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Abstract

Contemporary chemistry education aims to help students connect abstract concepts to real-world contexts.
However, research indicates that many students continue to struggle to understand scientific literacy and its
significance. The Socioscientific Issues (SSI) approach is implemented as a pedagogical strategy to bridge the gap
between societal concerns and scientific content in educational settings. This study examines the impact of the
SSI approach on high school students’ chemistry learning outcomes. A Systematic Literature Review (SLR) was
conducted in accordance with PRISMA guidelines. Inclusion criteria were set for peer-reviewed journal articles,
in English or Indonesian, published between 2020 and 2025, and focused on the implementation of SSI in high
school chemistry classes. Exclusion criteria included articles outside the field of chemistry, studies at the
elementary or higher education level, and articles that were only conceptual reviews without empirical data. The
selection process was carried out through four stages: initial identification in the Google Scholar databases;
screening of titles and abstracts; assessment of full-text eligibility; until 14 articles were obtained. The results
demonstrate that the SSI approach is shows consistent positive effects in enhancing students’ learning abilities.
The majority of research emphasises Critical Thinking (43%). Scientific Literacy (36%), whereas Argumentation
(14%) and Creative Thinking (7%) receive comparatively less attention. Green Chemistry emerges as the
predominant topic, accounting for 65% of the studies. At the same time, subjects such as Acid-Base and Rate of
Reaction are underrepresented. The SSI approach contributes to the development of Higher Order Thinking Skills
(HOTS), motivation, and scientific understanding. To further cultivate these competencies, it is recommended that
SSI be integrated into a broader range of chemistry topics, with increased emphasis on creative thinking and
advanced argumentation.
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INTRODUCTION

Today’s education demands 21st-century skills; intelligence is no longer measured by
how many facts it can memorise, but rather by the mastery of flexible and adaptive mental
skills. This is summarised in the ‘4C’ competencies: the ability to think sharply to assess the
truth (Critical), create new solutions (Creativity), work well together (Collaboration), and
convey ideas appropriately (Communication) (Miterianifa, 2020). Academically, this concept
confirms that, amid the onslaught of advanced technology, the principal value of humans lies
in the ‘agility’ of thinking and problem-solving, a lifelong learning ability that cannot be entirely
replaced by machines or artificial intelligence.

Science education in the 21st century has undergone a significant paradigm shift, moving
from mere factual knowledge transfer to the development of Higher Order Thinking Skills
(HOTs) and to a holistic strengthening of science literacy. In this context, education is
considered not solely as a process of knowledge acquisition but as an important effort aimed
at developing procedural skills, attitudes, and human resource potentials holistically (Ernawati
et al., 2022). Nevertheless, the facts available today highlight a clear difference. According to
the findings of the Programme for International Student Assessment (PISA), as examined in
various recent questions, the scientific literacy of Indonesian students remains among the
lowest, with students facing considerable challenges in relating scientific concepts to social,
physical, and environmental realities (Febriya & Desnita, 2024).

This challenge is increasingly complicated in a chemistry learning environment. Chemistry
is often seen as an unreal subject, difficult to understand, and less relevant to everyday life
(Miranti & Refelita, 2023). The use of a teacher-focused approach hinders the depth of
understanding of concepts. This affects students’ overall ability to learn chemistry, including
their understanding of concepts, argumentative skills, and skills in the science process.
Meanwhile, research shows that science process ability and learning interests are interrelated
and greatly affect students’ academic success. (Ernawati et al., 2022). Therefore, a pedagogical
approach is needed that bridges the gap between non-concrete chemical concepts and real-
life phenomena, while also increasing students’ interest and process skills.

One learning strategy that has the potential to overcome these challenges is the
Socioscientific Issues (SSI) approach. In this approach, dilemmatic issues that bring science and
society together are placed as the main context of learning. (Genisa et al., 2020; Laksono &
Wibowo, 2022). Through SSI, students are encouraged not only to understand the content of
science but also to negotiate with the social, ethical, and moral dimensions of decision-making.
(Okmarisa et al., 2025).

