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Abstract

This study examines the Bangnamphueng community in southern Bangkok as a case of community-
based sustainable tourism. Conducted during the UN SDG Bootcamp Forum 2025, the research employs a
qualitative case study design, using semi-structured interviews and field observation to explore local
governance, sustainability practices, and stakeholder experiences. Findings indicate that the community’s
locally managed tourism model aligns with the United Nations Sustainable Development Goals (SDGs),
particularly in promoting inclusive economic development, environmental stewardship, cultural preservation,
and social inclusion. The study also identifies key challenges, including infrastructure constraints, tourism-
related pressures, and economic vulnerability exposed during the COVID-19 pandemic. Thematic analysis
reveals that sustainable tourism in Bangnamphueng operates as a dynamic socio-ecological system shaped
by participatory governance, local knowledge, and adaptive strategies. The research contributes to the literature
by demonstrating how community-based tourism can support context-specific sustainability pathways while

highlighting the importance of resilience and stakeholder collaboration in managing development trade-offs.
Keywords: Community-based tourism, Sustainable development, United Nations SDGs; Resilience,

Participatory governance; Thailand

Introduction

As part of the UN SDG Bootcamp Forum 2025 Bangkok - Youth and Global Sustainable Actions, national
delegates conducted a field visit to the Bangnamphueng Floating Market and engaged directly with local

community representatives. This immersive experience provided insights that extend beyond conventional
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research approaches. While documentary analysis and quantitative surveys offer valuable background
information, direct interaction enables a deeper understanding of the community’s lived realities.

Through conversations with residents and community leaders, participants observed not only economic
activities but also the adaptive strategies developed in response to increasing tourism. Local stakeholders
described the challenges of balancing diverse interests in community decision-making, while visitors
emphasized the distinctive cultural and environmental qualities that shape the area’s identity and encourage
repeat visitation. These firsthand perspectives revealed complex interconnections within the local ecosystem,
challenging simplified assumptions about tourism development.

Tourism in Bangnamphueng can therefore be understood not merely as an economic activity, but as a
multifaceted social phenomenon shaped by relationships, cultural values, and collective adaptation. The
integration of tourism into the community reflects an ongoing negotiation between preservation and
development, highlighting the importance of local agency in sustainable practices. This study adopts a
qualitative approach, using semi-structured interviews to analyze stakeholder experiences and examine the
broader implications of community-based tourism.

This study aims to explore how community-based tourism contributes to sustainable development in
Bangnamphueng. Specifically, the research seeks to:

(1) examine the perspectives of key stakeholders regarding the impacts of tourism

(2) identify strategies employed by the community to balance economic, social, and environmental
objectives

(3) evaluate the extent to which these practices align with sustainable development principles.

The study is guided by the following research questions

(1) How do local stakeholders perceive the impacts of tourism on their community?

(2) What strategies are implemented to manage tourism sustainably?

(3) How does community-based tourism influence local resilience and identity?

The scope of this research is limited to the Bangnamphueng community in Bangkok, focusing on
qualitative data collected through field visits and semi-structured interviews with residents, community leaders,
and visitors. The findings aim to contribute to the broader discourse on sustainable tourism development and

provide practical insights for policymakers and community development practitioners.

Literature Review

Sustainable Development and the SDGs Framework

The concept of sustainable development has become a central paradigm in addressing global
environmental, economic, and social challenges. Defined by the United Nations as development that meets
present needs without compromising the ability of future generations to meet their own, sustainability
emphasizes the integration of three key dimensions: economic viability, social equity, and environmental
protection (United Nations, 2015). This tripartite framework has been operationalized through the Sustainable
Development Goals (SDGs), which provide a comprehensive global agenda for development.

In the context of tourism, sustainable development requires balancing economic benefits with the
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preservation of cultural heritage and ecological systems. Bramwell and Lane (2011) argue that sustainable
tourism governance involves multi-stakeholder collaboration and adaptive policy frameworks to address
complex and dynamic local conditions. Their work highlights that sustainability in tourism is not a fixed outcome
but an ongoing process requiring negotiation among stakeholders. The World Tourism Organization further
emphasizes that tourism plays a critical role in achieving the SDGs by promoting inclusive economic growth
and sustainable resource management (World Tourism Organization, 2018). In addition, sustainable
development in tourism is increasingly examined through a supply chain perspective, where the coordination
of production, distribution, and consumption processes plays a critical role in achieving sustainability outcomes.
Sustainable supply chain management emphasizes transparency, resource efficiency, and stakeholder
collaboration across the entire value chain, making it highly relevant to community-based tourism contexts. The
SDGs, particularly Goal 8 (Decent Work and Economic Growth), Goal 11 (Sustainable Cities and Communities),
and Goal 12 (Responsible Consumption and Production), are directly relevant to community-based tourism
initiatives.

Community-Based Tourism (CBT)

Community-Based Tourism (CBT) is widely recognized as an approach that prioritizes local participation,
empowerment, and equitable benefit-sharing in tourism development. CBT shifts the focus from externally
driven tourism models to locally managed initiatives, where communities have greater control over decision-
making processes and resource allocation.

Timothy (1999) argues that community participation is a fundamental element of sustainable tourism, as
it enhances local ownership and ensures that development aligns with community needs and values. Meaningful
participation goes beyond consultation, requiring active involvement in planning, implementation, and
management. CBT also contributes to cultural preservation and strengthens local identity by promoting
indigenous knowledge and traditions. Scheyvens (1999) further emphasizes that tourism can empower local
communities by increasing their control over resources and decision-making processes. However, challenges
such as unequal power relations, limited capacity, and external market pressures may hinder its effectiveness.
As noted by Bramwell and Lane (2011), successful CBT initiatives require strong governance structures and
collaboration among stakeholders.

From a supply chain perspective, community-based tourism can be understood as a form of localized
or short supply chain, where goods and services are produced, distributed, and consumed within a
geographically bounded system. This structure enhances local value retention, reduces environmental impact,
and strengthens community control over economic activities.

Resilience Theory

Resilience theory provides a useful framework for understanding how communities adapt to change and
respond to external pressures such as tourism development. Originally developed in ecological studies by
Holling (1973), resilience refers to the capacity of a system to absorb disturbances while maintaining its core
functions and structure.

In social contexts, resilience encompasses the ability of communities to adapt, learn, and transform in

response to changing conditions. Tourism can act as both an opportunity and a disruption, making resilience
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a critical factor in sustainable development. Communities with higher resilience are better able to manage
tourism impacts while preserving cultural and environmental integrity.

Synthesis of Theoretical Framework

The integration of sustainable development, community-based tourism, and resilience theory provides a
comprehensive analytical framework for this study. Sustainable development offers the overarching goals and
principles, CBT provides a practical model for implementation at the local level, and resilience theory explains
the dynamic processes through which communities adapt to change.
Together, these frameworks enable a multidimensional analysis of tourism in Bangnamphueng, moving
beyond purely economic considerations to include social, cultural, and environmental dimensions. This
theoretical foundation supports the study’s objective of examining tourism as a complex and evolving system

shaped by stakeholder interactions and adaptive strategies.

Research Method

Research Design

This study adopts a qualitative case study approach to explore the multidimensional nature of
sustainability initiatives in the Bangnamphueng community. A qualitative design is appropriate for capturing the
complexity of social phenomena, particularly in understanding how local stakeholders perceive and engage
with community-based tourism and sustainable development practices. The case study approach enables an
in-depth examination of contextual dynamics, governance systems, and lived experiences within the community

Data Collection

Data were collected through a combination of semi-structured interviews and field observation during
the site visit. Semi-structured interviews allowed for guided yet flexible conversations, enabling participants to
share their perspectives on governance structures, environmental management, economic activities, and social
inclusion.

Field observation complemented the interviews by providing contextual insights into daily practices,
community interactions, and the physical environment. This combination of methods enhanced the richness
and reliability of the data by capturing both articulated experiences and observed behaviors.

Participants

Fieldwork was conducted with purposively selected participants to ensure diversity and representational
inclusivity. Informants included traditional community leaders, women in emerging leadership roles, youth
representatives, and members of the LGBTQ+ community. This sampling strategy aimed to capture a wide
range of perspectives and experiences, reflecting the social heterogeneity of the community.

By engaging participants from different social groups, the study was able to examine how sustainability
practices and tourism development intersect with issues of governance, equity, and social inclusion in everyday
life.

Data Analysis

The collected data were analyzed using thematic analysis, following the framework proposed by Braun

and Clarke (2006). This process involved coding interview transcripts, identifying recurring themes, and
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organizing them into broader conceptual categories.

This approach enabled the study to systematically interpret stakeholder narratives and uncover
underlying patterns related to sustainability, community participation, and resilience. Thematic analysis also
facilitated the integration of multiple perspectives, allowing for a comprehensive understanding of the

community’s tourism practices and adaptive strategies.

Results

Community and SDGs Alignment

The findings indicate that the Bangnamphueng community has developed a locally driven tourism model
that aligns closely with the United Nations Sustainable Development Goals (SDGs). Interview data suggests
that the community adopts a holistic approach that integrates economic development, environmental protection,
and social responsibility. Local businesses are supported while cultural heritage and natural resources are
preserved, reflecting a balanced and community-centered sustainability framework.

Environmental Practices

Interview data suggest that environmental stewardship is embedded in everyday community practices.
One notable initiative involves the use of Effective Microorganism (EM) balls, which are introduced into local
waterways to improve water quality by breaking down organic waste and reducing pollution. In addition, the
findings indicate that the community has implemented a structured waste management system that begins at
the household level. Residents separate waste into organic, recyclable, and non-recyclable categories. These
materials are further sorted at a centralized facility. The study also finds that community members creatively
repurpose waste into reusable products, such as bags, while non-recyclable waste is disposed of using
environmentally conscious methods to minimize ecological impact. The findings also suggest that these
practices reflect elements of reverse logistics within a sustainable supply chain framework, where waste
materials are reintegrated into the production cycle through recycling and reuse. This circular approach
contributes to resource efficiency and aligns with broader sustainability objectives.

Cultural and Natural Preservation

The findings indicate that environmental conservation and cultural preservation are central to the
community’s sustainability efforts. Interview data suggests that residents actively participate in reforestation
initiatives and collectively maintain a 16-acre community forest. This green space is integrated into both daily
life and tourism-related activities, serving as a shared resource that supports ecological balance and cultural
identity.

Social Inclusion

The results highlight a strong emphasis on social inclusion within the community. Interview data suggests
that women and LGBTQ+ individuals are actively encouraged to assume leadership roles. This inclusive
approach reflects a broader commitment to social equity and empowerment. As one participant stated, “Even
Lady, Ladyboy, like me, we can be leaders if we can show things that others haven't seen before,” illustrating
the community’s openness to diverse forms of leadership and participation.

Governance System

The current issue and full text archive of this journal is available on Supply Chain and Sustainability Research at:
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The findings indicate that participatory governance is a key factor in the community’s sustainability.
Interview data suggests that decision-making processes are highly inclusive, with community members actively
involved in discussions prior to the implementation of new policies. Education and consensus-building are
prioritized to ensure understanding and cooperation. This participatory approach enables the community to
balance tourism development with environmental protection and economic needs, resulting in policies that are
widely accepted and effectively implemented. From a supply chain perspective, this participatory governance
model functions as a form of localized supply chain governance, where stakeholders collaboratively regulate
production standards, pricing, and resource use. This enhances transparency, accountability, and long-term
sustainability across the local value chain.

