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followed by classroom implementation with selected high school students
in Serang Regency. Data collection combined quantitative and qualitative
methods. Quantitative data were obtained from pretest and posttest
assessments on ecoliteracy indicators, while qualitative data were gathered
through expert reviews and teacher interviews. Results: The results
indicated a significant improvement in students' ecoliteracy, covering
cognitive, affective, and behavioral dimensions. All six measured aspects
showed positive development, including ecological knowledge,
environmental awareness, attitudes and values, ecological skills, critical and
reflective thinking, and environmental action. The effectiveness was
confirmed through statistical analysis using paired sample t-tests. Novelty:
The novelty of this research lies in the integration of local environmental
issues into a digital learning platform that promotes critical thinking and
sustainability-oriented behavior. The website provides a contextual and
interactive learning experience that connects ecological content with global
sustainability perspectives. These findings demonstrate the potential of
localized and inquiry-based digital tools to strengthen students'
understanding and commitment to sustainable development.

INTRODUCTION

The global ecological crisis characterized by climate change, environmental
degradation, pollution, and loss of biodiversity has become a major challenge to the
sustainability of life on earth (Ahmad et al., 2022). This situation impacts the physical
environment and affects the social, economic, and health structures of people around the
world (Upadhyay & Mishra, 2023). In facing the complexity and urgency of this crisis,
environmental education is essential as an effort to build public awareness, knowledge,
and skills to understand and respond to ecological problems critically and responsibly.

Environmental education plays a strategic role in shaping sustainability-oriented
mindsets and behaviors (Gani et al., 2023). Through education, individuals and
communities can develop holistic insights into the relationship between humans and
nature, foster concern, and encourage real action to protect the environment (Santos &
Coutinho, 2022). In addition, environmental education is also a foundation in building an
ecological culture and social justice so that people are able to adapt and contribute to
efforts to overcome the global ecological crisis collectively and sustainably (Busygina et
al., 2022).

Pulau Dua Nature Reserve has great potential as a source of contextual learning due
to its rich biodiversity and unique ecosystem (Elfidasari, 2006; Siska et al., 2016). This area
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is a habitat for various types of mangroves, water birds, and bivalves, thus providing
opportunities for students to learn the concepts of ecosystems, biodiversity, and the
relationship between living things and their environment directly in the field (Pertiwi,
2021). Through learning experiences in nature, students can observe and analyze
ecological phenomena in real terms so that their understanding of the subject matter
becomes deeper and more relevant to everyday life (Wahyuni et al., 2022).

In addition, contextual learning in Pulau Dua Nature Reserve can improve students'
mastery of concepts through methods such as field trips and habitat mapping (Kamudu
et al., 2024). These activities strengthen theoretical understanding and train observation
skills, data analysis, and critical thinking (Noor et al., 2023). Thus, Pulau Dua Nature
Reserve plays an important role in supporting active and meaningful learning, as well as
fostering environmental awareness in the younger generation.

The lack of digital learning media that integrates Education for Sustainable
Development (ESD) and the inquiry approach is a challenge in efforts to improve the
quality of 21st-century education (Veckalne & Tambovceva, 2022). Although the need
for learning that is relevant to sustainability issues is increasingly urgent, most of the
available digital media are still unable to combine ESD content with inquiry methods that
encourage students to think critically, actively, and reflectively (Ssossé et al., 2021). This
causes ESD learning to often be theoretical and less contextual and meaningful learning
experiences for students.

The limitations of integrated digital media also have an impact on the lack of
mastery of 21st-century skills, such as problem-solving, collaboration, and digital
literacy, which are very important in facing global challenges (Maya & Suseno, 2022). In
fact, the integration of ESD and the inquiry approach through digital media can create an
interactive, adaptive learning environment and encourage active student involvement in
understanding and finding solutions to sustainability problems (Seibert et al., 2020).
Therefore, the development of digital learning media that integrates these two aspects is
very necessary to support the transformation of education towards sustainable
development.

