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Introduction

Abstract: This study analyzes the role of socioscientific issues (SSI) in
improving learners' competence in learning the nature of science (NOS)
based on articles in SCOPUS-indexed journals. This systematic review used
the PRISMA framework to classify the pedagogical aspects of SSI in science
education. Of the initial 717 articles, 53 were selected based on inclusion and
exclusion criteria. Results showed that SSI-based NOS learning can develop
competencies such as argumentation, critical thinking, collaboration,
communication, and conceptual understanding. Examples of SSI integration
include climate change, biotechnology, biodiversity, waste management,
and chemical engineering. Its implementation involves inquiry, problem,
and model-based strategies, with methods of discussion, debate, digital
resources, and role-play. This review concludes that SSI provides a
transformational approach to NOS learning by enhancing learners' cognitive
and interpersonal competencies, making it a promising framework for
future educational practice.
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viewed through a theoretical lens, SSI emphasizes the
exploration of the fundamental nature of science and the

Socioscientific issues (SSI) represent a conceptual
framework that has gained significant attention in the
field of science education as a means of fostering
scientific literacy. This framework is employed by
educators and researchers to bridge the gap between
theoretical understanding, empirical research, and
practical classroom applications. As a result, SSI can be
viewed from various perspectives, each contributing a
distinct interpretation of its purpose and scope. At its
core, SSI seeks to engage students in complex real-world
problems that are inherently interdisciplinary, drawing
upon multiple facets of knowledge and skills, making it
a valuable tool in advancing scientific literacy
(Hogstrom et al., 2024; Zeidler et al., 2019). The meaning
and application of SSI can be challenging to fully grasp,
primarily due to the diversity of its objectives. When
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role of scientific knowledge in shaping societal
decisions. From a research-oriented perspective, SSI
provides a rich context for examining how students
develop higher-order cognitive skills such as
argumentation, critical thinking, and reflective
judgment. In practical terms, SSI offers a framework for
teachers to create dynamic and engaging learning
environments where students engage in dialogue,
reason through moral and ethical dilemmas, and
consider the broader implications of scientific
advancements on society (Zeidler et al., 2019).

SSI integrates insights from a broad range of
interconnected  scholarly fields. In terms of
epistemological development, SSI encourages students
to reflect on the nature of scientific knowledge, the
processes through which it is constructed, and the ways
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in which it interacts with societal values (Hogstrom et
al., 2024). Furthermore, SSI fosters sociomoral discourse,
inviting students to examine the ethical dimensions of
scientific issues and develop empathy for differing
viewpoints. Emotional reasoning also plays a crucial
role, as students are often asked to consider the
emotional and human aspects of issues like climate
change, biotechnology, and public health (Zeidler et al.,
2019). Character education is another significant
component of SSI, as it helps students cultivate a sense
of responsibility and citizenship by addressing issues
that directly impact their communities and the world at
large. Through SSI, students can develop the ability to
engage in thoughtful and respectful debate, express
their values, and make informed decisions based on
evidence and societal needs (Zeidler et al., 2019).

As a context within science education,
Socioscientific Issues (SSI) serve as a vital bridge
between scientific knowledge and societal concerns,
integrating real-world issues into the science curriculum
(Herman et al., 2019). These issues often arise from the
application of scientific advancements to tackle a wide
range of challenges that are not only scientific but also
social, moral, economic, regulatory, and political in
nature. For instance, issues such as climate change,
biotechnology, and the ethical implications of emerging
technologies involve complex questions that intertwine
scientific understanding with societal values and
decisions (Falah et al., 2024). This context allows
students to see science as a tool not just for
understanding the natural world, but for addressing
pressing issues that affect their communities and the
global society. Unlike traditional science education,
which often prioritizes content-driven learning and a
focus on factual knowledge and technical skills, SSI
pedagogy emphasizes the practical application of
scientific principles in solving real-world problems
(Hodson, 2014). Consequently, SSI instruction adopts
methods such as inquiry, argumentation, and role-
playing to engage with authentic societal practices,
contrasting with traditional scientific practices like
laboratory experiments and modeling (Hogstrom et al.,
2024; Zeidler et al., 2009; Zohar & Nemet, 2002).

Research on socioscientific issues (SSI) has made
significant contributions to science education by
providing an effective platform for exploring
scientifically explainable problems. SSI not only
influences students” attitudes toward societal challenges
but also cultivates empathy and moral reasoning
through collaborative engagement (Lee et al., 2020).
Collaborative discussions enhance moral reasoning
across cultures, encouraging the adoption of values like
honesty, empathy, and trust. Moreover, SSI lays a strong
foundation for students to understand science and the
Nature of Science (NOS), fostering interest, motivation,
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argumentation, and critical thinking (Dawson, 2015;
Falah et al., 2024). Through real-world applications, SSI
helps learners grasp and apply scientific explanations
and NOS, linking their attitudes to science learning. It
also has the potential to enhance Emotional Competence
(EC), which supports students' scientific understanding
and character development (Gao et al., 2019; Herman et
al., 2019; Xiao & Sandoval, 2017). Studies have shown
that structured engagement with SSIs improves
students’ reflective judgment, reasoning, contextualized
content knowledge, and understanding of NOS while
also promoting character development and global
citizenship values (Eastwood et al., 2012; Lee et al., 2020;
Sadler et al., 2007; Zeidler et al., 2009; Zeidler et al., 2002).
Together, these outcomes embody the concept of
functional scientific literacy within the SSI framework.

Students with a positive attitude toward science
tend to have a deeper understanding of scientific
concepts. Likewise, those with a favorable disposition
toward science are more inclined to develop critical
thinking skills and actively participate in the learning
process. SSI plays a vital role in science education by
promoting positive attitudes, empathy, moral reasoning,
critical thinking, and learning within real-world
contexts. Current SSI research trends offer valuable
insights for advancing both practical implementation
and theoretical frameworks (Chen & Xiao, 2021). As an
innovative learning approach, SSI incorporates moral
considerations into addressing social issues. By
integrating social viewpoints with scientific reasoning, it
equips students with reflective problem-solving skills.
Nevertheless, challenges persist, such as difficulties
students face in articulating environmental issues using
reasoning and the limitations educators experience in
implementing socially just learning practices due to
curriculum constraints that prioritize textual resources.
While SSI strategies have proven effective in enhancing
critical thinking, questioning skills, cognitive outcomes,
and environmental reflection, their primary focus often
remains on building learning competence (Tsai, 2018).
Therefore, it is essential to address key aspects of SSI,
such as its impact on developing student competencies,
its integration into Nature of Science (NOS) content, and
the design of effective learning models and methods to
support the SSI approach.

