has its foundational role and potential agenda-setting capabilities,
interestingly, the presence of influential authors within smaller clusters (e.g., cluster 5 and cluster
6) suggests the existence of specialized or emerging research communities that contribute to the
intellectual diversity of the research area (Rauchfleisch & Schéfer, 2018; Wei & Zhang, 2020).

Reference co-citation analysis

Co-citation, with reference, has been done to identify the intellectual trajectories of
educational research domains focused on socio-scientific issues. The minimum number of citations
received for a co-cited reference is 15, which is met by 19 references out of 17610. The co-cited
references included in the analysis have distinct spans of years; Toulmin's "The Uses of Argument"
from 1958 is the oldest, while “Next Generation Science Standards” from 2013 is the most recent.
The citation counts show influence and significance among the selected references, ranging from
15 (the lowest criterion) to 75 (the highest). Several works authored by Sadler, either alone or
alongside others, appear multiple times on the list. Among these are publications on the morality
of socio-scientific issues (2004), socioscientific inquiry (2007), and informal reasoning processes
in socioscientific decision-making (2005). These findings imply that Sadler's contributions to
educational research focused on socio-scientific issues have had a significant impact, which, in
turn, acts as the basis of the intellectual structure of this research area. These publications highlight
the importance of reasoning skills and inquiry-based approaches when engaging with socio-
scientific issues. Other frequently referenced authors include Zeidler, who has collaborated with
Sadler and others on topics such as “socio-scientific issues education” (2005), beliefs in the nature
of science and responses to socioscientific dilemmas (2002), and socioscientific issues in theory
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and practice (2009). Apart from this, Driver, Newton, and Osborne's work on establishing the
norms of scientific argumentation in classrooms (2000) also appears to be highly cited (42).

Table 8: Cluster-wise analysis of reference co-citation.

SI.LNo Cluster Cited Reference Citation Link
strength

Sadler, T. D. (2004). Informal reasoning regarding
socioscientific issues: A critical review of research.

1 3 Journal of Research in Science Teaching, 41(5), 513-536. 75 64
https://doi.org/10.1002/tea.20009

Sadler, T. D., Barab, S. A., & Scott, B. (2007). What do
students gain by engaging in socioscientific inquiry?

2 4 Research in Science Education, 37(4), 371-391. 53 43
https://doi.org/10.1007/S11165-006-9030-9/FIGURES/3

Zeidler, D. L., Sadler, T. D., Simmons, M. L., & Howes,
E. V. (2005). Beyond STS: A research-based framework

3 1 for socioscientific issues education. Science Education, 44 36
89(3). https://doi.org/10.1002/sce.20048

Driver, R., Newton, P., & Osborne, J. (2000). Establishing
the norms of scientific argumentation in classrooms.
Science Education, 84(3), 287-312.

42 https://doi.org/https://doi.org/10.1002/(SICI)1098- 42 40
237X(200005)84:3<287::AID-SCE1>3.0.CO;2-A
Ratcliffe, M. ., & Grace, M. (2005). Science education for

5 3 citizenship : Teaching socio-scientific issues. British 40 35

Educational Research Journal, 31(6).

Sadler, T. D., & Zeidler, D. L. (2005). Patterns of
informal reasoning in the context of socioscientific

6 3 decision making. Journal of Research in Science 30 27.67
Teaching, 42(1). https://doi.org/10.1002/tea.20042

Zohar, A., & Nemet, F. (2002). Fostering students’
knowledge and argumentation skills through dilemmas in

7 2 human genetics. Journal of Research in Science Teaching, 28 26
39(1), 35-62. https://doi.org/10.1002/tea.10008

Sadler, T. D. (2009). Situated learning in science
education: Socio-scientific issues as contexts for practice.

8 3 Studies in Science Education, 45(1). 28 22
https://doi.org/10.1080/03057260802681839
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National Science Education Standards. (1996). National
9 4 Academies Press. https://doi.org/10.17226/4962 27 24

Zeidler, D. L., Walker, K. A., Ackett, W. A., & Simmons,
M. L. (2002). Tangled up in views: Beliefs in the nature of
science and responses to socioscientific dilemmas. Science

10 ! Education, 86(3), 343-367. 25 21
https://doi.org/10.1002/sce.10025
Zeidler, D. L. (2009). Socioscientific issues: Theory and

1 3 practice. Journal of Elementary Science Education * 75 19

Spring, 21(2), 49-58.

Sadler, T. D., & Zeidler, D. L. (2004). The morality of
socioscientific issues: Construal and resolution of genetic

12 1 engineering dilemmas. Science Education, 88(1). 24 23
https://doi.org/10.1002/sce. 10101

Kolste, S. D. (2001). Scientific literacy for citizenship:
Tools for dealing with the science dimension of

13 1 controversial socioscientific issues. Science Education, 24 22
85(3). https://doi.org/10.1002/sce.1011

Toulmin, S. (1958). The Uses of Argument (Issue 130).

