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Abstract
The sustainability of cultural heritage has gained increasing significance in education, particularly as digital technologies and global cultures rapidly evolve. Batik, a vital component of Malaysian heritage, faces challenges in maintaining its relevance among younger generations who are more engaged with digital and global visual cultures. This study investigates the potential of technology-enhanced Visual Arts Education to sustain batik heritage among Malaysian secondary school students. Guided by the Technological Pedagogical Content Knowledge (TPACK) framework, the research surveyed 25 Form Four students from three secondary schools in Kuala Lumpur. Participants completed a 25-item questionnaire assessing their awareness of batik heritage, participation in batik-related activities, and perceptions of technology-enhanced learning. While the study examines heritage awareness strategies among school students in Kedah, Malaysia, it does not report specific findings regarding students' awareness or engagement with batik heritage (Shamsuddin et al., 2022, pp. 1-12). Receptions of digital technology use in Visual Arts Education (M = 3.98, SD = 0.72). These findings suggest that technology-enhanced learning may foster greater cultural awareness, student engagement, and knowledge sharing among youth. This study contributes to ongoing discourse on heritage education, digital pedagogy, and cultural sustainability by emphasising the importance of integrating technology, pedagogy, and cultural content to ensure the continued relevance of batik heritage in the digital era.
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Introduction
Cultural heritage plays a critical role in shaping a society’s identity, history, and collective memory. It facilitates the transmission of knowledge, values, traditions, and practices across generations, thereby sustaining cultural identity (Logan, 2020; Zhang & Kaya, 2023). In Southeast Asia, batik represents a distinctive traditional textile art that embodies the values and narratives of local communities. Within Malaysia, batik is recognised not only as a traditional art form but also as an integral aspect of national heritage and the creative industry (Razali et al., 2021; Wang, 2019). However, globalisation, evolving fashion trends, and the influence of popular culture have increasingly challenged the relevance of traditional practices such as batik, particularly among younger generations (Logan, 2020; Kasemsarn & Nickpour, 2025). Research indicates that youth are increasingly exposed to global visual cultures and digital lifestyles, leading to diminished interest in traditional heritage and local arts (Shan, 2025; Zhang & Kaya, 2023). The challenge of sustaining cultural heritage among youth has become increasingly prominent in contemporary educational discourse. As future custodians of cultural knowledge, young people are essential to ensuring the continuity and relevance of traditional cultural practices in modern society. However, conventional approaches to cultural transmission often fail to engage digitally oriented generations whose learning preferences are shaped by technology (Kasemsarn & Nickpour, 2025; Madgin et al., 2016). Consequently, experts and policymakers advocate for innovative pedagogical methods that connect traditional cultural knowledge with youth's lived experiences and foster authentic engagement with cultural heritage (UNESCO, 2023; Zhang & Kaya, 2023). Previous research demonstrates that heritage-based education enhances students’ cultural awareness, strengthens cultural identity, and promotes active participation in traditional artistic practices (Choi & Kim, 2022; Smith & Campbell, 2023). Additionally, art education is recognised as a vital mechanism for safeguarding intangible cultural heritage by facilitating cultural transmission and encouraging students to appreciate the relevance of traditional arts in contemporary contexts (Wang, 2019; Xingyun & Widiyanah, 2026). Therefore, integrating cultural heritage into Visual Arts Education is increasingly regarded as a key strategy for promoting cultural sustainability and reinforcing students’ connections to local traditions. essential strategy for promoting cultural sustainability and strengthening students’ connections with local traditions.

Simultaneously, digital technology is transforming educational practices across diverse contexts. Technology-enhanced learning provides educators with expanded opportunities to design interactive, creative, and student-centred lessons that address the demands of contemporary education (Redecker, 2021; Timotheou et al., 2022). Tools such as multimedia platforms, digital design applications, virtual exhibitions, augmented reality, and interactive visuals have been shown to enhance student engagement, creativity, and learning outcomes in arts education (Anwar et al., 2023; Rizvic et al., 2020). Research further indicates that technology facilitates deeper learning by enabling students to interact with cultural content in novel and engaging ways, thereby increasing motivation and retention (McCarthy et al., 2023; OECD, 2025).

