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Abstract: Socio-scientific concerns have emerged as a prominent focus in contemporary
chemistry education research. This study aims to analyze the trends used in socio-scientific issues
in chemistry learning based on the results of research that has been carried out. This study uses a
meta-analysis research design. This meta-analysis uses Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA). Data was acquired from the Scopus and Google Scholar
databases utilizing scholarly publications from esteemed worldwide journals with the Scopus Q1-
Q3 classification. Conduct an article search utilizing the title and keywords "Socio-Scientific
Issues," "Socio-Scientific Issues Approach," or "Socio-Scientific Issues in Chemistry Learning,"
covering the last decade from 2015 to 2025. The results indicated that the database had a total of
10,982 articles, from which 35 articles were selected for examination. The results of the review
found that: a) socio-scientific issues in chemistry learning have a very dominant relevance to case-
based learning, namely inquiry (20.57%), PBL (10.29%) and PjBL (5.14%); b) the application of
socio-scientific issues in chemistry learning is more dominant towards the aspects of
argumentation, problem-solving, critical thinking and creative thinking. Consequently, the
tendency in chemistry education on socio-scientific issues underscores case-based learning that
prioritizes contextual difficulties.

Keywords: chemistry, learning, socio-scientific issues.

» INTRODUCTION

Now that we're in the 21st century, the world is getting faster and more complicated
all the time. A number of shifts have taken place in the realm of information, technology,
and knowledge on a worldwide scale, all with the goal of bettering contemporary society's
standard of living (Dewi et al., 2019; Muntholib et al., 2020). Community members reap
some benefits, but there are also some drawbacks, like increased greenhouse gas
emissions, energy shortages, and environmental degradation (Aznam & Irwanto, 2021).
Because of this, it's crucial for people to know how science works and how science,
technology, and society are interconnected (Dewi & Rahayu, 2023).

Chemistry learning not only emphasizes understanding concepts but students are
also required to be able to apply science concepts to solve problems related to science in
daily life (Wiyarsi et al., 2021). So, the benefits of successful chemistry learning will be
more pronounced if the learning can be applied to the reality of life (Aziz & Johari, 2023).
Chemistry learning emphasizes the importance of understanding science concepts and the
application of these science concepts to solve science-related problems in daily life
(Arslan & Durak, 2024). Therefore, to optimize the ability to understand science issues
in daily life, a learning that uses science issues is needed. Recent trends show increased
attention to socio-scientific issues (SSI) (Anwar et al., 2024). SSI covers social issues that
have a scientific aspect and require an understanding of science to discuss and solve them
(Abrori et al., 2024). Therefore, chemistry learning that can be used is learning using
socioscientific issues.
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Socio-scientific issue (SSI) is a depiction of social issues related to science in social
aspects including moral, political, social, and economic that uses a scientific approach to
integrating scientific concepts with the practice and construction of social knowledge
(Ban & Mahmud, 2023). Socio-scientific issues (SSI) include social and controversial
Issues by responding to issues/problems/information/news in society and encouraging
students to discuss and solve social problems related to science in social aspects,
including scientific products and processes that can cause debate (Badeo & Duque, 2022,
Ben-Horin et al., 2023). These topics should be present in various media sources such as
articles, newspapers, brochures, advertisements, TV reports, and so on that are used to
introduce the lesson plan and provoke questions and discussion (Dewi et al., 2022; Dewi
& Rahayu, 2023). The topics discussed should have the potential to enable learning
related to chemical content knowledge, as well as open group discussions and encourage
an open decision-making process (Carroll Steward et al., 2024).

Socioscientific issues are issues that describe societal problems related to a
conceptual, procedural, or technological context of science (Chen et al., 2024). The
application of socioscientific issues in learning will lead students to develop solutions
from various aspects of life, including aspects of science, culture, morals, and other cases
(Cruz-Lorite et al., 2023). The purpose of providing an approach to socioscientific issues
in science learning is to foster students to achieve decision-making (Dayan & Tsybulsky,
2024). Decision-making is important in the development of students' scientific literacy,
which is the main key to making students produce solutions to problems in daily life
(Friedrichsen et al., 2021; Hernandez-Ramos et al., 2021).