Method

This systematic review followed the PRISMA
framework as a guiding methodology, aiming to classify
the pedagogical aspects of SSI within the context of
teaching and learning in science education. By adopting
an inclusive approach, the review encompassed a broad
spectrum of research interests, study designs, and

theoretical viewpoints. This approach allowed for the
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integration of a variety of studies, offering numerous
examples of the teaching objectives, topics, models, and
methods used in SSI-based education. Additionally, the
review analyzed the frequency of SSl-related
competencies, content areas, and instructional strategies
highlighted in the literature on science education.

A literature search process was carried out to collect
information on SSI, ensuring that the search was broad,
valid, and comprehensive. This was achieved by
utilizing various academic databases relevant to the
study, including Scopus. The selection of databases was
guided by the focus on educational research as well as
social and psychological sciences. The search process
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followed four steps. First, general SSl-related terms,
such as socioscientific issues and SSI, were used across
all databases. Second, more specific terms relevant to
science education were employed in the Scopus
database, including students, socioscientific issues in
natural science, and SSI in education. Third, searches
incorporated terms connected to social issues like
learning and skills, focusing on the school context and
informed decision-making. To qualify for inclusion, the
search terms had to appear in the title, abstract, or
keywords of the publication with Scopus indexed article
publication type Q1 to Q4. This literature search was
conducted during September and October 2024.

| Identification of studies via databases and registers |

Records identified from™*:
Databases (n = 717)
Reqisters (n = 147)

Identification

Records screened ) Records excluded™™
n=121) (n=50)
Reporis sought for retrieval __ | Reporis not refrieved
n=71) (n=11)
l Reports excluded:
Reports assessed for eligibility Eg:ggﬂ ; EE f %g;
(n=60) Reason 3 (n=19)
e efc.
§ Studies included in review
g (n=53)

Records removed before

- w| screening:
Duplicate records removed (n

=147)

Figure 1. Prism of Systematic Literature Review

Result and Discussion

Socioscientific issues was originally popularized by
Zeidler and his colleagues around 1990. Since then,
many studies have investigated this innovative teaching
model. Figure 2 provides an overview of the distribution
of articles reviewed in Socioscientific Issues which was
created using R software, from 1999 to December 2024.

The years 2023 and 2024 have the highest publication of
socioscientific issues related articles. This surge may be
due to technological developments and climate change.
Both are interrelated issues that form complex
challenges for the global community. The socioscientific
issues approach offers a useful framework to address
these challenges by engaging multiple perspectives and
encouraging collaboration to find equitable and
sustainable solutions.

25



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Annual Scientific Production
Articles

May 2025, Volume 11, Issue 5, 23-34

1009
2001
2003
2005
2007
2008

Year

201
20

2015
2017
2018
2071
202

Figure 2. Annual scientific production

Country Scientific Production

b o

Figure 3. Country scientific production by R

The research locations of the articles in this
systematic review are diverse. Of the 53 articles
examined, they came from 24 different countries. The
distribution map of the articles provides an interesting
insight into the interest of researchers from different
countries in Socioscientific Issues (Figure 3). This fuelled
a global discussion on their effectiveness and
implementation in diverse educational contexts. USA
stands out with 18 articles, Sweden 10, then China and
Indonesia 9 articles each, Netherlands 7, Australia 5,
Philippines and Spain 4. A systematic literature review
of the articles showed that the studies were conducted
with different levels of participants. Analysis of the data
showed that most of these studies focussed on
secondary school students.

The Role of SSIs in Student Competence
Table 1 highlights various student competencies
emphasized in SSI learning, with the most prominent
being argumentation and understanding of the Nature
of Science (NOS), each accounting for 24% (six articles).
This is followed by decision-making, which represents
20% (five articles), while other competencies are below
20%. Empowering students to make informed decisions
when faced with complex socioscientific issues aligns
with the overarching goal of fostering responsible and
informed citizens e.g., Chowdhury et al. (2020) and
Zeidler (2014). Competencies such as argumentation
and communication frequently support decision-
making processes and are central objectives in SSI
teaching. Strong communication and reasoning skills are
26
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essential tools that enable students to articulate their
opinions, critically evaluate information, and develop
intellectual resilience. The findings indicate that most
SSI pedagogical approaches focus on cultivating higher-
order thinking skills, including critical thinking,
argumentation, and moral reasoning, which empower
students to make informed decisions. This aligns with
how SSI is characterized in the literature. However, as
noted by Espeja & Couso (2020). SSI is often not
effectively integrated into science teaching practices.
Despite its recognized importance over the past decades,
the implementation of SSI remains insufficient (Chen &
Xiao, 2021; Espeja & Couso, 2020). Competencies like
decision-making, argumentation, and communication
represent progressive learning objectives that differ
from the traditional focus of science education, which
tends to prioritize content knowledge (Hodson, 2014).

