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          Background While our previous research established the effectiveness of participatory design approaches in developing innovative banana fiber products in Thailand, this study addresses the critical gap between prototype development and commercial viability. Traditional craft materials like banana fiber offer potential for sustainable innovation, but their successful commercialization requires frameworks that balance cultural preservation with market demands. This research introduces the Material Transformation Dimension framework for guiding the commercial development of agricultural by-product crafts.

          Methods Building on our established Creative Knowledge Integration approach, we implemented the Material Transformation Dimension (MTD) framework through a seven-phase methodology: (1) material exploration based on previous prototypes, (2) community enterprise capabilities analysis, (3) promotional strategy investigation, (4) collaborative planning, (5) product and promotional material development, (6) stakeholder presentation, and (7) commercial implementation and market testing. Data was collected through field research, interviews, collaborative workshops, and market feedback sessions with the Creative Agriculture Community Enterprise Group in Nakhon Si Thammarat Province.

          Results The research yielded three significant outcomes: a commercially viable collection of banana fiber design products adapted from previous prototypes to suit local production capabilities while maintaining cultural authenticity; a complete brand identity system including logos and promotional materials that effectively communicate the cultural and sustainable value of the products; and a knowledge transfer framework enabling community members to independently develop and market future products. These outcomes demonstrated positive market reception signals through initial commercial testing, indicating potential for sustainable income generation for community members.

          Conclusions This bounded case study demonstrates how the Material Transformation Dimension framework bridges the gap between traditional craft innovation and commercial viability. By integrating design expertise with community knowledge and market awareness, the research suggests a potential model for transforming agricultural by-products into sustainable commercial enterprises. The approach not only preserves traditional craftsmanship but also creates economic opportunities that support cultural sustainability while addressing growing consumer interest in environmentally responsible products.
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      1. Introduction
      The intersection of traditional craft practices and contemporary market demands presents both significant challenges and opportunities for sustainable development. Building upon our previous research on participatory design for sustainable product innovation with banana fiber in Thailand (Suksikarn & Suksikarn, 2025), this study addresses the critical transition from prototype development to commercial viability. While our earlier work successfully established the Creative Knowledge Integration (CKI) framework for facilitating collaborative design processes between design students, researchers, entrepreneurs, and community producers, it revealed a significant gap in understanding how these innovative products could be effectively commercialized while preserving their cultural and environmental value.

      Agricultural by-products like banana fiber represent an important resource for sustainable innovation in Thailand and globally. As noted by Cecci et al. (2020), banana pseudostem fibers exhibit favorable mechanical properties comparable to other natural fibers, making them suitable for various applications. Beyond their material properties, these fibers embody cultural significance and traditional knowledge that has been passed down through generations (Lin & Lin, 2022). However, despite growing consumer interest in sustainable materials, banana fiber products have struggled to establish a significant commercial presence in contemporary markets (Kim & Wang, 2020; Ngamkham et al., 2022).

      The challenge of commercializing traditional craft materials exists at the intersection of several complex domains: material science, cultural heritage preservation, sustainable design, and market dynamics. Previous research has typically addressed these domains in isolation. Studies by Sangamithirai and Vasugi (2023) focused primarily on the technical properties of banana-cotton fabric as a sustainable textile, while Mokhtar (2020) examined the cultural aspects of preserving heritage through sustainable craft development. Research on market strategies for traditional crafts, such as Ferreira et al. (2019), has often failed to address the specific challenges of agricultural by-product materials. This fragmentation in research has left a significant gap in understanding how to effectively transform these materials into commercially viable products while preserving their cultural authenticity and environmental benefits (Alharthi et al., 2022; Kamaruddin, 2020).

      
        
        

        Figure 1 
				
        

        
          Traditional banana plant cultivation in Nakhon Si Thammarat Province, Thailand, showing the source material before extraction of fibers
        
        

        

      

      To address this gap, we introduce the Material Transformation Dimension (MTD) framework—an approach—which provides an integrated approach to guiding the commercial development of agricultural by-product crafts. This framework builds upon our previous work on Creative Knowledge Integration but extends it to specifically address the material-to-market transformation process. It integrates five key components: Material Knowledge Systems, Technical Innovation within Cultural Context, Design Translation for Market Relevance, Value Communication Systems, and Community Knowledge Sovereignty (Santos et al., 2023; Tharakan, 2023).

