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Argumentation skills are important for students to analyze and evaluate critical information, especially in
complex science issues. Socio-Scientific Real-world Inquiry [SSRI] learning helps students develop deep
scientific understanding and the ability to build evidence-based arguments in a real context. This study
aimed to examine the effectiveness of SSRI learning model in improving argumentation skills. The
research design used was quasi-experimental with a pretest-posttest non-equivalent control group design,
in which argumentation skills were measured before and after the intervention in two groups: an
experimental group consisting of 44 students who received learning with the SSRI model and a control
group comprised of 46 students who followed the inquiry learning. Analysis of changes in pretest and
posttest scores on each aspect of argumentation skills was conducted using a paired sample t-test. In
contrast, comparison of posttest scores between the two groups was analyzed by independent sample t-
test. Analysis of the effect size on each aspect of argumentation skills in the control group and
experimental group using Cohen's Effect Size method. The analysis results showed that the SSRI learning
model was more effective in improving argumentation skills than the inquiry learning. These results
indicate that SSRI can be an effective learning approach for educators and educational policymakers in an
effort to develop argumentation skills that are crucial for individuals.
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1. Introduction

Twenty-first-century learning requires students to have essential life skills in solving real-world
problems, including argumentation skills as a basis for decision-making (OECD, 2019).
Argumentation skills are crucial in learning science, especially biology, because they play a role in
developing scientific knowledge (Arslan et al., 2023; Ping et al., 2020), participating in scientific
argumentation (Osborne et al., 2016), supporting understanding of science concepts (Choden &
Kijkuakul, 2020; Pekel, 2021), and sharpening scientific thinking skills through group discussions
(Krell et al., 2024; Majidi et al., 2021; Memis & Cevik, 2018). Argumentation in science learning
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requires strong evidence, logical reasoning, and persuasive techniques to strengthen claims and
build constructive discussions.

Science learning with argumentation encourages students to actively engage in the process of
constructing, evaluating and communicating arguments supported by logical reasoning and in-
depth scientific concepts and practices (Alfarraj et al.,, 2023; Mesci et al.,, 2023). Through this
approach, students not only learn to express their views in a structured manner but also develop
the ability to critically assess the strengths and weaknesses of arguments (Demircioglu et al., 2023).
If students can express their arguments accompanied by scientific evidence and reasoning, they
will likely develop an understanding of scientific principles and phenomena. Previous research
conducted on argumentation in the classroom shows that learning with argumentation can
improve these skills. However, research limitations were found in the testing schemes and
elements, which were subjective, and there were differences between the evaluators in identifying
these elements. Argumentation activities in the classroom are carried out not only through direct
assessment but also through face-to-face meetings or group discussions (Jho & Ha, 2024). In
science classes, teacher and student questions have a contributing role in initiating and developing
arguments. Research has shown that teachers usually ask students closed questions so that
students cannot think at a phenomenal level of knowledge. In classroom learning, open questions
are needed to start the argumentation process (Erdogan et al., 2017; Sulistina et al., 2024). In the
argumentation process, students assume that science is a process of expressing and developing
their thoughts continuously (Hidayati et al., 2023).

Argumentation skills are important for students in learning biology, so learning innovations are
needed to improve argumentation skills (Lestari et al., 2024; Nugroho et al., 2023). A study of
student arguments showed that the aspects of claim, evidence, backing, and qualifiers were
categorized as moderate, while warrant and rebuttal were categorized as poor. The failure to
develop argumentation properly in learning causes the argumentation to be poor. One solution for
developing arguments is to design innovative inquiry learning (Nugroho et al., 2023). Learning
biology has the potential to enhance argumentation skills through the implementation of learning
models. Learning biology with questioning activities makes students active in identifying
problems, collecting evidence, and explaining evidence so that they can develop argumentation
skills (Chin & Osborne, 2010; Lestari et al., 2024). Students practice asking questions and using
scientific evidence to support their answers (Wenning, 2011a), thereby developing their
argumentation skills. Research results show that a learning model that is oriented towards
questions and investigations, such as an inquiry model, can have a positive impact on the
understanding of a subject and can improve argumentation skills (Ping et al., 2020; Probosari et al.,
2022; Vacha & Rokos, 2017).

1.1. The Relationships among Argumentation, Inquiry, Socio-scientific Issues in Real-world
Contexts

Inquiry learning has been widely applied in biology education to improve students'
argumentation skills. Compared to ordinary learning, inquiry learning is better at improving
argumentation (Antonio & Prudente, 2021; Lunn Brownlee & Ryan, 2020; Songsil et al., 2019). The
use of inquiry models that emphasize arguments has been shown to improve the quality of
student argumentation compared to traditional approaches. With inquiry, students can actively
explore problems, gather evidence, and construct data-based arguments (Putri et al., 2024). For
example, at the evidence-gathering activity of this learning process, students are directed to collect
data through experimentation, observation, or literature review. Furthermore, at the data analysis
and inference activity, students are invited to critically evaluate their findings, using the data to
support claims made or to refute other arguments. With this structured approach, students are
taught to build arguments based on valid scientific data rather than simply relying on personal
opinions or assumptions. Developed argumentation skills not only help students logically defend
views in discussions, but also encourage more in-depth problem solving, which directly impacts
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positively on academic outcomes. Thus, this approach is not only relevant in the development of
critical thinking skills, but also has a significant impact on students' academic achievement (Eshetu
et al., 2022; Kocoglu & Kanadli, 2024; Oztiirk et al,, 2022). The real-world application learning
model is one level of inquiry that can develop students' argumentation skills in biology learning.
This approach involves students analyzing biological phenomena, collecting evidence, and
building logical reasoning. through this learning model, students can conduct independent
investigations with teacher guidance, allowing them to explore biological phenomena that reflect
real-world issues (Wenning, 2011b, 2011a). These activities not only support students in linking
biology concepts to real-life situations but also strengthen their ability to construct evidence-based
arguments through direct engagement with real problems.

However, several previous studies have shown that learning with inquiry has challenges and
negative results and is less convincing, so its effectiveness is questionable (Capps & Crawford,
2013; Nicol, 2021; Yoon et al., 2012). A review of the literature shows that lecturers often experience
major difficulties that cause concerns about the effectiveness of implementing this method,
especially in terms of the need for dynamic classroom management, flexible teaching approaches,
active interaction between lecturers and students, and professional support for teachers (Dah et al.,
2024). Another challenge was ensuring that the problems presented truly reflect authentic
situations in the field. This challenge arises because authentic situations require complex and
contextualized issues for students to experience direct relevance to the real world. So that learning
outcomes can be achieved optimally, biology materials must describe situations that actually occur
in the field, improving students' analytical and argumentation skills in depth (Prahani et al., 2021).
In addition, the dominance of the teacher's role in the learning process is often a significant
obstacle in the development of students' independent investigation skills. When teachers take over
too much of the learning process, students tend to become passive learners who only wait for
instructions and answers from the teacher, thus inhibiting the development of their investigative
skills. This is contrary to the essence of inquiry learning, which emphasizes students' activeness in
constructing their knowledge. Secondly, the relatively long learning duration can have a negative
impact on the level of student engagement. Too long a learning period has the potential to cause
boredom, lower concentration levels, and reduce students' enthusiasm in actively participating
during the learning process (Gormally et al., 2016; Khalaf & Zin, 2018). One of the main obstacles is
the gap between the difficulty of the problems presented and students' understanding, which often
hinders their ability to process information and argue. Research shows that students' motivation
and engagement increase when they are given the opportunity to explore interesting topics that
are relevant and meaningful to them (Subiantoro et al., 2021; Zeidler et al., 2019).

The relevance model is the most well-known (Stuckey et al, 2013). It emphasizes that
connecting scientific ideas with students' daily experiences is essential to increase their interest and
desire to learn. In addition, general knowledge construction models focus on conceptual
understanding through question-based learning, but they have limitations. For example, relevance
models are often too general and do not pay enough attention to controversial aspects that are
important for building argumentation skills. However, the general knowledge construction model
such as inquiry learning usually ignores the social context and community issues that can increase
student participation. Effective science learning must be able to connect with students' life
experiences and relevant issues that develop in society. Irrelevant or unfamiliar problems often
make students less interested in identifying and discussing them. As a result, despite the focus on
argumentation skills, some students still need help in developing their analytical and
argumentation skills in biology. Therefore, it is important to tailor biology materials to be more
relevant to the context and students' level of understanding, which can help improve science-
based learning and optimization of argumentation skills (Calik & Wiyarsi, 2021; Effendi-Hasibuan
et al., 2020).

Socio-scientific issues [SSI]-based approaches that are relevant to students' real-life contexts
have been shown to increase students' motivation and engagement in learning (Cents-Boonstra et
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al., 2021). SSI cover complex, context-based and often controversial issues that spark debate in
society as social, political and scientific perspectives influence them. These topics are interesting to
study because they motivate students through in-depth discussions that involve assessing
information from multiple points of view. By facing real problems that require critical analysis,
students are not only trained to evaluate evidence and arguments but also develop argumentation
and decision-making skills that are relevant to their lives (Abrami et al., 2015; Eastwood et al.,
2012; Goodenough et al.,, 2023; Wansink et al., 2023; Zeidler et al., 2019). SSI are also often
controversial due to the different values, views and interests of the parties involved. For example,
on the issue of genetic engineering, there is a debate on the benefits of the technology compared to
the ethical and safety risks it poses (Christenson & Walan, 2023; Saad et al., 2017). Increased
interest in SSI has opened up new opportunities in the development of learning that is oriented
towards improving students' argumentation skills (Falah et al., 2024). Integrating socio-scientific
issues can provide relevant learning experiences while motivating students to argue and take a
stand based on scientific evidence (Nurtamara et al., 2019; Subiantoro et al., 2021; Zeidler et al.,
2019).

The implementation of socio-scientific issues in education can increase students' awareness of
social and ethical responsibilities in scientific decision-making (Fang et al., 2019; Garrecht et al.,
2020; Mun et al., 2022). This approach encourages students to think holistically and consider
various aspects, including the long-term impact on society and the environment. Through
discussions involving diverse perspectives, students are trained to develop argumentation skills
and deepen their understanding of issues that affect their daily lives (Dawson & Venville, 2022;
Sparks et al., 2022). Thus, the socio-scientific issue-based approach in biology learning not only
prepares students to be competent scientists but also responsible citizens, sensitive to complex
global issues, and able to evaluate arguments and express opinions clearly and persuasively.

The implementation of SSI in science learning in Indonesia still needs to be improved and
requires improvement (Genisa et al., 2020). A literature review showed the importance of further
exploration in the area of SSI to support the development of more effective pedagogies in science
education (Falah et al., 2024). While previous research has shown that inquiry approaches can
support the development of argumentation skills, most studies have yet to specifically detail the
contribution of SSI within an inquiry learning framework. Various real-world-based learning
models have been developed, some with the integration of argumentation components in the
syntax of inquiry, but generally have yet to integrate SSI (Nurohman et al., 2021). Research on
argumentation in science learning generally aims to examine the impact of argumentation after the
application of argumentation-based learning (Aldresti et al., 2018; Aslan, 2019; Cetin, 2014).
Meanwhile, inquiry learning (at the level of discovery learning, inquiry lessons) with socio-science
issues has been conducted with the aim of improving thinking skills (Aldresti et al., 2018). In fact,
the integration of SSI can add a relevant and engaging contextual dimension, enrich classroom
discussions and debates, and prepare students to face complex real-world challenges. The inquiry
approach applied in the classroom is often generalized and lacks highlighting real-life
controversial contexts that are important for developing students' readiness to face global
challenges. Therefore, more in-depth research is needed to assess how the effectiveness of a
learning model that combines inquiry with SSI can improve students' argumentation skills,
specifically in biological education.

