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Abstract

Phimonrat Subdistrict, Bang Bua Thong District, Nonthaburi Province, is a multicultural
canal-side community whose local cuisine reflects the integration of Thai, Chinese, and Muslim
cultural traditions. This research aimed to 1) investigate the cultural foundations and
multicultural influences on local culinary practices in Phimonrat, develop a digital repository
of local culinary knowledge, and 2) create a community-based gastronomy tourism system
using digital technologies for tourism communication and promotion. The study employed
Participatory Action Research integrated with qualitative and quantitative methods. The target
group consisted of 26 community members from Villages 3-7 and 50 tourists/community
participants. Research instruments included in-depth interviews, focus group discussions,
participatory workshops, questionnaires, and field observations. Digital tools developed
included an electronic cookbook through FlipHTML5, digital tourism maps using Google My
Maps, and the Facebook fan page “Saneh Withi Phimonrat.” The findings revealed that the
community documented 31 traditional recipes and identified seven signature dishes
representing its multicultural gastronomic identity. Multicultural gastronomy tourism routes
integrating local food, cultural landmarks, religious sites, orchards, and community learning

activities were also developed. The digital platforms enhanced public access to local culinary
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knowledge, increased online visibility, strengthened community participation and digital
literacy, and supported tourism communication and promotion. Overall, the study contributed
to preserving local culinary heritage and promoting sustainable community-based gastronomy

tourism in Phimonrat.

Keywords: Phimonrat subdistrict, Local culinary knowledge, Tourism media, Multiculturalism

Introduction

Tourism is a major driver of Thailand’s economy and plays an important role in cultural
preservation, employment generation, social development, and environmental sustainability.
In recent years, community-based tourism (CBT) has been increasingly promoted as a
mechanism for strengthening local economies and reducing inequality through participatory
development and local resource utilization. This direction is consistent with the ASEAN
Tourism Strategic Plan (2016-2025), which emphasizes innovation, digital integration, and
community participation in tourism management and destination development (Office of
Strategy and Planning, Ministry of Tourism and Sports, 2021).

In Thailand, gastronomic tourism has emerged as a meaningful form of cultural tourism
because local cuisine reflects local identity, traditional knowledge, and multicultural heritage
while simultaneously creating economic opportunities for communities. Previous studies in
Nonthaburi Province highlighted the importance of community food tourism, traditional
cooking preservation, local entrepreneur development, and digital communication in
enhancing gastronomic tourism competitiveness (Chunkajorn et al., 2025). Similarly, studies on
gastronomic tourism products classified Thai food tourism experiences into ingredient-based
learning, participatory cooking activities, sensory food experiences, and food-related cultural
experiences that strengthen sustainable tourism development (Mongkolrojsakul et al., 2025).
However, most previous studies focused primarily on tourism promotion and cultural
interpretation at a broader provincial level, while limited attention has been given to the
systematic documentation and digital dissemination of local culinary knowledge within specific
multicultural communities.

Phimonrat Subdistrict, Bang Bua Thong District, Nonthaburi Province, represents a
historic canal-side multicultural community where Thai Buddhist, Chinese, and Muslim

populations have coexisted for generations. Located along the fertile Phra Phimon Racha
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Canal, the community benefits from abundant agricultural and aquatic resources that have
shaped its distinctive culinary identity. Local cuisine reflects the integration of Thai flavors,
Chinese cooking techniques, and Islamic food practices emphasizing halal ingredients,
aromatic spices, and communal food preparation traditions. Traditional dishes such as Muslim-
style Kaeng Bon, Roti Mataba, Khao Mok, and Massaman curry adapted with locally grown
bananas demonstrate the community’s cultural adaptation and long-standing relationship
with local resources. Food preparation remains closely associated with religious festivals, social
gatherings, and communal activities where residents collectively prepare and share food using
ingredients sourced from household gardens and nearby farms. These practices not only
strengthen social cohesion among different ethnic groups but also preserve local wisdom
related to seasonal ingredients, herbal usage, and traditional cooking techniques.

Despite its rich cultural heritage, local culinary knowledge in Phimonrat is increasingly
threatened by social and generational change. Most traditional recipes and cooking techniques
continue to be transmitted orally through elderly community members and practical
experience rather than systematic documentation. Some local ingredients have become
scarce, while younger generations show declining interest in inheriting traditional culinary
practices due to changing lifestyles and modern consumption patterns. Furthermore, local
food products are commonly prepared only for festivals or occasional community events
rather than developed into sustainable economic products. Product presentation, packaging,
branding, pricing strategies, and digital marketing remain restricted despite the use of high-
quality local ingredients. Though several local dishes possess strong cultural and tourism
value, including foods associated with the Gl-certified “Yai Klam mango,” there has been no
comprehensive study focusing on the integration of multicultural culinary heritage, digital
media, and participatory tourism development in Phimonrat. This research gap highlights the
need for systematic collection, preservation, and dissemination of local culinary knowledge
to prevent cultural loss and support sustainable community development.

In this context, a significant role in supporting the preservation and dissemination of
local culinary knowledge is digital technology. The integration of Information and
Communication Technology (ICT) with local knowledge documentation enables communities
to transform traditional culinary heritage into accessible digital resources that support learning,
tourism communication, and cultural continuity. Previous studies demonstrated that digital

platforms can enhance visitor engagement, destination visibility, and tourist satisfaction
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through real-time access to cultural and spatial information. Digital media such as electronic
cookbooks, digital tourism maps, and social media platforms also provide opportunities for
younger generations and external audiences to access local knowledge more conveniently
while strengthening community visibility in online tourism markets. The integration of digital
tools offers a pathway to strengthen gastronomic tourism by creating value from local food
heritage (Suriyankietkaew, 2025). However, weak KM systems can result in communication
delays, declining credibility, and economic vulnerability, especially during crises (Dolgui et al,,
2017; Smolci¢ Jurdana, & Agbaba, 2025). Nevertheless, research specifically examining the use
of digital media for preserving and promoting multicultural local food knowledge through
participatory processes at the community level remains narrow.

Therefore, this study adopts a Participatory Action Research (PAR) approach to
investigate the cultural foundations and multicultural influences on local culinary practices in
Phimonrat and to develop digital media for preserving and communicating local food
knowledge. The study further aims to design and develop a community-based gastronomic
tourism support system through the development of digital tourism routes, electronic culinary
media, and online tourism communication platforms. Unlike previous studies that mainly
focused on tourism promotion, this research integrates multicultural culinary knowledge,
participatory community processes, and digital technology to create practical tools for cultural
preservation and sustainable tourism development. The findings are expected to benefit both
the community and visitors by improving access to local culinary knowledge, enhancing
cultural tourism experiences, strengthening community participation, and increasing economic

opportunities through sustainable gastronomic tourism grounded in local identity.

Research Objectives
1. To explore the cultural foundations and multicultural influences shaping local
culinary practices in Phimonrat and to develop a digital culinary knowledge repository in the
form of an electronic cookbook (e-book) for cultural preservation and public dissemination.
2. To develop a community-based gastronomy tourism support system in Phimonrat
Subdistrict through the creation of a digital tourism route map (Google Mymaps) and the
application of digital communication platforms (Facebook) for tourism promotion and

community-based destination management.
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Methodology
Population and Target Groups

Phimonrat Subdistrict, Bang Bua Thong District, Nonthaburi Province, comprises eight
villages with a total population of 47,847 residents. This study purposively selected
communities located along the Phra Phimon Racha Canal, particularly Moo 3-7 as the study
area due to their strong multicultural culinary identity, active community participation, and
potential for gastronomic tourism development. The target groups were categorized as
follows:

1. Co-researchers: The co-researchers consisted of 26 purposively selected participants
included community leaders, local food entrepreneurs, community cooks, folk scholars,
teachers, and representatives from government sectors. The selection criteria based on their
involvement in local culinary activities, cultural practices, and tourism-related development,
as well as their willingness to participate in collaborative research activities.

2. Key Informants: In-depth interviews on culinary heritage, tourism potential, local
identity, and community development challenges were conducted with 14 key informants,
including community cooks, community leaders with expertise in local history and culture,
representatives from the subdistrict administrative organization.

3. Focus Group Participants: Two focus group discussions; community perspectives on
local culinary identity, tourism management, and development needs, involving 16
community members and tourism stakeholders were conducted.

4. Quantitative Sample Group: Questionnaire surveys were administered to 50 tourists
visiting the community and community participants to assess perceptions toward digital tools
supporting gastronomic community tourism such as e-cookbook, digital route map, and

communication platform.

Research Instruments, Data Validation and Analysis
The research instruments consisted of both qualitative and quantitative tools
developed in accordance with the research objectives and the participatory research

framework. These tools were categorized as follows:
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1. Qualitative Instruments: In-depth interviews, focus group discussions, participant
observation, field notes, community mapping.

2. Quantitative Instruments: Questionnaire surveys for tourists and community
participants on digital tools and communication platforms, including: e-cookbook, Digital
tourism maps, tourism communication and promotion channel.

3. Digital Research Instruments: 3 integrated digital tools were employed as data
repositories and interactive knowledge-sharing platforms: (1) Google My Maps for co-creating
geo-referenced cultural and culinary tourism routes; (2) FlipHTML5 for developing an
interactive electronic cookbook of local recipes; and (3) Facebook (community page) for
disseminating content, enabling two-way communication, and supporting real-time
engagement.

All research instruments were reviewed by experts in tourism, community
development, and information technology to ensure content validity and appropriateness.
Qualitative data were analyzed using content analysis to identify key themes related to local
culinary heritage, multicultural influences, and community-based tourism development.
Quantitative data were analyzed using descriptive statistics, including frequency, percentage,
and mean. Data credibility and trustworthiness were ensured through triangulation of multiple
data sources, member checking with community participants, and verification of findings

through participatory workshops and stakeholder discussions.

Research Process

The research emphasized collaborative participation among researchers, community
members, local entrepreneurs, tourists, and relevant government agencies throughout the
processes of multicultural gastronomy tourism media development. The series of systematic

stages was conducted as demonstrated in Figure 1.
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Figure 1 Research Process Funnel

1. Culinary Knowledge Collection: Data collection began with participatory community
assessment activities to investigate local culinary contexts, multicultural influences, tourism
potential, and community needs. Data were collected collaboratively with community
members using mixed methods, including: in-depth interviews, focus group discussions,
participatory workshops, field observations, and community narratives and stakeholder
records. Traditional recipes, local ingredients, cooking techniques, and cultural narratives were
systematically documented and verified through community participation.

2. Community Co-researcher Development: A total of 26 local representatives were
appointed as community co-researchers to support data collection, knowledge
documentation, and tourism development activities. This process strengthened collaboration
between the research team and community members while enhancing local research capacity

and participatory learning.
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3. Development of Digital Tourism Communication Tools: Digital technologies were
designed and applied to preserve, organize, and disseminate local culinary and tourism
knowledge. These included: an electronic cookbook developed through fliphtml5, digital
tourism route maps using google my maps, and a community tourism communication platform
via Facebook page.

4. Technology Pilot Testing and Improvement: The digital systems were tested with
community members, tourists, and local businesses. Feedback was used to refine the tools
to enhance usability and effectiveness.

5. Community Workshops Training:  Participatory workshops were organized to
develop tourism routes, identify signature dishes, and produce tourism-related digital content.
In addition, the training workshops on digital tools related to the research were organized for
community participants, including Facebook, Google My Maps and FlipHTML5. These activities
aimed to enhance community capacity in digital communication, knowledge management,
and gastronomy tourism promaotion.