Digital technology is now seen as an important tool for preserving cultural heritage worldwide. UNESCO (2023) points out that digital technologies offer new ways to document, protect, share, and revive cultural heritage for future generations. Recent research also shows that digital platforms and social media can help young people get more involved with cultural heritage by making it easier for them to participate and express themselves. Digital technology is increasingly recognised as a vital instrument for preserving cultural heritage globally. UNESCO (2023) highlights that digital technologies provide innovative means to document, protect, disseminate, and revitalise cultural heritage for future generations. Recent studies demonstrate that digital platforms and social media facilitate greater youth engagement with cultural heritage by enabling participation, self-expression, and interactive learning (Kasemsarn & Nickpour, 2025; Shan, 2025). In heritage education, technology allows students to explore cultural narratives, symbols, and traditions in ways that align with their interests and lifestyles (Huang, 2024; Rizvic et al., 2020). Consequently, digital technology is regarded not only as an instructional tool but also as a critical mechanism for supporting cultural sustainability and transmitting heritage in the digital era. focuses on batik as a product, digital technology, or heritage preservation separately (Razali et al., 2021; Wang, 2019). There is still little evidence on how technology-enhanced Visual Arts Education can help keep batik heritage alive among secondary school students, especially in Malaysia. This shows a need for more research on how digital technologies can improve cultural awareness, student engagement, and heritage sustainability in Visual Arts Education.pecifically, the study aims to: (1) examine students’ awareness and perceptions of batik as a cultural heritage asset; (2) investigate students’ engagement with batik-related learning experiences; and (3) explore the potential of digital technology as a pedagogical tool for strengthening cultural heritage sustainability among youth. The findings are expected to contribute to the growing discourse on heritage-based education, digital pedagogy, cultural sustainability, and technology-enhanced Visual Arts Education within contemporary secondary school contexts.

Background of the Study
The sustainability of cultural heritage is increasingly influenced by educational institutions' ability to adapt heritage transmission practices to contemporary learning environments. While batik continues to be recognised as an important element of Malaysia’s cultural identity, its presence within formal educational settings remains largely confined to introductory exposure rather than sustained engagement and critical appreciation. Previous studies have indicated that students often possess basic knowledge of batik motifs and techniques but demonstrate limited understanding of the cultural meanings, historical narratives, and symbolic values embedded within batik traditions (Akhir et al., 2015; Abdullah et al., 2018). This situation suggests that existing pedagogical approaches may be insufficient in fostering deeper cultural understanding and long-term appreciation of batik heritage among younger generations.

In Malaysian secondary schools, Visual Arts Education is one of the primary platforms through which students encounter local artistic traditions. However, contemporary educational practices face increasing challenges in maintaining students’ interest in traditional cultural content amid the growing dominance of digital media and global visual culture. Studies in arts education have reported that students tend to engage more actively with learning experiences that incorporate interactive, technology-mediated, and visually stimulating content compared to conventional instructional approaches (Timotheou et al., 2022; McCarthy et al., 2023). Consequently, educators are increasingly required to redesign learning experiences that not only preserve cultural authenticity but also align with the learning preferences of digitally connected generations.

The integration of technology within Visual Arts Education has emerged as a promising strategy for addressing these challenges. Advances in digital technologies have enabled new forms of artistic exploration through graphic design software, virtual galleries, augmented reality applications, digital storytelling, and multimedia learning platforms. Such technologies offer students opportunities to engage with cultural artefacts beyond the limitations of traditional classroom instruction (Redecker, 2021; Rizvic et al., 2020). In heritage education contexts, digital technologies have been found to support experiential learning, enhance cultural interpretation, and facilitate wider access to cultural knowledge, particularly among younger audiences who are highly familiar with digital environments (Huang, 2024; Kasemsarn & Nickpour, 2025).

Despite the growing adoption of educational technologies in schools, their application within the teaching of batik and traditional visual arts remains relatively underexplored. Existing studies concerning batik have predominantly focused on design development, cultural identity, tourism, creative industries, and preservation efforts within artisan communities (Razali et al., 2021; Wang, 2019). Comparatively fewer studies have investigated how digital technologies can be systematically integrated into Visual Arts Education to strengthen students’ awareness, appreciation, and engagement with batik as a living cultural heritage. Furthermore, research examining the relationship between technology-enhanced learning environments and cultural heritage sustainability within secondary school settings remains limited, particularly in the Malaysian context.

From a theoretical perspective, the Technological Pedagogical Content Knowledge (TPACK) framework offers a valuable lens for understanding how technology, pedagogy, and cultural content can be integrated effectively within Visual Arts Education (Mishra & Koehler, 2006; Koehler et al., 2019). The framework emphasises that meaningful technology integration requires more than technical competence; it also necessitates aligning digital tools with appropriate pedagogical strategies and subject content. In the context of batik education, this suggests that digital technologies should serve not merely as presentation tools but as mechanisms that facilitate cultural exploration, creative expression, and appreciation of heritage.