Ecoliteracy is one of the key competencies of the 21st century that is very important
in facing global challenges such as climate change, environmental degradation, and the
need for sustainable development (Kusumawardani et al, 2023). The ability to
understand, appreciate, and interact wisely with natural systems is the foundation for
creating a society that is able to maintain a balance between human needs and
environmental sustainability (Chiu et al., 2022). Ecoliteracy not only includes knowledge
about ecosystems but also involves attitudes, values, and skills to make decisions that
support the sustainability of life (Sharma, 2023).

In the modern era, ecoliteracy plays an important role in equipping individuals with
critical thinking, problem-solving, and collaboration skills that are relevant to
environmental issues (Syofyan & Rachmadtullah, 2019). Learning that emphasizes
ecoliteracy, both through formal and non-formal education, can increase awareness,
active participation, and innovation in protecting the environment. Thus, ecoliteracy is
the main foundation in building a generation that is able to adapt and contribute
positively to the sustainability of the earth in the 21st century (Andreou, 2020).

The mangrove diversity-based learning website with the Education for Sustainable
Development (ESD) on Inquiry approach has enormous potential in integrating local
issues with global learning. By utilizing mangrove diversity as a learning resource,
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students can understand environmental problems around them while linking them to
global sustainability issues. This approach encourages students to think critically,
explore, and find solutions to environmental problems through a contextual and relevant
inquiry process (Utami & Widiyaningrum, 2020).

In addition, the use of this digital learning website can improve students' ecoliteracy
as a whole, covering the cognitive, affective, and psychomotor domains (Trascheev &
Kochetova, 2022). Students gain knowledge about mangrove diversity and build an
attitude of environmental concern and practical skills in ecosystem conservation. This
website can also be a model for effective digital-based environmental learning innovation
through an ESD-Inquiry, which is easily accessible and receives positive responses from
students and educators, making it worthy of being widely adopted in environmental
education (Nurfitria et al., 2022).

Based on the explanation above, the research problem statement is [1] how can a
website based on the Pulau Dua Nature Reserve be developed that integrates the
Education for Sustainable Development (ESD)-based inquiry approach? [2] what is the
feasibility of this website-based digital learning media based on validation results from
subject matter and media experts? [3] how effective is the use of this website-based digital
learning media in improving high school students' ecoliteracy?

The objectives of this research are [1] to develop a website learning medium that
integrates the Education for Sustainable Development (ESD) approach on inquiry with
local content on mangrove diversity in the Pulau Dua Nature Reserve. [2] to determine
the website's feasibility based on validation results by subject matter experts and media
experts. [3] to analyze the effectiveness of the website integrating the Education for
Sustainable Development (ESD) approach on inquiry with local content on mangrove
diversity in the Pulau Dua Nature Reserve on high school students' ecoliteracy.

RESEARCH METHOD

This study employs a research and development (RnD) methodology, aimed at
producing a specific product and evaluating its efficacy (Branch, 2010). This research and
development methodology is pertinent to fostering innovation in education, technology,
and several other domains. This study employs the ADDIE paradigm (Analyze, Design,
Develop, Implement, and Evaluate), a systematic and structured development
framework (see figure 1). The initial phase, analysis, discerns issues and requirements
fundamental to product development. This phase involves an analysis of current
conditions to establish the objectives and criteria that the product must fulfill.

The second step, design, is creating a product informed by prior analytical findings,
which includes developing scenarios, requirements, and product frameworks. The third
stage, development, is the period in which the conceptual design is actualized as a
tangible product. Subsequently, during the deployment phase, the product undergoes
testing in a natural context to assess its efficacy and efficiency. The assessment step is
conducted to assess product performance and apply adjustments as needed, both
throughout the development process and in field use.

The sample population for this study was selected using purposive sampling
procedures from all State Senior High Schools in Serang Regency, specifically from State
Senior High School 1 Mancak. The selection of classes was conducted using the Cluster
Random Sampling approach, resulting in the inclusion of class X pupils. Subsequently,
class XI students were picked by Purposive Sampling, resulting in the acquisition of class
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XI pupils. The research population comprised all class X IPA, which included five classes.
The chosen samples were Class X IPA, consifting of 34 students, and Class X IPA.