A diverse body of literature consistently confirms that the SSl approach has a strong, well-
tested basis. A global meta-analysis by Badeo & Duque, (2022) Revealed that SSI has a large
effect size on students’ science competence and reasoning. The latest findings from Villarojo &
Floro, (2024) Further strengthen this argument by noting that the integration of Socioscientific
Issues-Based Education (SSIBE) at the high school level has been shown to improve students’
science achievement to the mastery level significantly and to sharpen critical thinking and

Vol. 5, No. 1, pp. 24-36, February 2026 |




Naila Novianti, Zakiyah Asri, Miterianifa, Yetty Trisnayanti

problem-solving skills compared to traditional instructional methods. This is in line with the
findings of Aripin et al., (2025) and Saija et al., (2022) Who reported on the effectiveness of
local issue-based strategies in improving science literacy? SSl research trends in topics such as
acid-base and reaction rates continue to grow in chemistry education research (Kansha et al.,
2025; Okmarisa et al., 2025). The consistency of its positive impact on student learning success
is a strong foundation for its broader application.

Although the positive impact of SSI has been widely publicised, there is still limited
information that needs to be explored more deeply in these studies. Previously, most research
tended to focus on the development of learning tools (R&D) (Kristiana et al., 2022; Febriani et
al., 2022) Alternatively, highlight only one partially bound variable, such as scientific
arguments. (Amburika et al., 2025) or science literacy alone (Husniyyah et al., 2023). On the
other hand, although the variables of science process skills and interests have been explored
in other active learning models, such as Problem-Based Learning (Aripin et al., 2025). There is
still a limited number of studies that examine the impact of SSI in its entirety (covering aspects
of knowledge, science skills, and student interest simultaneously), especially those that focus
on high school students.

Given the urgency of the problem and the research opportunities, this study aims to
assess the effectiveness of the SSl approach in improving students’ ability to learn chemistry in
high school. The results of this study provide comprehensive evidence to strengthen the theory
of contextual learning and offer concrete steps to improve the quality of chemistry education
to meet the demands of 21st-century skills.

METHODS

This research was conducted using the Systematic Literature Review method, a
structured and standardised study methodology designed to identify, evaluate, and synthesise
findings from relevant research articles through the prism filtering method, which comprises
three essential stages: planning, conducting, and reporting. Inclusion criteria were set for peer-
reviewed journal articles, in English or Indonesian, published between 2020 and 2025, and
focused on the implementation of SSI in high school chemistry classes. The selection process
was carried out through four stages: initial identification in the Google Scholar databases;
screening of titles and abstracts; assessment of full-text eligibility; until 20 articles were
obtained. The planning stage includes determining the inclusion and exclusion criteria for
articles as well as review protocols; The conduct stage focuses on the collection and screening
of literature that meets the quality criteria; Meanwhile, the reporting involves presenting a
transparent and systematic synthesis of the findings. Page et al., 2021). Exclusion criteria
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included articles outside the field of chemistry, studies at the elementary or higher education
level, and articles that were only conceptual reviews without empirical data
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Figure 1. Prism Model Filtration Stage

Table 1. Inclusion and Exclusion Criteria

Criteria Inclusion (Articles Accepted) Exclusion (Article Rejected)
Time Articles published between 2020  Articles published outside of that time
Range and 2025 provide the latest range (e.g. 2019 or earlier).
information.
Topics &  An article that discusses the Articles that are irrelevant or do not fit the
Content Socio-Scientific Issues (SSI) criteria of the topic of the socio-scientific
approach in the context of approach.
learning explicitly.
Subjects  Research that focuses on Articles that discuss science in general or
Chemistry learning materials. other fields that are not specific to
chemistry.
Education Research subjects or materials Articles that do not cover chemistry
Level intended for the Senior High material for the high school level (e.g. for
School (SMA/High School) level. university level or elementary education).
Database Indexed literature that can be Literature that was not identified through
Source accessed through Google Scholar  the initial search protocol in Google

search.