      The significance of this research extends beyond the specific case of banana fiber crafts in Thailand. By developing an integrated framework for the commercial development of agricultural by-product crafts, we contribute to broader discussions on sustainable material innovation, cultural heritage preservation, and community economic development (de Waal & Maxwell, 2023; Esfandiari et al., 2023; Hansson & von Busch, 2023). The Material Transformation Dimension framework offers a structured approach to navigating the complex terrain between traditional craft practices and contemporary market demands, providing guidance for designers, community enterprises, and policymakers seeking to support sustainable craft development (Dahm & Leimenstoll, 2022; Murugesan et al., 2023).

      The research questions guiding this study were:

      
        	1. How can the Material Transformation Dimension framework guide the commercial development of banana fiber products to create sustainable economic opportunities while preserving cultural heritage?


        	2. What strategies effectively communicate the cultural and sustainable value of banana fiber products to contemporary markets?


        	3. How can knowledge transfer systems be designed to ensure community ownership of both production processes and commercial strategies?


      

      By addressing these questions, this research aims to establish a replicable model for sustainable commercial development of traditional crafts that balances economic viability with cultural authenticity and environmental responsibility.

    

    

  
    
      2. Theoretical Framework: Material Transformation Dimension
      
        2. 1. Theoretical Positioning: Challenging Existing Paradigms
        Current approaches to craft commercialization operate within three flawed paradigms: modernization-first (prioritizing market efficiency over cultural preservation), preservation-first (maintaining tradition at expense of viability), and consultation-based (treating communities as informants rather than knowledge owners). These paradigms tend to fail because they cannot reconcile the fundamental tension between cultural authenticity and commercial demands.

        Our theoretical intervention: The Material Transformation Dimension framework disrupts this false trichotomy by proposing that agricultural by-products require fundamentally different commercialization logic than conventional crafts—one that treats material variability as analytical opportunity, not production constraint.

      

      
        2. 2. MTD as Analytical Framework: Key Differentiators
        
          2. 2. 1. Why MTD is Distinctive Features
          Existing frameworks fail on three analytical levels:

          
            	1. Knowledge Integration Failure: Walker, Evans & Mullagh (2019) theorize meaningful practices but cannot operationalize knowledge synthesis across traditional-scientific-market domains simultaneously


            	2. Commercial Blind Spot: Udoewa (2022) provides participatory ethics but lacks commercial transformation mechanisms


            	3. Material Agnosticism: Current frameworks treat all craft materials identically, ignoring agricultural by-products’ unique temporal, seasonal, and variability characteristics


          

          MTD’s key advancement: Transforms constraints into analytical advantages through uncertainty management rather than uncertainty elimination.

        

        
          2. 2. 2. Generalizable Theoretical Principles
          Unlike linear consultation models, MTD operates through simultaneous integration across five analytical domains (Figure 2), enabling uncertainty transformation rather than standardization enforcement

          
            
            

            Figure 2 
				
            

            
              MTD analytical architecture: simultaneous multi-domain integration versus sequential approaches in existing frameworks.
            
            

            

          

          Principle 1: Productive Uncertainty Agricultural by-products’ material variability becomes analytical resource for understanding adaptation capacity rather than standardization problem to solve.

          Principle 2: Multi-Domain Knowledge Integration Traditional knowledge, scientific analysis, and market intelligence must be synthesized simultaneously, not sequentially, to generate commercially viable cultural products.

          Principle 3: Power-Conscious Commercialization Commercial development must redistribute rather than extract value from communities through embedded knowledge sovereignty mechanisms.

        

      

      
        2. 3. Theoretical Contribution: Beyond Existing Paradigms
        MTD advances theory by:

        
          	1. Analytical Precision: Provides specific mechanisms for material uncertainty management that existing frameworks lack


          	2. Commercial Integration: Demonstrates how cultural preservation can become market advantage through effective value communication


          	3. Power Redistribution: Embeds community ownership within commercial processes rather than treating ethics as external constraint


        

        This represents approach from craft commercialization as cultural compromise to craft commercialization as cultural amplification through material-specific analytical frameworks.

      

    

    

  
    
      3. Literature Review
      
        3. 1. Modernization-First Approaches in Craft Commercialization
        Current research approach: Current craft commercialization research operates under the modernization-first paradigm—assuming traditional practices must be “upgraded” to meet market standards rather than markets adapting to cultural authenticity.

        Evidence shows failure evidence :Sangamithirai and Vasugi (2023) exemplify this paradigm by focusing solely on technical optimization of banana-cotton fabric without addressing cultural preservation mechanisms. Similarly, Deelaman et al. (2022) treat agricultural fibers as generic construction materials, completely ignoring their cultural significance and community ownership implications.

        Critical gap: This paradigm tends to undermine the very cultural authenticity that could serve as market differentiator, creating standardized products that compete only on price rather than cultural value.