Challenges and Resilience

Despite its strengths, the findings indicate that the community faces several challenges. Interview data
suggests that weekend tourism surges place significant pressure on local infrastructure, particularly waste
management systems. Instances of overflow during peak periods highlight the limitations of current capacity.
The COVID-19 pandemic further exposed the community’s economic vulnerability. The temporary closure of
the Bangnamphueng Floating Market in 2020 resulted in a sudden loss of income for many vendors. Although
some attempted to transition to online sales, limited digital skills and the inability to replicate the in-person
market experience reduced the effectiveness of these efforts. Agricultural producers were also affected by
declining demand. The findings suggest that this crisis prompted increased awareness of the risks associated
with economic dependence on tourism, leading to discussions on income diversification as a strategy for
enhancing resilience.

In addition, interview data indicates that government support mechanisms, while present, are not always
effectively implemented. For example, delays in a provincial tourism development grant resulted in construction
activities coinciding with peak tourist seasons, temporarily disrupting local businesses.

Conflict Resolution

The findings indicate that the community has established mechanisms for addressing internal conflicts.
Monthly meetings organized by the Subdistrict Administrative Organization serve as platforms for discussion
and problem-solving. Interview data suggests that governance enforcement plays an important role in
maintaining standards. For instance, complaints from tourists regarding inconsistent pricing led to the
implementation of standardized price display requirements for all vendors. Vendors who repeatedly violated
these rules faced temporary suspension from market participation. These measures, applied on multiple
occasions, demonstrate the community’s commitment to maintaining fairness, transparency, and its overall

reputation.

Conclusion and Implication

Findings
The findings of this study indicate that the Bangnamphueng community demonstrates several key
strengths aligned with sustainable development principles. First, the community-based tourism model has

proven effective in generating local economic opportunities while maintaining community control, contributing
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to sustainable livelihoods. Second, environmental conservation efforts—such as waste management practices
and ecosystem protection—reflect a strong integration of ecological awareness into daily practices. Third, the
preservation of cultural heritage highlights the community’s ability to maintain its identity while adapting to
contemporary challenges. At the same time, the findings reveal areas that require further development.
Interview data suggests that youth engagement remains a concern, as younger generations are not yet fully
integrated into community leadership or cultural preservation efforts. In addition, infrastructure limitations
present challenges for both residents and the growing tourism sector. Addressing these issues will be essential
for strengthening the community’s long-term resilience and sustainability.

Implications

The findings offer several implications for policy and practice. From a policy perspective, there is a need
for more responsive and context-sensitive government support mechanisms that align with local conditions and
timelines. Improved coordination between public agencies and community stakeholders could enhance the
effectiveness of development initiatives. From a practical standpoint, strategies to enhance youth participation
should be prioritized, such as capacity-building programs, digital skills training, and opportunities for innovation
in tourism-related activities. Furthermore, investment in infrastructure—particularly in waste management,
transportation, and public facilities—would support sustainable tourism growth while improving residents’ quality
of life.

These implications highlight the importance of integrating community voices into decision-making
processes and ensuring that development initiatives remain inclusive, adaptive, and locally grounded. These
findings also suggest that integrating supply chain thinking into community-based tourism can enhance
sustainability outcomes. Policymakers and practitioners should consider strengthening local supply chain
structures, promoting circular resource flows, and supporting community-led governance mechanisms to
improve resilience and long-term development.

Limitations

This study has several limitations that should be acknowledged. First, the sample size of participants
was relatively small, which may limit the generalizability of the findings. Second, the research was conducted
during a short-term field visit, which may not fully capture long-term dynamics or seasonal variations in tourism
and community practices. Additionally, the reliance on qualitative data means that the findings are context-
specific and may be influenced by participants’ subjective perspectives. Future studies could benefit from
incorporating mixed methods to enhance robustness.

Future Research

Future research could expand on this study in several ways. Comparative studies across different
community-based tourism sites would provide broader insights into best practices and contextual differences.
In addition, longitudinal research is recommended to examine how community dynamics, sustainability
practices, and resilience strategies evolve over time. Such approaches would contribute to a deeper and more

comprehensive understanding of sustainable tourism development and its long-term impacts.
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Abstract

The integration of Artificial Intelligence (Al) is transforming qualitative research in sustainability and supply
chain studies, particularly in areas requiring context-sensitive interpretation and decision-making. This study
examines how Al tools influence researcher cognition, interpretative depth, and analytical rigor through semi-
structured interviews with researchers actively using Al in qualitative workflows.

Findings indicate that Al enhances efficiency, supports idea generation, and reduces analytical workload.
However, it also introduces risks, including surface-level interpretations, loss of contextual nuance, and potential
algorithmic bias—critical concerns in sustainable supply chain contexts involving complex socio-environmental
dynamics.

The study highlights prompt engineering and Al literacy as key competencies shaping research quality. It
proposes a hybrid human—Al analytical approach that emphasizes critical oversight, iterative validation, and ethical
reflexivity. The findings suggest that Al can strengthen qualitative research when used as a complement to, rather

than a substitute for, human judgment.

Keywords: Artificial Intelligence, Qualitative Research, Sustainable Supply Chain, ESG; Supply Chain

Governance, Cognitive Engagement, Data Interpretation, Al Ethics

Introduction
The rising integration of Artificial Intelligence (Al) tools into research workflows is casting a significant
influence, some would say an incalculable one, over how qualitative inquiries are conducted, interpreted, and

shared with the world. For as long as anyone can remember, qualitative research has relied chiefly on human
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intelligence to delve into the intricacies of social life, what we might call the "low-level, parallel-processing"
operations of the human brain (Creswell & Poth, 2018). Much has been made of the commitments associated
with the qualitative paradigm: valuing narrative form, for instance, or the sorts of in-depth analysis that yield
insightful themes and categories. To be sure, some paradigmatic commitments have also translated into valuing
the whole range of emergent and canny coding practices that good qualitative researchers know and use. But is
Al going to change all that?

Al tools like ChatGPT and other large language models (LLMs) are being used more and more to help with
literature reviews, coding interviews, theme identification, and even narrative generation. The speedy processes
and fresh takes these tools provide us with bring up some crucial issues tied to the insight's depth, reliability, and
authenticity. Who wouldn't want a tool to do all that for them? But what happens if our reliance on tools like this
grows? What happens if the process of using them too much leads us down a mental path where we stop
thinking as critically, detecting bias as well as we used to, and being as contextually sensitive as we need to be
for rigorous qualitative analysis? (Stanford HAI, 2024), Regardless of the increasing use of Al in educational
environments, there is little to no literature about how it affects interpretive depth and cognitive engagement of
qualitative researchers. The majority of available literature focuses on Al's functions in quantitative research or
deals with changes in technology rather than looking into the methodological and epistemological consequences
for qualitative inquiry. This gap requires an examination of the impacts of Al on the structure and the thought
process of researchers doing qualitative studies (Noble, 2018).

From a supply chain and sustainability perspective, qualitative research plays a critical role in unpacking
complex, multi-actor interactions, particularly in areas such as stakeholder engagement, governance structures,
and ESG-related decision-making. Unlike quantitative approaches that prioritize optimization and efficiency,
qualitative inquiry enables researchers to capture the socio-environmental dynamics, power relations, and
contextual nuances embedded within supply chain systems. These interpretative processes are essential for
understanding how sustainability practices are negotiated, implemented, and experienced across different nodes
of the supply chain (Seuring & Miiller, 2008; Carter & Rogers, 2008). In this context, the integration of Al into
qualitative research introduces both opportunities and epistemological tensions. While Al tools can enhance
analytical efficiency and support data processing across complex supply chain networks, they may also risk
oversimplifying context-dependent insights that are critical for sustainable decision-making. As supply chains
increasingly emphasize transparency, accountability, and ethical governance, the depth and integrity of qualitative
interpretation become central to producing meaningful and responsible research outcomes. Therefore, examining
how Al reshapes cognitive engagement and interpretative practices is not only a methodological concern but also
a crucial issue for advancing sustainability-oriented supply chain research.

This study aims to fill this gap by exploring the ways Al tools alter the levels of intellectual involvement,
decision-making, and interpretation associated with qualitative research. Drawing from the activity of researchers
who integrate Al into their work, this paper attempts to expose the ethical, cognitive, and methodological issues

that accompany unrestrained enthusiasm for technological advancement. The results will establish Al-integration
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policies for qualitative research that undermine the autonomous role of Al while preserving critical human
reasoning tailored to scholarly work within an automated environment. Against this backdrop, this study
investigates how Al-mediated analytical processes influence researcher cognition, interpretative depth, and
decision-making in qualitative sustainability and supply chain research, with the aim of identifying practices th at
preserve methodological rigor while leveraging technological efficiency.

Research Questions

1. How do Al-assisted analytical processes reshape researcher cognitive engagement and interpretative
practices during qualitative data analysis in sustainability and supply chain research contexts?

2. To what extent does the use of Al influence the interpretative depth, contextual sensitivity, and analytical
rigor of insights generated from qualitative data in sustainable supply chain studies?

3. What methodological and ethical strategies can be developed to ensure that Al functions as a
complementary tool that enhances, rather than compromises, human judgment and interpretative quality in

qualitative sustainability and supply chain research?

Literature Review

Al in Qualitative Research: Emerging Opportunities and Tensions

The integration of Artificial Intelligence (Al) into qualitative research is gaining momentum, prompting both
optimism and concern within scholarly discourse. Traditionally, qualitative research emphasizes depth, reflexivity,
and contextually grounded interpretation (Creswell & Poth, 2018). However, the emergence of Al tools such as
ChatGPT, and other machine learning-based platforms has begun to reshape data processing, coding, and
thematic analysis (Saldafa, 2021) (Flick, 2022).

Al and Cognitive Efficiency in Qualitative Analysis

Empirical studies report that Al can substantially reduce the cognitive load associated with repetitive
analytic tasks, including transcript organization and theme generation (Marzuki, Hanim, & Kaeppel, 2023;
Microsoft Research, 2023). These gains in efficiency may allow researchers to devote more attention to higher-
order analytical tasks. Nonetheless, several scholars caution that reliance on Al can compromise the interpretative
richness and contextual sensitivity central to qualitative inquiry (Gao, Liu, & Wang, 2022) (Barocas & Selbst,
2016) (O'Neil, .2016)

Ethical Risks and Interpretative Limitations of Al

A recurring concern is the tendency of Al systems to produce generalized, surface -level summaries that
may overlook emotional and cultural nuance. This is particularly problematic in studies involving marginalized
communities or sensitive topics, where misrepresentation may result in epistemic harm (Bender et al., 2021).
Additionally, the potential for algorithmic bias, data privacy violations, and the opacity of Al decision-making
processes—the so-called “black box” issue—poses ethical challenges for researchers (Floridi & Cowls, 2019;
Stanford HAI, 2024).

