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In the modern era, addressing the intricate challenges of natural resource conservation requires
a deep societal understanding, often encapsulated in the evolving concept of "conservation
literacy." This concept's definition and scope are still developing, necessitating a systematic
literature review to unravel its true essence and global significance. Our objective was to
compile a comprehensive understanding of conservation literacy using articles from Scopus-
listed journals. Employing the keyword "conservation literacy," we identified 188 articles, of
which 28 met our analysis criteria based on PRISMA guidelines. The publications exhibited a
trend of growth from 2019 to 2022, followed by a decline. Various methodologies, including
qualitative, quantitative, and mixed methods, addressed issues related to conservation literacy.
Dirk Brounen emerged as a prominent author, and keywords such as literacy, developing
country, energy literacy, and natural resource conservation were frequently used.
Collaboration between universities within and across countries was common, with 33
institutions providing funding. Most publications adhered to ethical standards by disclosing
funding sources. Our review yielded insights into the topics, aspects, and conceptualization of
conservation literacy, providing a foundation for further research tailored to diverse
backgrounds and objectives.

1. INTRODUCTION

The conservation of natural resources is becoming
increasingly urgent due to various environmental issues that
threaten the sustainability of our planet. Some of the most
pressing challenges in natural resource conservation include
ecosystem degradation [4-6],
biodiversity loss [7-9], deforestation [10-12], pollution [13-
15], unsustainable resource use [16-18]. Efforts to address
these challenges not only require policies and technical actions
but also a deep understanding and broad public engagement in
conservation. Therefore, conservation literacy becomes an
essential element in fostering awareness and sustainable

climate change [1-3],

actions.

Currently, the sustainability of ecosystems and the balance
of nature are the key foundations for maintaining life on this
planet [19, 20]. Natural elements such as water, air, soil, and
biodiversity provide crucial ecosystem services that support
human life and other organisms [21, 22]. Understanding the
relationship between humans and the environment is crucial to
avoid further ecosystem degradation [23, 24]. Consequently,
sustainable actions, such as wise resource management and the
application of environmentally friendly technologies, must be
implemented to mobilize society in conservation efforts [25,
26]. Only through collective understanding and action can
ecological balance be maintained and natural resources

protected for future generations.

In this context, conservation literacy is not only important
for increasing public understanding of conservation issues but
also for facilitating behavioral changes that support
sustainability. Conservation literacy encompasses the
knowledge, skills, and attitudes needed to understand,
appreciate, and contribute to the conservation of natural
resources. This is becoming increasingly crucial in light of
global sustainability challenges such as climate change,
resource scarcity, and biodiversity loss [27].

Although conservation literacy plays a key role in
promoting sustainable actions, this concept still requires
further clarification. Existing research on conservation literacy
tends to be fragmented, with varying focuses on specific
aspects such as environmental education or biodiversity
awareness. However, this literature often lacks consistency in
its definitions and conceptual approaches, leading to a lack of
comprehensive understanding of how conservation literacy
can be measured, applied, and enhanced. Some studies have
highlighted the importance of species literacy and biodiversity
awareness in engaging the public in conservation, but other
aspects of conservation literacy, such as practical skills and
social responsibility, have received less attention [28, 29].

Thus, the gaps in this literature indicate the need for a
systematic review to identify and analyze the various
dimensions of conservation literacy holistically. This study
aims to conduct a Systematic Literature Review (SLR) to
uncover and clarify the concept of conservation literacy.

4203


https://orcid.org/0000-0002-2780-5322
https://orcid.org/0000-0002-9270-603X
https://orcid.org/0000-0001-8001-4338
https://orcid.org/0000-0002-0868-5302
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/ijsdp.191110&domain=pdf

Through a comprehensive analysis of the literature, this
research seeks to map the distribution of research, methods
used, aspects studied, and international collaboration in
conservation literacy research. It will also identify research
gaps and provide a deeper understanding of how this concept
can contribute to the design of effective policies and
educational programs to increase public awareness and
participation in conservation efforts [30, 31].

This research will include: distribution by year,
types/methods of research, authors, keywords, authors'
nationality and international collaboration, funding sponsors,
topics in conservation literacy, aspects of conservation literacy,
and the concept of conservation literacy. The findings of this
study are expected not only to strengthen the theoretical
foundation of conservation literacy but also to provide
practical guidance for the development of public policies and
educational initiatives that can advance efforts to preserve
natural resources and biodiversity.

2. METHODOLOGY

This study employs a Systematic Literature Review (SLR),
aiming to identify, evaluate, and analyze various articles found
to address the research questions meticulously and seriously
[32, 33]. SLR assists in providing a brief overview of the
scholarly topic through systematically and transparently
answering research questions [34].

The phrases "conservation" and "literacy" were used in the
search menu of the Scopus Database. The obtained data were
saved in CSV and RIS formats, which were then synchronized
into Mendeley. The VOSviewer software was utilized to

visualize the data, making the presented information more
communicative, engaging, and clear. The search history of
articles in Scopus, as we conducted, is as follows: KEY
(conservation AND literacy) AND PUBYEAR > 2014 AND
PUBYEAR <2025 AND (LIMIT TO (SUBJAREA, "ENVI"))
AND (LIMIT TO (DOCTYPE, "ar")) AND (LIMIT TO
(LANGUAGE, "English")) AND (LIMIT-TO (OA, "all")).
With the search terms (conducted on February 20, 2024) and
our pattern, we successfully found 185 articles within the
period 2015-2024. We applied the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) model
for inclusion and exclusion to find articles that truly fit. This
model refers to previous studies [35, 36]. The following key
points form the basis of inclusion criteria we used in this SLR:
a. Articles published within the last 10 years, from
January 2015 to February 2024.
Only articles that are open access.
c. Publications include original research/articles.
d. The field of study of the articles is environmental
science.
e. Articles published in English and are specifically
related to "conservation literacy."
In summary, the research questions we explore in this
review are as follows:
a.  What specific topics and themes are common in the
conservation literacy literature?
b. What are the main aspects of conservation literacy as
identified in the literature?
c. How do academics conceptualize conservation literacy?
The sequence of inclusion and exclusion that we performed
is presented in Figure 1.
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Figure 1. Systematic review of flow diagram using PRISMA model



Based on Figure 1, it can be observed that in the initial
search using the keyword "conservation literacy," the author
found 180 articles. Subsequently, the author applied the
criterion of publication year within the last 10 years (2015-
2024), resulting in 55 articles meeting the criteria and 62
articles being excluded. Further, the author applied the
criterion of environmental science field, resulting in 55 articles
meeting the criteria and 63 articles being excluded. We
excluded fields other than environmental science, such as
social sciences, engineering, computer science, economics,
econometrics, business, management, accounting, arts,
humanities, chemical engineering, mathematics, decision
sciences, pharmacology, toxicology and pharmacy,
psychology, materials science, immunology and microbiology,
chemistry, health professions, veterinary medicine, physics,
and astronomy.

The author only selected articles containing original
research, leading to 46 articles meeting the criteria, and 9
articles being excluded. We excluded document types such as
conference papers, reviews, books, and book chapters.
Subsequently, the author applied the criterion of English
language, resulting in 46 articles meeting the criteria and 0
being excluded. Then, the author applied the criterion of Open
Access, resulting in 33 articles meeting the criteria and 13
being excluded. We excluded articles behind paywalls, hybrid
gold, bronze, and green (requiring payment for access). Based
on these criteria, the author found only 28 articles that met the
criteria for analysis as a literature review.

3. RESULT
3.1 Year distribution

The distribution of years and the number of articles
published per year from 2015 to 2024 are presented in Figure
2. Based on the Figure, it can be observed that the number of
publications on conservation literacy fluctuates annually. In
2015, it gave an initial impression that conservation literacy
did not receive significant attention at that time. This could
also be due to articles published not being indexed in Scopus.
However, 2016 marked a starting point with one recorded
article. The year 2017 witnessed an increase in the number of
registered articles, indicating a growing interest in
conservation literacy initiated in the previous year. One article
in 2018 indicates the continuation and sustainability of interest
in conservation literacy.
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Figure 2. Distribution of published articles per year

In 2019, there was a significant spike with six articles listed.
There may have been certain research trends or themes that

gained popularity or were discovered during this timeframe.
This trend continued into 2020 and 2021, where the number of
articles remained steady at six. In 2022, a slight decrease was
observed with four articles listed. This could reflect a shift in
research focus or perhaps certain challenges limiting research
during this period. In 2023, there was a further decrease to two
articles. This may be due to various factors, such as changes
in research trends or policy changes affecting research in
specific fields. The year 2024 shows one article listed. This
could signal that conservation literacy is still active, although
not as high as the peaks in previous years.

3.2 Type/method of research

In research articles on conservation literacy, several studies
have been conducted to delve deeper into this concept. These
studies can be grouped based on the type of methodology used,
which can provide varying insights, the results of which are
shown in Table 1 below.

Table 1. Types of research with the theme conservation

literacy
No. Research Type n Reference
1 Quantitative 13 [30, 37-48]
2 Qualitative 13 [49-61]
3 Mixed method 2 [62, 63]

Thirteen articles explore data quantitatively, presenting
findings based on numbers and statistics, providing a strong
foundation for understanding the extent to which conservation
literacy is understood and implemented by various groups.
Then an equal number, thirteen, employ qualitative methods,
enriching our understanding of conservation literacy through
in-depth interviews, narrative analysis, and other qualitative
approaches. Furthermore, there are 2 articles with mixed
methods, combining qualitative and quantitative methods to
provide a more comprehensive and holistic view of
conservation literacy.