However, there are several problems in learning socio-scientific issues, namely
teachers' knowledge and understanding of SSI are still lacking (Jack et al., 2024); teachers
have difficulty integrating SSI with the curriculum (Kumar et al., 2024); time limitations
(Kammerer et al., 2021); Limited resources and teaching materials (Ke et al., 2021);
teachers have difficulty managing discussions and debates (Koulougliotis et al., 2021);
Learning focuses only on factual knowledge rather than critical thinking skills (Li & Guo,
2021). This is the reason why there hasn't been a thorough study of the social and
scientific aspects of learning that can be used to improve chemistry education. This
literature review is important because it can give us a well-organized look at
socioscientific problems that can be used to help students learn chemistry. This review
study aims to examine the trends in the instruction of socio-scientific topics within
chemistry education. This review study aims to offer recommendations concerning socio-
scientific topics that can be effectively integrated into chemistry education to enhance
21st-century competencies. Consequently, there is a want for effective mapping
pertaining to socio-scientific concerns education that enhances 21st-century abilities,
analysis, and synthesis.

This literature evaluation aims to identify the trend of integrating socio-scientific
themes into chemistry education. The problem formulation from this literature review is:
a) What is the relevance of socio-scientific issues in case-based learning?; b) How is the
application of socio-scientific issues in chemistry learning?.
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= METHOD
Research Design and Procedures

This study used a meta-analysis research methodology, a quantitative method that
amalgamates the findings of multiple primary studies for analysis and synthesis into a
cohesive outcome while proposing new focal points for future research by examining
deficiencies in current analyses (Kumar et al., 2024). This meta-analysis employs the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to identify eligible research studies (Moher et al., 2009). Harzing’s Publish or
Perish program was utilized as a meta-search engine, employing three databases: Google
Scholar, Scopus, and Web of Science, to identify research studies for this meta-analysis.
Relevant keywords were entered into the four databases to discover qualifying research
studies. Keywords like “socio-scientific issues,” “Socio-Scientific Issues Approach,” and
“Socio-Scientific Issues in Chemistry Learning” were employed to refine the selection of
research studies retrieved from the four databases. This study established predetermined
qualifying criteria for selecting the most suitable research studies.

Participants

The population used in this study was 10982 articles from Scopus, Google Scholar,
and Web of Science data sources. The sample used was 35 from the selection results that
had been carried out. The sampling technique was based on inclusion criteria.

Study selection
The criteria utilized for inclusion in the meta-analysis studies are explained below:

1. The research must have employed SSI in chemistry education.

2. Participants must include junior high school, high school, and college students.

3. The study must regard science content learning, competency, decision-making, and
reasoning as dependent variables.

4. The evaluation instruments employed in the research must possess sufficient validity
and reliability.

5. There are no geographical limitations; however, the publications must be composed
in English and published in peer-reviewed journals between 2015 and 2025.

6. Articles lacking complete data according to the inclusion criteria were excluded.

Data Collection

Upon finding research papers through keywords including “socio-scientific issues,”
“Socio-Scientific Issues Approach,” and “Socio-Scientific Issues in Chemistry
Learning,” the cumulative amount of research studies retrieved from the three databases
was 10928. Figure 1 illustrates the detailed process for selecting qualifying research
studies for meta-analysis in accordance with PRISMA standards.

Identification of Data sources

In this study, a literature study was carried out by taking data from scientific articles
from reputable international journals with the Scopus Q1-Q3 index. The database sources
used are Scopus, Google Scholar and Web of Science with search keywords including 1)
Socio-Scientific Issues, 2) Socio-Scientific Issues Approach, and 3) Socio-Scientific
Issues in Chemistry Learning. Article search is limited to the last 10 years from 2015-
2025. The search results for articles on database sources obtained a total of 10,982
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Keywords: “Socio-Scientific Issues " or “Socio-Scientific Issues Approach” or “Socio-Scientific Issues in Chemistry Learning”

Records identified through database searching (n = 10.982)

Identification Google Schoolar (n = SCOPUS (n= 120) WOS (n = 35)

10,827)

Skrening data literatur kategori “Artikel” Google Scholar (n=354), Scopus (n=96), WOS
(10

Screening T
Full-text articles assessed for eligibility: (n = 209)
T
Empirical studies included Additional records identified
Eligibility based on database search: (n = T (el Ue B

search of the included articles: (n

32) 53

Empirical studies included in synthesis:

Included (n=35)

Figurel. The flowchart illustrates the mapping of the selection of relevant articles for
systematic review Adoption from (Dewi & Rahayu, 2023)

articles, including those found in Scopus (n = 120), Wos (n = 20) and Google Scholar (n
=10,827). Then it was selected based on: 1) research topics, 2) research samples, 3) data
collection tools, 4) type research, 5) Continental Locations of Different Countries, and 6)
learning models.