6. Evaluation & Feedback: Questionnaire survey was conducted to evaluate the
effectiveness of digital communication tools. The collected information was categorized,
interpreted, and synthesized to identify tourist satisfaction on e-cookbook, digital maps and
social communication channel using descriptive statistics. The research findings were then
returned to the community through a participatory feedback session, enabling local residents,
knowledge holders, and community leaders in Phimonrat Subdistrict to review, validate, and
take ownership of the results. This data restitution process ensured that the community could
directly apply the knowledge to sustain and further develop their local culinary heritage and

gastronomy tourism initiatives.

Results

Phimonrat Subdistrict is a historic multicultural canal-side community located along
the Phra Phimon Racha Canal, shaped by the long-term coexistence of Thai Buddhist, Chinese,
and Muslim populations. Although urbanization and socio-economic transformation have
gradually altered settlement patterns, Muslim cultural traditions and culinary practices remain
strongly preserved through religious institutions and community networks, continuing to
influence the local identity of the area. The fertile lowland ecosystems and interconnected

waterways support agriculture, local fisheries, and household livelihoods in the community.
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The abundance of locally sourced fruits, vegetables, herbs, and freshwater resources has
contributed to the development of a distinctive culinary culture rooted in seasonal ingredients
and community-based food practices. Traditional food preparation is closely associated with
religious festivals, merit-making ceremonies, mosque activities, and communal celebrations,
during which residents collectively prepare and share food using ingredients from household
gardens and nearby farms. These practices have facilitated the intergenerational transmission
of culinary knowledge and strengthened social cohesion among different cultural groups.

The findings further indicate that local cuisine in Phimonrat reflects the integration of
Thai flavors, Chinese cooking techniques, and Islamic food traditions emphasizing halal
ingredients and aromatic spices. However, much of this culinary knowledge remains
undocumented and is primarily preserved through oral transmission and practical experience
among elderly residents, placing several traditional recipes and techniques at risk of
disappearance due to social and generational change.

The historical and cultural assets of Phimonrat provided an important foundation for
collecting and documenting indigenous culinary knowledge from local experts. Through
community-based tourism activities, local food experiences were linked with cultural
landmarks, mosques, orchards, canal-side lifestyles, and community learning spaces, allowing
visitors to engage with the multicultural culinary heritage and local wisdom of the community.
Building on this foundation, the research systematically ecathered and preserved this

knowledge through direct engagement with local culinary experts, as detailed below.

1. Collect and document indigenous knowledge from local culinary experts
1.1 Cultural Foundations of Local Cuisine

As Phimonrat is a multicultural community, the traditional cultural practices
coexist with modern development. Its local cuisine represents an important cultural heritage
reflecting the community’s collective wisdom and long-standing way of life. Food preparation
primarily relies on fresh, seasonal, and locally sourced ingredients from household gardens
and nearby farms. Local cuisine can be classified into three categories: traditional home-style
foods transmitted across generations, heritage foods preserved mainly by elders, and ritual-

related foods associated with religious and cultural ceremonies.

Science and Technology to Community 9 NIaTInemansuazimaluladgyuvy

Vol 4 No 3 May - June 2026 : TCI 1 Uil 4ty 3 wqumes-Sigunen 2569 : TAI 1




1.2 Multicultural Influences on Local Culinary Practices
Local culinary practices in Phimonrat reflect the integration of Thai, Chinese, and
Muslim food cultures. Thai culinary foundations are evident in the use of aromatic curry pastes
and balanced flavors, while Chinese influences appear through cooking techniques such as
stir-frying, steaming, and deep-frying, as well as the use of noodles, tofu, and sauces. Muslim
culinary traditions strongly shape ingredient selection and seasoning practices, particularly
through the use of halal meat and spices such as cumin and cardamom. This multicultural
fusion has created a distinctive gastronomic identity that represents both the cultural heritage
and tourism potential of the community.
1.3 Development of the Digital Local Culinary Knowledge Repository
After the documentation of traditional culinary knowledge, all recipes were
validated by key informants and verified through hands-on cooking sessions to ensure
authenticity and cultural accuracy. Traditional recipes, cooking techniques, ingredient
information, and cultural narratives were collected and verified through interviews,
participatory workshops, and cooking demonstrations with local experts. The FlipHTML5
platform was selected because it supports multimedia integration, online accessibility, QR
code sharing, and user-friendly management suitable for community-based knowledge

dissemination as demonstrated in Figure 2.

mgnUﬂﬁ~1Jb = suldo-[y

ANS19H9g
VC\)USSSUWU
W ” Voo 887(,

nsivodn IomsWamEURARSTS

gl =Y — -1 % TN wsmefas Cooking Book QR Code
Figure 2 Multicultural Phimonrat Digital Cookbook
Community leaders, including subdistrict administrators and local cultural
representatives of Phimonrat were trained to independently manage and update digital
content, including videos, photographs and graphics while increasing public access, The
dissemination of e-book through QR codes at Phimonrat Subdistrict Municipality, local schools,

and local restaurants as well as the community Facebook page supporting intergenerational
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knowledge transfer, and enhancing the visibility of Phimonrat’s culinary heritage. The platform
strengthens cultural capital while simultaneously reducing production costs and increasing
accessibility. Ultimately, this digital repository enables the community to transmit culinary

heritage in a modern, sustainable, and scalable form for future generations.

2. Multimedia Presentation Tools for Multicultural Gastronomic Tourism
2.1 Participatory Development of Community-Based Gastronomy Tourism Routes
The study began with a participatory assessment of local potential, involving multi-
sector stakeholders to identify appropriate tourism routes and key attractions as demonstrated
in Figure 3. The selected routes were then pilot tested, and activity formats were refined to
enhance tourist engagement and experiential learning. Subsequently, coordination was
undertaken with local communities and relevant agencies to support tourism management
and logistics. Tourism activities and food menus were carefully designed to align with travel
duration, visitor capacity, and the local socio-cultural context. In parallel, promotional
materials, digital maps, and multimedia content were produced to communicate the

community’s identity and culinary heritage effectively.
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Figure 3 Community-Based Tourism Route Development Process
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2.2 Community-Based Selection of Multicultural Signature Dishes
In  collaboration with relevant government agencies: Nonthaburi Tourism
Organization and Phimonrat Subdistrict Municipality, the community identified seven signature
dishes to represent Phimonrat as part of its multicultural gastronomic tourism initiative. The
selection process was carried out through participatory community meetings based on the
criteria presented in Figure 4.

Commercial Historical and

Feasibility Cultural Value

Communi
v Local Uniqueness

Participation

Culina
Balanced Variety ulinary

Multiculturalism

Tourism Product ' Community

Potential Consumption

Figure 4 Criteria for the Selection of Signature Dishes

The selection process was conducted through participatory meetings involving
community members, local culinary experts, and stakeholders using criteria related to cultural
significance, local uniqueness, multicultural representation, continuity of community
consumption, tourism potential, and feasibility for commercial development. The seven
signature dishes are distinctive because they reflect the multicultural integration of Thai,
Chinese, and Muslim culinary traditions unique to the canal-side communities of Phimonrat.
The selected seven symbolic dishes include Traditional Khao Yam, Curry Noodle Soup (Kuay

Tiew Kaeng), Muslim-style Kaeng Bon, Pun Klib, Roti Mataba, Sali Pao, and Sticky Rice with Yai

Klam Mango as shown in Figure 5.
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Several dishes are closely associated with religious ceremonies, local festivals,
agricultural resources, and traditional family practices, representing both the historical
background and cultural identity of the community. For example, Roti Mataba demonstrates
Muslim culinary influence through the use of halal ingredients and aromatic spices, while
Sticky Rice with Yai Klam Mango highlights the Gl-certified “Yai Klam mango,” a distinctive
agricultural product of the province. The continued oral transmission of many recipes across
generations further enhances their cultural significance and uniqueness as local culinary
heritage.

2.3 Community-Based Tourism Governance and Digital Route Management

Community members played a central role in the planning and management of
gastronomy tourism activities in Phimonrat through participatory discussions reflecting local
needs and community capacity. During the tourism route development process, the
community identified target visitors as tourists interested in local culture, traditional food,
agriculture, and experiential learning. Tourism activities were therefore designed for small
groups (2-8 people). Visitors were planned to participate in activities such as harvesting local
ingredients, learning traditional cooking methods, visiting orchards, and exploring cultural and
religious sites, allowing them to better understand the local way of life and multicultural
identity of the community.

2.4 Digital Mapping for Cultural Interpretation and Sustainable Tourism

Management
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Figure 6 Digital Map of Culinary Tourism
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To support tourism management and improve visitor accessibility, a digital
mapping system was developed using Google My Maps to integrate tourism routes, local
restaurants, cultural attractions, religious landmarks, and activity locations into a single geo-
referenced platform, as illustrated in Figure 6. The platform enabled tourists to access travel
information, navigate tourism routes, and plan visits more conveniently through online links
and QR codes. The participatory development process also enhanced digital literacy among
community members, who were trained to create map markers, upload tourism content, and
manage route information independently. In addition to improving tourism communication
and destination visibility, the digital map supported community-based tourism management
by facilitating coordination of tourism activities and promoting local products and services
through accessible digital technology.

2.5 Development of a Digital Community Platform for Gastronomy Tourism
Promotion

The study developed integrated digital platforms to support community-based
gastronomic tourism management and promotion. A digital tourism map using Google My Maps
integrated local restaurants, cultural attractions, religious landmarks, orchards, and tourism
activity points into an interactive route-planning system for tourists and community members.
In addition, the Facebook fan page (Figure 7) “The Charm of Phimonrat Way of Life” was
created to disseminate tourism information, culinary content, and community activities.
Community members were trained to develop digital storytelling content and communicate
with visitors through social media. The electronic cookbook and digital culinary repository
were also utilized as learning resources during tourism activities and workshops. Collectively,
these digital tools enhanced public access to local culinary knowledge, increased online
visibility, supported intergenerational knowledge transfer, and strengthened Phimonrat’s

identity as a multicultural gastronomic tourism destination.
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Figure 7 Facebook The Charm of Phimonrat Way of Life

2.6 User Satisfaction with the Digital Community Support Systems

The satisfaction assessment of the community digital products as illustrated in
Figure 8 revealed a high overall level of user satisfaction across all developed platforms. The
assessment was conducted among 50 participants, comprising community participants (32%)
and tourists visiting the community (68%). Among the three digital tools, the Facebook Fan
Page received the highest satisfaction score x = 4.31, S.D. = 0.62), indicating that users
perceived the platform as highly effective for tourism communication, public engagement,
and dissemination of local culinary and cultural information. The Electronic Cookbook (x =
4.18, S.D. = 0.31) also demonstrated a high level of satisfaction. The platform was considered
particularly useful for transferring local culinary knowledge to younger generations and
external audiences. Lastly, the Digital Tourism Map developed through Google My Maps
received a slightly lower but still high satisfaction score (x = 3.89, S.D. = 0.74). Respondents
appreciated its usefulness in presenting tourism routes, cultural landmarks, and local food
destinations in an integrated manner. However, some users indicated limitations related to
digital literacy and familiarity with map-based navigation technologies, especially among

elderly community members.
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Figure 8 Satisfaction Assessment

Discussions

This study highlights the importance of community participation in preserving local
culinary heritage and strengthening community-based gastronomic tourism. In relation to the
first objective, the findings demonstrate that the multicultural food traditions of Phimonrat
represent significant cultural capital shaped by the long-standing coexistence of Thai, Chinese,
and Muslim communities. Through participatory processes, local culinary knowledge that had
previously been transmitted mainly through oral traditions was systematically documented
and transformed into a digital culinary knowledge repository. The development of the
electronic cookbook and digital database supports previous studies indicating that digital
technologies can enhance cultural preservation, knowledge accessibility, and public
dissemination of local heritage (Mongkolrojsakul et al., 2025; Silva, 2025).