14 2 Cambridge University Press. 24 21
Next Generation Science Standards. (2013). National

15 4 Academies Press. https://doi.org/10.17226/18290 24 16
A framework for K-12 science education. (2012). In 4

16 4 Framework for K-12 Science Education. 23 13

https://doi.org/10.17226/13165

Osborne, J., Erduran, S., & Simon, S. (2004). Enhancing
the quality of argumentation in school science. Journal of

17 2 Research in Science Teaching, 41(10). 17 16
https://doi.org/10.1002/tea.20035

Kuhn, D. (1991). The skills of argument. In The skills of
argument. Cambridge University Press.

182 https://doi.org/10.1017/CBO9780511571350

17 15

Sadler, T. D., & Donnelly, L. A. (2006). Socioscientific
argumentation: The effects of content knowledge and
19 1 morality. International Journal of Science Education, 15 14
28(12), 1463—-1488.
https://doi.org/10.1080/09500690600708717
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The strength of the co-citation relationships between the references is indicated by the total
link strength values listed in the data. Higher-linkstrength references suggest that these works are
closely co-cited with other influential publications in the field. Sadler (2004a), with a link strength
of 64, and Sadler et al., (2007), with a link strength of 43, are such references. Figure 11 represents
the network visualisation of reference co-citation analysis sorted by number of citations. The items
cited frequently together are grouped; further association is defined by the similarity of the themes
and ideas (Jan van Eck & Waltman, 2023). The largest cluster, which is cluster 1 (red), forms the
theoretical foundations, encompassing conceptual frameworks, moral reasoning, scientific
literacy, and the interplay between beliefs about the nature of science and socioscientific decision-
making (Kolste, 2001; Sadler & Zeidler, 2004; D. L. Zeidler et al., 2005). The highly cited work
"Beyond STS: A Research-Based Framework for Socioscientific Issues Education" (D. L. Zeidler
et al., 2005), with 44 citations and a link strength of 36, presents a research-based framework for
this area of study, extending beyond the traditional science, technology, and society (STS)
approach. Another influential paper in this cluster is "The Morality of Socioscientific Issues:
Construal and Resolution of Genetic Engineering Dilemmas” (Sadler & Zeidler, 2004), which has
24 citations, a link strength of 23, and investigates the moral dimensions of socioscientific issues,
specifically in the context genetic engineering dilemmas. Kolste’s (2001) work "Scientific
Literacy for Citizenship: Tools for Dealing with the Science Dimension of Controversial
Socioscientific Issues," with 22 citations and a link strength of 24, emphasizes the role of scientific
literacy in equipping citizens to engage with the scientific aspects of controversial socioscientific
issues.

Furthermore, the work "Tangled Up in Views: Beliefs in the Nature of Science and
Responses to Socioscientific Dilemmas" (D. L. Zeidler et al., 2002), which has 25 citations and a
link strength of 21, investigates the relationship between views about the nature of science and
response to socio-scientific issues. Notably, "Socioscientific Argumentation: The Effects of
Content Knowledge and Morality" (Sadler & Donnelly, 2006), which has 15 citations and a link
strength of 14, investigates the effects of content knowledge and morality on socio-scientific
argumentation, bridging the domain's cognitive and ethical dimensions. Conclusively, ideas or
themes in this cluster are more aligned with theoretical foundations and conceptual bases of this
topic.

The green cluster (cluster 2) seems to focus on the role of argumentation in science
education and the development of argumentation skills. It has been denoted by the presence of
reference articles like "Establishing the Norms of Scientific Argumentation in Classrooms" (Driver
et al.,2000), "Fostering Students' Knowledge and Argumentation Skills through Dilemmas in
Human Genetics" (Zohar & Nemet, 2002), "Enhancing the Quality of Argumentation in School
Science” (Osborne et al., 2004), "The Skills of Argument"(Kuhn,1991) and Toulmin's (1958) work
"The Uses of Argument." The citation count ranges from at least 17 to a maximum of 42, indicating
that the role of these seminal works is crucial. In conclusion, the role of argumentation, discourse
and reasoning in socio-scientific issues, particularly in classrooms and educational settings, is
investigated by the cited references in this cluster, with a focus on how these concepts intersect
with the scientific dimensions of diverse socio-scientific issues.
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Figure 11: Network visualization of reference co-citation analysis.

