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Education for sustainable development (ESD) faces significant
implementation challenges in science, technology, engineering, and
mathematics (STEM) classrooms, including limited hands-on learning tools,
disconnected curricula, and insufficient teacher training in sustainability
integration. This study addresses these gaps by developing and evaluating

the ESD I-STEM module, a novel approach that integrates ESD, STEM, and

digital learning tools to teach biodiversity. Designed using the ASSURE
Keywords: instructional model and adopting a mixed-methods design, the module
ASSURE framework incorporates digital_ comics, interactive games, digital posters, . a}nd

problem-based learning (PBL) to enhance student engagement, digital
ESD literacy, and sustainability awareness. Expert validation by eight specialists
Module development confirmed the module’s excellent content validity (95%), significantly
Secondary school exceeding standard benchmarks. Reliability analysis of student responses
STEM education showed strong internal consistency (Cronbach’s alpha=0.820). Practical
implementation revealed high usability, with mean evaluation scores ranging
from 4.43 to 4.93 on a S5-point Likert scale. The ESD I-STEM module
effectively addresses key gaps in sustainability education through a
well-validated and classroom-ready framework for ESD-STEM integration.
Results demonstrate its effectiveness as a rigorously tested and usable
educational resource that promotes meaningful engagement with sustainability
concepts while supporting STEM learning objectives. This study offers
educators a proven model for delivering integrated ESD-STEM instruction
that prepares students to address real world environmental challenges.
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1. INTRODUCTION

Education for sustainable development (ESD) has emerged as a transformative approach that equips
learners with the knowledge, skills, values, and attitudes needed to address complex environmental and social
challenges [1], [2]. Anchored in Sustainable Development Goal (SDG) 4, particularly target 4.7, ESD
promotes inclusive and high-quality education that fosters global citizenship, critical thinking, and
sustainability-oriented action [3], [4]. Previous studies have demonstrated that embedding ESD principles
into secondary education can strengthen students’ environmental awareness, behavioral intentions toward
conservation, and motivation to learn through digital tools such as tablets and interactive resources [S]-[8].
However, despite increasing policy attention, the integration of ESD in formal schooling remains limited due
to systemic, institutional, and pedagogical challenges [9], [10].
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To address these global challenges in ESD implementation, science, technology, engineering, and
mathematics (STEM) education has increasingly been positioned as a strategic pedagogical approach for
advancing sustainability learning. STEM education centered on science, technology, engineering, and
mathematics offers a promising avenue to advance the objectives of sustainable development [11]. Beyond
preparing students for a technology-driven future, STEM fosters critical thinking, innovation, and
problem-solving skills essential for addressing real-world sustainability issues [12], [13].

Recent empirical studies further support the effectiveness of integrating ESD within STEM
instruction. For instance, Abdurrahman et al. [14] demonstrated that STEM-based learning activities centered
on renewable energy significantly enhanced students’ systems thinking and problem-solving skills by
situating learning within authentic sustainability contexts. Similarly, Budiarti et al. [15] reported that
ESD-integrated STEM science modules focusing on environmental pollution improved students’ science
literacy and fostered high levels of learning independence. Collectively, these findings highlight the
pedagogical potential of ESD-integrated STEM modules, while also underscoring the need for systematically
designed and empirically validated instructional models suitable for secondary school contexts.

Within this global educational landscape, national education systems play a critical role in
translating ESD-STEM aspirations into classroom practice. In Malaysia, national policies such as the
Malaysian Education Development Plan emphasize the importance of STEM in preparing a future-ready
workforce while also supporting gender equity, teacher competency, and quality instruction [16], [17].
Moreover, student engagement in contextualized, project-based STEM activities promotes confidence,
autonomy, and digital literacy, all of which contribute to holistic development and sustainable learning
practices [18]-[20]. Such experiences not only cultivate communication and teamwork skills but also
encourage students to connect scientific inquiry with real-world sustainability issues.

