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Abstract 

The increasing complexity of environmental issues highlights the importance of environmental literacy as a key 

competence within science education; however, existing research remains fragmented in terms of conceptual 

emphases, instructional resources, and methodological practices. This study systematically examines research 

trends on environmental literacy in science education, focusing on investigated dimensions, learning materials 

and resources, methodological approaches, and data collection instruments. A systematic review was conducted 

following the PRISMA 2020 guidelines. Articles were retrieved from the Scopus database and screened through 

identification, screening, and eligibility stages, resulting in twenty-one peer-reviewed studies published between 

2016 and 2025. The findings indicate that environmental literacy is predominantly conceptualized as a 

multidimensional construct encompassing cognitive, affective, and behavioral components, with a strong 

emphasis on cognitive aspects, particularly environmental knowledge and conceptual understanding. Experiential 

and technology-enhanced learning resources are most frequently employed, while traditional textbook-based 

materials are less common. Methodologically, quantitative approaches and questionnaire-based instruments 

dominate the field. Overall, this review reveals persistent conceptual and methodological imbalances and 

highlights the need for more integrated frameworks and diverse research approaches to support meaningful 

environmental literacy development through science education. 
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INTRODUCTION 

The increasing complexity of environmental issues, ranging from climate change and 

pollution to ecosystem degradation, requires young generations to develop the ability to 

understand, analyze, and act in an environmentally responsible manner (Darfin & Kholifatun, 

2025; Hohenhaus et al., 2023; Martha et al., 2025; Milandi et al., 2025). Within the educational 

context, environmental literacy represents a crucial competence, encompassing conceptual 

understanding of ecosystems, the development of positive environmental attitudes, as well as 

critical thinking and decision-making skills that support sustainability (Kaya & Elster, 2019; 

Miterianifa & Mawarni, 2024; Yuliastrin et al., 2023). By fostering environmental literacy, 

students are not only able to comprehend environmental phenomena theoretically but are also 
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prepared to engage in actions that contribute positively to the environment (Novera et al., 2024; 

Novian & Sari, 2024). 

Science education plays a strategic role in promoting environmental literacy, as it 

provides a conceptual framework and scientific practices that are relevant for understanding 

environmental phenomena in a holistic manner (Al-Barakat et al., 2025; Guerrero & Sjöström, 

2025; Nurfaizah et al., 2025). Integrating environmental issues into science learning can 

enhance students’ ecological understanding, strengthen critical thinking skills, and encourage 

pro-environmental behavior (Arisma et al., 2024; Azrai et al., 2024; Candra, 2025; Siswa et 

al., 2025). Teachers hold a central role in implementing interactive, contextual, and problem-

based instructional strategies, while learning materials that link scientific concepts with real-

world environmental issues, as well as the use of digital media or practical experiments, can 

enrich students’ learning experiences and support the comprehensive development of 

environmental literacy (Gök & Boncukçu, 2023; Kuswandi et al., 2025; Rubini et al., 2023; 

Xiong et al., 2025). In this review, environmental literacy is operationalized using a 

multidimensional framework that integrates cognitive (knowledge and understanding), 

affective (attitudes and values), behavioral (action and participation), and skills-based 

components, consistent with widely adopted conceptualizations in environmental and science 

education research. 

Despite the growing body of literature on environmental literacy in science education, 

existing studies remain fragmented in focus, methodology, and context. Consequently, 

understanding actual educational practices, the effectiveness of instructional strategies, the role 

of teachers, and student engagement in developing environmental literacy remains limited. 

Therefore, a systematic and integrative synthesis is needed to move the field beyond descriptive 

trends toward more theoretically and methodologically informed research directions by 

mapping research trends, identifying key themes, and examining the methods and instruments 

used in environmental literacy research within science education. Unlike previous reviews that 

focus on specific interventions or isolated dimensions, this systematic review integrates 

conceptual, instructional, and methodological perspectives to provide a comprehensive 

synthesis of environmental literacy research within science education. 

Accordingly, this study employs a systematic literature review to analyze the existing 

literature and addresses four main research questions (RQ): 

RQ1. What variables or aspects have been investigated in relation to the development of 

environmental literacy in science education? 

RQ2. What types of learning materials or resources are used to support environmental literacy 

instruction? 

RQ3. What methodological trends (research approaches, designs, and data analysis techniques) 

are applied in environmental literacy research in science education? 