Cognitive Augmentation and the Risk of Cognitive Outsourcing
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From a cognitive perspective, Al functions as a decision-support mechanism, augmenting researcher
engagement by reducing extraneous cognitive load and enhancing ideation (Jarrahi, 2018; Sweller, 1988).
However, scholars caution against “cognitive outsourcing,” where critical reasoning and reflexive skills may
atrophy due to overreliance on automated systems (Marzuki et al., 2023).

Prompt Engineering and Al Literacy as Emerging Research Competencies

The effectiveness of Al tools in qualitative contexts is further contingent on prompt engineering—a process
that demands strategic and contextually informed input to generate meaningful outputs. Grawal et al. (.2019) and
Mollick (.2024) argue that prompt quality directly influences the accuracy and relevance of Al responses,
necessitating the inclusion of prompt engineering and Al literacy in research training curricula (Microsoft
Research, 2023; Noble, 2018).

Hybrid Human—Al Approaches in Qualitative Research

In response to these challenges, the literature increasingly advocates for hybrid methodologies that
combine Al-assisted efficiencies with human interpretive oversight. Such models involve iterative prompt revision,
collaborative coding between human and Al agents, and rigorous validation techniques to preserve the
epistemological integrity of qualitative analysis (Saldafia, 2021; Flick, 2022). (Brynjolfsson & McAfee, 2014)
(Thomas, 2018)

Toward a Balanced and Ethical Integration of Al

Overall, the literature underscores the need for a balanced, ethically informed approach to Al integration in
qualitative research—one that maintains the centrality of human judgment while leveraging the computational
strengths of emerging technologies.

Conceptual Framework

Building on the reviewed literature, this study develops a conceptual framework to explain how Al-mediated

processes influence qualitative analysis, with particular emphasis on cognitive engagement and interpretative depth.

Conceptual Framework

Enhanced
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insights

Cognitive
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f

Human Al Successful Interaction

12
The current issue and full text archive of this journal is available on Supply Chain and Sustainability Research at:

https://so008.tci-thaijo.org/index.php/SCSR/index



SUPPLY CHAIN AND SUSTAINABILITY RESEARCH: SCSR

VOL.5, NO.1; JAN. — JUN. ; 2026, ISSN 2822-0412 (Online)

Figure 1. Conceptual Framework of Al-Mediated Cognitive Engagement and Interpretative Depth in
Qualitative Research

The proposed framework centers on the interaction among three primary constructs: Al tool affordances,
cognitive engagement, and interpretative depth.

Al tool affordances refer to the functional capabilities of Al systems, including coding assistance, text
summarization, and theme generation. These affordances shape how researchers engage with qualitative data,
either by reducing cognitive load and enhancing ideation or by encouraging overreliance and cognitive outsourcing.
Cognitive engagement represents the extent to which researchers invest mental effort in data interpretation, critical
thinking, and reflexive analysis. Higher levels of engagement are associated with more active sense-making
processes, while reduced engagement may lead to passive reliance on Al-generated outputs. Interpretative depth
reflects the richness, contextual sensitivity, and analytical rigor achieved in qualitative analysis. It captures the
ability of researchers to uncover nuanced meanings, contradictions, and socio-cultural dimensions embedded in
the data.

As illustrated in Figure 1, Al tool affordances influence cognitive engagement, which in turn shapes
interpretative depth. This sequential relationship highlights the importance of maintaining active human involvement
in Al-assisted qualitative research to ensure meaningful and contextually grounded interpretation. The framework
also acknowledges the role of enabling conditions, such as prompt engineering, Al literacy, and ethical reflexivity,
which can enhance the effectiveness of human—Al interaction and mitigate risks related to bias, hallucination, and
loss of contextual nuance. Overall, the framework positions Al not as a substitute for human interpretation, but as
a mediating force that reshapes the cognitive processes underlying qualitative analysis. It emphasizes the need for

a balanced human—Al collaboration to preserve analytical depth and epistemological rigor.

Research Methodology

Research Design

This study adopts a qualitative interpretivist design, grounded in constructivist epistemology. It seeks to
understand how researchers experience and make sense of Al integration in qualitative analysis, with a focus on
cognitive engagement and interpretive depth outcomes.

Participants and Sampling

1. Target Population

Target Group: Academic researchers and postgraduate students using Al in qualitative workflows.

Sampling Method: Purposive and snowball sampling ensured participants had relevant experience.

Sample Size: 7 participants to achieve thematic saturation while maintaining manageability.

Data Collection Methods

1. Semi-Structured Interviews

2. Method: Semi-structured interviews lasting 45—-60 minutes.

3. Format: Audio-recorded (with consent), then transcribed verbatim.
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4. Focus: Participants’ use of Al for coding, theme generation, and interpretation.

Data Analysis

To explore the cognitive and interpretative impact of Al tools on qualitative research, this study adopted a
systematic thematic analysis approach, following the well-established framework by Braun and Clarke (2006).
Thematic analysis was selected for its flexibility and capacity to uncover nuanced meanings within rich, descriptive
data. It enabled the researcher to identify, analyze, and report patterns (themes) across interview transcripts in
relation to the core research questions. The following phases were meticulously carried out

Phase 1: Familiarization with the Data

Immediately following transcription, the researcher engaged in intensive reading and re-reading of all
interview transcripts to immerse in the dataset.

Phase 2: Initial Coding (Open Coding)

A line-by-line coding strategy was employed to generate open codes basic segments of meaning derived
directly from participant narratives. Codes were tagged with short descriptors (e.g., “time-saving,” “lack of nuance,”
“boosted idea generation,” “bias in Al’*) that captured their essence. These codes remained closely tied to the
language and context of the participants, preserving emic perspectives.

Phase 3: Axial Coding and Theme Development

During axial coding, related codes were grouped into higher-order categories to identify central patterns
and interrelationships. For example:

e Codes like “Al makes me faster,” “ChatGPT gives draft summaries,” and “saves mental energy” were
grouped under the theme "Enhanced Cognitive Efficiency".

e Codes like “lost depth,” “generalized summaries,” and “requires human checking” were clustered into
"Interpretative Shallowing".

Phase 4: Reviewing and Refining Themes

Preliminary themes were reviewed to evaluate:

1. Internal coherence (do all data excerpts within the theme align conceptually?)

2. External distinctiveness (are themes clearly distinguishable from each other?),

3. explanatory value (do the themes help answer the research questions?).

Some themes were merged, split, or renamed at this stage. For instance, initial themes “Al support”
and “Reduced load” were merged into a broader theme: “Al as a Cognitive Partner”, while a vague theme “ethical
concerns” was refined into two sub-themes: “Bias in Output” and “Transparency and Trust”.

Phase 5: Defining and Naming Themes

Each finalized theme was defined with a concise title, short paragraph capturing its conceptual
boundaries, and illustrative quotes from participants to ground interpretations in empirical evidence.

Final themes included:

e Al as a Cognitive Partner
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e Surface-Level Interpretation and Analytical Gaps
e Efficiency vs. Depth Trade-off
e Bias, Hallucination, and Ethical Vigilance
e Prompt Engineering and Researcher Agency
e Balanced Integration and Human Oversight
Ethical Considerations
This study received ethical clearance from the university’s institutional review board. Ethical safeguards

included Informed Consent, Anonymity, Confidentiality, Transparency.

Results and Discussions

This chapter presents the findings from in-depth interviews with researchers using Al tools in qualitative
research. The results are thematically organized to respond to the three primary research questions:

Data from seven participants yielded six central themes, which reflect a complex and nuanced picture of
Al's role in shaping contemporary qualitative research.

Al as a Cognitive Partner

Al tools were frequently described as “thinking companions” that enhanced researchers’ ability to
conceptualize, synthesize, and mentally organize data. Rather than replacing researchers, Al acted as a form of
cognitive scaffolding.

“Before, | would stare at the screen for hours trying to find a starting point. Now, | use ChatGPT to brainstorm
and it gives me some direction. It doesn’t write for me—it just clears the fog.” — Participant 4 Participants identified
three key ways Al supported their mental processes:

e Mental Activation: Generating lists of potential themes or literature areas jumpstarted mental
engagement.

e |dea Structuring: Some participants used Al to develop outlines or to check the coherence of emerging
categories.

e Perspective Expansion: Al sometimes offered unexpected angles or interpretations that participants
had not initially considered, prompting further exploration.

These findings resonate with Sweller’'s (1988) theory of cognitive load, wherein Al reduces the “extraneous
load” of searching, typing, and repetitive filtering, freeing up cognitive resources for deeper engagement.

Efficiency vs. Depth Trade-off

A dominant theme among participants was the trade-off between the efficiency provided by Al tools and the
depth traditionally associated with qualitative research.

“Yes, it clustered responses quickly, but they were very surface-level. If | had submitted them as-is, | would
have missed all the emotional subtext in the data.” — Participant 1 Participants described:

e Fast Sorting, Shallow Meaning: Al tools effectively categorized survey or interview responses, but

outputs lacked depth and often needed extensive manual elaboration.
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e Reductionism Risk: Al grouped diverse participant voices into generalized themes, potentially erasing
valuable nuance.

This mirrors the findings of Gao et al. (2022), who caution that Al-generated summaries may offer efficiency
at the expense of interpretive accuracy and contextual relevance. The depth of thematic understanding especially
in sensitive studies requires human insight, which machines cannot replicate.

Surface-Level Interpretation and Analytical Gaps

This theme underscores how Al tools, while grammatically competent, often lacked the interpretive and
emotional intelligence required for rich qualitative insights.

“Al told me that my participants ‘liked their community’—but it missed how they said it through tears, through
stories of loss and resilience. That matters.” — Participant 6 Key observations included:

e Lack of Cultural Sensitivity: Al often missed the socio-cultural context embedded in participant narratives.

e Tendency to Generalize: Responses like “participants are optimistic” glossed over critical contradictions
and power dynamics evident in the original data.

The gap in analytical depth aligns with Bender et al. (2021), who argue that Al lacks lived experience and
can only mimic rather than interpret language. For researchers working with marginalized or emotionally rich
narratives, this lack of interpretative competence was particularly problematic.

Bias, Hallucination, and Ethical Vigilance

Nearly all participants expressed concerns about the reliability and objectivity of Al-generated outputs. Bias
and factual errors (hallucinations) were commonly reported.

“ChatGPT gave me information about a journal article that didn’t exist. It sounded so real. If | didn’t cross-
check, | would'’ve cited a ghost.” — Participant 2

Subthemes:

e Embedded Bias: Al models reflected Western-centric epistemologies and often misinterpreted non-
Western cultural references.

e Factual Errors and Hallucinations: Al sometimes “invented” plausible-sounding quotes, references, or
summaries.

e Dependence on Prompt Quality: Poorly worded or vague prompts led to misleading outputs,
increasing the risk of misinterpretation.

These concerns directly support ethical warnings issued by Floridi & Cowls (2019) and Stanford HAI (2024)
about the potential for Al tools to reproduce systemic biases and fabricate information, particularly when used
uncritically.

Prompt Engineering and Researcher Agency

A critical insight was that the researcher’s ability to effectively communicate with the Al through prompt
engineering significantly shaped the quality of output.

“Once | learned to ask better questions like specifying tone, context, even assumptionsmy results got much

better. You have to treat Al like a collaborator with strict instructions.” — Participant 3 Key observations:
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e Learning Curve: Participants developed better prompting skills over time, often through trial and error.

e Prompt Specificity: Clearer, more detailed prompts yielded more relevant, nuanced, and accurate
responses.

e Empowered Use: Participants who mastered prompt engineering felt more in control of the research
process and used Al more effectively and ethically.