Despite strong policy support and growing empirical evidence, challenges persist in the practical
integration of ESD principles within STEM education. Many teachers lack adequate training and confidence
to deliver interdisciplinary content that combines environmental science and sustainability concepts
[21]-[23]. These constraints are further intensified by limited professional development opportunities [24],
overreliance on traditional teacher-centered pedagogy [25], and insufficient teacher competence in designing
ESD-infused lessons [26]. In addition, resource shortages, financial constraints, and inadequate institutional
readiness impede efforts to embed sustainability within STEM learning experiences [27], [28].

Addressing these challenges requires innovative, research-based instructional designs that
meaningfully connect ESD and STEM in classroom practice. Scholars have emphasized the importance of
structured professional development, access to instructional resources, and curricula that link theory with
authentic sustainability issues [29]-[31]. However, although existing studies have explored theoretical
ESD-STEM connections, empirical research focusing on the systematic design, validation, and evaluation of
integrated instructional modules remains scarce [32]. Furthermore, persistent difficulties in assessing
students’ STEM-based problem-solving abilities and effectively embedding digital tools highlight the lack of
robust, validated instructional frameworks that embed sustainability principles in STEM learning [33], [34].

Therefore, a systematic instructional design approach is needed to bridge the gap between ESD
theory and STEM classroom practice. In response to these gaps, this study develops and validates
the ESD I-STEM module an innovative teaching tool designed to integrate sustainability concepts within the
Malaysian Form 2 science curriculum. Grounded in the analyze learners; state learning objectives; select
technology, media and materials; utilize technology, media, and materials; require learner participation; and
evaluate and revise (ASSURE) instructional design framework, the module incorporates digital and
problem-based learning (PBL) elements to promote meaningful engagement, digital literacy, and
sustainability awareness among students. Specifically, the objectives of this study are to design an
ESD-integrated STEM module aligned with national curriculum standards and to evaluate its content
validity, face validity, reliability, and usability. The findings contribute a validated, research-based
instructional model that supports educators in implementing ESD through STEM pedagogy, addressing key
barriers to sustainability integration in secondary education.

2. METHOD
2.1. Research design

This study employed a mixed-methods approach to develop, validate, and evaluate the ESD I-STEM
module, which integrates ESD with STEM. The module was tailored for the Malaysian Form 2 science
curriculum, with a focus on biodiversity. The module was developed using the ASSURE instructional design
model, selected for its structured yet flexible approach to embedding digital tools in classroom instruction.
This model aligns well with a mixed-methods research framework, allowing both quantitative data (e.g.,
Likert-scale evaluations and reliability scores) and qualitative insights (e.g., open-ended student feedback) to
guide iterative refinement. The ASSURE model is a systematic instructional design framework for
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developing comprehensive educational materials and engaging learning activities [35]. Figure 1 outlines the
sequential phases of the ASSURE model used in this study: i) analyze learners; ii) state learning objectives;
iii) select technology, media and materials; iv) utilize technology, media, and materials, and v) require
learner participation; and vi) evaluate and revise. For example, in the analyze learners’ phase, the Form 2
students’ prior knowledge, learning needs, and familiarity with STEM concepts related to biodiversity were
examined through preliminary classroom observations and baseline assessments, which informed subsequent

instructional decisions.

Analyze
Learners

Q Media, and O Learner

State Select Utilize
Standards Technology, Technology,
.and. Media, and
Objectives Materials Materials

Require

Participation

Evaluate
and Revise

Figure 1. Steps in ASSURE model

2.2. Module structure and curriculum mapping

The development of the ESD I-STEM module is strategically aligned with the evolving needs of
contemporary education, particularly within the context of Form 2 science under the biodiversity topic. The
mapping process is grounded in the principles of PBL, which encourages active student inquiry, collaborative
learning, and a student-centered approach core elements of the Malaysian STEM education framework.
Designed to integrate ESD and STEM components, the module ensures that students not only acquire
scientific knowledge but also develop the skills and values necessary to address real-world sustainability
challenges. The structure of the module is closely tied to the curriculum and assessment standard document

(DSKP), ensuring relevance and compliance with national education standards as shown in Table 1.