The increasing complexity of global issues, such as genetic engineering in modern
biotechnology, demands a transformative approach to science education. Various research results
support that the implementation of inquiry learning integrated with socio-scientific issues (SSI) is
effective in training and developing students' ability to argue. Inquiry is an important element in
biology education and needs to be trained to students, especially for those who will become
teachers in the future. Trends in the application of inquiry are reflected in several literature
reviews which conclude that much more research is needed on the epistemic aspects of inquiry in
science education (Dah et al., 2024; Dimopoulou & Gasparatou, 2024).
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Various learning models have been developed to connect science concepts with real life.
Context-Based Learning [CBL] and Science-Technology-Society-Environment [STSE] learning cycle
are two approaches that are widely used because they emphasize the relevance of scientific
concepts in the context of the real world. CBL aims to improve students' understanding by linking
learning materials with everyday experiences. Despite its aim to link scientific concepts with real-
world experiences, a review study reported that context-based learning can be perceived as
detached from social and real-world contexts, ultimately reducing students' sense of relevance and
interest in science (Ultay & Calik, 2012). Additionally, this model does not directly emphasize
developing structured argumentation skills or critical engagement in complex socio-scientific
issues (Aikenhead, 2006; Ummels et al., 2015). Meanwhile, the STSE learning cycle encourages
exploration of the connections between science, technology, society, and the environment (Bennett
et al., 2003; Lubben, et al., 2005). This approach emphasizes the relevance of science to social issues
and their applications over traditional approaches that often concentrate on theoretical and
abstract concepts that may not connect with students' real-life experiences (Sanger & Greenbowe,
1996). However, this model often lacks a structured inquiry component, which can result in
suboptimal development of critical thinking skills and evidence-based argumentation (Calado et
al, 2018). Both context-based and Science-Technology-Society approaches also risk
overemphasizing the context, potentially obscuring core scientific principles and hindering
students' overall scientific literacy (Bennett et al., 2003).

Socioscientific Issues differ from Science, Technology, and Society in terms of focus and
educational approach. SSI emphasizes empowering students to connect scientific issues with moral
and ethical principles in their lives, while also encouraging critical discussion to develop
argumentation skills. On the other hand, Science-Technology-Society tends to focus more on the
social context of science without emphasizing moral development and argumentation skills
(Zeidler et al., 2005). While CBL and STSE contribute to contextualizing science learning, they do
not fully integrate structured inquiry within socio-scientific issues a crucial aspect in strengthening
scientific argumentation and decision-making. Argumentation is crucial for shaping individuals'
understanding and decision-making regarding socioscientific issues, making its integration into
educational practices essential. Effective evaluation of information is fundamental in dealing with
SSI, as it directly influences the quality of reasoning and decision-making. Therefore, promoting
argumentation skills within SSI contexts is vital for developing scientific literacy (Sadler, 2004). In
contrast, the Socio-Scientific Real-World Inquiry model emphasizes structured inquiry as an
integral part of the learning process. This structured approach is vital because SSls are inherently
complex and require students to systematically investigate problems, analyze evidence, and
develop sound arguments. By guiding students through a clear sequence of inquiry steps, the SSRI
model helps them navigate the intricacies of socio-scientific issues while building robust
argumentation skills. Thus, SSRI provides a more systematic strategy that not only engages
students in real-world issues but also equips them with the skills needed to construct well-
reasoned, evidence-based arguments.

The SSRI model has key advantages over other science learning models. This approach focuses
on developing argumentation skills through the exploration of socially and contextually relevant
controversial issues. In addition, fostering scientific habits through the SSRI model contributes to
building scientific attitudes that encourage critical thinking and responsible engagement with
scientific information and socio-scientific issues. Scientific habits such as curiosity and rationality
also enhance student involvement in debates and discourse, promoting active participation in
discussions and decision-making processes (Calik & Coll, 2012). The SSRI learning model not only
connects theoretical knowledge with practical application but also hones students' ability to
analyze issues, construct logical arguments, and make informed decisions in complex social and
scientific contexts. Research shows that integrating SSI in inquiry learning not only helps students
understand complex contemporary science issues but also prepares them to face real-world
challenges (Gutierez, 2015; Suwono et al., 2023). Martini et al. (2021) found that the application of
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inquiry in the context of SSI can improve argumentation skills in students in the field of science
education. In addition, research by Gul and Akcay (2020) showed that an SSI-based approach can
develop critical thinking, openness, and confidence in reasoning and argumentation, especially for
prospective science teachers. These findings indicate that SSI not only enriches students' analytical
and critical abilities but also equips them with solid argumentation skills in dealing with complex
and controversial issues in everyday life.

1.2. The Rationale and Significance of the Study

The application of the SSRI learning model are needed to improve the skills of prospective biology
teachers in dealing with complex issues. When students engage in SSI-based discussions, they are
encouraged to develop strong arguments, consider multiple viewpoints, and integrate scientific
knowledge with social and ethical implications. Combining inquiry and SSI gives students a more
meaningful and holistic learning experience. This process can enhance the argumentation skills
needed to face global challenges. The inquiry approach combined with socio-scientific issues aims
to equip them with important skills, especially in argumentation, which are needed to solve real-
world problems. Through this learning, students are trained to be active, have a deep
understanding, and be committed to solving complex problems. The SSRI approach also
emphasizes the importance of integrating moral, ethical, and social aspects in biology learning so
that students can evaluate the impact of their choices and actions on the environment and
surrounding communities. Exploration of socio-science issues encourages students to develop
data-based argumentation, expand global understanding, and build awareness to act responsibly
within the local scope (Amos & Levinson, 2019). In addition, this approach has been shown to be
effective in improving students' understanding of the long-term impact of individual and
collective choices on societal well-being and environmental sustainability (Zeidler et al., 2019).

This study introduces an innovative learning model called Socio-Scientific Real-world Inquiry, a
new approach in biology education that aims to develop students' argumentation skills through a
real-world context that is rarely applied. Although there are many studies related to inquiry
learning in biology, the effectiveness of inquiry supplemented with SSRI in the context of
Genetically Modified Organisms [GMO] issues and its impact on improving students'
argumentation skills still requires further exploration. For this reason, an appropriate
methodology with strict control is needed to test the effectiveness of this model. In addition, this
study uses a more in-depth analysis by measuring the effect size in each aspect of problem-solving
skills, providing stronger empirical evidence of the effectiveness of SSI than the inquiry learning
model. Thus, this study makes an important contribution to the educational literature as a basis for
developing more effective SSI-based models, as well as encouraging educators and policymakers
to consider the SSRI approach as an innovation in improving argumentation skills, especially for
students majoring in Biology Education. It also raises important questions about the effectiveness
of this approach in various other learning contexts. Through this study, the following essential
research questions were proposed: 1) How does the effect of the SSRI learning model on students’
argumentation skills, compared to inquiry learning? 2) What are the experiences of students using
the SSRI learning model?

2. Method
2.1. Research Design

An overview of the procedure flow can be seen in Figure 1.

Figure 1
Research procedure based on the research questions (RQ)
Implementation of SSRI Effectiveness of SSRI to enhance Experiences of students
. —> . . > .
Learning Model Argumentation Skills learning
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This study used a quasi-experimental pretest-posttest non-equivalent control group design,
where measurements were taken before and after the intervention in two groups: one group
received the treatment. At the same time, the other group served as the control. Before the learning
activities began, a pretest was given to measure students' initial skills. After the learning
implementation, a posttest was conducted to evaluate the improvement of students'
argumentation skills (Figure 2). This experimental study was carried out as part of a biotechnology
course with a credit load of 2 semester credit system. The experimental process was implemented
for four weeks includes a total of four meetings during the odd semester of the 2023-2024 academic
year. Each meeting was designed based on the standard semester credit system in Indonesia, with
the following details: 1) In-class activities: 100 minutes dedicated to discussions and classroom
learning activities; 2) Structured assignments: 120 minutes for completing tasks; and 3)
Independent activities: 120 minutes for individual exploration of materials and literature. To
ensure the effectiveness of the self-directed activities, students in the experimental and control
groups were asked to submit self-directed worksheets and participate in follow-up discussions
during class. These steps helped monitor and evaluate their engagement in the self-study, ensuring
alignment with the study objectives. While the intervention design included both in-class and out-
of-class activities, the primary focus was on in-class activities, as these were directly observable
and controllable by the instructor. Independent activities were considered complementary,
providing additional opportunities for students to enhance their understanding and
argumentation skills. This results in a total weekly workload of 340 minutes, adhering to
Indonesia's national higher education standards. Thus, the implementation process adheres to
national standards and aligns with pedagogical principles, ensuring sufficient time and workload
to enhance students' argumentation skills effectively.

The independent variable in this study is the Socio-Scientific Real-world Inquiry learning model
applied to the experimental group [EG], which addresses the topic of transgenic biotechnology, as
well as the application of inquiry learning in the control group [CG]. Meanwhile, the dependent
variable was students' argumentation skills, measured through tests (open-ended questions)
before and after the intervention. This duration aligns with previous research and meta-analyses,
which suggest that four weeks of structured implementation are sufficient to observe measurable
improvements in argumentation skills (Calik & Wiyarsi, 2024; Sugrah et al., 2023). Each group
involved in this study received treatment in classes with the same lecturer and uniform classroom
environment, so the difference in results between the experimental and control groups is expected
to be influenced more by the treatment given than other external factors.

Figure 2
Procedure of Experiment
The Experimental Group (EG) n= 44 The Control Group (CG) n= 46
""""""""" S
90 min Pretest: Argumentation Skills
bweds T N
weeks
SSRI Learning Model Inquiry Learning Model
"'.'_________'____1":""'""_____"_____'1'1 """""
90 min Posttest: Argumentation Skills
"""""""""" P T mTTmm T mm I
Questionnaire

This study involved a population of 119 students of the Biology Education study program class
at Muhammadiyah University of Surakarta, Central Java, Indonesia. The sample was selected
using the purposive sampling method, taking into account relevant criteria to achieve the research
objectives. This purposive sampling selection allows researchers to select samples selectively based
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on characteristics that are in accordance with the phenomenon under study so as to obtain
significant information. The research sample consisted of 44 students (experimental group) and 46
students (control group). The experimental group was treated with the SSRI learning model, while
the control group followed inquiry learning as a comparison. Students who participated in this
study were eligible and willing to participate with the guarantee of confidentiality of their identity.
The participants of this study, namely Biology Education students class, have similar demographic
conditions. They are between 18 and 20 years old on average, with relatively similar socio-cultural
backgrounds, namely coming from the Central Java region, Indonesia. Thus, the research subjects
have fairly uniform characteristics, including age, grade level, and socio-cultural background. The
total research subjects were 90 students, who were randomly selected based on their similar
demographic conditions.

2.2. Procedures
2.2.1. Control groups

The control group in this study was carefully selected to ensure the validity of the quasi-
experimental method. The control group was selected based on characteristics similar to those of
the experimental group, including demographic factors, background, age, and other variables
related to the study (Miller et al., 2020). The treatment given to the control group was inquiry
learning, which is commonly used in biology classes. The inquiry learning model is an inquiry
learning approach that is implemented without integrating socio-scientific issues in the learning
process. Instead, it uses ordinary contextual problems that are more general and not directly
related to social or controversial issues. An ordinary contextual problem used in this model, for
example, is an issue associated with GMO crops, which focuses more on technical and scientific
aspects without linking it to broader social, ethical, or controversial dimensions. This inquiry
learning involves the stages of 1) observation; 2) manipulation; 3) generalization; 4) verification; 5)
application (Wenning, 2011b). Details of the learning steps of the inquiry learning model are
presented in Table 1.

Table 1

Phase of inquiry learning model

Phases Learning Activity

Problem a. Observation of phenomena/issue that interest students.

orientation  b. Students identify the phenomena/issue and find analogies and other examples of
the phenomenon.
c. Students create a question worth investigating.
Manipulation a. Students discuss and debate emerging ideas for investigating the
phenomenon/issue and develop approaches to analyzing it.
b. Students create an investigation plan and carry it out to obtain qualitative and
quantitative data.
Generalization a. Students explain principles, laws, or theories relevant to the phenomenon/issue

being studied.
b. Students construct a logical and understandable explanation of the
phenomenon/issue.
Verification Students make predictions and prove them using general theories/principles

developed in the previous stage.