~

 Develop |
AN /

Figure 1. ADDIE model chart (Ar{aiyze, Design, Develop, Implement, and
evaluate) (Branch, 2010)

The study tool utilized was approved by media and material specialists. The role of
media expert validation is to evaluate the viability factors of the product under
development. This encompasses an assessment of the media's design, aesthetics, and
functionality. The instrument framework used in the media expert evaluation is in Table
1.

Table 1. Media expert evaluation instrument
Indicators Description
The degree to which the instructional content is correct, factual, and up to
date.
The appropriateness of content sequencing, learning flow, and alignment
with objectives.

Content Accuracy

Instructional Design

gzzilllr: ;c;rface & The clarity, intuitiveness, and ease of navigation within the media interface.
The effective use and relevance of multimedia elements such as images,
audio, and video.

The level of user engagement facilitated by interactive features like quizzes

Multimedia Integration

Interactivity

or buttons.
Responsiveness & The ability of the media to function well across various devices, screen
Compeatibility sizes, and platforms.
A The availability of assessment tools and constructive feedback mechanisms
ssessment & Feedback

for learners.

The validation by material experts evaluates the teaching material product, a crucial
procedure to guarantee that the generated teaching materials adhere to quality and
relevance criteria for educational usage. The evaluation instrument framework used by
the subject matter experts is in Table 2.
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Table 2. Material expert evaluation instrument
Indicators Description

Alignment with Learning The extent to which the material supports and reflects the intended

Objectives learning goals.

Comprehensiveness of The depth and breadth of information provided across the learning

Content material.

Precision of Information The factual accuracy and clarity of the scientific content presented.

Pertinence to Local The relevance of the material to the specific characteristics of local

Biodiversity ecosystems.

Thoroughness of Discourse The degee to which topics are explained in detail and with sufficient
elaboration.

Connection to Real-World How well the content relates to practical, everyday, or societal

Applications environmental issues.

Contextualization of Concepts The ability to link abstract scientific ideas to concrete, meaningful
contexts.

L . Th i f i ientifi 1

Use of Scientific Terminology e proper and Con51§tent use of appropriate scientific vocabulary
throughout the material.

Encouragement for The extent to which the material promotes environmental awareness

Conservation Efforts and proactive actions.

To see the effectiveness of the website in learning, an assessment was carried out
using an assessment of students' ecoliteracy knowledge before and after using the
website by assessing students' ecoliteracy aspects reviewed from six aspects (table 3),
namely 1) ecological knowledge; 2) environmental awareness; 3) attitudes & values; 4)
ecological skills; 5) critical & reflective thinking; and 6) environmental action. The
questionnaire used a Likert scale with four scales, namely Strongly Agree (S), Agree (S),
Disagree (D), and Strongly Disagree (SD).

Table 3. Ecoliteracy knowledge instrument indicators

Indicators Description
Ecological Knowledge Understands basic ecological concepts
Aware of human impact on the environment
Environmental Awareness Sensitive to environmental issues
Identifies environmental problems
Attitudes & Values Displays a caring attitude toward nature
Values sustainability and ecological responsibility
Ecological Skills Practices eco-friendly behavior

Participates in conservation activities
Critical & Reflective Thinking Analyzes environmental issues critically

Reflects on personal and collective environmental impact
Environmental Action Initiates or joins environmental campaigns

Becomes a change agent for the environment

This website is developed using the ADDIE (Analysis, Design, Development,
Implementation, Evaluation) framework. Initially, the analysis involves identifying
teaching materials, assessing the requirements for these materials, and evaluating the
learning objectives related to mangrove diversity. This includes the availability of
observation and interview documentation, as well as the presence of teaching material
designs alongside the objectives and data concerning mangrove diversity in the Pulau
Dua Nature Reserve. Secondly, design involves the creation of teaching materials,
websites, and evaluation frameworks, including assessments with achievement
indicators that encompass the presence of website designs featuring educational content
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and graphic elements, as well as the availability of evaluation rubrics and assessment
questionnaires.