      

      
        3. 2. Cultural Authenticity Approaches in Traditional Crafts
        Counter-paradigm equally flawed: Heritage preservation research (Mokhtar, 2020; Kamaruddin, 2020) makes the opposite error—treating commercialization as cultural contamination rather than potential amplification mechanism.

        Preservation-first blindness: These approaches fail to recognize that cultural preservation requires economic viability. Communities cannot maintain traditions without sustainable livelihoods, yet preservation research offers no viable commercial pathways.

        Strategic error: By rejecting commercial engagement, preservation approaches guarantee cultural decline through economic marginalization rather than preventing it through protective isolation.

      

      
        3. 3. Participatory Design in Craft Development
        Participatory design’s fundamental limitation: Current participatory approaches (Gumulya et al., 2022; Ferreira et al., 2019) treat communities as consultants in their own commercialization rather than owners of knowledge-based enterprises.

        Power structure maintenance: Even “collaborative” approaches maintain extractive relationships—external researchers and designers retain analytical authority while communities provide “input” and “validation.”

        Systemic reproduction: These approaches reproduce colonial knowledge dynamics under participatory rhetoric, ensuring communities remain dependent on external expertise rather than developing autonomous commercial capabilities.

      

      
        3. 4. Agricultural By-Products: The Overlooked Commercial Logic
        Research blindness: Despite extensive technical research on agricultural by-product properties (Cecci et al., 2020; Lin & Lin, 2022), no existing framework addresses their unique commercial transformation requirements.

        Critical oversight: Agricultural by-products demand uncertainty-positive commercialization strategies because material variability is inherent, not eliminable. Current approaches treat variability as quality control problem rather than analytical opportunity.

        Commercial potential waste: This theoretical gap prevents organized development of agricultural by-product commercial pathways, leaving valuable cultural-material resources underutilized despite growing market demand for authentic sustainable products.

      

      
        3. 5. The Material Transformation Dimension Framework
        Our theoretical disruption: The Material Transformation Dimension framework rejects all three dominant paradigms by demonstrating that:

        
          	1. Against modernization-first: Cultural authenticity becomes commercial advantage rather than market constraint


          	2. Against preservation-first: Commercial success amplifies cultural preservation rather than threatening it


          	3. Against consultation-based: Communities can own analytical frameworks rather than just providing cultural input


        

        Paradigm replacement: MTD proposes uncertainty-positive agricultural by-product commercialization as distinct theoretical domain requiring specialized analytical approaches rather than adaptation of existing craft commercialization methods. Scholarly contribution: This represents contribution to current design-for-craft discourse by suggesting existing approaches create false trade-offs that MTD addresses.

      

    

    

  
    
      4. Methodology
      This research employed a participatory action research approach, building upon our previous study’s methodological framework while focusing specifically on the commercial development aspects of banana fiber products. The methodology comprised seven interconnected phases, each designed to address specific aspects of the Material Transformation Dimension framework.

      
        4. 1. Critical Constructivist Research Design: Power Destabilization Framework
        This research employed critical constructivist methodology designed to intentionally challenge traditional researcher-subject power dynamics and redistribute analytical authority to communities. Unlike conventional participatory approaches that maintain researcher control over analytical frameworks, our methodology transferred epistemological authority to communities while researchers functioned as analytical facilitators rather than knowledge validators.

        
          4. 1. 1. Power Redistribution Mechanisms
          Academic Authority Disruption: Community members were positioned as co-researchers with equal analytical authority over data interpretation. Traditional academic gatekeeping—where researchers validate community knowledge—was specifically reversed: communities validated researcher understanding of cultural dynamics.

          Analytical Framework Ownership: The MTD framework emerged through community-led analytical sessions where CACEG members identified patterns in their own experience. Researchers provided theoretical vocabulary, but communities determined analytical directions and conceptual relationships.

          Economic Power Rebalancing: All research outcomes (intellectual property, commercial revenues, analytical insights) were automatically transferred to communities. This represents intentional intervention in typical extractive research relationships where academic careers benefit from community knowledge without reciprocal value transfer.

        

        
          4. 1. 2. Epistemological Authority Transfer
          Knowledge Validation Reversal: Instead of researchers determining validity of traditional knowledge, communities evaluated relevance and accuracy of academic theoretical frameworks. MTD components were accepted only after community epistemological approval. Analytical Priority Inversion: Research questions, data interpretation priorities, and theoretical emphasis were determined by community analytical interests rather than academic publication requirements. When conflicts arose between academic and community priorities, community perspectives automatically prevailed.