3.3 Author

The author overview in the article is presented in Figure 3,
showing the relationship between authors discussing the topic
of conservation literacy. Based on the figure above, there are
authors who are frequently cited in writing articles on
conservation literacy, such as Dirk Brounen. He is often
referenced by other authors such as Lee, Van Den Broek, and
others, thus forming interconnected networks as depicted.
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Figure 3. Authors who are dominant in the theme of
conservation literacy



3.4 Keywords

The keyword trends are shown in Figure 4. The most
frequently used keywords by the authors therein are literacy,
developing country, energy literacy, energy conservation,
human, and natural resource conservation. The top six ranks
were published between 2015 and 2022. Several interesting
keywords emerged in 2023, namely the direct relationship
between literacy and humans and the indirect relationship
between humans and health literacy.
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Figure 4. VOSviewer display for type of analysis “co-
occurrence—keywords”

3.5 Author's nationality and international collaboration

Overall, the authors' citizenship is spread across 25
countries, all of whom have contributed articles on
conservation literacy. The continent of origin can be clearly
seen in Table 2.

Table 2. Author’s nationality and continental on
conservation literacy themes

No. Country Continent n
1 United Kingdom Europe 7
2 United States of America America 4
3 Netherlands Europe 3
4 China Asia 3
5 Italy Europe 3
6 Germany Europe 3
7 Brazil America 2
8 Ghana Africa 2
9 Portugal Europe 2
10 Switzerland Europe 2
11 Taiwan Asia 2
12 Greece Europe 2
13 Australia Australian-Oceania 1
14 Belgium Europe 1
15 Chile America 1
16 Ethiopia Africa 1
17 Hawaii America 1
18 Indonesia Asia 1
19 Ireland Europe 1
20 Israel Asia 1
21 Canada America 1
22 Colombia America 1
23 New Zealand Australian-Oceania 1
24 France Europe 1
25 Sweden Europe 1

The United Kingdom has the highest contribution with 7
authors. The United States of America follows in second place
with 4 authors. The Netherlands, China, and Italy each have
the same contribution, with 3 authors each. Germany, Brazil,
Ghana, Portugal, Switzerland, Taiwan, and Greece each have
2 authors contributing. Australia, Belgium, Chile, Ethiopia,

Hawaii, Indonesia, Ireland, Israel, Canada, Colombia, New
Zealand, France, and Sweden each have 1 author contributing.
Europe has the highest contribution with a total of 11 countries,
including the UK, the Netherlands, Italy, Germany, Portugal,
Switzerland, Greece, Belgium, Ireland, France, and Sweden.
America follows with 6 countries, including the United States,
Brazil, Chile, Hawaii, Canada, and Colombia. Asia is
represented by China, Taiwan, Indonesia, and Israel, with a
total of 4 countries. Africa is represented by Ghana and
Ethiopia, and Australia-Oceania is represented by Australia
and New Zealand, each with 2 countries respectively.

The author's continent of origin can be clearly seen in Figure
5.
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Figure 5. Number of authors from each continent
Based on international collaboration, it is divided into 3
categories (Figure 6).

Firstly, collaboration within one country. There are 11
articles involving collaboration among authors from a single
country.

Secondly, international collaboration, where a total of 10
articles involve international collaboration, with authors from
various countries working together in writing articles.

Thirdly, without collaboration, 7 articles were found in
which authors worked independently without collaborating
with other authors, either domestically or internationally.

No collaboration
25% °\

Collaboration
in a Country
39%

International
Collaboration
36%

Figure 6. Author collaboration in writing articles
3.6 Funding sponsor

This data shows the distribution of funding amounts for
research divided into several categories (Figure 7).

A total of thirteen studies in this data received no funding at
all. There are four studies that received single funding. Six
studies received support from two funding sources.
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Figure 7. Funding sponsors of conservation literacy-themed
articles

Three studies received funding from three different sources.
One study received support from four different funding
sources. One study received support from seven funding
sources, but only for journal publication costs and not research
funding. Based on the country of funding sponsors, it can be
seen in Table 3.

Table 3. Funding sponsors for conservation literacy themes

No. Funding Sponsor Country n
1 Hawai’i Community Foundation
2 National Oceanic and Atmospheric

Administration
National Science Foundation Coastal

3
SEES Program .
4 United States Environmental Uor]l'tAe?nz?Ctgs
Protection Agency (EPA)
5 University of Wisconsin
6 Food Integrity’ grant
7 Nonprofit organization, Healthy
Oceans, Healthy People,
8 Universidad Catdica de la Sant §ima
Concepcicn
9 Universidad Auténoma de Chile
10 Universidad Andres Bello
11 Universidad de Las Americas Chile 7
12 Universidad Gabriela Mistral
13 Universidad de Santiago de Chile
Universidad Tecnol&yica
14 :
Metropolitana
13th Five-Year Plan for the
15 Development of Philosophy and
Social Sciences Fund of Guangzhou

National Social Science Fund of

16 ;
China

Humanities and Social Sciences

17 Research and Planning Fund of the China 5

Ministry of Education of China
Humanities and Social Sciences
18  Foundation of Ministry of Education
of China
Natural Science Foundation of
Shandong Province
20 European Union’s Horizon 2020
research and innovation programme
21 Qualit&asoffensive Lehrerbildung
Green Awareness in Action: grant

19

Germany 5

22 agreement
23 German Research Foundation (DFG)
24 University of Bayreuth
Portuguese Foundation for Science
25 and Technology (FCT) Portugal 4

26 AgriFood XXI
Portuguese Foundation for Science

21 and Technology (FCT)
28 EU Interreg Atlantic Area Program
grant
29 Ministry of Science and Technology,
grants .
30 Environmental Protection Taiwan 2
Administration
31 Australian Research C;ounml Future Australia 1
Fellowship
32 CAPES Foundation grant, Ministry Brazil 1

of Education of Brazil.
Colombian Administrative
33  Department of Science, Technology,
and Innovation

Colombia 1

United States of America (USA) and Chile, these countries
are the largest contributors by supporting 7 research projects.
Then China provides support for 5 research projects. Germany,
this country also supports 5 studies, Portugal supports 4
research projects, Taiwan supports 2 studies. Australia, Brazil,
and Colombia provide support for 1 research project.

3.7 Topics in conservation literacy

The data covers topics in conservation literacy from various
aspects focused on various topics such as oceans, energy,
water, education and research, focusing on species,
conservation areas, and agriculture. Here is a brief description
of each category (Table 4).

Table 4. Content in conservation literacy

Content in Conservation

No. - n Reference
Literacy
1 Ocean 6 [49, 54-56, 59, 64]
[37, 38, 40, 50, 65,
2 Energy 6 66]
3 Water 4 [45-47, 61]
4 Education and Research 4 [30, 43, 60, 63]
5 Species Focus 3 [42, 51, 62]
6 Conservation area 3 [52, 53, 58]
7 Agriculture 2 [48, 57]

3.8 Aspects of conservation literacy

Data from articles on the aspects of conservation literacy
can be grouped into four key aspects: Knowledge, Awareness,
Attitude, and Behavior (Table 5). The aspect of conservation
literacy encompasses the knowledge, awareness, attitudes, and
behaviors of individuals or communities regarding
environmental conservation efforts.

Table 5. Aspects of conservation literacy

Aspects of Conservation

No. Literacy Reference
[28, 35, 39, 41, 45, 47, 52,
1 Knowledge 54, 56-61, 63, 65]
2 Awareness [37, 39, 45, 47, 49, 53, 54,
65, 68]
. [38, 40, 45, 48, 50, 52-54,
3 Attitude 60-63]
. [38, 40, 46, 48, 53, 54, 60,
4 Behavior 62, 67]
Knowledge entails individuals' or communities'



understanding of basic conservation principles, ecology, and
the importance of preserving natural resources. Conservation
awareness involves understanding and  recognizing
environmental issues and their impacts on human life and
ecosystems. Attitudes reflect individuals' feelings, evaluations,
and reactions to conservation issues. Conservation behavior
includes the actual actions taken by individuals or
communities to engage in practices that support environmental
sustainability.

3.9 Concept of conservation literacy

Conservation literacy encompasses a broad spectrum of
knowledge, awareness, attitudes, and behaviors for addressing
environmental challenges and promoting sustainability.
Viewed from various perspectives, conservation literacy can
be aligned with specific domains such as energy, water, marine,
and species conservation, each emphasizing the importance of
individual and collective actions in preserving natural
resources. The results of a review of the concept of
conservation literacy can be seen in Table 6.

For instance, energy literacy focuses on knowledge of
energy consumption, efficiency, and sustainable practices that
influence better decision-making in energy use. Similarly,
water conservation literacy highlights understanding water
usage, threats to water resources, and responsible behaviors,

often encouraged through citizen science initiatives.

Marine conservation literacy involves public understanding
of marine ecosystems, policies, and the role of informed
decision-making in promoting ocean sustainability. This also
extends to the concept of oceanic citizenship, which fosters
personal responsibility and pro-environmental behaviors to
enhance marine conservation efforts.

Species conservation literacy, on the other hand,
emphasizes the importance of knowledge and identification
skills related to biodiversity preservation. This is crucial in
promoting awareness and protective actions toward
endangered species.