RQ4. What data collection tools are most commonly employed in studies on the 

implementation of environmental literacy in science education? 

By addressing these questions, this review aims to provide a comprehensive 

understanding of research developments on environmental literacy in science education and 

serve as a reference for researchers, educators, and curriculum developers in designing 

effective science-based learning strategies to enhance students’ environmental literacy. The 

findings are expected to reinforce the role of science education as a key means for fostering 

environmentally competent and responsible future generations. 

METHOD  

Research Design 

This study employed a systematic literature review (SLR) design to synthesize empirical 

studies related to environmental literacy in science education. The review process followed the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 

guidelines to ensure transparency, rigor, and reproducibility (Page et al., 2021). This review 
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aimed to identify research trends and map evidence regarding environmental literacy 

dimensions, learning materials and resources, methodological approaches, and data collection 

instruments in science education studies. 

Database and Search Strategy 

The literature search was conducted using the Scopus database, which provides extensive 

international coverage of peer-reviewed journal publications in education and environmental 

studies. Although this review relied on Scopus as a single database, Scopus has been widely 

used in systematic reviews due to its comprehensive indexing and citation coverage, 

particularly in education and environmental research. Scopus was selected as the primary 

database due to its broad international coverage of high-quality peer-reviewed journals in 

education and environmental studies. The search was performed on 15 December 2025 using 

the TITLE-ABS-KEY field to identify studies relevant to environmental literacy in science 

education. The Scopus search query applied was: TITLE-ABS-KEY ( ("environmental 

literacy" OR "eco literacy" OR "ecoliteracy") AND ("science education" OR "science learning" 

OR "science teaching") ). To ensure relevance and publication quality, the search was limited 

to publications written in English, published between 2016 and 2025, indexed as journal 

sources, and categorized under the document type Article. The initial search yielded 572 

records. 

Eligibility Criteria 

Eligibility criteria were defined before the screening process to reduce selection bias and 

ensure consistency. Studies were included if they explicitly focused on environmental literacy 

(or related terms such as ecoliteracy) and were conducted within science education contexts. 

Publications that were not peer-reviewed journal articles or were not directly related to science 

education were excluded. The inclusion and exclusion criteria are summarized in Table 1. 

Table 1. Inclusion and Exclusion Criteria 

Inclusion Criteria Exclusion Criteria 

- Studies published between 2016-2025 - Studies published outside the defined time 

range 

- Articles written in English - Articles written in languages other than 

English 

- Peer-reviewed journal articles indexed in 

Scopus 

- Conference papers, book chapters, editorials, 

notes, and non-peer-reviewed publications 

- Studies explicitly examining environmental 

literacy, eco literacy, or ecoliteracy 

- Studies that do not focus on environmental 

literacy as the main construct 

- Studies conducted in science education 

contexts (formal science education, non-

formal science learning, or science teacher 

education) 

- Studies conducted outside science education 

contexts (e.g., tourism, business, engineering, 

agriculture, general environmental 

management) 

- Full-text articles accessible for screening and 

analysis 

- Articles without accessible full text 

Study Selection Process 

The study selection process followed the PRISMA stages of identification, screening, 

eligibility, and inclusion. The initial database search identified 572 records. After applying 

publication year and language filters, 25 records were removed, leaving 547 records. Document 

type filtering was then applied to retain only journal articles, resulting in 112 records for title 

and abstract screening. During the screening stage, 57 records were excluded because they did 

not explicitly address environmental literacy within science education contexts. The remaining 

55 articles were assessed through full-text screening, and 31 studies were excluded because 

they did not meet the operational definition of science education-based environmental literacy 

research. Finally, 21 studies met all eligibility criteria and were included in the systematic 
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literature review. The complete selection procedure is presented in the PRISMA flow diagram 

(Figure 1). 

 
Figure 1. PRISMA flow diagram of the study selection process 

Data Extraction 

A structured data extraction form was developed to systematically collect relevant 

information from each included study. The extracted data covered bibliographic information 

(author(s) and publication year), country and educational context, participant characteristics, 

environmental literacy dimensions examined, learning materials and instructional resources, 

research approach and design, data collection instruments, and key findings related to 

environmental literacy outcomes. This extraction process ensured consistency in organizing 

evidence across studies and facilitated descriptive synthesis. The data extraction framework is 

presented in Table 2. 

