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1. Introduction

Climate change is considered one of the main challenges to human survival. Rising global temperatures, rising
sea levels, reduced biodiversity, and the increasing frequency of meteorological disasters are clear evidence of
ongoing climate problems [1]. The 2005 Millennium Ecosystem Assessment (LMEA) report and vatious IPCC
documents confirm that environmental damage and climate change present increasingly dangerous risks,
especially for the younger generation who will feel the impacts later in life [2]. Therefore, education plays a
crucial role in building critical awareness, environmental knowledge, and adaptation skills so that students can
contribute as agents of change in facing climate challenges.

Unfortunately, the practice of science and physics education in schools still faces various obstacles. The
learning style commonly used in Indonesia tends to focus on memorization, prioritizes teacher instruction, and
emphasizes low cognitive abilities. This situation impacts students' lack of critical thinking, creativity, and
scientific literacy [3]. The results of the 2022 PISA sutvey show that the level of scientific literacy of Indonesian
students remains low (68 out of 81 countries), indicating the need for updates in teaching methods that are
more relevant, involve participation, and focus on 21st-century skills [3].

Many studies indicate the great potential of Citizen Science (CS) in education, finding that student
involvement in the iNaturalist project can increase interest in science, increase confidence in taking
environmental action, and deepen understanding of the scientific process [4]. At the elementary education level,
it was shown that the application of CS to environmental pollution issues can significantly improve the creative
thinking skills of elementary school students, with the N-Gain of the experimental group reaching 59.56, while
the control group was only 21.17 [5]. In addition, research conducted on high school students revealed that the
CS project-based learning model has a positive impact on critical and creative thinking skills when compared
to conventional learning methods [3].

Not only in the cognitive field, CS also plays a role in increasing sustainability literacy. CS project-based
learning with a focus on biodiversity in environmentally friendly schools was able to make 93% of students
achieve results that exceed the minimum completion standards, in the good to excellent category [6]. This
finding is in line with the results of international research that shows that CS can connect students with real
environmental phenomena, strengthen relationships with nature, and encourage the formation of attitudes that
support the environment [2][7].

The relevance of Citizen Science (CS) to climate change issues is gaining increasing attention. Young
people's participation in climate-related CS projects has the potential to directly contribute to IPCC research
and support data-driven decision-making. They argue that "engagement in Citizen Science can educate and
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empower young people through research by engaging the wider community in data collection, communication,
and participation” [8]. In other words, CS serves not only as a learning tool, but also as a means for social and
political participation that enables students to engage in global climate action [9].

Based on the explanation above, the literature suggests that the application of Citizen Science in science
education has great potential to develop context-appropriate climate change literacy. Through real-life activities
such as collecting environmental information, analyzing local phenomena, and thinking about global issues,
students not only understand scientific concepts cognitively but also internalize the values of being critical,
creative, and partticipatory environmental citizens. However, there is still a lack of tresearch, especially in
Indonesia, regarding how to implement CS-based learning models in a planned manner in science classes to
improve climate change literacy among students.

Therefore, this study aims to analyze the role of Citizen Science in science learning as a pedagogical
strategy that can link science in schools with the reality of climate change, while encouraging students to become

agents of environmental change in the era of climate crisis.

2. Method

This study applies a Systematic Literature Review (SLR) design with reference to the PRISMA flow diagram
guide as a reporting reference. The literature search process was conducted through various trusted databases,
namely Scopus, Web of Science (WoS), ERIC, ScienceDirect, and SpringerLink, as well as Google Scholar as
an addition. The search strategy used a combination of appropriate keywords, such as "Citizen Science",
"Climate Change Literacy", and "Science Education", with Boolean operators (AND/OR) to obtain
comprehensive results. The critetia used for inclusion were peer-reviewed articles published between 2020 and
2025, with an emphasis on the themes of science education (IPA) and climate change, and related to the concept
of Citizen Science. Articles that did not meet the inclusion critetia, such as opinion pieces, non-scientific
reports, or research not directly related to science learning and climate literacy, were excluded from the analysis.
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Figure 1. PRISMA Flow Diagram Literature Review.