Additionally, conservation literacy is essential in promoting
sustainable agricultural practices, such as supporting farmers
in adopting water harvesting technologies. Visual
communication tools are vital in engaging communities with
low literacy levels, ensuring they understand and adopt
conservation technologies.

Conservation literacy is thus a multidimensional concept,
integrating knowledge exchange, behavioral change, and
community involvement across various environmental sectors
to support sustainability efforts globally. By enhancing public
understanding and participation, conservation literacy serves
as a cornerstone in addressing environmental challenges and
preserving natural resources for future generations.

Table 6. Information on conservation literacy definition from articles analyzed in this study

No. Information Reference
Conservation literacy can be viewed from the perspective of energy literacy, which includes knowledge, attitudes, and
1 behaviors related to sustainability and energy conservation. It emphasizes individual actions in practicing sustainability [50]
concepts.
Conservation literacy is essential in supporting farmers to adopt water harvesting technologies. This article highlights
2 the importance of visual communication for farmers with low literacy levels to help them understand conservation [46]
technologies.
3 Marine conservation literacy involves public understanding of marine resources, marine policies, and informed [55]
decision-making participation for marine conservation.
4 Species conservation literacy involves in-depth knowledge of species and identification skills, which are crucial for [39]
biodiversity preservation.
5 Water conservation literacy includes understanding direct and indirect water use, as well as threats to water resources. 61]
Citizen participation through “citizen science" promotes responsible behavior.
6 Conservation literacy consists of enhancing knowledge, attitudes, and behavioral intentions related to environmental [34]
issues, focusing on species protection, such as land crabs.
7 Marine conservation literacy includes understanding the value of the oceans and the importance of involving 62]
communities in conservation through an interdisciplinary approach.
8 Marine conservation literacy also encompasses the development of oceanic citizenship, personal role understanding, [56]
and pro-environmental behaviors to raise awareness about marine conservation.
9 Energy conservation literacy involves knowledge about energy consumption and efficiency, as well as energy-saving [38]
behaviors that are crucial for better decision-making.
10 Conservation literacy covers awareness of protected areas, threats to biodiversity, and public behavior supporting 58]
environmental conservation.
11 Conservation literacy is linked to STEM education for teachers, which includes understanding freshwater ecosystems [42]
and developing pro-conservation citizenship and behaviors.
12 Water conservation literacy involves knowleo_lge about water sources and usage, communication skills, and sustainable [45]
actions to protect water resources.
13 Conservation literacy includes four pillars: knowledge, attitudes, behaviors, and skills needed to understand and [40]
effectively respond to environmental issues.
14 Conservation literacy involves knowledge exchange between farmers and scientists for sustainable natural resource [57]
management through social learning.
15 Conservation literacy is integrated with individual and environmental well-being in a positive education and [60]
sustainability approach, focusing on sustainable well-being.
16 Conservation literacy in linguistic ecology includes five main factors: knowledge, awareness, ethics, emotions, and 53]
ecological behavior, supporting sustainable behavior.
17 Energy literacy includes understanding energy usage, its impact on the environment, and appropriate behaviors in [37]
energy management.
18 Seafood literacy includes consumer knowledge in identifying fish species consumed, which is essential for more ethical [51]

and sustainable consumption choices.
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Water conservation literacy encompasses cognition, attitudes, and behaviors related to wise water use, which is

19 : ) - L [47]
important in facing the global water crisis.
20 Marine conservation literacy involves sharing scientific and local knowledge to support ecosystem-based management [59]
and adaptive marine conservation.
Conservation literacy is measured through scientific publications related to conservation as an indicator of research
21 > . : [43]
capacity in Sub-Saharan African countries.
29 Conservation literacy focuses on sustainable land use practices, including knowledge and skills in soil and water [48]
conservation.
23 Spatial landscape literacy involves the ability to identify and understand landscape processes in a digital context, [52]
crucial for conservation efforts.
24 Marine conservation literacy includes understanding basic ocean principles, the relationship between oceans and [54]
humans, and behaviors supporting ocean sustainability.
25 Eco-conservation literacy includes students' understanding of environmental values, art, culture, and natural resources 63]
through digital applications.
2% Energy conservation literacy involves knowledge and energy efficiency practices in households, focusing on education [41]
and awareness campaigns.
27 Ocean literacy includes knowledge, behaviors, awareness, attitudes, and emotional connections to the oceans to [44]
promote conservation and sustainability.
28 Energy conservation literacy involves awareness and energy efficiency practices in households, as well as the influence [30]

of socio-economic factors on energy-saving behaviors.

4. DISCUSSION
4.1 Year distribution

The number of articles on the theme of conservation literacy
from 2015 to 2024 follows a fluctuating pattern. In 2015, no
articles discussing conservation literacy were found, then from
2016 to 2018, there was only one article each year. This may
be due to the limited interest of researchers in discussin
conservation literacy and related topics. Interestingly, from
2019 to 2021, there were six articles indexed in Scopus each
year related to conservation literacy. As we know, during this
period, the COVID-19 pandemic occurred. However, upon
further investigation of the articles published during these
years, most of them wused online research methods
(questionnaires and interviews).

The advantages of online research include global
accessibility, especially internet-based, as online-based
research can reach respondents from various countries as
needed [54]. Another advantage is related to time flexibility,
where respondents can participate in research according to
their own schedules [57]. It also saves energy and costs
because online-based research does not require significant
energy and costs [47]. Then, from 2022 to 2024, there was a
decline in the graph. This could be due to new research
emerging or certain research themes continuing to attract
interest.

4.2 Method of research

The research methods often used in articles on conservation
literacy are quantitative methods, qualitative methods, and
mixed methods (Table 1). Articles using quantitative methods
were found in 13 articles. Quantitative methods are research
approaches that focus on collecting numerical or statistical
data [42, 44]. In the context of conservation literacy, this

method involves surveys and statistical analysis of
quantitative data related to conservation literacy. Examples of
analyses performed include measuring the level of

understanding of conservation concepts, the level of
participation in conservation activities, or changes in behavior
related to conservation literacy.

Next, articles using qualitative methods were found in 13
articles. Qualitative methods focus on in-depth understanding
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of phenomena through the collection and analysis of non-
numeric data, such as interviews, observations, or text analysis
[60, 61]. In the context of conservation literacy, qualitative
methods may be used to gain insights into individuals'
perceptions, values, and experiences related to conservation
literacy. The results of this method can help researchers
understand the social and cultural contexts that influence
conservation literacy.

Lastly, articles using mixed methods, combining
quantitative and qualitative methods, were found in 2 articles.
Mixed methods combine elements of quantitative and
qualitative methods to provide a more comprehensive
understanding of a phenomenon [44, 54]. In the context of
conservation literacy, the use of mixed methods may involve
a combination of statistical analysis and in-depth explanations
through interviews or text analysis. The choice of mixed
methods can provide a more complete perspective and allow
researchers to leverage the strengths of both approaches.

The use of methods in conservation literacy research can be
tailored to the needs and goals of the research. All methods
have their own advantages and disadvantages. However, based
on the articles reviewed, the use of mixed methods is still rare.
This could be an opportunity for further research, especially
related to conservation literacy. One of the advantages of
mixed methods is comprehensiveness. Mixed methods allow
researchers to gain a more comprehensive understanding of a
phenomenon or research question. By combining quantitative
and qualitative data, researchers can view the phenomenon
from various perspectives and obtain a more complete picture
[39].

4.3 Author

Dirk Brounen is a lecturer at Tilburg University,
Netherlands. According to Google Scholar, his research focus
is on Real Estate Investment Trusts (REITs), sustainability,
and household finance. Dirk Brounen's referenced article was
written in 2013 with Nils Kok (Maastricht University
Netherlands) and John M. Quigley (University of California,
Berkeley, United States). The title of the article is "Energy
literacy, awareness, and conservation behavior of residential
households," which has been cited 403 times to date [41]. In
general, the article examines the awareness, literacy, and
behavior of households regarding energy expenditure at home.



This article serves as the basis for other researchers to develop
topics related to energy literacy, which later evolved into
conservation literacy. Energy literacy plays a key role in
shaping individuals' understanding, attitudes, and actions
related to energy conservation, which in turn contributes to
efforts to create a more sustainable energy society [58].

4.4 Keywords

Between 2015-2022, six frequently used keywords emerged:

literacy, developing country, energy literacy, energy
conservation, humans, and natural resource conservation. The
increase in article numbers is attributed to the development of
environmental issues and global awareness of the importance
of conservation literacy [57, 64]. The keyword "literacy" is the
main focus of these articles. Most likely, these articles discuss
literacy in the context of conservation, whether it's energy
literacy or literacy related to other natural resources.
Increasing literacy is deemed essential for understanding and
addressing conservation challenges [65].

In 2023, particularly regarding the direct and indirect
relationships between literacy and human health, there was a
shift in research focus. Increased awareness of the impact of
conservation on human health can serve as a catalyst for better
understanding  this complex relationship [66, 67].
Emphasizing the direct relationship between literacy and
humans as well as the indirect relationship between humans
and health literacy highlights the importance of understanding
ecosystem balance and its impact on human health [68, 69].
Pollution and environmental degradation can have significant
health implications [70, 71]. The focus on the interconnection
between literacy, human health, and conservation of natural
resources reflects an understanding that these issues cannot be
separated. This creates awareness of the complexity of global
challenges involving human health and environmental
sustainability.