Students independently conclude and communicate with other students.

b. The conclusions are mutually agreed upon and then applied to different
situations as needed.

o

Application

2.2.2. Experimental Groups

The experimental group applied inquiry integrated with socio-scientific issues in a real-world
context, while the control group only used a inquiry learning model without additional SSI
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integration. The experimental group used the SSRI learning model, which excels in utilizing socio-
scientific issues as the main problem to encourage students to argue. The SSI issue used in this
study is GMO crops, which covers scientific, social, and ethical aspects. Thus, students can explore
various perspectives in the discussion. The selection of the experimental group in this study is an
important step that is done by considering the characteristics of the participants to achieve the
research objectives (Creswell & Creswell, 2018; Fraenkel et al., 2012). The selection is based on the
similarity of characteristics between the experimental and control groups, ensuring the results
obtained are more accurate as an effect of the applied learning model intervention (Balkin & Lenz,
2021; Reichardt, 2019). With the similarity of these characteristics, bias can be minimized, and the
internal validity of the research becomes more assured.

The SSRI learning model applied in this experimental group integrates the real-world
application approach (Wenning, 2011b) with the socio-science issue-based learning method or SSI
(Sadler, 2011). This integration resulted in the main components of the SSRI model, namely (1)
learning syntax in 5 phases, (2) social systems that support interaction, (3) reaction principles to
encourage active engagement, (4) support systems as learning aids, and (5) instructional and
nurturant impacts (Joyce et al., 2015). The phase and sub phase of the SSRI learning model are a
systematically designed framework to guide students in solving scientific social problems, starting
from problem orientation to reflection. Phases are the main stages in learning designed to achieve
objectives, while sub-phases are the detailed steps within each phase that help students go through
the learning process systematically. Details of the phases and sub-phases of the SSRI learning
model are presented in Table 2.

Table 2
Phases and sub phases of SSRI learning model
Phases and sub-phases Learning Activity
Problem orientation
Identification The provision of SSI that is currently developing in society is
related to learning material in the form of discourse/ readings or
other forms.
Students identify problems in the discourse/ SSI reading.
Main Topic Formulation Students determine the main topic of the problem (pros and cons in
SSI).
Manipulation
Exploration Students provide opinions regarding the main topics (pros and
cons of SSI) found
Data Interpretation Students provide explanations accompanied by scientific evidence
to strengthen their opinions.
Generalization
Explanation/ Experimentation Students explain theoretically the topic of SSI problems to
strengthen their opinions
The theory is explained systematically to prove that his opinion on
the topic of SSI problems is correct.
Verification
Discussion Students discuss in class or in groups opinions that have been
supported by data, scientific explanations, and personal
experiences so that appropriate conclusions are obtained based on
the results of the discussion. Conclusions can be in the form of
alternative solutions as a form of resolving the main SSI problem
topic.
Communication Students communicate the results of their discussions

(conclusions/ alternative solutions) to the class in the form of oral
presentations/ posters/ other scientific writing.

Reflection Students evaluate the advantages and disadvantages of alternative
conclusions /solutions as well as the implications of these
solutions if applied to different.
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The SSRI learning model has the advantage of presenting SSI as the core problem, which serves
as a stimulus for students to practice arguing. The complex and controversial nature of socio-
scientific issues can be utilized to improve students” argumentation skills (Martini et al., 2021; Zhu
& He, 2022). When students are exposed to controversial SSI, they will engage in discussion, and
debate that demand thinking skills, such as reasoning and evaluation of ethical issues, as well as
the ability to make decisions regarding problem solutions (Evagorou et al., 2020). The integration
of socio-scientific issues in learning creates a more meaningful learning experience compared to
conventional methods, although it may present its challenges.

2.3. Data Collection Instrument

The instrument used to measure socio-scientific argumentation skills was an open-ended
questions. In this research, the instrument was adapted from Toulmin's Argument Pattern [TAP]
argumentation model (Toulmin, 2003). The argumentation skills instrument consisted of 20 open-
ended questions containing discourse on SSI (see Supplementary file). The questions were
designed in an open-ended form to encourage students to give concise and clear answers while
still demonstrating structured reasoning. These questions lead students to construct well-
structured arguments and articulate their thought processes clearly. This approach allows
evaluation of the coherence and logical structure of students' arguments without burdening them
with excessive writing demands. The aspects and indicators used can be seen in Table 3.

Table 3
Aspects and indicators of arqumentation skills

Aspect Description Indicators Ttem
number
Claim Express claims for socio- Critical in responding to SSI about GMOs. 1,2
scientific problem solving. Generate ideas and answers about GMOs. 3,4
Evidence Show data or evidence that Collect data/ facts that can prove claims 5,6
supports the claim. made about GMO issues.
Classify the facts and data needed to solve 7,8
the main problem in GMO issues.
Warrant Analyze the relationship Analyze the relationship between data and 9, 10
between data and claims. claims in the context of GMO issues.
Backing with Explains the truth basis to Explain the truth base to support claims 11,12
contemplation  support claims accompanied about GMO issues.
by empirical experience. Backing up claims with empirical 13, 14
experience on GMOs use.
Rebuttal Making  statements  that Provide counter evidence to arguments 15,16
contradict data, warrant, or made about GMO issues.
backing. Presenting alternative solutions to the 17,18
GMO issues in overcoming food problems.
Qualifier Indicates the terms or Provide certain conditions that make claims 19, 20

conditions to which the claim valid on the GMO issues.

applies

The argumentation skills instrument that has been designed is then validated through content
validity and construct validity tests. The results of the content validity test show that each item has
an Aiken [V] score above 0.76, which indicates that all items are valid. The construct validity test
was conducted by testing the instrument on students who had completed the material on
transgenic plants. Through Rasch model analysis, a Cronbach's alpha value of .72 was obtained,
indicating that the instrument was reliable. The instrument was also analyzed using the variance
explained by measure value, which resulted in a score of 37.2%, indicating a good value (Mokshein
et al,, 2019). In contrast, the unexplained variance value is in the range of 8.6%-12.3%, which
indicates that the instrument is suitable for measuring argumentation skills (Fisher, 2007; Garg et
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al., 2021; Howells et al., 2020). Before the learning begins, students are given a pre-test question for
argumentation skills that must be completed in 90 minutes. After the learning ends, they also do
the argumentation skills posttest question at the same time.

Students' experiences include a variety of experiences that describe them during their learning
with SSRI. Assessment of this experience is important to provide insight into the effects of SSRI
learning and as a basis for further learning improvements. A total of 10 indicators that were
decomposed into ten items of questionnaire statements about student experiences were carefully
arranged according to the context, purpose and needs of the study. Seven biology education
experts have validated this questionnaire to ensure its validity using Aiken's V statistics.

2.4. Data Analysis

The data analysis of the results of the socio-scientific argumentation skills tests compared the
average scores of the pretest and posttest. Previously, the collected test score data were analyzed to
determine data distribution using the Shapiro-Wilk test. The test results showed that the pretest
and posttest scores were greater than p > .05, which means that the data were normally
distributed. The pretest and posttest scores in CG and EG were also tested for homogeneity of
variance using the Levene test. The test results showed a p-value > .05, indicating that the data was
homogeneous. Therefore, to determine the difference in argumentation skills scores on EG and CG
using parametric statistical tests. A paired sample f-test was used to determine the difference in
pretest and posttest means of each aspect of argumentation skills in EG and CG. At the same time,
the independent sample #-test was used to determine the difference in the mean posttest of each
aspect of argumentation skills between EG and CG. Effect-Size [ES] was also measured using
Cohen's d (Cohen, 1988) to determine the amount of influence on each aspect of argumentation
skills in group (EG and CG). Effect-size values are classified as follows; —.15 < d < .15 negligible,
15 <d < 40 low, 40 < d < .75 medium, .75 < d < 1.10 large, 1.10 < d < 1.45 very large, (1.45) d
perfectly (huge) (Giiler et al., 2022).

3. Results

The learning model was implemented in two classes (EG and CG) in biology education. Students
are given pretest questions before learning, and at the end of learning they are given a posttest.
Table 4 shows the descriptive statistics of the argumentation skills.

Table 4
Descriptive statistics of the pre and posttest argumentation skills
Aspect of Group M SD Minimum Maximum
argqumentation skills Pretest Posttest Pretest Posttest Pretest Posttest Pretest  Posttest
Claim CG 46 6291 7405 1041 9.31 3750  56.25 81.25 93.75
EG 44 6222 8523 8.33 9.44 50 62.50 81.25 100
Evidence CG 46 6019 6739 11.74 9.49 43.75 50 81.25 81.25
EG 44 6122 7770 1210 9.08 4375  56.25 81.25 100
Warrant CG 46 6196 7147 1393 1043  37.50 50 87.50 87.50
EG 44 6136 7784 1316 1039 3750 50 87.50 100
Backing with CG 46 06046 6943 9.86 9.34 50 50 81.25 81.75
contemplation EG 44 60.09 76.14 8.33 8.87 50 56.25 81.25 100
Rebuttal CG 46 6182 6834 1202 1181 50 50 81.25 87.50
EG 44 6151 7543 1951 9.28 50 50 81.25 100
Qualifier CG 46 6630 70.65 1842 14.72 25 50 87.50 100
EG 44 6648 7699 1721 11.73 25 50 87.50 100
Overall Mean CG 46 6190 70.05 8.93 7.63 46.25  52.50 80 82.50
EG 44 6179 7838 6.68 6.59 4750  67.50 77.50 90

Table 4 presents the descriptive statistical results of each aspect of argumentation skills in EG
and CG. In general, there was an increase in pretest to posttest scores on argumentation skills in
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EG and CG. However, the average posttest for each aspect in EG was greater than the posttest for
CG. The argumentation skills scores were then analyzed using a paired sample t-test to determine
the difference in pretest-posttest scores for each aspect in EG and CG (see Table 5).

Table 5
Comparison of improvement in argumentation skills

. Effect size (ES)
Aspect Group Paired sample t-test (Cohen’s d)
t-value p-value Point estimate Interpretation

Claim CG 46 —6.261 .001 923 large

EG 44 -11.063 .001 1.668 perfectly
Evidence CG 46 5528 .001 815 large

EG 44  -12.337 .001 1.210 very large
Warrant CG 46 —4ell .001 .680 medium

EG 44 5928 .001 .894 large
Backing with contemplation CG 46 5741 .001 .846 large

EG 44  -12.309 .001 1.304 very large
Rebuttal CG 46 —4.848 .001 715 medium

EG 44 -1035 .001 1.186 very large
Qualifier CG 46 -2.003 .051 295 low

EG 44 5598 .001 .650 medium

The results in Table 5 show that in each class (EG and CG), each aspect has a significant
difference (p < .05), which means that the SSRI learning model effectively improves each aspect of
argumentation skills in EG and the inquiry learning in CG (except the qualifier aspect, p > .05). At
the same time, the ES value of each aspect in EG is greater than that of CG. This shows that the
SSRI learning model provides a greater effect size than the inquiry learning in improving
argumentation skills. To determine the significance of the difference in the average posttest score
of argumentation skills between EG and CG, the data were analyzed with an independent sample
t-test (see Table 6).

Table 6
Independent t-test of the posttest dependent variables (between-groups)

) Effect size category
Aspect Group = Independent sample t-test (Cohen’s d)
t-value p-value Point estimate  Interpretation

Claim CG 46

EG 14 —5.65 <.001 1.192 very large
Evidence CG 46

EG 14 -5.26 <.001 1.109 very large
Warrant CG 46 .

