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Abstract 

This paper explores how new pedagogic strategies (experiential learning, technology-enhanced learning, 

and interdisciplinary learning) can influence the sustainability and biodiversity education. The study will 

contribute to ecological literacy, student involvement, and pro-environmental behavioral improvement. 
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The qualitative, exploratory research design was used in both the secondary and tertiary institutions using 

semi-structured interviews, focus groups, classroom observation, and instructional materials analysis. 

They involved educators, curriculum developers, and students involved in sustainability-oriented 

programs. Based on thematic analysis, it was found that six major pedagogical themes: experiential 

learning, technology-enhanced instruction, interdisciplinary curriculum integration, student engagement, 

ecological literacy, and pro-environmental behavior were strongly present in the results. The highest 

Ecological Literacy Index (ELI) scores were recorded in students who were exposed to high levels of 

experiential learning (mean = 4.7). On the cognitive (mean = 4.5) and behavioral engagement (mean = 

4.6), cognitive and behavioral engagement improved substantially when technology-enhanced instruction 

was involved, especially using digital simulations. Interdisciplinary instruction led to moderate to high 

levels of engagement in cognitive, emotional, and behavioral aspects in the students. It was also 

established that high scores of experiential and interdisciplinary integrations were closely related to the 

strongest scores in the Pro-Environmental Behavior Index (PEBI) (mean = 4.4). The results indicate that 

an ecological literacy improvement, increased student engagement, and positive change in pro-

environmental attitudes and behavior are the likely outcomes of ecological synergy and holistic and 

transformative pedagogies at once. The study concludes by recommending additional studies to examine 

the long-term behavior change. 
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Introduction 

The 21st Century has brought in a new age of unmatched environmental destruction, loss of biodiversity, and 

climate insecurity and instability; the major cause of this is uncontrolled industrialization, urbanization, 

unsustainable extraction of resources, and increased socio-economic pressures. The result of these dynamics 

has been more fragile ecosystems, which have made the generation based on scientifically informed, 

environmentally conscious, and sustainability-driven practices more necessary than ever. As a reaction, the 

conventional frameworks of environmental education, which are mainly grounded in theoretical learning and 

textbook education, do not provide enough skills to the learners in dealing with these complex environmental 

issues. As (Marouli, 2021) emphasizes, sustainability education should not focus on knowledge 

transmission but engage in values-oriented learning and social change. This necessitates the necessity of 

transitioning to transformative, experiential, and technology-enhanced pedagogies that put the student into a 

real-life ecological context, systems thinking, and long-term environmental stewardship. 

This paper will examine and critically analyze the new pedagogical strategies that can transform the 

way sustainability and biodiversity are delivered in modern learning environments. Specifically, the research 

will help to investigate the interaction of digital technologies, experiential learning plans, interdisciplinary 

models, and community-based environmental learning in order to enhance the cognitive and affective 

learning outcomes (Balaji et al., 2022). As Aribowo et al. (2025) argued, experiential modes of learning 

ensure that the environmental awareness of the students and their problem-solving skills are extremely high. 

Through the consistent examination of new models of pedagogy (like virtual ecological simulations, (Waeber 

et al., 2023) and the emerging pedagogical models (project-based learning, outdoor experiences, and citizen-

science projects), this study will determine and assess the strategies that could effectively enhance ecological 

literacy and develop problem-solving skills in students. The general aim is to identify the ways these 
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pedagogies could be applied to build more meaningful and profound relationships to sustainability and 

biodiversity. 

Although the topic of sustainability education has gained momentum in scholarly literature, there is 

an evident gap in the applied application of these methods, effectiveness, and long-term outcomes of novel 

approaches to pedagogy (Brahma, 2025). Most current researches address the individual sides of the issue of 

environmental education, including classroom-based interventions or particular digital tools, without offering 

a holistic concept of how different strategies can reform the learning results in a concerted movement 

(Khalikova et al., 2024; Khodjaeva et al., 2025). Furthermore, there is a lack of evidence regarding the 

impact of these new pedagogical changes on the change in behavior of students, their ability to think 

critically, and their desire to participate in biodiversity protection (Yadav et al., 2022). There is a pressing 

need for integrative research that bridges theory, practice, and policy, particularly in the context of rapidly 

advancing technological landscapes and the diverse educational environments of the 21st Century (García & 

Fernández, 2025; Mudiono et al., 2016). 