4.5 Author's nationality and international collaboration

The United Kingdom and the United States of America
dominate the contributions to conservation literacy articles in
the Scopus database, which could be due to several factors
(Table 2 and Figure 5). These countries have strong research
institutions and academics, adequate resource access, and
sufficient financial support [72]. Meanwhile, other countries
are rarely found in writing conservation literacy articles. This
could be due to research policies, national resources, and
conservation challenges that may vary by region [73].

Europe and America have the highest contributions with 17
countries involved in research projects. Europe and America
(Figure 6) have advanced and mature research infrastructures.
Universities, research institutions, and research centers in both
regions are often equipped with modern facilities and
equipment, supporting high-quality research [74, 75].
Meanwhile, the rest, comprising 11 countries, are spread
across Asia, Africa, and Australia-Oceania. Countries in Asia,
Africa, and some of Australia-Oceania might be more focused
on economic development and everyday issues [76, 77], thus
resource allocation for research might not be as extensive as in
Europe and America.

Based on collaboration status, most articles are written and
published using a collaborative system. Articles published by
a single author are very rare. Many articles are the result of
international collaboration. Furthermore, although there are
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some articles written by authors from only one country or even
one university, it is evident that authors still collaborate across
disciplines. This aligns with [78], stating that conservation
research requires broad scientific collaboration. This pattern
supports efforts to develop programs and document ideas, as
well as further opportunities for productive research
implementation [79].

Based on these findings, international collaboration in
conservation research needs to be encouraged. According to
[80], in the context of Asia, international collaborative
research certainly faces several challenges. Several issues
could arise, such as language barriers, funding, limited face-
to-face meeting times, and some political issues. If these
challenges can be effectively addressed, it would enable the
formation of new solidarity in environmental education that
cannot be achieved through limited cooperation within one
country alone.

4.6 Funding sponsor

Overall, there are fifteen articles that received research
funding, with varying amounts, from one funding to seven
fundings (Figure 7). However, for articles that received seven
fundings, it was solely for article publication. The provision of
funding sponsorship can reflect the complexity, scale, or focus
of research conducted by researchers. Research of different
scales may require various levels of funding, and this can
reflect the diversity of research topics within the conservation
literacy domain [81, 82]. Meanwhile, thirteen articles did not
receive any funding or sponsorship. This could be done
without financial support from external parties and carried out
independently. This shows a level of independence and the
ability of researchers or institutions to carry out small to
medium-sized projects without relying on external funds.
Other reasons could also be due to limited resources, smaller
research scales, or potential impacts on the quality and
relevance of research results [83, 84].

The United States and Chile are among the countries with
the largest economies in the world [85]. Their large financial
capacities enable them to provide financial support for various
research fundings. Not only in the field of conservation but
almost in all fields of science. Meanwhile, other countries such
as China, Germany, Portugal, Taiwan, Australia, Brazil, and
Colombia are still limited in providing funding for research.
These countries may have limited funds and national or
strategic interests in certain research projects that support
conservation literacy.

4.7 Topics in conservation literacy

Topics in conservation literacy regarding the sea involves a
deep understanding of marine ecosystems, threats to
sustainability, and actions that can be taken to preserve and
protect the oceans [86, 87]. The ocean plays a crucial role in
the global ecosystem and supports life on Earth [88, 89].
Topics in conservation literacy concerning energy involves a
profound understanding by society of energy sources, the
environmental impacts of energy use, and concrete actions to
reduce consumption and transition to renewable energy
sources. Information on energy conservation highlights the
need to reduce carbon footprint [90, 91] and support renewable
energy sources [92, 93].

Topics in conservation literacy regarding water explains the
importance of understanding water resources and how humans



can contribute to water conservation and sustainability. Water
conservation encompasses efforts to protect and preserve
water quality, reduce water consumption, and manage water
sustainably [40, 41, 48, 53]. These initiatives can involve
communities, industries, and the agricultural sector [94], and
may even involve the education sector. Topics in conservation
literacy in the Education and Research field indicate a focus
on the role of education and research in shaping societal
conservation understanding and behavior. This may include
community education programs, biodiversity research, and the
development of innovative conservation methods [30, 46, 52,
63].

Topics in conservation literacy focusing on species
highlight the emphasis and specific attention to the protection,
understanding, and preservation of particular species. In the
analysis of this review article, specific species under study
include land crabs [62], aquatic invertebrates [45], and fish
[54]. The focus on species indicates efforts to conserve
biodiversity and avoid the extinction of certain species. These
efforts include habitat conservation [95], population recovery
[96], and wildlife protection [97]. Conservation Area as a
focus of Topics in conservation literacy indicates the need for
a deep understanding of the management and preservation of
conservation areas, such as national parks, nature reserves, or
other natural habitats. In the analysis of this review article,
specific conservation areas under study include Natura 2000
[58], Sabana de Bogota [55], and Guiyang City [56].
Information about conservation areas highlights the
sustainability of specific regions. This involves the
establishment of national parks, nature reserves, or initiatives
to preserve specific natural areas.

Topics in conservation literacy in the context of agriculture
aims to understand knowledge, awareness, attitudes, and
behaviors related to conservation efforts in this sector. The
inclusion of agriculture categories indicates awareness of the
environmental impacts of agriculture [40, 58]. Conservation
literacy in the context of agriculture may focus on sustainable
pesticide use, organic farming practices, and sustainable land
management. To achieve comprehensive conservation literacy,
it is important to integrate all identified aspects in the data. The
interconnection of these aspects creates a holistic approach to
engaging communities and stakeholders in conservation
efforts.

4.8 Conservation literacy aspects

Conservation literacy encompasses a deep understanding of
environmental aspects, biodiversity, and efforts to preserve
natural resources. The reviewed articles demonstrate a
consensus that increasing conservation knowledge positively
impacts people's attitudes and behaviors toward the
environment [50, 55]. In this context, education plays a vital
role in enhancing public understanding of conservation [38].
However, there is debate regarding the effectiveness of
educational approaches applied to different generations. Some
literature suggests the need for strategies tailored to
demographic characteristics [98]. While others emphasize the
importance of universal and inclusive educational content [38].
This indicates that conservation literacy requires a flexible
approach, adaptable to generational and educational
differences.

Environmental awareness and the urgency of conservation
actions are essential elements of conservation literacy. Most
literature agrees that conservation campaigns and adequate
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access to information can increase public awareness of
environmental issues [49, 53, 58]. Nevertheless, there is
disagreement regarding other factors influencing awareness.
Some articles highlight education as the primary factor [99],
while others stress that culture and access to information also
play crucial roles [100, 101]. These differing views suggest
that conservation awareness cannot be built solely through
education but also requires contextual understanding of culture
and available media.

Attitudes toward conservation reflect an individual's
perspective on environmental preservation and natural
resource protection. Conservation literacy measures not only
knowledge but also how this knowledge is translated into
positive or negative attitudes toward conservation. Research
indicates a strong correlation between knowledge and attitudes
toward conservation [61]. However, some articles argue that
conservation attitudes are also influenced by an individual's
direct experience with the environment [60, 62], not just
theoretical knowledge. This debate underscores the
importance of practical experience in shaping conservation
attitudes, alongside formal education.

Conservation behavior is the tangible outcome of
conservation literacy, reflected in daily actions that support or
undermine environmental preservation efforts. The majority
of literature agrees that conservation behavior is strongly
influenced by awareness, attitudes, and knowledge [50].
However, there is debate over the factors that drive or hinder
conservation behavior. While some articles highlight the
importance of intrinsic motivation, such as awareness [46],
others emphasize external factors like government policies and
economic incentives [54]. This suggests that conservation
behavior is multifactorial, requiring a comprehensive
approach that integrates both internal and external factors.

The synthesis of literature shows that conservation literacy
is a multidimensional concept encompassing knowledge,
awareness, attitudes, and behavior, all of which are
interconnected. These findings lead to the conclusion that
conservation education should not only aim to increase
knowledge but also focus on fostering awareness and positive
attitudes toward conservation. Furthermore, an important
implication of this research is the need to tailor conservation
literacy programs to the social, cultural, and demographic
contexts of communities to ensure their effectiveness.

In practice, conservation literacy is closely linked to
sustainable development. By equipping society with a strong
understanding of the importance of environmental
preservation, conservation literacy can serve as a foundation
for broader actions toward sustainability.

4.9 Concept of conservation literacy

There are several differences in the concept of conservation
literacy proposed by the experts you mentioned. Each expert
views conservation literacy from a specific perspective related
to a particular conservation topic or context. Each expert
presents the concept of conservation literacy with a different
approach, according to their field of specialization or the
environmental issue they focus on, such as energy, water,
biodiversity, oceans, or individual behavior.

The concept of ecological literacy and sustainable
relationships emphasizes the transformation of education to be
more environmentally and sustainability-oriented [102, 103].
Quality education, as mandated by SDG 4, not only
emphasizes academic achievement but also strengthens



learners' understanding of environmental responsibility and
sustainability [104, 105]. Literature findings highlighting the
importance of increasing conservation awareness through
knowledge and education [96], enhancing environmental
concern [106], and integrating local community wisdom in
environmental preservation [107], directly support SDG 4 by
ensuring that conservation literacy becomes an integral part of

a more holistic education curriculum. Concrete
recommendations include implementing curricula that
integrate concepts of conservation, ecosystems, and

sustainability, so that learners not only gain knowledge but
also acquire the skills to actively participate in environmental
preservation.

