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Geoparks were represented as areas of geological heritage that required effective conservation 

strategies centralized on community engagement and sustainable education. However, a 

systematic understanding of how eco-literacy had been applied to foster conservation 

knowledge and participation in these sites remained fragmented. The need for a comprehensive 

synthesis of the research landscape concerning eco-literacy adoption in geopark conservation 

was addressed by this study. The trends, geographic distribution, methodological 

characteristics, and thematic applications of eco-literacy studies in the context of global 

geopark conservation and development were aimed to be mapped by this Systematic Literature 

Review (SLR). The PRISMA 2020 guidelines were strictly followed by the review. A 

systematic search was conducted in the Scopus database, covering all years up to 5 May 2025. 

The search string was focused on 'Geopark', 'Eco-literacy'/'Ecological literacy', and 

'Conservation'/'Education'. Inclusion criteria were based on the PICO framework (e.g., studies 

explicitly linking eco-literacy to geopark conservation or education). A total of 100 records 

were screened for eligibility, resulting in 35 articles being included for synthesis. A significant 

quantitative growth was revealed by the synthesis of 35 included studies, with a 74.28% 

increase in publications being noted between 2020 and 2025 compared to previous periods. 

Geographically, research was heavily dominated by contributions from Southeast Asian 

countries (Indonesia and Malaysia). Four main clusters of eco-literacy application were 

identified by the thematic analysis: Technology, Ecotourism, Applied Geo-education, and 

Scientific/Cultural Heritage integration. The majority of the studies were employed with 

qualitative (case study) or mixed-methods designs. Eco-literacy was established as a critical, 

multi-faceted approach to enhancing conservation awareness and community participation in 

geoparks. The exponential growth in research was warranted for the development of 

standardized, place-based instructional design models for eco-literacy. Future research was 

suggested to focus on quantifying the long-term impact of these interventions on successful 

geopark management and sustainability. 
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1. INTRODUCTION

A geopark was defined as an area with geological heritage 

(geo-site) and high-value landscapes, including geology, 

biodiversity, and cultural variety. Tremendous geological 

diversity and rarity were featured by geoparks. Geopark 

landscapes were also dwelled around by 20-25% of the world's 

population, the majority of whom relied upon their 

groundwater resources [1]. Distinct surface and subsurface 

reliefs were created by the combination of ecological niches, 

climate, and edaphic differences. Interactions were allowed to 

generate an ecosystem by an open landscape, which led to the 

endemicity of biodiversity, including a variety of plant and 

animal life [2, 3]. Geoparks were based on three fundamental 

pillars: education, conservation, and sustainable local 

economic development, all of which were identified by the 

presence of geological heritage and geo-sites inside them [4]. 

An important role was played globally by geoparks due to 

their diverse geological and ecological features. Their major 

objectives, primarily the protection and enhancement of 

biodiversity, were strategically paired with educational and 

Sustainable Development Goals, particularly through the 
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meaningful incorporation of local populations [5]. Geoparks, 

particularly those recognized as UNESCO Global Geoparks 

(UGGp), were represented as vital global geological heritage 

sites and functioned as living laboratories for sustainable 

development. The mandate of a Geopark was extended beyond 

mere geo-conservation; it was inherently involved with the 

integration of geology, biology, culture, and the socio-

economic development of the local communities. The success 

of these conservation initiatives critically depended upon the 

active participation and in-depth understanding of the 

communities that directly interacted with the site. 

Consequently, the primary challenge in Geopark management 

was identified as designing and implementing effective 

educational strategies so that a robust sense of ownership and 

long-term conservation responsibility could be cultivated 

among these communities. 

Geoparks confirmed as UGGp were reflected as an 

integrated effort in which the protection of geological heritage 

was integrated with the promotion of sustainable development 

[6-8]. Geopark research has evolved significantly over the last 

few decades, with the shift being made from basic 

geomorphological investigations to a more holistic approach 

that was encompassed by ecosystems, biodiversity protection, 

as well as socio-cultural and educational components of the 

surrounding community [9]. 