The central hypothesis of this study posits that integrating learner-centered pedagogical approaches 

rooted in experiential, digital, and interdisciplinary learning frameworks substantially enhances students' 

comprehension of sustainability and biodiversity (Chaname-Chira et al., 2024). Furthermore, it suggests that 

such approaches will foster deeper engagement, improve ecological problem-solving abilities, and promote 

pro-environmental attitudes and behaviors when compared to traditional teaching methodologies (Berg et al., 

2021; Goodale et al., 2025). 

Key Contribution 

This study offers a significant contribution to the field of environmental education by providing a 

comprehensive, evidence-based framework for transforming the teaching of sustainability and biodiversity in 

modern educational systems. The studies have implications for teachers, policy-makers, curriculum designers, 

and environmental professionals in a manner that synthetically improves the emerging pedagogical 

innovations and evaluates them as having the potential to improve ecological literacy, enhance student 

engagement, and promote behavior change. It is possible to use these observations to drive the modernization 

of the educational practice to be more aligned with the global sustainability goals. Thus, the research would 

contribute to the body of discussion on the ways in which the educational systems can be proactive in 

addressing the modern environmental issues, which would eventually create a new generation of active and 

environmentally aware citizens. 

The article starts with an Introduction that talks about the pressing nature of the demand for new 

environmental education because of the rising environmental problems. The Literature Survey is presented 

next, where it is stated that the study aims at examining new, transformative pedagogies of sustainability and 

biodiversity education based on existing research about sustainability education, the move toward 

interdisciplinary and experience-based learning, and the use of technology in environmental education. The 

following section (Materials and Methods) presents the qualitative, exploratory research design, in which 

constructivist and experiential theories of learning were used. It explains the background of the study, the 

respondents, the methods of collecting data (interviews, focus groups, observations), and the direction of data 

analysis. The Results section will include the important findings, with a focus on the use of experiential 

learning, technology-enhanced learning, and interdisciplinary approaches in the promotion of ecological 

literacy, engagement, and pro-environmental behavior. These findings are connected to the existing theories 

in the Discussion and are pointed out to be potentially transformative in terms of sustainability education in 

the Conclusion. 



Natural and Engineering Sciences        116 
 

Literature Survey 

Environmental education has been brought about as a hostile reaction to rising global environmental 

pressures, such as loss of biodiversity, climate change, ecosystem degradation, and unsustainable 

development trends. Researchers are gradually focusing on the fact that traditional, content-based pedagogies 

cannot adequately tackle the challenges of the 21st Century in terms of sustainability, and there is a need to 

change the conceptualization and implementation of environmental education (Marouli, 2021; Reid et al., 

2021). In the modern literature, the paradigm shift is observed to be in the direction of innovative, learner-

centered, and interdisciplinary methods of knowledge integration, which combine ecological knowledge with 

critical thinking, ethics, and civic responsibility. 

Environmental education sustainable development (EESD) has developed into a more fundamental 

educational agenda that focuses on system thinking, problem-solving, and behavioral change (Yadav et al., 

2022; Nyika & Mwema, 2021). According to (Marouli 2021), sustainability education in the 21st Century 

must cease to be knowledge-oriented to propagate reflexivity and values-education and promote social 

change. Similarly, Reid et al. (2021) accentuate the need to redefine the concept of environmental education 

so that it can take urgent action regarding the scientific warning about the planetary limits and ecological 

tipping points (Casinader, 2021). A number of studies have highlighted the approach of incorporating 

sustainability in the curriculum instead of approaching it as an independent subject. Author (Mondal & 

Khan, 2024) emphasize that interdisciplinary design of the curriculum can be used to prepare learners to 

deal with future sustainability issues, and author (Zheng, 2025) points to the opportunities and structural 

limitations to the integration of environmental education into the school system, especially in developing 

states (Pérez-Martín & Esquivel-Martín, 2024; Muhammed, 2024). 