In relation to the second objective, the study found that the integration of digital
technologies with community-based tourism management contributed to the development
of gastronomy tourism in Phimonrat. The digital tourism map, Facebook fan page, and
multimedia communication tools improved tourism information accessibility, destination
visibility, and visitor engagement. These findings are consistent with studies emphasizing the
role of ICT and digital storytelling in enhancing tourism experiences and destination
competitiveness (Zielinski et al,, 2020). The participatory development process also
strengthened digital literacy, community collaboration, and local capacity for tourism

management.
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The study further found that the developed digital tools were practically applied
during tourism activities, community workshops, and public relations campaigns. Community
members, tourists, and stakeholders were able to access tourism information, culinary
knowledge, and tourism routes through smartphones, QR codes, and online platforms.
Feedback obtained from users during pilot implementation was used to improve the digital
platforms, particularly in terms of interface design, accessibility, content organization, and
navigation functions. Community members were also trained to independently update
tourism information and digital content, allowing the tools to remain dynamic and
continuously adaptable to community needs. These processes contributed to the long-term
usability and sustainability of the developed digital systems.

The findings further confirm that community participation is a key foundation for
sustainable community-based tourism, as communities become active co-creators of tourism
value rather than passive service providers. Consistent with previous studies (Scheyvens, 2002;
Ginanjar & Sri, 2023), the study demonstrates that participatory tourism development can
generate cultural, social, and economic benefits for local communities. However, challenges
related to infrastructure, marketing capacity, and financial support remain important
constraints requiring continuous collaboration among community members, government
agencies, and relevant stakeholders (Hall & Richards, 2000; Andjanie et al., 2023) , while strong
community networks and cross-sector integration can strengthen resilience and income
diversification (Goodwin & Santilli, 2009; Tseng et al, 2023; Scheyvens, 2007). Overall, the study
indicates that the integration of local culinary knowledge, participatory processes, and digital
technologies can support sustainable gastronomic tourism development while strengthening

cultural identity and community resilience (Chunkajorn et al., 2025).

Conclusion and Suggestions

This study demonstrates that the application of information technology, combined
with participatory community-based research, is an effective approach for preserving local
culinary knowledge and enhancing community-based food tourism. The digital documentation
of traditional recipes and the development of a multicultural food tourism route in Phimolrat
not only prevented the loss of intangible cultural heritage, but also strengthened community
engagement and created new economic opportunities. The integration of digital platforms,

including interactive e-books and online tourism maps, significantly improved accessibility to
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cultural knowledge and increased the visibility of the community as a culinary tourism
destination.

To ensure the long-term sustainability of these outcomes, continuous system
maintenance and content updating should be institutionalized through local administrative
organizations and community networks. Capacity-building initiatives focused on digital literacy,
content management, and online marketing are strongly recommended to enable community
members to independently manage and expand the digital tourism system. Furthermore, the
digital tourism route should be integrated into regional and national tourism networks to
enhance market reach and strengthen linkages with the broader tourism economy.

Future development should focus on transforming documented recipes into
standardized cultural products and experiential tourism packages that add value to local
resources. Policy support and targeted funding from relevant government agencies are also
essential to strengthen infrastructure, ensure equitable benefit distribution, and promote
inclusive participation. Finally, further research is recommended to evaluate the long-term
socio-economic and cultural impacts of digital community-based food tourism, particularly in

terms of income generation, cultural continuity, and community resilience.

Acknowledgements

This research is part of the project entitled “The Formation of Multicultural Values
with Local Food to develop Phimonrat Subdistrict, Nonthaburi as a Tourist Location”. The
study was financially supported by the National Research Council of Thailand (NRCT). The
authors gratefully acknowledge the NRCT for its financial support and valuable guidance,
which made the successful completion of this research possible. Sincere appreciation is
extended to the Phimonrat Subdistrict Administrative Organization, research team, community

leaders, local food entrepreneurs, and residents of Phimonrat for their cooperation.

Science and Technology to Community 18 MNsaTienmansuwasinaluladdyuvu

Vol 4 No 3 May — June 2026 : TCI 1 il 4 alfu 3 waumes-Siquiey 2569 : TCI 1



References

Andjanie, I. F., Asyifa, N., Pratama, R. K., & Asyifa, A. F. (2023). Strengthening community
involvement: An in-depth exploration of the community-based tourism (CBT)
approach in Lamajang Tourism Village, Bandung Regency. Jurnal Kepariwisataan
Indonesia, 17(2), 182-205. https://doi.org/10.47608/jki.v17i22023.182-205

Chunkajorn, P. ., Thanyacharoen-anukul, P., Chomchueniitsin, T. ., Prakenpattra, N. ., &
Leelhasuwan, P. (2025). Promoting gastronomic tourism in Nonthaburi Province.
Journal of Sustainable Home Economics and Culture, 7(1), 88-99. https://s009.tci-
thaijo.org/index.php/hecrmutp/article/view/5985

Dolgui, A., lvanov, D., & Sokolov, B. (2018). Ripple effect in supply chains: An analysis.
International Journal of Production Research, 56(1-2), 414-430.
https://doi.org/10.1080/00207543.2017.1387680

Ginanjar, R., & Sri, R. H. (2023). Community empowerment in tourism development: Concepts
and implications. The Eastasouth Management and Business, 1(3), 111-119.
https://doi.org/10.58812/esmb.v1i03.82

Goodwin, H., & Santilli, R. (2009). Community-based tourism: A success?.
https://www.andamandiscoveries.com/press/press-harold-goodwin.pdf

Hall, D., & Richards, G. (2000). Tourism and sustainable community development. London,
England: Routledge.

Mongkolrojsakul, R., Songserm, N., Wongphan, C., Artharn, D., & Janvanichyanont, P. (2025). A
Study on the Categorization of Gastronomy Tourism Products for Enhancing
Sustainable Community-Based Gastronomy Tourism in Thailand. Journal of Social
Science and Cultural, 9(6), 382-397. https://s006.tci-
thaijo.org/index.php/JSC/article/view/285140

Office of Strategy and Planning, Ministry of Tourism and Sports. (2021). Tourism statistics and
policy framework. Bangkok, Thailand: Ministry of Tourism and Sports.

Scheyvens, R. (2002). Tourism for development: Empowering communities. Harlow, England:
Prentice Hall.

Scheyvens, R. (2007). Exploring the tourism-poverty nexus. Current Issues in Tourism, 10(2—
3), 231-254. https://doi.org/10.2167/cit318.0

Silva, M. J. (2025). Crisis: Challenges and impacts on tourism value chain. University of

Aveiro. https://doi.org/10.13140/RG.2.2.33151.32161

Science and Technology to Community 19 MNsaTienmansuwasinaluladdyuvu

Vol 4 No 3 May — June 2026 : TCI 1 il 4 alfu 3 waumes-Siquiey 2569 : TCI 1



Smolci¢ Jurdana, D., & Agbaba, R. (2025). Management of crisis situations towards tourism
destination sustainability: Key factors and measures. Sustainability, 17(23), 10871.
https://doi.org/10.3390/5u172310871

Suriyankietkaew, S., Krittayaruangroj, K., Thinthan, S., & Lumlongrut, S. (2025). Creative
tourism as a driver for sustainable development: A model for advancing SDGs
through community-based tourism and environmental stewardship. Environmental
and Sustainability Indicators, 27, 100622. https://doi.org/10.1016/j.indic.2025.100828

Tseng, S.-C., Wang, D., Shen, C.-C,, & Chung, H.-P. (2023). A study on the relationship between
tourists” experience value and satisfaction in Taiwan’s farmer’s markets.
Sustainability, 15(10), 8347. https://doi.org/10.3390/s5u15108347

Zielinski, S., Jeong, Y., Kim, S.-i., & B. Milanés, C. (2020). Why Community-Based Tourism and
Rural Tourism in Developing and Developed Nations are Treated Differently? A

Review. Sustainability, 12(15), 5938. https://doi.org/10.3390/s5u12155938

Science and Technology to Community 20 MNsaTienmansuwasinaluladdyuvu

Vol 4 No 3 May — June 2026 : TCI 1 il 4 alfu 3 waumes-Siquiey 2569 : TCI 1




02

UsgaNSAINVDINTZTUIUNISNIITININI N UAsadlndnelun1sniIaa
Arawanlutalunisuiasalnuuuneia
Efficiency of a Biological Process Combined Using a Co-immobilized Cross-

Flow System for Ammonia Gas Removal in a Semi-Closed Chicken Farm

ATITA RUAIAY* LAz ATUTZAT TELUAS

Khanchit Ngoenkhamkhong* and Siraprapa Chainetr
AMEIAINTIUANERNS LNINEEWAlUlaEI1vIIAaA U

Faculty of Engineering, Rajamagala University of Technology Lanna
Huriung RuaAAg

Nannaphat Ngoenkhamkhong

ANZRNANVINTIUNEAT UNTINeIRETedlny

Faculty of Agro-Industry, Chiang Mai University

Uy Me1UsEAINg

Chinanat Withayaprapakorn

AuEINEIAmERSLazmAlUlagNISINERT NnTINeIaeALUlaE IYNIRaaIULN
Faculty of Science and Agricultural Technology, Rajamagala University of Technology Lanna
J9UNT WYIINT

Rungnapha Khiewwijit

AMEIAINTIUAIERNS LNINEEWALUTaE 1 TIIAAA U

Faculty of Engineering, Rajamagala University of Technology Lanna

E-mail: kunchit2516@rmutl.ac.th®, Siraprapa@rmutl.ac.th, nsr_manonun@hotmail.com,
chinanat@rmutl.ac.th and Rungnapha@rmutl.ac.th

*Corresponding author

(Received: 17 March 2025, Revised: 28 May 2026, Accepted: 2 June 2026)
https://doi.org/10.57260/stc.2026.1124

Science and Technology to Community 21 NsaTIneeansuazvalulagdyuvy
Vol 4 No 3 May - June 2026 : TCl 1

il 4 alfu 3 waumes-Siquiey 2569 : 7CI 1



UNANED

npUsrasAliefnwuszaniammsmdaiaueslailvmegszuuiidaniuwuy

[

UL
Fannlunsulnly 1neRaIsuIANULANNIZENAUNUARAAY N159BNLUUTEUU wartadeinendos
Aunsldauluvisy nanisfnwinuin ndinisfafsszuu gamgll AUy wasauirauniely

lsudoudiaseglunauriniasgiuuazlidmansenunenisidedn dwaunmundslussuuasd

3 9

a6a

FanananuinUsnaasdunisfuunlduanasegeneiiies desiissdniniwnisdenaans
ansBunidvesqaunisuuuldeantiou Tasthiiunstidaaunsathnduslduyudeuls wasddn
anudunsasinaeglutig 6.99+0.03-7.10£0.00 vauzdisurugdunisluszuveylurag 0.95x107-
3.68x10" leladldefaddns dwiuusednsamnsmdanau wui ssuvanunsnanfsuenladels
gsgnioraz 86.16+0.02 uandlififiuinszuuthanauuuuinmilfnenmlunsussgnaldlusiia

Tnlalaee1efiuseansnn
o o % = 5 al I3 1 a a
AAIALY: NIzUIUNIININTInI Agenlully Wisuln asealnilife

Abstract

This research aimed to investigate the removal efficiency of ammonia gas using a
biological odor treatment system in layer chicken farms. The study considered the suitability
of installation area, system design, and operational factors related to the farm application.
The results indicated that after the system installation, the temperature, humidity, and airflow
velocity inside the poultry house remained within the standard ranges and did not adversely
affect the performance of chicken production. Regarding to the wastewater quality in the spray
media system, the organic matter showed a continuous decreasing trend, indicating the
effective biodegradation of organic compounds by aerobic microorganisms. The treated
effluent could be recirculated for reuse, with the pH values ranging from 6.99+0.03-7.10+0.00.
Besides, the microbial population in the system ranged from 0.95x107-3.68x107 CFU/mL.
In addition to the efficiency of odor removal, the system achieved a maximum ammonia gas
removal efficiency of 86.16+0.02%. These findings demonstrate that the biological odor

treatment system has strong potential for efficient application in layer chicken farms.