EG 14 -2.90 .005 0.612 medium
Backing with contemplation CG 46 349 < 001 0.736 medium

EG 44
Rebuttal CG 46 .

EG A4 -3.15 .002 0.665 medium
Qualifier CG 46 _ )

EG A4 2.26 .026 0.475 medium
Overall Mean CG 46 —5.53 <.001 1.166 very large

The results in Table 6 show that there are differences in posttest scores between EG and CG on
all aspects of argumentation skills (p < .05). These results mean that the implementation of the SSRI
learning model is better for improving argumentation skills than CG. ES values in 2 aspects
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obtained very large categories (claim, evidence) and four aspects obtained medium categories
(warrant, backing with contemplation, rebuttal, qualifier). The highest ES value is in the claim
aspect. The integration of SSI in inquiry learning makes students interested and motivated to
identify the main issues/ problems in the context of the SSI so that they are trained to give their
opinions about SSI correctly.

Table 7 shows the examples of arguments produced by students from the experimental group
on the topic of GMOs, illustrating their argumentation skills.

Table 7
Example of student arquments in EG

Aspect and sample questions Student arguments Rubric-based assessment

Aspect: Claim

Question: Herbicide-tolerant
transgenic soybeans are
considered more tolerant to
glyphosate than regular soybeans
(herbicide-intolerant). In your
opinion, is it necessary to
genetically engineer soybeans to
be resistant to glyphosate?
Explain!

I think genetic engineering of
soybeans is necessary, because
soybeans that are resistant to
the herbicide glyphosate,
farmers can more easily
manage their fields by
reducing  weeds  without
reducing their yields.

Explain reason engineering
genetics with argumentation
discourse data based, covering
danger glyphosate and its
impact on quality of soybeans,
in general logical, relevant, and
systematic.

Aspect: Evidence

Question: Research on the safety
of tempeh from transgenic
soybeans through subchronic
testing in mice. The purpose of
this study was to test the safety of
tempeh from transgenic soybean
through subchronic toxicity test
using mice. For 90 days, three
groups of mice (each consisting of
seven mice) were fed rations
containing tempeh flour from
transgenic soybeans, tempeh flour
from nontransgenic soybeans, and
casein as the control. On the 90th
day, all mice were sacrificed for
blood and organ collection (see
Table).

Based on the results of the
study, there were no
significant differences between
rats that ate GMO, non-GMO,
or control soybeans in terms of
behavior, and
bleeding/swelling indicators.
The study also showed that
transgenic soybeans did not
trigger any health effects in
rats, so transgenic soybeans
are safe for human
consumption.

Interpreting the result data
study about security
consumption soya bean

transgenic compared to with
non- transgenic soybeans by
mice For support claim, with not
enough complete (less from half
parameters), logical, and
systematic.

Aspect: warrant
Question: In  the  genetic
engineering process with gene

transformation in  transgenic
soybeans, generally using
Agrobacterium tumefaciens

bacteria . What is the role of these
bacteria in the genetic engineering
process in transgenic soybeans?

The bacterium Agrobacterium

tumefaciens is a vector for
transferring genes. This
bacterium is able to infect

soybean plant tissue so that
modified genes can enter
soybean tissue and soybeans
can express the modified gene
trait. Agrobacterium is
different from other bacteria
because it has a TI plasmid
that is able to transfer T-DNA
into soybean plant cells.

Describes  in  detail and
systematically the role of
Agrobacterium tumefaciens in
genetic engineering of
transgenic soybeans by linking
the TI plasmid to the bacteria
and natural infection by the
bacteria to the target plant
(genomics).
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Table 7 continued

Aspect and sample questions

Student arguments

Rubric-based assessment

Aspect: Backing with
Contemplation

Question: Do you have any
empirical ~ experience either

personally or based on the
experience of others in consuming
transgenic plant products?
Describe what the product is and
what  happened after you
consumed it?

I have eaten imported fruits
from abroad that are the
product of GMO crops. The
rot-resistant imported fruits
were safe and delicious to eat.
I did not experience any health
problems after consuming
them.

Provide evidence of personal/
other people's experiences that

are counter-
intuitive/refutational in the
form of consequences,

anticipations that can be made,
negative or positive impacts/
influences in a clear, systematic
and logical manner.

Aspect: Rebuttal

Question: Glyphosate herbicide-
tolerant soybeans are one
alternative solution to overcome
the world's food problems. What
if in an environment free of
soybean pests, is it still necessary

In my opinion, it is still
necessary to cultivate, because
it is possible that weed
problems may arise in the
future. However, if over time,
the land is completely weed-

Explaining the choice
(cultivation/not) clearly and
systematically, by providing

reasons for making glyphosate
herbicide-tolerant soybeans by
linking them to weed attacks or

to cultivate glyphosate herbicide-  free, it can be considered to  the quality of transgenic
tolerant soybeans? Explain. plant non-GMO soybean crops  soybeans.

without completely

eliminating GMO soybean

Crops.
Aspect: Qualifier
Question: After the successful =~ How to cultivate transgenic  Explains how to cultivate
engineering process of glyphosate  (herbicide resistant) soybean  transgenic soybeans by
herbicide-tolerant soybeans,  plants: a) Use of glyphosate explaining the following points
soybeans can be cultivated to  herbicide that is not excessive  a) Ensuring successful
increase soybean production. In  and measured according to  expression of herbicide

your opinion, how can we safely
cultivate glyphosate herbicide-
tolerant soybeans without
harming the surrounding
ecosystem/ environment?

needs; b) If weeds grow too
much, then a combination of
weed control with traditional
techniques such as pulling
weeds or pruning them is
needed; c) It is necessary to
alternate the cultivation of
soybean  plants  between
transgenic and non-transgenic,
so as not to constantly use
herbicides and also maintain
biodiversity.

tolerance genes in transgenic
soybeans, b) Controlled and
efficient use of herbicides, c)
Production/harvest that is not
excessive by taking into account
the needs and needs of ordinary
soybean farmers.

Students' learning experience using the SSRI learning model was analyzed using descriptive
statistics. Students' responses to the implementation of the SSRI learning model in EG are
presented in Table 8.

Table 8 shows that all students (44) responded agree and strongly agree to implement the SSRI
learning model in providing their learning experience. No students expressed disagreement or
negative responses. This finding indicates that students in EG had a positive experience with
implementing the SSRI learning model in their biology learning.
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Table 8
Percentages of students’ responses to the SSRI learning model
No Learning experience Disagree  Disagree less Agree Very agree
1  Extraction of initial knowledge - - 25 75
2 Problem identification of SSI - - 63.68 36.36
3  Determine the main topic of the SSI - - 56.82 43.18
4 Give an opinion on the main topic (pros and - - 43.18 56.82
cons of SSI).
5 Provide explanations accompanied by scientific - - 65.91 34.09
evidence.
6  Theoretically explain the topic of the SSI - - 31.82 68.18
7 Class and group discussions will conclude - - 45.45 54.55
(alternative solutions).
8 Communicate the result of their discussion - - 59.09 40.91
(conclusion/ alternative solution) to the class.
9 Evaluate the advantages and disadvantages of - - 47.73 52.2
alternative conclusions/solutions.
10 Explain the implications of the solution in - - 75 25

different situations.

4. Discussion

The results showed a significant difference between the pretest and posttest scores of overall
argumentation skills in EG and CG (Table 5). Based on the analysis of the aspects of argumentation
skills, five aspects in EG experienced significant improvement, while in CG, only one aspect did
not show significant differences (qualifier aspect). The interventions given to EG and CG resulted
in differences in the final results, with the effect size value on EG being higher than that of CG. The
mean posttest score of argumentation skills between EG and CG showed significant differences
overall, including in each aspect of argumentation skills (Table 6). The effect size also showed that
the intervention on EG had a positive impact on argumentation skills. These findings demonstrate
the potential of the SSRI learning model in improving students' argumentation skills. The inquiry-
based learning model with SSI integration provides a better impact on argumentation skills
compared to the real-world application (level of inquiry) learning model without SSI integration.

4.1. The SSRI Learning Model in Experimental Group

The effectiveness of the learning model needs to be determined to find the extent of the
instructional impact of the model on the objectives of the model development (Wicaksono, 2020).
The effectiveness of the SSRI learning model has been shown to have positive results, namely
improving students' argumentation skills in the SSI contexts compared to inquiry learning (Table
6). The stages in the SSRI learning model are specifically designed to train students' argumentation
skills in the context of SSI. The integration of SSI in the inquiry approach plays a significant role in
improving students' ability to argue. With SSI in inquiry learning, students are encouraged to put
forward arguments, engage in debate, and think critically so that they can see and respond to an
issue from an SSI perspective. This situation encourages the emergence of critical ideas from
students as they respond and make decisions regarding the SSI at hand. Therefore, the SSRI
learning model provides a stronger positive impact on the development of biology education
students' argumentation skills than the traditional inquiry model without the integration of SSI.
The debatable nature of SSI, relevant to contemporary issues and related to the context of everyday
life, provides an interesting and challenging learning experience, helping students practice
argumentation skills based on strong evidence. For example, a student in the experimental group
presented an argument that demonstrated claims supported by relevant scientific evidence and
reasoning that linked the process of genetic engineering to safety assurance (Table 7). This
student's response reflected their ability to integrate scientific and social information in
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constructing an evidence-based argument. These findings are consistent with Dawson and
Venville (2022) who highlight that incorporating socio-scientific issues into the learning process
fosters students' ability to evaluate and develop well-reasoned arguments critically. This study's
findings also align with a recent meta-analysis by Calik and Wiyarsi (2024), highlighting the
critical role of implementation duration and treatment type in SSI-based learning. In the meta-
analysis, implementation duration was a significant moderator variable, whereas longer-term
interventions substantially improved students' science literacy and argumentation skills. This
supports the effectiveness of SSRI learning, designed to take place in four meetings in four weeks.
By allowing sufficient time to explore the evidence, construct arguments, and consider different
perspectives, students are better equipped to make strong claims, use relevant scientific data, and
defend their arguments in academic discussions.

The SSRI learning model was developed to provide student-centered biology learning with the
teacher acting as a facilitator (Dobber et al., 2017). The SSRI learning model is built on the inquiry
model as the primary model, which has discovery characteristics (Wenning, 2011b). Theoretical
and empirical support for the SSRI learning model comes from recent research, including 1)
inquiry learning that is oriented towards argumentation activities has a positive impact on the
quality of student’s written and oral arguments (Arslan et al., 2023; Demircioglu et al., 2023), 2)
argumentation is practised in learning by using authentic problems as a stimulus so that students
can identify problems, provide solutions and evidence in their arguments (Evagorou et al., 2020;
Krell et al., 2024) organizing knowledge to provide an inquiry in social aspects empowers social
interaction to help students gain ideas directly in everyday life. This method makes students more
active in class, particularly in discussing and arguing, so they can maintain their study habits
(Bossér & Lindahl, 2020). In addition, Calik and Wiyarsi's (2024) meta-analysis also showed that
treatment type in SSl-based interventions influences learning outcomes. SSRI-based learning
integrates SSI in an inquiry approach, allowing students to understand scientific concepts, develop
evidence-based arguments, and consider multiple perspectives. This is different from the inquiry
learning model, which lacks explicit space for argumentation in the context of controversial socio-
scientific issues. Therefore, this study strengthens the finding that the SSI-based inquiry approach
is more effective than conventional inquiry in improving students' argumentation skills.

The SSRI learning model is applied to improve argumentation skills in the context of SSI.
Learning activities are designed to develop various aspects of argumentation skills, namely:
problem orientation, manipulation, generalization, verification, reflection. At the problem
orientation stage, students are introduced to real-world issues that are complex, controversial, and
contextually relevant. The SSI is presented through text and supported by learning media, such as
a video on biotechnology about GMOs, which is currently a topic of debate in society. Students
listen and identify the SSI, then determine the main topics related to GMOs. Through this activity,
students are trained to think critically and develop argumentation skills in recognizing and
analyzing contemporary social scientific issues that may be relevant to their own experiences. SSI
encourages students to systematically identify the components of an issue, including scientific,
social, economic and ethical aspects. SSI that are used as problems in learning can stimulate higher
thinking, encouraging analysis, and argumentation (Dawson & Venville, 2022; Khishfe, 2022;
Martini et al., 2021).