          Documentation Authority: Communities controlled all documentation processes—determining what knowledge could be recorded, how it could be represented, and which insights could be shared externally. Researchers documented only community-approved knowledge representations.

        

      

      
        4. 2. Critical Design Research Implementation
        
          4. 2. 1. Academic Privilege Disruption
          Researcher Positioning: Academic researchers functioned as theoretical resources for community-led analysis rather than external experts studying community practices. Community members held interpretive authority over research findings while researchers provided analytical vocabulary when requested.

          Methodological Authority: CACEG members determined research methods, data collection approaches, and analytical frameworks through collective epistemological decision-making. Academic methodological preferences were subordinated to community analytical logic.

          Publication Power: All academic publications required community co-authorship with communities holding editorial authority over how their knowledge was represented. This disrupts traditional academic appropriation of community insights for career advancement.

        

        
          4. 2. 2. Power Analysis Integration
          Commercial Power Critique: The research carefully examined how conventional craft commercialization reproduces colonial economic relationships—external designers and markets extracting value from community cultural knowledge without reciprocal benefit.

          Academic Power Interrogation: The methodology explicitly examined and challenged how design research traditionally positions communities as objects of study rather than subjects of knowledge creation, reproducing academic privilege.

          Market Power Destabilization: Rather than adapting community products to external market preferences, the research challenged markets to recognize authentic cultural value, reversing typical power dynamics where communities must conform to external commercial standards. This critical constructivist approach ensured that power redistribution was embedded in methodological structure rather than added as ethical consideration, creating structured intervention in traditional research relationships rather than consultative collaboration.

        

      

      
        4. 3. Data Collection Methods and Procedures
        
          4. 3. 1. Multiple Data Sources
          To ensure thorough data collection and reliability, multiple sources were utilized throughout the research process:

          
            Primary Sources:
          

          • Semi-structured interviews (n=47 across all phases)

          • Participant observation logs (214 hours documented)

          • Collaborative workshop outputs (21 sessions)

          • Photographic documentation (1,847 images)

          • Video recordings of production processes (23 hours)

          
            Secondary Sources:
          

          • Market feedback surveys (n=156 at exhibitions)

          • Sales transaction records

          • Production time logs

          • Material cost documentation

        

        
          4. 3. 2. Data Saturation and Interview Protocol
          Data saturation achieved at 39 interviews, confirmed through 8 additional interviews yielding no new themes (total n=47). Sample questions included material knowledge integration (“How does Nam Wa banana fiber compare to other materials”) and cultural preservation (“Which production aspects feel most important to preserve”).

          
            
            

            Figure 3 
				
            

            
              Creative Agriculture Community Enterprise Group members participating in collaborative workshops
            
            

            

          

        

      

      
        4. 4. Data Analysis Procedures
        
          4. 4. 1. Collaborative Thematic Analysis
          Data analysis followed Braun and Clarke’s (2006) thematic analysis with community co-interpretation. Collaborative coding sessions identified culturally significant themes, with researcher-led coding for theoretical alignment. Inter-coder reliability: K = 0.78.

        

        
          4. 4. 2. Sample Coding Structure
          Key themes identified:

          • Material Knowledge Integration: “Our grandmothers knew these fibers were strong, but now we understand why” (Interview 23)

          • Cultural Authenticity: “We keep traditional weaving spirit but make it work for modern markets” (Workshop 12)

          • Commercial Viability: “Lamp sales covered material costs for three months” (Interview 41)

        

        
          4. 4. 3. Validity Measures
          Internal validity ensured through member checking, triangulation (interviews, observations, sales data), and 18-month prolonged engagement. Reliability confirmed through inter-coder testing and audit trail documentation.

        

      

      
        4. 5. Quantitative Data Collection
        
          4. 5. 1. Production and Market Metrics
          Documentation included:

          • Production data: Time tracking for 67 completed items, detailed cost analysis, standardized quality assessment

          • Market performance: Sales tracking, customer feedback surveys (n=156), price comparisons

          Key quantitative results:

          • Average production time per lamp: 4.2 hours (range: 3.1-5.8 hours)

          • Material cost per unit: 127 THB ($3.50 USD)

          • Sale price range: 450-800 THB ($12.50-$22.20 USD)

          • Exhibition conversion rate: 24%. These indicators represent single-context market reception requiring multi-site validation before broader commercial claims.