Third, the development, namely media development and media trials, includes
accomplishment indicators for the availability of online teaching materials based on
mangrove diversity data in the Pulau Dua Nature Reserve and the outcomes of media
trials. The fourth aspect pertains to implementation, specifically the execution of the
website via restricted product trials and field trials, accompanied by performance
indicators that demonstrate the availability of evidence for both the implementation and
evaluation of these limited product trials, as well as the evidence for the assessment of
field trials. The fifth aspect is evaluation, namely the assessment of the website through
summative and formative evaluations, as well as effectiveness tests, utilizing
accomplishment indicators related to the availability of summative and formative
assessment findings and the processing of website effectiveness test data.

This study employs qualitative and quantitative data analysis methodologies.
Qualitative data were acquired through teacher interviews and recommendations from
validators. Quantitative data were collected through the distribution of needs analysis
questionnaires and media feasibility evaluations to validators, educators, and students.
Qualitative data were examined descriptively by providing a comprehensive account of
the collected information. The analysis started with data gathering, followed by
descriptive interpretation. This study employed a Likert scale ranging from 1 to 5 for
quantitative data. In the Likert score evaluation, a score of 81-100 is classified as highly
possible; a score of 61-80 is deemed practicable; and a score of 41-60 is labeled as
sufficiently viable. If the evaluation score ranges from 21 to 40, it is classified as not
feasible; if the score is between 0 and 20, it is designated as extremely not possible. Table
4 presents the Likert scale. The efficacy of the website on students' ecoliteracy abilities
was evaluated using a hypothesis test, namely the t-test.

Table 4. Likert scale
Nu Score Category
1 81-100 Very feasible
2 6180 Feasible
3 41-60 Sufficient feasible
4 2140 Not feasible
5 020 Very not feasible

RESULTS AND DISCUSSION
Results

Media expert validation

The website underwent professional assessment. The website validator was
evaluated by several specialists, specifically media and content professionals. The
validation outcomes from media experts are displayed in Table 3, while those from
material experts are shown in Table 4. Table 5 presents the validity test for media
expertise, utilizing eight indications. The mean score was 85.39, within a highly
attainable level. All indications were classified as very feasible.
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Table 5. Validity results by media expert
Indicators Score Category

Content accuracy 87.50 Very feasible
Instructional design 85.00 Very feasible
User interface & usability 85.25 Very feasible
Multimedia integration 89.00 Very feasible
Interactivity 80.00 Very feasible
Responsiveness & compatibility 82.00 Very feasible
Assessment & feedback 89.00 Very feasible
Average 85.39 Very feasible

Media experts suggest that while the website's layout is visually appealing,
emphasis must be given to the contrast between the background color and the text to
enhance readability. The website's navigation layout is intuitive; nonetheless,
incorporating a "return to the main menu" function on each page might enhance user
ease. The quizzes and practice questions exhibit commendable engagement; yet, it is
imperative to guarantee the absence of technological issues while accessing them across
diverse gadgets. The website is compatible with students' digital devices. Nevertheless,
it requires more testing to guarantee its look remains uniform across all browsers and
operating systems. The website effectively facilitates digital learning; nonetheless, it
requires small adjustments to its technical and aesthetic elements to enhance user
experience. This aligns with Avra et al., (2022), who assert that effective electronic
teaching materials must prioritize readability, navigation, and student engagement with
the content.

Material expert validation

The validity assessment conducted by material specialists, as shown in Table 6,
utilized nine indicators. The mean score was 85.33, within a highly attainable level. Eight
of the nine indications were classified as very fesiable, while one indicator was
categorized as feasible.

Table 6. Validity results by material expert.

Indicators Score Category
alignment of materials with learning objectives 81 Very feasible
comprehensiveness of content 83 Very feasible
precision of information 89 Very feasible
pertinence to local biodiversity 88 Very feasible
thoroughness of discourse 77 Feasible
connection to real-world applications 89 Very feasible
Contextual presentation of concepts 82 Very feasible
use of scientific terminology 97 Very feasible
encouragement for conservation efforts 82 Very feasible

Average 85.33 Very feasible

The validity test findings from media and material experts, as presented in table 3
and 4, indicate that the developed website is highly appropriate for use as instructional
resources in the educational process. Material specialists indicate that the website's
material corresponds with the fundamental competences of the high school biology
curriculum. The correlation between sub-chapters and anticipated learning objectives
need clarification. The focus on mangrove variety is commendable; nonetheless, several
portions require an expanded discourse to offer a more comprehensive perspective. The
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use of mangrove variety within the Pulau Dua nature reserve is pertinent to enhancing
students” ecoliteracy. The website would be more engaging if it included
environmentally-focused activities, such as direct observation or minor projects that
connect the content to students' everyday experiences. This result aligns with the
assertion of Arsita & Astawan (2022) that the content in electronic teaching materials must
correspond with the learning objectives and the abilities that students are expected to
attain.