Scholar.
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The literature selection in this study was carried out gradually and systematically using
the Google Scholar database. In the initial identification stage, the search yielded 200 articles,
which were then narrowed to 40 that were specifically related to media topics. The articles are
then screened at the screening stage based on the criterion of year of publication, namely
those published from 2020 to 2025. One of the articles was excluded because it was published
in 2019, leaving 39 articles. The researchers’ assessment stage on the 39 articles is more in-
depth to ensure the suitability of the material context, so articles that do not discuss chemistry
at the high school level are excluded. So, as many as 25 articles were excluded because they
did not discuss the content of high school chemistry material. After the elimination process,
the researchers initially obtained 14 articles as final results that met all inclusion criteria. All
articles were selected for further analysis according to the purpose of this research.

Table 2. Research Questions

No Research Questions Purpose

1. How did students’ chemistry learning  To determine students’ chemistry learning
skills improve after using the socio- skills following the use of the socio-
scientific issues approach? scientific issue approach.

2. What learning skills are produced from To determine learning skills generated from
chemistry learning that uses a socio- chemistry learning using a socio-scientific
scientific approach to issues? approach to issues.

3.  What materials are taught to students  To find out the material taught to students
using the socio-scientific approach? using a socio-scientific approach to issues.

FINDINGS AND DISCUSSION

From the Google Scholar search results, 200 articles were initially obtained. Because the
screening was initially conducted according to the socioscientific approach to the issue, 40
relevant articles were identified. Then the article was re-selected using the inclusion criteria,
focusing on high school chemistry material and publications from 2020 to 2025. From this
year’s selection, 1 article was excluded, leaving 39 articles. As a result of content filtering, as
many as 25 articles were dropped because they were not relevant to high school chemistry. A
total of 14 relevant and qualified articles were collected to analyse the socioscientific
effectiveness of the issue in relation to high school students’ chemistry learning abilities.

Table 3. Descriptive Article Analysis
No Author Findings Index
1. (Prastika & This article finds that integrating SSI into chemistry SINTA 1
Arianingru  education can bridge the gap between abstract concepts
m, 2024) and students’ real social experiences. The literature review
concludes that this approach is efficacious in improving
students’ conceptual understanding, motivation, interest,
and higher-order thinking and argumentation skills.
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No Author Findings Index
2. (Nita & The findings of this article indicate that the application of SINTA 2
Nada, 2024) the Problem-Based Learning (PBL) model based on Socio-
Scientific Issues is effective in stimulating students’
creative thinking skills in green chemistry. The
effectiveness test showed an effect size of 0.708, which is
classified as moderate, and significant t-test results.
3. (Kusumanin This article’s findings show that the use of socio-scientific SINTA 3
gtyas et al., issues in the Discovery Learning model significantly
2020) enhances students’ critical thinking skills in the context of
acid-base material. The apparent difference in learning
outcomes between the experimental and control classes
evidences this.
4. (Aini et al.,, The findings of this article indicate an urgent need to SINTA3
2024) develop Student Worksheets (LKPD) on Socio-Scientific
Issues related to acid-base material. The survey shows that
students have difficulty connecting concepts to everyday
life, and both teachers and students respond positively to
the need for teaching materials that train critical thinking
through socio-scientific issues.
5.  (Husniyyah  This article’s findings show that the application of Socio- SINTA 3
et al,, 2023) Scientific Issues (SSl)-based learning using the Problem-
Based Learning (PBL) model is efficacious in improving
students’ science literacy competence. This improvement
in science literacy is classified as “High” with an N-Gain
score of 0.71.
6. (Purwandar This article’s findings show that the SSI approach plays an  SINTA 4
i et al, important role in improving scientific literacy in chemistry
2024) learning. The literature review shows that SSI helps
students analyse environmental problems, assess the
credibility of information, and formulate appropriate
solutions, making it relevant to the 21st-century

curriculum.
7. (Bambut & The findings of this article show that the distribution of SINTAS
Tangpen, students’ levels of argumentation on socio-chemical issues
2024) forms an “inverted pyramid” pattern, with the majority of