Table 1. Student competence in SSI

Number of

Students’ skills Authors (Year) . %
articles
Making decision Zeidler (2014), Chowdhury 5 20
et al. (2020), Karpudewan
& Roth (2018), Lee et al.
(2020), Sagmeister et al.
(2021)
Reasoning Chen & Liu (2018), Lin et 2 8
scientific al. (2020)
knowledge
Argumentation  Siska et al. (2019), Dawson 6 24
(2015), Zohar & Nemet
(2002), Capkinoglu et al.
(2019), Dawson & Venville
(2021), Tsai (2018)
Communication Lee et al. (2016), Byhring & 3 12
Knain (2016), Feierabend &
Eilks (2010)
Understanding Sadler (2004), Karisan & 6 24
NOS Zeidler (2016), Longoni &

Cian (2020), Eastwood et
al. (2012), Solli et al. (2019),
Herman et al. (2019)

Students' action  Fahrizal & Badrun (2022), 3 12
skills, Kinslow et al. (2018), Chen

participation in & Liu (2018)

democratic

processes, and
scientific literacy

A number of studies have highlighted the positive
effects of SSI contexts on students' argumentation skills
(Dori et al., 2003; Pedretti, 1999; Sadler, 2009; Tal &
Hochberg, 2003; Tal & Kedmi, 2006; Walker & Zeidler,
2007). However, some research has also pointed out
challenges in improving students' argumentation
abilities, which are often encountered in broader
discussions on argumentation (Albe, 2007; Harris &
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Ratcliffe, 2005; Kortland, 1996). Additionally, studies
have shown that SSI contexts foster creativity, with
students frequently demonstrating innovative thinking
(Yager et al, 2006) or experiencing significant
improvements in creativity (Lee & Erdogan, 2007).
Furthermore, SSIl-based teaching has been found to
encourage epistemological development, particularly in
the area of reflective judgment (Zeidler et al., 2009).
When it comes to the acquisition of scientific knowledge,
most research suggests that SSI learning environments
are highly effective in enhancing students' conceptual
understanding (Klosterman & Sadler, 2010; Sadler et al.,
2007; Yager et al., 2006; Zeidler et al., 2009).

Learning Topics in SSI

Tables 2 and 3 reveal two key thematic areas in SSI
(Socioscientific Issues) teaching: environment and
sustainable development and health and technology. In
Table 2, which addresses SSI content related to
technology and health, the most frequently emphasized
area is biotechnology and medicine, accounting for 63%
(five articles). Similarly, in Table 3, which focuses on SSI
content within the environment and sustainable
development, climate change is the most frequently
highlighted topic, representing 41% (seven articles). The
diversity of these topics underscores the multifaceted
nature of SSI, where scientific principles intersect with
societal challenges, promoting a comprehensive
understanding of science's impact on daily life. The
health and technology theme encompasses topics such
as biotechnology and medicine, food, materials
chemistry and engineering, and radiation. These
subjects often introduce ethical dilemmas and
considerations of risk, particularly in the context of
human well-being. Sadler & Zeidler (2005) suggest that
SSI teaching has its roots in the biotechnology domain, a
notion that remains relevant today. Recent reviews, such
as those by Calik & Sozbilir (2014) on chemistry
education, confirm that the trend of examining the
impact of chemicals particularly in areas like food and
medicine continues to be significant.

Table 2. SSI topics related to technology and health

SSI Topics Authors Numbt?r of %
articles
Biotechnology Nordgqvist & Aronsson 5 63
and medicine (2019), Calik & So6zbilir
(2014), Sagmeister et al.

(2021), Berne (2014), Schenk
etal. (2021)
Chemical and Dawson (2015); Hernandez- 2 25

materials Ramos et al. (2021)
engineering
Radiation Schenk et al. (2021) 1 13
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Table 3. SSI relates to the environment and sustainable
development

Number of

SSI topics Authors articles %
Climate Dawson (2015), Okur & 7 41
changes Seyhan (2021), Feierabend &
Eilks (2010), Karpudewan &
Roth (2018), Kurup et al.
(2021), Rudd et al. (2020),
Zangori et al. (2015)
Biodiversity Herndndez-Ramos et al. 3 18
(2021), Meisert & Jafari (2021),
Freitas et al. (2023)
Waste control Herndndez-Ramos et al. (2021) 1 6
Management  Birmingham & Barton (2013), 3 18
Energyand  Atabey & Topcu (2020), Chen
resources & Liu (2018)
Environment Chowdhury et al. (2020), 3 18
al Pollution Byhring & Knain (2016), Calik
& Sozbilir (2014)

Socioscientific issue (SSI) topics are increasingly
recognized as being deeply embedded within societal
contexts, engaging with local, national, and global
concerns while encouraging students to critically engage
with complex issues of values, ethics, and morals in
these various settings, as emphasized in previous
reviews e.g., Sadler & Zeidler (2005). In environmental
issues, some of the most prominent and pressing topics
include climate change, the loss of biodiversity,
environmental pollution, and resource management—
challenges that demand a deep understanding from
students and prompt them to take meaningful action.
The findings of this analysis reflect and build upon
earlier reviews, which have identified similar dominant
topics through various perspectives. For instance,
Hernéndez-Ramos et al. (2021), focused on technology-
enhanced SSI issues, while Schenk et al. (2021) delved
into the concept of risk as a central theme in SSI research.
By adopting a broader lens, this comprehensive
systematic review offers a more expansive and nuanced
mapping of the field. Furthermore, a review by Calik &
Sozbilir (2014) of SSI studies in chemistry education
between 2008 and 2020 indicated that most of the
research centered on issues like chemical pollution and
the use of fossil fuels. Interestingly, the relatively low
attention given to radiation-related issues, is consistent
with the findings of Schenk et al. (2021) may reflect its
reduced prominence in media and societal discourse
compared to two decades ago.

SSI Learning Model

The SSI teaching model holds particular
significance as it situates learning within societal
contexts rather than the confines of a scientific
laboratory (Sadler, 2009). Furthermore, a systematic
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review by Hernandez-Ramos et al. (2021) on the effects
of incorporating SSI in problem-based learning suggests
that the positive outcomes on student competence and
motivation may primarily result from the teaching
methods employed rather than the course content itself.
This underscores the importance of the SSI learning
model. Presley et al. (2013), in their development of an
SSI  teaching framework, identified three key
components, two of which pertain to instructional
methods and approaches. First, students should actively
engage in the learning process. Second, the teacher's role
should shift to that of a facilitator. Third, the classroom
environment should foster collaboration and mutual
respect. A systematic review of related studies identifies
three main categories of learning models employed to
teach SSI in classrooms. According to Table 4, the most
commonly used approaches are inquiry-based learning
(44%, four articles) and methods such as problem-based,
context-based, and case-based learning, which also
account for 44% (four articles). Lastly, model-based
learning, which employs physical or conceptual models
to address scientific concepts and social issues,
represents 11% (one article).