We assess the variations in students' ecoliteracy knowledge by delivering pretest
questions before utilizing the internet and posttest questions thereafter. We assess the
variations in students' ecoliteracy knowledge employing a paired t-test utilizing the SPSS
software. The indicators for assessing students' ecoliteracy encompass five dimensions:
1) ecological knowledge, 2) environmental awareness, 3) attitudes & values, 4) ecological
skills, 5) critical & reflective thinking, and 6) environmental action. The study's results
indicated a substantial change in students' ecoliteracy understanding before and after
utilizing the e-module. This conclusion is corroborated by the paired t-test findings
obtained from SPSS 25, which yielded a significant value (2-tailed) of 0.001 (<0.05) for the
pretest and posttest. The Pulau Dua nature reserve website augments students’
comprehension of ecoliteracy.

Table 7. Average score of students' ecoliteracy
Standard Deviation

Indicators Prestest Posttest Prestest Posttest
Ecological Knowledge 73 82 416 3.74
Environmental Awareness 76 88 4.47 4.08
Attitudes and Values 74 89 4.08 447
Ecological Skills 77 85 4.69 4.00
Critical & Reflective Thinking 76 88 4.47 4.08
Environmental Action 79 88 3.87 4.08

Average 75.83 86.67 4.29 4.08

Discussion

The study's results demonstrated a substantial enhancement in all ecoliteracy
metrics following the execution of the learning intervention. The ecological knowledge
indicator shown an increase in score from 73 in the pretest to 82 in the posttest. This
indicates that students have enhanced their comprehension of fundamental ecological
concepts, encompassing ecosystems, energy flow, and biodiversity (Nursidin et al.,
2022). This rise signifies that the content provided throughout the learning process
effectively reinforces students' ecological knowledge basis (Lagutenko et al., 2022).

The environmental awareness indicator rose from 76 to 88, signifying a substantial
increase in students' cognizance of environmental concerns, including pollution,
ecological degradation, and climate change (Arshad et al., 2020). This rise indicates the
effectiveness of the educational technique in cultivating students' awareness of their
surrounding environmental circumstances (Niswatin et al., 2020). The contextual or
problem-based learning method has likely succeeded in enhancing students' sensitivity
to environmental phenomena (Amin et al., 2022).

Moreover, the attitudes & values indicator saw a surge from 74 to 89, representing
the most significant rise among all indicators. This suggests that learning enhances
students' cognitive abilities while simultaneously cultivating good attitudes and robust
ecological values (Sueb et al., 2021). Students develop a greater appreciation for the
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significance of environmental preservation and exhibit a responsible demeanor towards
nature (Berame et al., 2022). Enhancements in this emotional dimension are significant
markers of the efficacy of environmental education aimed at character development.

Enhancements are observed in the Ecological Skills indicator, rising from 77 to 85,
and in critical & reflective thinking, increasing from 76 to 88. This growth indicates that
students possess comprehension and awareness, as well as the ability to act and engage
in critical thinking when examining environmental issues (Dewi & Erman, 2022). This
demonstrates students' active engagement in the learning process, enabling them to
apply information both practically and reflectively (Dogani, 2023).

The environmental action indicator rose from 79 to 88. This indicates that students
are increasingly engaging in tangible acts such as recycling, conserving electricity, and
participating in environmental initiatives (Oktem et al., 2023). These findings underscore
the transformative potential of targeted environmental education in fostering not only
knowledge but also proactive engagement in sustainability practices among students
(Vandaele & Stalhammar, 2022).