Screening

The literature data screening process used the "Article” category and obtained
articles on Google Scholar 354, Scopus 96 and Wos of 10. After that, a screening of the
article title was carried out explicitly with the word “Socio-Scientific Issues” or “Socio-
Scientific Issues Approach” or Socio-Scientific Issues in Chemistry Learning” so that 197
articles were found on Google Scholar and 62 articles on Scopus. Then, another screening
was carried out by focusing on "Education Articles" and obtained as many as 161 articles
on Google Scholar and 48 articles on Scopus. Furthermore, screening was carried out by
focusing on the article quartile "Q1-Q3 articles” so that 32 articles were obtained on
Scopus and 26 articles on Google Scholar.

Eligibility and Included

Eligibility required studies to concentrate on SSI or SSl-related topics within
chemistry education contexts. Our definition of SSI and SSI-related content encompassed
four essential characteristics that functioned as selection parameters. The subject
examined in pertinent study must possess evident significance for future social
advancements. The problem must be interdisciplinary and unstructured, incorporating a
complexity of diverse elements, interests, and potential views. Third, scientific
knowledge is essential for reasoning regarding the topic and making educated
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conclusions. Fourth, ethical viewpoints and values are intrinsic components of the
decision-making process, irrespective of their explicit consideration during the student's
educational experience. Only research publications authored in English were deemed
eligible for inclusion in the systematic review. The research must be published in a peer-
reviewed scientific journal classified as level 1, level 2, or level 3 in the Scopus scale. We
incorporated studies completed in all countries.

The final stage involves reviewing the "full paper" and "eliminating duplicates” to
yield 35 articles. Consequently, 35 publications were chosen for analysis in accordance
with the research topic. The subsequent sections present insights from the evaluated
papers, accompanied by chosen findings organized in tables for straightforward synthesis
and analysis. Two researchers independently coded the articles, achieving a rater
agreement of 95% due to the objective nature of the factors assessed from the text.

Data Analysis

Data analysis uses covidence software to categorize the articles analyzed according
to the specified topics. In categorizing papers as chemistry-related or focused on SSI, the
authors identified three study types: hypothetical or theoretical studies that outlined
chemistry-focused SSI without implementation or examined the theoretical framework
through existing literature; intervention studies that incorporated experimental designs
and/or treatments; and descriptive studies that investigated participants' perspectives,
values, argumentation skills, understanding, critical thinking, creative thinking, scientific
thinking, and decision-making processes, while also assessing lesson plans and/or
learning outcomes of chemistry-focused SSI. Consequently, the authors categorized the
research studies into three classifications: hypothetical/theoretical, intervention, and
descriptive. The authors modified the original matrix to deliver a thorough and systematic
review, encompassing objectives, variables, samples/participants, chemical principles,
SSI, SSI dimensions, and findings by Dewi & Rahayu (2023). They subsequently
developed primary codes for each study related to the matrix and verified each code to
ensure its compliance and usefulness. Subsequently, they developed secondary codes for
each subject by an inductive examination of the primary codes. Consequently,
overarching themes, parallels, distinctions, and distinctive characteristics of the study
papers emerged. The writers methodically identified the 'relevance’ components of the
study papers through meticulous re-examination.

Research Validity and Reliability

The instrument used in this study is a quality assessment rubric adapted from
Margot & Kettler (2019). To reduce the incidence of missing data, two chemistry
educators independently categorized 259 research publications into two groups:
chemistry-focused SSI and chemistry-related SSI. The inter-rater reliability was
determined to be 0.87. All disputes were settled via negotiation. Moreover, a panel of
experts (the authors and two chemistry educators) independently analyzed four randomly
chosen research papers from the total of 35 to validate the reliability of the coding. The
inter-rater consistency was determined to be 0.92, signifying full agreement in coding
(MacPhail et al., 2016). Subsequently, the authors independently proceeded with the
coding process and established primary codes for each study. Subsequently, they
generated secondary codes through an inductive analysis of the primary codes.
Furthermore, the writers verified each other's codes and affirmed their compatibility and
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usefulness. Subsequently, they individually examined the 'relevance’ component in the
research papers and subsequently reviewed each other's relevance components. This
process demonstrated a high consistency rating of 0.95.