Table 2. Data Extraction Framework 

Extracted Information Description 

- Author(s) and year - Author names and publication year 

- Country/region - Location where the study was conducted 

- Educational level/context - Primary, secondary, higher education, teacher education, 

non-formal education 

- Participants - Participant type and sample size 
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Extracted Information Description 

- Environmental literacy 

dimensions 

- Cognitive, affective, behavioral, skills, or other components 

- Learning materials/resources - Teaching materials, learning media, technology integration, 

modules, programs, etc. 

- Research approach - Quantitative, qualitative, or mixed-methods 

- Research design - Survey, experimental/quasi-experimental, case study, 

evaluation, etc. 

- Instruments - Test, questionnaire, interview, observation, document 

analysis 

- Key findings - Main outcomes and conclusions reported by the study 

Quality Appraisal 

To evaluate the methodological rigor of the included studies, a quality appraisal was 

conducted using the Mixed Methods Appraisal Tool (MMAT) 2018, which is suitable for 

systematic reviews involving qualitative, quantitative, and mixed-methods designs. Each 

included study was assessed based on the MMAT criteria relevant to its research design. The 

appraisal results were used to provide an overview of evidence quality and to support 

interpretation of findings in the synthesis stage. The quality appraisal was not used as an 

exclusion criterion but served to contextualize the strength of evidence and support cautious 

interpretation of the synthesized findings. The MMAT appraisal framework is summarized in 

Table 3. 

Table 3. MMAT 2018 Quality Appraisal Framework 

Study Design Category MMAT Evaluation Criteria 

- Qualitative studies - Appropriateness of qualitative approach, adequacy of data 

collection, coherence between data and interpretation 

- Quantitative randomized 

studies 

- Randomization process, baseline comparability, completeness 

of outcome data, appropriateness of measurements 

- Quantitative non-randomized 

studies 

- Representativeness, confounding control, intervention 

integrity, completeness of outcome data 

- Quantitative descriptive 

studies 

- Sampling strategy, measurement validity, nonresponse bias, 

appropriateness of statistical analysis 

- Mixed-methods studies - Justification of mixed-methods design, integration of findings, 

coherence of interpretation 

RESULTS AND DISCUSSION  

Results 

This section presents the findings of the systematic literature review on environmental 

literacy in science education. The results are organized based on the review focus, including 

(1) environmental literacy dimensions investigated, (2) learning materials and resources 

supporting environmental literacy instruction, (3) methodological trends, and (4) data 

collection instruments employed in the reviewed studies. 

Environmental Literacy Dimensions Investigated 

The reviewed studies conceptualized environmental literacy as a multidimensional 

construct, most commonly encompassing cognitive, affective, and behavioral components. 

Table 4 summarizes the main dimensions and variables investigated in the included studies. 

Table 4. Environmental Literacy Dimensions and Variables Examined in Reviewed Studies 

No 
Author 

(Year) 

Educational 

Context 

Environmental 

Literacy Dimension 
Variabel Investigated 

1 Vojíř & 

Svobodová 

(2024) 

Lower secondary 

science textbooks 

Cognitive Environmental processes 

and systems; curriculum 

representation 
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No 
Author 

(Year) 

Educational 

Context 

Environmental 

Literacy Dimension 
Variabel Investigated 

2 Frensley et al. 

(2022) 

Residential 

environmental 

education center 

(middle school) 

Cognitive, Affective, 

Behavioral 

Knowledge; attitudes; pro-

environmental behavior 

outcomes 

3 Christiansen 

(2020) 

Primary education 

language textbooks 

(China) 

Affective (ideological 

orientation) 

Awareness; attitudes; 

values; environmental 

responsibility 

4 Saribas et al. 

(2016) 

Pre-service 

elementary teacher 

education 

Cognitive, Affective Climate change 

knowledge; attitudes; 

concern; perceptions 

5 Arici (2024) Elementary science 

education with AR 

technology 

Cognitive, Affective, 

Behavioral, Skills 

Knowledge; sensitivity; 

behavior; environmental 

skills 

6 Hamilton & 

Polk (2023) 

Middle school place-

based science 

education 

Cognitive, Affective, 

Behavioral 

Great Lakes literacy; 

awareness; stewardship 

7 Nacaroğlu & 

Göktaş 

(2025) 

Preservice science 

teacher education 

(technology-

supported inquiry) 

Affective (Cognitive-

implicit) 

 