At the manipulation stage, students express their views on the key issues in GMOs and begin to
take a position, either for or against them. Students look for strong evidence from various sources
to support their position on the issue. This evidence strengthens students' arguments, either in
favour or against the issues of GMOs. Through this activity, students are facilitated to explore the
issue by collecting relevant evidence so that they can explore the issue in more depth. They are
guided to critically evaluate information from multiple perspectives, ensuring their arguments are
evidence-based. The third stage in learning is generalization; at this stage, students deepen their
understanding of SSl-related theories or materials to strengthen their opinions. This theoretical
material is explained in a structured way to show that their views on GMOs have a solid



A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 353

foundation. Solid evidence and theoretical support become the foundation for students in
developing appropriate solution steps to deal with the GMO issues. Students are trained to have
in-depth discussions and review various theories related to GMOs so that they can understand the
topic more comprehensively. Through these discussions, they learn to analyze information
critically, consider various perspectives, and develop structured arguments on issues related to
GMOs. Discussion activities facilitate students to ask questions that drive their decisions and
justify reasonable arguments (Faize et al., 2018; Nam & Chen, 2017). Learning in groups can
increase mutual interaction between students. The process of discussion during argumentation
and the presentation of counterarguments can encourage students to learn relevant information
(Faize et al., 2018).

At the verification stage, students engage in group and class discussions that focus on the
agreed solution to the GMO issues, that integrate scientific evidence and ethical considerations.
These solutions include alternative proposals that are expected to be effective responses to the
GMO issues. These discussions are reinforced by presentations and debates that encourage
students to clarify arguments and deepen their understanding while helping them gain additional
relevant information (Bossér & Lindahl, 2020; Faize et al., 2018). The utilization of SSI in learning
has a positive impact on students' ability to debate and discuss with each other, thus improving
their argumentation skills. Several studies explain that in an SSI learning environment, arguments
can arise between those who agree and those who disagree with the SSI context. Students
participate in debates between agreeing and disagreeing groups and show good performance in
generating claims, warrants, and rebuttals (Lin, 2024). Students who debate in the SSI context will
position themselves in one perspective/position of either agreeing or disagreeing (Christenson &
Walan, 2023; Lin, 2023). Through SSI-based learning, students' skills in presenting arguments and
dialoguing with peers develop significantly. At the reflection stage, students are invited to assess
the strengths and weaknesses of the solutions that have been designed for the GMO issues, as well
as consider the impact and effectiveness of these solutions when applied to different situations.
This reflection activity not only helps students recognize the quality of their proposed solutions
but also increases their awareness of their learning and problem-solving processes. Thus, students
become more skilful in evaluating their approaches and are prepared to face similar challenges in
the future (Li & Lajoie, 2022).

In this study, the SSI context has the theme of GMOs. Issues in GMOs, such as transgenic plant
products, cloning, and clinical biotechnology, are interesting topics that encourage students to
debate and argue. However, the SSI context in every country, and even in different regions within
a country, may vary. In the future, SSI development in other themes needs to be implemented, for
instance, in the theme of ecology. Ecological issues are popular issues that need to be raised as SSI
in biology learning. Environmental problems are global problems and not just national issues
(Genisa et al., 2020). In dealing with complex social issues such as GMOs, students are encouraged
to analyze the problem from multiple perspectives: scientific, social, economic, and ethical aspects
(Viehmann et al.,, 2024; Yerdelen et al., 2018). This multidimensional approach supports the
development of a complex and holistic mindset in students, which is crucial in understanding and
managing contemporary issues. Lecturers who implement SSI play a key role in helping students
hone their argumentation skills. By engaging students in scientific practices such as observation,
identification, analysis and inference of relevant issues, students are trained to construct
arguments with strong evidence and solid logic (Alcaraz-Dominguez & Barajas, 2024; Fadzil,
2017). Recent studies have also shown that SSI-based learning has a positive impact on students'
critical thinking and argumentation skills, especially on issues that require a multidisciplinary
approach (Hogstrom et al.,, 2024). Thus, through the SSRI learning model, students not only
deepen their understanding of complex issues such as GMOs but also strengthen their ability to
construct and defend rational and evidence-based arguments - an important skill in education and
everyday life.
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4.2. Inquiry Learning in Control Group

The results showed that the application of inquiry learning in the control group had a positive
impact on various aspects of students' argumentation skills (Table 5). Specifically, significant
improvements were seen in the aspects of claim, evidence, and backing with contemplation.
Moderate improvements occurred in the aspects of warrant and rebuttal, while in the qualifier
aspect, the effect was low. However, overall, the control group that applied inquiry learning
showed less optimal results than the experimental group that used the SSRI model.

The improvement of argumentation skills in the control group can be attributed to the
characteristics of inquiry learning that encourages discussion and debate among students, even
though the topics discussed are not included in the SSI. Through this approach, students are
trained to identify problems, discuss them in depth, develop claims, support arguments with
evidence, and strengthen them by backing them with contemplation. This funding is in line with
previous research, which states that inquiry-based learning is more effective than traditional
methods in improving students' argumentation skills (Antonio & Prudente, 2021; Lunn Brownlee
& Ryan, 2020; Songsil et al., 2019). This approach actively involves students in collecting data,
analyzing information, and building evidence-based arguments (Putri et al., 2024).

However, the lack of SSI context in inquiry learning may be one of the factors why this model
does not provide as good results as SSRI on some aspects of argumentation skills, such as rebuttal
and qualifier. According to Zeidler et al. (2019), SSI contexts offer more complicated and
controversial problems, which can increase students' cognitive engagement higher than non-SSI
topics. Therefore, although inquiry learning provides significant benefits, the results of this study
suggest that SSRI is more effective in training students to consider multiple perspectives and
construct more in-depth arguments. This finding confirms the importance of the relevance of the
learning context in developing students' argumentation skills. The inquiry learning improved
basic argumentation skills, but the addition of SSI elements in SSRI provided a more complex and
meaningful learning experience. This ultimately had a greater impact on all aspects of students'
argumentation skills.

4.3. The Experiences of Students using the SSRI Learning Model

In its implementation, the SSRI learning model received positive responses from lecturers and
students, indicating that this approach is considered an important innovation in the learning
process. The responses from students in the experimental group showed that they gave a very
positive response to the SSRI learning model (Table 8). Indicators that measure learning experience
show that most students agree and strongly agree with this approach. This positive response
reflects that the innovation of the SSRI learning model is indispensable in teaching biology, as it is
able to create a fun and meaningful learning experience and effectively develop students'
argumentation skills. Furthermore, the results of these student responses are in line with previous
research, which shows that the application of innovative learning methods can have a positive
impact on student engagement and motivation in the learning process (Jufrida et al., 2021;
Muzammil, 2020). Thus, the SSRI learning model not only improves the understanding of biology
concepts but also facilitates students in honing their critical and argumentative thinking skills,
which are essential to prepare them to face challenges in the real world. Students' active and
responsive involvement in this learning confirms that this approach is able to meet the needs of
better and relevant education in the modern era.

Although the SSRI learning model has many advantages, it also faces some limitations. One
aspect that needs to be further developed is the scope of learning topics, which is currently still
focused on the GMO issues. This topic restriction may reduce the variety of learning contexts that
appeal to students with different interests and backgrounds. Therefore, for future research, it is
suggested that the SSI be extended to other important areas, such as environment, health and
energy. This more diverse approach allows students to explore and analyze scientific issues that
are more relevant to their daily lives, thus enriching their understanding and increasing interest in
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science. Another limitation is the generalizability of the results, given that the SSRI learning model
is applied in a specific context. Variations in students' backgrounds, cultural factors, educational
systems in schools or colleges, and differences in geographical locations affect the effectiveness of
this model in various environments. In addition, this study only involved two classes in one
college, so the results may be different if the SSRI model is applied on a wider scale or in other
institutions. Including students from more diverse demographic backgrounds in the class may
provide a more comprehensive perspective on the effectiveness of the SSRI model. External
factors, such as family conditions and socioeconomic status, could also potentially influence
students in developing argumentation skills. Despite these limitations, the results and findings of
this study are expected to provide valuable insights into the potential of the SSRI model to
improve students' argumentation skills in the context of SSI.

Finally, the application of the SSRI learning model proved to have a positive impact in
improving students' argumentation skills. The results of a study comparing the experimental
group using the SSRI model with the control group applying inquiry learning showed that
integrating SSI in inquiry learning was more effective in developing biology education students'
argumentation skills. This finding reinforces previous studies, although there are also studies
showing that the inquiry approach can have a positive influence on students' argumentation skills.
In addition, the integration of SSI in inquiry learning that is relevant to real-world situations
provides a great motivational boost for students. The often controversial topics of SSI can arouse
students' curiosity and interest in exploring critical issues from various perspectives. This
approach leads students to actively seek additional information, evaluate the accuracy and
relevance of data, and build solid arguments for solving SSI. Thus, the SSRI model not only
increases learning interest but also prepares students to become individuals who are ready to face
and contribute to complex issues in real life.

5. Conclusion

The SSRI learning model aims specifically to enhance students’ socio-scientific argumentation
skills in biology learning as an instructional impact. The SSRI learning model has a significant
impact on argumentation skills compared to inquiry learning. The SSRI model was implemented
over four weeks, allowing students to gradually develop more vigorous argumentation through a
series of SSl-based inquiry stages. This duration provided sufficient time for students to explore
the evidence, develop arguments, and evaluate different perspectives. Students' responses were
also positive, as indicated by the answers of students who agreed and strongly agreed about their
learning experience with the SSRI learning model.

SSI, as a problem stimulus, serves as a starting point for learning. SSI is used as a problem in the
learning process to stimulate students to think on a higher level, encouraging activities such as
arguing. The SSRI learning model that has been implemented has a positive impact on students’
socio-scientific argumentation skills in biology learning. The implementation of the SSRI model
creates an atmosphere of collaborative discussion, arguing, searching, and analyzing data and
evidence to support opinions, as well as providing literature sources that can be accessed openly,
thereby contributing to improving students” socio-scientific argumentation skills. Students have an
essential role to play in the future development of good argumentation skills on SSL.

6. Recommendation

Even though the SSRI model contributes positively to argumentation skills in every aspect, its
application by utilizing technology in learning needs to be further developed, especially e-
learning, to support students in discussing at any time. The SSRI learning model can be
implemented in biology learning by raising SSI in the fields of ecology, environmental pollution,
global warming, food biotechnology, green technology, heredity, and energy in living systems.
Further research can be carried out by including more schools or diverse geographical regions,
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which could provide broader information on how learning models interact within specific
educational or community contexts.

7. Limitation

Although this study aims to test the effectiveness of the SSRI learning model as a means to
improve students' argumentation skills, some limitations need to be recognized. First, the results
of this study may have a limited degree of generalizability due to the specific context in which the
SSRI learning model is applied. Variations in student backgrounds, including culture, school/
college education systems, and geographic location, can influence the effectiveness of learning
models in different situations. Second, this research uses two class and is limited in sample size
and diversity, so if the model were applied to a broader population, it might have a different
impact. Small or homogenous sample sizes may hinder the ability to draw broad conclusions.
Additionally, including diverse student demographics in the classroom can provide a more
comprehensive understanding of the effectiveness of the SSRI learning model. Third, the duration
of time needed to implement the SSRI learning model can be a limiting factor. Finally, external
factors such as family conditions, socio-economic status, and community support can also
influence argumentation skills. These factors need to be considered when interpreting the findings.
Despite these limitations, it is hoped that the results and findings of this study will provide
knowledge and insight into the potential of the SSRI learning model in promoting argumentation
skills in the SSI context.