A significant impact on people's behavior was had by 

education, and thus individual development was contributed 

to. The community's awareness and appreciation of the 

heritage value of the resources through education was 

considered one of the key success factors for long-term 

geopark conservation [10]. An educational approach was 

based on the geopark area's potential and values, including 

geological, biological, cultural, and socio-economic factors 

that were integrated into efforts so that sustainable 

development could be achieved. Geopark education was 

involved with not only introducing people to natural and 

cultural wealth but also with the development of critical 

awareness, systemic thinking skills, and ecological 

responsibility in environmental preservation [11]. Ecological 

literacy, which was emphasized as a thorough understanding 

of ecosystems and their interactions with human life, was 

considered a particular approach for raising environmental 

consciousness. In the context of geoparks, the eco-literacy of 

organisms was a crucial feature because this region contained 

within unique biodiversity that had to be maintained and used 

sustainably [12]. 

Ecological literacy was defined as a critical understanding 

of ecological principles and the ability to apply them in the 

context of sustainable human-environmental interactions, 

particularly in geoparks. A declining environmental quality, 

biodiversity loss, and threats to the long-term viability of local 

life support systems could result from a lack of understanding 

and application [13]. The protection of geological, 

hydrological, and biological components in a unified system 

was included in geopark conservation [14]. In this context, 

ecological literacy was considered a key basis in which 

conservation success was attained, including the strengthening 

of environmental education, the increasing of stakeholder 

participation, and the implementation of environmentally 

benign and adaptable land use practices [15]. The crucial role 

of scientific knowledge and ecological thinking in identifying 

causal links in socio-environmental systems was emphasized 

by ecological literacy, thereby allowing for more informed 

decision-making. A conscious society was allowed to make 

decisions or act on environmental issues [16]. In the context of 

Geopark conservation education, existing studies had been 

traditionally centered on Geo-education, which was primarily 

focused on geological narratives, the identification of site 

heritage, and the promotion of geo-tourism. While important, 

this approach often failed to bridge the understanding of 

geological diversity with the broader ecological systems and 

the ethical implications of sustainability. 

This was precisely where the relevance of ecological 

literacy (Eco-literacy) emerged as a holistic framework. Eco-

literacy was defined as a deep understanding of the principles 

of nature's organization—such as interconnectedness, cycles, 

and partnership—that led to pro-environmental behavioral 

change and ethical action. The potential to integrate 

geological, biodiversity, and socio-cultural aspects into a 

single, cohesive educational lens were offered by this 

framework. 

Despite the significant potential of eco-literacy, a noticeable 

research gap was revealed by a review of the current literature. 

To date, no comprehensive Systematic Literature Review 

(SLR) that explicitly mapped the research landscape between 

Eco-literacy and Geopark Conservation had been conducted. 

Existing literature was highly fragmented, presenting 

individual case studies without a structured synthesis 

regarding global trends, geographical distribution, or the most 

effective thematic application models of eco-literacy. Efforts 

to standardize or replicate proven eco-literacy instructional 

designs across various international geoparks were hindered 

by this fundamental gap. 

This study was therefore positioned to fill this knowledge 

gap. Utilizing a rigorous SLR methodology was aligned with 

the PRISMA 2020 guidelines, and the relevant literature was 

aimed to be both quantitatively analyzed and qualitatively 

synthesized. The primary novelty of this study was laid in 

providing a state-of-the-art overview that identified the 

thematic domains where Eco-literacy was most effectively 

applied (e.g., in Technology, Ecotourism, or applied Geo-

education) and mapped the evolution of these studies over 

several decades. The findings from this SLR were intended to 

serve as the empirical foundation for which an adaptable Eco-

literacy-based theoretical framework and instructional design 

were formulated to support the educational and conservation 

pillars of Geoparks on a global scale. 

A lack of understanding and application of ecological 

literacy was identified as a strategic approach to effective and 

long-term geopark conservation. A declining environmental 

quality, biodiversity loss, and threats to the long-term viability 

of local life support systems could result from a lack of a 

balanced approach to understanding geoparks in education. 