        

      

      
        4. 6. Ethical Considerations
        
          4. 6. 1. Community Ownership Agreements
          Formal agreements established prior to research:

          • Intellectual Property: 100% community ownership of all innovations and cultural knowledge

          • Commercial Benefits: All revenue retained by community enterprise

          • Publication Rights: Community approval required for academic publications

          • Knowledge Control: Community authority over external knowledge sharing

        

        
          4. 6. 2. Ongoing Consent and Participation
          • Monthly consent confirmation meetings

          • Open withdrawal option at any stage

          • Collective decision-making for all research directions

          • Regular community evaluation of research benefits and burdens

        

        
          4. 6. 3. Researcher Positionality
          External academic researchers acknowledged potential power imbalances through:

          • Transparent discussion of research motivations and benefits

          • Community leadership of cultural knowledge aspects

          • Ongoing reflexivity practices documented in research journals

        

      

    

    

  
    
      5. Results
      The research yielded significant outcomes across multiple dimensions, demonstrating the effectiveness of the Material Transformation Dimension framework in guiding the commercial development of banana fiber products. These results emerged as a series of theoretical discoveries that formed the foundation of our framework, organized according to its five key components.

      
        5. 1. Findings: Material Variability in Banana Fiber
        Key Insight: Nam Wa banana fiber variability (267±34 MPa tensile strength) enabled adaptative analysis rather than requiring standardization. This contradicts conventional quality control paradigms and demonstrates how agricultural by-products demand uncertainty-positive analytical approaches.

        Theoretical Implication: Material inconsistency becomes analytical advantage for understanding cultural-technical integration dynamics, not production problem requiring elimination.

      

      
        5. 2. Knowledge Integration Process
        Critical Finding: Traditional knowledge integration with scientific analysis only succeeded when performed simultaneously (K=0.78 inter-coder reliability). Sequential approaches failed to capture tacit knowledge nuances essential for commercial viability.

        
          
          

          Figure 4 
				
          

          
            Traditional and modified extraction techniques demonstrating knowledge integration
          
          

          

        

        Analytical Breakthrough: “Our grandmothers knew these fibers were strong, but now we understand why” (Interview 23) reveals knowledge amplification rather than knowledge replacement—traditional understanding gains scientific precision while scientific analysis gains cultural context.

        Framework Validation: 40% efficiency improvement (6.2→3.7 hours/kg processing) achieved through cultural preservation, not despite it.

      

      
        5. 3. Commercial Development Results
        Strategic Discovery: Products maintaining 8.2/10 community authenticity rating achieved 70% conversion rate vs. 29.2% gross margin—suggesting cultural integrity may enable premium positioning rather than constraining market access. These indicators represent single-context market reception requiring multi-site validation before broader commercial claims.

        
          
          

          Figure 5 
				
          

          
            Products demonstrating cultural authenticity (8.2/10 rating) enabling premium market positioning
          
          

          

        

        Power Dynamic Reversal: Instead of communities adapting to market demands, markets responded to authentic cultural expressions when properly communicated (78% cultural understanding among consumers).

        Theoretical Advance: Cultural preservation becomes commercial strategy rather than commercial constraint through effective value translation.

        
          
          

          Figure 6 
				
          

          
            Value communication system achieving 78% cultural understanding among consumers
          
          

          

        

      

      
        5. 4. Community Engagement Outcomes
        Institutional Innovation: 100% community intellectual property retention with simultaneous commercial viability proves false dichotomy between community ownership and market success.

        Analytical Insight: Community decision-making authority (consensus across 9 members) enhanced rather than hindered commercial outcomes—local knowledge guided market positioning more effectively than external market research.

        Framework Contribution: Demonstrates scalable mechanisms for community knowledge sovereignty within commercial contexts, not just consultation processes.

      

      
        5. 5. Framework Application: Initial Performance Indicators
        Integration Achievement: MTD simultaneously optimized cultural preservation (100% traditional pattern retention), technical efficiency (45-minute assembly vs. 2.1 hours), and commercial viability (29.2% margin). These indicators represent single-context market reception requiring multi-site validation before broader commercial claims. indicating potential trade-offs in existing approaches. These indicators represent single-context market reception requiring multi-site validation before broader commercial claims.

        Analytical Condensation: Framework succeeded because it transformed constraints into analytical opportunities rather than managing constraints as limitations.

        Theoretical Validation: Initial application suggests MTD shows potential for application to other agricultural by-products, though this requires validation across diverse cultural and material contexts.

        
          
          

          Figure 7 
				
          

          
            Market validation demonstrating simultaneous cultural preservation and commercial viability
          
          

          

        

      

    

    

  
    
      6. Ethical Considerations and Long-term Community Agency
      
        6. 1. Intellectual Property and Cultural Knowledge Protection
        The commercialization of traditional craft knowledge raises significant ethical questions regarding intellectual property rights and cultural appropriation. This research addressed these concerns through explicit agreements designed to protect community interests.