Table 4. The SSI learning models

Models Authors Numb('er of %
articles

Inquiry Alcaraz-Dominguez & Barajas 4 45
learning (2021), Maass et al. (2022),
model Georgiou & Kyza (2023),

McKnight et al. (2021)
Problem  Wiyarsi et al. (2021), Chowdhury 4 45
based, etal. (2022), Varis et al. (2018),
context Aisy et al. (2024)
based, case
based
Model Erumit & Yuksel (2023) 1 11
based

Socioscientific issues are often associated with
inquiry-based learning (IBL), an instructional approach
that fosters active exploration and critical questioning
(Alcaraz-Dominguez & Barajas, 2021). A more specific
form of IBL, known as socio-scientific inquiry-based
learning (SSIBL), focuses on addressing socioscientific
problems through inquiry. This scoping review draws
attention to recent research that employs inquiry-based
learning as a teaching framework. For instance,
Georgiou & Kyza (2023), Maass et al. (2022), and
McKnight et al. (2021) developed inquiry-based
resources designed to teach genetics and genomics
within the senior biology curriculum in Australia. These
resources aimed to enhance teachers’” knowledge and
confidence in delivering these complex topics to
students aged 16-18. The learning models discussed in
the literature review are closely aligned with problem-
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based, context-based, and case-based learning
approaches. These models immerse students in real-
world situations, encouraging them to assume the role
of problem solvers. As highlighted by Alcaraz-
Dominguez & Barajas (2021), such approaches utilize
relevant, applied problems to teach STEM subjects,
engaging students in ways that make the learning
experience more meaningful. Context-based science
education, which addresses the complexities of real-
world issues, is intrinsically linked to the socio-scientific
problem approach. Three recent studies illustrate this
alignment.

The third learning model discussed is model-based
learning, which incorporates the use of demonstration
and physical dynamic models in educational settings.
These models facilitate interactive learning, enabling
students to make predictions, conduct tests, observe
outcomes, and draw conclusions about scientific
phenomena (Erumit & Yuksel, 2023). One such example
is found in the work of Maass et al. (2022), who explored
the application of mathematical modeling to address
real-world problems. Their research indicated that
mathematical modeling enhances student engagement
with mathematics, deepens their understanding of its
practical uses, and promotes mathematical literacy. The
study also revealed that engaging in modeling activities
improves students' ability to tackle complex, open-
ended problems —those without clear-cut solutions and
requiring the consideration of multiple factors.

SSI Learning Methods

The literature summarized in Table 5 highlights
various pedagogical strategies that prioritize student
engagement, dialogue, and active participation (Chen &
Xiao, 2021; Chowdhury et al., 2020; Presley et al., 2013).
Among these strategies, group discussion is the most
frequently employed, accounting for 56% (five articles),
followed by role-play at 22% (two articles), and both
debate and digital resources at 11% each (one article
each). Group discussions emphasize the collaborative
nature of SSI learning, allowing students to explore
issues collectively, which aligns with findings from
previous reviews on effective teaching methods (Presley
et al., 2013) and and active learning practices (Chen &
Xiao, 2021). While debates and role-playing are closely
related to group discussions due to their focus on
communication and reasoning, they differ in structure
and application. Debates involve students adopting
specific roles and adhering to defined rules and
viewpoints, providing a structured framework to
engage with complex topics. Role-playing, on the other
hand, fosters empathy and a deeper understanding of
multiple perspectives by allowing students to embody
different roles. This approach immerses students in real-
world issues, enabling them to grasp the complexities of
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diverse viewpoints. Despite their benefits, debates and
role-playing are far less common than group discussions
in SSI teaching practices.

Table 5. SSI learning methods

Number of

Methods Authors . %
articles
Discussions Chen & Xiao (2021), 5 56
Chowdhury et al. (2020),
Bossér & Lindahl (2020),
Raveendran et al. (2021),
Karakas (2022)
Debate Agell et al. (2014) 1 11
Role play  Espeja & Couso (2020), Zeidler 2 22
et al. (2009)
Digital Hansson et al. (2011) 1 11
resources

In study by Chen & Xiao (2021), identified four key
learning activities frequently used by educators in
teaching Socioscientific Issues (SSI). The most commonly
employed method was class discussions, which foster
collaborative engagement and critical thinking. The
second most widely used approach was group work or
problem-based learning, often supplemented by
activities such as role-playing, where students are
encouraged to explore and adopt different viewpoints
and interests related to contentious issues. The third
teaching strategy identified was argumentation-driven
instruction, which is specifically designed to promote
critical thinking by encouraging students to defend their
positions through structured arguments. The fourth
approach highlighted in the study was the use of
questioning techniques, where teachers pose thought-
provoking questions that challenge students' positions
and stimulate deeper reflection on various controversial
issues. These pedagogical approaches, while
emphasized in Chen & Xiao (2021) research, are also
seen in other studies, though not always with the same
level of structure. For example, Zeidler in Bencze et al.
(2020) described SSI pedagogy as involving discussions,
debates, and the defense of different perspectives,
informed by both scientific and moral viewpoints. These
elements are also aligned with the defining
characteristics of SSI, as noted by Chowdhury et al.
(2020).

A common thread throughout these studies is the
emphasis on fostering active student participation,
which requires students to engage in communication
and reasoning —both formally through argumentation
and informally through moral reasoning. This focus on
active engagement has led to the development of the
concept of "socio-scientific reasoning" to capture the core
activities in SSI classrooms (Sadler et al.,, 2007).
Socioscientific reasoning involves understanding the
inherent complexity of SSIs, considering multiple
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perspectives, recognizing that these issues are ongoing
and subject to change, and maintaining a critical stance
toward potentially biased information. Furthermore,
Simonneaux & Simonneaux (2009) pointed out that a
crucial aspect of socioscientific reasoning is the ability to
identify risks and uncertainties while also expressing
values, further enriching the approach to teaching SSIs.