This study was intended to disclose the breadth of geopark 

research trends and the application of eco-literacy in various 

nations. 

2. METHOD

2.1 Study area 

The research area referred to the UNESCO Geopark data in 

2024, which totaled at 213 geoparks spread across 48 countries 

[17]. The focus of the research was placed on how eco-literacy 

might be used to manage and develop geoparks. The outcomes 

of past research that were related to the research topic, as well 

as those published in international journals, conferences, and 
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book reviews, were included in the study data. The study area 

was encompassed by two important aspects: geoparks and 

literacy, as well as educational approaches that were aimed at 

bringing eco-literacy closer to knowledge, socialization, and 

awareness. The study field was limited to two things: an 

abstract of research results and tendencies in the role of 

overcoming geopark conservation through eco-literacy. 

2.2 Data collection and analysis 

The SLR approach was used to collect and analyze data. 

This approach was considered appropriate for addressing the 

impact of eco-literacy on geopark conservation processes 

across multiple countries. The PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) technique 

was utilized by the SLR [18], systematic and structured, and 

based on indexation-based credible data sources. 

The role of eco-literacy in geopark conservation was 

investigated by this study using the SLR approach. Materials 

were obtained from 2009 to 2025, and database coverage was 

gained from Scopus-indexed journals, conference 

proceedings, and book reviews. The arrangement, distribution, 

and filtering of the topics were decided upon by the researcher 

based on their suitability with the content required for the SLR 

study.  

Table 1 was the researcher's database for further 

investigation of the content of publications directly connected 

to the research topic. To deepen and filter more strictly, criteria 

for inclusion and exclusion were developed by the researcher, 

with content screening being based on six guiding questions, 

as shown in Table 2. 

The determination of which articles were to be included or 

excluded was determined as described in Table 2. In short, the 

included articles were simply compiled based on keywords, 

English language usage, and relevance to the study topic. The 

exclusion process was also necessitated to check for duplicate 

articles in different study subtopics, articles with completely 

unrelated content, and difficulties in gaining access to the full 

paper. For example, searches were also limited to whether the 

paper might be downloaded or not, so that all the information 

could be studied by researchers to find new things in someone 

else's research. To gradually filter, a search string containing 

the keyword "literacy" or its synonyms, such as "knowledge" 

and "learning," was run, yielding the following results. (1) 

"Geopark" AND "Eco-literacy"; (2) "Geopark" AND 

"Knowledge"; (3) "Geopark" AND "Literacy"; and (4) 

"Geopark" AND "Learning." The initial procedure of finding 

strings and articles that were irrelevant and difficult to examine 

was summarized in Table 1. 

Table 1. Search strings related to geopark conservation through eco-literacy 

Search String 
Articles 

Retrieved 

Articles 

Reduced 

Articles Used to 

Analysis 

“Geopark” AND "Eco-literacy" OR "Eco-literacy" OR "Eco literacy" OR "Ecology 

literacy" or "Ecological literacy" 
0 0 0 

“Geopark” AND “Knowledge” 241 181 60 

"Geopark" AND "Literacy" 5 2 3 

"Geopark” AND “Learning” 74 37 37 

Total 320 220 100 

Table 2. Include and exclude criteria in making decisions on the use of articles 

Criteria Decision 

Partial or full availability of keywords Include 

The article is fully written in English Include 

Review of articles related to geoparks, eco-literacy, literacy, ecology, learning, and knowledge Include 

Articles duplicated in other sections Exclude 

The review is not related to eco-literacy and its relevance to geoparks Exclude 

Articles are difficult to access in fullpaper Exclude 

The SLR data collection for the database that was still active 

in Scopus was depicted in Table 1. Out of the 320 articles, 100 

were to be evaluated in greater detail later. The 100 data points 

were used for screening so that whether the 320 articles 

contained complete full papers could be determined. The 

collected data, as presented in Figure 1, showed that 220 

articles were not used because they only contained abstracts. 