Table 1. Mapping for ESD I-STEM module

Unit Module topic Duration Learning standards (ESD I-STEM) Module activities Relevant
SDGs
1 Let’s discover 1 hour - Explain the meaning of biodiversity - Read a digital comic on SDG 4.7,
biodiversity - Discuss  the  importance  of biodiversity SDG 15
biodiversity - Group discussion based on
- Relate  prior knowledge to comic content
biodiversity loss - Write findings and reflection
2 Our  mission: 1 hour - Justify the need for effective - Read comic as stimulus SDG 4.7,
managing biodiversity management - Choose and upload images SDG 15
biodiversity - Explain methods of conservation with descriptions to Padlet
and preservation - Write activity reflections
- Select resources from the Internet
and share on Padlet
3 Exploring BioD 2 hours - Classify organisms using - Introductory explanation on SDG 4.7,
venture: a dichotomous keys organism classification SDG 15
digital game on - Describe major taxonomic groups - Play the BioD Venture digital
organism - Apply classification knowledge game
classification using a digital game - Complete worksheet and write
reflections
4 Global warrior 1 hour - Discuss biodiversity threats through - Introduction to PBL and SDG 4.7
mission: PBL PBL global citizenship
- Integrate knowledge, attitudes, and - Instruction on creating posters
behaviors of global citizenship - Guide on using Google
- Use technology for information Scholar
gathering - Group discussions using a
PBL template
5 ESD awareness 2 hours - Demonstrate ESD awareness in - Explain assessment rubrics SDG 4.7
mission daily life (knowledge, attitude, - Group poster presentations and
behavior) discussion session

- Justify the need for ESD and global
citizenship in biodiversity
Communicate  ESD
through digital posters

awareness

- Document findings from other
groups’  presentations and
write reflections
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3.  RESULTS AND DISCUSSION
3.1. Step 1: analyze learners

The first step in the ASSURE model is analyzing learner characteristics, which is essential to ensure
that the development of the module meets the specific needs of the learners [36]. Using purposive sampling,
this study involved 60 Form 2 students from a public secondary school in the Seremban district, selected
based on their enrollment in the target science curriculum and demonstrated access to digital learning tools.
To protect confidentiality during analysis, all questionnaires were pseudonymized and stripped of identifying
information prior to data processing [37]. This sampling approach ensured participants represented the
intended user population with shared characteristics. Based on the framework proposed by
Smaldino et al. [38], the analysis focused on three main aspects: i) general learner characteristics; ii) prior
knowledge; and iii) learning styles. In terms of general characteristics, the target students were 14 years old
and represented diverse socioeconomic backgrounds from the Seremban area. Findings showed that 93% of
the students were Malay, while 7% were Indian. The gender distribution comprised 33 male students (55%)
and 27 female students (45%). These findings highlight the need for an inclusive and context-sensitive
instructional design to ensure that all learners have equitable access to effective teaching and learning
processes.

In terms of prior knowledge, the study analyzed responses from a questionnaire using a 5-point
Likert scale (1=strongly disagree to S5=strongly agree) with SPSS Version 29, employing descriptive
statistics. The findings revealed that students demonstrated varying degrees of competence and inclination in
areas related to technology, learning methods, and environmental awareness. The highest mean scores were
for the items related to technological competence, with “skilled at using mobile phones or tablets”
(mean=4.33), “skilled at using computers” (mean=4.07), and “comfortable using technology for learning”
(mean=4.10), indicating high levels of confidence in using digital tools. However, in terms of independent
learning, lower mean scores were recorded, such as “I am able to study independently” (mean = 3.08) and “I
need help from the teacher for explanations” (mean=3.73), suggesting a continued reliance on teacher
support. Students also showed interest in new learning methods, with a relatively high mean of 4.13.