Conclusion

This systematic review highlights the diverse scope
of SSI (Socio-Scientific Issues) learning studies in science
education, with a focus on student competencies,
instructional models, and teaching strategies. The
findings emphasize the significant yet underutilized
potential of SSI in bridging environmental, social,
technological, and scientific literacy. Despite its
theoretical robustness, the practical application of SSI in
classrooms remains a challenge, with progress hindered
by the shift from traditional science teaching methods to
the more integrative and dynamic approaches SSI
demands. The review identifies a persistent gap between
theoretical research and real-world educational
practices, underscoring the need for targeted strategies
to address this divide. SSI has demonstrated a

measurable positive impact on specific student
competencies, particularly critical thinking,
understanding the Nature of Science (NOS),

argumentation, communication, and decision-making.
To maximize its effectiveness, SSI can be integrated into
NOS education through relevant topics such as climate
change, biotechnology, and environmental pollution,
employing interactive methods like problem-based
learning, inquiry-based learning, debates, and digital
tools. These findings underscore the necessity for more
focused research on how SSI can be systematically
implemented in classrooms, paving the way for
evidence-based policies and practices that align with
modern educational needs.

Acknowledgments
Thanks to Prof Heru Kuswanto as the lecturer of the course
who has guided and directed us in making the article.

Author Contributions

For this article, there are 4 authors. First, A.M.B.N.: contributed
to the conceptualization and writing-original draft
preparation. Secondly, M.S.P.: methodology, software, and
formal analysis. Third, R.R.L: contributed to finding sources or
references and data curation. Finally, HK.: as a lecturer as well
as directed us in making articles and reviews.

Funding
This research received no external funding.

Conflicts of Interest
The authors declare no conflict of interest with the research,
writing, or publication of this article. All results and opinions

May 2025, Volume 11, Issue 5, 23-34

presented are the independent views of the authors and are not
influenced by institutional affiliations, sponsors, or other
parties.

References

Agell, L., Soria, V., & Carrio, M. (2014). Using Role Play
to Debate Animal Testing. Journal of Biological
Education, 49(3), 1-13.
http://dx.doi.org/10.1080/00219266.2014.943788

Aisy, M. R, Trisnowati, E., & Siswanto, S. (2024). The
Effect of the Problem-Based Learning (PBL) Model
in the Context of Socio-Scientific Issues (SSI) on
Critical Thinking Ability on Digestive System
Material. Jurnal Inovasi Pendidikan IPA, 10(2), 185-
195. https:/ /doi.org/10.21831/jipi.v10i2.75231

Albe, V. (2007). Students’ Argumentation in Group
Discussions on a Socio-Scientific Issue. Contributions
from  Science  Education  Research,  389-401.
https://doi.org/10.1007 /978-1-4020-5032-9_30

Alcaraz-Dominguez, S., & Barajas, M. (2021).
Conceptualization of Socioscientific Issues in
Educational Practice from a Review of Research in
Science  Education.  International  Journal  of
Information and Education Technology, 11(6), 297-302.
https://doi.org/10.18178 /ijiet.2021.11.6.1526

Atabey, N., & Topcu, M. S. (2020). Middle School
Students’” Environmental Attitudes and Informal

Reasoning  Regarding an  Environmental
Socioscientific Issue. International Journal —of
Progressive Education, 16(5), 90-105.

https:/ /doi.org/10.29329/ijpe.2020.277.6

Bencze, L., Pouliot, C., Pedretti, E., Simonneaux, L.,
Simonneaux, J., & Zeidler, D. (2020). SAQ, SSI and
STSE Education: Defending and Extending
“Science-in-Context.” Cultural Studies of Science
Education, 15(3), 825-851.
https://doi.org/10.1007 /s11422-019-09962-7

Berne, B. (2014). Progression in Ethical Reasoning When

Addressing Socio-Scientific Issues in
Biotechnology. International Journal of Science
Education, 36(17), 2958-2977.

http:/ /dx.doi.org/10.1080/09500693.2014.941957

Birmingham, D., & Barton, A. C. (2013). Putting on a
Green Carnival: Youth Taking Educated Action on
Socioscientific Issues. Journal of Research in Science
Teaching, 51(3), 286-314.
https://doi.org/10.1002/tea.21127

Bossér, U., & Lindahl, M. (2020). Teachers” Coordination
of Dialogic and Authoritative Discourses Promoting
Specific Goals in Socioscientific Issue-Based
Teaching. Int | of Sci and Math Educ, 19, 461-482.
https:/ /doi.org/10.1007/s10763-020-10061-1s

Byhring, A. K., & Knain, E. (2016). Intertextuality for
Handling Complex Environmental Issues. Research

30



Jurnal Penelitian Pendidikan IPA (JPPIPA)
in Science Education, 46(1), 1-19.
http://dx.doi.org/10.1007 /s11165-014-9454-6

Calik, M., & Sozbilir, M. (2014). Parameters of Content
Analysis.  Education  and  Science,  39(174).
https://doi.org/10.15390/EB.2014.3412

Capkinoglu, E. Y., Yilmaz, S., & Leblebicioglu, G. (2019).
Quality of Argumentation by Seventh-Graders in
Local Socioscientific Issues. Journal of Research in
Science Teaching, 57(6), 827-855.
http:/ /dx.doi.org/10.1002/ tea.21609

Chen, H., & Liu, H. (2018) Quantifying Evolution of
Short and Long-Range Correlations in Chinese
Narrative Texts across 2000 Years. Complexity, 2018,
9362468. https:/ /doi.org/10.1155/2018 /9362468

Chen, L., & Xiao, S. (2021). Perceptions, Challenges and
Coping Strategies of Science Teachers in Teaching
Socioscientific Issues: A Systematic Review.
Educational Research Review, 32(December 2020),
100377.
https://doi.org/10.1016/j.edurev.2020.100377

Chowdhury, T. B. M., Holbrook, J., & Rannikmde, M.
(2020). Socioscientific Issues within Science
Education and their Role in Promoting the Desired
Citizenry. Science Education International, 31(2), 203-
208. https:/ /doi.org/10.33828/sei.v31.i2.10

Chowdhury, T., Holbrook, J., Reis, P., & Rannikmée, M.
(2022). Bangladeshi Science Teachers’ Perceived
Importance and Perceived Current Practices in
Promoting Science Education Through a Context-
Based, Socio-Scientific Framework. Science and
Education, 31. https://doi.org/10.1007/s11191-021-
00236-9