This finding aligns with Liu et al. (2021), who emphasize prompt engineering as a critical skill for interacting
meaningfully with generative models. It also supports Microsoft Research (2023) in advocating for Al literacy in
academic training.

Balanced Integration and Human Oversight

Ultimately, participants advocated for a hybrid research model, combining Al's speed and structure with
human critical thinking and contextual awareness.

“Al helps me prepare a skeleton but | flesh it out. | add the context, the emotion, the theoretical links. That’s
something only | can do.” — Participant 5 Subthemes:

e Complementarity, Not Replacement: Al was most effective when used to support—not supplant -
human interpretation.

e Peer Debriefing and Validation: Several participants cross-checked Al-generated categories with
human colleagues for verification.

e lterative Use: Al was used in cycles first for draft insights, then re-prompted or revised based on
deeper manual analysis.

This hybrid approach echoes Johnson & Thomas (2024), who emphasize “collaborative human-Al

workflows” that integrate automation with reflective interpretation.

Discussion

This chapter synthesizes the study's findings with existing literature to explore how Al tools influence
cognitive engagement, interpretative practices, and ethical considerations in qualitative research. Through thematic
analysis, this study identified six interrelated themes that collectively highlight both the transformative potential and
critical limitations of Al integration in qualitative inquiry. The discussion is structured according to the study’s three
research questions

RQ1: How Do Al Tools Alter the Dynamics of Researcher Engagement During the Data Interpretation Phase?

The findings demonstrate that Al tools, particularly large language models like ChatGPT, serve as effective
cognitive partners by enhancing mental activation, reducing analysis fatigue, and supporting ideation. This is
consistent with Jarrahi (2018), who theorized that Al can augment rather than replace human cognitive functions
in complex decision-making tasks. Participants in this study described Al as helpful for "clearing the fog" when
beginning analysis or organizing chaotic data points—a role akin to cognitive scaffolding.

From a theoretical standpoint, Sweller's (1988) Cognitive Load Theory provides a useful lens: Al tools reduce

extraneous cognitive load (e.g., repetitive sorting or summarization), allowing researchers to focus on germane
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load, such as drawing theoretical connections. However, these benefits must be balanced against the potential
erosion of cognitive skills if researchers outsource too much of their analytical responsibility to machines (Marzuki
et al., 2023). Furthermore, the interactive nature of Al introduces a new dynamic: researchers must learn not only
how to think critically but also how to prompt effectively. Thus, Al alters engagement not just by reducing mental
burden but by reshaping the skills required for scholarly inquiry prompt engineering becomes a new academic
competency.

RQ2: How Does the Use of Al Affect the Richness and Depth of Insights Derived from Data?

While Al was found to enhance analytical speed, it often did so at the expense of depth and contextual
nuance. Participants noted that Al-generated themes tended to be surface-level, lacking the emotional resonance
or cultural specificity needed in interpretive work. This aligns with Gao et al. (2022) and Bender et al. (2021), who
argue that Al lacks embodied knowledge and thus struggles with interpretative depth especially in contexts that
demand empathy, reflexivity, and cultural understanding. In many cases, Al grouped emotionally rich or
contradictory responses under generalized labels such as “satisfaction” or “positive perception,” effectively flattening
diverse voices. This phenomenon poses ethical and methodological risks, particularly in studies involving
marginalized communities or sensitive topics where participant voice is central.

These findings reaffirm the importance of human oversight and iterative analysis. While Al can provide a
structural foundation, final interpretations must be guided by researchers’ contextual literacy and theoretical
sensitivity. Al tools, in their current form, are not yet equipped to handle the hermeneutic complexity of deep
qualitative interpretation on their own.

RQ3: What Best Practices Ensure That Al Complements, Rather Than Compromises, Human Interpretation
in Qualitative Research?

Participants emphasized the need for hybrid methodologies that combine Al's computational efficiency with
the reflective and interpretive capabilities of human researchers. This confirms the recommendations of Saldafia
(2021), Flick(2022), and Johnson & Thomas (2024), who advocate for collaborative workflows in which Al assists
but does not dominate. Three core practices emerged:

1. Prompt Engineering: Researchers must develop advanced prompting skills to generate contextually
relevant and accurate outputs (Liu et al., 2021).

2. Critical Al Literacy: Users must be trained to detect hallucinations, biases, and oversimplifications in
Al-generated content (Microsoft Research, 2023).

3. Ethical Reflexivity: Ensuring ethical rigor involves questioning how Al tools may distort data and
maintaining transparency about the limits of automation (Floridi & Cowls, 2019; Stanford HAI, 2024).

A noteworthy implication is the evolving skillset required for future qualitative researchers. Beyond traditional
analytical skills, scholars now need Al negotiation skills the ability to strategically collaborate with Al systems, just
as they would with a co-researcher.

Theoretical and Practical Implications

Theoretical Contributions
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e The study extends constructivist and interpretivist paradigms by demonstrating how meaning-making
now occurs in dialogue not only with participants and data but also with Al.

e It introduces the notion of Al-mediated cognition in qualitative research, contributing to emerging
theories in human-computer interaction and digital research methods.

Practical Contributions

e The findings offer a clear roadmap for integrating Al tools responsibly, emphasizing scaffolding (not
replacement), validation through human judgment, and collaborative refinement.

e Educators and institutions can use these insights to design Al-integrated research training, including
courses on prompt engineering, ethical use, and bias mitigation.

ESG and Governance Implications

e The findings of this study carry important implications for Environmental, Social, and Governance
(ESG) practices within sustainable supply chain management. As organizations increasingly rely on qualitative
insights to inform supplier selection, stakeholder engagement, and sustainability reporting, the integration of Al into
analytical processes introduces both opportunities and governance risks. While Al can enhance the efficiency of
data processing and support large-scale analysis across complex supply chain networks, the tendency toward
surface-level interpretation and potential algorithmic bias may undermine the credibility and inclusiveness of ESG-
related decision-making.

e From a governance perspective, the use of Al in qualitative analysis necessitates greater
transparency, accountability, and methodological rigor. Organizations must ensure that Al-assisted insights are
subject to human validation, particularly when dealing with sensitive social and environmental data. This includes
establishing clear protocols for prompt design, data verification, and bias mitigation to prevent the misrepresentation
of stakeholder voices—especially those from marginalized or underrepresented groups within the supply chain.

e Furthermore, the study highlights the need to embed Al literacy and ethical reflexivity into
organizational governance structures. Training programs for analysts and decision-makers should emphasize critical
engagement with Al outputs, rather than passive acceptance. In doing so, firms can better align Al adoption with
ESG principles, ensuring that technological efficiency does not come at the expense of interpretative depth, ethical
responsibility, or stakeholder trust.

e Ultimately, responsible Al integration in qualitative supply chain research supports more informed,
transparent, and context-sensitive sustainability governance, reinforcing the role of human judgment as central to
ethical and effective decision-making.

Limitations of the Study
While rich in detail, the study has several limitations:

e The sample size was small (n=7), and participants had varying levels of Al familiarity, which may
influence the generalizability of findings.

e All participants were academic researchers, limiting the perspective from other fields such as

journalism, public policy, or clinical research.
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e The study focused on generative Al tools (e.g., ChatGPT), but did not explore more advanced domain-
specific Al software (e.g., Dedoose, Atlas.ti).
Directions for Future Research
This study opens several avenues for future exploration:
e Longitudinal studies tracking how Al use impacts researcher cognition over time.
e Cross-cultural comparisons examining how researchers in different socio-cultural contexts perceive
and engage with Al tools.
e Collaborative Al research models, especially in interdisciplinary or multilingual teams.
e Ethnographic research on Al in practice, documenting how researchers use, mistrust, and reinterpret

Al outputs in real time.

Conclusion
This study highlights the dual role of Al in qualitative research as both a powerful ally and a potential
disruptor. While Al tools can enhance cognitive engagement and streamline analysis, they also risk diminishing
interpretive quality and reinforcing biases if used uncritically. The key lies in fostering human-centered, ethically
reflective, and strategically hybrid research practices. By equipping researchers with the skills to engage with Al

thoughtfully, we can harness its potential while safeguarding the depth, context, and humanity that define qualitative

inquiry.
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Abstract

Thailand, a globally renowned medical tourism destination, has attracted many foreign patients with its high-
quality and affordable dental services. However, oral diseases remain prevalent among its population. This study
analyzes and elaborates on the oral health issues transitioning from traditional to modern dental techniques in
Thailand's dental medical technology development from historical, technological, and epidemiological perspectives.
To address these problems, it is necessary to tackle long-term unhealthy lifestyle habits. Thais' diets are high in
sugar, acid, and spices; the outdated practice of betel nut chewing and unscientific teeth cleaning methods, coupled
with Thailand's hot and humid environment, pose serious threats to the oral health of its people. Moreover, the
imbalanced distribution of domestic medical resources further exacerbates the difficulties faced by those already
suffering from dental diseases, making it hard to receive proper treatment. How Thailand can continue to break
through and improve under existing reform policies to enhance the effectiveness of medical work further remains
a topic for in-depth discussion. However, the developmental journey Thailand has undertaken thus far has
demonstrated to other developing countries that it is indeed possible to establish a unique medical system that

integrates regional culture with advanced technology.

Keywords: Thailand; Oral health; Dentistry; Dental caries

Introduction
1.1 Dental Tourism and the Paradox of Oral Health in Thailand
As a global benchmark for medical tourism, Thailand's dental industry attracts international patients with
cutting-edge technologies such as 3D-printed dentures and Al-powered implant navigation, contributing over

US$1.2 billion in 2021 (Connell,2013). However, the local oral health crisis continues to intensify. This
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contradiction stems from a triple fragmentation: traditional high-sugar diets and hot and humid environments
accelerate the spread of dental disease, while private hospital monopolies and the internationalization of
technology fail to translate into accessible primary oral health care.

This study explores how Thailand reconciles the tension between traditional betel nut culture and modern
technologies such as nano-implants, mobile clinics, and Al-based diagnosis through “adaptive innovation.” By
integrating technological history, epidemiology, and policy analysis, the study provides insights into how
developing countries can construct culturally embedded medical systems.

1.2 Historical Evolution of Dental Practice in Thailand

The history of dentistry in Thailand originates from traditional Thai medicine, which has long regarded oral
health as part of holistic health. Ancient Thai communities used medicinal plants such as lemongrass, turmeric,
and betel leaves for toothache relief, and employed charcoal and salt for oral cleaning. However, these methods
could only temporarily suppress bacterial activity and, in the long term, may have caused damage to teeth and oral
mucosa.

By the late 19th century, modern dentistry was introduced as part of Western medical practices promoted
during the reign of King Rama V, primarily through missionaries. Due to limited infrastructure, however, access
remained restricted to urban elites. It was not until the mid-20th century that formal dental education began to
develop, with the establishment of the first dental school at Chulalongkorn University in 1940.