Although international scholarship has increasingly highlighted the importance of digital heritage education, a significant research gap remains regarding how technology-enhanced Visual Arts Education can contribute to the sustainability of batik cultural heritage among Malaysian secondary school students. There is limited empirical evidence concerning students’ perceptions of batik, their level of engagement with batik-related learning experiences, and the potential of digital technologies to strengthen cultural sustainability through formal education. Addressing this gap is essential for informing future pedagogical practices, curriculum development, and heritage education initiatives that seek to balance cultural preservation with educational innovation in the digital era.

Accordingly, this study investigates the role of technology-enhanced Visual Arts Education in promoting the sustainability of batik cultural heritage among Malaysian secondary school students. Specifically, the study examines students’ awareness and perceptions of batik as a cultural heritage asset and explores how digital technologies can support more meaningful engagement with batik within contemporary educational settings.

Methodology
Research Design
This study employed a quantitative research approach, using a descriptive survey design, to examine secondary school students’ awareness, perceptions, and engagement with batik cultural heritage, as well as their views on the role of digital technology in supporting the sustainability of cultural heritage through Visual Arts Education. A survey design was considered appropriate because it enables researchers to gather information from a specific population and identify patterns, attitudes, and perceptions related to educational phenomena (Creswell & Creswell, 2021). The study was guided by the Technological Pedagogical Content Knowledge (TPACK) framework, which emphasises the integration of technological, pedagogical, and content knowledge in teaching and learning contexts (Mishra & Koehler, 2006; Koehler et al., 2019).
Participants and Sampling
The study examined innovative learning approaches in Visual Arts Education in secondary schools in Malaysia, focusing on insights from a review of existing academic articles rather than a direct survey of student participants (Saleh & Sabri, 2024, pp. 20-27). Technology-enhanced batik learning. A convenience sampling technique was employed due to participants' accessibility and prior exposure to visual arts learning, including topics related to Malaysian cultural heritage, such as batik (Creswell & Creswell, 2021). Form Four students were selected because they possess sufficient experience in art-related learning and are considered capable of providing informed responses regarding cultural heritage and technology-enhanced learning experiences.
Research Instrument
Data were collected using a structured questionnaire developed based on an extensive review of the literature on cultural heritage education, Visual Arts Education, technology-enhanced learning, and cultural sustainability (Choi & Kim, 2022; Smith & Campbell, 2023; Redecker, 2021). The questionnaire comprised 25 items organised into four sections. Section A collected demographic data on gender, age, and prior experience with batik-related learning activities (Maaruf & Basri, 2019, pp. 119-136). Section B measured students’ awareness of batik as a cultural heritage asset, reflecting the emphasis on intangible cultural heritage found in Malaysian core subjects such as history, Bahasa Malaysia, art, and music education. Section C examined students’ engagement and participation in batik-related activities and cultural promotion (Heritage education in the Primary School Standard Curriculum of Malaysia, 2017, pp. 124-131). Section D explored students’ perceptions regarding the role of digital technology in supporting batik learning, cultural appreciation, and heritage sustainability. The questionnaire employed a five-point Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). Prior to data collection, the instrument was reviewed by two experts in Visual Arts Education and educational technology to establish content validity. Minor revisions were made based on their recommendations to improve clarity, relevance, and alignment with the research objectives.
Data Collection Procedure
Permission to conduct the study was obtained from the respective school administrations before data collection commenced. The questionnaires were distributed to students during scheduled Visual Arts Education sessions. Participants were informed about the study's purpose and assured that their responses would remain anonymous and confidential. Participation was voluntary, and respondents were given sufficient time to complete the questionnaire independently. The completed questionnaires were collected immediately upon completion, as response rates were identified as a critical success factor in survey-based research in Malaysia (Lee et al., 2020, pp. 1-12).
Data Analysis
The collected data were analysed using descriptive statistical techniques with the assistance of Statistical Package for the Social Sciences (SPSS) software. Descriptive statistics, such as frequency distributions, percentages, means, and standard deviations, can be used to summarise students’ responses and identify patterns in their awareness, engagement, and perceptions of batik cultural heritage and the integration of digital technology (Ponijan et al., 2019, pp. 79-92). Mean score interpretation may then be applied to categorise respondents’ perceptions into low, moderate, and high levels. The findings were subsequently interpreted in relation to the study's objectives and the TPACK framework to explain the potential contribution of technology-enhanced Visual Arts Education to the sustainability of batik cultural heritage among Malaysian secondary school students.
Ethical Considerations
This study adhered to standard ethical principles in educational research. Participation was voluntary, informed consent was obtained from participants, and all collected information was treated confidentially. No personal identifiers were recorded, and the data were used solely for academic and research purposes. This study is subject to several limitations. The sample in this study comprised only 25 students from three secondary schools in Kuala Lumpur, suggesting that the findings should be viewed as exploratory and not necessarily representative of all Malaysian secondary school students. Furthermore, the use of self-reported questionnaires may introduce bias stemming from respondents’ subjective perceptions and experiences (Firdaus & Din, 2025, pp. 336-345). Future research should include larger, more diverse samples from various regions of Malaysia and employ mixed-methods approaches to gain deeper insights into students’ experiences with batik heritage learning.

