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Abstract. Environmental problems such as climate change, pollution, biodiversity loss, and
environmental degradation have increased the importance of developing students’ environmental
awareness through science education. One approach widely used to address this issue is Socio-
Scientific Issues (SSI)-based learning, which integrates scientific concepts with real-world social
and environmental problems. This study aimed to analyze research trends, characteristics, and the
impacts of SSI-based learning on students’ environmental awareness through a Systematic
Literature Review (SLR). Data were collected from Scopus-indexed articles published between
2016 and 2026 using the keywords “Socio-Scientific Issues” and “students’ environmental
awareness.” Bibliometric analysis was conducted using Mendeley Desktop and VOSviewer to
identify publication trends, research themes, and thematic relationships. The findings indicate a
significant increase in SSI-related research over the last decade, particularly in the fields of science
education, environmental education, and sustainability studies. Climate change, sustainable
development, environmental protection, and scientific arqumentation were identified as dominant
research themes. The review also shows that SSI-based learning positively influences students’
environmental awareness, critical thinking, scientific literacy, arqumentation skills, and pro-
environmental behavior. Furthermore, the integration of SSI with Problem-Based Learning (PBL),
Education for Sustainable Development (ESD), and digital learning tools strengthens students’
engagement with environmental issues. Ouverall, SSI is an effective pedagogical approach for
promoting environmental awareness and sustainability-oriented education. Enhancing students’
environmental awareness through SSI-based learning is a critical strategqy for developing
sustainability-literate citizens who are capable of addressing global environmental challenges such
as climate change, biodiversity loss, and pollution, in line with Sustainable Development Goal
(SDG) 4.7 on Education for Sustainable Development.
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1. Introduction

Global environmental problems such as climate change, pollution, biodiversity loss,
and waste accumulation have become major challenges affecting human life and ecosystem
sustainability (1). These issues highlight the urgent need to develop environmental
awareness among students as future generations who will face and solve these
environmental challenges. Environmental awareness is important because it helps students
understand environmental issues, develop responsible attitudes, and encourage pro-
environmental behaviors in daily life (2). Through environmental awareness, students” can
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become more critical, responsible, and actively involved in supporting sustainable
development and environmental protection.

Environmental awareness among students is crucial in addressing global
environmental problems, as it fosters a generation capable of making informed decisions
and taking responsible actions towards sustainability (3). Education plays a pivotal role in
cultivating this awareness, equipping students with the knowledge, skills, and attitudes
necessary to tackle environmental challenges such as climate change, pollution, and
biodiversity loss. By integrating environmental education into curricula, students can
develop a deeper understanding of the complex relationship between human activities and
natural systems, ultimately promoting sustainable development.

Science education plays an important role in building students’ environmental
awareness by helping them understand scientific concepts related to environmental
problems and their impacts on society (4,5). Through science learning, students can develop
critical thinking, problem-solving skills, and responsible decision-making toward
environmental issues. One effective approach in science education is the use of Socio-
Scientific Issues (SSI), which connects scientific knowledge with real-life social and
environmental problems. SSl-based learning provides contextual and meaningful
experiences that encourage students to analyze controversial issues, evaluate evidence, and
develop awareness and responsibility toward environmental sustainability (6,7).

Research on SSI in science education has increased considerably over the last decade,
especially in studies related to environmental education and sustainable development .
Many previous studies have shown that SSI-based learning can enhance students’ critical
thinking, scientific argumentation, decision-making skills, and engagement with real-world
environmental problems (8-10). SSI approaches are also considered effective in connecting
scientific concepts with social and environmental contexts, making science learning more
meaningful and relevant for students (11). As a result, SSI has become an important
approach in promoting environmental responsibility and sustainability-oriented education.

Despite the growing number of studies, research findings concerning students’
environmental awareness remain scattered and inconsistent across different educational
settings and research focuses. Some studies emphasize environmental attitudes and
behavioral intentions, while others focus mainly on knowledge acquisition or argumentation
skills. In addition, the environmental issues used in SSI learning vary widely, including
climate change, waste management, biodiversity loss, renewable energy, and pollution,
which creates differences in research outcomes and perspectives. Variations in educational
levels, research methods, and instructional approaches also make it difficult to obtain a
comprehensive understanding of how SSI contributes to the development of students’
environmental awareness.