The literature selection process was carried out in several stages, starting with screening based on the title
and abstract, then continuing to the eligibility stage through a comprehensive text review, and ending with the
inclusion stage, which was illustrated using a PRISMA flow diagram. The selected articles were then extracted
into a table that included important information such as the authot's name, year of publication, the research
method used, and the reported research results. The collected data were analyzed using a narrative synthesis
approach and with thematic analysis to identify patterns, topics, and relationships between studies.

3. Results and Discussion
3.1. Results

To gain a comprehensive understanding of the contribution of citizen science to climate and science education,
we analyzed 15 relevant articles. The results of this literature review are presented in Table 1 below, which
includes the author's identity, year of publication, research methods, and key findings of each study.
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Table 1. Results of the Article Review

Publication
Writer Method Research result
Year

[4] 2021 Case study (pre-post  The integration of Citizen Science into university classes (iNaturalist) led to increased interest in science,

survey) a love of nature, confidence in taking environmental action, and confidence in learning science. The most
significant impact was seen among non-science students, indicating that Citizen Science successfully
reaches groups outside the science field.

[3] 2025 Quasi-experiment Demonstrates a significant impact on the development of critical thinking skills (analysis, problem
recognition, problem-solving strategies) and creative thinking skills (new ideas, alternative options, out-
of-the-box thinking). MANOVA findings indicate significant differences compared to conventional
teaching methods.

[6] 2024 Quantitative The implementation of a biodiversity Citizen Science project in an eco-friendly school has proven

descriptive successful in improving high school students' sustainability literacy. Ninety-three percent of students
successfully passed the Minimum Completion Criteria: 19.5% were in the adequate category, 55.5% in
the good category, and 18% in the excellent category. This demonstrates that Citizen Science can
effectively strengthen attitudes, understanding, and skills related to sustainability and relevant to climate
change issues.

[10] 2024 Systematic review The analysis results show that Community & Citizen Science (CCS) makes a significant contribution to
(100 empirical  environmental education outcomes. Participants (adults & students) experienced improvements in
studies of CCS) scientific understanding (56 studies), inquiry skills (32), positive attitudes towards science and the

environment (16), and self-confidence (11). In addition, there was an increase in environmentally friendly
behavior (29) and a sense of community engagement (30). CCS that involve active participation (such as
data analysis and reporting) tend to produce more significant learning effects.

[11] 2025 Meta-analysis (53 A meta-analysis showed that climate change education (CCE) has a significant impact on various aspects
climate education of climate literacy. Knowledge levels increased with a large impact (g=0.77), attitudes toward climate
studies) change showed a moderate impact (g=0.39), and environmentally friendly behaviors increased with a

small to moderate impact (g=0.36). This effectiveness was influenced by program duration, instructor
quality, and learning materials. This study emphasizes the importance of a more in-depth and consistent
climate change learning design.

[12] 2022 Curriculum design Demonstrates that project-based STEM education focused on local climate issues (such as air pollution,
study & project urban heat islands, flooding, and renewable energy sources) can increase student participation, deepen
implementation their understanding of climate concepts, improve data analysis and systemic thinking skills, and foster a

sense of stewardship for the environment and communities around them. Teachers report increased
cross-disciplinary collaboration and increased student ownership of the learning process.

[13] 2024 Qualitative A study of two CS projects (Illinois Butterfly Monitoring Network & CoCoRaHS) revealed that students and
dissertation the community developed new understandings of scientific skills. Citizen Science enabled students to feel
(interviews, surveys, like part of the scientific process, not just participants. The research also emphasized how Citizen Science
observations) can serve as a means of communicating climate change issues, connecting science, policy, and society.

The results suggest that CS can narrow the gap between "experts" and "non-experts" in science.