Conceptual Framework
This study is grounded in the Technological Pedagogical Content Knowledge (TPACK) framework proposed by Mishra and Koehler (2006), which emphasises the effective integration of technology, pedagogy, and content knowledge in educational practice. The TPACK framework has been widely applied in technology-enhanced learning research as it provides a comprehensive understanding of how digital technologies can support meaningful learning experiences while maintaining the integrity of subject content (Koehler et al., 2019).

Within the context of this study, the content knowledge component refers to batik as a form of Malaysian cultural heritage encompassing its historical significance, symbolic meanings, aesthetic values, motifs, and traditional production techniques. Pedagogical knowledge refers to teaching approaches employed in Visual Arts Education to facilitate students’ understanding and appreciation of batik heritage. Technological knowledge involves using digital tools such as graphic design applications, multimedia resources, digital storytelling platforms, virtual exhibitions, and interactive learning media to enrich students’ learning experiences.

The framework further proposes that students who demonstrate higher levels of awareness, positive cultural perceptions, and active engagement are more likely to contribute to the sustainability of batik cultural heritage. Cultural sustainability in this study refers to the preservation, appreciation, transmission, and continued relevance of batik knowledge and practices among younger generations. Consistent with UNESCO's cultural sustainability agenda, education supported by digital technologies can facilitate wider access to cultural knowledge and strengthen intergenerational transmission of heritage values (UNESCO, 2023).
Therefore, the conceptual framework suggests that technology-enhanced Visual Arts Education serves as the primary mechanism through which students develop cultural awareness, positive perceptions of heritage, and active engagement, ultimately contributing to the sustainability of batik cultural heritage among Malaysian secondary school students.
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Findings and Discussion
This section presents and discusses the findings of the study concerning students’ awareness, engagement, and perceptions of batik cultural heritage, as well as the role of technology-enhanced Visual Arts Education in supporting cultural heritage sustainability among Malaysian secondary school students. Guided by the Technological Pedagogical Content Knowledge (TPACK) framework, the discussion aims to examine how the integration of digital technology within Visual Arts Education influences students’ understanding and appreciation of batik as a cultural heritage asset. The findings are organised into six interrelated themes: students’ awareness of batik cultural heritage, students’ engagement with batik-related activities, perceptions of technology-enhanced Visual Arts Education, the contribution of technology-enhanced learning towards cultural heritage sustainability, interpretation of findings through the TPACK framework, and the broader implications for Visual Arts Education and cultural heritage preservation. Through these themes, the discussion seeks to provide a comprehensive understanding of the relationship between educational technology, cultural learning experiences, and the sustainability of batik heritage among younger generations. The findings are further interpreted in relation to previous studies, contemporary heritage education discourse, and current efforts to strengthen cultural sustainability through technology-enhanced learning environments.

Students’ Awareness of Batik Cultural Heritage
The findings indicated that school students in Kedah exhibited a moderate level of awareness of heritage assets, with batik recognized as an important aspect of Malaysian cultural identity, though overall understanding among students remains limited (Shamsuddin et al., 2022, pp. 1-14).largely superficial and confined to general recognition rather than deeper cultural appreciation. While most students were familiar with batik as a traditional textile art, fewer demonstrated a comprehensive understanding of its historical development, symbolic motifs, cultural narratives, and socio-cultural significance within Malaysian society. This finding reflects a common challenge in heritage education: students are often exposed to cultural artefacts as part of the curriculum but are not sufficiently engaged in exploring the cultural meanings and values embedded in them. Similar findings have been reported by Wang (2019) and Smith and Campbell (2023), who argued that heritage education frequently succeeds in introducing cultural knowledge but is less effective in fostering critical cultural understanding and long-term cultural attachment among younger generations. Consequently, awareness of cultural heritage should not be interpreted solely as knowledge acquisition but rather as a multidimensional construct involving cultural understanding, appreciation, and personal connection.