Keywords: Biological process, Ammonia gas, Chicken farm, Cross flow media
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FeluveqdunSdisnsnsased 330 anssedalus ddldasd S1uu 3 7 udazsiilsnsins
Tvia 110 Anssidilus LIEJﬂf\]Wﬂﬁg\‘iﬁmiijiyL%Sﬁﬁﬁ]’]ﬂﬂﬁa@v\iwﬁ%@mimﬂﬁﬂﬂiuizUUVi@Uizu’Im 100
ans

'
a a ¥

4. dndeivnzaud msunsifeaunidisudy lumsisudussuuiianaulusuvesiine

q
1% '

weslulomenszuiun1stinin mswleudndeivanandmiunisideqiuniddaudAyeens

= 6 al

84 TaguUTuuansdunidluidefuneansoniaaiyiulavonaunisililuasealniiiowane
1141‘0511 849 BOD (Biochemical oxygen demand) Usgu1ad 300 ppm, COD (Chemical oxygen
demand) Usgunes 700 ppm ag TKN (Total kjeldahl nitrogen) Usganey 150 ppm

5. seumsiaedla vhdudedalfiseunisidecsyana 80 Ui Tngaziinismnziaeslild
FausdUansii 18 Wuduly ﬁ‘]"lu'guirﬂéziﬁl,?aymaguiﬁ 7,000 ¢ NshNMNSIEYITIuaY 2 58U WA 58U
Fnan 05.00 U, wazseULEal 13.00 Msliinasiinmsinsaielimihiliausoiuldnaaniieiu
wagludiuvesnsiianuazen aeiinisansyalinniulugiadsenitwan 08.00-09.00 u. (ned

AstEIUSINae 2,000 ansaadu tneun1a199g laassEUUNARA19TININ)
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[ (%

6. AMANYUZIANIzYRIRINa 1NN Iy FAIna19¥InIMKUUIe (Cross flow media)

LYY

UsznauanwatafinUszan RPVC (Rigid polyvinyl chloride) fdnwazifuaeulataduiulumn iite

vad da & {:]u

frelunsanizuesansduniduaruuafiSosenuuuliiisesndnfiuty Weldiiudinauntu.
fe iefiuuszansawlunisininizvesansduvsduazuuaiide s q I8ATu Paeliiaufasen
Tumieiaaamﬂauuuiaﬁqa warilAULTILTs NUNY Imanﬂqmﬁuﬁamaa%u Media %Qm%auéha
112 PVC BOND wilafive vilsinuusastuin usenszunnuasaudalas anunsofadsladionas
Usggnaldanumaeiudanndeslldd
7. LmeamiaaﬂLLUULLazﬁ’mmwuuﬂwﬁ’mﬂ?{uiugﬂsuaaﬁ”’]sziLLauT,mLﬁ&JLLUU%’JmW 13

ponuuUsTUUTTRnaulimnzauundumiuiiinannsidesiily asfionsanesduszney fai

7.1 Anwndrsiaiuiiangs Tnonsussdiufiuiiioliudlainssuuiinaseanunsariauls
otadiusrAvEn ez mINzauR Ut oS R vesan U

7.2 Ainseiunnlsadeunariuiindslsadou msfuusvaLasfuwmsessyuUtte
Taenndesiurunvedsidoulasdnvazvesituilagseu

7.3 panuuvdiulszneuvedgunsalluszuy nsimuaviiauazn1sinlnsgunsalsing 9
iy Ueaisgqdun3 Manans T wagsvuunisiavesenma s

7.4 Uszdiudladefifvadestunsesnuuu leun msdesgidoyamaliimnssudundeon

WU APUEIAY ANANLTURLTNS wazAtamndlulsasau Tnen1sTnA1TenouLas e IRARITEUY

q Y

ca v ]

PaglianinsaUulssuuisliusIanasnsNd N sHaranransenunadaibedulsusou
Ao v 9 o o a a v o ¢ |

7.5 AN999NWUUNAKAL NS UL ASNTEUUA AR TN NI T uU s evla1u150978a0

AUNULATHANTENUABALINSRY WiauiiuUseAnSnnvasssuuiitanauwuudininlussuze
8. JavgAsnansantuniseenwuussuuinUanaunwungaudnsunisuln

8.1 anwarvasdgmindulifisUszasalursulnfinanya Jaae nieveudenavay
wazuninuuy leenzlulsusouninisszuieo1nallifiesns F9d9NanIeNUADFIINADULAY
AMANTINVBIYU VUL TOU

8.2 asAusEnaunglulsasou n1sesnuuuszuuiiUanduluslvesinvuenluiideuwuy
a 0 < = %3 1 v 1 % =l a ="
P ansenflatiadaduig q lawn dnsnislvaveseimanislulsaieou samgiinglulsusou
WaY ANMUTUAUNNS  n1sUseiuTadeaiyleliidonwazresnkuusEuuUIUAN LML aunU
annundauNIzYassulang1sliusEanS

8.3 anwazvasszuvIUanauluslvesinvuwenlufeuuudinim  szuuiidanauaisan

Uaymnaduleglinsenuseladeddgynelulsadou wu arusian gamgll wazszauaudy 8n

1%
v v Y

midineslaenderoguamvesdnitaranimwindenlulsasou

9. 5282IAUNITANYY AILATUN 10 Ju1AN 2567 — JUN 10 Ju1Au 2568
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A5AAUN15IY

1. Anwigunmihidslulegdunid Tasvinafvieiniidefiinannsdanilieiuty
wniandanandanizegaunid (Uagdunid) drluimsiest laun pH, TSS, COD, BOD, TKN, uay
NOs TaeAiasgvidangne 3 91(APHA, AWWA & WEF, 2007) wagshnnsasadann 4 5 Tu luian
150 Ju ievlvnsuirnududuresenuanusniiogluth  THdusumdumsiiesturiatda
ihidesnanlilidmansenudedauanden

2. Anvinnninauninenianelulsaieundinsindsszuuiianduuudanm Tevh
nsmsrainnmnwernia tiun anudiay gaumniuazanuaiiutu wasdy Location specific
Fosldiadamsaatanuunnm un Mstaauian (Tasto 410i; Germany) gaunqil (Testo 925;
Germany) LaEANTY (4IN1 Multi-function environment meter; Standard ST-8820 Environment
meter USA) melulsaideunouuasudansindaszuutianauuuudinim Tnsthedilgludieutu
wasguiuAsednd vesnsuladng nssvmanuasuazannsal (aiggud wauludy, 2566)

3. AnwszAvdamvesszuuthdanaunauluguvesineuenludonuuiinm  Tagviinis
Fanaulugvvesirsuenluie Aeudrszuunazvdsoenszuuiidanaulugvesiisuenlude

(Ammonia gas detector; AR8500 China) wazvin1snsiatann 9 5 3w uan 150 Ju Wdhend

Talumunamuseansninnisanwauluiievaessuuyivn a1naun1si (1) (David & Dawson, 2021)

n - 2 “ [ Usnauiaweuludensudiszuu —Usinafeweulaudseonainsyuu
UseAvsnmnisasnaulusuuenlaniy (Fewar) = — — 100 (1)
¢ Ysinaufguwedluflonewdiszuy

Usunauigionlilunaudssuu = e (ppm)

Usunauiguonliiiyeanainszuu = wie (ppm)

4. Fnwmsieiauivlvessuiugduvddlussuuinnauluguvesiauesluflouuudinm
(@178 Tnuzdsy, 2558)

Tnevhnafusednaindelutegduvas léun Fnsatugduriduinsgiu (Standard plate
count method) lnediasgvidaegng 3 41 uazviinisnsiatann 9 5 Yu unan 150 Yu FeuTan
Aunsdidumnsfwesifldesueiiannymainuresssuutitn suiiinuinguyduniduiou
Tusguuidn (FISH)

5. nénmsvieuszuuidanauluguresienetludeuvuiinim lasszuutitnnavlugy
vosfrueulanie Tasszuuthdanauiiviainisfnwasdndnnsvihnulasasdssuvadsdazons
(Weqdundd) muanseunmmhasiiuszuumuauliiedinisindlinuazessniauseuiian

A v L o oaa o d' & = 19 a S a a
LW@I‘VW’WWN%UWUNLﬂUai'Nﬁﬂ']W‘V]L‘ViﬂJ']SﬁﬂJVLlIGUULLQ%V‘?@LLV@‘UULﬂu‘lUL@@G]@ﬂ'ﬁlﬂifgL(?]‘UIG]LLa%L‘V]lJ']g
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uimsvuresadunis naufignszusesnannnielulsafoussqAunisfimdevazesnidy
dudifevhmihfiduiiuiiganevesgdunid denldinansaninuuueng (Cross flow media) o
duiuiideusasdmalidiefinssesnauazUunndunid viliaunidnuiaselunsdes
annenaulusuimueslands vonindusdunisusdiiivanesnaindinasagivadeulussuur
TAnnstesameuaztrdanduiiindeudioananiuzvesveamanitlissdnsammsidanauly

suvesinguasluedranasdmalinfuussimamisemeluluiian

+ +
1.Anwnannwduds Taud pH e >
COD BOD TKN NOs uaz TSS [ |

s4
Seesssscnnesncsdennesnnnang] mululsaZou

2@nundrurugdunEd ldud nnsidu
>
QAUVEONNG  wavngugaunidvin  [-——

¥

wnluszuu=

- - < vinauinednlsadou
“?”ﬁm" Uavingdunid
. v . - Gross flow media
3. ANEAMATWDINIA Téun aruEaau :
du amgi uaxh . ]
AT qm‘w.gu l.l.a:ﬁ"ﬁﬂl@s.lis.ll,utl

MW 1 wauInesunedydnuainisnsiainaun1nin 98un3e wavamunIneIne
S1-56 An YanTIainnelulsaseu

S7-59 An AR5 IATELTUSOUNEINTARAITEUUUNTANAUYIAINTEUU 1 LURS
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ami 2 uansssuutanduluguvesisiedluflewuuinmdledidunisianadinulsaseudesli

) 159504 M9 8.20 AT &7 67.30 LUAS

) AANU81WBe Cross flow media 8.65 LUAS g9 1.80 lums (13.33 A15194A5) ARfng

INAAAUTELTUTOU 4 LURT AUTNFDUTOUMYALAN 849 2.00 LUAT

A) Uaallsdaumsd dvuim 1,000 8935 wagvannagnau 1vuin 80 43

1%

9) szuudutn sTuunsed wagseuulnin

) FINANTINMLUULING (USEenn RPVC) Waunninag PVC BOND viafiLAy dvuis 500

mm. x 1,000 mm. x 530 mm. JNUART 120 M1519UATHEANUIANKIAT 31U media ALY

[

2.5 gnuiAnng (4 few/au.. 14 10 fow) LazifURRARLY = 120 x 2.5 = 300 A5.4L.

unsdiiie (Cross flow media)

=

o) g a
yassdniuaduni

<
3]

o 5 -
finauvinelsasou

szuvlnih AruAsnsingy

=

Yuguin dmsugunugdumsd

adl
(<2

dawingdum

A 3 urunnesueduUsEnauvesssuutdanaulusuvesieuenludeuuuginm
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NAN1539

1. wansAnwgunmindelutagiunid
MnmsAnwaunmidsnvefldasgfnarsdaninuuueang (Cross flow media)