» RESULT AND DISSCUSSION
What is the relevance of socio-scientific issues in case-based learning?

Some themes that emerged to summarise the existing research related to the codes
are the type of research, continental locations of different countries and learning models.
Table 1 shows that the research trend on socio-scientific issues in chemistry learning is
dominated by qualitative research types rather than quantitative and mixed-methods.

Table 1. Research types

Research types Number of Articles Percentage (%)
Qualitative 15 43
Quantitative 14 40
Mixed-Methods 6 17

Table 2. Continental locations of different countries

Continents Countries
Asia China, India, South Korea, Malaysia, Lebanon, Taiwan, Indonesia
and Thailand
Europa Denmark, Cyprus, Sweden, Turkey, UK, France, Netherlands,
England, Germany, Portugal, and Greece
American USA and Canada
Australia Australia, New Zealand

Research on socio-scientific issues is dominated by the European continent rather
than Asia, America, and Australia. The learning model applied in case-based socio-
scientific issues is dominated by IBL rather than PBL and PjBL.

Table 3. Learning model

Learning Model Number of Articles Percentage (%0)
Inquiry-Based Learning 20 57
Problem-Based Learning 10 29
Project-Based Learning 5 14

How is the application of socio-scientific issues in chemistry learning?

Several themes emerged to summarize existing research related to codes, namely
data collection tools, research samples, and topic research. The data collection
instruments used in measuring students' skills in learning socio-scientific issues are
dominated by interviews and open-ended questions.

Table 4. Data collection tools

Data Collection Tools Number of Articles Percentage (%)
Interview 10 29
Open Ended Question 6 17

Questionnaire 4 11
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Table 5. Research samples

Research Samples

Number of Articles

Percentage (%)

Middle and High School 8 23
Preservice Teacher 15 43
Undergraduate Students 12 34

The sample involved in research related to socio-scientific issues was more in

preservice teachers than in undergraduate students, midlles and high schools. Research
topics in learning socio-scientific issues are more dominant in argumentation than
problem-solving, critical thinking and creative thinking.

Table 6. Topic research

Topic Research

Number of Articles

Percentage (%)

Argumentation 12 34
Problem-Solving 10 29
Critical Thinking 8 23
Creative Thinking 5 14

Relevance of socio-scientific issues in case-based learning

The significance of socio-scientific concerns in case-based learning is manifested
in three educational models: inquiry-based learning, problem-based learning, and project-
based learning. The subsequent graph illustrates the percentage significance of socio-
scientific issues in case-based learning.

Percentage of SSI Relevance in Case-Based
Learning

14%

57%

29% \

= Inquiry =PBL

PjBL

Figure 1. SSI relevance percentage in case-based learning
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Graph 1 shows that the relevance of socio-scientific issues in dominant case-based
learning is implemented through the inquiry learning model compared to PBL and PjBL.
The inquiry-based learning model is most relevant in the context of SSI because it focuses
on contemporary issues (e.g., climate change, global warming and others), uses scientific
data and evidence, involves discussion and debate to understand different perspectives
and can develop analytical and evaluation skills. This is because socio-scientific issues
are a learning approach that involves controversial and controversial cases in society
(Lopez-Fernandez et al., 2022; Muhid et al., 2020). Socio-scientific issues are questions
or problems that arise from the interaction between science, technology, and society
(Muis et al., 2021; Owens et al., 2021). Examples of SSI in a chemical context include
issues such as environmental pollution, climate change, the use of hazardous chemicals,
and ethics in scientific research. An understanding of these issues is important for students
because they are often faced with day-to-day decisions that require scientific knowledge
(Sakamoto et al., 2021; Shasha-Sharf & Tal, 2023). The relevance of SSI in case-based
learning includes: real cases in daily life, involving scientific thinking and scientific
procedures in solving problems (Anthonysamy, 2021; Sanchez et al., 2024).