When it comes to environmental awareness, students showed lower levels of prior knowledge,
particularly for “I know the importance of biodiversity” (mean=2.92) and “I often keep up with global
sustainability issues” (mean=2.67). Nevertheless, a moderate level of understanding was recorded for the
statement “I understand that animals and plants are threatened by human actions” (mean=3.45). In summary,
the findings indicate that the students have strong digital literacy skills, moderate capacity for self-directed
learning, and relatively low prior awareness of environmental issues. These insights are critical in guiding the
development of the ESD I-STEM Module to better align with the learners’ profiles and enhance the
effectiveness of instruction in sustainability education.

Furthermore, the findings from the learning style analysis revealed clear tendencies among the
students. A total of 47% of the students showed a preference for the visual learning style, followed by 35%
who were more comfortable with the kinesthetic style, and 18% exhibited an auditory learning preference.
This module was designed taking into account the students’ learning profiles, which are predominantly visual
(47%) and kinesthetic (35%) learners. To address the needs of visual learners, the module integrates various
innovative digital components, including digital comics that combine narrative elements with scientific
content, as well as educational digital games that enable virtual exploration. Meanwhile, to cater to
kinesthetic learners, the module offers group activities involving a PBL approach that includes data
collection, cooperative group discussions, hands-on projects such as creating infographic posters, all of which
can be conducted within the classroom setting.

3.2. Step 2: state learning objectives

Based on the needs analysis conducted, the topic of biodiversity from the Form 2 science syllabus
was selected as the primary focus for the ESD I-STEM Module. This selection was made with reference to
the Ministry of Education Malaysia’s DSKP for Form 2 science, which outlines two main subtopics under the
biodiversity chapter. However, for the purpose of this module, the researcher developed learning objectives
that not only cover the existing curriculum content but also integrate elements of ESD and global citizenship
as added value and novelty to the study. To ensure structured cognitive progression, the learning objectives
were developed using action verbs aligned with Bloom’s taxonomy [39], [40], systematically advancing from
lower-order to higher-order thinking skills across the module units. These objectives were designed to ensure
that students not only understand scientific concepts related to biodiversity but also connect them to global
environmental issues and their roles as responsible global citizens. The learning objectives for the ESD
I-STEM Module are summarized in Table 2.
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Table 2. Learning objectives for the module
No. Unit and theme Learning objectives

1 Unit 1: let’s get to know biodiversity Students are able to define the meaning and importance of biodiversity
through digital comic activities

2 Unit 2: our mission! Managing biodiversity Students are able to explain methods of biodiversity management through
digital comics and Padlet activities

3 Unit 3: Exploration of BioD venture-digital Students are able to classify organism using the BioD venture digital game

organism classification game

4 Unit 4: global warrior mission: PBL Students are able to evaluate the concepts of global citizenship and ESD
awareness through PBL activities

5 Unit 5: ESD awareness mission Students are able to communicate and propose actions about global
biodiversity threats and practice ESD awareness through digital poster
activities

3.3. Step 3: selecting strategies, technology, media, and materials

The ESD I-STEM module applies the SE learning model [41] as the foundation for inquiry-based
instructional design. This model consists of five main phases: i) engage, aimed at stimulating students’
interest and activating their prior knowledge; ii) explore, guiding students to conduct active investigations;
iii) explain, assisting students in constructing conceptual understanding; iv) elaborate, encouraging the
application of knowledge in new contexts; and v) evaluate, designed to holistically assess learning
achievement. Each phase is systematically designed to facilitate teachers in implementing inquiry-based
approaches while ensuring students actively participate in STEM-oriented learning activities [42]. Table 3
provides a summarized overview of the strategies, media, and materials selected for the ESD I-STEM
Module, aligned with each phase of the 5E learning model. To further illustrate how these digital tools are
integrated across the learning process, Figure 2 presents the infographic showing the interconnection of digital
comics, games, Padlet activities, and digital poster tasks across the five phases of the SE learning model.