1.3 Policy Transformation and the Rise of Dental Medical Tourism

Following the 1990s, Thailand reached a critical turning point in healthcare development. In the aftermath
of the 1997 Asian financial crisis, the government actively promoted medical tourism as a strategic industry, with
dental services identified as a high-value, low-risk sector (Ministry of Health of Thailand, 2015). This policy shift
positioned dental care as a core component of Thailand’s national economic development strategy.

In 2003, the inaugural Medical Fair Thailand attracted exhibitors from over 40 countries, reinforcing
Thailand’s position as a regional hub for medical equipment trade in Southeast Asia. One notable example is Hexa
Ceram Dental Laboratory, established in 1995, which developed strong technological capabilities in high-end
prosthetics and achieved a domestic market share of approximately 28%, contributing to the internationalization of
Thailand’s dental industry.

1.4 Industrial Globalization and Technological Innovation in Dentistry

In 2020, Thailand’s dental industry reached a milestone when Hyundai Dental Group acquired 74% of Hexa
Ceram, integrating its 12 divisions and workforce of approximately 900 employees. This acquisition further
strengthened Thailand’s role as a manufacturing base in Southeast Asia, supplying dental products across ASEAN
countries including Laos and Cambodia (Thailand Investment Promotion Commission, 2021).

At the same time, domestic innovation continued to develop alongside foreign investment. For example, Al-
assisted implant navigation systems presented at the Thailand Dental International Conference (TIDC) significantly

improved surgical precision and efficiency, demonstrating the growing integration of digital technologies
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Literature Review

Dietary Patterns and Sugar Consumption as Primary Risk Factors for Dental Caries

Dental problems in Thailand have long been serious, mainly due to the poor diet and oral hygiene habits of
Thais. Most Thais prefer to eat sweet, sour, and spicy foods. These foods are prone to dental caries and dental
enamel erosion. In addition, Thais like to drink sugary drinks (dairy tea, carbonated drinks, etc.), so they are prone
to it. In addition, there have been improvements in oral hygiene in recent years, but some people still do not know
what it means to brush their teeth properly and how often to have an oral examination.

High sugar intake leads to dental caries

Thailand's per capita annual sugar intake is 42 kg, while the global average is 23 kg, and the penetration
rate of sugar-sweetened beverages in street food is 89% (WHO, 2015). After consuming sugary food or drinks,
bacteria in the mouth will use sucrose as a substrate and metabolize acid to cause dental enamel demineralization
and dental cavities. In particular, the prevalence of caries in children's deciduous teeth is as high as 80%, and the
prevalence of caries in permanent teeth (DMFT) is as high as 2.8, significantly higher than the average level in
Southeast Asia ( Prasertsom et al., 2020; Sitthisettapong et al., 2021)

Cultural Practices and Betel Nut Consumption as a Risk Factor for Oral Cancer

With a 31% northern betel chewing rate and betel alkaloid and lime reaction to form potent alkaline
compounds, the prevalence of oral sub-mucous fibrosis in the northern region is six times higher than the national
average, and international studies have confirmed its carcinogenicity. Betel chewing can induce gingival recession
and lead to a deepening of periodontal pockets and the loosening of teeth ( IARC, 2012; Sari et al., 2023)

Dietary Acidity, Spicy Food Consumption, and Oral Mucosal Damage

Consuming too much capsaicin can easily cause gums and gum mucosa and gum ulcers and may lead to
oral bacterial infections. The most common ingredients in Thai food, such as lemongrass and fish sauce, are too
acidic to corrode tooth enamel, and wet and hot weather will reduce the ability of oral self-cleaning, and dental
plaque is more likely to accumulate when the internal cleanliness of the mouth is poor.

Structural Inequality in Dental Healthcare Access and Service Distribution

Private hospitals account for 67% of dental services, with only one dentist per 16,000 people in rural areas
(Thammatacharee et al., 2013). Residents in remote areas rely on traditional remedies or delay medical treatment,
leading to early dental caries developing into myelitis or even systemic diseases caused by infection.

Climatic Conditions, Water Fluoride Levels, and Environmental Determinants of Oral Health

Thailand is a tropical country with humid and sweltering weather, and some places have unbearable humidity
throughout the year, which makes it easy for oral bacteria to grow and reproduce. Bangkok, for example, has an
average annual humidity of about 80%, which is 22% faster than Chiang Mai, which has an annual average humidity
of only 69% (Mashima et al., 2019 ). Thailand is a hot, humid environment where bacteria break down sugars
faster, saliva becomes thicker, and mineral calcium and phosphorus salts are more likely to deposit on the tooth to
form tartar. The pressure of the calculus on the gums leads to gingivitis, which eventually develops into periodontal

disease (Kassebaum,2015). Secondly, the fluoride content of water varies from place to place in Thailand, and
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the amount of fluoride in groundwater in 17 provinces in northeastern Thailand exceeds the limit. The proportion of
children in the region who develop fluoro plaque is 24%. This water affects the formation of floor plaque in the
teeth, leading to a high prevalence of chalk teeth (generally a large number of white or yellow spots on the teeth)
(Rojanaworarit et al., 2021). Excessive fluoride can interfere with the formation of the enamel, resulting in white or
yellow chalky teeth, and in severe cases, can even cause the enamel to crack. Although fluoride toothpaste prevents
dental caries, there is a lack of health education in rural areas, and some people brush their teeth with high-fluoride
water, which exacerbates the condition. Conversely, if there is a lack of fluoride in drinking water in an area, it is

also likely to cause an increase in the incidence of caries of laryngeal or permanent teeth.

Research Method

Contextual Background: Dental Care System and Technological Innovation in Thailand

Innovation in dental medical devices

Dental care in Thailand is characterized by combining traditional medicine with modern dental techniques,
as well as Thai herbal medicine and massage (Chotchoungchatchai et al., 2012). In addition, the quality of dental
care in Thailand is excellent and affordable, and many international dental patients choose to undergo orthodontic
surgery through dental care in Thailand, which has promoted the economic development of medical tourism in
Thailand (Pattharapinyophong, 2019). In recent years, Thailand has made significant progress in researching and
developing dental medical devices.

Digital Dentistry and Al-Assisted Dental Manufacturing Systems

Digital teeth solutions

The Modern Dental Group has used 3D printing technology to stack the teeth, which are made layer by
layer by laser sintering metal powder or by light solidification resin. The traditional production time of 7 days was
increased to 24 hours, with an accuracy of + 20 [)Amm (Dawood et al, 2015). It mainly uses computer-aided design
(CAD) software to make 3D models and combine patient bite data to create personalized customer prostheses,
significantly reducing manual error. In addition, the "Dinsaw" robot arm developed by HexaCeram assists in
completing minimally invasive implant surgery, which uses the robot arm to implant, greatly reducing the risk of
surgery accurately.

Remote Diagnostic Systems and Al-Based Oral Health Monitoring

Remote diagnostic equipment

In 2025, Thailand will launch a structural light technology that will project a gridlike pattern onto the mouth's
surface and capture the morphed pattern with a camera. The Nano Scan-D Portable Oral Scanner, which generates
high-precision 3D images of the oral cavity and uploads the data to the cloud server in real-time for doctors to
diagnose, such as dental caries or periodontal disease, etc., which is very useful for some local and remote villages.
This device has an Al algorithm function module that can, to some extent, assist junior doctors in making judgments

about suspected problem teeth.
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Sustainable Materials and Dental Waste Management Innovations

Address the problem of medical waste pollution

The biodegradable material developed by Chulalongkorn University-PHBV-Based periodontal regeneration
film is mainly composed of PHBV; using electrospinning to form nanofibrous structures, the degradation period can
be controlled at 4 to 6 weeks, and in the degradation process can slowly release hydroxyapatite to accelerate
alveolar bone regeneration, which has been clinically proven to increase the bone regeneration efficiency by 37%
(Baino & Vitale-Brovarone, 2014) There are also biodegradable products made from indigenous plant materials.
For example, the pressure resistance of durian shell cellulose fillers can reach 280 MPa, and the cost is about 60%
cheaper than that of traditional composite resin. The antibacterial coating of camellia extract has a clearance rate

of 92.4% for mutant streptococcus biofilms and can maintain antibacterial effects for up to six months.

Results and Discussion

Improving the country's dental health system

Dental medical technology in Thailand continues to advance, but improvements remain. At the macro level,
there are problems of unbalanced regional development, a lack of professional talent, and unreasonable allocation
of medical resources, which requires the Thai government, relevant departments, and other parties to step up
efforts to improve the country's dental health system. In the face of these problems, the Thai government and
relevant agencies are taking measures to improve the dental health system. To strengthen dental services in rural
areas, the Government of Thailand launched the "Mobile Dental Clinic" project (Ministry of Public Health of Thailand,
2022). Due to the remoteness of many areas, residents do not have much access to dental expertise, and the
government provides free consultations and brings the most sophisticated dental instruments and equipment to the
countryside. Using modern technology to create an innovative medical model, rural patients can also enjoy the
services of a team of high-quality dental experts from the city.

Professional talent development

Regarding professional talent development, Thailand has also increased the number of dental students while
expanding the scale of dental education. It has advocated for private schools to increase the number of students
enrolled in dental professions. At the same time, the Thai government has also cooperated with world-renowned
dental schools to introduce outstanding educational methods and continuously introduce high-quality educational
curricula. The quality of teaching has been continuously improved, and special scholarships have been established
to encourage outstanding students to study in such fields and have the opportunity to study abroad, thereby striving
to produce better talents.

International cooperation and exchange activities

To further develop international cooperation and exchange activities, Thailand actively participates in the
organization of associations and associations of the ASEAN Dental Association, the International Dental Federation,
and other domestic and foreign oral medical industry associations and organizations, and exchanges experience

and the latest technologies with foreign colleagues at the large international academic exchange conferences held

26
The current issue and full text archive of this journal is available on Supply Chain and Sustainability Research at:

https://s008.tci-thaijo.org/index.php/SCSR/index



SUPPLY CHAIN AND SUSTAINABILITY RESEARCH: SCSR

VOL.5, NO.1; JAN. — JUN. ; 2026, ISSN 2822-0412 (Online)

each year. Thailand also encourages its dentists to study abroad and exchange and apply advanced technologies
and experiences based on learning foreign technologies and practices, improving the overall dental level in the
country

Specific populations and the influence of dietary culture

There are also targeted specific population risks and unavoidable dietary cultural influences.

Special populations: (1) Pregnant women: The prevalence of gingivitis during pregnancy was 68.9%,
associated with the traditional "no brushing during pregnancy" bad habit ( Phoosuwan et al., 2024 ). (2) Monks:
The prevalence of tooth loss among monks over 60 years of age (79.3%) is 2.1 times higher than that of the
general population (Chotchoungchatchai,et al,2012)

Glucose metabolism: Gene studies show that the ADH1B Arg47His allele is present in 58 % of the Thai
population, resulting in faster ethanol metabolism and indirectly promoting sugar-containing fermented foods
(Moynihan & Kelly, 2014).

Typical risk foods: (1) Khao Neeo Mamuang (mango sticky rice) contains 72 g of sugar per serving,
equivalent to 2.4 times the WHO recommended daily intake limit (Diabetes Mellitus Thailand, 2020). (2) "Nom Yen"
(Pink Ice Drink): The sugar content is 89g, the volume is 500mL, the pH value is 3.2, and the acid residue value
in the mouth is = 1 hour after drinking. Finding a balance between traditional culture and people's health is a

problem Thailand and researchers have to face.