Case-based learning is an active pedagogical approach that positions students at the
core of the educational environment, necessitating their active engagement in the
classroom and the construction of knowledge via the resolution of assigned cases (Dewi
& Rahayu, 2023). Case-based learning is an educational model variant closely associated
with Inquiry-Based Learning, Problem-Based Learning, and Project Learning, all
integrated within the Active Learning framework (Dewi et al., 2022). The following is
presented the syntax of CBL learning in Table 7.

Table 7. CBL type syntax in chemistry learning

Type .
CBL Sintax of Type CBL

IBL 1. Formulating the Problem

The formulation of the problem includes what questions need to be answered in
relation to the problem being asked.

2. Collecting Data
Students are asked to find supporting data to prove a hypothesis through
experimental methods.

3. Drawing conclusions & Interpreting data
A conclusion is drawn when the evidentiary steps are taken and the conclusions
reached are communicated to the students (Chu et al., 2021; Morsink et al., 2021).

PjBL 1. Prepare a project question or assignment

Questions should encourage students to complete an activity or project.

2. Design or make plans for projects
The plan includes the supporting activities that will be carried out as well as the
tools and materials that will help complete the project.

3. Prepare a schedule for the implementation of project completion
Activities at this stage: (a) setting a schedule; (b) determine the final goal (deadline)
of project completion; (c) planning new solutions; (d) explain why the new method
was chosen.

4. Monitor project activities and progress
Teachers are responsible for observing student activity during project completion.

5. Testing results
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Checking the results through presentations and project presentations.

6. Evaluate activities or experiences
Review of activities and project results implemented (Chen & Yang, 2019; Ruslan
et al., 2021).

PBL . Student orientation to problems.

. Arrange for students to learn and discuss.

. Guiding student investigations individually and in groups.
. Analyze and evaluate the problem-solving process.

. Create and present work results (Garcia-Ponce et al., 2021; Veale et al., 2018).

O WNEF

Table 7 illustrates that the implementation of SSI in case-based learning within
chemistry education encompasses:

1. Inquiry (IBL)

Inquiry emphasizes the educational process via empirical investigation,
encompassing information retrieval, question formulation, and the examination of
environmental occurrences to derive concepts or principles (Subiantoro et al., 2021;
Subiantoro & Treagust, 2021). The inquiry learning model's strength lies in its focus on
enhancing cognitive, affective, and psychomotor dimensions, fostering meaningful
learning experiences while accommodating diverse learning styles. This approach
facilitates the evolution of student learning psychology through behavioral changes
driven by experiential learning (Darwis et al., 2021; Madhuri & Goteti, 2022; Morsink et
al., 2021; Tsivitanidou et al., 2021; Vilardo et al., 2017).

2. Problem-Based Learning (PBL)

The PBL learning approach is predicated on the notion that challenges serve as a
catalyst for acquiring or integrating new knowledge (Marra et al., 2022). According to
cognitive psychology, three principles of learning pertinent to Problem-Based Learning
(PBL) are: (1) Learning is a constructive process rather than just acceptance, (2)
metacognition involves awareness of one's own knowledge, and (3) contextual and social
elements significantly affect learning (Rivas et al., 2022). The principal attributes of
problem-based learning encompass: (1) a focus on real-world problems, (2) the resolution
of authentic issues that students may encounter in the future, (3) a knowledge framework
organized around these problems, (4) student accountability for their own learning
journey, (5) active engagement in the educational process, (6) the reinforcement of
existing knowledge to facilitate the construction of new insights, (7) acquisition of
knowledge within a meaningful context, and (8) opportunities for students to enhance and
structure their understanding (Discipulo & Bautista, 2022) & (Stern & Hertel, 2022).

The PBL learning model is developed from constructivism, emphasizing student
activities in building knowledge (Saleh et al., 2022). Learning with a constructivist
approach is very relevant to the way of thinking, acting, and scientific inquiry (Pradini et
al., 2022). Therefore, this PBL learning model is considered very relevant to SSI because
it emphasizes student activities in conducting investigations that are oriented to solve
problems (Vellanki et al., 2022). Such activities help develop higher-order thinking skills
including problem-solving skills in students (Farid et al., 2022). Findings to Saleh et al.
(2022) shows that learning with the PBL model taught to students with low academic
ability and high academic ability can improve the meaningful learning process, will be
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followed by material that is remembered for a longer time. Exercises for problem-solving
are one of the efforts to empower metacognitive skills (Stebner et al., 2022). Some
researchers concluded that the effectiveness of PBL models can train metacognitive skills
(Dwi et al., 2022), can improve problem-solving, critical thinking and retention skills
(Palennari, 2016) & (Palennari et al., 2018), Potentially training students' metacognitive
skills and conceptual understanding (Buku et al., 2016), can empower critical thinking
skills which in turn improve student learning outcomes and retention (Adiansyah et al.,
2021).