As recent research has pointed out, there has been an emphasis on the increased use of innovative 

pedagogical techniques to enhance sustainability and biodiversity education. Experience learning has been 

receiving much attention due to its capability to relate theoretical understanding to the ecological 

environment. (Aribowo et al., 2025) indicate that environmental awareness, engagement, and problem-

solving skills among the students are significantly developed when the skills of experiential learning are 

applied. The second point of concern that is raised by Berg et al. (2021) is the importance of out-of-school 

learning (field trips and community development projects) to provide students with skills and environmental 

ethics of the 21st Century. Technology-enhanced learning, too, has come out as a revolution in the education 

of the environment. As part of the integrative educational model, Manuel (2023) offers the One Health 

approach, which establishes the connection between human and animal health and ecosystem health through 

the transformational learning experiences. Waeber et al. (2023) show how strategy games and learning 

through simulation can be used as a beneficial means of forest education that allows cultivating critical 

thinking, trans disciplinarity, and adaptive decision-making (Lederman et al., 2023; Rukmana et al., 2023). 

Such methods allow learners to understand intricate ecological systems in a dynamic way, which supports 

the deeper conceptual comprehension and interest. Bibliometric studies also support the growing popularity 

of the digital tools, the learning through inquiry approach, and participatory pedagogies in the field of 

environmental education (Lasino et al., 2023). It is well known that such approaches increase the motivation 

of learners, collaborative learning, and system-level awareness of sustainability issues. 

The education on biodiversity is becoming a cornerstone of sustainability education due to its 

contribution to the resilience of the ecosystem and the well-being of humans. As (Id Babou et al., 2023) 

state, biodiversity education cannot be successful unless it is based on participative, inventive, and context-
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related pedagogies that would allow advising the values of emotional attachment and stewardship in addition 

to scientific knowledge. As (Ikendi, 2023) puts it, biodiversity protection and agricultural and ecological 

education are the key to viewing sustainable futures, particularly in places where land-use and food security 

are problems. The opinion of (Goodale et al., 2025) is also supported by the connections between learning 

about environmental stewardship and global citizenship, in which moral responsibility and cross-cultural 

awareness are placed at the center of focus of conserving biodiversity. It conforms to the overall trend of the 

holistic methods of education that embrace the environmental, social, and economic backgrounds of 

sustainability. 

Although the innovative practices are becoming an increasingly accepted concept, there are a 

number of studies indicating ongoing difficulties in enforcing transformative environmental education. 

(DeWitt et al., 2025) claim that institutional obstacles, teacher training deficits, inflexible curriculum, and 

resource disproportions are the major barriers to sustainable environmental education. As mentioned in the 

same article (Brahma, 2025), the introduction of the idea of pedagogical innovations is the most common 

activity that is not always consistent due to systems and policy constraints. Casinder (2020) says it is 

important to be conceptually clear on what is meant by transformative environmental education, warning 

against shallow use of new practices that do not have a substantive impact on the pedagogy. These results 

indicate the absence of links between theoretical improvements and practice at the classroom level, which 

supports the claim on the importance of context-based, evidence-based changes in education. 

Together, the literature shows that there is an increasing agreement that to transform environmental 

education, it is necessary to employ innovative, experiential, technology-driven, and interdisciplinary 

methods in teaching sustainability and biodiversity. Although the current body of research offers a lot in 

understanding a particular pedagogical approach, there is still a gap in the field of research that is integrative 

in nature and studies how various innovations work together to affect ecological literacy, learner engagement, 

and pro-environmental behavior in a variety of educational settings. Moreover, there is limited empirical 

evidence relating pedagogical innovation to both long-term behavioral and societal outcomes. This research 

can be seen as an expansion of current literature since it integrates new teaching techniques into one coherent 

qualitative model, which can be employed to further comprehend how environmental education may be 

altered to address the sustainability demands of the 21st Century. 