Attitudes; environmental 

awareness 

8 Sorensen et 

al. (2016) 

Undergraduate 

environmental 

science education 

Cognitive (higher-

order) 

Systems thinking; socio-

scientific reasoning 

9 Bissinger & 

Bogner 

(2018) 

Secondary education 

(Grade 10), botanical 

garden-based 

learning 

Cognitive, Affective, 

Behavioral 

 

 

Knowledge; attitudes; 

behavior intention 

10 Kramar & 

Knez (2025) 

Secondary education 

(ages 13–15), cross-

cultural (Europe & 

Middle East) 

Cognitive, Affective, 

Behavioral 

(engagement) 

Hydrogen literacy; 

sustainability awareness; 

engagement 

11 Pan & Hsu 

(2020) 

Nonformal 

environmental 

education (nature 

center), elementary 

level (Grade 6) 

Cognitive, Affective, 

Behavioral, Retention 

Knowledge; attitudes; 

locus of control; 

responsibility; action 

12 Carmi & 

Alkaher 

(2019) 

Higher education Cognitive (risk 

literacy), Affective-

perceptual 

 

Risk literacy; ecological 

risk perception 

13 Liu et al. 

(2019) 

Higher education 

(university students) 

Affective-moral, 

Attitudinal, Cognitive 

(implicit) 

Environmental ethics; 

moral awareness; literacy 

14 Herlanti et al. 

(2025) 

School science 

learning (online, 

Indonesia) 

Knowledge, 

awareness, attitudes, 

skills, participation 

Knowledge; awareness; 

attitudes; skills; 

participation 

15 Svensson et 

al. (2022) 

Higher education Cognitive (supporting 

literacy skills) 

Information literacy; 

source evaluation; critical 

thinking 

16 Dada et al. 

(2017) 

Preservice teacher 

education  

Cognitive, Affective Knowledge; dispositions; 

preparedness 

17 (Kocak & 

Celik, 2023) 

STEM-based 

preservice teacher 

education 

Cognitive, Affective, 

Behavioral 

Knowledge; attitudes; 

awareness; behavior 
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No 
Author 

(Year) 

Educational 

Context 

Environmental 

Literacy Dimension 
Variabel Investigated 

18 (Rasis & 

Kuswanto, 

2023) 

Preservice biology 

teacher education  

Cognitive, Affective, 

Behavioral 

 

Knowledge; attitudes; 

behavior 

19 (Bloom & 

Fuentes, 

2019) 

Inservice science 

teacher professional 

development  

Cognitive, Affective Energy literacy; 

sustainability perspectives 

20 (Chen et al., 

2020) 

Higher education 

students (design 

university) 

Cognitive, Affective, 

Behavioral 

Literacy; awareness; 

attitudes; outcomes 

21 (Cincera et 

al., 2023) 

Lower secondary 

education (formal & 

non-formal) 

Cognitive, Affective, 

Behavioral 

Knowledge; beliefs; locus 

of control; behavior 

Overall, the cognitive dimension was the most frequently examined component, mainly 

operationalized through variables such as environmental knowledge, understanding of 

environmental systems, systems thinking, and risk literacy. Affective components were also 

commonly addressed through attitudes, awareness, values, and moral responsibility. 

Behavioral aspects were included less consistently and were mainly measured through pro-

environmental behavior, stewardship, and participation indicators. Only a small number of 

studies explicitly examined skills-related dimensions such as inquiry skills, problem-solving 

skills, and information literacy. To provide a clearer quantitative overview, the frequency of 

environmental literacy dimensions is summarized in Figure 2. 

 
Figure 2. Distribution of Environmental Literacy Dimensions Across Reviewed Studies 

Learning Materials and Resources Supporting Environmental Literacy Instruction 

The reviewed studies reported diverse learning materials and instructional resources used 

to support the development of environmental literacy in science education. Based on the 

synthesis, the reported resources were classified into seven main categories: (1) experiential 

and program-based learning environments, (2) digital and technology-enhanced materials, (3) 

place-based and outdoor learning resources, (4) inquiry-oriented learning kits and STEM 

resources, (5) curriculum/textbook-based materials, (6) simulation/model-based learning 

resources, and (7) information literacy and academic resources. The distribution of these 

learning resources is summarized in Table 5. 