The advantages of PBL are encouraging students to discover new knowledge,
supporting knowledge transfer to understand real-world problems, and developing
students' critical thinking skills (Alt & Raichel, 2022; Mann et al., 2021; Shasha-Sharf &
Tal, 2023). The PBL model's disadvantage lies in students’ frequent struggle to identify
problems appropriate to their cognitive level. Additionally, PBL requires more time than
traditional learning methods, and students often encounter challenges as they must learn
to gather data, analyze information, formulate hypotheses, and resolve issues (Haryani et
al., 2018).

3. Project-Based Learning (PjBL)

The project-based learning model (PjBL) is a novel educational approach that
emphasizes concepts engaging students in problem-solving and other significant
activities (Rosas-Melendez, 2019). In the Project Based Learning learning model, the
learning activities take place cooperatively in heterogeneous groups (Celik et al., 2018).
Because the nature of the project work is in groups, the development of learning skills
takes place among students, which means that there is an activity between students and
each other (Bressiani, 2020). These activities are in the form of findings in the skills of
planning, organizing and designing tasks to be done, which can ultimately strengthen the
overall teamwork (Turek, 2016). Through this learning model, students get a real learning
experience because students can develop critical thinking patterns and make decisions in
solving a newly discovered task/problem (Lu, 2021).

The focus on real-world issues in activities is the key learning mechanism in
project-based learning (Miller et al., 2021). The benefits of project-based learning include
fostering logical reasoning in problem-solving, cultivating the ability to formulate
hypotheses, enhancing critical and contextual thinking for real-world issues, developing
skills to conduct experiments for hypothesis validation, and improving decision-making
regarding problem-solving strategies (Muhariyansah et al., 2021; Wayan Santyasa et al.,
2021). The drawbacks of Project-Based Learning (PjBL) include its significant demands
on time and financial resources, the necessity for extensive media and educational
materials, the requirement for both educators and learners to be prepared for engagement
and growth, and the apprehension that students may focus exclusively on a singular topic
of study (Ruslan et al., 2021) & (Payoungkiattikun et al., 2022).

Application of socio-scientific issues in chemistry learning

Socio-scientific issues in chemistry learning are effectively applied in improving
21st-century skills by involving several important aspects in the chemistry learning
process, namely scientific thinking, critical thinking, argumentation, problem-solving,
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and creative thinking. The following is a graph of the percentage of 21st-century skill
aspects in the application of SSI.

Percentage of 21st century skills aspects in SSI
implementation

40
35
30
25
20
15
10

5

0
Critical thinking Argumentation Problem solving Creative thinking

Figure 2. Percentage of 21st century skills aspects in SSI application

Graph 2 shows that the dominant aspects involved in the application of socio-
scientific issues in chemistry learning to improve 21st-century skills are argumentation
versus problem-solving, critical thinking and creative thinking. The application of SSI is
more dominant in influencing students' argumentation because it can train students to
defend opinions and respond to various criticisms by combining scientific concepts with
social contexts in the form of contemporary issues that require data analysis, evidence
evaluation and argument development so that students understand the impact of science
on society. This indicates that socio-scientific issues in chemistry learning are oriented as
experiences in the process of forming 21st-century skills. This experience is referred to
as regulation in the formation of 21st-century skills (Sulistina & Hasanah, 2024; Tal &
Ginosar, 2024). Several skills regulations need to be emphasized including understanding
phenomena, connecting relevant concepts, conducting investigative activities,
interpreting results and connecting with real problem-solving situations in life (Listiana
et al., 2016; Suriyon et al., 2013b). According to research conducted by Suriyon et al.,
(2013a) 21st-century skills can be formed when students are given information by using
real cases in daily life in the form of questions or tasks, then the aspects that play a lot in
determining their regulation are skills in the 21st century, namely scientific thinking,
reasoning, critical thinking and problem-solving. This means that self-regulation in
receiving information and good learning is correlated with 21st-century skills (WWahono
etal., 2021).