Furthermore, most existing studies are empirical classroom-based studies conducted
in specific contexts, whereas comprehensive review studies that systematically map
publication trends, dominant themes, research characteristics, and the impacts of SSI on
environmental awareness are still limited. Previous review studies generally discuss SSI in
broad science education contexts without specifically focusing on environmental awareness
as the main outcome. In particular, there is still limited systematic literature review research
based exclusively on Scopus-indexed articles that provides a detailed overview of the
development of this research field. Therefore, a systematic literature review is needed to
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identify research trends, major findings, research gaps, and future directions regarding the
role of socio-scientific issues in enhancing students” environmental awareness.

Therefore, strengthening students” environmental awareness through socio-scientific
issues (SSI)-based learning is essential for fostering sustainability-literate citizens who are
able to critically respond to complex environmental challenges, including climate change,
biodiversity loss, and environmental pollution. This educational orientation is also aligned
with the objectives of Sustainable Development Goal (SDG) 4.7, which emphasizes the
importance of Education for Sustainable Development in preparing responsible global
citizens.

2. Methods
2.1. Research design

This study employed a Systematic Literature Review (SLR) design to
comprehensively analyze previous studies related to socio-scientific issues (SSI) and
students’ environmental awareness. The SLR method was selected because it allows
researchers to systematically identify, evaluate, and synthesize relevant studies in a
structured and transparent manner. Through this approach, the study aimed to provide a
comprehensive overview of publication trends, research characteristics, environmental
themes, and the impacts of SSI-based learning on students” environmental awareness. The
review focused on identifying patterns and research developments within science and
environmental education contexts.

2.2, Data Source

The data used in this study were obtained exclusively from the Scopus database.
Scopus was chosen because it is one of the largest and most reputable international
databases containing high-quality peer-reviewed journal articles across various academic
disciplines. In addition, Scopus provides comprehensive indexing and citation information
that supports systematic analysis of research trends and developments. The use of a single
database also ensured consistency in article selection and data collection processes.

The article search process was conducted using several keywords related to socio-
scientific issues and environmental awareness. The search query was applied to the title,
abstract, and keyword sections of articles in the Scopus database. The search string used in
this study was: “Socio-Scientific Issues” and “students’ environmental awareness”. The
search process was conducted to identify relevant studies discussing the implementation of
SSl-based learning and its relationship to students’ environmental awareness. To obtain
recent and relevant literature, the publication period was limited from 2016 to 2026.

The data analysis techniques in this study consisted of three stages. First, RIS data
tiles were organized and mapped using Mendeley Desktop based on publication year,
authors, and publishers. Second, bibliometric network visualization and scientific
publication trends were analyzed using VOSviewer by identifying the number of clusters
and related items within the research network. Third, the identified studies were further
examined through a literature review process to categorize and map the main research
topics discussed in the selected articles.
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3. Results and Discussion
3.1. Research trends related to socio-scientific issues (SSI) and students’ environmental
awareness

To identify the development and characteristics of research related to socio-scientific
issues (SSI) and students” environmental awareness, a bibliometric analysis was conducted
using publication data obtained from the Scopus database. The analysis presents publication
trends by year and the distribution of subject areas, providing an overview of the growth,
disciplinary focus, and research direction within this field.
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Figure 1. Trends research about socio-scientific issues (SSI) and students” environmental
awareness

The visualization of publication trends indicates that research related to SSI and
students’ environmental awareness has shown a significant increase over the last decade on
Figure 1. The number of publications steadily increased from 2016 to 2025, demonstrating
growing academic interest in integrating environmental and social issues into science
education. A notable rise occurred between 2018 and 2020, followed by continued growth
after a slight decline in 2022. The highest number of publications was recorded in 2025,
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indicating that SSI and environmental awareness have become increasingly important topics
in educational and sustainability research. Meanwhile, the sharp decrease in 2026 is likely
due to incomplete indexing data for the current year rather than an actual decline in
research activity.

The subject area distribution further shows that research on SSI and students’
environmental awareness is highly multidisciplinary. The largest contribution comes from
the Social Sciences field (28.8%), highlighting the dominant focus on education, human
behavior, and social dimensions of environmental issues. Environmental Science ranks
second (11.1%), reflecting the strong connection between SSI and sustainability-related
topics such as climate change, pollution, and environmental protection. Arts and
Humanities (8.0%) also contribute substantially, indicating the importance of ethics, values,
and critical thinking in SSI-based learning. In addition, contributions from Engineering,
Computer Science, Agricultural Sciences, Medicine, and Earth and Planetary Sciences
demonstrate that SSI research extends beyond education into technological, health, and
environmental contexts. Overall, these findings suggest that research on socio-scientific
issues and students’ environmental awareness continues to expand across disciplines,
emphasizing the importance of interdisciplinary approaches in addressing global
environmental challenges through education (12-14).