Table 5. Learning Materials and Resources Supporting Environmental Literacy Instruction 

Category of Learning 

Resource 
Examples of Resources Reported Frequency (n) 

- Experiential and program-

based learning environments 

- Residential environmental education, 

botanical gardens, nature centers, 

environmental education programs 

8 

19
17

11

3

0

5

10

15

20

Cognitive Affective Behavioral Skills / Supporting

literacy skills
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Category of Learning 

Resource 
Examples of Resources Reported Frequency (n) 

- Digital and technology-

enhanced materials 

- AR, VR, computer-aided instruction, 

online learning platforms 

6 

- Place-based and outdoor 

learning resources 

- Place-based learning in local ecosystems, 

outdoor contextual learning 

3 

- Inquiry-oriented learning kits 

and STEM resources 

- Guided inquiry materials, STEM 

microcontroller kits, open inquiry kits 

3 

- Curriculum/textbook-based 

materials 

- Printed textbooks, curriculum integration 2 

- Simulation/model-based 

learning resources 

- Simulation games, decision-making tools, 

model-based reasoning 

2 

- Information literacy and 

academic resources 

- Searching, evaluating sources, academic 

environmental resources 

1 

To facilitate interpretation of the dominant instructional resources reported across the 

reviewed studies, the frequency distribution is illustrated in Figure 3. Because several studies 

employed more than one learning resource, the total frequency exceeds the number of included 

studies. 

 
Figure 3. Frequency Distribution of Learning Materials and Resources Supporting Environmental 

Literacy Instruction 

As shown in Figure 3, experiential and program-based learning environments represent 

the most frequently reported category (n = 8), indicating a strong emphasis on contextual and 

authentic learning experiences such as residential environmental education programs, botanical 

gardens, and nature centers. Digital and technology-enhanced materials are also widely 

employed (n = 6), including augmented reality, virtual reality, computer-aided instruction, and 

online learning platforms. Place-based and outdoor learning resources (n = 3) and inquiry-

oriented learning kits and STEM resources (n = 3) appear in a moderate number of studies, 

suggesting increasing attention to inquiry-based and locally relevant environmental learning. 

In contrast, curriculum/textbook-based materials (n = 2) and simulation/model-based learning 

resources (n = 2) are less frequently reported, while information literacy and academic 

resources appear only in a limited number of studies (n = 1). 

Methodological Trends in Environmental Literacy Research 

The methodological characteristics of the reviewed studies indicate that quantitative 

approaches dominate environmental literacy research in science education. The distribution of 

research approaches across the included studies is presented in Figure 4. 

8

6

3

3

2

2
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Information literacy and academic resources
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Figure 4. Distribution of Research Approaches in Environmental Literacy 

As shown in Figure 4, quantitative methods represent the largest proportion of studies 

(52%), while qualitative and mixed-methods approaches are less frequently employed (24% 

each). To provide further detail, the research designs reported in the reviewed studies are 

summarized in Table 7. 

Table 7. Research Designs in Reviewed Studies 

Research Design Frequency (n) 

Quasi-experimental 6 

Survey research 5 

Case study 4 

Experimental 3 

Design-based / Program evaluation 3 

Total 21 

Table 7 shows that quasi-experimental designs are the most frequently applied research 

design (n = 6), followed by survey-based studies (n = 5) and case studies (n = 4). Experimental 

studies (n = 3) and design-based/program evaluation approaches (n = 3) appear less frequently. 

In addition, participant characteristics across the reviewed studies are summarized in Figure 5. 

 
Figure 5. Distribution of Participant Groups Across Reviewed Studies 

As shown in Figure 5, most studies were conducted with secondary school students (n = 

6) and university students (n = 5). Preservice teachers and elementary school students were 

also frequently involved (n = 4 each), indicating that environmental literacy research is 

commonly implemented in both school and teacher education contexts. In contrast, inservice 

teachers were the least represented participant group (n = 2), suggesting a limited focus on 

practicing teachers in environmental literacy research within science education. The data 

analysis techniques reported in the reviewed studies are summarized in Table 8. 

