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ABSTRAK 

Penelitian ini mengkaji integrasi pendidikan iklim dalam pembelajaran IPA untuk menumbuhkan 
kesadaran lingkungan siswa melalui tinjauan literatur sistematis terhadap 27 artikel ilmiah yang 
dipublikasikan antara tahun 2020–2025. Tujuan penelitian ini adalah untuk mengidentifikasi 
pendekatan, strategi, dan model pembelajaran IPA yang efektif dalam mengintegrasikan pendidikan iklim 
serta mengevaluasi dampaknya terhadap kesadaran lingkungan siswa. Metode penelitian menggunakan 
tinjauan literatur sistematis dengan kriteria inklusi berupa artikel yang membahas integrasi pendidikan 
iklim dalam pembelajaran IPA, dipublikasikan pada periode 2020–2025, dan menggunakan pendekatan 
empiris. Hasil penelitian menunjukkan bahwa pendekatan pembelajaran berbasis inkuiri, pembelajaran 
berbasis proyek, serta integrasi teknologi seperti Augmented Reality dan media interaktif terbukti efektif 
dalam meningkatkan pemahaman dan kesadaran siswa tentang iklim. Kolaborasi sekolah–universitas 
melalui citizen science juga memberikan dampak positif bagi pembelajaran praktis mengenai isu iklim. 
Pembelajaran yang mengintegrasikan aspek sains, teknologi, sosial, dan humaniora (STEM dan E-STEM) 
menunjukkan hasil optimal dalam membangun kesadaran kritis siswa. Integrasi pendidikan iklim dalam 
pembelajaran IPA tidak hanya meningkatkan pengetahuan kognitif, tetapi juga mengembangkan aspek 
afektif dan keterampilan tindakan siswa terhadap perubahan iklim. 
Kata Kunci:  pendidikan iklim, pembelajaran ipa, kesadaran lingkungan, tinjauan literatur sistematis, 
perubahan iklim.   

ABSTRACT 

This study examines the integration of climate education in science learning to foster students' 
environmental awareness through systematic literature review of 27 scientific articles published between 
2020-2025, the purpose of the research is to identify effective approaches, strategies, and science learning 
models in integrating climate education and evaluate its impact on students' environmental awareness, the 
research method uses systematic literature review with Inclusion Criteria An article that discusses the 
integration of climate education in science learning, published in the period 2020-2025, and using an 
empirical approach, the results of the study show that the inquiry-based learning approach, project-based 
learning, and the integration of technologies such as Augmented Reality and interactive media have proven 
to be effective in increasing students' understanding and awareness of climate, school-university 
collaboration through citizen science also has a positive impact For practical learning about climate issues, 
learning that integrates science, technology, social, and humanities (STEM and E-STEM) aspects shows 
optimal results in building students' critical awareness, the integration of climate education in science 
learning not only improves cognitive knowledge, but also develops students' affective aspects and action 
skills against climate change. 
Keywords: climate education, science learning, environmental awareness, systematic literature review, 
climate change.      
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INTRODUCTION   
Awareness of global climate change continues to increase as a central issue of the 

21st century that has a major impact on human life, various studies show that global 
warming has caused environmental damage and threatens the balance of the world's 
ecosystem, in the context of education, schools play an important role in shaping 
students' environmental awareness through the integration of climate education into 
the learning curriculum, especially Natural Sciences (IPA) as an eye lessons directly 
related to natural phenomena (Akaygun & Adadan, 2020; Kumar et al., 2023). 

Science learning in schools has not fully provided a deep understanding of 
climate change issues and their impact on life (Illahaqi et al., 2021). The disconnect 
between science learning and the context of climate change is one of the obstacles in 
shaping students' critical awareness of the environment (Kim, 2024). Based on the 
study of Aulia et al. (2024), the use of interactive media and project-based approaches 
shows more effective results in increasing students' understanding and empathy for 
climate issues, therefore, the integration of climate education in science learning is a 
strategic step to bridge this gap. 

Previous research has highlighted the importance of a transdisciplinary 
approach in climate education, but real implementation at the primary and secondary 
school levels is still limited (Kundariati et al., 2025; Asimakopoulou et al., 2021). One of 
the main challenges is how to align the science curriculum with actual climate issues 
without disrupting established learning outcomes, in this context, learning that 
combines science, technology, and social approaches through inquiry-based and 
project-based methods becomes a promising alternative (Brumann et al., 2022; Maspul, 
2024). 