(AWl 4-9) wans@nwy wudn Wndeluguan TSS, BOD, COD, TKN waz NO5 datoglugas

224.67+0.47-283.33+2.36, 169.67+0.47-251.67+2.36, 487.00+1.41-671.67+2.36, 107.67+0.47-

151.00+0.82 waz 4.45+0.01-5.01+0.08 fiadnsusiodns auadu wazdarmudunsaaiaviidu

6.99:£0.03-7.10+0.00 uagdAsgneg 224.67+0.47, 169.67+0.47, 487.00+1.41, 107.67+0.47

way 4.45+0.01 fadnsureans Tuiud 150

8.00 7 30000 -
301 $+4
00 04 gAmbb b dIHEE P IIIERL LA L4400 "iui.\}_
2 T,
a 4.
T 650 1 L%zso.oo - “i._
600 | F i'i‘g-‘h\.
\
550
500 200.00
0 10 20 30 40 50 €0 70 80 90 100110120130 140 150 0 10 20 30 40 50 6 70 80 %0 100110 120 130 140 150
Days Days
q' 1 I 1 c:' 1 [ g.j/
AN 4 A1ANULUUNTAANY AN 5 ANVDILVILLYIUABDYVNNUA
| a a6l v & ' a N sy v &
YoaUagaunIgntdansd YeaUeaUVSENldaLse
75000 - 2000 -
70000 -
{k'*
65000 - ‘
~ .N. 250‘00 \;'!
< 60000 - \ q T
? 'NQ"‘-OQ _é ‘*!*-*"‘t-o
55000 - AT S 20000 - e,
8 ""ON“ 0 ALY
Y 5000 *‘M“ 8 Y
45000 - 150.00
400,00
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 100.00
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Days Days
AN 6 USunasansBunsdeglusualen AR 7 Usinaansdunidneglusuilen
1 a a5l v & | a AN Ay v &
YaUeauUVENldalsd YeUeaUVSENldaLUse
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180.00
6.00
160.00
550
140.00 5.00 *'i...*“h‘
-
_ 120.00 450 - .-'*‘-"‘-.-“'.**-‘—0—’*0-#*0-&4—.
2 100,00 E: 4.00 -
I 8000 . 350
»
E 2 500 |
60.00
250 -
40.00
2.00 -
20,00 150 -
0.00 1.00
1020 30 40 50 60 70 80 90 100 110 120 130 140 150 0 10 20 30 40 50 60 70 80 90 100110120 130140150
Days Days
P a a A eal :sL P & P a »L ' a = e‘q's[’ Y &
AN 8 UanauaTaunsevagluguniaLou A 9 Ysunalunsnvosuagaunsenivaisy

a6 Al

YosUoAunIENldasy

2. wamsAnwnaiagunmemanislulsadoundenmstnnsszuutitandunuudanm
Mnmsfnvinunwermanelulsuieunendanisindsssuuiiafewouludouuy
Fanm a 9ans293a S1-56 WU mnusiauade gumgiiads uarANTudIInSIndeianvindy
2.48+0.04 WAsHTUNT, 28.400.17 ssAiwaldoa uazovas 68.45:0.24 auddu Jseglurae
smspuimnzaudmiurhialaly Tasmeusiaunasgiuegluig 2.23-2.63 wasAeiund uaz
aungiifvnzaneglutng 27-30 esmwaloa uiatud wavane, 2556) vauriidnAuFuduing
fumnzanoglutisiosay 50-70 (nind, 2536) wan1sAnwidanauanddiidiuin n1sfafaszuy
thiandunuuiinmlidmanszudeanimuandennglulsuFeusazdinanngansonisbeslile

(einguil wsuluRu, 2566)

3. AnwuszansnnvssszuvUrUafgauludauudann

91NA15199 1 (mLa?{aﬁmmaﬁm 5$1-56) m'ﬁﬁﬂmﬂﬁzﬁm%mwmiamﬂ?{uslugﬂsuaﬁw
wosludelunrduidedln wudn  USinafswenludoaindruilsadouisinelsaudourifng
wonluilleazAoy 9 qqsﬁu Lﬁmmﬂmiazamaqyjaldﬁﬁmiﬁwmﬂﬁﬂiaﬁauﬁéﬂé’ﬂwzma 9 viaan
druinelsadeunazeonluvetidn S ldianisdy  Famudn szuuthdand unuudinnd
Usgansamlunisannauluguvesieuenlinie eglutisiosay 59.31+0.18-86.16+0.02 9nAwil
10 WU Uizﬁ‘i/l%ﬂ’mﬂ’]iﬁ’]ﬁﬂﬂéuiugﬂ‘u@ﬂﬁlﬁaml,@uimLﬁEJGEJ8038UUﬂ1ﬁ®ﬂ§ULLUU%%ﬂWWﬁLL‘IJ’JIﬁﬂJa

Fuidlonamuly unigaieTeay 86.16+0.02
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M13197 1 YsednSamnismannauluguresinewenludewuudanm

Ju Aade
*fawauluieinedn **Fguanlubendsssuuintn Uszansamnisan
(Badn3usiodns) nauuewluile @adnsudedns) fiwwenlully (Gavaz)
O - - -
5 20.23+0.23 8.23+0.06 59.31+0.18
10 20.10+0.00 7.53+0.06 62.52+0.29
15 20.10+0.00 7.13+0.06 64.51+0.29
20 20.13+0.06 7.07+0.06 64.90+0.25
25 20.10+0.00 6.87+0.06 65.84+0.29
30 20.03+0.06 6.80+0.00 66.06+0.10
35 20.20+0.00 6.83+0.06 66.17+0.29
40 20.03+0.06 6.70+0.00 66.56+0.10
45 20.10+0.00 6.63+0.06 67.00+£0.29
50 20.10+0.00 6.57+0.06 67.33+0.29
55 20.10+0.00 6.50+0.00 67.66+0.00
60 20.03+0.06 6.40+0.00 68.05+0.09
65 20.00+0.00 6.03+0.12 69.83+0.58
70 20.03+0.06 5.77+0.06 71.21+£0.37
75 20.07+0.06 5.53+0.06 72.43+0.26
80 20.00+0.00 5.23+0.06 73.83+0.29
85 20.03+0.06 4.97+0.12 75.21+£0.62
90 20.02+0.03 4.73+0.06 76.35+0.31
95 20.05+0.05 4.17+0.06 79.22+0.29
100 20.00+0.00 3.97+0.12 80.17+0.58
105 20.00+0.00 3.67+0.06 81.67+0.29
110 20.03+0.06 3.30+0.10 83.53+0.54
115 20.03+0.06 2.87+0.06 85.69+0.33
120 20.02+0.03 2.80+0.00 86.01+0.02
125 20.02+0.03 2.80+0.01 86.03+0.03
130 20.00+0.05 2.79+0.01 86.03+0.02
135 20.02+0.00 2.78+0.00 86.11+0.02
140 20.00+0.00 2.78+0.01 86.12+0.03
145 20.00+0.00 2.78+0.01 86.12+0.03
150 20.02+0.03 2.77+0.00 86.16+0.02

wuewe 1. nsasyaliniglulsaSeuainisdraniugiadine 08.00-09.00 u. wagyinn1sindeens 13a1 18.00 .
2. *Aadenniain S1-56 luwsazJunelulsuSeundinisinnassuuiidaniu

3. *AadAn 1930 S7-59 Tuwdaz Jundsihussuuiidaniu
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d' a a o w a [23 = a
AN 10 ﬂﬁ%’d‘ﬂﬁﬂ']‘wﬂ']iﬂ']‘\]ﬂﬂausluzﬂ%@\‘iﬂ']GZiLL@lIIlIL‘I,JEJLL‘U'U‘U'Jﬂ’TW

4. Anwin1sasgiivlnvasituwugdunidluszuuittanaulusuvesinsuaulunianuudnn

nsAnwfsduauvsdlussuuiitanauluguvesioueulidenuudinin naanisanns

a IS

JEUU WANISANYINUIY qﬁuw%’&?aﬂuﬂm 0.95x10"-3.68x10" laladsefiadans wavluiuf 150 &

Y

a a o 1_Aa a

a a6 1 =~ o a (Y ] PN o o 1 [J a6
‘ll’JﬁQﬁUVI’iEJ'i’J@JIU’i%UU@Q 3,680 UAANTUNDANT LuauﬂﬂﬂmamwmwQﬂmummammuf\]auma

d(d

ludun 150 ag# 0.000605 Tadnsuweuluiesialaladl foinfivSunardunignmunzay aennded

a 6 al

funansAinyves Deviny et al,, (1999) nanindSunaqauvsdfimnzauiioglussuuniseglugae

a

107-10° Teladlvofiaddns Jsulinaqdunididumimesildesuisieannznisvihamvesszuy

Undanduluguvesinguenlullenuudinm

a

HansAnwngudunidyiaulussuuinitanilugvesinswenluilowuudinm  wuin

9

Talafiinufigusnndnuie dunla veudeudnvaslaladananausadugiuldinlugdunsdvin
Wiungu Nitrosomonas spp. inulutatidnundetunas usen W1suagwas 9110 (5UAY STEUNT

N8 WAy ASITA LIUAIAY, 2562) %\‘1Lﬁuﬁ]éu‘w%‘éﬁﬁwmﬂuﬂizmumﬂum?ﬂ?\lLﬂ“i‘j’u drulugnu

9

1%
Y

aﬁuma Nitrosomonas spp. tufu dide wazumanivhly (Henze et al., 2002) LLaumwwauma

[
1

Funidnguiliiniiddglunisiasululasy (NO,) T

I Ly

Ny Nitrobacter spp. Tusguuthdn  lagq

< v

Wuluwmse (NO5) smLﬂumumauwmﬂmiuaqaﬂuimwu (Madigan et al., 2019; Prosser, 1986) a1n

o

a

A9 9 wud Ahuesalussuuiidnegn 5.01+0.08 Hadnsusiedng waziilonarinuluadunidngy
Nitrobacter spp. lavinnisgesaatslulasyilfidulumse vldarlunsnanasnie 4.45+0.01

a a o A 2 0 e a o a & o w  a &
fadnsusiedns Tuwiun 150 ‘ZN‘U\‘i‘UﬂQﬂi%‘U’J‘Uﬂ’ﬁL‘UaEJ‘LILL‘U@\‘WILﬂﬂ‘U‘lﬂ,U’iSUUU']‘U@ﬂﬁ‘lﬂug‘ﬂ%@ﬂﬂ’]“ﬁ

= a a a e ! . Y] ! aada ¢
worluidauuudanin Rdunidnqu Nitrobacter spp. WnwuluunassssuyAndlulasviilu
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drutszneu Wy Aufidarutugs ssuutideinde uasuvaniving 4 Tasanglussuuiidadin
msmueuaanmifientsthidauenlaouarlulasi (Henze et al, 2002 uag Ward et al., 2011)
Frfunszurumslusifiedulussuunidanaulusuresimuoilufowuuiinm Vuaueuluded
gnihaluszuuimunargniuasudululasilaequnidngy Nitrosomonas spp. wagsaugn
Wasudulussalagqduvidngu Nitrobacter spp. lnsngnauveslumsn (Uennaznou) azgnily