Based on the analysis results, there was a significant increase in all ecoliteracy
indicators after learning, with an average score increasing from 75.83 to 86.67. The
increase includes aspects of ecological knowledge, environmental awareness, attitudes
and values, ecological skills, critical thinking, and environmental action. This shows that
the designed learning has succeeded in forming students' understanding and concern for
environmental issues as a whole, not only in the cognitive domain but also in the affective
and psychomotor domains (Huang et al., 2020).

This finding is in line with the principles of Education for Sustainable Development
(ESD), which emphasizes the development of critical thinking competencies, values of
desire, and responsibility in acting (Merma et al.,, 2022). The increase in aspects of
attitude, skills, and action shows that students are beginning to form awareness and
behavior that reflect a commitment to environmental desires (Firmanshah et al., 2023).
Thus, strengthening ecoliteracy through contextual learning is an effective strategy in
supporting the implementation of ESD in educational environments.

Based on mangrove biodiversity, the creation of a website-based digital learning
medium that combines an inquiry-based approach with the concepts of Education for
Sustainable Development (ESD) has a lot of promise for growth. This is because digital
platforms make it easy for students in different areas to acquire and share information,
especially when it comes to learning about ecology that is important both locally and
worldwide (Stone & Lowney, 2022). You may also use this website as a guide for making
other local environmental themes in other parts of Indonesia, such rainforests,
sustainable farming, or saving water (Yulistyorini et al., 2022). So, this method may be
used not only on Dua Island, but also across the country with information that is tailored
to each location.

But this scaling potential depends a lot on how ready and able the teachers are. A
lot of instructors in schools, especially in 3T locations (remote, isolated, and
undeveloped), still don't know enough about digital literacy and ESD methods. So, it is
very important to train teachers right away. Teachers need to know how to use
technology, but they also need to know how to use inquiry-based methods, manage
project-based learning in the environment, and teach students about sustainability in a
way that makes sense (Cederqvist et al., 2022). Without adequate training, using this

IJORER: https://journal.ia-education.com/index.php/ijorer 268



IJORER : International Journal of Recent Educational Research P-ISSN : 2721-852X ; e-ISSN : 2721-7965
Homepage : https:/ /journal.ia-education.com/index.php/ijorer IJORER, Vol. 7, No. 1, January 2026

s - - Page 260-273
Email : jjorer@ia-education.com © 2026 IJORER:

International Journal of Recent Educational Research

media risks becoming merely a passive aid instead of a driver of change in teaching and
learning methods.

Also, the primary problem comes up when there is a lot of variety in schools in
Indonesia. Schools in cities with superior technology may be able to use this medium
more rapidly (Gai Mali et al., 2023). On the other hand, schools that don't have good
internet connectivity, ICT gadgets, or energy will have a lot of trouble using it to its full
potential (Mariati et al., 2022).

Also, the different degrees of student preparation, such as their ability to think
critically and read and write, might determine how well this inquiry-based media works.
Taking all of this into account, a comprehensive approach is needed to make this
innovation work on a large scale (Smerichevskyi et al., 2023). This includes building
teachers' skills, adapting the content to local situations, providing the necessary
infrastructure, and making sure that education policies focus on improving ecological
literacy and sustainable education (S4 et al., 2023).

CONCLUSION

Fundamental Finding: The implementation of ecoliteracy-oriented learning
demonstrated a meaningful improvement in students” understanding, awareness, and
engagement with environmental issues. This enhancement extended beyond cognitive
gains to include affective and behavioral dimensions. Implication: These findings
underscore the relevance of integrating Education for Sustainable Development (ESD)
principles into classroom practices. Contextual and value-based instructional approaches
have proven effective in cultivating environmentally responsible attitudes and actions
among students. Limitation : The study was limited in scope, focusing on a specific
group of participants within a particular educational context. As such, the
generalizability of the findings may be constrained. Moreover, long-term behavioral
impacts were not examined. Future Research : Future research should look at how
ecoliteracy learning affects students in the long term, how it may be used in different
types of schools, and how students learn to value the environment. To make things more
relevant and academically rigorous, teachers need to be more involved and essential
concepts need to be defined more clearly.
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