Materials and Methods 

Research Design and Theoretical Orientation 

The research design of this study was a qualitative and exploratory-interpretive research design to investigate 

the role of innovative pedagogical practices that are transforming the teaching of sustainability and 

biodiversity in environmental education in the 21st Century. Qualitative orientation has been chosen because 

it is able to measure the complex, context-specific, and experiential aspects of pedagogical innovation that 

cannot be satisfactorily measured using an experimental or survey-based research design. 

This work was conceptually based on the theory of constructivist learning, the theory of experiential 

learning, and the theory of education sustainability development (ESD) frameworks. All these views were 

used to guide the analysis of the way learners form ecological knowledge based on experience, interaction 

with technology, and the interdisciplinary approach. An exploratory design was especially appropriate 

considering the emergent and changing nature of new environmental education practices in various 

educational settings. 
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Study Context and Participants 

The research was done in secondary and tertiary educational institutions that offer structured programs or 

biodiversity or environmental studies curricula, which included sustainability. Purposive sampling was used 

to sample the institutions in such a way that they represented both urban, semi-urban, and rural learning 

institutions, thus reflecting the contextual differences in pedagogical practice. 

Participants included environmental educators, curriculum developers, and students, each 

contributing distinct yet complementary perspectives. Teachers and curriculum developers were asked to 

give information about instructional design, pedagogical choice, and institutional limitations, whereas the 

learners were asked to give reflections based on the learning engagement, conceptual knowledge, and 

behavioral results. To focus on relevant and rich data, the inclusion criteria focused on the fact that the 

participants were directly engaged in sustainability or biodiversity education. 

Data Collection Procedures 

A qualitative method with a multi-data approach was used in data collection; this was aimed at 

methodological richness and depth. In order to address innovative teaching strategies, perceived 

effectiveness, implementation issues, and compatibility with sustainability learning objectives, educators and 

curriculum developers were interviewed in semi-structured interviews. The interview guidelines were not 

strictly shaped, but participants were free to go into more depth on contextual pedagogical experiences, 

without jeopardizing thematic coherence. 

To explore the collective learning experience, level of engagement, critical reflection, and perceived 

impact of experience on environmental attitudes and behavior, focus group discussions with students were 

carried out. Focus groups facilitated interaction-driven insights into shared learning processes and peer-

mediated understanding of sustainability concepts. 

Non-participant classroom observations were carried out during sustainability- and biodiversity-

focused instructional sessions. Through observation, it underscored the instructional design, learner 

interaction, integration of experiential and technology-enhanced approaches, and interdisciplinary linkages. 

The structured observation guide was used to take field notes systematically. 

Besides, the research examined the application of digital learning resources such as virtual ecological 

simulations, learning management systems, multimedia resources, and project-based learning. The reviewed 

instructional material, lesson plans, and student artifacts were used to contextualize observed pedagogical 

practices. 

The entire data was recorded in the form of audio recordings, verbatim transcripts, observation 

records, and reflective field notes, constituting a qualitative dataset. 

Data Analysis 

The reflexive thematic analysis approach was used in the analysis of data, which enables the systematic 

detection of recurrent patterns and conceptual relationships of the analyzed data. The analysis was done in 

several iterative steps, which comprised familiarization with data, first coding, thematizing, and refining the 

themes. 
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The dimensions to which coding was directed included pedagogical innovation, experiential learning 

processes, integration of technology, interdisciplinary relationships, student engagement, and learning 

outcomes in terms of ecological literacy and pro-environmental behavior. Internal coherence and analytical 

rigor were maintained by constant rereading of the themes and revising them. 

In an attempt to increase credibility and trustworthiness, methodological triangulation was adopted, 

including cross-analysis of interview information, focus group conversation, classroom observation, and 

tools of instruction to reflect on the analytical choices, positionality of the researcher, and the interpreting 

meanings, which contribute to the transparency and methodological rigor. 