Judaguiulsiu wisldsuldnmelunisy eantyvinansenuneiudwinden

N158AUTIUNA
1. msfnwamn i ndeluteqaunad

mnmsfnyaunimindennueildanss wudn dndeluguen TSS, BOD, COD, TKN way
NO; Hanananlufuil 150 winfu 224.67+0.47, 169.67+0.47, 487.00+1.41, 107.67+0.47 uay
4.45+0.01 ppm aua1au waziiaaudunsan ey luga3 6.99+0.03-7.10£0.00 Fudu
anmuIndeniiduaialiqdunidvinenldd aenndesiunanisdnuives Lang (2011) wuin AnAdw
Hunsasnsfimnzausensinugdunidegluta 7.50-8.00 uwazdmuitAmandunsasiiseglu
wmsguidie druuTnaansdunidlugues BOD, COD, TKN uar NO; Suuiltiuanaudeiian
dindu wandiiuinunuasdunidgndesaansldesiiuszans imlasendegauniduuuld

9

20NTLAU (WSTUN WANALALTH way Av51050) @135TNEN, 2554) FAITUIINNANITANYIRINGT

a o v ¢ o

USuaansBunsdluguves BOD, COD uay TKN feglutdeivnsauiugdunidnldadsd danai
~ . Y a a ' A 1% ~ a
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Abstract

This research aims to compare the performance of bone fracture classification from
extremity X-ray images using Convolutional Neural Networks (CNN). A total of 10,432 images
from the Bone Fracture Multi-Region X-ray dataset were utilized, partitioned into training (70%),
validation (20%), and test sets (10%). The methodology consisted of two phases: evaluating
six baseline models for feature extraction and optimizing the Fully Connected Layer through
60 variations. The results indicated that the VGG16 and MobileNet model achieved the highest
performance among the baselines. By integrating it with an optimized Fully Connected
structure (Group 4 + Pattern 3), the model reached an accuracy of 100% with a significant
reduction in loss compared to the baseline models. While this perfect accuracy is specific to
the characteristics of the current dataset, the findings demonstrate the potential of the
developed model as a diagnostic aid for radiologists. This research demonstrates the potential
for development into a tool that assists radiologists in preliminary diagnosis, thereby

effectively reducing workload and accelerating initial screening.

Keywords: Bone fracture classification, Extremity X-ray, Convolutional neural network, Medical

image classification, Comparative performance analysis
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gatoua MURA (Musculoskeletal radiographs) 3143y 40,019 a1 wusyateyaseniduiesay 80
9

WU 22,418 21 dmTUNITITEUIVBUUTIRRUALTREAE 20 91U 5,600 AN dmTUATT

NAFBUUUUTIADY LAk 1uN15UTUUIN (Scaling) N15ATBUAR (Cropping) Wagn1siiudaya

a

(Augmentation) wuseenidu 2 Uszavlawn "Und" (Luifinszgniin) uwag "Raund" (@inseeniin) fae

Y
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WUUT1809 4 kuudaea beun ViT-16, CNN, ResNet50 (Residual Networks), ResNet-34 wu3nilan
ANUYNABISELAY 88.00, 87.00, 86.00, 80.00 MUAFU

TudaguinaluladUayausedvg (Artificial intellisence: Al) lnganizlassigdssamaoy
T2g%u (Convolutional neural networks: CNN) Iénaneiduiad esilendniisiussansnmlanisivly
MsUszanananwensunme Wesandanuanssalunisiiousnudnuasiidudeuninaimld
TagAss wazanMsnumUIsTIHnIsImuIndnsussgndlduuudassiivainvatsguuuuiiieduun
AmeRaUnfveInsEan NMIANYIATETUYTIY 2022 - 2025 W1 NsTUNANLERUNALAZAIE
nszgnviniinisaunedsaidedaglunguruilliyadoyarualnguaslmnaiugiu iwu suves
(Navale, 2023) uay (Barua et al,, 2023) Aldatosa MURA wudmugndeseglutisiosas 79.00

- 85.82 %mzﬁmu‘i%’aé’lqmm (Islam et al., 2025) Alswaila Visual transformers (ViT) a@ansatiiy

¥ '
= )

seAuAugndesiuiifenay 88.00 dmsunguauidedyaduiiuiiamediuniolduuuiiaes
USudgalnd Wwu nsduunnszgndeievas (Senapati et al., 2024) wagn13ty MobileNet ¥o4
(Thota et al., 2024) uansliifiudauszavsamiiiunniu Tnsannsolideugndesldgeai
Yovar 98.00 FssmAfeirusnazuansliiiuisUssansnmuesdanesiuuazuuuiraomannuans
E‘ULLUUV?\Tﬂ?ﬂ%LLUUﬁWﬁ@QNWWi@;WU (Baseline models) inafiAn133711na4 (Ensemble) voinadla
Transformers Lﬁal,ﬁummgﬂﬁmlﬂwé’ﬂ 2INNITNUNIUITIUNTIUNULOINNAAIAYADNITVINNT
ponuuuIBsAnifsatumsuiuusilassadetudenlsuuauysal (Fully connected layer) Litalii
AL T US N La WL T8I NN TSI TEANTEISA (Extremity x-ray) 91uT S Tas aiifu
msfnwuaziUTeufisuUssansamlnenisuiuusdasaiedudenlomuvanysal 60 3Unuu Tag
Tosuuuumsusuusissunulvunvesiudenloauuuanysaian (Chedsom & Kanarkard, 2023) o
vlassaefingandigalunisdiuun (Classification) dm3uyadeya Bone fracture multi-region
xray 32ufun1slduLuUTansuURl uguildlunisatan udnvasiduvestoya (Feature
extraction) ?fwzﬁd’mLﬁuﬂizﬁwﬁmwmﬁwLLuﬂmagﬂig@ﬂﬁﬂiﬁqaﬂdwuﬁmigﬂumaqmeﬁaaa
flugnusiily Snitsdauandiifiudsdnemalunstamnduedodoatuayunisidededosiu
(Preliminary diagnosis) Lﬁaﬁd’m%’aﬁuwwEﬂum3amm53muuamﬁumm3’mL%ﬂumiﬁmmmijﬂwiu

A0UNENUNakR gl U waT UG B luN9RATN

o 3 a v

M UTLEIANTTIVY
eAnwuazlIeuieuUsEanSamMsIIUUNAIENTEANTNAINAINLBNULTENTEANTYNA

FEUIUUUIIARIIUFIU (Baseline models) 6 andnenssu SaudunsUTulsdlasaiadueules

LLUUﬁNgiﬂj (Fully connected layer) 60 UtUU
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s2iguasITY
\Sesiiouavanduasildlunisnaass
Tunsnaaedildldiniesdlouareaniuislunsmeasasimuwuusiasdlaun
- GPU: Nvidia RTX 4070 SUPER (12GB)
- CPU: Intel Core i9-13900KS
- RAM: 32GB
- 0OS: Ubuntu 22.04 LTS
- Deep learning lramework: keras (Tensor flow)
- Programming language: Python
yadayalunimaaas
gatoyaiiuldlunisnaassainiules kagsle.com 289 (Rodrigo, 2025) L“E’Jm;msﬁaagaﬁ

9 LY

Iosuanutlenluunanusng 9 Igandivanihluldnulaeedefouas 8,856 A1 gnteyausenau

ca

Tusrenmenasdnseanseeaniinsegninuagliinaseungunndiuvessienienaniednig suds

2V

WUV V@IV 17 aglun 11 Wudy (Bone fracture multi-region) viauua 10,581 a1 wuadu

nS¥AIn (Fractured) 3117 5,181 Aw waglidsin (Not fractured) 313U 5,400 AN AIF0E19MARS

Y

Tunnd 1

Fractured Not Fractured

AW 1 Awanyadeua (Rodrigo, M., 2025)

nsaseuyadoya

Nnyadoyaduatulsidendunindssianag 5,181 a1 andurunmiitesdigalunsiaz
Ussnniiteliyadoyaiaesussianiinauauna (Balanced dataset) $3u51u21 10,362 AW 113
Jamssugadayadmsunisnaassliwlsyadayaseniduyayadinsunisasiinisisous ves
wuUd1804 Training set Sosay 70 91U 7,252 A1 Yadeya Validation set Segaz 20 31U
2,072 2 Yadoya Test set Togaz 10 91u7U 1,038 AW Fauanslunind 2 (a) wazldmaidnnig
wiadayase K-Fold cross validation (K=5) anldlunisnaaeudszansamuuudassuaziiiels
foyaiimsnszareiiogisainiane Hrelinsveaeulszansamvssnuuiiass Wy Anmgndes

Y30A1AURANAIAVBILUUTIBIALABRAR B UTBLaTIAlagldn15Inng U daaa NNl
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Hugadeyalmivia 5 ndudauanduami 2 (b) mudsyadeyadmiunsmaaoulszdnsamyes
WUUIAD4

mawdsadeyaifielilunsGeuiveauuuasmiannanioundeyaudassdl

-4 9 T'u Image data generator wae Flow from directory v84 Keras L#i 837193 oy
lassaswednawmesyndoya wuseondulnamesuanlaun Fractured dmsunmnszgiin uaz Not
fractured dmsunmnseanlaivin melulameindnuszneulumelnawmesgeslaun Training Set,
Validation_Set, Test_Set iiodaifiunmdmsuusazUssinnidisldlunisvaaes

- Ysurwanmdu 224 X 224 finia (Pixel) Waenndosiunuusiassiithunldlunsnaaes

- U3uA117531U (Min-max normalization) lngnsatnasiinieavesnimainiduiifien o i
255 liilAogsening 0 e 1 Wielinesensuszananavestaseioussamiion

- drudreniduaana (Labels) azgnudasliogluguuuy One-hot encoding tau [1, 0]
&5V Fractured way [0, 1] @195U Not fractured 1t 014 lun15A1u28s Loss Function WU
Categorical crossentropy

- M3euivetuuaastiairuamsimesiuguluiide nmdmesiugulunimeass

(Hyper-parameters) Tuynnisnaaeuazivuaseun1siseu; 15 5ou (Epoch)

Eractured Kot{kractured K-Fold Cross Validation (K=5)

PRI -

Original Datasets (Rodrigo, M., 2024)

Total : 10,581, - Fractured : 5,181, - Non- fractured 5,400 Fold 2 (K2) .
A total of 5,181 images were randomly selected based on the minimum
sample size of the classes to ensure a balanced dataset.
Total : 10,362 Image Fold 3 (K3)
(Fractured : 5,181, Non-fractured : 5,181)
v In this experiment Fold 4 (K4} .
Dataset/ Training set Validation set Test set
Class (70%) (20%) (10%)
Fold 5 (K5)
Fractured 3,626 1,036 519
Fnctﬁ;’:& 3,626 1,036 519 . Validation set
Total 7,252 2,072 1,038 Training set
(@) (b)

A9 2 (a) MIsulsyadeyad niunisiseuveLuUINges

(b) n1sutadeya K-Fold Cross Validation (K=5)

N15USEUUSZRNSAINLUUINADY

(%
a v A

N13inA1IANNABY (Accuracy) Jua @ Safilddmsulsyidudsyansnmuesuuusiaes
FuunUszian (Classification) IneAaludndiuszninadnunuimegsiibuudinasanensalgndesiiv

N imaalugateya (Chedsom, 2025) tagldn1sAuiaumail
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A ~ TP + TN
CCUracy = TP TN + FP + FN (D

Toedi
TP (True Positive) = fneuiinensaignuaziduass
TN (True Negative) = AmaufinensaiRaumduas
FP (False Positive) = wennsalinanduass

FN (False Negative) = wensaiininldifuass

n3inAIANRILET (Precision) Useidiupinugndetuaziideiiovesnisviniunena tlunis

o 1 o

Indndiuvesituiuiieg iuuuassinelagnses (TP) dednuiuiisgeiiuuudassitungdn

Jussaiamuevisiignuasiin (TP + FP) Tagldnnsduudisil
TP

Precision = TP—-FFP (2)