Conservation awareness, particularly concerning climate
change, is one of the key aspects that need to be further
developed through education and community engagement.
SDG 13 focuses on urgent climate action, and insights gained
from the literature on conservation awareness [30], the
integration of local policies [108], as well as ecotourism
efforts that consider environmental preservation [109, 110],
can form an important foundation for supporting more
concrete climate actions. Environmental education programs
that emphasize climate change and ecosystem solutions can be
designed to build a generation that is more aware and
responsive to climate challenges.

SDG 15 emphasizes the importance of protecting, restoring,
and promoting the sustainable use of terrestrial ecosystems,
including sustainable forest management and halting
biodiversity loss. The concept of species literacy, which
deepens the understanding of the ecological role and
conservation of biodiversity [53, 111], directly supports SDG
15. Understanding endangered species and the impact of
human activities on them is a crucial step in preserving
ecosystems [52, 59]. Concrete recommendations for SDG 15
include developing species literacy programs within education
systems and broader society to encourage the protection of
species and critical ecosystems.

Recommendations for Integrating Conservation Literacy
into Sustainable Development Policies:

1. Development of Environment-Based Curricula:
Integrating conservation literacy into formal and non-
formal curricula in alignment with SDG 4, 13, and 15.
These education programs should strengthen the
understanding of the relationship between humans and
nature and promote sustainable responsibility.
Community Participation and Citizen Science:
Findings that highlight the importance of community
participation  in  conservation  projects  and
environmental monitoring [37, 38, 41], indicate the
need to develop focused community engagement
initiatives. By expanding community participation in
citizen science projects, we can enhance their
knowledge and involvement in conservation actions,
supporting the goals of SDG 13 and SDG 15.
Application of Technology and Innovation in
Conservation: Adopting a STEM approach in
environmental literacy education, as mentioned in the
literature [40, 42, 60], will help accelerate the
achievement of SDGs through technology-based
solutions. The utilization of scientific innovations, such
as data-driven environmental monitoring technologies,
can strengthen ecosystem conservation efforts.

By integrating the concept of conservation literacy into
education, policy, and community participation, this literacy
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can become one of the pillars in achieving the SDGs,
particularly SDG 4, SDG 13, and SDG 15. The awareness,
knowledge, and Dbehaviors fostered through this
comprehensive approach will reinforce global efforts to
protect biodiversity, mitigate the impacts of climate change,
and support more inclusive and sustainable development.

5. CONCLUSION

Conservation literacy is an evolving concept in response to
the complexity of conservation challenges in the modern era.
Although still a growing field of study, this systematic
literature review provides a comprehensive understanding of
the true meaning and relevance of conservation literacy in a
global context. The research highlights publication trends,
conservation issues accessible through various approaches,
and the role of international collaboration in developing this
understanding. The authors emphasize the significant
contribution of Dirk Brounen in the context of conservation
literacy. These findings can serve as a vital foundation for
researchers to delve into the theme of conservation literacy
according to their respective backgrounds and objectives,
while highlighting key aspects and concepts in conservation
literature.

ACKNOWLEDGMENT

This research was supported by the Indonesian Education
Scholarship Doctoral Program from PUSLAPDIK (Education
Financing Center) Ministry of Education and Culture through
and LPDP (Indonesian Education Fund Management Institute)
Ministry of Finance (SK No.: 00274/J5.2.3./BP1.06/9/202 ) to
the first author.

REFERENCES
[1] Roberts, C.M., O'leary, B.C., Hawkins, J.P. (2020).
Climate change mitigation and nature conservation both
require higher protected area targets. Philosophical
Transactions of the Royal Society B, 37(5): 1-4.
http://doi.org/10.1098/rstb.2019.0121

Jewell, K., Peterson, M.N., Martin, M., Stevenson, K.T.,
Terando, A., Teseneer, R. (2023). Conservation decision
makers worry about relevancy and funding but not
climate change. Wildlife Society Bulletin, 47(3): 1-14.
https://doi.org/10.1002/wsb.1424

Rahim, N.H., Razak, S.A., Chang, X., Saun, F.C., Khan,
M.N., Hamzah, S.N., Rohman, F., Ali, B., Kaplan, A.,
Igbal, M., Bozhuyuk, M.R., Ercisli, S. (2024). Ecosystem
Services by Urban Forest (UF) towards climate change
adaptation: A review. Polish Journal of Environmental
Studies, 33(4): 3503-3513.
https://doi.org/10.15244/pjoes/177147

Gao, J.X., Zou, C.X., Zhang, K., Xu, M.J., Wang, Y.
(2020). The establishment of Chinese ecological
conservation redline and insights into improving
international protected areas. Journal of Environmental
Management, 264(4): 1-5.
https://doi.org/10.1016/j.jenvman.2020.110505

Meraj, G., Singh, S.K., Kanga, S., Islam, M.N. (2022).
Modeling on comparison of ecosystem services concepts,
tools, methods and their ecological-economic

(2]

(3]

[4]

(5]



(6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

implications: A review. Modeling Earth Systems and
Environment, 8(1), 15-34.
https://doi.org/10.1007/s40808-021-01131-6

Dhyani, S. (2023). Are Himalayan ecosystems facing
hidden collapse? Assessing the drivers and impacts of
change to aid conservation, restoration and conflict
resolution challenges. Springer Netherlands, 32(12):
3731-3764. https://doi.org/10.1007/s10531-023-02692-x
Norris, K., Terry, A., Hansford, J.P., Turvey, S.T. (2020).
Biodiversity conservation and the earth system: Mind the
gap. Trends in Ecology & Evolution, 35(10): 919-926.
https://doi.org/10.1016/j.tree.2020.06.010

Mokany, K., Ferrier, S., Harwood, T.D., Ware, C., Di
Marco, M., Grantham, H.S., Venter, O., Hoskins, A.J.,
Watson, J.LE.M. (2020). Reconciling global priorities for
conserving biodiversity habitat. In Proceedings of the
National Academy of Sciences (PANS), pp. 1-6.
https://doi.org/10.1073/pnas.1918373117

Rahmadyani, R.F., Dargusch, P., Adrianto, L. (2023).
Assessment of stakeholder’s perceptions of the value of
coral reef ecosystem services: The case of Gili matra
marine tourism park. International Journal of
Environmental Research and Public Health, 20(1): 1-21.
https://doi.org/10.3390/ijerph20010089
Rodriguez-de-Francisco, J.C., del Cairo, C., Ortiz-
Gallego, D., Velez-Triana, J.S., Vergara-Gutiérrez, T.,
Hein, J. (2021). Post-conflict transition and REDD+ in
Colombia: Challenges to reducing deforestation in the
Amazon. Forest Policy and Economics, 127(8): 1-10.
https://doi.org/10.1016/j.forpol.2021.102450

Gizachew, B., Rizzi, J., Shirima, D.D., Zahabu, E. (2020).

Deforestation and connectivity among protected areas of
Tanzania. Forests, 11(2): 1-16.
https://doi.org/10.3390/£11020170

Lyons-White, J., Pollard, E.H., Catalano, A.S., Knight,
A.T. (2020). Rethinking zero deforestation beyond 2020
to more equitably and effectively conserve tropical
forests. One Earth, 3(6): 714-726.
https://doi.org/10.1016/j.oneear.2020.11.007

Dominoni, D.M., Halfwerk, W., Baird, E., Buxton, R.T.,
Fernandez-Juricic, E., Fristrup, K.M., McKenna, M.F.,
Mennitt, D.J., Perkin, E.K., Seymoure, B.M., Stoner,
D.C., Tennessen, J.B., Toth, C.A., Tyrrell, L.P., Wilson,
A., Francis, C.D., Carter, N.H., Barber, J.R. (2020). Why
conservation biology can benefit from sensory ecology.
Nature Ecology & Evolution, 4(4): 502-511.
https://doi.org/10.1038/s41559-020-1135-4

Ashworth, A.J., Moore, P.A., Pote, D.H., Owens, P.R.,
Martin, J.W., Anderson, K.R. (2021). Conservation
management practices reduce non-point source pollution
from grazed pastures. Heliyon, 7(2): 1-9.
https://doi.org/10.1016/j.heliyon.2021.e06238

Wear, S.L., Acuia, V., McDonald, R., Font, C. (2021).
Sewage pollution, declining ecosystem health, and cross-
sector collaboration. Biological Conservation, 255(5): 1-
9. https://doi.org/10.1016/j.biocon.2021.109010
Selemani, I.S. (2020). Indigenous knowledge and
rangelands’ biodiversity conservation in Tanzania:
Success and failure. Biodiversity and Conservation,
29(14): 3863-3876. https://doi.org/10.1007/s10531-020-
02060-z

Mestanza-Ramén, C., Henkanaththegedara, S.M.,
Duchicela, P.V., Tierras, Y.V., Capa, M.S., Megjia, D.C.,
Gutierrez, M.J., Guaméan, M.C., Ramoén, P.M. (2020). In-

4213

[18]

[20]

[21]

[22]

(23]

[25]

(27]

(28]

situ and ex-situ biodiversity conservation in Ecuador: A
review of policies, actions and challenges. Diversity,
12(8): 1-18. https://doi.org/10.3390/d12080315
Fukushima, C.S. et al. (2021). Challenges and
perspectives on tackling illegal or unsustainable wildlife
trade. Biological Conservation, 263(6): 1-10.
https://doi.org/10.1016/j.biocon.2021.109342