Table 8. Data Analysis Techniques in Reviewed Studies 

Data Analysis Technique Frequency (n) 

Descriptive statistics 12 

Inferential statistics 8 

4

6

5

4

2

0 1 2 3 4 5 6 7

Elementary school students

Secondary school students

University students

Preservice teachers

Inservice teachers
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Data Analysis Technique Frequency (n) 

Qualitative thematic analysis 5 

Mixed analysis (integration of quantitative and qualitative findings) 5 

As shown in Table 8, descriptive statistical analysis was the most commonly applied 

technique (n = 12), followed by inferential statistical methods such as t-tests, ANOVA, and 

regression analysis (n = 8). Qualitative thematic analysis was reported in several studies (n = 

5), while mixed analysis integrating quantitative and qualitative findings was also used in a 

number of studies (n = 5), indicating that some studies combined quantitative results with 

qualitative interpretation to strengthen the robustness of findings. 

Data Collection Instruments 

The reviewed studies employed various data collection instruments to assess 

environmental literacy outcomes. The frequency distribution of the instruments reported across 

the included studies is presented in Table 9. 

Table 9. Data Collection Instruments Used in Reviewed Studies 

Instrumen Type Frequency 

Questionnaires / Tests 13 

Interviews 5 

Observations 4 

Document analysis 3 

As shown in Table 9, questionnaires and tests were the most frequently used instruments 

(n = 13), primarily applied to measure environmental knowledge, attitudes, and self-reported 

behavioral tendencies. Interviews (n = 5) were used to explore participants’ perceptions and 

learning experiences in greater depth. Observations (n = 4) and document analysis (n = 3) were 

less frequently employed, indicating that fewer studies relied on direct behavioral evidence or 

curriculum-based analysis to evaluate environmental literacy development. Taken together, 

these results indicate that current environmental literacy research in science education is 

characterized by strong conceptual attention to knowledge acquisition, increasing reliance on 

experiential and technology-enhanced learning resources, and a predominant use of 

quantitative methodologies, while issues related to behavioral enactment, skills development, 

and long-term impact remain comparatively underexplored. 

Discussion 

By integrating conceptual, instructional, and methodological perspectives, this review 

extends prior environmental literacy syntheses by providing a comprehensive meta-level 

understanding of how environmental literacy is currently operationalized and studied within 

science education. The findings of this systematic literature review demonstrate that research 

on environmental literacy in science education has predominantly conceptualized 

environmental literacy as a multidimensional construct, integrating cognitive, affective, and 

behavioral dimensions (Sanchez et al., 2025; Xiong et al., 2025). However, the synthesis also 

reveals a clear imbalance in emphasis, with the cognitive dimension receiving substantially 

greater attention than affective and behavioral components (Khoirunnisa et al., 2023; Komang 

et al., 2024; Maurer & Bogner, 2020). Environmental literacy is most frequently 

operationalized through measures of environmental knowledge, understanding of 

environmental systems, systems thinking, and scientific reasoning (Al-Barakat et al., 2025; 

McBride et al., 2013). While affective variables such as attitudes, awareness, values, and moral 

responsibility are also commonly included, behavioral aspects particularly those related to 

sustained pro-environmental action and participation are addressed less consistently (J. Liu & 

Green, 2024; L. Liu & Tobias, 2024). This pattern suggests that, although science education 

has been effective in strengthening students’ conceptual understanding of environmental 

issues, translating this understanding into concrete and sustained behavioral engagement 
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remains a persistent challenge (Alshehri, 2024; Ardoin et al., 2020; Portus et al., 2024; Yang 

et al., 2025). These findings reflect longstanding concerns in environmental education research 

regarding the gap between environmental knowledge and environmentally responsible 

behavior. 

Importantly, this imbalance indicates that many studies may still treat environmental 

literacy primarily as an “academic outcome” rather than a transformative competence that 

influences students’ real-life decision-making. While knowledge is a fundamental foundation, 

environmental literacy is ultimately meaningful when learners demonstrate the willingness and 

capacity to act responsibly in daily life and civic contexts. Therefore, research that focuses 

heavily on cognitive measures without equally examining behavioral enactment risks 

producing an incomplete picture of environmental literacy development. This trend also aligns 

with the widely discussed “knowledge–action gap,” where learners may understand 

environmental issues but do not consistently engage in environmentally responsible behavior. 

This gap may be influenced by factors such as limited opportunities for authentic action, lack 

of social and institutional support, weak environmental identity, and contextual constraints 

(e.g., school culture, family habits, community infrastructure). Thus, future science education 

research should not only measure environmental knowledge but also explore how science 

learning experiences shape environmental identity, agency, and sustained participation in 

environmental action. 