        
          6. 1. 1. Community Ownership Frameworks
          Prior to research commencement, formal agreements established:

          •Knowledge Ownership: All traditional craft knowledge remained under community ownership

          •Innovation Rights: New developments through research became community intellectual property

          •Commercial Control: External researchers retained no commercial rights to products or processes

          •Cultural Protection: Traditional design elements documented as community cultural heritage with guidelines for appropriate use

        

        
          6. 1. 2. Benefit-sharing Mechanisms
          Financial and social benefits were structured to ensure equitable distribution:

          •Revenue Distribution: 100% of product sales revenue retained by CACEG

          •Capacity Building: Business management training provided to all interested community members

          •Asset Transfer: Equipment and materials purchased during research transferred to community ownership

          •Network Development: Connections established with markets and support organizations for independent operation

        

      

      
        6. 2. Long-term Agency and Sustainability
        
          6. 2. 1. Post-Research Independence
          Specific measures ensured community agency extended beyond the research period:

          • Operational Independence: Complete production capabilities transferred with documented procedures

          • Decision-making Authority: All strategic decisions made through community consensus processes

          • Adaptability: Flexibility built into production systems for community-driven modifications

          • Problem-solving: Clear protocols developed for common challenges without external dependency

        

        
          6. 2. 2. Sustainability Assessment
          Long-term viability was evaluated across multiple dimensions:

          • Economic Sustainability: Production costs consistently below sale prices (29.2% average margin) with market demand sufficient for continued production

          • Cultural Sustainability: Traditional knowledge preserved and transmitted with cultural authenticity maintained in commercial products

          • Environmental Sustainability: Banana cultivation enhanced through fiber extraction with minimal waste generation and local material sourcing

        

      

      
        6. 3. Addressing Power Imbalances in Research
        
          6. 3. 1. Researcher Positionality
          The research team explicitly acknowledged inherent power imbalances:

          • Educational Privilege: University affiliation and advanced degrees created perceived authority imbalances, addressed through positioning community knowledge as equally valuable

          • Economic Disparities: Compensation provided for community members’ time and expertise with transparent discussion of research motivations

          • Cultural Authority: Community leaders given authority over cultural interpretation and decision-making with all interactions conducted in Thai

        

        
          6. 3. 2. Equitable Participation Mechanisms
          • Shared Authority: Community members held veto power over all research decisions

          • Capacity Building Focus: Research designed to build community capabilities rather than extract knowledge

          • Collaborative Analysis: Community members trained in documentation and analysis techniques

          • Ongoing Consent: Monthly confirmation meetings with open withdrawal options

        

      

      
        6. 4. Framework for Ethical Craft Commercialization
        Based on this research experience, key ethical principles for future craft commercialization initiatives include:

        
          6. 4. 1. Foundation Principles
          1. Community Sovereignty: Communities maintain ultimate authority over cultural knowledge and commercial engagement

          2. Equitable Benefit Distribution: Commercial benefits flow primarily to communities rather than external facilitators

          3. Cultural Integrity: Commercial adaptations respect and preserve cultural authenticity

          4. Sustainable Relationships: Long-term community wellbeing prioritized over short-term commercial gains

        

        
          6. 4. 2. Operational Guidelines
          1. Formal Agreements: Written agreements establishing community ownership and researcher responsibilities

          2. Ongoing Consent: Regular confirmation of community willingness to continue participation

          3. Capacity Building: Focus on building community capabilities rather than creating dependencies

          4. Cultural Protection: Mechanisms to prevent unauthorized use of cultural elements

          5. Transparency: Open communication about research motivations, processes, and outcomes

          These ethical considerations were fundamental elements that determined research design, implementation, and evaluation, reflecting recognition that sustainable craft commercialization must prioritize community wellbeing and agency over academic or commercial interests.

        

      

    

    

  
    
      7. Discussion
      The results of this research offer significant insights into the commercial development of agricultural by-product crafts and the effectiveness of the Material Transformation Dimension framework. In this section, we discuss the theoretical and practical implications of our findings, their relationship to existing literature, and the limitations and future directions they suggest.

      
        7. 1. Integrating Material Innovation and Cultural Preservation
        Our findings demonstrate that commercial development of agricultural by-product crafts can successfully integrate material innovation with cultural preservation when guided by an appropriate framework. The Material Transformation Dimension approach enabled technical innovations that enhanced production efficiency and product quality without compromising the cultural significance of the craft practices.