The purpose of this study is to systematically examine various approaches, 
strategies, and models of science learning that have successfully integrated climate 
education, as well as evaluate their impact on improving students' environmental 
awareness, the focus of the research is directed to search for evidence-based findings 
from the academic literature in the period 2020 to 2025. 

This research is different from the study of Aulia et al. (2024) which only focuses 
on the use of the Climate Kids platform for understanding global warming, and different 
from Artika and Rosemary (2023) which discusses climate awareness in the local 
context of Aceh through an E-STEM approach, this study integrates various approaches 
and outcomes in a broader and comprehensive framework. 

The results of the study by Batchelder et al. (2023) show that collaboration 
between schools and universities in citizen science projects can improve climate 
understanding in practical terms. While research by Bhattacharya et al. (2021) 
compares model-based and non-model-based learning approaches to understanding 
climate systems. Both studies underscore the importance of a variety of learning 
methods to strengthen students' climate awareness. 

Technology-based approaches such as Augmented Reality and interactive media 
have also been shown to have a positive impact on students' understanding of climate 
topics (Chen et al., 2024; Kim et al., 2025). The integration of technology in science 
learning allows the visualization of abstract concepts to become more concrete, 
increasing student interest and engagement. 

Research by Gal (2024) and Clark (2024) emphasizes the importance of building 
critical awareness of climate issues, which not only rely on cognitive knowledge, but 
also affective and social aspects, in this context, integrated climate education in science 
not only aims to increase knowledge, but also foster an attitude of care and 
responsibility towards the environment. 
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The integration of climate education in science learning is a relevant and urgent 
approach to be implemented, this research makes an important contribution in 
identifying effective strategies, as well as providing a roadmap for the development of 
contextual and environmentally oriented science learning. 

METHDOLOGY   
This study uses the Systematic Literature Review (SLR) method to analyze and 

synthesize findings from various published studies on the integration of climate 
education in science learning, the SLR method was chosen for its ability to provide a 
comprehensive and objective analysis of the empirical evidence available in the 
scientific literature. 

The inclusion criteria in this study include: (1) articles that discuss the 
integration of climate education in science/science learning (2) research published in 
the 2020-2025 time frame (3) studies that use an empirical approach with a clear 
methodology (4) articles published in reputable and accessible journals (5) research 
that focuses on students at primary to secondary education levels. 

Exclusion criteria include: (1) articles that only discuss theoretical aspects 
without empirical evidence (2) studies that do not specifically address the integration of 
climate education in learning; (3) articles that do not have a clear research methodology 
(4) publications that are not relevant to the context of formal education. 

The literature search process was carried out systematically by identifying 
relevant keywords such as "climate education", "science education", "environmental 
awareness", "climate change education", and "STEM education". Based on the criteria 
that have been set, as many as 27 scientific articles have been successfully identified 
and qualified for analysis in this study. 

DISCUSSIONS AND RESULT 
Inquiry and Project-Based Learning Approaches 

The results of the analysis of various studies show that the inquiry-based learning 
(IBL) strategy is a very effective approach in integrating climate education into science 
learning, IBL encourages active involvement of students in the learning process through 
structured and exploratory scientific investigations, so as to be able to increase a deep 
understanding of environmental issues, especially climate change, Akaygun and Adadan 
(2020) emphasized that the application of the model Inquiry-based learning at the elementary 
school level significantly improves students' understanding of climate change, through hands-
on experimental activities and real-world observation of environmental phenomena, students 
not only understand the theory, but also build scientific awareness of the dynamics of climate 
change around them, this approach has been proven to be able to foster curiosity, scientific 
thinking skills, and ecological awareness from an early age. 

The IBL approach has developed in the form of design-based inquiry learning (DBIL), 
especially at the secondary education level. Brumann et al. (2022) developed DBIL as a model 
that integrates the design process with scientific exploration, providing space for students to 
be involved in the creation of concrete solutions to climate problems, DBIL emphasizes the 
importance of students' role in designing, evaluating, and revising solutions to complex and 
contextual climate issues, in practice students not only understand the theoretical concept of 
climate change,  but also trained to apply it through prototypes, simulations, and experiments, 
this approach expands the scope of learning from mere comprehension to mastery of 
systemic, collaborative, and creative thinking skills in response to today's environmental 
challenges. 
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The problem-oriented project-based learning (POPBL) model shows promising results 
in the context of secondary education, Kundariati et al. (2025) report that this approach allows 
students to identify, analyze, and design solutions to local climate issues through problem-
based project activities, with POPBL, students are invited to conduct field research, discuss 
critically, and present innovative solutions to environmental problems that are real in their 
communities, the results of the study show that this model is able to significantly improve 
students' critical thinking skills, while building environmental awareness and responsibility.  