 

Figure 1. Methodological framework for exploring innovative approaches in environmental education 

Figure 1 is expected to display a conceptual methodological scheme that describes the general 

process of the research conducted in the study. It may be designed as a flow or systems diagram showing the 

logical progression from the research design to participants and settings, followed by data collection methods, 

data analysis, and educational outcomes. The framework should visually integrate the three core pedagogical 

dimensions examined in the study: experiential learning, technology-enhanced instruction, and 

interdisciplinary teaching, and link them to the intended outcomes of ecological literacy, student engagement, 

and pro-environmental behaviour. This figure will help readers quickly grasp how the qualitative exploratory 

design connects pedagogical innovations with learning impacts. 

Results 

Overview of Qualitative Findings 

The qualitative analysis produced a coherent body of evidence of the way innovative education methods are 

changing sustainability and biodiversity education at the secondary and tertiary levels. Reflexive thematic 

analysis showed that there were regular patterns between experiential learning, technology-enhanced 

instruction, and interdisciplinary teaching on increased ecological literacy, student engagement, and the 

development of pro-environmental attitudes and behaviors. The results are presented in terms, backed by 
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triangulated data that is derived from the interview, focus group discussions, classroom observations, and 

instructional materials. 

Emergence of Core Pedagogical Themes 

Thematic analysis of interview transcripts, focus group discussions, classroom observations, and 

instructional material presented six dominant and interacting pedagogical themes, which are summarized in 

Table 1. All of these themes entirely sum up the instructional processes followed by teachers and the learning 

outcomes students receive, and exhibit a high degree of correspondence to the constructivist, experiential 

learning, and education or sustainable development (ESD) frameworks of the study. 

Table 1. Summary of major themes identified through thematic analysis 

Theme 

Code 

Theme Title Analytical Focus Primary Data 

Sources 

T1 Experiential Learning 

Practices 

Field-based, project-oriented, and 

inquiry-driven learning 

Interviews, 

observations 

T2 Technology-Enhanced 

Instruction 

Digital simulations, multimedia, 

and LMS integration 

Observations, 

materials 

T3 Interdisciplinary Curriculum 

Integration 

Linking science, social science, 

ethics, and policy 

Interviews, curricula 

T4 Student Engagement and 

Motivation 

Cognitive, emotional, and 

behavioral engagement 

Focus groups 

T5 Ecological Literacy 

Development 

Systems thinking, biodiversity 

knowledge 

Interviews, artifacts 

T6 Pro-Environmental 

Behavioral Intent 

Attitudinal and behavioral shifts Focus groups, 

observations 
 

The thematic analysis of interviews, focus group discussions, classroom observations, and 

instructional materials revealed six dominant pedagogical themes, as summarized in Table 1. These subjects 

not only mirror the instructional processes but also outcomes and are quite close to constructivist, 

experiential learning and education frameworks based on sustainable development. T1 Experiential learning 

practices T1 was identified as a practice grounded in experiential learning, and field-based and inquiry-

driven activities promoted applied ecological knowledge. Technology-enhanced instruction (T2) of 

conceptual visualization and interaction was based on digital simulations and multimedia devices. The 

interdisciplinary curriculum integration (T3) allowed the learners to relate ecological understanding to social, 

ethical, and policy aspects, which fostered systems thinking. Learning environments with experience and 

digital strategies were always characterized by high student engagement and motivation (T4). The theme of 

ecological literacy creation (T5) expressed the improvements in biodiversity knowledge and the awareness of 

ecological interdependencies. Lastly, pro-environmental behavioral intent (T6) embraced positive changes in 

student attitudes and desire to engage in sustainable behavior. In general, the themes included in Table 1 

depict the interaction of innovative pedagogical methods on the issues of sustainability and biodiversity 

education. 

Influence of Experiential Learning on Ecological Understanding 

Experience became one of the primary pedagogical processes that influences the ecological perception of 

students. The observations in classrooms showed that learning activities, which included field surveys, 

biodiversity mapping exercises, community-based environmental projects, and problem-solving simulations, 

helped in more conceptual learning as opposed to learning through lectures. 