students at Level 2 (32%), followed by Level 3 (28%), Level
1 (18.7%), Level 4 (13.3%), and Level 5 (8%). The claim
component appeared in 100% of responses, whereas
rebuttals appeared in only 14.7% of responses.
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No Author Findings Index
8.  (Hasibuan & The findings of this article are that the development of an SINTA 4
Sugiharti, e-module based on Socio Scientific Issues (SSI) on reaction
2025) rate material was proven to be “highly valid” by subject
matter experts (scores of 3.49-3.67) and media experts
(3.95). Student responses were very positive (95.75%), and
the e-module was effective in improving critical thinking
skills.
9.  (Nuraini et The findings of this article indicate that applying the SSI  SINTA 4
al., 2024) learning strategy significantly improves students’ science
literacy on global warming. The average posttest score of
the experimental class (66.46) was higher than that of the
control class (59.17), with a statistically significant
difference at p = 0.003.
10. (Afrilya et This article’s findings indicate that the SSI approach SINTA 4
al., 2022) significantly affects science literacy in petroleum-related
materials. The increase (N-gain) in science literacy in the
experimental class was classified as “high,” while that in
the control class was classified as “moderate.”
11. (Sismawarni The findings of this article indicate that the use of socio- SINTA 3
et al., 2020) scientificissuesin the Problem-Based Learning (PBL) model
significantly affects students’ higher-order thinking skills in
the subject of Basic Laws of Chemistry.
12. (Pauzi & This article’s findings show that learning with the SSI  SINTA 2
Windiaryani approach improves students’ critical thinking skills in global
,2021) warming. The experimental class had an N-gain of 0.38
(higher than the control class’s 0.24) with a significant
difference.
13. (Rasyih et The findings of this article show that SSl-based e-modules  SINTA 2
al., 2024) on Green Chemistry material are valid and practical. The
use of e-modules significantly improves critical thinking
and environmental awareness skills, with an N-gain of 0.71
(High) in the experimental class compared to 0.42
(Moderate) in the control class.
14. (Hikami et The findings of this article indicate that the Socio-Scientific SINTA 4
al., 2025) Issues (SSI) learning approach significantly affects students’

chemistry literacy skills. The increase in science literacy in
the experimental class was moderate (N-Gain 0.60), while
that in the control class was low (N-Gain 0.28).

Most studies in the table indicate that the SSI approach effectively promotes higher-
order cognitive skills. Kusumaningtyas et al. found that integrating SSI into the Discovery
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Learning model significantly enhances students’ critical thinking in acid-base topics.
Sismawarni et al. (2020) reported that using SSI in PBL significantly improves higher-order
thinking skills in Basic Chemistry. Nita & Nada (2024) also found that SSI-based PBL effectively
stimulates creative thinking, with a moderate effect size. Additionally, these articles
emphasise the importance of improving science literacy. Purwandari et al. (2024) state that
SSl is important for students when analysing problems and evaluating propaganda, which is
highly relevant to the 21st-century curriculum.

Husniyyah et al. (2023) Demonstrated that SSI effectively increases science literacy
among students in the “High” category. Nuraini et al. (2024) and Afrilya et al. (2022) Reported
similar challenges related to global warming and petroleum. Hikami et al. (2025) Observed a
greater improvement in science literacy in the experimental class. This table further
underscores the urgency and validity of developing SSl-based teaching materials, as
highlighted by Aini et al. (2024).

SSl-based LKPD is essential because students often struggle to connect abstract concepts
to authentic experiences. Hasibuan & Sugiharti (2025) Found that SSl-based e-modules on
reaction rates are “highly valid” and effective. Rasyih et al. (2024) Reported similar results with
Green Chemistry e-modules. Beyond cognitive gains, SSI also supports the development of
affective and argumentative skills. Prastika & Arianingrum (2024) Noted that SSI can motivate
students to learn through real-world experiences. However, Bambut & Tangpen (2024)
Observed that, despite a 100% claim, only 14.7% of students demonstrated the ability to argue
at the foundational level and provide rebuttals.