Filtering was considered essential when defining the data used, 

with the following stages: (1) the main database was selected, 

(2) keywords were determined, (3) abstracts were studied

deeper, (4) screening was performed on easily accessible

databases, and (5) PICO (Problem, Intervention, Comparison,

and Outcome) processes were used. Standardized data was

sought to be obtained by the PICO technique based on the

relevance of the "title," "abstract," and "keywords" [19].

Keywords were defined as strings by researchers and included

geoparks, eco-literacy, literacy, ecology, learning, and

knowledge. The selection of these keywords was

corresponded to each synonym of related words so that more 

relevant articles might be caught. 

The factors mentioned in Table 2 were used to help the 

researcher decide whether or not the publications were to be 

used. The PICO (problem, intervention, comparison, and 

measurements) thinking idea was considered by researchers 

for constructing the PRISMA filtering flow. How the PICO 

thinking idea was organized by the researcher was shown in 

Table 3. 

Table 3. Thinking concept of PICO 

Problem (P) Intervention (I) Comparison (C) Outcome (O) 

Geopark Eco-literacy Literacy Conservation 

Geopark Eco-literacy Knowledge Learning 

Geopark Eco-literacy Ecological Tourism 

The filtering formulation in Table 3 of PICO was taken from 

the PRISMA schematic diagram in Figure 1. 
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It was indicated by the PRISMA scheme in Figure 1 that 35 

papers were resulted from the included articles. The articles 

were strictly selected based on their relevance to eco-literacy 

and its derivatives in education, particularly in geopark areas. 

The synthesis was enhanced with artificial intelligence-based 

synthesis methods and was recorded in Microsoft Excel. The 

study was validated by experts, and the conclusions of each 

synthesis were certified for use in SLR article processing. 

Figure 1. Scopus database filtering results using PRISMA 

technique 

3. RESULTS

3.1 The articles bibliography 

The development of eco-literacy research, specifically on 

geoparks, was extremely low. A total of 35 relevant articles 

was yielded when the PRISMA approach was used for literacy 

and educational filtering. 

The extent to which the growth of eco-literacy in geoparks 

could be tracked year after year was determined in order to 

inform other researchers about the research's challenges and 

trends. The year of the search was defined as the year of 

publication, not the year in which data was collected and 

processed by other researchers. This was carried out so that 

various published and related articles could be connected, 

thereby allowing them to be tracked as needed. Based on data 

collection from Scopus, the development of eco-literacy 

research trends in geopark areas as a conservation effort was 

presented in Figure 2. 

According to Figure 2, a significant increase was 

experienced by the trend and issue of eco-literacy, specifically 

for geoparks, over the last five years (2020-2025), being 

reached significantly compared to the previous year. Whereas 

in 2019 and earlier, in-depth articles discussing eco-literacy in 

geoparks were very limited, with a maximum of two articles, 

starting in 2020, articles discussing this topic were increased 

sharply, with the number being ranged from four to more. A 

significant twofold increase was represented by this from 2020 

to the present. This surge was increased as various countries 

were registered for geopark sites with UNESCO, and 

researchers were attracted who were interested in studying 

eco-literacy as a geopark conservation effort. The biggest 

number of eco-literacy research was conducted in 2024, and it 

was expected to increase in 2025. This growing trend was 

indicated as a topic that would be developed by researchers in 

all countries with geoparks under conservation. This challenge 

needed to be grasped quickly so that simple eco-literacy could 

be disseminated on a wide scale for geopark conservation 

issues. 

Figure 2. Number of articles based on the published year 

The seriousness with which environmentalists around the 

world were beginning to mobilize their resources to consider 

eco-literacy in geopark management was demonstrated by the 

line in Figure 2. To determine the extent to which each country 

was involved in the application of eco-literacy for geopark 

conservation, the distribution of other researchers' study 

objects was analyzed in the infographic in Figure 3. 