        This integration challenges the common assumption that modernization inevitably leads to cultural dilution or that cultural preservation requires resistance to innovation. Instead, our research suggests that thoughtfully managed innovation can enhance cultural significance by making traditional practices more viable in contemporary contexts. This aligns with Walker and Mullagh’s (2021) concept of “designing for transformative futures” where traditional knowledge becomes a resource for sustainable innovation rather than a constraint.

        The successful adaptation of banana fiber products from our previous prototypes to the CACEG’s specific context illustrates how material knowledge from different sources—scientific, traditional, and design-based—can be effectively integrated. This collaborative knowledge integration represents a significant advancement over conventional approaches that tend to privilege either traditional or scientific knowledge at the expense of the other.

      

      
        7. 2. Balancing Market Demands with Community Values
        A significant challenge in commercializing traditional crafts is balancing market demands with community values and capabilities. Our research demonstrates that this balance is achievable through collaborative approaches that involve community members in all aspects of commercial decision-making.

        The refinement of product designs to enhance market appeal while maintaining cultural authenticity illustrates this balance. Rather than imposing external market standards, the research process enabled community members to make informed decisions about which aspects of their products could be adapted and which should be preserved to maintain cultural integrity. This approach aligns with Udoewa’s (2022b) concept of radical participatory design but extends it specifically to the context of craft commercialization.

        Similarly, the development of production processes that improved efficiency while respecting traditional material relationships demonstrates how technical innovation can be harmonized with cultural values. This finding challenges simplistic notions of efficiency that focus solely on production speed or cost reduction, suggesting instead that appropriate efficiency in craft contexts must be measured against multiple criteria, including cultural integrity and community well-being.

        
          
          

          Figure 8 
				
          

          
            Diagram illustrating the balance between market demands and community values in the Material Transformation Dimension framework
          
          

          

        

      

      
        7. 3. Communicating Multidimensional Value
        Our research highlights the crucial role of value communication in the commercial success of agricultural by-product crafts. The banana fiber products embodied multiple dimensions of value—functional, aesthetic, cultural, environmental, and social—that needed to be effectively communicated to consumers who might initially perceive them simply as decorative items.

        The development of a comprehensive brand identity and promotional strategy addressed this challenge by creating accessible narratives around the products’ origin, significance, and impact. This finding aligns with Mokhtar’s (2020) observation on the importance of authentic storytelling in sustainable craft development but extends it by demonstrating specific strategies for communicating the multidimensional value of agricultural by-product crafts.

        Importantly, our research shows that effective value communication does not require simplification or exotification of cultural elements. Instead, it involves identifying authentic connections between traditional values and contemporary concerns—such as sustainability, craftsmanship, and cultural diversity—that resonate with modern consumers. This approach enables craft products to serve as cultural ambassadors rather than mere commodities.

      

      
        7. 4. Building Sustainable Community Enterprises
        The knowledge transfer system developed in our research demonstrates how commercial craft initiatives can build community capacity rather than creating dependency on external expertise. By documenting not only production techniques but also the reasoning behind design decisions and commercial strategies, the system empowered community members to continue developing their enterprise independently.

        This approach addresses a significant limitation in many craft development initiatives, which often focus on short-term product development without building the community’s capacity for ongoing innovation and adaptation. Our findings suggest that sustainable craft enterprises require not just viable products but also knowledge systems that enable communities to respond to changing market conditions and opportunities.

        Furthermore, the organization of production into modular processes that accommodated different skill levels and time availabilities enabled broader community participation than traditional master-apprentice models. This inclusive approach aligns with Alkhalaf’s (2023) rethinking of participatory design, which emphasizes equity and accessibility in collaborative processes.

      

      
        7. 5. Limitations and Future Directions
        While our research demonstrates the effectiveness of the Material Transformation Dimension framework, it also reveals several limitations and directions for future research:

        
          	1. Temporal Limitations: The research timeframe allowed for initial commercial implementation and market testing but not for long-term assessment of the enterprise’s sustainability. Future research should examine how the framework performs over extended periods, including how communities adapt their approaches in response to changing market conditions.


          	2. Contextual Specificity: The research was conducted in a specific cultural and material context, and the framework’s applicability to other agricultural by-products and cultural traditions requires further investigation. Comparative studies across different materials and cultural contexts would enhance understanding of the framework’s flexibility and limitations.


          	3. Scale Considerations: The research focused on small-scale production within a single community enterprise. Future research should explore how the framework might apply to larger-scale production or to networks of community enterprises, addressing challenges related to consistency, distribution, and market reach.


          	4. Digital Integration: While our research focused primarily on physical products and traditional marketing channels, future exploration should address how digital technologies might enhance both production and commercial strategies without compromising cultural authenticity or community ownership.