AMFINANAINUATUAIU (Recall) UseiliumnuaunsnvadwuuaaadlunsIndnaiuyaaanulu

a

Megniuuiasainglagndes (TP) dediuiudisgafiviungdnduaiaimualuyadeyans

MegnuazneRaIung (TP + FN) Tagldnisruindsil

Recall = —
T TP+ FN (3)

MyiaAtAUI I (Specificity) Usziliupnuanunsavesuudtaedlunisseydeyaluaaa
Pladlddvanendn (Negative Class) lsognsgnsies Auwmuandndiuvesdeyaiiviuieinduauuas

gneies (TN) Wisuifisuiudwudeyaniluavasvimualugadoya (TN + FP) Tngldniseuinsail

TN

Specificity = TN—+FP (4)

AN5TAANLENIUAABS (F1-Score) UsetiluUseanS nnsiuvuauudaealngnansanaIy
AUARTENINAIAINLLUET (Precision) wagA1AUATUNIU (Recall) L lnliauaunaseninanis

andnuuNauInUasy (FP) wasnaauUasy (FN) Tagldnisauinunad

FLS 5 Precision X Recall (5)
- =2 X
core Precision + Recall
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n5InAUgayde (Loss Function) wseilaiduarugade 193n “USununnuianain” ves
WUUTIB09lUNITNEINTAING AIENITATUIMNATINAMLLANAIITENIAIANLUNAz T UN L UUINaDY

yMunglenunalaasase (Actual Label) wuud1aodniussansninmazilan Loss anadwaztdnlnann

Aug TogldnsAuanesil

N
Loss = —%;[yi log(9,) + (1 - y log(1 — 5] ©
winfinasiugiulunismaaas (Hyper-Parameters)
Tummeaesldrmuannimesiiugiudniunng mamaaeudfiolianizwindouluns
naaeaivilouiy
- Batch size: 32
- Optimizer: Adam

[

Learning rate: 0.001 (FUgIUYas Adam)

Epoch: 15

N1588NLUUNITNARDY

nsneaesitseenidy 2 naulasngud 1 luvusiaesiiugiusuiy 6 uwusiaeadethunld
Tunsafnaudnuaziiurestoya (Feature extraction) Samdungunismaassi 2 lun1sduun
(Classification) %’aaﬂaiu%guﬁfaﬂﬂmwauyiai (Fully-Connected layer) 91n5UuuunsUTuLAsus
(Chedsom & Kanarkard, 2023) ssmsuanslunwdl 3 upzuansiunaunisnaansngud 1 uay naui

2 Tunm? 5 LaglEnInINTINANTHAILILUUTIalUAINT 6

Input Convolution Pooling Fully connected Output

'H Fractured
Al Not
Fractured

Feature Extraction i i Classification ! i Prediction |

Propose Research // Focus area

Experiment GROUP 1 Experiment GROUP 2

Network Architecture (Model) FineTune Model by modify
for Feature Extraction Fully connected

5 methods, 10 patterns each
VGG16 1 3 z

VGG19
ResNet50
DenseNet169
DenseNet121
MobileNet

(Pongsathorn, wanida, 2023)

AT 3 NINTINATVIARD
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NEUN1IMARBM 1 WUUTIABINUFIUTIUIU 6 WUUTIRBY

VGG16 (Navale, S., 2023; Barua et al.,, 2023; Senapati et al., 2024)
VGG19 (Barua et al., 2023; Senapati et al., 2024)

ResNet50 (Senapati et al., 2024; Islam et al., 2025)

DenseNet169 (Barua et al., 2023)

DenseNet121 (Barua et al., 2023)

MobileNet (Thota et al., 2024)

NGUN1INARBIN 2 Uuusdetu Fully connected (Yunisieulesdayastneauysal) 310

sULUUMTUTULAaURS (Chedsom & Kanarkard, 2023) 6 §UMUU JULUUaE 37UU 10 F0819 99

WAASIUNINA 4 laun

gULLUU‘ﬁ 1 nsefisduresdiuan NN (Neuron Network) asihuauie fawandluntsnadl 1
sULUUT 2 Maifisfuveadiuau NN (Neuron Network) uazanateg1sasiniauowmiiu
Fauanslumsied 1

sULUUT 3 M3ansIuauves NN (Neuron Network) aiiase sauanslunsnsd 2
gULLUUﬁ 4 Msifia-an $1uIUB NN (Neuron Network) tinifial (aefl) fauandly
57971 2

sULUU# 5 nsuiin-an §1uauves NN (Neuron Network) aduifu (@eern) fauansly
P13747 3

sULUUR 6 mstiia-an $1uauwes NN (Neuron Network) tisuazanlsivihfy fauans

Tums1an 3

A 4 33115USuusia Neuron Network T Fully connected Layer 6 sUkUY

(Chedsom & Kanarkard, 2023)

Science and Technology to Community 48 NIATInemansuazimaluladguuoy

Vol 4 No 3 May — June 2026 : TCI 1 il 4 alfu 3 waumes-Siquiey 2569 : 7CI 1



M13199 1 F1ulrunves Neuron Network Tuguuwuuil 1 - 2

FULUUN 1 MSLANTUYRIIIUIU NN

FULUUN 2 MSLANTUVRIIIUIL NN

sUuuu ; sduuu (Neuron Network) kazanadagng
¥ (Neuron Network) &3int&3e ® s .
adaNawinny
1-1 4,8, 16, 32, 64, 128, 256, 512, 1024 2-1 4, 8, 16, 32, 64, 32, 16, 8, 4
1-2 8, 16, 32, 64, 128, 256, 512, 1024 2-2 8, 16, 32, 64, 128, 64, 32, 16, 8
1-3 16, 32, 64, 128, 256, 512, 1024 2-3 16, 32, 64, 128, 256, 128, 64, 32, 16
1-4 32, 64, 128, 256, 512, 1024 2-4 32, 64, 128, 256, 512, 256, 128, 64, 32
1-5 4, 16, 64, 256, 1024 2-5 4, 16, 64, 256, 1024, 256, 64, 16, 4
1-6 8, 32, 128, 512, 1024 2-6 8, 32, 128, 512, 1024, 512, 128, 32, 8
1-7 4,8, 16, 32, 64, 128, 256, 512, 1024 2-7 4,8, 16, 32, 64, 128, 64, 32, 16, 8
1-8 16, 64, 256, 1024 2-8 16, 64, 256, 1024, 256, 64, 16
1-9 4, 16, 64, 256, 1024 2-9 4, 16, 64, 256, 1024, 256, 64, 16, 4
1-10 8, 32, 128, 512, 1024 2-10 8,32, 128, 512, 1024, 512, 128, 32, 8

A1519% 2 WULNUATBY Neuron Network TugﬂLLUUﬁ 3 -

sULUUT 3 N15aATIUIUYB NN (Neuron

FULUUN 4 M9Liid-an 39UUvas NN

JUuuy ; Uy ;
¥ Network) #3630 ® (Neuron Network) Wit (A49)
3-1 1024, 512, 256, 128, 64, 32, 16, 8, 4 4-1 64, 64, 64, 64, 64, 64, 64, 64, 64
3-2 1024, 512, 256, 128, 64, 32, 16, 8 4-2 128, 128, 128, 128, 128, 128, 128, 128,
128
3-3 512, 256, 128, 64, 32, 16, 8, 4 4-3 256, 256, 256, 256, 256, 256, 256, 256,
256
3-4 256, 128, 64, 32, 16, 8, 4 4-4 512, 512, 512, 512, 512, 512, 512, 512,
512
3-5 1024, 256, 64, 16, 4 4-5 1024, 1024, 1024, 1024, 1024, 1024,
1024, 1024, 1024
3-6 1024, 512, 128, 32, 8 4-6 4,4,4,4,4,4 4,4 4,4
3-7 1024, 512, 256, 128, 64, 32, 16, 8, 4 4-7 8,828,8,8,8,8,8,8,8
3-8 1024, 256, 64, 16 4-8 16, 16, 16, 16, 16, 16, 16, 16, 16, 16
3-9 1024, 256, 64, 16, 4 4-9 32,32,32,32,32,32,32, 32,32, 32
3-10 1024, 512, 128, 32, 8 4-10 64, 64, 64, 64, 64, 64, 64, 64, 64, 64
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M13199 3 1uUlnUAYe3 Neuron Network Tuguuwuud 5 - 6

sULUUR 5 Nsiiid-an 31UUVBe NN

sULUUN 6 NsLN-an I1UIUVBL NN

sunuy suwuy ;
? (Neuron Network) @aufiu (dasan) ® (Neuron Network) Lisitazanlaiviniu
5-1 4,8,4,8,4,8,4,8,4,8 6-1 4, 16, 64, 32, 128, 8, 256, 4, 512, 16
5-2 16, 32, 16, 32, 16, 32, 16, 32, 16, 32 6-2 8, 32, 128, 64, 256, 16, 512, 8, 1024, 32
5-3 64, 128, 64, 128, 64, 128, 64, 128, 64, 128 6-3 16, 64, 256, 128, 512, 32, 1024, 16, 4, 64
5-4 256, 512, 256, 512, 256, 512, 256, 512, 6-4 32, 128, 512, 256, 1024, 64, 4, 32, 8, 128
256, 512
5-5 1024, 4, 1024, 4, 1024, 4, 1024, 4, 1024, 4 6-5 64, 256, 1024, 512, 4, 128, 8, 64, 16, 256
5-6 8, 16, 8, 16, 8, 16, 8, 16, 8, 16 6-6 128, 512, 4, 256, 16, 32, 64, 1024, 8, 32
5-7 32, 64,32, 64, 32, 64, 32, 64, 32, 64 6-7 256, 1024, 8, 128, 32, 64, 16, 512, 4, 128
5-8 128, 256, 128, 256, 128, 256, 128, 256, 6-8 512, 4, 16, 64, 128, 32, 256, 8, 1024, 64
128, 256
5-9 512, 1024, 512, 1024, 512, 1024, 512, 6-9 1024, 8, 32, 128, 256, 64, 512, 16, 4, 256
1024, 512, 1024
5-10 4, 1024, 4, 1024, 4, 1024, 4, 1024, 4, 1024 6-10 4,32, 64, 256, 512, 128, 1024, 32, 8, 512

Experiment GROUP 1§

Experiment GROUP 2

OUTPUT

VGG16 1.

Consistent increase in the

number of neurons.