Figure 3. Distribution of eco-literacy-related research in 

geoparks around the world 

According to the results of the mapping, Indonesia was 

identified as the country that placed the greatest emphasis on 

eco-literacy in geopark conservation. According to Figure 3, 

five UNESCO-recognized geoparks, distributed across several 

regions, were held by Indonesia. This high quantity, together 

with the increasing interest of academics in Indonesian 

geopark sites, has led to the use of eco-literacy in a variety of 

concepts for learning, ecotourism, community empowerment, 

and ecosystem-based geopark conservation. When seen on a 

regional scale, this study was dominated by Southeast Asia, 
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with geopark contributions being made by Indonesia and 

Malaysia. At the continental level, the highest eco-literacy 

study was found in Asia compared to the other continents. This 

data was not generalizable because much more data was still 

needed based on the capacity to access articles, the correctness 

of researchers, and a variety of other characteristics that served 

as the baseline for which publications were filtered. Thus, the 

trend of eco-literacy was increased again since geoparks 

became the focus of global conservation, indicating that they 

had to be maintained properly and sustainably, with the life of 

the ecosystem within them being taken into account in 

accordance with the ecocentrism principle. 

3.2 Eco-Literacy adaptation in geopark research trend 

Numerous adaptations were undergone by the evolution of 

eco-literacy research. Several findings were demonstrated 

regarding how the application of eco-literacy was 

disseminated using various methods, particularly among those 

studying in the world's Geoparks. The aspects of adaptation 

that had been implemented to strengthen eco-literacy in the 

geopark area are shown in Table 4. 

Table 4. Karst sustainability view in ecocentrism 

Eco-literacy 

Adaptation 

Aspects 

Description Refs. 

Technology in 

Strengthening 

Geopark Eco-

literacy 

Use of technology for learning 

and reinforcement in literacy 

[10, 20-

24] 

Assistive technology for hands-on 

Geopark exploration as a tool to 

introduce the diverse resources 

inside the Geopark 

[25-27] 

Ecotourism 

Community 

Eco-literacy learning obtained 

through an ecotourism travel 

package in the Geopark area. 

[28, 29] 

Improving the community's 

Geopark literacy by empowering 

tourism quality. 

[30, 31] 

Applied 

Geoeducational 

Variety of learning that is carried 

out in the Geopark area as an 

autonomous learning object that 

is directly interwoven with real-

world experience. 

[32-35] 

Developing eco-literacy through 

direct interaction with concerns 

and challenges in the Geopark 

area. 

[36-39] 

Education units that carry out 

eco-literacy development and 

assessment related to the Geopark 

[8, 40-

42] 

Science and 

Cultural 

Heritage 

Studying Geoparks promotes eco-

literacy among academics, 

scientists, and policymakers. 

[43-45] 

Geoparks as a beneficial cultural 

heritage to raise awareness of 

caring for and safeguarding 

unique global heritage. 

[15, 46-

48] 

The phenomenon of internalizing the variety of geoparks 

into eco-literacy was divided into the characteristics listed in 

Table 4. These features were demonstrated to show that the 

presence of eco-literacy was considered extremely crucial to 

investigate [49], the information was utilized as a genuine 

conservation endeavor utilizing Geopark information from 

various angles. Based on the results of the analysis of 35 

articles related to eco-literacy in geoparks, the distribution of 

each aspect is shown in Figure 4 below. 

Figure 4. Distribution of eco-literacy implementation aspect 

It was shown in Figure 4 that the highest level of eco-

literacy was associated with the advancement of earth-related 

sciences such as geology, geodesy, geomorphology, and other 

education-based sciences. Meanwhile, an interesting issue was 

paid attention to, regarding how eco-literacy could be 

combined with ecotourism as a tour package so that geoparks 

could become known and learned about as a source of applied 

science for tourists. 

4. DISCUSSION

Advantages for education, research, culture, and social 

development were provided by geoparks. Ecological literacy 

was improved, environmental consciousness was created, and 

sustainable activities were promoted among students when 

geoparks were integrated into educational frameworks [50]. 

Geoparks were worked as dynamic educational platforms that 

were encouraged for conservation. Hands-on learning 

opportunities were offered by Geoparks that were enhanced by 

knowledge of natural systems and conservation [51]. A 

holistic conservation strategy was adopted by Geoparks, with 

all aspects of natural and cultural heritage being valued, 

conserved, and promoted as part of their geopark status. Since 

their formation in 2000, UGGp have grown from simply 

conservation sites to vibrant educational spaces where 

geoscience teaching and community interaction were 

incorporated [52]. 