The review further indicates a notable shift in instructional approaches supporting 

environmental literacy, with experiential, program-based, and technology enhanced learning 

resources appearing more frequently than traditional textbook-based instruction. Learning 

environments such as residential environmental education programs, botanical gardens, nature 

centers, and place-based outdoor settings are widely employed, highlighting an increasing 

recognition of the value of contextualized and authentic learning experiences in science 

education (Klopčič & Torkar, 2025; Trina et al., 2024; Yilmaz et al., 2023). In parallel, digital 

learning materials including augmented reality, virtual reality, computer-aided instruction, and 

online learning platforms are increasingly integrated to support the visualization of complex 

environmental systems and inquiry oriented learning processes. The relatively limited reliance 

on printed textbooks suggests a gradual move away from static instructional materials toward 

more interactive and experiential resources that are better suited to addressing the complexity 

and interdisciplinary nature of environmental issues. 

This shift has important pedagogical implications. Experiential and outdoor learning 

environments provide opportunities for learners to directly interact with ecological systems, 

observe environmental degradation, and engage in authentic inquiry. Such experiences may 

strengthen emotional connection to nature, which has been reported as an important predictor 

of environmental concern and stewardship behaviors. Similarly, technology-enhanced tools 

such as AR and VR may improve learners’ ability to visualize invisible environmental 

processes (e.g., pollution diffusion, climate system interactions, biodiversity loss), making 

abstract environmental concepts more accessible and engaging. However, the dominance of 

experiential and digital learning resources also suggests that environmental literacy instruction 

may increasingly require schools to provide adequate infrastructure, teacher training, and 

access to technology. Without sufficient support, the use of AR/VR or inquiry-based STEM 

kits may remain limited to well-resourced institutions, potentially creating inequity in 

environmental literacy development across different regions and socioeconomic contexts. 

Therefore, future research should also examine accessibility and feasibility issues, particularly 

in developing countries and rural school settings. 

From a methodological perspective, the reviewed studies reveal a strong dominance of 

quantitative research approaches, particularly quasi-experimental designs and survey-based 

studies (Hudha et al., 2023; Rofiqi, 2024). While these approaches provide important evidence 

regarding instructional effectiveness and allow for broader generalization, the limited use of 
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qualitative and mixed-methods designs indicates that contextual, process-oriented, and 

longitudinal dimensions of environmental literacy development remain underexplored (Xiong 

et al., 2025; Zhang & Jung, 2025). The heavy reliance on questionnaires and standardized tests 

may not fully capture students’ decision-making processes, behavioral enactment, or long-term 

engagement with environmental issues (Ballard et al., 2024; Rofiqi, 2024) Furthermore, the 

relatively small number of studies involving inservice teachers highlights a research gap related 

to how environmental literacy is implemented, sustained, and negotiated within everyday 

classroom practice. Addressing these limitations will require greater methodological diversity, 

including qualitative inquiry, classroom-based observations, and design-based research that 

can illuminate how environmental literacy develops across time and learning contexts. 

A key concern emerging from the methodological synthesis is the overdependence on 

self-reported questionnaire measures. Although questionnaires are efficient for assessing 

attitudes and perceived behaviors, they may not accurately represent real behavioral 

engagement due to social desirability bias and the limited ability of students to evaluate their 

own long-term actions. Therefore, future studies should expand the use of triangulated 

instruments such as classroom observation protocols, student reflective journals, learning 

portfolios, and performance-based assessments. Such approaches may provide richer evidence 

regarding how environmental literacy competencies are enacted during scientific inquiry, 

group discussions, and problem-solving activities. Additionally, the limited use of longitudinal 

research designs indicates that the sustainability of environmental literacy outcomes remains 

unclear. Many quasi-experimental studies evaluate short-term learning gains, but 

environmental literacy is a competence that develops progressively and is shaped by repeated 

exposure to environmental issues and civic action. Thus, longitudinal and follow-up studies are 

strongly recommended to evaluate whether science education interventions lead to lasting 

changes in environmental responsibility and lifestyle practices. 