Natural and Engineering Sciences        121 
 

Students continually described improved knowledge of ecological interdependence, species 

conservation, and sustainability trade-offs. Teachers also claimed that through experiential methods, learners 

were able to shift their abstract ecology to pragmatic environmental thinking. 

 

Figure 2. Distribution of ecological literacy index (ELI) scores across levels of experiential learning 

integration 

The distribution shown in Figure 2 illustrates a clear and progressive relationship between the 

intensity of experiential learning integration and students’ ecological literacy outcomes. As depicted in the 

violin–box plot, learners exposed to low levels of experiential learning exhibit the lowest Ecological Literacy 

Index (ELI) scores, with a narrow distribution centered around lower median values. On the contrary, 

moderate integration of experiential learning is linked to an observable increase in the median ELI score and 

overall distribution, which reflects better conceptual knowledge. Further, as the intensity of experience 

learning further increases, distributions of high and very high categories show more stable higher median 

values of ELI and less overlap with realizing other categories with less intensity of experience learning. This 

trend indicates that hands-on, immersion, and inquiry-based learning experiences are positively linked with 

increased system thinking, biodiversity learning, and practical ecological arguments. The small spread at the 

very high also means that there is more consistency in the learning performance of students who are 

subjected to intensive experiential pedagogies. 

In order to aid analytical rigor, an Ecological Literacy Index (ELI) was created with the help of 

coded qualitative indicators: 

𝐸𝐿𝐼 =
∑ 𝐾𝑖

𝑛
𝑖=1 + 𝑆𝑖 + 𝐴𝑖

𝑛
                          (1) 

In formula (1), K represents ecological knowledge indicators, S represents systems-thinking 

indicators, A represents application-based reasoning indicators, and n represents the number of coded 

segments per participant. 

Role of Technology-Enhanced Instruction in Learning Engagement 

Instruction using technologies had a significant impact on student interaction and the visualization of 

concepts. Thematic evidence revealed that virtual ecological simulations, interactive multimedia, and digital 
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project platforms were effective in the understanding of abstract concepts, especially the modeling of 

biodiversity loss and the dynamics of an ecosystem. 

The students claimed to be more motivated and attentive throughout technology-integrated sessions. 

Higher rates of participation, group interaction, and questioning based on inquiry were confirmed in digitally 

enriched learning environments using observational data. 

Table 2. Impact of technology-enhanced instruction on student engagement 

Technology Tool Cognitive Engagement Emotional Engagement Behavioral Engagement 

Virtual simulations High Moderate High 

Multimedia content Moderate High Moderate 

Digital project platforms High High High 
 

Table 2 shows that various digital tools have a different influence on engagement. Virtual 

simulations had a strong connection with high cognitive and behavioral engagement that allowed the learners 

to model and explore ecological processes. The high emotional engagement with multimedia content was 

achieved because it was more relatable and visually engaging to the notion of sustainability, but cognitive 

and behavioral interest was moderate. The digital project platforms were found to be highly engaged at the 

cognitive, emotional, and behavioural levels, indicating that they were successful in fostering the elements of 

collaboration, problem-solving, and long-term involvement with learners. All in all, Table 2 suggests the 

complementary yet distinct role of technology-enhanced tools towards facilitating overall involvement of 

learners in sustainability and biodiversity education. 

Interdisciplinary Teaching and Systems Thinking Development 

Interdisciplinary methods of teaching were identified to create systems thinking and holistic thinking of the 

environment. A combination of ecological science, social, economic, and ethical viewpoints helped the 

students put the biodiversity issues into perspective of sustainability in the real world. Educators emphasized 

that interdisciplinary modules facilitated critical thinking and problem-solving, particularly when addressing 

issues such as climate change, conservation policy, and human–nature interactions. 

Student Engagement as a Mediating Outcome 

Interdisciplinary methods of teaching were discovered to contribute to systems thinking and environmental 

reasoning in their entirety. The combination of ecological science with social, economic, and ethical 

approaches allowed students to put the biodiversity issues in the context of real-life sustainability models. 