Table 3. Phases of the SE learning model

SE phase Learning objective Technology/media and materials used
Engage To stimulate interest and trigger initial inquiry on the Digital comics (PDF)
topic
Explore Students explore issues/topics through personal and Padlet, BioD venture game (genially and educaplay), and
collaborative experiences before explanation internet browser
Explain  Students explain findings, teacher provides scientific ~ Padlet, PowerPoint, and YouTube videos/interactive
explanations based on student data infographics
Elaborate  Applying knowledge in new contexts; solving real-world  Padlet and poster digital (Canva)
problems
Evaluate  Assessing student understanding and providing Rubric forms (Google Form/PDF) and written/video
reflections on learning reflections
Engage Explore SR Hborate Evaluate
Digital Comics (PDF) Padlet, BioD PowerPoint,YouTube Padlet & Rubric forms
Venture Game videos & interactive poster digital (Google Form) &
(Genially & infographics (canva apps) Reflections
Educaplay),
Internet Browser

Figure 2. Integration of technology, media, and materials across SE learning model

3.4. Step 4: use of technology, media, and materials

The successful implementation of teaching and learning relies heavily on carefully planned
technology, media, and materials [43], [44]. Following the ASSURE instructional design model, five key
steps (5Ps) guide the integration of technology to align with students’ needs and learning objectives. The
steps are: i) preview the materials; ii) prepare the materials; iii) prepare the learning environment; iv) prepare
the learners; and v) provide the learning experience.
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3.5. Step 5: require learner participation

Active student engagement is essential for meaningful learning [45]. The ESD I-STEM module
encourages student participation through reflection and group discussions after each major activity. After
activities, students complete self-reflections to assess their understanding of biodiversity, global citizenship,
and ESD awareness, connecting new knowledge to their prior experiences. Small group discussions help
students identify strengths and weaknesses in their work and improve communication skills by sharing
constructive feedback [46]. Teachers facilitate post-presentation question and answer sessions to deepen
understanding and evaluate mastery, promoting critical thinking and interactive dialogue. This reflective,
collaborative, and interactive approach, grounded in constructivist and cognitive theories, helps students
build new knowledge while developing soft skills like communication, critical thinking, and
problem-solving, preparing them for real-world challenges. For example, during the unit 5 activity, students
were required to present a digital poster, which was assessed using a rubric-based evaluation framework as in
Table 4. Performance was rated on a four-point scale ranging from 1 (weak) to 4 (excellent), ensuring
transparency in assessment and supporting active learner participation and reflective learning.

Table 4. Digital poster presentation assessment rubric

Criteria Descriptor Score (1-4)

Poster content Information presented is accurate and relevant to the theme “Global Biodiversity 1234
Threats and ESD Awareness”. Relevant facts are clearly explained.

Poster design The poster is neat, visually appealing, and well organized. Text, images, and visual 1234
elements are easy to read and effectively arranged. Creative use of Canva is evident.

Clarity of presentation Information is presented clearly and fluently using appropriate and easily understood 1234
language. Visual aids are used effectively to support the presentation.

Understanding of topic Demonstrates a strong understanding of global biodiversity threats and conservation 1234
strategies. Able to respond to questions confidently and accurately.

Interaction and feedback Responds appropriately to questions and feedback from peers. Actively engages peers 1234
in constructive discussion.

Group collaboration All group members contribute to the presentation and demonstrate effective teamwork 1234

and coordination.

3.6. Step 6: evaluation and improvement

This step represents the final phase of the ASSURE instructional design model, aimed at evaluating
and improving the developed module. The evaluation of the ESD I-STEM module was conducted by
obtaining content validation from experts and face validation to assess language and module design aspects.
In this phase, the researcher also assessed the reliability and usability of the module. Improvements were
made based on feedback from both experts and students as users.