Integration of Technology in Climate Education 
The development of educational technology provides a great opportunity for climate 

learning innovation, Chen et al. (2024) prove the effectiveness of Augmented Reality 
technology in improving students' understanding of aurora phenomena and climate science, 
AR technology allows the visualization of abstract concepts into more concrete and attractive 
visual representations. 

Aulia et al. (2024) evaluated the use of the Climate Kids Interactive Web platform 
which has proven to be effective in building concept understanding and environmental 
awareness of grade VI students towards global warming materials, this interactive platform 
provides an engaging learning experience and facilitates the understanding of complex 
concepts through simulations and interactive activities. 

AlQallaf et al. (2024) explore the potential of Virtual Reality in building empathy and 
awareness of climate change, the results of the study show that VR experiences are able to 
create strong emotional connections between students and environmental issues, increasing 
motivation to act proactively. 

Kim et al. (2025) examined the role of STEM Makerspace in developing sustainability 
awareness through visualization and collaboration activities, collaborative and hands-on 
learning environments have proven to be effective in developing students' creative and 
innovative thinking skills in facing environmental challenges. 

STEM and E-STEM Approach 
The implementation of STEM (Science, Technology, Engineering, Mathematics) and E-

STEM (Environmental STEM) approaches shows promising results in the context of climate 
education, Artika and Rosemary (2023) evaluated the application of E-STEM in building 
communities that are resilient to climate change in Aceh, with a focus on increasing students' 
awareness of local issues. 

Maspul (2024) explores STEM education to address real-world climate change 
concerns and empower students as agents of change, this approach integrates science learning 
with the application of technology and engineering to develop innovative solutions to 
environmental problems. 

Lestari et al. (2025) developed a STEM learning plan training program for climate 
change projects in physics learning for sustainable development, this program has proven to 
be effective in improving teachers' competence in integrating sustainability issues into the 
science curriculum. 

School-University and Citizen Science Collaboration 
Batchelder et al. (2023) evaluated school-university partnerships in climate and 

sustainability education projects in the UK, the results showed that citizen science and STEM 
approaches practically provide significant added value in climate learning, this collaboration 
allows access to wider resources and expertise, improving the quality of learning.. 
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Forbes et al. (2020) explored the use of global climate models in high school science 
learning to improve climate literacy, this approach allows students to interact directly with 
scientific data and models used by professional researchers. 

Model-Based Learning and Methodology Comparison 
Bhattacharya et al. (2021) compared the effectiveness of model-based and non-model 

learning approaches in climate education in secondary schools, the results showed that 
model-based learning provides a deeper understanding of the climate system, but non-model 
approaches also have advantages in terms of student engagement and motivation. 

Durak and Topçu (2024) developed a multifaceted approach to teaching climate 
change in secondary schools, integrating various learning strategies to accommodate the 
complexity of the topic, this approach proved effective in improving students' comprehensive 
understanding of climate issues. 

Integration of Social and Humanities Aspects 
Lasker and Lovitt (2024) developed a humanization approach to climate change 

education by integrating social sciences, humanities, UN SDGs, and systems thinking in 
chemistry learning. This approach emphasizes the importance of the social and ethical 
dimensions in understanding climate issues. 

Lovitt et al. (2025) explore the integration of narrative, storytelling, and embodied 
learning in climate change education, this approach has proven effective in creating emotional 
connections and increasing student motivation to act. 
 
Liu (2024) develops an innovative approach in undergraduate level climate education through 
future exploration and narrative, this method allows students to develop realistic future 
visions and scenarios based on an understanding of climate science. 

Critical Awareness Development and Positive Engagement 
Clark (2024) emphasizes the importance of developing critical climate awareness as a 

science education outcome, this concept includes not only cognitive understanding but also 
the ability to critically analyze climate information and develop appropriate responses. 

Gal (2024) researched strategies to encourage positive engagement and 
environmental activism in grade VI, the results of the study showed that approaches that 
emphasized agency and student empowerment were more effective in developing long-term 
commitments to climate action. 

Kang and Tolppanen (2024) explore the role of science education as a catalyst to 
increase students' willingness to take climate action, this study shows that effective science 
education can be a driving force for changes in students' behaviors and attitudes. 