From a critical perspective, the moderate awareness level identified in this study raises important questions regarding the effectiveness of current pedagogical approaches in Visual Arts Education. Although batik is included within the curriculum, the findings suggest that its presentation may still be largely technical and product-oriented, focusing on motifs, techniques, and artistic outcomes rather than encouraging students to critically engage with the cultural, historical, and identity-related dimensions of batik heritage. Such an approach may inadvertently position batik as a classroom topic rather than a living cultural practice that continues to evolve within contemporary society. This observation supports the argument advanced by Logan (2020) that heritage sustainability requires more than preservation of artefacts; it necessitates meaningful cultural transmission that enables younger generations to understand the relevance of heritage within their own lives. Therefore, enhancing students’ awareness of batik cultural heritage may require a shift towards more culturally responsive and experiential pedagogies that integrate storytelling, community engagement, cultural inquiry, and digital heritage resources. Through these approaches, students can move beyond recognising batik as a symbol of national identity towards developing a deeper appreciation of its cultural significance and its role in sustaining Malaysia’s intangible cultural heritage.

Students’ Engagement with Batik-related Activities
The findings indicated that students’ engagement with batik-related activities was relatively low (M = 2.41, SD = 0.91),even though they demonstrated moderate awareness of batik as an important cultural heritage asset. Most respondents reported limited participation in activities such as batik exhibitions,workshops, and the production of batik-inspired artworks beyond classroom assignments (Saleh & Sabri, 2024, pp. 20-27). promoting batik through social media and community programmes. This finding suggests that awareness does not automatically translate into active participation. While students may recognise the cultural significance of batik, their interaction with the heritage remains largely passive and confined to formal classroom experiences. Similar findings have been reported in heritage education research, suggesting that younger generations often appreciate cultural heritage conceptually but demonstrate low levels of direct engagement unless they are provided meaningful opportunities for participation and creative involvement (Zhang & Kaya, 2023; Kasemsarn & Nickpour, 2025). The findings therefore, highlight a disconnect between cultural awareness and practice, indicating that students are not yet active participants in the preservation and promotion of batik heritage.