Acknowledgements: This research is part of the dissertation for the doctorate program in Natural
Science Education at Universitas Sebelas Maret, Indonesia. I would like to express my deepest
gratitude to Sebelas Maret University and all my colleagues who have provided assistance, input,
and motivation. Hopefully this research can make a positive contribution to the development of
science education.

Author contributions: Anwari Adi Nugroho: Concept and design, interpretation of data analysis,
drafting the manuscript, critical manuscript revision; Sajidan: Concept and design Drafting
manuscript, critical manuscript revision, data acquisition, supervision; Suranto: Drafting
manuscript, material support supervision;, Mohammad Masykuri: Drafting manuscript, material
support supervision.

Declaration of interest: The authors declare that no competing interests exist.

Data availability: The data generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Ethical declaration: The author states that permission to do this was given by Universitas
Muhammadiyah Surakarta as the location and subjects (students) of this research. Data collection
from participant has been through consent and voluntary participation.

Funding: The authors stated that they received no financial support for their study.

References

Abrami, P. C., Bernard, R. M., Borokhovski, E., Waddington, D. I, Wade, C. A., & Persson, T. (2015).
Strategies for teaching students to think critically: A meta-analysis. Review of Educational Research, 85(2),
275-314. https:/ /doi.org/10.3102/0034654314551063

Aikenhead, G. S. (2006). Science education for everyday life: Evidence-based practice. Teachers College Columbia
University.

Alcaraz-Dominguez, S. Y. S., & Barajas, M. (2024). SSI-based instruction by secondary school teachers: what
really happens in «class? International Journal of Science Education, 46(18), 1944-1962.
https:/ /doi.org/https:/ /doi.org/10.1080/09500693.2024.2303779


https://doi.org/10.3102/0034654314551063
https://doi.org/https:/doi.org/10.1080/09500693.2024.2303779

A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 357

Aldresti, F., Rahayu, S., & Fajaroh, F. (2018). The influence of inquiry-based chemistry learning with the
context of socio-scientific issues on high school students’ scientific explanation skills. Jurnal Pendidikan
IPA, 23(2), 139-146. https:/ /doi.org/10.18269/jpmipa.v23i2. XXX

Alfarraj, Y. F., Aldahmash, A. H., & Omar, S. H. (2023). Teachers’ perspectives on teaching science through
an argumentation-driven inquiry model: A mixed-methods study. Heliyon, 9(9), Article e19739.
https:/ /doi.org/10.1016/j.heliyon.2023.€19739

Amos, R., & Levinson, R. (2019). Socio-scientific inquiry-based learning: An approach for engaging with the
2030 sustainable development goals through school science. International Journal of Development Education
and Global Learning, 11(1), 29-49. https:/ /doi.org/10.18546/ijdegl.11.1.03

Antonio, R. P., & Prudente, M. S. (2021). Metacognitive argument-driven inquiry in teaching antimicrobial
resistance: effects on students’ conceptual understanding and argumentation skills. Journal of Turkish
Science Education, 18(2), 192-217. https:/ /doi.org/10.36681/ tused.2021.60

Arslan, H. O., Genc, M., & Durak, B. (2023). Exploring the effect of argument-driven inquiry on pre-service
science teachers’ achievement, science process, and argumentation skills and their views on the ADI
model. Teaching and Teacher Education, 121, Article 103905. https:/ /doi.org/10.1016/j.tate.2022.103905

Aslan, S. (2019). The impact of argumentation-based teaching and scenario-based learning method on the
students’ academic achievement. Journal of Baltic Science  Education, 18(2), 171-183.
https://doi.org/10.33225/jbse/19.18.171

Balkin, R. S., & Lenz, A. S. (2021). Contemporary issues in reporting statistical, practical, and clinical
significance in counseling research. Journal of Counseling and Development, 99(2), 227-237.
https:/ /doi.org/10.1002/jcad.12370

Bennett, J., Hogarth, S., & Lubben, F. (2003). A systematic review of the effects of context-based and Science-
Technology-Society (STS) approaches in the teaching of secondary science. Institute of Education, University of
London.

Bossér, U., & Lindahl, M. G. (2020). Students” use of open-minded attitude and elaborate talk in group
discussion and role-playing debate on socioscientific issues. Eurasia Journal of Mathematics, Science and
Technology Education, 16(12), 1-13. https:/ /doi.org/10.29333 /EJMSTE /9127

Calado, F. M., Scharfenberg, F. J., & Bogner, F. X. (2018). Science-technology-society-environment issues in
German and Portuguese biology textbooks: influenced of the socio-cultural context? International Journal
of Science  Education, Part B: Communication and Public Engagement, 8(3), 266-286.
https:/ /doi.org/10.1080/21548455.2018.1486051

Calik, M., & Coll, R. K. (2012). Investigating socioscientific issues via scientific habits of mind: development
and validation of the scientific habits of mind survey. International Journal of Science Education, 34(12),
1909-1930. https:/ /doi.org/10.1080/09500693.2012.685197

Calik, M., & Wiyarsi, A. (2024). The effect of socio-scientific issues-based intervention studies on scientific
literacy: a meta-analysis study. International Journal of Science Education, 47(3), 399-421.
https:/ /doi.org/10.1080/09500693.2024.2325382

Calik, M., & Wiyarsi, A. (2021). A systematic review of the research papers on chemistry-focused socio-
scientific issues. Journal of Baltic Science Education, 20(3), 360-372.
https:/ /doi.org/10.33225/jbse/21.20.360

Capps, D. K., & Crawford, B. A. (2013). Inquiry-based instruction and teaching about nature of science: Are
they happening? Journal of Science Teacher Education, 24(3), 497-526. https:/ /doi.org/10.1007 /s10972-012-
9314-z

Cents-Boonstra, M., Lichtwarck-Aschoff, A., Denessen, E., Aelterman, N., & Haerens, L. (2021). Fostering
student engagement with motivating teaching: An observation study of teacher and student behaviours.
Research Papers in Education, 36(6), 754-779. https:/ /doi.org/10.1080/02671522.2020.1767184

Cetin, P. S. (2014). Explicit argumentation instruction to facilitate conceptual understanding and
argumentation  skills.  Research in  Science and  Technological — Education, 32(1), 1-20.
https:/ /doi.org/10.1080/02635143.2013.850071

Chin, C., & Osborne, J. (2010). Supporting argumentation through students’ questions: Case studies in
science classrooms. Journal of the Learning Sciences, 19(2), 230-284.
https:/ /doi.org/10.1080/10508400903530036

Choden, T., & Kijkuakul, S. (2020). Blending problem based learning with scientific argumentation to
enhance students’ understanding of basic genetics. International Journal of Instruction, 13(1), 445-462.
https:/ /doi.org/10.29333/1ji.2020.13129a

Christenson, N., & Walan, S. (2023). Developing pre-service teachers’ competence in assessing socioscientific


https://doi.org/10.18269/jpmipa.v23i2.XXX
https://doi.org/10.1016/j.heliyon.2023.e19739
https://doi.org/10.18546/ijdegl.11.1.03
https://doi.org/10.36681/tused.2021.60
https://doi.org/10.1016/j.tate.2022.103905
https://doi.org/10.33225/jbse/19.18.171
https://doi.org/10.1002/jcad.12370
https://doi.org/10.29333/EJMSTE/9127
https://doi.org/10.1080/21548455.2018.1486051
https://doi.org/10.1080/09500693.2012.685197
https://doi.org/10.1080/09500693.2024.2325382
https://doi.org/10.33225/jbse/21.20.360
https://doi.org/10.1007/s10972-012-9314-z
https://doi.org/10.1007/s10972-012-9314-z
https://doi.org/10.1080/02671522.2020.1767184
https://doi.org/10.1080/02635143.2013.850071
https://doi.org/10.1080/10508400903530036
https://doi.org/10.29333/iji.2020.13129a

A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 358

argumentation. Journal of Science Teacher Education, 34(1), 1-23.
https://doi.org/10.1080/1046560X.2021.2018103

Cohen, J. (1988).  Statistical — power  analysis  for  the  behavioral  sciences. — Routledge.
https://doi.org/10.4324/9780203771587

Creswell, ]. W., & Creswell, J. D. (2018). Research design qualitative, quantitative, and mixed methods approaches.
Sage. https:/ /doi.org/10.4324 /9780429469237-3

Dah, N. M., Noor, M. S. A. M., Kamarudin, M. Z., & Azziz, S.S. S. A. (2024). The impacts of open inquiry on
students’ learning in science: A systematic literature review. Educational Research Review, 43, Article
100601. https:/ /doi.org/https:/ /doi.org/10.1016/j.edurev.2024.100601

Dawson, V., & Venville, G. (2022). Testing a methodology for the development of socioscientific issues to
enhance middle school students’” argumentation and reasoning. Research in Science and Technological
Education, 40(4), 499-514. https:/ /doi.org/10.1080/02635143.2020.1830267

Demircioglu, T., Karakus, M., & Ucar, S. (2023). Developing students’ critical thinking skills and
argumentation abilities through augmented reality-based argumentation activities in science classes.
Science and Education, 34(1), 1-23. https:/ /doi.org/10.1007 /s11191-022-00369-5

Dimopoulou, G., & Gasparatou, R. (2024). Emile’s inquiry-based science education. Journal of Philosophy of
Education, 58(1), 58-71. https:/ /doi.org/https:/ /doi.org/10.1093 /jopedu/qhae012

Dobber, M., Zwart, R., Tanis, M., & van Oers, B. (2017). Literature review: The role of the teacher in inquiry-
based education. Educational Research Review, 22, 194-214. https:/ /doi.org/10.1016/j.edurev.2017.09.002

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

Effendi-Hasibuan, M. H., Bakar, A., & Harizon. (2020). Skills to argue: Using argument-based learning (AbL)
and socio-scientific issues to promote university students’ argumentation skills in chemistry. Journal of
Physics: Conference Series, 1567(2), Article 022042. https:/ /doi.org/10.1088/1742-6596/1567 /2 /022042

Erdogan, I, Ciftci, A., & Topcu, M. S. (2017). Examination of the questions used in science lessons and
argumentation levels of students. Journal of Baltic Science Education, 16(6), 980-993.
https:/ /doi.org/10.33225/jbse /17.16.980

Eshetu, D., Atnafu, M., & Woldemichael, M. (2022). The effectiveness of guided inquiry-based technology
integration on pre-service mathematics teachers’” understanding of plane geometry. Journal of Pedagogical
Research, 6(4), 84-100. https:/ /doi.org/10.33902/JPR.202215241

Evagorou, M., Nielsen, J. A., & Dillon, ]J. (2020). Science teacher education for responsible citizenship. Springer.

Fadzil, H. M. (2017). Exploring early childhood preservice teachers’ problem-solving skills through
socioscientific inquiry approach. Asia-Pacific Forum on Science Learning and Teaching, 18(1), 1-19.

Faize, F. A., Husain, W., & Nisar, F. (2018). A critical review of scientific argumentation in science education.
Eurasia ~ Journal  of  Mathematics, Science  and  Technology  Education, 14(1), 475-483.
https:/ /doi.org/10.12973 / ejmste /80353

Falah, M. M., Hartono, 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

Fang, S. C, Hsu, Y. S, & Lin, S. S. (2019). Conceptualizing socioscientific decision making from a review of
research in science education. International Journal of Science and Mathematics Education, 17(3), 427-448.
https:/ /doi.org/10.1007/510763-018-9890-2

Fisher, W. P. (2007). Rating scale instrument quality criteria. Rasch Measurement Transactions, 21(1), Article
1095.

Fraenkel, J. R, Wallen, N. E., & Hyun, H. H. (2012). How to design and evaluate research in education. McGraw-
Hill.