In Chemistry learning is not only teaching theoretical concepts and formulas but
must also involve an understanding of social issues related to science. The socio-scientific
issues (SSI) approach in chemistry learning aims to develop critical thinking skills,
scientific thinking, reasoning, creative thinking, problem-solving and awareness of the
ethical and social implications of science. However, the implementation of SSI in the
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context of chemistry education faces various challenges. Here are some of the key
challenges to look out for:

1. Limitations of Teachers' Knowledge

One of the main challenges in the application of SSI in chemistry learning is the
limited knowledge of teachers about social issues relevant to chemistry (Wiyarsi et al.,
2021). Many chemistry teachers focus more on technical and academic aspects than on
associating subject matter with social issues. This lack of understanding can hinder their
ability to integrate SSI in chemistry teaching (Wiyarsi et al., 2024).

2. Lack of Resources and Learning Materials

Adequate resources are the key to success in SSI implementation. However, many
schools still do not have access to teaching materials that support social-scientific
problem-based learning (Wu & Yang, 2024). In addition, the lack of references or
textbooks that discuss the relationship between chemistry and social issues makes the
teaching process less effective (Fadly et al., 2022).

3. Challenges in Designing a Curriculum

Designing a curriculum that integrates SSI into chemistry learning is also a
challenge (Saija et al., 2022). Curricula are often tightly structured, making it difficult to
include dynamic and evolving social issues (Balgopal et al., 2017). Teachers need to adapt
and design relevant learning activities, but this requires extra time and effort.

4. Resistance from Students

Students who are accustomed to traditional learning methods may find themselves
disinterested or even reject SSl-based approaches (Leung, 2022). They may feel that
social issues are irrelevant to the chemistry lessons they are studying (Badeo & Duque,
2022). Therefore, teachers must be able to explain the importance of SSI and how it can
improve their understanding of chemistry and its impact in daily life.

5. Time Constraints

The implementation of SSI requires more time for in-depth discussion and critical
reflection. However, many teachers face time constraints in a dense curriculum. This
causes them to feel pressured to stick to a schedule without considering the social aspects
that may be very important in the context of chemistry learning (Badeo & Dugue, 2022;
Rahayu, 2019).

6. Appropriate Learning Evaluation

Assessing a student's understanding of SSI can also be challenging. Traditional
evaluation methods often do not include the aspects of mastering critical thinking skills,
scientific thinking, argumentation, creative thinking, problem-solving and social
awareness to be achieved (Balgopal et al., 2017). Teachers need to look for alternative
assessment methods that can evaluate students' ability to apply scientific knowledge to
social issues (Badeo & Duque, 2022).
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Research Implications

The implications of this research for teachers are that they can provide insights into
developing effective teaching skills, increasing knowledge about current socio-scientific
issues, developing the ability to facilitate discussion and debate, improving the ability to
integrate disciplines, developing the ability to measure students' critical thinking or
argumentation skills, improving the ability to develop relevant curricula and developing
the ability to cooperate with the community. The implications for students are that they
can increase awareness and understanding of socio-scientific issues, develop critical and
analytical thinking skills, improve argumentation and communication skills, develop
complex problem-solving skills, increase curiosity and motivation to learn, develop
cooperation and collaboration skills, increase awareness of social and environmental
responsibility.

= CONCLUSION

A systematic review of the literature revealed that socio-scientific issues in
chemistry education are significantly relevant to case-based learning methodologies,
specifically inquiry-based learning, project-based learning (PBL), and project-based
inquiry learning (PjBL). Furthermore, the application of socio-scientific issues in
chemistry education predominantly enhances argumentation, problem-solving, critical
thinking, and creative thinking skills. This study implies that it provides information and
opportunities for educators and researchers to learn socio-scientific issues in chemistry
learning that can effectively improve 21st-century skills in chemistry learning. Although
there are various challenges in the implementation of socio-scientific issues in chemistry
learning, efforts to integrate them are very important. By overcoming knowledge
limitations, providing sufficient resources, and designing a flexible curriculum, teachers
can create a more relevant and rewarding learning environment. In addition to enhancing
students' chemistry comprehension, this method will provide them with crucial tools to
tackle societal issues in the years to come.
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