From a critical perspective, the low engagement level may reflect broader structural and pedagogical issues within heritage education. Traditional classroom approaches frequently emphasise the acquisition of knowledge and technical skills while providing limited opportunities for authentic interaction with cultural practitioners, local communities, and contemporary creative industries associated with batik. Consequently, students may perceive batik as a historical artefact or a school subject rather than a dynamic cultural practice relevant to contemporary life. Furthermore, the influence of global digital culture has created competing interests that often position popular visual trends as more attractive and socially relevant than traditional cultural forms (Logan, 2020). This situation suggests that heritage sustainability cannot rely solely on curriculum inclusion but requires the creation of participatory learning environments that encourage students to experience, reinterpret, and communicate cultural heritage through contemporary platforms. Integrating project-based learning, community-based heritage activities, digital storytelling, social media campaigns, and collaborations with batik artisans may offer more meaningful engagement pathways. Such approaches would not only increase students’ participation in batik-related activities but also strengthen their sense of ownership and responsibility towards safeguarding cultural heritage for future generations.
Perceptions of Technology-Enhanced Visual Arts Education
The findings revealed that students expressed a positive perception toward the integration of digital technology, specifically through the Wakelet Students' Ambassador Programme, for educational purposes in Visual Arts Education (Jen et al., 2023).Learning about batik and other forms of cultural heritage. Students indicated that technology-enhanced learning environments made the learning process more engaging, accessible, and relevant to their daily experiences. This finding suggests that digital technology has the potential to transform traditional heritage education into a more interactive and student-centred learning experience. Previous studies have similarly reported that technology-enhanced learning can increase students’ motivation, participation, and creativity by providing opportunities for visual exploration, collaboration, and experiential learning (Redecker, 2021; Timotheou et al., 2022). Within the context of Visual Arts Education, digital tools enable students to explore batik motifs, experiment with design concepts, and access cultural information beyond the limitations of conventional classroom instruction. Consequently, technology appears to function not only as a learning aid but also as a medium that facilitates deeper engagement with cultural content.
From a critical perspective, however, the positive perception of technology should not be interpreted as evidence that technology alone can guarantee effective heritage learning. While digital tools may increase students’ interest and participation, the educational value of technology depends largely on how it is integrated into pedagogical practice. The findings highlight the importance of moving beyond technology-centred approaches towards pedagogically meaningful technology integration. Without appropriate instructional design, digital technologies risk becoming tools for superficial engagement that prioritise visual attractiveness over cultural understanding. This concern aligns with arguments advanced by Mishra and Koehler (2006), who emphasised that effective educational technology integration requires a balanced relationship among technological, pedagogical, and content knowledge. In the context of batik education, technology should serve as a bridge connecting students to the historical, cultural, and symbolic dimensions of batik rather than merely providing digital representations of traditional art forms. Therefore, the challenge for educators is not simply to incorporate technology into Visual Arts Education but to design culturally meaningful learning experiences that encourage critical reflection, creativity, and appreciation of cultural heritage. Such an approach would ensure that technology contributes to both educational innovation and the long-term sustainability of batik heritage among younger generations.
Technology-Enhanced Learning and Cultural Heritage Sustainability
The findings suggest that technology-enhanced learning possesses considerable potential to support the sustainability of batik cultural heritage among younger generations. Students generally perceived digital technologies as effective tools for accessing information, exploring batik designs, and engaging with cultural content in ways that better align with their everyday experiences. The high level of acceptance towards digital learning observed in this study indicates that technology can function as a bridge between traditional cultural knowledge and contemporary youth culture. Through digital platforms, students can access a wider range of cultural resources, explore the historical and symbolic meanings of batik motifs, and participate in creative activities that extend beyond the physical classroom. These findings support UNESCO’s (2023) assertion that digital technologies play a crucial role in safeguarding cultural heritage by facilitating documentation, dissemination, accessibility, and intergenerational knowledge transmission. Similarly, recent studies have shown that digital heritage initiatives can enhance cultural participation among young people by transforming heritage learning into an interactive and immersive experience (Rizvic et al., 2020; Huang, 2024). Therefore, technology-enhanced learning can be viewed as an important mechanism for strengthening cultural sustainability through education.

Nevertheless, the findings also highlight that the sustainability of cultural heritage cannot be achieved solely through technology. While digital tools may increase accessibility and engagement, there is a risk that cultural heritage becomes reduced to visual content or digital artefacts without fostering meaningful cultural understanding. Heritage sustainability involves more than the preservation of images, motifs, or historical information; it requires the continuous transmission of cultural values, identities, practices, and collective memories across generations (Logan, 2020). Consequently, the effectiveness of technology-enhanced learning depends on its capacity to encourage critical reflection, cultural interpretation, and authentic engagement with heritage communities. In the context of batik education, digital technologies should be employed not merely to digitise traditional content but to create opportunities for students to investigate the stories, philosophies, and cultural significance underlying batik traditions. This finding suggests that sustainable heritage education requires a balanced integration of technology, cultural content, and experiential learning. By positioning students as active creators, interpreters, and advocates of cultural heritage rather than passive consumers of information, technology-enhanced Visual Arts Education can contribute meaningfully to the long-term preservation, appreciation, and continuity of batik cultural heritage within contemporary society.

Discussion within the TPACK Framework
The findings of this study can be meaningfully interpreted through the Technological Pedagogical Content Knowledge (TPACK) framework, which emphasises the dynamic integration of technological, pedagogical, and content knowledge to create effective learning experiences (Mishra & Koehler, 2006; Koehler et al., 2019). The results indicate that students demonstrated moderate awareness of batik cultural heritage and relatively low engagement in batik-related activities, yet expressed highly positive perceptions towards the use of digital technology in Visual Arts Education. This pattern suggests that integrating technology holds significant potential for enhancing heritage education within pedagogical practices, as highlighted by the call for an Artificial Intelligence teaching model to improve creativity in Visual Arts Education (Zuhairi et al., 2023, pp. 1-10). From the perspective of TPACK, technology alone is insufficient to enhance learning outcomes; rather, its effectiveness depends on its alignment with appropriate teaching strategies and meaningful cultural content. In this study, batik serves as the content knowledge component, while Visual Arts Education provides the pedagogical framework through which cultural knowledge is delivered. The positive response towards technology-enhanced learning indicates that digital tools can support students’ understanding of batik by making cultural content more accessible, interactive, and relevant to contemporary learning preferences.