Teachers stressed that interdisciplinary modules predisposed critical thinking and problem-solving in the 

context of the discussion of such issues as climate change, conservation policy, and the interactions of 

humans and nature. 

Table 3 demonstrates the highest rating of cognitive and behavioral engagement in the experiential 

approach to learning, which proves the usefulness of practical and inquiry-based tasks in ensuring the 

engagement of learners. The emotional engagement with technology-enhanced instruction was also 

significant, and it signifies that digital technology and interactive learning settings enhance the motivation 

and interest of the learner. The interdisciplinary approaches demonstrated moderately good readings in all 

three dimensions, that is, they facilitate the process of holistic learning through systems-based reasoning. 
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Table 3. Mean student engagement scores across pedagogical approaches and engagement dimensions 

Pedagogical Approach Cognitive Emotional Behavioral 

Experiential 4.5 4.2 4.6 

Technology-Enhanced 4.2 4.4 4.3 

Interdisciplinary 4.0 3.9 4.1 
 

The degrees of engagement were analytically defined and identified into cognitive, emotional, and 

behavioral dimensions. Figure 3 represents the comparative engagement dimension strength of the 

pedagogical approaches. 

 

Figure 3. Comparative engagement levels across pedagogical approaches 

The comparative bar chart puts into view the level of engagement in three pedagogical methods, 

which include Experiential, Technology-Enhanced, and Interdisciplinary. It assesses the participation in three 

arenas: Cognitive, Emotional, and Behavioral. Cognitive engagement (blue) represents mental effort, 

emotional engagement (orange) represents student interest, and behavioral engagement (green) represents 

active participation. As can be seen in the chart, Evidence-based and Experiential approaches are associated 

with high cognitive and emotional involvement. Technology-enhanced instruction has the same cognitive 

engagement, but has slightly lower emotional and behavioral engagement. This implies that interdisciplinary 

and experiential techniques enhance stronger engagement of the students. 

Development of Pro-Environmental Behavioral Intentions 

One of the identified main results in the datasets was the emergence of pro-environmental behavioral 

intentions. Students indicated a higher desire to engage in sustainable practices, embrace conservation 

activities, and be environmental advocates. 

Behavioral intent was analytically represented using a Pro-Environmental Behavior Index (PEBI) 

derived from qualitative coding density: 

𝑃𝐸𝐵𝐼 =
𝐸𝑎 + 𝐸𝑝 + 𝐸𝑐

3
                           (2) 
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In the formula (2), Ea represents awareness-related expressions, Ep represents personal practice 

intentions, and Ec represents community-oriented environmental actions. Higher PEBI scores were 

consistently associated with pedagogical environments characterized by high experiential and 

interdisciplinary integration. 

Integrated Outcomes of Innovative Pedagogical Approaches 

The combined analysis demonstrates that experiential learning, technology-enhanced instruction, and 

interdisciplinary teaching operate synergistically rather than independently. When used jointly, such 

measures yielded the greatest effects regarding ecological literacy, student engagement, and pro-

environmental behavior. 

Discussion 

The results of this paper highlight the relevance of such innovative pedagogical strategies as experiential 

learning, technology-based learning, and interdisciplinary learning as means of changing sustainability and 

biodiversity education. All these strategies lead to improved ecological literacy, student involvement, and the 

creation of pro-environmental attitudes and behavior. The findings are consistent with constructivist, 

experiential learning, and education for sustainable development (ESD) models, which put an emphasis on 

active and student-centered learning. The study revealed that experience learning had the most significant 

effect on ecological literacy improvement, and a high correlation was observed between the extent of 

integrating experiences and scores of students in terms of the Ecological Literacy Index (ELI), as depicted in 