Innovation in Learning Methodologies and Instruments 
Bethânia and Rita (2024) developed a creative approach by integrating art into 

meteorology education for elementary school students through the creation of weather 
instruments, this approach has proven to be effective in increasing conceptual understanding 
as well as developing students' creativity. Asimakopoulou et al. (2023) explore the use of Earth 
Observation as a climate change education approach for newcomers in schools, Earth 
observation technology provides access to real-time data and visualizations that enable 
contextual learning. 

Hijazi et al. (2025) evaluated climate literacy for higher education students through a 
case study at the University of the West of England. This research provides insights on the 
development of climate curriculum at the university level. 
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Table 1. Key Findings 
 

Approach 
Categories 

Researchers Methods/Strategies Main Impact 

Inquiry-Based 
Learning 

Akaygun & 
Adadan (2020) 

Inquiry-based learning 
Improving the understanding 
of climate change for 
elementary school students 

 

Brumann et al. 
(2022) 

Design-based inquiry 
learning 

Understanding the 
complexity of climate issues 
in high school 

Project-Based 
Learning 

Kundariati et al. 
(2025) 

Problem-oriented PBL 
Increased critical thinking 
and environmental 
awareness 

Technology 
Integration 

Chen et al. 
(2024) 

Augmented Reality 
Visualization of abstract 
concepts into concrete 

 

Aulia et al. 
(2024) 

Platform Climate Kids 
Increased understanding of 
global warming 

 

AlQallaf et al. 
(2024) 

Virtual Reality 
Building empathy for climate 
change 

STEM/E-STEM 
Artika & 
Rosemary 
(2023) 

E-STEM approach 
Climate awareness in the 
local context of Aceh 

 
Maspul (2024) STEM education 

Empowering students as 
agents of change 

Institutional 
Collaboration 

Batchelder et al. 
(2023) 

School-university 
partnership 

Improved climate practical 
learning 

 

Forbes et al. 
(2020) 

Global climate models 
Climate literacy through 
scientific models 

Model-Based 
Learning 

Bhattacharya et 
al. (2021) 

Model-based learning 
In-depth understanding of 
the climate system 

A Holistic 
Approach 

Lasker & Lovitt 
(2024) 

Social-humanities 
integration 

Humanization of climate 
education 

 
Liu (2024) 

Future narrative 
exploration 

Realistic vision development 

Critical 
Awareness 

Clark (2024) 
Critical climate 
awareness 

Critical analysis of climate 
information 
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Approach 
Categories 

Researchers Methods/Strategies Main Impact 

 
Gal (2024) 

Environmental 
activism 

Positive engagement and 
long-term commitment 

  
Table 1 presents a summary of the main findings that have been discussed in the 

results and discussion section, this table summarizes the learning approaches, the researchers 
who studied, the methods/strategies used, and the main impacts on climate learning, this table 
is very helpful for readers to quickly understand various models of climate education 
integration that have proven effective, as well as showing the variety of approaches that can be 
adapted at different levels of education. 

CONCLUSION 
Based on a systematic literature review of 27 scientific articles published 

between 2020-2025, this study identifies various effective approaches in integrating 
climate education into science learning, the main findings show that inquiry-based 
learning and project-based learning approaches are proven to be most effective in 
improving students' understanding and awareness of climate, the integration of 
technologies such as Augmented Reality, Virtual Reality, and learning platforms 
Interactive has a significant impact on visualizing abstract concepts and increasing 
student engagement. 

The STEM and E-STEM approaches show success in developing students' critical 
and innovative thinking skills in facing environmental challenges, collaboration 
between schools and universities through citizen science programs has been proven to 
provide added value in practical learning on climate issues, learning that integrates 
social and humanities aspects has successfully created strong emotional connections 
and increased students' motivation to act proactively. 

The development of critical climate awareness is an important outcome of 
science education that not only enhances cognitive knowledge but also critical analysis 
skills and appropriate responses to climate information, an approach that emphasizes 
agency and student empowerment has proven to be more effective in developing long-
term commitments to climate action. 

The implications of this study emphasize the need to transform the science 
curriculum to be more contextual and environmentally oriented, the integration of 
climate education in science learning must be carried out systematically by considering 
the cognitive, affective, and psychomotor aspects of students, and the professional 
development of teachers in implementing these innovative approaches is the key to the 
success of climate education programs in schools. 

This research provides a theoretical contribution in the development of a 
framework for integrating climate education in science learning, as well as a practical 
contribution in the form of recommendations for learning strategies that have been 
proven to be effective, these findings can be a reference for education practitioners, 
policymakers, and researchers in developing comprehensive and sustainable climate 
education programs.  
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