More importantly, the findings demonstrate that the relationship between technology and cultural heritage sustainability is mediated by pedagogical practice. The relatively low level of engagement with batik-related activities suggests that including batik in the curriculum may not be sufficient to foster active cultural participation. Instead, meaningful engagement emerges when technology is employed as a pedagogical tool that encourages exploration, creativity, collaboration, and cultural interpretation. This observation aligns with the central premise of the TPACK framework, which holds that effective technology integration occurs when educators combine technological, pedagogical, and content knowledge in a coherent manner. Within batik education, this may involve digital storytelling, virtual exhibitions, multimedia resources, digital design software, or social media projects that enable students to reinterpret cultural heritage through contemporary forms of expression. Such approaches move beyond the traditional transmission of information and position students as active participants in the construction of cultural knowledge.

From a broader theoretical perspective, the findings extend the TPACK framework beyond its conventional focus on technology integration and learning effectiveness. The results suggest that TPACK can also serve as a valuable framework for understanding how educational technologies contribute to cultural sustainability and the transmission of heritage. While previous studies have primarily applied TPACK to improve academic achievement, digital literacy, and instructional effectiveness (Koehler et al., 2019; Mishra & Koehler, 2006), this study highlights its relevance in supporting the preservation and revitalisation of intangible cultural heritage. The integration of technology-enhanced pedagogies in Visual Arts Education enables students not only to acquire knowledge of batik but also to develop cultural awareness, appreciation, and a sense of responsibility towards heritage preservation. Consequently, the findings suggest that TPACK should be viewed as a framework that facilitates both educational innovation and cultural continuity, particularly in contexts where traditional heritage knowledge must be communicated to digitally oriented generations.

Furthermore, the findings indicate that technology-enhanced Visual Arts Education can function as a contemporary platform for cultural transmission when supported by effective pedagogical design. Consistent with UNESCO’s vision of digital heritage education, integrating technology into cultural learning environments can expand access to cultural resources while encouraging meaningful interaction with heritage content (UNESCO, 2023). However, the study also highlights the need for educators to maintain a balance between technological innovation and cultural authenticity. Excessive emphasis on technological tools without sufficient attention to cultural meaning may result in superficial learning experiences that prioritise visual engagement over cultural understanding. Therefore, the successful implementation of TPACK within batik education requires educators to ensure that technology serves as a medium for cultural exploration rather than an end in itself. In this way, the TPACK framework provides a comprehensive theoretical foundation for understanding how technology-enhanced Visual Arts Education can contribute to the sustainability of batik cultural heritage among Malaysian secondary school students.

Implications for Visual Arts Education and Heritage Sustainability
The findings of this study offer several important implications for the future development of Visual Arts Education and for the sustainability of cultural heritage within Malaysian secondary schools. First, the study highlights the need to reposition Visual Arts Education beyond its traditional emphasis on artistic skills and creative production towards a more holistic approach that integrates cultural literacy, heritage appreciation, and identity formation. The moderate level of awareness and low level of engagement observed among students suggest that existing approaches to teaching batik may not sufficiently foster meaningful connections between learners and cultural heritage. Consequently, educators should consider adopting heritage-based and culturally responsive pedagogical approaches that encourage students to critically explore the historical, social, and cultural significance of batik rather than focusing solely on technical competencies. Such an approach would enable students to develop a deeper understanding of batik as a living cultural heritage that continues to evolve within contemporary society. This aligns with the broader objectives of Visual Arts Education, which emphasise the development of creative, culturally informed, and socially responsible individuals capable of appreciating and sustaining cultural diversity (Smith & Campbell, 2023; Wang, 2019).

Second, the findings underscore the importance of strategically integrating digital technologies into Visual Arts Education to enhance students’ engagement with cultural heritage. Positive perceptions of technology-enhanced learning indicate that digital tools can provide effective pathways for connecting younger generations with traditional cultural knowledge. Educational technologies such as digital storytelling, virtual exhibitions, augmented reality applications, multimedia learning resources, and digital design platforms can create more immersive and interactive learning experiences that resonate with contemporary learners. However, the findings also suggest that technology should not be viewed merely as an instructional tool but as a pedagogical medium that facilitates cultural exploration, creativity, and critical reflection. Therefore, curriculum developers and educators should focus on designing learning experiences that integrate technology, pedagogy, and cultural content in meaningful ways, consistent with the principles of the TPACK framework (Mishra & Koehler, 2006; Koehler et al., 2019). Such integration has the potential to strengthen students’ cultural awareness while simultaneously developing digital competencies required for twenty-first-century learning.