Figure 2. Students with high exposure to high levels of experiential learning had the highest ELI scores, 

suggesting greater systems thinking, knowledge of biodiversity, and applied ecological thinking. This is in 

line with the past research that emphasizes the importance of field-based, project-based, and inquiry-based 

operations in the promotion of profound ecological knowledge. Instruction with the technology was also 

important in increasing engagement by the students. The digital tools used (virtual simulations, multimedia 

content, and digital project platforms) were discovered to exert unique effects on a number of engagement 

dimensions. High cognitive and behavioral engagement was caused by the use of virtual simulations, 

whereas multimedia content induced a strong emotional engagement. Online platforms of the digital projects 

facilitated the growth of engagement in all its dimensions, enhancing teamwork and engagement. The 

findings are in agreement with other studies that have indicated the possibility of technology to improve 

conceptual visualization, critical thinking, and motivation in environmental education. Interdisciplinary 

education was also helpful in the development of systems thinking as it combined ecological science with 

social, economic, and ethical viewpoints. This method facilitated the contextualization of biodiversity issues 

in sustainability contexts in the real world. Interdisciplinary modules led to moderate to high levels of 

engagement on cognitive, emotional, and behavioral levels, which conforms to the literature, which indicates 

that interdisciplinary learning promotes the capacity of the students to deal with multifaceted environmental 

problems in multidimensional ways. Performance of pro-environmental behavioral intentions was one of the 

major results of this research. Those students who were practicing high levels of experiential and 

interdisciplinary learning had the highest index of Pro-Environmental Behavior (PEBI) scores, which means 

that they were highly motivated to attend to the practices of sustainability. This is indicative of the ability of 

education to change attitudes and behavior towards being environmental stewards. The interaction effect 

between the use of experiential, technology-enhanced, and interdisciplinary methods proved to be significant 

and indicated the highest results on ecological literacy, student engagement, and pro-environmental behavior. 

This is a systematic strategy that facilitates the development of dynamic and transformational learning spaces. 
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Teachers need to embrace those holistic approaches and be institutionally supportive to enable teachers with 

the skills necessary to effectively practice that approach to promote deep learning in sustainability education. 

Conclusion 

The paper shows the transformative nature of the integration of experience-based learning, technology-based 

learning, and interdisciplinary learning in sustainability and biodiversity education. These new pedagogical 

strategies can lead to a substantial improvement in ecological literacy, a higher level of student engagement, 

and positive pro-environmental behavior. Its results are consistent with the constructivism, experiential 

learning, and education sustainability development (ESD) paradigms, which focus on active and student-

centered learning. The most effective method was identified as experiential learning, and high rates of 

integration resulted in the highest scores in the Ecological Literacy Index (ELI). More precisely speaking, the 

cohort of students that received large doses of experiential learning had a steadily elevated median ELI, 

which is suggestive of improved systems thinking and applied ecological reasoning. This points out the 

importance of practical, investigative, and inquiry towards bringing about deep ecological awareness. 

Engagement of the instructors through technology also helped in improving student engagement. Digital 

devices such as virtual simulation and digital project platforms drastically increased cognitive, emotional, 

and behavioral engagement. Table 2 shows that virtual simulations were strongly associated with high 

cognitive and behavioral engagement (mean scores of 4.5 and 4.6, respectively), while multimedia content 

showed high emotional engagement (mean score of 4.4). These results justify the importance of digital aids 

to learn challenging concepts and student engagement. Restricting to the interdisciplinary teaching, there was 

a development of systems thinking through the links of ecological science and social, economic, and ethical 

approaches. Students in interdisciplinary learning environments showed moderate to high engagement across 

all dimensions, as indicated in Table 3 (mean scores of 4.0 for cognitive engagement and 4.1 for behavioral 

engagement). The approach enabled students to view environmental issues holistically, improving their 

ability to address complex sustainability challenges. The article dwells upon the synergy of the combination 

of these strategies, which resulted in the most successful outcomes in ecological literacy, engagement, and 

pro-environmental behavior. Future studies must include the sustainability of these pedagogies in the long-

term behavioral change and the ways in which they can be expanded to various educational settings to 

continue to propel sustainability education in the world. Furthermore, institutional assistance and 

professional growth among teachers will also play an important role in maintaining these pedagogical 

advances. 
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