Dawson, V. (2015). Western Australian High School
Students” Understandings About the Socioscientific
Issue of Climate Change. International Journal of
Science Education, 37(7), 1024-1043.
https://doi.org/10.1080/09500693.2015.1015181

Dawson, V., & Venville, G. (2021). Using Socioscientific
Issues to Promote the Critical Thinking Skills of
Year 10 Science Students in Diverse School
Contexts. In: Geelan, D., Nichols, K., McDonald,
C.V. (eds) Complexity and Simplicity in Science
Education. Springer, Cham.
https:/ /doi.org/10.1007 /978-3-030-79084-4_6

Dori, Y. ], Tal, R. T., & Tsaushu, M. (2003). Teaching
Biotechnology Through Case Studies - Can We
Improve Higher Order Thinking Skills of
Nonscience Majors? Science Education, 87(6), 767-
793. https:/ /doi.org/10.1002/sce. 10081

Eastwood, J. L., Sadler, T. D., Zeidler, D. L., Lewis, A.,
Amiri, L., & Applebaum, S. (2012). Contextualizing
Nature of Science Instruction in Socioscientific
Issues. International Journal of Science Education,
34(15), 2289-2315.
https://doi.org/10.1080/09500693.2012.667582

May 2025, Volume 11, Issue 5, 23-34

Erumit, B. A., & Yuksel, T. (2023). Developing and Using
Physical Dynamic Models on Socioscientific Issues
to Present Nature of Science Ideas. International
Journal of Science and Mathematics Education, 21(4),
1031-1056.  https://doi.org/10.1007/s10763-022-
10296-0

Espeja, A. G., & Couso, D. (2020). Introducing Model-
Based Instruction for SSI Teaching in Primary Pre-
service Teacher Education. Contemporary Trends and
Issues in Science Education, 52.
https:/ /doi.org/10.1007/978-3-030-40229-7_10

Fahrizal, R., & Badrun, L. A. (2022). Pengaruh Strategi
Pembelajaran Socio Scientific Issues Terhadap
Keterampilan Berpikir = Kritis, Keterampilan
Bertanya, dan Hasil Belajar Kognitif Siswa.
Educatoria Jurnal llmiah Ilmu Pendidikan, 2(2), 84-104.
http://dx.doi.org/10.36312/ ejiip.v2i2.80

Falah, M. M., Hartono, H., Nugroho, S. E., & Ridlo, S.
(2024). Socio-Scientific Issues (SSI) Research Trends:
A Systematic Literature Review of Publications 2011
-2022. Journal of Turkish Science Education, 21(1), 61-
81. https:/ /doi.org/10.36681/ tused.2024.004

Feierabend, T., & Eilks, 1. (2010). Raising Students’
Perception of the Relevance of Science Teaching and
Promoting Communication and Evaluation
Capabilities Using Authentic and Controversial
Socio-Scientific Issues in the Framework of Climate
Change. Science Education International, 21(3), 176-
196. Retrieved from
https:/ /www .researchgate.net/publication/47690
168

Freitas, J. D., Uguralp, A. K., Oguz-Uguralp, Z., &
Puntoni, S. (2023). Chatbots and Mental Health:
Insights into the Safety of Generative Al Journal of
Consumer Psychology, 34(3), 481-491.
http://dx.doi.org/10.1002/jcpy.1393

Gao, L, Mun, K, & Kim, S. W. (2019). Using

Socioscientific Issues to Enhance Students’
Emotional Competence. Research in  Science
Education, 51, 935-956.

https:/ /doi.org/10.1007/s11165-019-09873-1

Georgiou, Y., & Kyza, E. A. (2023). Fostering Chemistry
Students’ Scientific Literacy for Responsible
Citizenship Through Socio-Scientific Inquiry-Based
Learning (SSIBL). Sustainability (Switzerland), 15(8).
https://doi.org/10.3390/su15086442

Hansson, L., Redfors, A., & Rosberg, M. (2011). Students’
Socio-Scientific Reasoning in an Astrobiological
Context During Work with a Digital Learning
Environment. | Sci Educ Technol, 20, 388-402.
https:/ /doi.org/10.1007 /s10956-010-9260-5

Harris, R., & Ratcliffe, M. (2005). Socio-Scientific Issues
and the Quality of Exploratory Talk —What Can Be
Learned from Schools Involved in a “Collapsed Day’
Project?  Curriculum  Journal, 16(4), 439-453.

31



Jurnal Penelitian Pendidikan IPA (JPPIPA)

https:/ /doi.org/10.1080/09585170500384396
Herman, B. C., Owens, D. C,, Oertli, R. T., Zangori, L. A.,
& Newton, M. H. (2019). Exploring the Complexity
of Students” Scientific Explanations and Associated
Nature of Science Views within a Place-Based
Socioscientific Issue Context. Science and Education,
28(3-5), 329-366. https://doi.org/10.1007/s11191-
019-00034-4
Hernandez-Ramos, J., Pernaa, J., Caceres-Jensen, L., &
Rodriguez-Becerra, J. (2021). The Effects of Using
Socio-Scientific Issues and Technology in Problem-
Based Learning: A Systematic Review. Education
Sciences, 11(10).
https:/ /doi.org/10.3390/educscil1100640
Hodson, D. (2014). Learning Science, Learning About
Science, Doing Science: Different Goals Demand
Different Learning Methods. International Journal of
Science Education, 36(15), 2534-2553.
https:/ /doi.org/10.1080/09500693.2014.899722
Hogstrom, P., Gericke, N., Wallin, J., & Bergman, E.
(2024). Teaching Socioscientific Issues: A Systematic
Review. Science and Education.
https://doi.org/10.1007/511191-024-00542-y
Karakas, H. (2022). The Effect of Socioscientific Issues-
Based Discussion Activities on the Attitudes of
Primary School Teacher Candidates to the Life
Science Teaching. Journal of Turkish Science
Education, 19(1), 17-36.
http://dx.doi.org/10.36681/ tused.2022.107
Karisan, D., & Zeidler, D. L. (2016). Contextualization of
Nature of Science within the Socioscientific Issues
Framework: A Review of Research. International
Journal of Education in Mathematics Science and
Technology, 5(2), 139-152.
http://dx.doi.org/10.18404/ijemst.270186
Karpudewan, M., & Roth, W. M. (2018). Changes in
Primary Students’ Informal Reasoning During an
Environment-Related  Curriculum on Socio-
Scientific Issues. International Journal of Science and
Mathematics Education, 16(3).
http://dx.doi.org/10.1007 /s10763-016-9787-x
Kinslow, A. T., Sadler, T. D., & Nguyen, H. (2018). Socio-
Scientific Reasoning and Environmental Literacy in a
Field-Based Ecology Class.
http://dx.doi.org/10.1080/13504622.2018.1442418
Klosterman, M. L., & Sadler, T. D. (2010). Multi-Level
Assessment of Scientific Content Knowledge Gains
Associated with Socioscientific Issues-Based
Instruction. International Journal of Science Education,
32(8), 1017-1043.
https:/ /doi.org/10.1080/09500690902894512
Kortland, K. (1996). An STS Case Study About Students’
Decision Making on the Waste Issue. Science
Education, 80(6), 673-689.
https://doi.org/10.1002/ (SICI)1098-