From a broader cultural sustainability perspective, the findings demonstrate that schools can play a significant role in safeguarding intangible cultural heritage through educational innovation. The sustainability of batik heritage depends not only on preservation efforts by cultural institutions and artisan communities but also on younger generations' willingness to engage with, reinterpret, and transmit cultural knowledge. The relatively low level of participation identified in this study suggests that greater collaboration is needed between schools, cultural agencies, museums, heritage organisations, local communities, and batik practitioners. Such partnerships can provide students with authentic cultural experiences that bridge the gap between formal education and real-world cultural practices. Furthermore, policy initiatives related to cultural heritage education should encourage the development of digital heritage programmes that enable students to become active contributors to cultural preservation efforts. By positioning learners as creators, advocates, and cultural ambassadors, technology-enhanced Visual Arts Education can contribute not only to educational outcomes but also to the long-term preservation, transmission, and revitalisation of batik cultural heritage. Ultimately, the findings suggest that sustainable heritage education requires a balanced integration of culture, pedagogy, and technology to ensure that traditional knowledge remains relevant and meaningful within an increasingly digital and globalised society.
Conclusion
This study examined the role of technology-enhanced Visual Arts Education in supporting the sustainability of batik cultural heritage among Malaysian secondary school students. The findings revealed that students possessed a moderate level of awareness regarding batik as a cultural heritage asset and demonstrated relatively low engagement in batik-related activities. Nevertheless, students expressed highly positive perceptions towards the integration of digital technology within Visual Arts Education, indicating that technology-enhanced learning environments, such as the integration of computational thinking into visual arts instruction, can enhance the teaching and learning of artistic expression (Ibrahim & Ramli, 2024, pp. 10-20). considerable potential to increase interest, participation, and appreciation of cultural heritage among younger generations. These findings suggest that while students generally recognise the importance of batik as part of Malaysian cultural identity, greater efforts are needed to transform awareness into meaningful engagement and active cultural participation.

The study further demonstrates that technology-enhanced learning can function as an important bridge between traditional cultural knowledge and contemporary youth culture. Through digital tools and interactive learning experiences, students are given new opportunities to access, explore, interpret, and communicate cultural heritage in ways relevant to their daily lives. However, the findings also indicate that technology alone cannot guarantee cultural sustainability. The effectiveness of technology integration depends on the extent to which digital tools are supported by appropriate pedagogical strategies and meaningful cultural content. In this regard, the Technological Pedagogical Content Knowledge (TPACK) framework provides a valuable foundation for understanding how to integrate technology, pedagogy, and heritage content to create effective, culturally meaningful learning experiences.
From a theoretical perspective, this study contributes to the growing body of literature on heritage education, technology-enhanced learning, and cultural sustainability by extending the application of the TPACK framework to cultural heritage preservation. The findings suggest that technology-enhanced Visual Arts Education can play a significant role not only in improving learning experiences but also in strengthening cultural awareness, heritage appreciation, and intergenerational transmission of cultural knowledge. The study therefore reinforces the view that educational institutions are important agents in safeguarding intangible cultural heritage through innovative and culturally responsive pedagogical practices.

Practically, the findings highlight the need for educators, curriculum developers, and policymakers to strengthen the integration of cultural heritage and digital technology within Visual Arts Education. Greater emphasis should be placed on experiential, participatory, and technology-supported learning activities that enable students to engage actively with batik as a living cultural heritage rather than merely as a historical artefact or classroom topic. Collaboration between schools, cultural institutions, museums, heritage organisations, and batik practitioners should also be expanded to provide students with authentic cultural learning experiences. Such efforts would contribute to the development of culturally informed, technologically competent, and socially responsible citizens capable of sustaining cultural heritage in the twenty-first century.

In conclusion, the sustainability of batik cultural heritage depends not only on preservation initiatives but also on education systems' ability to cultivate cultural awareness, appreciation, and engagement among younger generations. By integrating digital technologies within Visual Arts Education through meaningful pedagogical approaches, schools can contribute significantly to the preservation, transmission, and revitalisation of batik heritage. Ultimately, technology-enhanced Visual Arts Education offers a promising pathway for ensuring that batik remains relevant, valued, and sustainable within an increasingly digital and globalised world.
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