          	5. Policy Implications: The research suggests potential policy approaches to support sustainable craft enterprises based on agricultural by-products, but these were not fully explored. Future research could examine how government policies and support programs might be optimized to facilitate such enterprises while respecting community autonomy.


        

      

    

    

  
    
      8. Conclusion
      
        8. 1. Research Contributions and Limitations
        This research presents a foundational case study exploring the application of the Material Transformation Dimension framework for sustainable craft commercialization using agricultural by-products. While results from the CACEG collaboration in Thailand provide initial evidence of the framework’s potential effectiveness, we acknowledge significant limitations inherent in single-site, short-term research that must be addressed through future investigation.

        
          8.1.1 Theoretical Contributions
          The study makes preliminary contributions to sustainable craft development theory by extending existing participatory design and craft development frameworks. The MTD framework builds on foundational work by Walker, Evans & Mullagh (2019) and Udoewa (2022) while addressing previously unexamined challenges specific to agricultural by-product commercialization. However, these theoretical extensions require testing across diverse cultural and material contexts before broader applicability can be claimed.

        

        
          8.1.2 Practical Contributions
          The research provides initial evidence for practical approaches to craft commercialization, including documentation of production process integration, market reception signals (29.2% gross margins, 70% exhibition sales conversion from single-event testing) indicating commercial potential requiring longitudinal validation, and community capacity building models. These outcomes reflect specific market conditions and cultural contexts and cannot be generalized without broader testing.

        

      

      
        8. 2. Critical Limitations and Future Research Needs
        
          8. 2. 1. Study Limitations
          This research is subject to critical limitations that constrain generalizability:

          Temporal Constraints: The 18-month research period allowed for initial implementation and short-term evaluation but could not assess long-term sustainability, market stability, or community enterprise evolution. Claims about sustainability must be considered preliminary and require longitudinal validation.

          Geographic and Cultural Specificity: The research was conducted within a specific Thai cultural context with particular material characteristics (Nam Wa banana fibers) and market conditions. The framework’s applicability to other agricultural by-products, cultural contexts, or market environments remains unestablished.

          Scale and Sample Limitations: The study involved a single small community enterprise (n=9 members) with limited production volume. Whether the framework could guide larger-scale production or networks of enterprises requires different research approaches.

        

        
          8. 2. 2. Future Research Directions
          Several critical directions for future investigation emerged:

          Validation Studies: Multi-year longitudinal research tracking community enterprises is essential to assess actual sustainability and long-term market viability. Cross-cultural applications testing the MTD framework across diverse cultural contexts and agricultural by-products (jute, bamboo, coir) would clarify universal applicability versus cultural adaptation requirements.

          Comparative Analysis: Detailed comparison of the MTD framework with other craft development approaches would identify specific advantages and limitations relative to existing methodologies.

          Scale-up Research: Investigation of framework application to larger production scales, multiple community networks, or integration with existing supply chains would address critical questions about economic viability and market reach.

        

      

      
        8. 3. Implications for Practice and Policy
        
          8. 3. 1. For Development Practitioners
          This research offers preliminary guidance for practitioners working in sustainable craft development, though the MTD framework requires significant adaptation to local contexts and remains open to community-led modifications. The emphasis on building community capabilities rather than creating product outputs provides direction for practitioner approaches, though specific methods require contextual adaptation.

        

        
          8. 3. 2. For Academic Researchers
          The research demonstrates both potential and challenges of participatory approaches to craft commercialization research. The integration of PAR with commercial development offers one model for addressing both academic and community interests, though power balance challenges require ongoing attention and collaborative analysis approaches provide insights into alternative knowledge generation methods.

        

      

      
        8. 4. Final Reflections
        This research represents an initial exploration of how agricultural by-product crafts might be developed commercially while preserving cultural authenticity and ensuring community benefit. The Material Transformation Dimension framework emerged from and was tested within a specific context, yielding preliminary results that require extensive further research for validation and broader application. The collaboration with the Creative Agriculture Community Enterprise Group demonstrated that with appropriate frameworks and genuine participatory approaches, traditional crafts can potentially bridge traditional and contemporary worlds. However, the complexity of challenges involved—balancing cultural preservation with market demands, ensuring equitable benefit distribution, maintaining community agency in commercial contexts—suggests that no single framework will be universally applicable.

        Rather than claiming definitive solutions, this research contributes to ongoing discussions about sustainable development, cultural preservation, and community economic empowerment by providing one documented example of collaborative framework development and implementation. The insights gained, limitations encountered, and questions raised point toward substantial additional research needed to develop robust, ethical approaches to traditional craft commercialization.
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