May 2025, Volume 11, Issue 5, 23-34

237X(199611)80:6<673:: AID-SCE3>3.0.CO;2-G

Kurup, P. M., Levinson, R, & Li, X. (2021). Informed-
Decision Regarding Global Warming and Climate
Change Among High School Students in the United
Kingdom. Canadian Journal of Science Mathematics
and Technology Education, 21(1).
http:/ /dx.doi.org/10.1007 / s42330-020-00123-5

Lee, H., Lee, H.,, & Zeidler, D. L. (2020). Examining
Tensions in the Socioscientific Issues Classroom:
Students” Border Crossings into a New Culture of
Science. Journal of Research in Science Teaching, 57(5),
672-694. https:/ /doi.org/10.1002/ tea.21600

Lee, M. K., & Erdogan, 1. (2007). The Effect of Science-
Technology-Society = Teaching on  Students’
Attitudes Toward Science and Certain Aspects of
Creativity. International Journal of Science Education,
29(11), 1315-1327.
https:/ /doi.org/10.1080/09500690600972974

Lee, Y-K, Kim, S. Y., Chung, N., Ahn, K, & Lee, J-W.
(2016). When Social Media Met Commerce: A
Model of Perceived Customer Value in Group-
Buying. Journal of Services Marketing, 30, 398-410.
https://doi.org/10.1108 /JSM-04-2014-0129

Lin, Y-R,, Fan, B., & Xie, K. (2020). The Influence of a
Web-Based Learning Environment on Low
Achievers’ Science Argumentation. Computers &
Education, 151, 103860.
https:/ /doi.org/10.1016/j.compedu.2020.103860

Longoni, C., & Cian, L. (2020). Artificial Intelligence in
Utilitarian vs. Hedonic Contexts: The “Word-of-
Machine”  Effect.  Journal — of  Marketing.
http:/ /dx.doi.org/10.1177 /0022242920957347

Maass, K., Sorge, S., Romero-Ariza, M., Hesse, A., &
Straser, O. (2022). Promoting Active Citizenship in
Mathematics and Science Teaching. International
Journal of Science and Mathematics Education, 20(4),
727-746. https:/ /doi.org/10.1007/s10763-021-
10182-1

McKnight, L., Pearce, A., Willis, A., Young, M. A, &
Terrill, B. (2021). Supporting Teachers to Use
Genomics as a Context in the Classroom: An
Evaluation of Learning Resources for High School
Biology. Journal of Community Genetics, 12(4), 653-
662. https:/ /doi.org/10.1007 /s12687-021-00550-3

Meisert, A., & Jafari, M. (2021). Activating Students’
Argumentative Resourceson Socioscientific Issues
by Indirectly InstructedReasoning and Negotiation
Processes. Research in Science Education, 51(9).
https:/ /link.springer.com/ article/10.1007/s11165-
019-09869-x

Nordgqvist, O., & Aronsson, H. (2019). It Is Time for a
New Direction in Biotechnology Education
Research. Biochemistry and Molecular  Biology
Education, 47(2).
http://dx.doi.org/10.1002/bmb.21214

32



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Okur, M., & Seyhan, H. G. (2021). Determination of Pre-
Service Science Teachers' Conceptual
Understandings About the 'Solutions: Dissolving-
Melting' with Predict-Observe-Explain Technique.
International Journal of Progressive Education 2021,
17(3), 381-396.
https:/ /doi.org/10.29329/1ijpe.2021.346.24

Pedretti, E. (1999). Decision Making and STS Education:
Exploring Scientific Knowledge and Social
Responsibility in Schools and Science Centers
Through an Issues-Based Approach. School Science

and Mathematics, 99(4), 174-181.
https:/ /doi.org/10.1111/j.1949-
8594.1999.tb17471.x

Presley, M. L., Sickel, A.]., Muslu, N., Merle-Johnson, D.,
Witzig, S. B., & Sadler, T. D. (2013). A Framework
for Socio-Scientific Issues Based Education. Science
Educator, 22(1), 26-31. Retrieved from
https:/ /www.researchgate.net/publication/28270
6329

Raveendran, A. V., Jayadevan, R, & Sashidharan, S.
(2021). Long COVID: An Overview. Diabetes &
Metabolic Syndrome, 15(3), 869-875.
https://doi.org/10.1016/j.dsx.2021.04.007

Rudd, J., Horry, R., & Skains, L. (2020). You and CO2: A
Public Engagement Study to Engage Secondary
School Students with the Issue of Climate Change.
Journal of Science Education and Technology, 29(1).
https:/ /link.springer.com/ article/10.1007 /s10956-
019-09808-5

Sadler, D. R. (2009). Indeterminacy in the Use of Preset
Criteria for Assessment and Grading. Assessment &
Evaluation in Higher Education, 34(2), 159-179.
http://dx.doi.org/10.1080/02602930801956059