Overall, this review contributes to the field by systematically mapping conceptual 

emphases, instructional resources, and methodological patterns in environmental literacy 

research within science education. By synthesizing evidence across these dimensions often 

examined separately in prior studies this review provides an integrated perspective that clarifies 

current research trends and identifies key gaps for future investigation. The findings underscore 

the need for more balanced approaches that intentionally integrate cognitive, affective, and 

behavioral dimensions of environmental literacy, as well as instructional designs that explicitly 

support the translation of scientific understanding into meaningful environmental action. For 

researchers, this review highlights the importance of expanding methodological approaches 

and strengthening attention to teachers’ roles and classroom implementation. For educators and 

curriculum developers, the results emphasize the potential of experiential and technology-

enhanced learning resources to foster meaningful environmental literacy. Ultimately, 

strengthening the alignment between scientific knowledge, environmental values, and 

responsible action is essential if science education is to play a transformative role in preparing 

environmentally literate and responsible future generations. 

Despite these contributions, this review has several limitations that should be 

acknowledged. First, this systematic review relied on Scopus as a single database. Although 

Scopus has been widely used in systematic reviews due to its comprehensive indexing and 

citation coverage, particularly in education and environmental research, relevant studies 

indexed in other databases such as Web of Science or ERIC may not have been captured. 

Second, the review included only peer-reviewed journal articles published in English, which 

may limit the representation of regional, practice-oriented, or non-English studies. 

Consequently, the findings should be interpreted as reflecting dominant research trends rather 

than providing an exhaustive overview of all environmental literacy research in science 

education. 
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In addition to mapping current trends, this review provides a future research agenda that 

highlights several priority directions for advancing environmental literacy research in science 

education. First, future studies should adopt more comprehensive environmental literacy 

frameworks that explicitly integrate knowledge, attitudes, skills, and action competence, rather 

than emphasizing isolated cognitive outcomes. Second, research should further explore how 

instructional strategies such as socioscientific issue (SSI)-based learning, project-based 

learning, and citizen science participation can strengthen students’ environmental agency and 

civic engagement. Third, greater attention should be given to inservice teachers, as their 

classroom practices and pedagogical beliefs play a critical role in determining whether 

environmental literacy becomes meaningfully embedded in everyday science instruction. 

Finally, expanding cross-cultural and contextual comparisons is essential to better understand 

how local environmental challenges, curriculum systems, and cultural values shape the 

development of environmental literacy across diverse educational settings. Taken together, 

these directions underscore that environmental literacy in science education should not be 

viewed merely as content mastery, but as a long-term educational investment aimed at 

empowering learners to participate in sustainable development and environmental problem-

solving. Achieving this goal requires not only innovative learning resources, but also stronger 

conceptual balance and greater methodological rigor in future research. 

CONCLUSION 

This systematic literature review demonstrates that research on environmental literacy in 

science education continues to prioritize cognitive dimensions, while behavioral and skills-

based aspects receive comparatively limited attention, reflecting a persistent knowledge–action 

gap. Instructionally, experiential, program-based, and technology-enhanced learning resources 

dominate the literature, indicating a shift toward more contextualized and interactive learning 

environments, whereas traditional textbook-based materials are less frequently employed. 

Methodologically, the field is largely characterized by quantitative and quasi-experimental 

designs with a strong reliance on questionnaire-based instruments, suggesting insufficient 

attention to contextual, process-oriented, and long-term development of environmental 

literacy. These patterns underscore the need for future research to adopt more balanced 

conceptual frameworks that integrate knowledge, attitudes, skills, and action, alongside more 

diverse methodological approaches, including qualitative, mixed-methods, and longitudinal 

designs. Although this review is limited to Scopus-indexed journal articles, it provides a 

coherent synthesis of current trends and research gaps and offers a valuable foundation for 

guiding future studies and strengthening the transformative role of science education in 

fostering environmentally literate and responsible learners. 

RECOMMENDATION 

Based on the synthesized findings of this systematic literature review, future research 

should adopt more balanced conceptual perspectives on environmental literacy by giving 

comparable attention to cognitive, affective, and behavioral dimensions within science 

education. Further studies are encouraged to examine how specific instructional strategies and 

learning resources support students in translating environmental understanding into 

environmentally responsible actions. Methodological diversification is also strongly 

recommended, particularly through qualitative, mixed-methods, and longitudinal designs, to 

generate deeper insights into learning processes, classroom implementation, and contextual 

influences that may not be adequately captured through questionnaire-based measures alone. 

In addition, greater involvement of inservice teachers, along with more systematic examination 

of experiential, place-based, and technology-enhanced learning resources, is essential for 

understanding how environmental literacy is developed and sustained over time, while 

accounting for constraints related to measurement approaches, contextual variation, and 

instructional conditions. 
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