A low level of knowledge and awareness towards geoparks 

was led to by the community's low ecological literacy about 

geoparks; clearly, more education and outreach help was 

needed to deliver the message to the community regarding 

geopark development and protection [53]. It was suggested by 

the study's findings that additional awareness-raising 

programs, dialogues, and workshops might be arranged by 

relevant authorities to foster a better understanding of the 

geopark idea and to stimulate local engagement in geopark-

based activities [54]. 

It was suggested by the data that education and 

communication initiatives involving communities were not 

coordinated, probably due to a lack of resources and 

manpower for non-formal education and training [55]. 

Furthermore, little general information was accessible to the 

public. While programs and materials were required to raise 

public awareness about the community, effective community 

communication was necessitated by a long-term commitment 

in staff and resources so that direct interaction with the 

intended audience could be achieved. A needs analysis of the 

target population was also ensured to make certain that any 
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public education initiatives were as effective as possible and 

that the program and resources spent yielded the best results. 

Integration of geo-education in geoparks was served by the 

United Nations Sustainable Development Goals (SDGs), 

particularly in encouraging quality education and 

environmental stewardship [8]. More than 177 geoparks 

worldwide were currently functioned as outdoor classrooms, 

and the practical value of education programs in encouraging 

ecological literacy and sustainable tourism was emphasized by 

them [56]. 

Issues in designing educational materials that were 

effectively targeted to a wide range of literacy and ecological 

levels, as well as assessing the current state of ecological 

understanding among geopark visitors and communities, were 

presented by Geopark conservation. Gaps in public awareness 

and involvement were uncovered by existing research, with 

some stakeholders being demonstrated to have an insufficient 

grasp of the geopark idea and their role in conservation [57]. 

The most effective ecological literacy approaches were 

combined with formal school curricula with non-formal and 

informal learning strategies in geoparks. Geo-world sites were 

used as experiential learning environments by geo-education 

to raise knowledge of geological processes, biodiversity, and 

human-environmental connections [26]. 

While significant platforms for environmental education, 

conservation consciousness, and sustainable development had 

been established by several countries, the efficacy of their 

teaching materials and activities was unknown. Ecological 

literacy was considered an inherent aspect of environmental 

education, particularly in geoparks with high ecological, 

cultural, and geological importance. Collaboration was 

considered crucial for the successful integration of ecological 

literacy in education among schools, Geopark management, 

communities, and research organizations [58]. 

5. CONCLUSION

According to the study's findings, the trend of geopark and 

eco-literacy research was increased by 74.28% in the last five 

years (2020-2025). Most of the research on this topic was 

conducted on the Asian continent, particularly in Southeast 

Asia, which was dominated in this study by contributions from 

geoparks in Indonesia and Malaysia. Geopark preservation 

was considered important in eco-literacy because the use of 

technology in geoparks and ecotourism communities and the 

application of geoparks in education, society, and culture were 

strengthened by it. 

The ecocentrism tendency in geopark environmental 

management was resurfaced following the ruthless 

anthropocentrism of exploiting karst natural resource riches. 

This finding was supported by a growing number of papers 

that examined ecocentrism and its relationship to the karst 

environment. Ecocentrism was considered a dignified 

worldview for which the karst ecosystem could be restored to 

its mandate. Various studies had found that the strength of 

karst management was dependent on the individual involved. 

Legislation, educational measures, exploration, and other 

features that affected the future conditions of the geopark to be 

either advantageous or a natural disaster for organisms in it 

were constructed by humans. The landscape heritage owned 

by each country and recognized by UNESCO was the 

responsibility and obligation of both biotic and abiotic 

individuals within or outside the environment. Because 

holistic deep ecology was required by ecocentrism, all people 

involved with the geopark region had to follow the laws of 

harmony with nature and sustainable development. 

Suggestions for future research were included for the 

development of instructional design through eco-literacy-

based learning delivered to the community to protect the 

Geopark. 
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