Duran, A.P., Kuiper, J.J., Aguiar, A.P.D., Cheung, W.W.,
Diaw, M.C., Halouani, G., Pereira, L.M. (2023).
Bringing the Nature Futures Framework to life: Creating
a set of illustrative narratives of nature futures.
Sustainability Science, 1-20.
https://doi.org/10.1007/s11625-023-01316-1

Hariram, N.P., Mekha, K.B., Suganthan, V., Sudhakar,
K. (2023). Sustainalism: An integrated socio-economic-
environmental model to address sustainable development
and sustainability. Sustainability, 15(13): 1-37.
https://doi.org/10.3390/sul51310682

Huber, P.R., Baker, M., Hollander, A.D., Lange, M.,
Miller, D., Quinn, J.F., Riggle, C., Tomich, T.P. (2023).
Linking biodiversity and human wellbeing in systematic
conservation assessments of working landscapes.
Sustainability, 15(4): 1-18.
https://doi.org/10.3390/su15139912

Linhares, Y. et al. (2023). Biodiversity: The overlooked
source of human health. Trends in Molecular Medicine,
29(3): 173-187.
https://doi.org/10.1016/j.molmed.2022.12.002

Hughes, A.C., Tougeron, K., Martin, D.A., Menga, F.,
Rosado, B.H., Villasante, S., Madgulkar, S., Gongalves,
F., Geneletti, D., Diele-Viegas, L.M., Berger, S., Colla,
S.R., Kamimura,, V.A., Caggiano, H., Melo, F., de
Oliveira Dias, M.G., Kellner, E., do Couto, E.V. (2023).
Smaller human populations are neither a necessary nor
sufficient condition for biodiversity conservation.
Biological Conservation, 277(12), 1-7.
https://doi.org/10.1016/j.biocon.2022.10984 1

Teague, R., Kreuter, U. (2020). Managing grazing to
restore soil health, ecosystem function, and ecosystem
services. Frontiers in Sustainable Food Systems, 4(9): 1-
13. https://doi.org/10.3389/fsufs.2020.534187
Campbell, J., Jarrett, C., Wali, A., Rosenthal, A., Alvira,
D., Lemos, A., Longoni, M., Winter, A., Lopez, L.
(2023). Centering communities in conservation through
asset-based quality of life planning. Conservation and
Society, 21(1): 48-60.
https://doi.org/10.4103/cs.cs_146 21

Kim, A., Kim, K.P., Nguyen, T.H.D. (2021). The green
accommodation management practices: The role of

environmentally responsible tourist markets in
understanding tourists’ pro-environmental behaviour.
Sustainability, 13(4): 1-23.

https://doi.org/10.3390/su13042326

Ardoin, N.M., Bowers, A.W., Wheaton, M. (2023).
Leveraging collective action and environmental literacy
to address complex sustainability challenges. Ambio,
52(1):  30-44.  https://doi.org/10.1007/s13280-022-
01764-6

Bennett, N.J., Roth, R., Klain, S.C., Chan, K.M., Clark,
D.A., Cullman, G., Epstein, G., Nelson, M.P., Stedman,
R., Teel, T.L., Thomas, R.E.W., Wyborn, C., Curran, D.,
Greenberg, A., Sandlos, J., Verissimo, D. (2017).
Mainstreaming the social sciences in conservation.
Conservation Biology, 31(1): 56-66.



[29]

[30]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

[40]

https://doi.org/10.1111/cobi.12788

Bennett, N.J. et al. (2017). Conservation social science:
Understanding and integrating human dimensions to
improve conservation. Biological Conservation, 205(2):
93-108. https://doi.org/10.1016/j.biocon.2016.10.006
Hooykaas, M.J., Schilthuizen, M., Aten, C., Hemelaar, E.
M., Albers, C.J., Smeets, 1. (2019). Identification skills
in biodiversity professionals and laypeople: A gap in
species literacy. Biological Conservation, 238(2): 1-15.
https://doi.org/10.1016/j.biocon.2019.108202

Armitage, D., Mbatha, P., Muhl, EK., Rice, W.,
Sowman, M. (2020). Governance principles for
community-centered conservation in the post-2020
global biodiversity framework. Conservation Science
and Practice, 2(2), 1-18.
https://doi.org/10.1111/csp2.160

Snyder, H. (2019). Literature review as a research
methodology: An overview and guidelines. Journal of
Business Research, 104(8): 333-339.
https://doi.org/10.1016/j.jbusres.2019.07.039

Xiao, Y., Watson, M. (2019). Guidance on conducting a
systematic literature review. Journal of Planning
Education and Research, 39(1), 93-112.
https://doi.org/10.1177/0739456X17723971

Kurniati, E., Suwono, H., Ibrohim, I., Suryadi, A., Saefi,
M. (2022). International scientific collaboration and

research topics on STEM education: A systematic review.

and
1-14.

Eurasia Journal of Mathematics, Science
Technology Education, 18(4):
https://doi.org/10.29333/ejmste/11903

Gallagher, K.E., Kadokura, E., Eckert, L.O., Miyake, S.,
Mounier-Jack, S., Aldea, M., Watson-Jones, D. (2016).
Factors influencing completion of multi-dose vaccine
schedules in adolescents: A systematic review. BMC
Public Health, 16(3): 1-17.
https://doi.org/10.1186/s12889-016-2845-z

Husamah, H., Suwono, H., Nur, H., Dharmawan, A.,
Chang, C.Y. (2023). The existence of environmental
education in the COVID-19 pandemic: A systematic
literature review. Eurasia Journal of Mathematics,
Science and Technology Education, 19(11): 1-24.
https://doi.org/10.29333/ejmste/13668

Baidoo, A.N.A., Danquah, J.A., Nunoo, E.K., Mariwah,
S., Boampong, G.N., Twum, E., Amankwah, E.,
Nyametso, J.K. (2024). Households’ energy
conservation and efficiency awareness practices in the
Cape Coast Metropolis of Ghana. Discover
Sustainability, 5(2): 1-18.
https://doi.org/10.1007/s43621-023-00154-6

Cotton, D.R.E., Zhai, J., Miller, W., Dalla Valle, L.,
Winter, J. (2021). Reducing energy demand in China and
the United Kingdom: The importance of energy literacy.
Journal of Cleaner Production, 278(1): 123876.
https://doi.org/10.1016/j.jclepro.2020.123876

Hedin, B., Zapico, L.J. (2018). What can you do with 100
kWh? A longitudinal study of using an interactive energy
comparison tool to increase energy awareness.
Sustainability, 10(7): 2269.
https://doi.org/10.3390/su10072269

Maurer, M., Koulouris, P., Bogner, F.X. (2020). Green
awareness in action-How energy conservation action
forces on environmental knowledge, values and
behaviour in adolescents’ school life. Sustainability,
12(3): 1-15. https://doi.org/10.3390/sul12030955

4214

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

[51]

[52]

Opoku, R.A., Adom, P.K. (2023). Energy literacy levels
and energy investment choices of faith-based
organisations in Accra Metropolitan Assembly, Ghana:
Implications for energy conservation. Cleaner and
Responsible Consumption, 8.
https://doi.org/10.1016/j.clrc.2023.100100

Pinto, P., Oliveira-Junior, J.M.B., Leitdo, F., Morais,
M.M., Chicharo, L., Vaz, P., Delgado, S.M.A., Voreadou,
C., Morales, E.A., Teodosio, M.A. (2020). Development
of a metric of aquatic invertebrates for volunteers
(MAIV): A simple and friendly biotic metric to assess
ecological quality of streams. Water, 12(3): 1-18.
https://doi.org/10.3390/w12030654

Pototsky, P.C., Cresswell, W. (2021). Conservation
research output in sub-Saharan Africa is increasing, but
only in a few countries. Oryx, 55(6): 924-933.
https://doi.org/10.1017/S0030605320000046
Salazar-Sepulveda, G., Vega-Muiloz, A., Contreras-
Barraza, N., Castillo, D., Torres-Alcayaga, M., Cornejo-
Orellana, C. (2023). Bibliometric analysis on ocean
literacy studies for marine conservation. Water, 15(11):
2095. https://doi.org/10.3390/w15112095

Seraphin, K.D. (2020). Enhancing water literacy through
an innovative television series focused on Wai Maoli:
Hawai’i fresh water initiative. Water, 12(11): 1-18.
https://doi.org/10.3390/w12113247

Tarfasa, S., Brouwer, R., Sheremet, O., Bouma, J. (2017).
Informing water harvesting technology contract design
using choice experiments. Water Resources Research,
53(10): 8211-8225.
https://doi.org/10.1002/2016 WR020154

Yu, J.H,, Lin, HH., Lo, Y.C., Tseng, K.C., Hsu, C.H.
(2021). Measures to cope with the impact of climate
change and drought in the island region: A study of the
water literacy awareness, attitude, and behavior of the
Taiwanese public. Water, 13(13): 1-22.
https://doi.org/10.3390/w13131799

Yu, Y.H., Lin, J.K., Zhou, P.X., Zheng, S.W., Li, Z.J.
(2022). Cultivated land input behavior of different types
of rural households and its impact on cultivated land-use
efficiency: A case study of the Yimeng Mountain Area,
China. International Journal of Environmental Research
and Public Health, 19(22): 1-21.
https://doi.org/10.3390/ijerph192214870