3.6.1. Content validity of the module

The developed module must undergo a validation process by experts to assess the suitability of the
content and clarity of language used [47]. According to Lynn [48], a panel of 6 to 10 experts is generally
sufficient to establish content validity, ensuring reliable consensus without overextending the process. In this
study, eight experts from various fields related to the module content were appointed to evaluate it using
a S5-point Likert scale (1=strongly disagree to S=strongly agree). The experts included specialists in
environmental education, STEM education, citizenship studies, digital education, and science curriculum
development. Among them, three were university lecturers holding PhDs from Public Higher Education
Institutions (IPTA), one lecturer from Kolej Permata Insan, two assistant district education officers, and the
remaining were experienced teachers including excellent teachers and senior subject teachers. All experts
provided comprehensive feedback on the module’s content, pedagogical approach, and appropriateness of
activities according to students’ cognitive levels. Each expert was provided with the ESD I-STEM module
mapping and a content validation form for evaluation. Content validation was conducted using SPSS Version
29, with expert ratings analyzed to establish instrument validity. The mean scores ranging from 4.38 to 4.88
as shown in Table 5 indicate strong expert agreement across all validated components. The feedback was
used by the researcher to make improvements before the module’s intervention implementation.

Using the content validity formula employed in previous module validation research [49], the
content validity index (CVI) was calculated by dividing the total score given by experts by the maximum
possible score, then multiplying by 100%. The ESD I-STEM module achieved a high content validity score
of 95%, well above the commonly accepted threshold of 70% for strong validity. This confirms that the
module’s content is appropriate and suitable for teaching and learning in schools. The decimal validity
coefficient of 0.95 further supports the module’s statistical reliability.
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Table 5. Mean scores for content validation of module

No Statement Mean score
1 This module content can increase students’ knowledge of global citizenship 4.75
2 This module content can increase students’ knowledge of global biodiversity threats through PBL activities 4.50
3 This module content can increase students’ knowledge of their responsibilities as global citizens 4.75
4 This module content can enhance students’ communication skills related to global sustainability issues 4.50
5 This module content can improve students’ self-reflection skills on global sustainability in the context of 4.63
biodiversity

6  This module content can improve students’ digital literacy through digital learning platforms and STEM 4.75
integration

7  This module content can improve students’ skills in using digital technology and the internet 4.75

8  This module content can improve students’ skills in searching, evaluating, and presenting information through 4.63
digital platforms such as digital comics and digital games on biodiversity topics

9  This module content can improve students’ skills in accessing scientific information and using it to understand 4.75
global and local sustainability issues

10 This module content can improve students’ communication skills through digital scientific posters 4.75

11 This module content can increase students’ ESD awareness in the context of biodiversity threats 4.63
12 This module content can help students relate ESD awareness and global citizenship in the biodiversity context 4.63
13 This module content can foster students’ responsible attitudes towards environmental sustainability 4.63
14 This module content can help students communicate ESD awareness through digital posters 4.88
15 The teaching and learning strategies used in this module are based on constructivist theory 4.88
16  The teaching and learning strategies used in this module are based on behaviorist theory 4.63
17  The teaching and learning strategies used in this module are based on cognitive load theory 4.50
18  The teaching and learning strategies used in this module are based on cognitive theory of multimedia learning 4.88
19 The teaching and learning strategies used in this module are based on theory of planned behavior 4.63

20  The teaching and learning strategies use the SE instructional model 4.88

21  The teaching and learning strategies use the ASSURE model 4.88

22 The learning objectives in the module are suitable for students 4.38

23 The content of this module fits within the allocated time 4.75

24 The activities in this module enable students to collaborate in groups 4.63

25 This module is suitable to be used as learning material 4.75

Overall mean score 4.73

3.6.2. Face validity of the module

In addition to content validity, the study also assessed the module’s face validity, focusing on
language clarity and design suitability. As the module is written entirely in the Malay language and contains
numerous scientific terms, three experts from the content validation panel, together with an additional Malay
language expert, reviewed the language style, scientific terminology, and design aspects. The face validity
assessment employed a 5-point Likert scale covering language factors such as sentence clarity, term
accuracy, and appropriateness for students’ cognitive levels. The mean scores for language aspects ranged
from 4.75 to 5.00, demonstrating a high degree of validity. For design aspects, evaluations focused on font
type, font size, graphic colors, and the usability of the user guide. Mean scores for these design elements
ranged between 4.5 and 5.00, also indicating strong validity.