Conclusions

In exploring the development of the Thai dental system in a combination of traditional wisdom and modern
technology, the Thai dentistry system has upgraded old industries - from the flourishing of the betel culture to the
wide range of nano implants, From the well-known foot dental drill to surgical robots entering and leaving the
country - Southeast Asia's dental modernization has been marked by important signs of the era. Most of today's
challenges are fundamentally systemic - the disconnect between cutting-edge dental technology and primary health
services, the disconnect between the international medical tourism boom and the local disease burden. The solution
lies in developing a complete and appropriate healthcare system, which requires progressive new discoveries in
materials science and more precise and targeted governance by public health policymakers. Thailand's
development experience shows that developing countries can also keep up with cutting-edge technologies while

building oral health ecosystems compatible with their cultural genetics and environmental characteristics.
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Abstract

Financial social work is based on the political framework of asset construction theory, which aims to help
vulnerable groups carry out inclusive financial services and promote the process of financial empowerment. Its
practical experience in neighboring Bangladesh has achieved many good results, but its practical experience in
Thailand is relatively lacking. Starting from the theory of the poor bank, this paper selects the rural poor families in
Thailand as the research object, combining with the "adequacy economics" of King Rama IX of Thailand, the
"Thaksin economics" of former Prime Minister Thaksin Shinawatra, and the Royal Thai major agricultural project
"hope and change - financial social work involved in the development plan of children in distress". This paper
selects 10 Thailand's troubled families who receive services to conduct field surveys and research interviews on
the issue of financial and social work's involvement in the construction of troubled children's family assets. The
comparison of unstructured interviews conducted separately in the service conclusion shows that more than 80%
of the financial service objects have improved their family financial planning ability, student employment, and the

entrepreneurial effect of agricultural loans because they accepted this service

Keywords: Financial and social work, King Rama IX of Thailand, Thaksin economics, Bank for the poor,

Rural poverty alleviation project

Introduction
As an emerging field of social work academic research, financial social work has rarely been used to
intervene in the asset construction of children's families in distress. As stated in the book "the nature of poverty"
when making choices for the poor, "in order to survive, they all need to become prudent economists." the personal
development of children in distress is generally worse than that of normal children, and they are weaker than their
peers in demand satisfaction, ability training, and support networks (mainly including families and communities).

In recent years, the research on children in distress has been extremely hot, but most of them are limited to
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macro policy analysis, or to the discussion of the current situation of certain types of children in distress. In the
past, the poverty alleviation work has often been limited to policy guarantees and targeted development of various
micro issues. There are few studies on the asset construction of children in distress. Based on an experimental
study conducted in Bangkok, Thailand, this paper takes 10 families of children in distress as the research object,
specifically shares how to provide the research object with the practical process and project effectiveness of
design and intervention, summarizes the project operation experience and puts forward relevant improvement
suggestions, so as to provide some reference and reference for financial social workers to intervene in the
practical practice of children in distress and realize the feasible ideas of poverty governance in the post poverty
alleviation era.

1.1 Financial Social Work: Theory, Development, and Research Background

Financial social work aims to address the relationship between the individual financial capability of service
users and the financialization of the broader social environment, thereby enhancing the economic well-being of
individuals and families. Its dual mission lies in individual empowerment and asset building. This paper seeks to
directly respond to the economic and financial challenges faced by service users through the professional
theories, methods, and skills of social work. In essence, social work has addressed the survival needs of service
users and their underlying economic conditions since its inception. However, as an emerging professional field,
financial social work has gradually gained international attention over the past decade.

1.2 Asset-Building Theory and International Practice Foundations

Financial social work, constructed under the policy framework of asset-building theory, views inclusive
financial services for vulnerable groups as a pathway to financial empowerment. In the 1990s, Professor Michael
Sherraden proposed a social policy framework based on asset accumulation for poverty reduction, known as
asset-building theory. In his work Assets and the Poor, Sherraden argues that welfare policies centered on
Individual Development Accounts (IDAs) are more effective in addressing poverty. At the individual level, such
policies encourage long-term planning through structured savings mechanisms, helping low-income populations
overcome the limitations of income-based welfare systems. They also promote proactive responses to poverty-
related risks, enhance resilience, and strengthen life confidence by linking individual development goals with
institutional support systems.

Today, asset-building theory has become an important analytical framework in contemporary social policy
research, with practical implementations such as the “American Dream” Demonstration Project, the UK Children’s
Trust Fund, Taiwan’s “Taipei Family Development Account” program, Hong Kong’s Children’s Fund, and
Bangladesh’s “Grameen Bank for the Poor.” These initiatives, supported by either government funding or social
contributions, have positively influenced the economic, educational, health, and employment outcomes of low-
income families by improving financial capability at both individual and household levels. (Fukuyama, 1995)

1.3 Research Gap and Methodological Considerations

However, from a research perspective, existing studies on financial social work tend to focus on cross-
sectional comparative designs, lacking longitudinal experimental validation. Based on this limitation, a pilot poverty

alleviation study conducted in Shanghai, China in 2016 provided an important reference for this research in terms
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of design process and service content. The study explored a new model of social assistance from an asset-
building perspective among low-income families. Nevertheless, due to operational challenges such as high sample
attrition and inconsistent service participation, the present study limits its sample to 10 rural families with children
in distress in Bangkok, Thailand.

1.4 Research Focus and Intervention Logic

This study focuses on enhancing the financial capability of children in distress from impoverished families.
It applies direct intervention methods such as education, counseling, and therapeutic support to address micro-
level economic issues within individuals and households. By operationalizing the “financial capability and asset-
building” paradigm in financial social work, the study integrates macro-level inclusive financial opportunities with
micro-level financial competencies, enabling interactive synergy between the two. This approach directly improves
the poverty conditions of the 10 participating families. Furthermore, it emphasizes investment-oriented strategies
that link improvements in material living standards with enhanced social participation capacity.

1.5 Contribution and Practical Implications

Therefore, by adopting the perspective and practice model of financial social work, this study provides new
insights and generates transferable practical experience for addressing poverty in families with children in

distress.

Literature Review

Background

According to the latest population data, as of 2024, there are about hundreds of thousands of children in
distress in the suburbs of Bangkok, Thailand. In the process of carrying out charity management for rural charity
halls at krirk University in Bangkok, Thailand, the author has contacted families of children in distress in different
situations. Through structural interviews with these families, it is found that although there are many structural
common problems, each family has some hidden powers to be explored. Under such a background, the author,
starting from the theory of asset construction, selects the children in distress in the suburbs of Bangkok, Thailand,
as the research object. Combined with the "adequacy economics" of King Rama IX of Thailand, the "Thaksin
economics" of former Prime Minister Thaksin Shinawatra of Thailand, and the development of the Royal Thai
major agricultural project "hope and change - financial and social work involved in the development plan of
children in distress", the author selects 10 families of children in distress who receive services to conduct field
surveys and research interviews on the issue of financial and social work involved in the asset construction of
children in distress. (Reese, & Csikai, 2018)

Project objectives

It is expected that the intervention of financial social workers can stimulate their potential and motivation to
change the status quo, effectively help children in distress improve their financial planning ability, combine their
personal development with family asset construction and even social construction, and continuously improve the

ability of poor families in debt assessment, asset construction, financial planning and financial risk prevention, so
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that the families of children in distress can better avoid the risk of falling into poverty and have more confidence
in life. (Taels et al. 2021)

Research Method

Research Design and Data Collection Methodology

This intervention project adopts the method of single group before and after experimental design, which
compares the observation results of 10 families of troubled children before the implementation of financial social
work service with the same observation results of the subjects after receiving the service. Questionnaire design
and data collection. Before the implementation of the intervention, the project team designed a questionnaire
including the basic situation of individuals and families, family income and expenditure, and financial capacity
planning. (Oliver, & Peck, 2006)

Structural Analysis of the Basic Needs of Families with Children in Distress

According to Bradshaw's summary of human needs, it can be divided into normative needs, conscious
needs, expressive needs and comparative needs. Normative needs include survival needs and development
needs. In terms of survival needs, there are not only the needs of life existence based on access to basic life
care, but also the needs of social existence based on social identity. The 10 families of children in distress in this
study can enjoy various subsidies from the Thai government for children in distress, which can basically meet
their basic survival needs before adulthood. However, in the process of social identity and household registration,
individual children in difficulties have not yet implemented these needs. Development needs refer to the care,
education and guidance that children need for physical and mental development. With regard to the needs in this
regard, most of the children in distress have not received a good family life and appropriate love and discipline.
(Boucher et al. 2017)

Needs Awareness and Economically Oriented Practice Focus

Conscious needs are mainly the needs that individuals need to be satisfied by feeling and experience. Due
to the limited knowledge and insight, the conscious needs of children in distress and their parents are generally
concentrated in economic issues (survival needs) and educational issues (development needs). Many families of
children in distress are not rich, but they still send them to cram schools for their children's grades. Even if the
family's economic conditions are not very good, they will try their best to cultivate them. Comparative demand
refers to the demand that individuals or a group find themselves getting less than others by comparing with those
individuals or groups with similar situations and characteristics. Based on the above demand analysis, we have
focused on economic issues. Carry out practice in combination with the dual mission of financial and social work,

individual empowerment and asset construction

Results

Financial planning ability improvement plan for children in distress

Through the five steps of "cognitive awareness", "positive substitution", "expanding vision", "self planning"

and "practical learning", children from families with children in difficulties can learn financial planning knowledge,
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have correct financial concepts, master financial ability, and expand financial planning knowledge to other areas
of life, so as to better plan their own lives. Therefore, in the whole process of practice, social workers focus on
the cultivation of the ability of the individual and family members of the service object. The following is a case
demonstration of the group social work intervention model: (Arnold, et al.2007)

Group social work case 1: Through playing some celebrity growth videos, or social workers and team
members share the success or failure cases of people around them, and discuss the reasons for these people's
success or failure with team members, focusing on their self-identity concept, financial planning, workplace work
rules, time planning, and network value.

Group social work case 2: Social workers carry out cash flow games with the "Monopoly game" as the
carrier. After setting the initial goal, social workers and team members share and discuss why to set the initial
goal in this way. During the game, social workers and team members share and discuss whether to enter the
relevant professional circle, as well as the advantages and disadvantages. At the end of the game, the social
worker and the team members share and discuss the completion of the goal and the understanding of the game.

Group social work case 3: The social worker introduced the group members to the relevant knowledge of
financial management, such as how to open a bank account, how to learn how to keep accounts, how to save,
and how to arrange a reasonable time. (the above is excerpted from the record of hope and change - family
group for children in financial and social work service difficulties)

Adolescent growth career assistance plan

According to the development characteristics of minors in troubled children's families at all ages (lower
grade of primary school, higher grade of primary school, junior high school, high school), the need for academic
and employment development, and the participation of parents, we should intervene accordingly to reduce the
economic pressure of their families, improve their personal viability, and better face the future. The following is a
case demonstration of the social work intervention model

Case social work case 1: The owner of the case has a family with multiple disabilities, and the family
cannot make ends meet. The social worker also made financial planning and suggestions for the mother of the
case owner according to the economic situation of the case owner's family. The social worker suggested that the
case owner's family divide the economic income into two parts, namely, expenditure and savings, keep accounts
regularly, sort the expenditure in all aspects, and select the most urgent expenditure for payment. The case owner
accepted the proposal and was willing to accept the regular supervision of social workers.