Future research on SSI and students’ environmental awareness is predicted to
continue growing alongside increasing global concern about sustainability and
environmental problems. Future studies are likely to focus more on emerging environmental
issues such as climate resilience, renewable energy, carbon emissions, biodiversity
conservation, and green technology within science education contexts (15-17). In addition,
the integration of digital technology, artificial intelligence, virtual learning environments,
and social media into SSI-based learning is expected to become an important research
direction, particularly in supporting interactive and contextual environmental education.

3.2. SSI as an Approach to Promote Environmental Awareness

To examine how socio-scientific issues (SSI) contribute to the development of
students’ environmental awareness, a bibliometric network visualization was conducted
using VOSviewer. The visualization illustrates the relationships among keywords and
research themes related to SSI, environmental education, sustainability, and human
behavior. Through the clustering of interconnected concepts, the mapping provides insights
into the dominant topics and research directions that highlight the role of SSI as an effective
approach for promoting environmental awareness in science education.
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Figure 2. Bibliometric visualization using VOSviewer

Figure 2 illustrate Bibliometric visualization using VOSviewer that shows the

structure of interconnected research themes on socio-scientific issues (SSI) and
environmental awareness across various scientific fields. This mapping forms several main

clusters representing interconnected research focuses.

1.

The blue cluster centers on the keyword "socio-scientific issues," which is closely
linked to terms such as education, argumentation, environmental education, science,
and higher education. This indicates that SSI research is predominantly conducted in
the context of science education and environmental education. The strong
relationship between SSI and argumentation indicates that the SSI approach is
widely used to train critical thinking, decision-making, and scientific discussion
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skills related to environmental issues (18-20). The connection with environmental
education demonstrates that SSI is positioned as a pedagogical strategy to increase
students” environmental awareness and responsibility.

2. The red cluster is dominated by the terms "sustainable development," '"climate
change," "environmental protection," "land use," and ‘'ecosystem." This cluster
illustrates that SSI research is heavily linked to sustainability issues and global
environmental problems, particularly climate change. The large number of climate
change nodes indicates that this topic is the most frequently used environmental
issue in SSI-based learning. The relationship between sustainable development and
environmental protection suggests that the primary goal of SSI implementation is not
only to improve understanding of scientific concepts but also to build awareness of
environmental sustainability (21-23).

3. The green cluster focuses on human and social aspects, with dominant keywords

such as "human," "public health," "psychology," "awareness," and "adult." This cluster
demonstrates that SSI-related research highlights not only the cognitive dimension
but also the psychological and behavioral dimensions of human interactions with
environmental and public health issues. The presence of the term "awareness"
reinforces the importance of environmental awareness as an important outcome in

SSI research, particularly in relation to changes in attitudes and behaviors toward the

environment.

4. Furthermore, there is a strong interconnectedness between clusters, indicating the
multidisciplinary nature of SSI research. SSI is not limited to science education but is
also integrated with issues of sustainability, public policy, public health, psychology,
and even technological developments such as artificial intelligence (24-27). This
situation demonstrates that SSI-based learning is developing as a relevant approach
to addressing the complexity of modern environmental problems.

Overall, this visualization shows that research on socio-scientific issues and
students” environmental awareness is experiencing strong growth, with a primary focus on
environmental education, climate change, and sustainable development. These findings
support the importance of integrating SSI into science and chemistry learning to enhance
environmental awareness, scientific argumentation skills, and responsible decision-making
regarding sustainability issues.