[14] 2024 Survey & analysis of Research results show that Indonesian high school students' understanding of Citizen Science varies.
high school Some students understand the basic concepts of Citizen Science and its relationship to scientific research,
students' but many still view it as merely a voluntary activity. The study concluded that Citizen Science has
understanding significant potential to enhance climate awareness and contextual science learning if implemented in a
(Indonesian) structured manner within the school curriculum.
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[12] 2022 Interviews with 31 Children and adolescents' participation in the online CCS (iNaturalist) and field activities promotes science
children & learning: improving scientific skills, knowledge of biodiversity, and skills in collecting and analyzing data.
adolescents (7-20 Research shows that CCS can be inclusive for adolescents with limited science experience, boosting their
yrs) using iNaturalist ~ confidence, and increasing their interest in science.

[15] 2020 Quasi-experimental,  Integrating Citizen Science projects into the formal science curriculum increases students' positive views
pre-post of science and technology, enhances their understanding of the scientific process (scientific literacy), and
questionnaire on 83  fosters awareness of the Sustainable Development Goals (SDGs). Research shows that CS can strengthen
high school the conceptual, procedural, and affective aspects of scientific literacy.
students (14-15 yrs)

[16] 2025 Scoping review (60 Identifying 65 supporting and inhibiting factors for the implementation of Citizen Science in junior high
articles) with and senior high school science classes. Supporting factors include curriculum-aligned project design,
supply-use-outcome  teacher support, and scientist participation. Barriers include time constraints, lack of teacher training,
model and unclear contributions to learning objectives. Overall, there are more supporting factors than barriers,

suggesting that Citizen Science has significant potential in formal education.

[17] 2025 Systematic review This study demonstrates that integrating climate change as a Socio-Scientific Issue (SSI) into science
(17 articles, last 5 education can improve students' argumentation skills, scientific literacy, environmental awareness, and
years) ethical decision-making skills regarding climate issues. SSI methods combined with STEAM, PBL, or digital

technology have proven successful, but a major challenge is the lack of training teachers receive to teach
this topic.

[18] 2024 Case studies & pre—  Students have a good understanding of the facts about the effects of climate change, but they are less
post surveys able to understand the complex and long-term relationships. Over 90% of students believe that everyone

can contribute and demonstrate positive attitudes toward climate protection efforts. However, concrete
actions such as engaging their families or choosing environmentally friendly products are still minimal.
Learning interventions have yielded only small, if not significant, improvements.

[19] 2025 Policy analysis This study demonstrates that climate change has a direct impact on access to basic education, particularly
in countries of the Global South. It emphasizes the importance of incorporating climate literacy into
curricula, using experiential learning approaches, and policy measures that include teacher training and
equitable resource provision to reduce socioeconomic inequalities.

[20] 2025 Scoping review This review describes studies on climate education from 2022 to 2024 and proposes a planetary-

consciousness pedagogy. The research findings demonstrate the need to connect science with ethical,
emotional, and social aspects to foster awareness of planetary interdependence. This approach is

considered crucial for enhancing the effectiveness of basic science education related to climate issues.

A review of 15 articles indicates that integrating citizen science (CS) into science and physics learning has a
positive impact on cognitive, emotional, and behavioral aspects. Several studies have shown improvements in
scientific literacy, critical and creative thinking skills, and understanding of sustainability literacy. While CS has
also been shown to foster positive attitudes toward the environment, concrete behavioral changes are still
limited. On the other hand, several studies have identified supporting factors such as teacher involvement and
curriculum-aligned project design, as well as constraints such as limited time and lack of teacher training.