Case social work case 2: On the basis of the suggested bookkeeping, social workers also put forward
suggestions on increasing income and reducing expenditure. The mother of the case owner seriously accepted
the suggestion of the social worker. At the same time, the mother of the case owner also hoped to help her family
have something to do. Because the source of income of the owner of the case is relatively small and the source
of income is limited.

Case social work case 3: The social worker contacted the part-time worker of a welfare factory run by
Shantang in the suburb of Bangkok, Thailand. The mother of the case owner was willing to participate, and the

family income increased by about 3000 baht per month. At the same time, the bank began to pay off its foreign

33
The current issue and full text archive of this journal is available on Supply Chain and Sustainability Research at:

https://so008.tci-thaijo.org/index.php/SCSR/index



SUPPLY CHAIN AND SUSTAINABILITY RESEARCH: SCSR

VOL.5, NO.1; JAN. — JUN. ; 2026, ISSN 2822-0412 (Online)

debt gradually, and is expected to open a personal development account for children in distress in the future to
realize financial savings.

Case social work case 4: The employment of the mother of the case owner alleviates some of the
economic pressure of the family, but the employment of the guardian also affects the guardianship status of the
individual of the case owner. Therefore, the social worker has cultivated the survival and self-care ability of the
case owner, and completed the learning and practical application of the three self-care manuals. (the above is
excerpted from the record of hope and change - family group for children in financial and social work service

difficulties)

Conclusion

Achievement of Program Objectives

Service Coverage and Participant Retention

The number of people served and the number of people reached the predetermined goal, and no one
left the 10 families halfway.

Participant Satisfaction

The satisfaction of service objects reaches 90% or more (according to the results of the questionnaire,
the satisfaction of individual cases is 90%, and the satisfaction of small cases is more than 95%).

Goal Attainment

80% or more of the target has been achieved (according to the questionnaire results, 80% of the service
objects of the case think that the intervention of social workers will help them improve their situation, and 95% of
the service objects of the group agree to achieve the scheduled target of the activity).

Overall Program Outcomes and Effectiveness

From the content of the activities currently carried out and completed, we have effectively enriched the
lives of children in distress, broadened their horizons, and acquired the ability of financial planning through
services such as cases and groups, combined with the questionnaire assessment of their families in debt
assessment, asset construction, financial planning and financial risk prevention. These activities are designed
closely around the project objectives and the needs of service objects, and all the activities carried out have
contributed to the project objectives.

Project effect
(1) Improvements in Financial Capability and Development Outcomes

Benefits of service objects: through the comparison of unstructured interviews conducted before and after the
service, we found that more than 80% of service objects have improved their financial planning ability, academic

and employment development, etc. because they accepted our services.
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(2) Community Feedback and Social Impact

Relevant feedback and social effects: during the implementation of the activity, the support and praise
of the community and the staff of relevant civil affairs departments were obtained, and a beneficial attempt was

made with the community for financial social workers to intervene in the practice of children in distress.
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Abstract

This study aims to examine the role of data management factors in improving inventory control performance
within smart warehouses of Thailand's automotive parts e-commerce supply chain. Utilizing a Systematic Literature
Review (SLR) in accordance with the PRISMA guidelines, 50 peer-reviewed articles published between 2017 and
2025 were selected and analyzed. The review specifically focuses on four core data management dimensions: data
quality, data integration, predictive analytics, and Internet of Things (loT) infrastructure.

Quantitative findings demonstrate that the application of smart warehouse technologies combined with
effective data management significantly elevates inventory management accuracy from 78% to 97 %, while reducing
stock counting duration by 65%. Furthermore, the deployment of advanced predictive analytics models (such as
LSTM and Machine Learning) reduces stockout rates by 18% to 42%, mitigates overstocking by 24% to 28%, and
substantially shortens order processing lead time from 2 days to a mere 4 hours.

Ultimately, the study indicates that efficient data management enhances inventory visibility, demand
forecasting precision, and real-time decision-making capabilities within smart warehouse systems. This research
proposes an integrated conceptual framework that links data management capabilities, smart warehouse

technologies, and inventory control performance, while also outlining strategic directions for future research.

Keywords: Smart warehouse, data management, inventory control, e-commerce supply chain, automotive parts
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Abstract

This academic article analyzes and synthesizes knowledge on blockchain adoption in food supply
chains among small and medium-sized enterprises (SMEs) in ASEAN and develops an integrative conceptual
framework for future empirical research. The study employs documentary research and a systematic literature
review guided by the PRISMA 2020 reporting framework. The unit of analysis consists of 19 relevant
academic sources retrieved from verifiable academic databases and sources, including Scopus, Web of
Science, ScienceDirect, and Google Scholar, covering the period 2021-2026. Data were collected using a
literature extraction form and a synthesis matrix and were analyzed through narrative and thematic synthesis.

The synthesis indicates that blockchain can enhance food supply chains in three key dimensions
transparency, traceability, and operational efficiency, particularly in relation to halal standards and food safety
assurance. Six major variable groups were identified: technological factors, organizational factors, external
environmental factors, user perception factors, blockchain adoption, and food supply chain outcomes. In
addition, three ASEAN-specific contextual variables emerged: halal standards, digital maturity level, and
country-specific policy support. The findings suggest that blockchain adoption in ASEAN food SMEs should
be understood not only as a technological issue but also as an organizational, institutional, and contextual

process.

Keywords: blockchain; food supply chain; SMEs; ASEAN; technology adoption
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Abstract

This academic article aims to examine the role of artificial intelligence in developing supply chain analytics,
synthesize the relationship between Al-driven supply chain analytics and Triple-A supply chain capabilities, and
propose an integrative conceptual framework linking artificial intelligence, supply chain analytics, Triple-A
capabilities, and supply chain performance. The study adopts a literature review and synthesis approach based on
23 relevant academic articles retrieved from Scopus, Web of Science, ScienceDirect, and Google Scholar. A
literature synthesis matrix was used as the analytical tool to classify, analyze, and integrate key findings from prior
studies.

The synthesis indicates that artificial intelligence contributes to the development of supply chain analytics
in four major dimensions: demand forecasting, real-time decision-making, risk management, and process
optimization. Al also strengthens Triple-A capabilities, namely agility, adaptability, and alignment, which serve as
strategic mechanisms linking data and analytics to supply chain performance. The article proposes that artificial
intelligence should be understood not merely as a technological tool but as a strategic enabler for enhancing supply

chain performance in digital supply chains.

Keywords: Artificial Intelligence; Supply Chain Analytics; Triple-A Strategy; Supply Chain Performance; Digital
Supply Chain
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Abstract

Southeast Asia plays a pivotal role in the global carbon credit market, contributing significantly through
mechanisms such as the Clean Development Mechanism (CDM) and REDD+ projects. However, these
contributions have often been characterized by "carbon colonialism," where foreign entities dominate carbon credit
projects, limiting economic benefits for local communities. Countries like Vietnam, Malaysia, Indonesia, and Thailand
are now transitioning toward "carbon sovereignty," seeking greater control over their carbon markets.

This paper explores the historical evolution of Southeast Asia’s carbon credit development, highlighting
the shift from passive credit suppliers to active market participants. Vietnam is establishing a national carbon trading
system by 2027, Malaysia is leveraging its voluntary carbon market, Indonesia is strengthening its |-CER
mechanism, and Thailand is expanding its T-VER program. These efforts are aimed at enhancing transparency,
ensuring fair economic returns, and fostering regional cooperation to maximize benefits from carbon trading. A
case study on Indonesia’s revocation of the Rimba Raya carbon offset project illustrates the region's efforts to
reclaim sovereignty over carbon resources. By asserting control over their carbon markets, Southeast Asian nations
are positioning themselves as leaders in sustainable development and climate action. This shift not only strengthens

their economic resilience but also contributes to global emissions reduction goals.

Keywords: Carbon sovereignty, carbon colonialism, carbon credit markets, Southeast Asia, Sustainability

Introduction
Development of Carbon Credit Sovereignty (Vietham, Malaysia, Indonesia, Thailand)
The Rise of Global Carbon Credit Markets
The formation of the carbon credit market began with global awareness of climate change and the need

to reduce greenhouse gas emissions. (Change, I. P. O. C. 2007) Mechanisms such as the Kyoto Protocol and later
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the Paris Agreement (Change, U. C.2015) aimed to create a framework where countries could trade carbon credits
( Protocol, K. (2010)and meet their emission reduction targets. Carbon credit markets are divided into compliance
markets (RCM), governed by international agreements, and voluntary markets (VCM), where companies and
governments can voluntarily trade and generate carbon credits to meet their carbon neutrality goals. (Santikarn
et.al.,2021)
Southeast Asia plays a crucial role in the global carbon market due to its abundant natural resources, extensive
forest cover, and renewable energy potential(.Kliem, F. 2024).). Countries like Vietnam, Malaysia, Indonesia, and
Thailand have provided significant carbon credits, especially through CDM (Clean Development Mechanism) and
REDD+ (Reducing Emissions from Deforestation and Forest Degradation) projects(Singh et al., 2023). However,
these contributions led to criticism, often termed “carbon colonialism,” where local communities and environments
did not sufficiently benefit from these projects despite their critical role in offsetting emissions for developed
countries (Bachram, 2004).

Historical Background of Southeast Asia’s Development

Historically, Southeast Asia has relied on its agricultural and natural resources as a primary economic
driver(Barbier. 2019). This dependency has made the region a crucial source of carbon credit generation. However,
challenges remain, such as balancing economic growth with environmental preservation, ensuring fair participation
in international carbon markets, and safeguarding national interests from exploitation (Blum, 2020). As the carbon
market matured, these nations began transitioning from passive credit suppliers to more proactive actors in pursuing
carbon sovereignty (Peou, et al.,2021).

The Carbon Colonial Era

Vietnam’s Carbon Colonial Experience

Vietnam was among the first Southeast Asian countries to engage with Clean Development Mechanism
(CDM) projects. Rapid industrialization increased the country's emission levels, leading to the adoption of renewable
energy projects, including wind, solar, and hydropower, which generated Certified Emission Reductions (CERS).
However, foreign investments dominated these CDM projects, resulting in limited economic benefits and long-term
gains for Vietnam. This disparity led to the concept of "carbon colonialism," where Vietnam's natural resources
were primarily used to offset emissions from developed countries.

Malaysia’s Carbon Colonial Era

Similar to Vietnam, Malaysia faced issues related to "carbon colonialism." The country's CDM and
REDD+ projects generated significant carbon credits sold to developed nations to meet their carbon goals (Sen &
Sahoo, 2024). These projects were primarily funded by international capital, with local communities playing limited
roles in decision-making processes, exacerbating the perception of carbon colonialism .

Indonesia’s Carbon Colonial Phenomenon

Indonesia, with its vast forest resources, became a key player in REDD+ projects. These projects,
intended to reduce deforestation, often resulted in foreign-led initiatives (World Rainforest Movement, 2024). The

economic benefits of carbon credits primarily flowed to developed nations, while local communities, particularly
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indigenous populations, experienced reduced access to forest resources. This imbalance intensified criticisms of
carbon colonialism in Indonesia (Sen & Sahoo, 2024).