3.3. Impact of SSI on Students” Environmental Awareness
The Socio-Scientific Issues (SSI) approach is a powerful educational strategy for
promoting environmental awareness by integrating real-world issues into science education.
This method encourages students to engage with complex, real-world problems, fostering
critical thinking, scientific literacy, and a deeper understanding of environmental issues. By
contextualizing learning within socio-scientific frameworks, students are better equipped to
understand and address the environmental challenges they face. The following sections
explore how SSl-based learning enhances environmental awareness through various
educational strategies and contexts.
1. Enhancing Cognitive and Environmental Awareness
SSI-based learning has been shown to effectively improve both students cognitive
learning outcomes and environmental awareness. Previous studies reported that
students who participated in SSI-based science learning achieved higher cognitive

Journal homepage: https://journal.scitechgrup.com/index.php/ajer 104




performance and demonstrated greater environmental awareness compared to

students taught using conventional learning methods. This finding indicates that SSI

provides meaningful and contextual learning experiences that help students connect
scientific concepts with real-world environmental issues. Furthermore, the
integration of Problem-Based Learning (PBL), Socio-Scientific Issues (SSI), and

Education for Sustainable Development (ESD) has been found to further strengthen

these outcomes. Research involving high school students revealed that the PBL-based

SSI-ESD  approach significantly improved students chemical literacy and

environmental awareness. These findings suggest that combining SSI with active and

sustainability-oriented learning approaches can effectively foster students

understanding, critical thinking, and environmental responsibility (28,29).

2. Development of Critical Thinking and Environmental Literacy

SSI-based educational tools, such as electronic modules, have been developed to

enhance students critical reasoning and environmental literacy. These tools are

designed to be user-friendly and effective in promoting higher-order thinking skills,

which are crucial for understanding and addressing environmental issues (30).

Experiential learning courses that incorporate SSI have also been effective in

changing students perceptions of environmental issues and increasing their

willingness to engage in pro-environmental behaviors.
3. Addressing Global Challenges and Sustainable Development

SSl-based learning is particularly relevant in the context of the Sustainable

Development Goals (SDGs), as it helps students understand global challenges and

develop skills such as critical thinking and problem-solving. This approach is

especially beneficial for younger students, such as those in elementary schools, as it

prepares them to tackle future environmental challenges (31,32).

Although most reviewed studies reported positive impacts of socio-scientific issues
(SSI)-based learning on students” environmental awareness, the magnitude and consistency
of these outcomes varied across educational contexts and intervention characteristics.
Several studies showed stronger improvements when SSI was integrated with active
learning models such as Problem-Based Learning (PBL), inquiry-based learning, and
Education for Sustainable Development (ESD), particularly in secondary and higher
education settings where students possess higher levels of critical reasoning and
argumentation skills. In contrast, studies conducted at elementary levels generally reported
more moderate outcomes, as younger students often require additional scaffolding to
engage with complex socio-environmental issues.

Cultural and contextual factors also appeared to influence the effectiveness of SSI-
based learning. Research conducted in regions with high exposure to environmental
problems, such as climate change, waste management, or biodiversity degradation, tended
to demonstrate stronger student engagement and environmental sensitivity because the
issues were perceived as personally relevant. Furthermore, the duration of intervention
influenced learning outcomes. Long-term SSI implementations were more likely to promote
lasting environmental attitudes and pro-environmental behavior compared to short-term
classroom interventions that mainly improved conceptual understanding and awareness.

Nevertheless, not all studies reported uniformly positive findings. Some studies
indicated that SSI discussions could create confusion or cognitive overload when students
lacked sufficient scientific background knowledge or when controversial environmental
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topics were insufficiently facilitated by teachers. In several cases, improvements were more
evident in students” argumentation and critical thinking skills than in measurable behavioral
change. These findings suggest that the effectiveness of SSI-based learning depends on
multiple moderating factors, including instructional design, teacher facilitation, students’
prior knowledge, cultural relevance of environmental issues, and the continuity of learning
activities. Therefore, future research should focus not only on confirming the effectiveness of
SSI-based learning but also on identifying optimal implementation conditions across diverse
educational and sociocultural contexts.

Conclusions

This systematic literature review demonstrates that research on socio-scientific issues
(SSI) and students’ environmental awareness has increased significantly over the last
decade, indicating growing academic attention toward integrating environmental and social
issues into science education. The findings reveal that SSI-based learning is widely
implemented across multidisciplinary contexts, particularly in science education,
environmental education, and sustainable development studies. Climate change,
sustainability, environmental protection, and scientific argumentation emerged as dominant
themes in the reviewed studies.

The review also confirms that SSI-based learning positively contributes to students’
environmental awareness by improving cognitive achievement, critical thinking, scientific
literacy, argumentation skills, and pro-environmental attitudes. Integrating SSI with
approaches such as Problem-Based Learning (PBL), Education for Sustainable Development
(ESD), and digital learning tools further strengthens students understanding of
environmental issues and encourages responsible decision-making related to sustainability
challenges.
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