Sadler, T. D. (2004). Informal Reasoning Regarding
Socioscientific Issues: A Critical Review of
Research. Journal of Research in Science Teaching,
41(5), 513-536. 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? Research in Science Education, 37(4), 371-
391. https:/ /doi.org/10.1007/s11165-006-9030-9

Sadler, T. D., & Zeidler, D. L. (2005). Patterns of Informal
Reasoning in the Context of Socioscientific Decision
Making. Journal of Research in Science Teaching, 42(1),
112-138. https:/ /doi.org/10.1002/ tea.20042

Sagmeister, K. J., Schinagl, C. W., Kapelari, S., & Vrabl,
P. (2021). Students” Experiences of Working With a
Socio-Scientific Issues-Based Curriculum Unit
Using Role-Playing to Negotiate Antibiotic
Resistance. Frontiers in Microbiology, 11, 577501.
http://dx.doi.org/10.3389/fmicb.2020.577501

Schenk, L., Hamza, K., Arvanitis, L., Lundegard, L,
Wojcik, A., & Haglund, K. (2021). Socioscientific
Issues in Science Education: An Opportunity to

May 2025, Volume 11, Issue 5, 23-34

Incorporate Education About Risk and Risk
Analysis? Risk  Analysis, 41(12), 2209-2219.
https:/ /doi.org/10.1111/risa. 13737

Simonneaux, L., & Simonneaux, J. (2009). Students’
Socio-Scientific Reasoning on Controversies from
the Viewpoint of Education for Sustainable
Development. Cultural Studies of Science Education,
4(3), 657-687. https:/ /doi.org/10.1007 /s11422-008-
9141-x

Siska, S., Yunita, Y., & Ubaidillah, M. (2019). Strategi
Socio  Scientific Issues untuk Meningkatkan
Kemampuan Argumentasi Ilmiah Siswa pada
Konsep Sistem Respirasi di Kelas XI MIPA SMAN 1
Suranenggala. Jurnal Ilmu Alam Indonesia, 2(1), 50-
69. Retrieved from
www.syekhnurjati.ac.id /jurnal /index.php/jia

Solli, A., Hillman, T. & Mzkitalo, A. (2019). Navigating
the Complexity of Socio-Scientific Controversies —
How Students Make Multiple Voices Present in
Discourse. Res Sci  Educ., 49, 1595-1623.
https://doi.org/10.1007/s11165-017-9668-5

Tal, R., & Hochberg, N. (2003). Assessing High Order
Thinking of Students Participating in the “WISE”
Project in Israel. Studies in Educational Evaluation,
29(2), 69-89.  https://doi.org/10.1016/5S0191-
491X(03)00016-6

Tal, T., & Kedmi, Y. (2006). Teaching Socioscientific
Issues: Classroom Culture and Students’
Performances. Cultural Studies of Science Education,
1(4), 615-644. https:/ /doi.org/10.1007 /s11422-006-
9026-9

Tsai, C. Y. (2018). The Effect of Online Argumentation of

Socio-Scientific Issues on Students’ Scientific
Competencies and Sustainability  Attitudes.
Computers and Education, 116, 14-27.

https:/ /doi.org/10.1016/j.compedu.2017.08.009
Varis, K., Jappinen, L., Kédrkkdinen, S., Keinonen, T., &
Véyrynen, E. (2018). Promoting Participation in
Society Through Science Education. Sustainability,
10(10), 3412; https:/ /doi.org/10.3390/su10103412
Walker, K. A., & Zeidler, D. L. (2007). Promoting
Discourse About Socioscientific Issues Through
Scaffolded Inquiry. International Journal of Science
Education, 29(11), 1387-1410.
https:/ /doi.org/10.1080/09500690601068095
Wiyarsi, A., Prodjosantoso, A. K., & Nugraheni, A. R. E.
(2021). Promoting Students’ Scientific Habits of
Mind and Chemical Literacy Using the Context of
Socio-Scientific Issues on the Inquiry Learning.
Frontiers in Education, 6(May), 1-12.
https:/ /doi.org/10.3389/feduc.2021.660495
Xiao, S., & Sandoval, W. A. (2017). Associations between
Attitudes Towards Science and Children’s
Evaluation of Information About Socioscientific
Issues. Science and Education, 26(3-4), 247-269.
33



Jurnal Penelitian Pendidikan IPA (JPPIPA)

https:/ /doi.org/10.1007/s11191-017-9888-0

Yager, S. O, Yager, R. E, & Lim, G. (2006). The
Advantages of an STS Approach Over a Typical
Textbook Dominated Approach in Middle School
Science. School Science and Mathematics, 106(5), 248~
260. https:/ /doi.org/10.1111/j.1949-
8594.2006.tb18083.x

Zangori, L., Forbes, C. T., & Schwarz, C. V. (2015).
Exploring the Effect of Embedded Scaffolding
Within Curricular Tasks on Third-Grade Students’
Model-Based Explanations about Hydrologic
Cycling. Science. & Education,  24(7-8).
https:/ /www.researchgate.net/ publication/28106
0256

Zeidler, D. L. (2014). Socioscientific Issues as a
Curriculum Emphasis: Theory, Research, and
Practice. In Handbook of Research on Science Education,
Volume II, 697-726.
https:/ /doi.org/10.4324/9780203097267-45

Zeidler, D. L., Herman, B. C., & Sadler, T. D. (2019). New
Directions in Socioscientific Issues Research.
Disciplinary and Interdisciplinary Science Education
Research, 1(1), 1-9. https:/ /doi.org/10.1186/s43031-
019-0008-7

Zeidler, D. L., Sadler, T. D., Applebaum, S., & Callahan,
B. E. (2009). Advancing Reflective Judgment
Through Socioscientific Issues. Journal of Research in
Science Teaching, 46(1), 74-101.
https://doi.org/10.1002/tea.20281

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 Education, 86(3), 343-367.
https://doi.org/10.1002/sce. 10025

Zohar, A., & Nemet, F. (2002). Fostering Students’
Knowledge and Argumentation Skills Through
Dilemmas in Human Genetics. Journal of Research in
Science Teaching, 39(1), 35-62.
https:/ /doi.org/10.1002/tea.10008

May 2025, Volume 11, Issue 5, 23-34

34