Garg, P., Gupta, B., Chauhan, A. K., Sivarajah, U., Gupta, S., & Modgil, S. (2021). Measuring the perceived
benefits of implementing blockchain technology in the banking sector. Technological Forecasting and Social
Change, 163, Article 120407. https:/ /doi.org/10.1016/j.techfore.2020.120407

Garrecht, C., Eckhardt, M., Hoffler, T. N., & Harms, U. (2020). Fostering students’ socioscientific decision-
making: exploring the effectiveness of an environmental science competition. Disciplinary and
Interdisciplinary Science Education Research, 2(1), 1-16. https:/ /doi.org/10.1186/s43031-020-00022-7

Genisa, M. U, Subali, B., Djukri, Agussalim, A., & Habibi, H. (2020). Socio-scientific issues implementation
as science learning material. International Journal of Evaluation and Research in Education, 9(2), 311-317.
https:/ /doi.org/10.11591/ijere.v9i2.20530


https://doi.org/10.1080/1046560X.2021.2018103
https://doi.org/10.4324/9780203771587
https://doi.org/10.4324/9780429469237-3
https://doi.org/https:/doi.org/10.1016/j.edurev.2024.100601
https://doi.org/10.1080/02635143.2020.1830267
https://doi.org/10.1007/s11191-022-00369-5
https://doi.org/https:/doi.org/10.1093/jopedu/qhae012
https://doi.org/10.1016/j.edurev.2017.09.002
https://doi.org/10.1080/09500693.2012.667582
https://doi.org/10.1088/1742-6596/1567/2/022042
https://doi.org/10.33225/jbse/17.16.980
https://doi.org/10.33902/JPR.202215241
https://doi.org/10.12973/ejmste/80353
https://doi.org/10.36681/tused.2024.004
https://doi.org/10.1007/s10763-018-9890-2
https://doi.org/10.1016/j.techfore.2020.120407
https://doi.org/10.1186/s43031-020-00022-7
https://doi.org/10.11591/ijere.v9i2.20530

A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 359

Goodenough, A. E., MacTavish, L., MacTavish, D., & Hart, A. G. (2023). Teaching complex and controversial
issues: Importance of in-situ experiences in changing perceptions of global challenges. World, 4(2), 214~
224 https:/ /doi.org/10.3390/world4020015

Gormally, C., Sullivan, C. S., & Szeinbaum, N. (2016). Uncovering barriers to teaching assistants (TAs)
implementing inquiry teaching: Inconsistent facilitation techniques, student resistance, and reluctance to
share control over learning with students. Journal of Microbiology & Biology Education, 17(2), 215-224.
https://doi.org/10.1128 /jmbe.v17i2.1038

Gul, M. D., & Akcay, H. (2020). Structuring a new socioscientific issues (SSI) based instruction model:
Impacts on pre-service science teachers’ (PSTs) critical thinking skills and dispositions. International
Journal of Research in Education and Science, 6(1), 141-159. https:/ / doi.org/10.46328/ijres.v6i1.785

Giiler, M., Biitiiner, S. O., Danisman, S., & Girsoy, K. (2022). A meta-analysis of the impact of mobile
learning on mathematics achievement. Education and Information Technologies, 27(2), 1725-1745.
https://doi.org/10.1007 /s10639-021-10640-x

Gutierez, S. B. (2015). Integrating socio-scientific issues to enhance the bioethical decision-making skills of
high school students. International Education Studies, 8(1), 142-151. https:/ /doi.org/10.5539/ies.v8n1p142

Hidayati, S. N., Dasna, I. W., Munzil, M., Wonorahardjo, S., & Kohar, A. W. (2023). Prospective science
teachers’” information literacy and scientific argumentation skills in online learning during covid-19
pandemic. Jurnal Pendidikan IPA Indonesia, 12(1), 67-79. https:/ /doi.org/10.15294 /jpii.v12i1.41798

Hogstrom, P., Gericke, N., Wallin, J., & Bergman, E. (2024). Teaching socioscientific issues: A systematic
review. Science and Education, 1-44. https:/ /doi.org/10.1007 /s11191-024-00542-y

Howells, L. M., Chalmers, J. R., Gran, S., Ahmed, A., Apfelbacher, C., Burton, T., Howie, L., Lawton, S., Ridd,
M. J., Rogers, N. K., Sears, A. V., Spuls, P., von Kobyletzki, L., & Thomas, K. S. (2020). Development and
initial testing of a new instrument to measure the experience of eczema control in adults and children:
Recap of atopic eczema (RECAP). British Journal of Dermatology, 183(3), 524-536.
https://doi.org/10.1111/bjd.18780

Jho, H., & Ha, M. (2024). Towards effective argumentation : Design and implementation of a generative ai-
based evaluation and feedback. Journal of Baltic Science  Education, 23(2), 280-291.
https:/ /doi.org/https:/ /doi.org/10.33225/jbse /24.23.292

Joyce, B., Weil, M., & Calhoun, E. (2015). Models of teaching. Pearson Education.

Jufrida, J., Kurniawan, D. A., Tanti, T., Sukarni, W., Erika, E., Hoyi, R., & Ikhlas, M. (2021). Description of
student responses to the implementation of the inquiry learning model in physics. Jurnal Penelitian Fisika
Dan Aplikasinya (JPFA), 11(1), 16-28. https:/ /doi.org/10.26740/jpfa.v11nl.p16-28

Khalaf, B. K., & Zin, Z. B. M. (2018). Traditional and inquiry-based learning pedagogy: A systematic critical
review. International Journal of Instruction, 11(4), 545-564. https:/ /doi.org/10.12973/iji.2018.11434a

Khishfe, R. (2022). Nature of science and argumentation instruction in socioscientific and scientific contexts.
International Journal of Science Education, 44(4), 647-673. https:/ /doi.org/10.1080/09500693.2022.2050488

Kocoglu, A., & Kanadli, S. (2024). Effect of argumentation-based instruction on student achievement: a
mixed-research synthesis. Asia Pacific Education Review, 25(4), 1051-1081.
https:/ /doi.org/10.1007 /s12564-024-09945-6

Krell, M., Garrecht, C., & Minkley, N. (2024). Preservice biology teachers’ socioscientific argumentation:
Analyzing structural and content complexity in the context of a mandatory covid-19 vaccination.
International Journal of Science and Mathematics Education, 22(1), 121-141. https:/ /doi.org/10.1007 /s10763-
023-10364-z

Lestari, D. P., Paidi, & Suwarjo. (2024). Development and validation of the inquiry-based nature of science
and argumentation: A new instructional model on students’ scientific argumentation ability. International
Journal of Education and Practice, 12(2), 189-206. https:/ /doi.org/10.18488/61.v12i2.3657

Li, S., & Lajoie, S. P. (2022). Cognitive engagement in self-regulated learning : An integrative model. European
Journal of Psychology of Education, 37, 833-852. https:/ /doi.org/10.1007 /510212-021-00565-x

Lin, Y. (2024). The effects of students * standpoints in socio-scientific issues. Journal of Baltic Science Education,
23(1), 104-118. https:/ /doi.org/https:/ /doi.org/10.33225/jbse/24.23.104

Lin, Y. R. (2023). An idiom-driven learning strategy to improve low achievers’ science comprehension,
motivation, and  argumentation. Computers  and  Education, 195,  Article = 104710.
https://doi.org/10.1016/j.compedu.2022.104710

Lubben, F., Bennett, J., Hogarth, S., & Robinson, A. (2005). A systematic review of the effects of context-based and
Science-Technology-Society (STS) approaches in the teaching of secondary science on boys and girls, and on lower
ability pupils. Institute of Education, University of London.


https://doi.org/10.3390/world4020015
https://doi.org/10.1128/jmbe.v17i2.1038
https://doi.org/10.46328/ijres.v6i1.785
https://doi.org/10.1007/s10639-021-10640-x
https://doi.org/10.5539/ies.v8n1p142
https://doi.org/10.15294/jpii.v12i1.41798
https://doi.org/10.1007/s11191-024-00542-y
https://doi.org/10.1111/bjd.18780
https://doi.org/https:/doi.org/10.33225/jbse/24.23.292
https://doi.org/10.26740/jpfa.v11n1.p16-28
https://doi.org/10.12973/iji.2018.11434a
https://doi.org/10.1080/09500693.2022.2050488
https://doi.org/10.1007/s12564-024-09945-6
https://doi.org/10.1007/s10763-023-10364-z
https://doi.org/10.1007/s10763-023-10364-z
https://doi.org/10.18488/61.v12i2.3657
https://doi.org/10.1007/s10212-021-00565-x
https://doi.org/https:/doi.org/10.33225/jbse/24.23.104
https://doi.org/10.1016/j.compedu.2022.104710

A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 360

Lunn Brownlee, J., & Ryan, M. (2020). Supporting elementary school children to engage in collaborative
argumentation: developing a kaleidoscope framework of inquiry dialogue. Teachers and Teaching: Theory
and Practice, 26(7-8), 543-557. https:/ /doi.org/10.1080/13540602.2021.1900811

Majidi, A. el, Janssen, D., & de Graaff, R. (2021). The effects of in-class debates on argumentation skills in
second language education. System, 101, Article 102576. https:/ /doi.org/10.1016/j.system.2021.102576

Martini, Widodo, W., Qosyim, A., Mahdiannur, M. A., & Jatmiko, B. (2021). Improving undergraduate
science education students’ argumentation skills through debates on socioscientific issues. Jurnal
Pendidikan IPA Indonesia, 10(3), 428-438. https:/ /doi.org/10.15294/JPI1.V1013.30050

Memis, E. K., & Cevik, E. E. (2018). Argumentation based inquiry applications: Small group discussions of
students with different levels of success. Journal of Turkish Science Education, 15(1), 25-42.
https:/ /doi.org/10.12973 / tused.10219a

Mesci, G., Yesildag-Hasangebi, F., & Tuncay-Yiiksel, B. (2023). Argumentation based nature of science
instruction: Influence on pre-service science teachers’ NOS views and practicing. Teaching and Teacher
Education, 132, Article 104231. https:/ /doi.org/10.1016/j.tate.2023.104231

Miller, C. ]J., Smith, S. N., & Pugatch, M. (2020). Experimental and quasi-experimental designs in
implementation research. Psychiatry Research, 283, Article 112452.
https://doi.org/10.1016 /j.psychres.2019.06.027

Mokshein, S. E., Ishak, H., & Ahmad, H. (2019). The use of rasch measurement model in English testing.
Cakrawala Pendidikan, 38(1), 16-32. https:/ /doi.org/10.21831/cp.v38i1.22750

Mun, J.,, Kim, M., & Kim, S. W. (2022). How seventh-grade students experience the complexity of
socioscientific issues through decision making on the autonomous vehicle issue. Asia-Pacific Science
Education, 8(1), 43-71. https:/ /doi.org/10.1163 /23641177-bja10040

Muzammil, M. (2020). Application of the model inquiry learning for efforts to improve english learning
achievement (a case study in class XII IPA-3 MAN 2 students in odd semester academic year 2019/2020).
Edulingua:  Jurnal  Linguistiks ~ Terapan  Dan  Pendidikan ~ Bahasa  Inggris,  7(2),  27-36.
https://doi.org/10.34001/edulingua.v7i2.1402

Nam, Y., & Chen, Y. C. (2017). Promoting argumentative practice in socio-scientific issues through a science
inquiry activity. Eurasia Journal of Mathematics, Science and Technology Education, 13(7), 3431-3461.
https://doi.org/10.12973 / eurasia.2017.00737a

Nicol, C. B. (2021). An overview of inquiry-based science instruction amid challenges. Eurasia Journal of
Mathematics, Science and Technology Education, 17(12), Article em2042.
https:/ /doi.org/10.29333/ ejmste /11350

Nugroho, A. A., Sajidan, S., Suranto, S., & Masykuri, M. (2023). Analysis of students argumentation skills in
biotechnological socioscientific issue for designing innovative learning. AIP Conference Proceedings, Article
100002. https:/ /doi.org/10.1063/5.0143258

Nurohman, S., Sunarno, W., Sarwanto, & Yamtinah, S. (2021). The validation of digital analysis tool-assisted
real-world inquiry (Digita-ri) as a modification of the inquiry-based learning model in the digital age.
Jurnal Pendidikan IPA Indonesia, 10(3), 387-399. https:/ /doi.org/10.15294/JP11.V1013.30779

Nurtamara, L., Sajidan, S., & Suranto, S. (2019). The importance socio-scientific issues of in biology learning
preparing students as a 21st century society. Journal of Physics: Conference Series, 1157(2), Article 022070.
https:/ /doi.org/10.1088/1742-6596 /1157 /2 /022070

OECD. (2019). OECD learning compass 2030: A series of concept notes. Author.