Chambers, R., Hart, N., Ranger, S., Birney, A.,
Angheloiu, C., Loring, J., Williams, S., Hooper, L.
(2019). The Marine CoLAB: Taking a CoLABorative,
values based approach to connect people to the ocean.
Frontiers in  Marine  Science, 6(3): 1-6.
https://doi.org/10.3389/fmars.2019.00619

Cotton, D., Miller, W., Winter, J., Bailey, I., Sterling, S.
(2016). Knowledge, agency and collective action as
barriers to energy-saving behaviour. Local Environment,
21(7): 883-897.
https://doi.org/10.1080/13549839.2015.1038986

Cusa, M., Falcdo, L., De Jesus, J., Biolatti, C., Blondeel,
L., Bracken, F.S.A., Devriese, L., Garcés-Pastor, S.,
Minoudi, S., Gubili, C., Acutis, P.L., Mariani, S. (2021).
Fish out of water: Consumers’ unfamiliarity with the
appearance of commercial fish species. Sustainability
Science, 16(4): 1313-1322.
https://doi.org/10.1007/s11625-021-00932-z

Escobedo, F.J., Bottin, M., Clerici, N., Camargo, S.G.,
Feged-Rivadeneira, A. (2022). Evaluating the role of



[53]

[55]

[56]

[57]

[58]

[59]

[60]

[62]

[64]

[65]

spatial landscape literacy in public participation
processes and opinions on environmental issues and
ecosystem services. Environmental Management, 69(2):
244-257. https://doi.org/10.1007/s00267-021-01591-7
Ha, C.C., Huang, G.W., Zhang, J.E., Dong, S.M. (2022).
Assessing ecological literacy and its application based on
linguistic ecology: A case study of Guiyang City, China.
Environmental Science and Pollution Research, 29(13):
18741-18754. https://doi.org/10.1007/s11356-021-
16753-7

O’Halloran, C., Silver, M. (2022). Awareness of ocean
literacy principles and ocean conservation engagement
among American adults. Frontiers in Marine Science, 9.
https://doi.org/10.3389/fmars.2022.976006

Heck, N., Petersen, K.L., Potts, D.C., Haddad, B., Paytan,
A. (2018). Predictors of coastal stakeholders' knowledge
about seawater desalination impacts on marine
ecosystems. Science of the Total Environment, 639: 785-
792. https://doi.org/10.1016/].scitotenv.2018.05.163
Kelly, R., Fleming, A., Pecl, G.T., Richter, A., Bonn, A.
(2019). Social license through citizen science: A tool for
marine conservation. Ecology and Society, 24(1): 1-20.
https://doi.org/10.5751/ES-10704-240116

Nocco, M.A., Feinstein, N.W., Stock, M.N., McGill,
B.M., Kucharik, C.J. (2020). Knowledge co-production
with agricultural trade associations. Water, 12(11): 1-15.
https://doi.org/10.3390/w12113236

Oliveira, S.S., Pereira, J., Santos, P., Pereira, R. (2020).
Awareness and knowledge of Portugal residents about
Natura ~ 2000.  Sustainability,  12(22): 1-12.
https://doi.org/10.3390/su12229663

Rolfer, L., Liconti, A., Prinz, N., Klocker, C.A. (2021).
Integrated research for integrated ocean management.
Frontiers in  Marine  Science, 8(3): 1-16.
https://doi.org/10.3389/fmars.2021.693373

Ronen, T., Kerret, D. (2020). Promoting sustainable
wellbeing: Integrating positive psychology and
environmental sustainability in education. International
Journal of Environmental Research and Public Health,
17(19): 1-20. https://doi.org/10.3390/ijerph17196968
Seelen, L.M., Flaim, G., Jennings, E., Domis, L.N.D.S.
(2019). Saving water for the future: Public awareness of
water usage and water quality. Journal of Environmental
Management, 242(12): 246-257.
https://doi.org/10.1016/j.jenvman.2019.04.047

Hsu, C.H., Chang, Y.M., Liu, C.C. (2019). Can short-
term citizen science training increase knowledge,
improve attitudes, and change behavior to protect land
crabs? Sustainability, 11(14): 1-15.
https://doi.org/10.3390/sul 1143918

Yuniawan, T., Rokhman, F., Retnoningsih, A., Prasetiyo,
B., Maretta, Y.A. (2022). Students’ eco-literacy level at
conservation-minded university in Indonesia. Academic
Journal of Interdisciplinary Studies, 11(6): 300-312.
https://doi.org/10.36941/ajis-2022-0169

Rhein, S., Schmid, M. (2020). Consumers’ awareness of
plastic packaging: More than just environmental
concerns. Resources, Conservation and Recycling,
162(12): 1-11.
https://doi.org/10.1016/j.resconrec.2020.105063

Kelly, R. et al. (2021). Connecting to the oceans:
Supporting ocean literacy and public engagement.
Reviews in Fish Biology and Fisheries, 32(1): 123-143.
https://doi.org/10.1007/s11160-020-09625-9

4215

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[76]

[77]

Sandifer, P.A., Sutton-Grier, A.E., Ward, B.P. (2015).
Exploring connections among nature, biodiversity,
ecosystem services, and human health and well-being:
Opportunities to enhance health and biodiversity
conservation. Ecosystem Services, 12(4): 1-15.
https://doi.org/10.1016/j.ecoser.2014.12.007
Gruetzmacher, K., Karesh, W.B., Amuasi, J.H., Arshad,
A., Farlow, A., Gabrysch, S., Jetzkowitz, J., Lieberman,
S., Palmer, C., Winkler, A.S., Walzer, C. (2021). The
Berlin principles on one health-Bridging global health
and conservation. Science of the Total Environment,
764(3): 1-4.
https://doi.org/10.1016/j.scitotenv.2020.142919
Dekaboruah, E., Suryavanshi, M.V., Chettri, D., Verma,
A.K. (2020). Human microbiome: An academic update
on human body site specific surveillance and its possible
role. Archives of Microbiology, 202(8): 2147-2167.
https://doi.org/10.1007/s00203-020-01931-x

Chaud, M., Souto, E.B., Ziclinska, A., Severino, P.,
Batain, F., Oliveira-Junior, J., Alves, T. (2021).
Nanopesticides in agriculture: Benefits and challenge in
agricultural productivity, toxicological risks to human
health and environment. Toxics, 9(6): 131.
https://doi.org/10.3390/toxics9060131

Manisalidis, 1., Stavropoulou, E., Stavropoulos, A.,
Bezirtzoglou, E. (2020). Environmental and health
impacts of air pollution: A review. Frontiers in Public
Health, 8(2): 1-13.
https://doi.org/10.3389/fpubh.2020.00014

Xu, H.Q., Jia, Y., Sun, Z.D., Su, J.H., Liu, Q.S., Zhou,
Q.F., Jiang, G.B. (2022). Environmental pollution, a
hidden culprit for health issues. Eco-Environment &
Health, 1(1): 31-45.
https://doi.org/10.1016/j.eehl.2022.04.003

Clinton, S.K., Giovannucci, E.L., Hursting, S.D. (2020).
The world cancer research fund/American institute for
cancer research third expert report on diet, nutrition,
physical activity, and cancer: Impact and future
directions. The Journal of Nutrition, 150(4): 663-671.
https://doi.org/10.1093/jn/nxz268

Jayathilake, H.M., Prescott, G.W., Carrasco, L.R., Rao,
M., Symes, W.S. (2021). Drivers of deforestation and
degradation for 28 tropical conservation landscapes.
Ambio, 50(1): 215-228. https://doi.org/10.1007/s13280-
020-01325-9

Hallonsten, O. (2020). Research infrastructures in
Europe: The hype and the field. European Review, 28(4):
617-635. https://doi.org/10.1017/S1062798720000095
Huber, R. et al. (2021). Integrating data and analysis
technologies within leading environmental research
infrastructures: Challenges and approaches. Ecological
Informatics, 61(11): 1-11.
https://doi.org/10.1016/j.ecoinf.2021.101245

Khan, I.U., Khan, S.U., Khan, S. (2022). Residents’
satisfaction with sustainable tourism: The moderating
role of environmental awareness. Tourism Critiques:
Practice and Theory, 3(1): 72-87.
https://doi.org/10.1108/TRC-04-2022-0007

Sadiq, M., Amayri, M.A., Paramaiah, C., Mai, N.H., Ngo,
T.Q., Phan, T.T.H. (2022). How green finance and
financial development promote green economic growth:
Deployment of clean energy sources in South Asia.
Environmental Science & Pollution Research, 29(43):
65521-65534. https://doi.org/10.1007/s11356-022-



(78]

[80]

[81]

[82]

[83]

[84]

[85]

[87]

[88]

[89]

[90]

19947-9

Buxton, R.T., Nyboer, E.A., Pigeon, K.E., Raby, G.D.,
Rytwinski, T., Gallagher, A.J., Schuster, R., Lin, H.Y.,
Fahrig, L., Bennett, J.R., Cooke, S.J., Roche, D.G. (2021).
Avoiding wasted research resources in conservation
science. Conservation Science and Practice, 3(2): 1-11.
https://doi.org/10.1111/csp2.329

Williams, D.R., Balmford, A., Wilcove, D.S. (2020). The
past and future role of conservation science in saving
biodiversity. Conservation Letters, 13(4): 1-7.
https://doi.org/10.1111/conl.12720