36%

43%

W argumentation M critical thinking scientific literacy think creatively

Figure 2. Analysed Learning Abilities

Critical thinking constitutes 43% of the quantitative data, closely followed by science
literacy at 36%. Together, these two aspects account for 79% of the total. This indicates that,
regardless of whether the focus is on curricular content, student abilities, or research topics,
there is a strong emphasis on logical reasoning and scientific understanding. Conversely,
expressive and generative abilities play a much smaller role.
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Argumentation ranks highest among them at 14%, while creative thinking is the lowest
at 7%. The significant gap between critical thinking (43%) and creative thinking (7%) highlights
current competency priorities, emphasising the greater importance placed on evaluating
information rather than generating new ideas or innovations. This distribution clearly
demonstrates a competency hierarchy, with a strong preference for HOTS-based analytical
and scientific literacy skills over HOTS-based rhetorical and divergent thinking skills, which are
included under creative HOTS. This analysis may provide a basis for revising the balance of
competency proportions to better incorporate the creative aspect.

action ratg
7%

H reaction rate
green chemistry
crude oil
basic laws of chemistry

acid base

Figure 3. Chemical Material Analysed

Quantitative data show that Green Chemistry accounts for 65%, making it the most
prominent topic by a wide margin. The next highest, Acids and Bases, represents only 14%.
This gap of over 50 percentage points demonstrates a clear priority given to Green Chemistry
in the material, research focus, or module content. This dominance reinforces the view that
Green Chemistry is most relevant, as the material inherently contains SSI per se and thus
directly relates to social, scientific, and environmental aspects

Reaction Rates, Fundamental Laws, and Petroleum each account for 7%, totalling only
21%, which is significantly lower than the percentage for Green Chemistry. This equal
distribution suggests these topics receive balanced, though limited, attention. The data
indicate a shift in focus toward environmental issues and sustainability. The much higher
percentage for Green Chemistry, compared to traditional topics such as stoichiometry,
fundamental laws, and kinetics, highlights a clear move toward prioritising environmental
concerns, with conventional topics now serving a more supportive role.

Rasyih et al. (2024) reported a positive trend, demonstrating that Green Chemistry e-
modules based on SSI are valid, practical, and effective in enhancing both environmental
awareness and critical thinking. These findings reflect a broader pedagogical shift from
content-centered instruction toward sustainability-oriented learning. However, the
implementation of SSI remains limited in more abstract chemistry topics, such as
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stoichiometry and kinetics. This gap is pedagogically significant because abstract domains
require students to operate across macroscopic, symbolic, and submicroscopic
representations, which are cognitively demanding and less intuitively connected to socio-
scientific contexts. The limited integration of SSI in these areas therefore reveals an
unresolved instructional tension between conceptual abstraction and contextual relevance.
While Hasibuan & Sugiharti (2025) demonstrated that SSI-based e-modules on kinetics can be
both efficient and effective, such findings remain underrepresented in broader curriculum
practices. A closer examination of the literature positions SSI as a potential “cognitive bridge”
capable of mediating this tension. Prastika & Arianingrum (2024) further affirm that SSI
facilitates the linkage between abstract chemical concepts and authentic socio-educational
issues, shifting learning from procedural correctness toward evaluative and contextual
reasoning.

CONCLUSION

Based on an analysis of 14 articles, the Socioscientific Issues (SSI) method is effective in
connecting complex chemical concepts to real-world societal problems. This has been shown
to improve high school students’ achievement, especially in critical thinking and science
literacy. Although the impact is positive, students’ ability to formulate arguments, especially in
rebuttals, still needs improvement. In addition, the current research topic is dominated by
Green Chemistry materials (65%), while basic materials such as the fundamental laws of
chemistry and reaction rates are still rarely addressed. Therefore, educators and curriculum
developers are advised to expand the use of SSI not only to environmental issues but also to
other abstract chemistry materials, to make it easier for students to understand. Future
research should advance beyond the basic development of learning tools by designing
integrated SSI instructional models for abstract chemistry topics such as buffer solutions. Such
innovation should embed structured scientific argumentation frameworks aligned with
macroscopic—submicroscopic—symbolic  representations, accompanied by validated
assessment instruments capable of capturing the quality of students’ reasoning and
sustainability-oriented decision-making. Future research should move beyond the mere
development of learning tools and instead prioritize instructional design innovations that
systematically cultivate advanced scientific argumentation within socioscientific contexts. This
includes the integration of structured argumentation frameworks, validated assessment
instruments to measure the quality of reasoning, and longitudinal studies to examine the
sustained impact of SSl-based interventions on students’ epistemic development.
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