3.6.3. Reliability of the module

We assessed the reliability of the module using the Cronbach’s alpha coefficient based on feedback
from students who participated in the module intervention activities. The 30 students who completed the
module activities responded to a reliability questionnaire. The questionnaire evaluated students’ perceptions
of the module structure, clarity of instructions, effectiveness of activities, and suitability of materials for their
learning level. Our analysis yielded a Cronbach’s alpha coefficient of 0.820 for the overall module.
According to Fraenkel and Wallen [50], an instrument is considered highly reliable if the Cronbach’s alpha
coefficient exceeds 0.700. Therefore, this result indicates that the ESD I-STEM module demonstrates high
reliability and can be used consistently in the current study context as well as in future teaching and learning
implementations.

3.6.4. Usability of the module

Using a 5-point Likert scale (l1=strongly disagree to 5=strongly agree), the evaluation showed
consistently high usability scores for the ESD I-STEM Module, with all individual items scoring between
4.43 and 4.93 and an overall mean of 4.81. These results indicate that participants strongly agreed with
statements about the module’s usability, as all scores fell between the ‘agree’ (4.0) and ‘strongly agree’ (5.0)
ranges. The high scores across all items demonstrate that the module is not only theoretically sound but also
practically feasible, user-friendly, and ready for classroom implementation.

The positive usability ratings were supported by students’ open-ended feedback, which emphasized
the module’s effectiveness in promoting meaningful, student-centered learning. Students appreciated the use
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of digital tools, which enhanced their understanding of biodiversity and global citizenship while encouraging
collaboration and critical thinking core elements of both PBL and ESD. Students noted increased awareness
of environmental issues, particularly species extinction, and expressed a stronger appreciation for
biodiversity conservation. The narrative-driven digital comic and immersive BioD Venture game were
especially effective in fostering emotional engagement and contextual understanding.

“This module helps me understand biodiversity concepts through engaging digital activities like
games and information searches. I enjoy learning through group activities.” (Student A)

“I like the reflection activity after learning. It helps me think more deeply about why biodiversity is
important.” (Student C)

“I didn’t realize so many animals have become extinct. Now I better understand the importance of
protecting the environment.” (Student D)

These responses highlight the module’s success in integrating ESD and STEM content through technology-
enhanced, reflective, and collaborative strategies. Figure 3 displays the module cover and an overview of the
ESD I-STEM module’s key components.

ESD I-STEM MODULE

01 Learning using digital games 03 Learning using digital comic

- ﬂ,g 3

04 problem Based Learning (PBL

Figure 3. Overview of the ESD I-STEM module’s key components

4. CONCLUSION

In conclusion, the ESD I-STEM Module, developed through the systematic ASSURE instructional
design model, successfully integrates ESD with STEM education to align with Malaysia’s Form 2 science
curriculum. Rigorous evaluations confirmed its high content validity, reliability and usability with
multidisciplinary experts endorsing its clear structure, quality, and relevance. By embedding PBL and
interactive digital elements, the module fosters active student engagement, enhances conceptual
understanding of biodiversity, and cultivates sustainability values, social responsibility, and future-ready
skills. From a policy and practice perspective, the findings suggest that the ESD I-STEM Module can inform
curriculum enrichment initiatives under the Malaysian secondary science curriculum by providing a practical
model for integrating ESD principles into STEM instruction. The module may also serve as a reference
framework for teacher professional development and pre-service teacher training programs, particularly in
strengthening teachers’ capacity to design ESD-integrated STEM pedagogy supported by digital tools.

Nevertheless, this study acknowledges certain limitations, including its implementation within a
single district school context and a modest sample size, which may limit the generalizability of the findings.
Importantly, this research represents the development and validation phase of the module. Subsequent phases
of this research will focus on evaluating its effectiveness in enhancing students’ knowledge, skills, and
pro-environmental behaviors across more diverse educational settings. Future research may include
longitudinal studies to examine changes in students’ ESD awareness, attitudes, and behaviors over time, as
well as cross-country comparative studies to explore the adaptability and impact of the module across
different educational systems and cultural contexts. Overall, the findings provide a strong foundation for
broader implementation and continued refinement, contributing to the cultivation of environmentally literate
and globally competent secondary school learners.
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