Furihata, S., Sakurai, R. (2019). Environmental
education research in Asia—Exploring the possibility of
international collaborative research. Japanese Journal of
Environmental Education, 28(4): 1-3.
https://doi.org/10.5647/jsoee.28.4 1

Aagaard, K., Mongeon, P., Ramos-Vielba, 1., Thomas,
D.A. (2021). Getting to the bottom of research funding:
Acknowledging the complexity of funding dynamics.
PloS One, 16(5): 1-25.
https://doi.org/10.1371/journal.pone.0251488
Recio-Saucedo, A., Crane, K., Meadmore, K., Fackrell,
K., Church, H., Fraser, S., Blatch-Jones, A. (2022). What
works for peer review and decision-making in research
funding: A realist synthesis. Research Integrity and Peer
Review, 7(2): 1-28. https://doi.org/10.1186/s41073-022-
00120-2

Hu, A.G.Z. (2020). Public funding and the ascent of
Chinese science: Evidence from the National Natural
Science Foundation of China. Research Policy, 49(5), 1-
13. https://doi.org/10.1016/j.respol.2020.103983

Arnott, J.C., Neuenfeldt, R.J., Lemos, M.C. (2020). Co-
producing science for sustainability: Can funding change
knowledge use? Global Environmental Change, 60(12):
1-12. https://doi.org/10.1016/j.gloenvcha.2019.101979
Guerra, B.C., Leite, F. (2021). Circular economy in the
construction industry: An overview of United States
stakeholders’ awareness, major challenges, and enablers.
Resources, Conservation and Recycling, 170(4): 1-14.
https://doi.org/10.1016/j.resconrec.2021.105617
Knowlton, N. (2021). Ocean optimism: Moving beyond
the obituaries in marine conservation. Annual Review of
Marine Science, 13(6): 479-499.
https://doi.org/10.1146/annurev-marine-040220-101608
Jacquemont, J., Blasiak, R., Le Cam, C., Le Gouellec, M.,
Claudet, J. (2022). Ocean conservation boosts climate
change mitigation and adaptation. One Earth, 5(10):
1126-1138.
https://doi.org/10.1016/j.oneear.2022.09.002

Sunagawa, S., Acinas, S.G., Bork, P., Bowler, C.,
Eveillard, D., Gorsky, G., de Vargas, C. (2020). Tara
Oceans: Towards global ocean ecosystems biology.
Nature Reviews Microbiology, 18(5): 428-445.
https://doi.org/10.1038/s41579-020-0364-5

Naselli-Flores, L., Padisak, J. (2023). Ecosystem
services provided by marine and freshwater
phytoplankton. Hydrobiologia, 850(7): 2691-2706.

https://doi.org/10.1007/s10750-022-04795-y

Liang, Y.M., Pan, Y.Q., Yuan, X.L., Yang, Y.T., Fu, L.,
Li, J., Sun, T.R., Huang, Z.Z., Kosonen, R. (2022).
Assessment of operational carbon emission reduction of
energy conservation measures for commercial buildings:
Model development. Energy and Buildings, 268(2):
112189. https://doi.org/10.1016/j.enbuild.2022.112189

4216

[91]

[92]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

Zhu, H.Y ., Zhang, D.D., Goh, H.H., Wang, S.Y., Ahmad,
T., Mao, D.F., Liu, T.H., Zhao, H.S., Wu, T. (2023).
Future data center energy-conservation and emission-
reduction technologies in the context of smart and low-
carbon city construction. Sustainable Cities and Society,
89(7): 1-25. https://doi.org/10.1016/j.s¢s.2022.104322
Abu-Rumman, G., Khdair, A.l,, Khdair, S.I. (2020).
Current status and future investment potential in
renewable energy in Jordan: An overview. Heliyon, 6(1):
1-8. https://doi.org/10.1016/j.heliyon.2020.e03346
Lu, Y., Khan, Z.A., Alvarez-Alvarado, M.S., Zhang, Y.,
Huang, Z., Imran, M. (2020). A critical review of
sustainable energy policies for the promotion of
renewable energy sources. Sustainability, 12(12): 5078.
https://doi.org/10.3390/sul12125078
Savari, M., Abdeshahi, A., Gharechaee, H., Nasrollahian,
0. (2021). Explaining farmers’ response to water crisis
through theory of the norm activation model: Evidence
from Iran. International Journal of Disaster Risk
Reduction, 60(3): 1-10.
https://doi.org/10.1016/j.ijdrr.2021.102284
Yang, Z.B., Bai, Y., Alatalo, J.M., Huang, Z., Yang, F.,
Pu, X.Y., Wang, RB., Yang, W., Guo, X.Y. (2021).
Spatio-temporal variation in potential habitats for rare
and endangered plants and habitat conservation based on
the maximum entropy model. Science of the Total
Environment, 784(12): 1-13.
https://doi.org/10.1016/j.scitotenv.2021.147080
Huang, J., Mei, Z., Chen, M., Han, Y., Zhang, X., Moore,
J.E., Zhao, X.J., Hao, Y.J., Wang, K.X., Wang, D. (2020).
Population survey showing hope for population recovery
of the critically endangered Yangtze finless porpoise.
Biological Conservation, 241(5): 1-9.
https://doi.org/10.1016/j.biocon.2019.108315
Martin, A.J., Almas, A.D. (2023). Urban wildlife and
arborists: Environmental governance and the protection
of wildlife during tree care operations. Journal of Urban
Ecology, 9(1): 1-10. https://doi.org/10.1093/jue/juad002
Ardoin, N.M., Bowers, A.W., Gaillard, E. (2020).
Environmental education outcomes for conservation: A
systematic review. Biological Conservation, 241.
https://doi.org/10.1016/j.biocon.2019.108224
Belachew, A., Mekuria, W., Nachimuthu, K. (2020).
Factors influencing adoption of soil and water
conservation practices in the northwest Ethiopian
highlands. International Soil and Water Conservation
Research, 8(1): 80-89.
https://doi.org/10.1016/j.iswcr.2020.01.005

Marie, M., Yirga, F., Haile, M., Tquabo, F. (2020).
Farmers' choices and factors affecting adoption of
climate change adaptation strategies: Evidence from
northwestern  Ethiopia.  Heliyon, 6(4):  1-10.
https://doi.org/10.1016/j.heliyon.2020.e03867

Chwialkowska, A., Bhatti, W.A., Glowik, M. (2020).
The influence of cultural values on pro-environmental
behavior. Journal of Cleaner Production, 268(5): 1-8.
https://doi.org/10.1016/j.jclepro.2020.122305

Pitman, S.D., Daniels, C.B., Sutton, P.C. (2018).
Characteristics associated with high and low levels of
ecological literacy in a western society. International
Journal of Sustainable Development & World Ecology,
25(3): 227-237.
https://doi.org/10.1080/13504509.2017.1384412

Fauville, G., Queiroz, A.C.M., Bailenson, J.N. (2020).



Virtual reality as a promising tool to promote climate
change awareness. In Technology and Health. Academic
Press, United States. pp- 91-108.
https://doi.org/10.1016/C2018-0-00011-0

Chen, S.Y., Liu, S.Y. (2020). Developing students’
action competence for a sustainable future: A review of
educational research. Sustainability, 12(4): 1-14.
https://doi.org/10.3390/su12041374

Tkacova, H., Pavlikova, M., Tvrdon, M., Jenisova, Z.
(2021). The use of media in the field of individual
responsibility for sustainable development in schools: A
proposal for an approach to learning about sustainable

[104]

[105]

development. Sustainability, 13(8): 4138.
https://doi.org/10.3390/sul13084138
[106] Rousseau, S., Deschacht, N. (2020). Public

awareness of nature and the environment during the
COVID-19 crisis. Environmental and Resource
Economics, 76(4): 1149-1159.
https://doi.org/10.1007/s10640-020-00445-w

Arsal, T., Setyowati, D.L., Hardati, P. (2023). The
inheritance of local wisdom for maintaining peace in
multicultural society. Journal of Aggression, Conflict
and Peace Research, 15(2): 137-151.

[107]

4217

https://doi.org/10.1108/JACPR-01-2022-0673

Hartel, T., Fischer, J., Shumi, G., Apollinaire, W.
(2023). The traditional ecological knowledge conundrum.
Trends in Ecology & Evolution, 38(3): 211-214.
https://doi.org/10.1016/j.tree.2022.12.004

Rodriguez-Loinaz, G., Palacios-Agundez, 1. (2024).
Teaching ecosystem services: A pathway to improve
students’ argumentation in favour of nature conservation
and sustainable development? Journal of Biological
Education, 58(1): 29-50.
https://doi.org/10.1080/00219266.2021.2017322

Sumarmi, S., Bachri, S., Purwanto, P., Zubaidah, S.,
Shrestha, R.P., Sholiha, A.W. (2022). Assessing bedul
mangrove ecotourism using green and fair strategy
empowerment to fulfill SDGs 2030 agenda for tourism.
Environmental Research, Engineering and Management,
78(2): 31006.
https://doi.org/10.5755/j01.erem.78.2.31006

Rohman, F., Priambodo, B., Akhsani, F. (2021).
Evaluation of ecosystem services based on amphibian
community of the seven water springs in Malang
Indonesia. In AIP Conference Proceedings, USA, pp. 1-
5. https://doi.org/10.1063/5.0052685

[108]

[109]

[110]

[111]