Thailand’s Carbon Colonial Experience

Thailand's carbon credit market, shaped by CDM and its T-VER program (Thailand Voluntary Emission
Reduction Program), also mirrored the colonial dynamic. While these projects generated carbon credits, the benefits
were largely exported, with Thailand's local economic and environmental gains being relatively limited (Marquard
et al.,2021). . The government's plan to expand green areas to cover up to 55% of the country's territory for carbon
offsetting has raised concerns about potential impacts on local communities and land rights.

The Transformation of Carbon Sovereignty in Southeast Asia

The shift from carbon colonialism to carbon sovereignty in Southeast Asia signifies an important
transformation for countries like Vietham, Malaysia, Indonesia, and Thailand. As these nations work to reclaim
control over their carbon credits, they are positioning themselves as active players in the global carbon market .
The future development of their national carbon markets, along with enhanced transparency and international
cooperation, will solidify their roles in achieving global climate goals (Sen & Sahoo, 2024). Southeast Asia's journey
toward carbon sovereignty is an essential component of the global fight against climate change, demonstrating the
region's leadership in environmental governance and sustainable economic development (Heinrich Béll Foundation,
2024).

Southeast Asia’s Carbon Credit Development

Southeast Asia's transition from carbon colonialism to carbon sovereignty marks a significant shift in how
countries like Vietnam, Malaysia, Indonesia, and Thailand approach their roles in the global carbon credit market.
Through concerted efforts in national carbon credit generation and market governance, these countries are working
to reclaim the economic, environmental, and social benefits of their carbon resources (Sen & Sahoo, 2024).

Vietnam: Developing a National Carbon Market

Vietnam's carbon sovereignty efforts are led by its goal to establish a national carbon trading system by
2027 . This system aims to manage carbon credit generation across the country's energy and industrial sectors,
assisting Vietnam in meeting its ambitious 2050 carbon neutrality target (Sen & Sahoo, 2024). The national market
will align with international standards through mechanisms like the Internationally Transferred Mitigation Outcomes
(ITMO), enabling Vietnam to balance both domestic and global climate goals (Marquard et al.,2021).

Vietnam has also been a pioneer in integrating its carbon projects into the CDM, generating carbon
credits from renewable energy initiatives such as wind and solar power. As the voluntary carbon market (VCM)
grows globally, Vietnam is expected to expand its presence in international carbon markets, making its national
market an attractive platform for carbon credit investments (Sarmiento, 2023). The government is also fostering
greater transparency and compliance in carbon credit projects by implementing robust Measurement, Reporting,
and Verification (MRV) systems, a critical element in establishing trust with international buyers and investors (Sen

& Sahoo, 2024).
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Malaysia: Leveraging Green Technologies for Carbon Credit Growth

Malaysia has made significant strides in asserting its carbon sovereignty by establishing the Bursa
Malaysia Voluntary Carbon Market (VCM), a platform that enables companies to generate, trade, and offset carbon
credits (Marquard et al.,2021). This market is managed through the Malaysia Green Technology and Climate
Change Corporation (MGTC), which plays a pivotal role in ensuring that the economic benefits of carbon credit
generation are retained within Malaysia (Wartini, 2024).

Malaysia's Nationally Determined Contributions (NDC) outline its ambition to reduce greenhouse gas
emissions intensity by 45% by 2030, with a broader target of achieving carbon neutrality by 2050(Sen & Sahoo,
2024). To meet these goals, Malaysia is expanding its renewable energy projects, including solar and hydropower
initiatives, to generate carbon credits for international sale (Hossain et al.,2018).

A key aspect of Malaysia's carbon sovereignty journey is the development of green technologies that
facilitate carbon credit generation while promoting sustainable economic growth (Heinrich Boll Foundation, 2024).
The government is also enhancing the integrity of its carbon credit projects by ensuring compliance with international
standards such as the Gold Standard and Verra.

Indonesia: Expanding the I-CER Mechanism for Sovereignty

Indonesia, with its rich forest resources and active participation in the REDD+ initiative, has been at the
forefront of global carbon credit generation (Sen & Sahoo, 2024). The country is strengthening its Indonesian
Certified Emission Reductions (I-CER) mechanism, allowing Indonesia to autonomously generate and trade carbon
credits on the global market (Stephan, 2013).

The I-CER system is central to Indonesia's goal of achieving carbon neutrality by 2060 (Heinrich Boll
Foundation, 2024). By consolidating the management of its carbon credit resources, Indonesia aims to ensure that
the economic benefits of carbon credits flow back into local communities, supporting both sustainable development
and climate action (Wartini, 2024).

Indonesia is also addressing past challenges with transparency and governance in REDD+ projects
(World Bank, 2023). Through more stringent monitoring and reporting requirements, the government is working to
protect indigenous communities' rights while ensuring that REDD+ projects generate lasting environmental and
economic benefits for the nation ((Rosales et al.,2021).

Thailand: Strengthening T-VER and Regional Cooperation

Thailand's Thailand Voluntary Emission Reduction Program (T-VER) is a crucial component of the
country's carbon sovereignty strategy. Thailand is working to increase domestic participation in its carbon market

while developing international collaborations that enhance carbon credit trading opportunities (Rosales et al.,2021).
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Figure 1: Market analysis of carbon credit in Southeastern Asia

Case Study: Indonesia’s Battle for Carbon Sovereignty through Rimba Raya

The project, located in Central Kalimantan, had generated over 30 million carbon credits since its
inception. However, issues surrounding unauthorized license transfers and non-compliance with payment
obligations led to the government’s decision to reclaim control over the project.

This move illustrates Indonesia’s broader strategy of reducing dependency on foreign entities that have
historically dominated its carbon market. The Indonesian government’s strong action against Rimba Raya sets a
precedent for how the country will handle carbon credit projects moving forward, ensuring that the benefits of
carbon credits remain within Indonesia’s borders and contribute to its national development goals.

By asserting control over such projects, Indonesia aims to prevent future exploitation of its natural
resources and ensure that carbon credit projects align with the Nationally Determined Contributions (NDCs) outlined
in its climate policy. This case highlights the challenges faced by countries rich in carbon resources and their
ongoing efforts to balance global market demands with national sovereignty.

As Indonesia continues to strengthen the I-CER mechanism and expand its carbon trading platform, IDX
Carbon, the country is expected to become a major player in the global carbon credit market, with a clear focus on
ensuring that the benefits of carbon credits serve local communities and support sustainable development initiatives.

Conclusion: The Future of Carbon Sovereignty in Southeast Asia
As Vietnam, Malaysia, Indonesia, and Thailand continue to assert their carbon sovereignty, they are reshaping the
global carbon credit landscape. By developing national carbon markets, enhancing transparency, and promoting
international cooperation, these countries are demonstrating their leadership in both climate action and economic
development.

Through their efforts, Southeast Asia is not only addressing global climate challenges but also ensuring
that the benefits of carbon credits support local communities and foster long-term sustainability. This shift from

carbon colonialism to carbon sovereignty will ultimately strengthen the region’s role in the global fight against
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climate change, paving the way for more equitable and sustainable carbon markets in the future. The transition
from carbon colonialism to carbon sovereignty in Southeast Asia has been shaped by a number of political,
economic, and environmental factors. Each of the four key Southeast Asian nations—Vietnam, Malaysia, Indonesia,
and Thailand—has faced unique challenges and opportunities as they assert greater control over their carbon
resources, aligning national carbon markets with global sustainability goals. As they work to enhance transparency,
increase local control, and benefit from international cooperation, they collectively offer a blueprint for other
developing countries engaged in global carbon markets.

Challenges in Achieving Carbon Sovereignty
While significant progress has been made, Southeast Asian countries face several hurdles in fully achieving carbon
sovereignty. One of the most pressing challenges is ensuring transparency in carbon credit projects. Many carbon
credit schemes, especially those involving forestry and land use, have been criticized for lacking robust MRV
(Monitoring, Reporting, and Verification) mechanisms, which are necessary to ensure that carbon credits are
generated and managed according to international standards.

For instance, Indonesia’s REDD+ projects have faced scrutiny for not adequately benefiting local
communities or preserving biodiversity as intended. In the past, local populations, particularly indigenous groups,
have reported being marginalized by the projects despite their land being central to the success of carbon offset
initiatives. Moving forward, stronger legal protections and frameworks will be necessary to balance local and
international interests.

Carbon sovereignty also requires that countries invest in green technologies and renewable energy
infrastructure, areas where Southeast Asia continues to make incremental progress. Malaysia, for example, has
emerged as a regional leader in developing solar energy projects, which contribute significantly to its domestic
carbon credit generation efforts. However, like its neighbors, Malaysia must navigate external pressures from
international investors who may seek to prioritize profits over sustainable, long-term benefits for local ecosystems
and communities.

Southeast Asia’s Role in Global Climate Leadership

As Southeast Asian nations strengthen their carbon markets, they are positioned to take on a more
prominent role in the global conversation about climate change and carbon neutrality. By building transparent,
locally controlled carbon credit systems, these countries can serve as models for other developing nations seeking
to balance participation in global carbon markets with national sovereignty over environmental resources.

International cooperation will be crucial to Southeast Asia’s continued progress. Initiatives such as the
Joint Crediting Mechanism (JCM) between Japan and Southeast Asian countries demonstrate the potential for
bilateral agreements to facilitate technology transfer, provide financing, and ensure that carbon credit projects are
aligned with NDCs (Nationally Determined Contributions) under the Paris Agreement. By leveraging these
partnerships, Southeast Asian nations can expand their carbon credit generation capacity while maintaining control

over how those credits are used and sold.
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The Future of Carbon Sovereignty in Southeast Asia

Looking ahead, Southeast Asia’s trajectory toward carbon sovereignty will be shaped by its ability to
integrate regional cooperation with global market demands. A regional carbon trading network, potentially
spearheaded by countries like Indonesia and Malaysia, could greatly enhance the region’s collective bargaining
power within the global carbon market. Such cooperation would enable Southeast Asian nations to trade carbon
credits more efficiently and establish shared standards for MRV and project verification, ensuring that the benefits
of carbon credit generation are fairly distributed.

Furthermore, as Southeast Asia strengthens its position in the global carbon credit market, it will be
critical for each nation to align its carbon strategies with broader sustainable development goals. This includes
ensuring that carbon credit projects not only reduce emissions but also support biodiversity, economic growth, and
social equity, particularly for marginalized communities living in resource-rich regions.

The evolution of carbon sovereignty in Vietnam, Malaysia, Indonesia, and Thailand represents a broader
shift in how developing countries are approaching global carbon markets. By taking control of their carbon
resources, enhancing local participation in carbon credit generation, and developing national carbon markets, these
countries are reshaping the landscape of carbon trading.

Southeast Asia's journey reflects a growing recognition that while global cooperation is essential for
addressing climate change, it must be balanced with national interests and local needs. As these countries continue
to strengthen their carbon sovereignty, they are setting the stage for more equitable and sustainable participation
in the global carbon economy—one that respects the sovereignty of developing nations while contributing to global

climate goals.
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