Osborne, J. F., Henderson, J. B., MacPherson, A., Szu, E., Wild, A., & Yao, S. Y. (2016). The development and
validation of a learning progression for argumentation in science. Journal of Research in Science Teaching,
53(6), 821-846. https:/ /doi.org/10.1002/tea.21316

Oztiirk, B., Kaya, M., & Demir, M. (2022). Does inquiry-based learning model improve learning outcomes? A
second-order meta-analysis. Journal of Pedagogical Research, 6(4), 201-216.
https://doi.org/10.33902/JPR.202217481

Pekel, F. O. (2021). The effects of concept cartoons and argumentation based concept cartoons on students’
academic achievements. Journal of Baltic Science Education, 20(6), 956-968.
https:/ /doi.org/10.33225/JBSE/21.20.956

Ping, I. L. L., Halim, L., & Osman, K. (2020). Explicit teaching of scientific argumentation as an approach in
developing argumentation skills, science process skills and biology understanding. Journal of Baltic Science
Education, 19(2), 276-288. https:/ /doi.org/10.33225/jbse /20.19.276

Prahani, B. K., Susiawati, E., Deta, U. A., Lestari, N. A., Yantidewi, M., Jauhariyah, M. N. R., Mahdiannur, M.
A., Candrawati, E., Misbah, Mahtari, S., Suyidno, & Siswanto, ]. (2021). Profile of students” physics


https://doi.org/10.1080/13540602.2021.1900811
https://doi.org/10.1016/j.system.2021.102576
https://doi.org/10.15294/JPII.V10I3.30050
https://doi.org/10.12973/tused.10219a
https://doi.org/10.1016/j.tate.2023.104231
https://doi.org/10.1016/j.psychres.2019.06.027
https://doi.org/10.21831/cp.v38i1.22750
https://doi.org/10.1163/23641177-bja10040
https://doi.org/10.34001/edulingua.v7i2.1402
https://doi.org/10.12973/eurasia.2017.00737a
https://doi.org/10.29333/ejmste/11350
https://doi.org/10.1063/5.0143258
https://doi.org/10.15294/JPII.V10I3.30779
https://doi.org/10.1088/1742-6596/1157/2/022070
https://doi.org/10.1002/tea.21316
https://doi.org/10.33902/JPR.202217481
https://doi.org/10.33225/JBSE/21.20.956
https://doi.org/10.33225/jbse/20.19.276

A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 361

problem-solving skills and the implementation of inquiry (free, guided, and structured) learning in senior
high school. Journal of Physics: Conference Series, 1747, Article 012012. https://doi.org/10.1088/1742-
6596,/1747/1/012012

Probosari, R. M., Sajidan, S., Suranto, S., & Prayitno, B. A. (2022). Integrating reading as evidence to enhance
argumentation in scientific reading-based inquiry: A design-based research in biology classroom. Jurnal
Pendidikan IPA Indonesia, 11(1), 171-184. https:/ /doi.org/10.15294 /jpii.v11i1.29350

Putri, P. A. W., Rahayu, S.,, Widarti, H. R., Yahmin, Y., & Sulistina, O. (2024). Technology-embedded
argument-driven inquiry in preservice chemistry teacher education. Science and Education. Advance
Online Publication. https://doi.org/10.1007/s11191-024-00581-5

Reichardt, C. S. (2019). Quasi-experimentation a guide to design and analysis. The Guilford Press.

Saad, M., Baharom, S., Mokshien, S., & Setambah, M. (2017). The study of used socio-scientific issues (SSI) in
biology. International Journal of Academic Research in Business and Social Sciences, 7(3), 348-355.
https:/ /doi.org/10.6007 /IJARBSS/v7-i3 /2740

Sadler, T. D. (2004). Informal reasoning regarding socioscientific issues: A critical review of research. Journal
of Research in Science Teaching: The Official Journal of the National Association for Research in Science Teaching,
41(5), 513-536.

Sadler, T. D. (2011). Socio-scientific issues-based education: What we know about science education in the
context of SSI. In T. Sadler (Ed.), Socio-scientific Issues in the Classroom: Teaching, Learning 355 and Research
(pp- 355-369). Springer. https:/ /doi.org/10.1007 /978-94-007-1159-4_20

Sanger, M. J., & Greenbowe, T. J. (1996). Science-technology-society (STS) and ChemCom courses versus
college chemistry courses: is there a mismatch?. Journal of Chemical Education, 73(6), 532.

Songsil, W., Pongsophon, P., Boonsoong, B., & Clarke, A. (2019). Developing scientific argumentation
strategies using revised argument-driven inquiry (rADI) in science classrooms in Thailand. Asia-Pacific
Science Education, 5(1), 1-22. https:/ /doi.org/10.1186/541029-019-0035-x

Sparks, R. A., Jimenez, P. C,, Kirby, C. K., & Dauer, J. M. (2022). Using critical integrative argumentation to
assess socioscientific argumentation across decision-making contexts. Education Sciences, 12(10), 1-31.
https:/ /doi.org/10.3390/ educsci1l2100644

Stuckey, M., Hofstein, A., Mamlok-Naaman, R., & Eilks, I. (2013). The meaning of “relevance” in science
education and its implications for the science curriculum. Studies in Science Education, 49(1), 1-34.
https:/ /doi.org/10.1080/03057267.2013.802463

Subiantoro, A. W., Treagust, D., & Tang, K. S. (2021). Indonesian biology teachers perceptions about socio-
scientific  issue-based biology instruction.  Asia-Pacific  Science  Education, 7(2), 452-476.
https://doi.org/10.1163/23641177-bja10032

Sugrah, N., Suyanta, & Wiyarsi, A. (2023). Promoting students’ critical thinking and scientific attitudes
through socio-scientific issues-based flipped classroom. Lumat, 11(1), 140-165.
https://doi.org/10.31129/LUMAT.11.1.1856

Sulistina, O., Rahayu, S., Dasna, I. W., & Yahmin. (2024). Enhancing the scientific argumentation skills of
prospective chemistry teacher using integrated chemical literacy strategy. International Journal of
Evaluation and Research in Education, 13(6), 4346-4353. https:/ /doi.org/10.11591/ijere.v13i6.26935

Suwono, H., Rofi’Ah, N. L., Saefi, M., & Fachrunnisa, R. (2023). Interactive socio-scientific inquiry for
promoting scientific literacy, enhancing biological knowledge, and developing critical thinking. Journal of
Biological Education, 57(5), 944-959. https:/ /doi.org/10.1080/00219266.2021.2006270

Toulmin, S. E. (2003). The  uses of  argument. Cambridge  University  Press.
https:/ /doi.org/10.1017/CB0O9780511840005

Ummels, M. H. J., Kamp, M. J. A, De Kroon, H., & Boersma, K. T. (2015). Designing and evaluating a
context-based lesson sequence promoting conceptual coherence in biology. Journal of Biological Education,
49(1), 38-52. https:/ /doi.org/10.1080/00219266.2014.882380

Ultay, N., & Calik, M. (2012). A thematic review of studies into the effectiveness of context-based chemistry
curricula. Journal of science education and technology, 21(6), 686-701. https:/ /doi.org/10.1007/s10956-011-
9357-5

Vécha, Z., & Rokos, L. (2017). Integrated science and biology education as viewed by Czech university
students and their attitude to inquiry-based scientific education. New Educational Review, 47(1), 243-252.
https:/ /doi.org/10.15804/ tner.2017.47.1.19

Viehmann, C., Ferndndez Cardenas, J. M., & Reynaga Pefia, C. G. (2024). The use of socioscientific issues in
science lessons: A scoping review. Sustainability, 16(14), 2-29. https:/ /doi.org/10.3390/su16145827

Wansink, B. G.-J.,, Mol, H., Kortekaas, J., & Mainhard, T. (2023). Discussing controversial issues in the


https://doi.org/10.1088/1742-6596/1747/1/012012
https://doi.org/10.1088/1742-6596/1747/1/012012
https://doi.org/10.15294/jpii.v11i1.29350
https://doi.org/10.1007/s11191-024-00581-5
https://doi.org/10.6007/IJARBSS/v7-i3/2740
https://doi.org/10.1007/978-94-007-1159-4_20
https://doi.org/10.1186/s41029-019-0035-x
https://doi.org/10.3390/educsci12100644
https://doi.org/10.1080/03057267.2013.802463
https://doi.org/10.1163/23641177-bja10032
https://doi.org/10.31129/LUMAT.11.1.1856
https://doi.org/10.11591/ijere.v13i6.26935
https://doi.org/10.1080/00219266.2021.2006270
https://doi.org/10.1017/CBO9780511840005
https://doi.org/10.1080/00219266.2014.882380
https://doi.org/10.1007/s10956-011-9357-5
https://doi.org/10.1007/s10956-011-9357-5
https://doi.org/10.15804/tner.2017.47.1.19
https://doi.org/10.3390/su16145827

A. A. Nugroho et al. / Journal of Pedagogical Research, 9(1), 337-362 362

classroom: Exploring students’ safety perceptions and their willingness to participate. Teaching and
Teacher Education, 125, Article 104044. https://doi.org/10.1016/j.tate.2023.104044

Wenning, C. J. (2011a). Experimental inquiry in introductory physics courses. Journal of Physics Teacher
Education Online, 6(2), 2-8. https:/ /bit.ly /EI231

Wenning, C. J. (2011b). The levels of inquiry model of science teaching. Journal of Physics Teacher Education
Online, 6(2), 9-16. https:/ /bit.ly/EI231

Wicaksono, 1. (2020). Validity and practicality of the biotechnology series learning model to concept mastery
and scientific creativity. International Journal of  Instruction, 13(3), 157-170.
https:/ /doi.org/https:/ /doi.org/10.29333/1ji.2020.13311a

Yerdelen, S., Cansiz, M., Cansiz, N., & Akcay, H. (2018). Promoting preservice teachers” attitudes toward
socioscientific issues. Journal of Education in Science, Environment and Health, 4(1), 1-11.
https://doi.org/10.21891/jeseh.387465

Yoon, H. G, Joung, Y. J.,, & Kim, M. (2012). The challenges of science inquiry teaching for pre-service
teachers in elementary classrooms: Difficulties on and under the scene. Research in Science Education, 42(3),
589-608. https:/ /doi.org/10.1007/s11165-011-9212-y

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., Simmons, M. L., & Howes, E. V. (2005). Beyond STS: A research-based
framework for socioscientific issues education. Science Education, 89(3), 357-377.

Zhu, Y., & He, A. (2022). The effects of a collaborative argumentation intervention on Chinese students’
socioscientific ~ issues decision-making. Journal of Educational  Research, 115(6), 317-332.
https:/ /doi.org/10.1080/00220671.2022.2150996


https://doi.org/10.1016/j.tate.2023.104044
https://bit.ly/EI231
https://bit.ly/EI231
https://doi.org/https:/doi.org/10.29333/iji.2020.13311a
https://doi.org/10.21891/jeseh.387465
https://doi.org/10.1007/s11165-011-9212-y
https://doi.org/10.1186/s43031-019-0008-7
https://doi.org/10.1186/s43031-019-0008-7
https://doi.org/10.1080/00220671.2022.2150996