3.2. Discussion

A literature review of 15 articles shows that the integration of Citizen Science (CS) in climate education plays a
significant role in the development of students' cognitive, emotional, and behavioral aspects. From a cognitive
perspective, most studies consistently show that CS can strengthen scientific understanding and scientific
literacy. Student participation in CS projects, whether through digital applications such as iNaturalist or field
projects related to biodiversity, can increase interest in science and also understanding of the scientific process
[4][14][15]. This finding is supported by a meta-analysis that noted a significant increase in knowledge about
climate change [11]. These results indicate that learning based on active participation and scientific practice
provides students with a more authentic learning experience compared to conventional methods.
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In terms of higher-order thinking skills, it is indicated that CS not only increases factual knowledge, but also
enriches critical and creative thinking skills, as well as argumentation skills [3][17]. The integration of climate
change issues as a Socio-Scientific issue (SSI) has been shown to expand the space for scientific discussion,
train ethical decision-making skills, and encourage students to think systematically. In terms of affective and
attitudinal aspects, CS fosters a positive view of science, increases self-confidence, and strengthens students'
connections with their communities [10]{12][13]. Students not only feel like participants, but also as part of the
actual scientific process. This aspect is very important in climate-related education, because behavioral change
often begins with self-awareness and identity as empowered individuals.

However, this study also shows a gap between views and actual actions. Although students have positive
views on climate change issues, daily actions such as environmentally friendly consumption or family advocacy
are still relatively low [18]. This finding is in line with the results of meta-analyses that show that improvements
in knowledge and attitudes are significantly more significant than changes in behavior [11]. These results
emphasize the need for educational approaches that not only raise awareness but also create long-term
interventions based on concrete actions in schools and communities.

From an implementation perspective, factors that support and hinder the implementation of Citizen Science
(CS) in formal education [16][14]. Identified supporting factors include support from teachers, project design
aligned with the curriculum, and involvement from scientists. On the other hand, the main obstacles that often
arise are limited time for learning, lack of training for teachers, and a lack of clarity regarding how CS contributes
to achieving curriculum objectives. Meanwhile, incorporating local climate issues through project-based
learning methods, such as air pollution or the urban heat island phenomenon, can increase student engagement
and connect learning to the realities they face [12].

In terms of pedagogical development direction, recent literature highlights the importance of a more
transdisciplinary approach, the notion of planetary consciousness that links science with ethical, emotional, and
social aspects [20]. On the other hand, there are many benefits from integrating SSI based on digital technology.
The implications of these findings indicate the need for more in-depth, patticipatory climate learning designs
that address aspects of planetary consciousness and social justice [17][19].

Overall, this research demonstrates that Citizen Science not only enriches students' scientific understanding
but can also serve as a comprehensive approach to climate education. However, its effectiveness depends
heavily on factors such as curriculum design, teacher support, community engagement, and program
sustainability. Therefore, future research and practice need to focus on long-term integration, strengthening
teacher capacity, and cross-disciplinary collaboration to ensure that Citizen Science can truly drive
transformation in pro-environmental knowledge, attitudes, and behaviors.

4. Conclusion

This literature review demonstrates that the integration of Citizen Science (CS) into science instruction plays a
significant role in improving students' scientific literacy, climate literacy, and 21st-century skills. Cognitively, CS
has been shown to deepen students' understanding of scientific concepts, enhance critical thinking skills, and
enhance creativity through direct participation in data collection and analysis. Affectively, CS fosters positive
attitudes toward science, provides increased self-confidence, and connects students with the environment and
the scientific community. Behaviorally, although visible changes ate still limited, involvement in CS projects
fosters eatly awareness and commitment to environmentally friendly actions.

However, the implementation of CS in formal education still faces several obstacles, such as limited time,
lack of teacher training, and the dilemma between teaching objectives and the contribution of scientific data.
Therefore, CS's effectiveness will be maximized if supported by an integrated curriculum, adequate teacher
training, and interdisciplinary collaboration. Overall, this study confirms that Citizen Science has the potential
to be a transformative, contextual, and participatory pedagogical strategy in preparing a young generation with
scientific literacy skills, environmental awareness, and readiness to become agents of change in facing the
challenges of the global climate crisis.
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