Cluster 3, denoted in blue, is themed on the application of socio-scientific issues in teaching
and learning contexts, with an emphasis on informal reasoning and situated learning approaches,
as well as the role of socio-scientific issues in promoting citizenship education. The cluster consists
of the highest cited work, "Informal Reasoning Regarding Socioscientific Issues: A Critical
Review of Research" (Sadler, 2004a), with 75 citations and a link strength of 64, which forms the
basis of the intellectual structure. Knowledge structure is further updated by the presence of
scholarly works like, “Socioscientific Issues: Theory and Practice" (D. L. Zeidler, 2009), "Science
Education for Citizenship: Teaching Socio-Scientific Issues” (Ratcliffe & Grace, 2005), “Situated
Learning in Science Education: Socio-Scientific Issues as Contexts for Practice” (Sadler, 2009),
and "Patterns of Informal Reasoning in the Context of Socioscientific Decision Making” (Sadler
& Zeidler, 2005a).

Finally, cluster 4 (yellow) focuses on policy papers and frameworks that govern science-
education practices, such as the National Science Education Standards, Next Generation Science
Standards, and Framework for K-12 Science Education (“A Framework for K-12 Science
Education,” 2012; National Science Education Standards, 1996; Next Generation Science
Standards, 2013).

Discussion and Conclusion

This study revealed the prominent authors, influential documents, sources, and countries involved
in educational research that is focused on socio-scientific issues. The trend is volatile in the number
of documents and citations over the years. A significant spike in the amount of publications and
citations is evident from 2019 to 2020, highlighting the growing recognition and importance of
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this research area. The substantial increase in publications emphasizes the growing urgency of
integrating SSI into educational frameworks, reflecting global priorities, such as critical thinking,
sustainability, and responsible citizenship. The presence of a geographical concentration of
research output, with contributions primarily from economically advanced nations, is evident. This
disparity in global publications underlines the need for greater inclusivity and collaboration to
ensure that voices from diverse regions, especially those directly impacted by socio-scientific
issues, are incorporated. However, the absence of scholarly articles, during the period from 2003
to 2006, raises concerns about potential barriers to knowledge dissemination, such as economic
elitism (zero open access publication in the area) and language restrictions (two articles were in
languages other than English).

Furthermore, newer, high-impact journals emerged as critical platforms for disseminating

SSI research, reflecting shifts in the dissemination of studies and demonstrating the need for open-
access models to democratize participation.
Key themes, including climate change and sustainability, dominate the discourse, suggesting an
alignment between educational research and global issues, at present. The dominance of
qualitative methodologies demonstrates a clear preference for in-depth exploration of SSI, often
involving case studies and contextual analysis. However, the presence of mixed-methods research
design indicates a balancing of qualitative insights with quantitative generalizability. In essence,
the findings show an evolving field that is increasingly concerned with addressing global
educational challenges through a socio-scientific lens.

The findings of the study indicate that the growth of SSI educational research publications
has increased over time. This notable increase is previously reported in the works that were
reviewed (Li & Guo, 2021). Science educational journals acted as the primary source for
disseminating SSlI-related educational research, including the International Journal of Science
Education and the Journal of Research in Science Teaching. This observation aligns with the
studies of Ban & Mahmud (2023) and Li & Guo (2021). Apart from this, the journal Ensenanza
De Las Ciencias, due to its multilingual coverage, signifies the global coverage of SSI-related
research and is listed among the top 15 journals. Key themes widely discussed in educational
research focused on SSI are climate change and sustainability, as observed by Schenk et al.
(2021).The growing body of co-cited references centred on argumentation-related socio-scientific
issues suggests that the studies in educational research which are focused on this subject are keen
about analyzing the concept of “epistemic fluency,” which can be defined as the adapting ability
of students with different ways of understanding the world (Ben-Horin et al., 2023). Evidence
fromprevious works(Chowdhury et al., 2020; Lopez-Fernandez et al., 2022) substantiates this
argument.

Methodologically, this study’s reliance on a single database and articles from English may
skew the visibility of non-English and marginalize voices from underrepresented regions. This
limitation could have influenced the study’s thematic and geographic diversity. The gap identified
regarding the absence of publications from 2003 to 2006, and issues such as economic elitism can
be further developed as one of the criticisms; the researchers only considered “open access all”
articles, which could have omitted potential articles in subscription-based journals. The decision
to limit the analysis to journal articles further omitted contributions in formats, such as conference
proceedings, book chapters, and review articles. Limitations related to the analytical software
VOSviewer could also have influenced the findings. Future research could benefit from
incorporating alternative tools, such as Biblioshiny, BibExcel, CiteSpace, or HistCite, to provide
a better bibliometric analysis.
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Education in the era of extensive technological integration is often evident as an application
of technological dimensions in common constructs. Interestingly, technological integration-
oriented research endeavours are less focused on educational research related to socio-scientific
issues. Hence, upcoming efforts in this area can be focused on technological dimensions. The
prevalence of particular nations and journals highlights the need for more extensive international
cooperation and free access to knowledge, while also pointing to concentrated research resources.
The varied approaches and new developments found by citation and keyword analysis demonstrate
complex and dynamic intellectual environments. Maximizing the impact of educational research
focused on SSI, educational practices, and policies worldwide requires addressing research
contribution differences and promoting international cooperation.
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