TOP-VGG16

O

o 2. Consistent and equal increase
a VGG19 and decrease in the number of TOP-VGG19
3} neurons within the neural
o network.
: ResNet50 3. Consistent decrease in the __» TOP-ResNet50
S number of neurons.
m 4. Constant increase and decrease
o DenseNet169 in the number of neurons. TOP-DenseNet169
g 5. Alternating increase and
g decrease in the number of
= DenseNet121 neurons (between two values). TOP-DenseNet121
a 6. Unequal increase and decrease in
the number of neurons.
MobileNet TOP-MobileNet
Base model FineTune Model by modify Fully connected Model after FineTune
6 Lab layer 6 model * 5 methods * 10 patterns each Top Accuracy 6 Model

= 300 Lab

= & oA
AMINN SIHWiUN%UWQUﬂﬂimﬂa@ﬂﬂQMW 1-2

50
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& . . . . Model for
Master Dataset 10,581 image Experiment Group 1  Experiment Group 2 Evaluation Matrix classification
- Fractured : 5,181, - Non-fractured : 5,400 Accuracy/Loss Fractured
; Recall
L t u‘ Base Model 6 Model FineTune Model by modify Specificity :
Y : ‘/ i | for Feature Extraction Fully connected 5 methods, F-score | :
) 10 patterns each Precisi Ml o
ecision
xgg]g Total 60 Patterns K-fold : Standard Deviation,
ResNet50 Base Model + FC L Average Non Fractured
randomly selected based on the minimum esine ase Mode ayer Fractured
sample size of 5,181 images for balanced dataset DenseNet169 0 0 :
Total : 10,362 Image DenseNet121
Fractured : 5,181, Non-fractured : 5,181 MobileNet

Data Split

Training set (70%) 3,626/class
Validation set (20%) 1036/class

Config Training

Hyper-Parameters

Test set (10%) 519/class Batch size: 32
Optimizer: Adam
. Learning rate: 0.001(default Adam)
K-Fold Cross Validation (K=5) Epoch: 15

Hardware + Software
Nvidia RTX 4070 SUPER (12GB)
Intel Core i9-13900KS RAM: 32GB
0S: Ubuntu 22.04 LTS
Python + TensorFlow (Keras)

AN 6 NNSIUTUNBUNITNAIULUUI1A D

NaN15998

msveaatieendu 2 nqunismeaes

aa

NEUNITNAGRM 1 KUUINSBINUFIUIIUIU 6 WUUTIABY WU wUUTIaeNlanafTianfe

VGG16 waz MobileNet #lsfeaugndas (Accuracy) $esay 99.450 wazdianaugade (Loss)

0.030 %14 6 wuudaeslanarAUgnAetlidosnitFesay 90 Auanslunis1an 4

A15199 4 NANTNAABINGUT 1 WUUTIADINUFIUTIUIY 6 LUUTIRea

Accuracy (Acc.) Loss
No. Network Architecture

Acc. SD. Average Loss SD. Average

1 VGG16 99.450 0.0004 99.69 0.030 0.002 0.020

2 VGG19 99.410 0.0005 99.29 0.014 0.003 0.010

3 ResNet50 93.280 0.0006 92.03 0.191 0.005 0.110

4 DenseNetl169 98.620 0.0004 97.20 0.054 0.002 0.012

5 DenseNet121 99.210 0.001 98.40 0.031 0.004 0.040

6  MobileNet 99.450 0.0004 97.50 0.030 0.005 0.050
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ngunIsNAREH 2 USuurstu Fully connected (Fumsidioulssuastoys) 6 sunuy

sUuuUil 1 M5 T U893 I1UIY Neuron Network (NN) dsiniase wud1 wuusdiaei
lﬁwaﬁﬁqmﬁauwﬁwam VGG16 531U Fully connected Layer (FC) Patten 4 liiraugnaesiey
gz 100 waglviAnAaugayids 0.00 (0.0000074) wag MobileNet $3ufiu Fully connected layer (FC)
Patten 10 Fully connected layer (FC) Patten 3 lienminugneiassesas 100 waglirinnuaade

0.00 (0.000202) gaitgnluguuud 1 fwanslumssd 5

M15199 5 KAN1INAGBINGNTN 2 JULUUN 1 MSLiNTUYeIdwIN Neuron Network (NN) asiiiase

Network Accuracy (Acc.) Loss
No. Patten
Architecture Acc. SD. Average Loss SD. Average
1 VGG16 a4 100.00 0.008 99.59 0.000 0.01 0.01
(0.0000074)
2 VGG19 8 99.60 0.01 90.05 0.021 0.06 0.09
3 ResNet50 10 52.96 0.04 91.65 0.693 0.07 0.29
4 DenseNet169 8 99.41 0.12 88.86 0.026 0.21 0.24
5  DenseNet121 7 99.21 0.08 93.78 0.046 0.14 0.13
6  MobileNet 10 100.00 0.04 97.66 0.000 0.04 0.04
(0.000202)

sUuuUi 2 AMsinTuasTIuIU Neuron Network (NN) wazanasagisasiauaiminiu
WU WUUTIRB9 VGG16 S Fully connected layer (FO) Patten 8 Tvidnaugnsiesiesar 100
waglvienaiugayide 0.00 (0.0000200) uaz MobileNet 33U Fully connected layer (FC) Patten
10 Fully connected layer (FC) Patten 3 lvirinanugnaessegay 100 waglvA1aiugeaidy 0.002

gangalugunuuil 2 danandlunisadn 6

Science and Technology to Community 52 NsaTIneeansuazvalulagdyuvy
Vol 4 No 3 May - June 2026 : TCl 1

il 4 alfu 3 waumes-Siquiey 2569 : 7CI 1



A15199 6 HANITVARBINGNT 2 FULUUT 2 MSLiiNTUe391UIU Neuron Network (NN) kazanas

g LaNa
Network Accuracy (Acc.) Loss
No. Patten
Architecture Acc. SD. Average Loss SD. Average
1 VGG16 3 100.00 0.004 99.92 0.000 0.01 0.01
(0.0000200)
2 VGG19 1 99.60 0.08 93.87 0.029 0.21 0.16
3 ResNet50 3 92.88 0.19 84.71 0.211 0.25 0.23
4 DenseNetl169 9 99.40 0.04 92.07 0.036 0.17 0.20
5  DenseNet121 6 99.20 0.04 96.12 0.078 0.11 0.12
6 MobileNet 10 100.00 0.00 99.45 0.002 0.03 0.03

sUwuUf 3 N15anI1UIUYBY Neuron Network (NN) dsiniaue wudi uuudnaes VGGL6
39uf7U Fully connected Layer (FC) Patten 7 TWiA1ai1ugndassesay 100 wazlviaainugayde

0.00 (0.00000131) gefigaluguuuud 3 fauandlumsnedl 7

M13199 7 HANTNARBINGNT 2 FULUUT 3 N15and1uIuYed Neuron Network (NN) axniaue

Network Accuracy (Acc.) Loss
No. Patten
Architecture Acc. SD. Average Loss SD. Average
1 VGG16 7 100.00 0.22 90.03 0.000 0.30 0.14
(0.00000131)
2 VGG19 2 99.41 0.06 95.32 0.006 0.21 0.11
3 ResNet50 2 93.67 0.01 96.93 0.169 0.03 0.10
4 DenseNet169 a4 99.20 0.27 80.07 0.068 0.37 0.27
5 DenseNet121 8 99.20 0.02 99.97 0.038 0.00 0.00
6  MobileNet 8 99.40 0.02 99.97 0.018 0.00 0.00

sULUU 4 nsiiiu-an $1u9UYBs Neuron Network (NN) winidiy (asil) nudn uwuudiaes
VGG16 394U Fully connected Layer (FC) Patten 3 lviAaiugneessesa 100 uazlvid1aay
aqude 0.00 (0.000000172) fauanslassairslunmi 8 Alduszansamanniigauazuuudians
MobileNet 331U Fully connected Layer (FC) Patten 1 TviAinai1ugndessegas 100 uazlvian

AUy 0.008 ganigalusuuuun 4 dauanslunnsnein 8
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M15191 8 WNANINARBINGUT 2 JULUUN 4 M3Liia-an §1UIUY89 Neuron Network (NN) 1iifisl

(A7)
Network Accuracy (Acc.) Loss
No. Patten

Architecture Acc. SD. Average Loss SD. Average

1 VGG16 3 100.00 0.01 99.95 0.000 0.04 0.04
(0.000000172)

2 VGG19 1 99.40 0.01 99.92 0.005 0.04 0.04
3 ResNet50 1 93.47 0.01 96.37 0.172 0.04 0.04
4 DenseNetl169 1 99.40 0.00 99.95 0.030 0.00 0.02
5  DenseNet121 2 99.20 0.04 99.97 0.028 0.11 0.07
6 MobileNet 1 100.00 0.04 99.97 0.008 0.07 0.07

sULUUR 5 N5 u-an 31u2UYe3 Neuron Network (NN) #8URY (@939A1) WU
LUUd1a89 VGG16 $9ufiu Fully connected Layer (FO) Patten 8 liraiugnaesfasay 100 uaz
IiA1ANgeyide 0.00 (0.00000216) uazkuudnaes DenseNet169 34U Fully connected Layer
(FO) Patten 6 lvirAugnAessosay 100 uazlviAraiugayide 0.00 (0.000629) wazluuiass
MobileNet 593U Fully connected Layer (FC) Patten 4 lWiAnA1ugnsasdasas 100 wazlian

AwERYLEe 0.00 (0.0000111) gaiasluguuuud 5 fauanslumsned 9

M54 9 NANTNARBINGUT 2 JULUUN 5 MsLiiu-am 91U7u89 Neuron Network (NN) aduriu

GRMaR):
Network Accuracy (Acc.) Loss
No. Patten
Architecture Acc. SD. Average Loss SD. Average
1 VGG16 8 100.00 0.04 97.94 0.000 0.11 0.08
(0.00000216)
2 VGG19 2 99.40 0.04 97.95 0.029 0.12 0.07
3 ResNet50 2 93.87 0.08 94.02 0.169 0.14 0.13
4 DenseNet169 6 100.00 0.08 95.83 0.000 0.12 0.08
(0.000629)
5 DenseNet121 2 99.20 0.08 93.69 0.044 0.20 0.17
6  MobileNet a4 100.00 0.08 93.56 0.000 0.17 0.17
(0.0000111)
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sULUUA 6 N1sua-an $1u2UYBS Neuron Network (NN) tiuuazanlaitvindy nuin
WUUI1a89 VGG16 533U Fully connected layer (FC) Patten 5 lviraanugnaesiosas 100 wavlv
A1ANGEYLEe 0.00 (0.00000217) uazkuudnaes DenseNet169 $3ufU Fully connected layer (FC)
Patten 4 liiAAnugndesiosas 100 wazlvidamnugade 0.000 (0.00000434) gaftgalusUnuuil 6

AawandlumIs19n 10

M1519% 10 HANTNARBINGNT 2 FULUUTN 6 N1si-an I1I1Ye3 Neuron Network (NN) Ly

wazanluwindy 17 18

Network Accuracy (Acc.) Loss
No. Patten
Architecture Acc. SD. Average Loss SD. Average
1 VGG16 5 100.00 0.07 98.63 0.000 0.18 0.21
(0.00000217)
2 VGG19 2 99.40 0.05 95.55 0.027 0.19 0.16
3 ResNet50 10 52.96 0.20 65.70 0.692 0.40 0.45
4 DenseNet169 3 98.61 0.21 87.88 0.100 0.28 0.19
5 DenseNet121 a4 100.00 0.21 88.04 0.000 0.29 0.18
(0.00000434)
6  MobileNet 8 100.00 0.22 89.98 0.001 0.15 0.15

515U veaLUUTIABY VGG16 3uiU Fully connected layer (FC) ngudi ¢ 3Uuuuil 3
wanslunnd 7 (a) nlAiAugnieseanisifousiuyadeya Test set Ifuandlifiudaniy
anfesgaiiandaursounaidoudd 7 Wudulvedsesdl waznmil 7 (b) Wunswiarmnugyidsves
ns3euifianasessainanedausoud 1 wazasiilusoud 8 1uduly Snantsuansanss
Confusion matrix Tunwdl 7 (o) Iéianssrurunssiuuna1aensegWn (Fractured) gniasiisnun
270 519 A uazansUnAnseglaistn (Non-Fractured) gnéfasiianua 519 amm uazlumsine

)
UszdnsnnlannnisinAiainuiiugn (Precision) da15asas 100.00 wazn13INAIAMNAIINTINTE
(Specificity) fiA3psay 100.00kazlun1sinArnuAsULIU (Recall / Sensitivity) ffAn3osag 100.00
wazdlAn F1-Soce $o8az 100.00
Mnmasisuisvasiuldinuidedissduauuiudifiasiand ainnnmsuuuss
Tssadstudeslosuuuauysal (Fully connected layer) pgnadiussuuiis 60 UMY vaisfieade
994 (Navale, 2023) %150 (Barua et al. ,2023) dnlduvuinaswnsgulaglifimsusunsslasaasiediu
UmeetrsaBemilildammgniadlutisiosas 79 - 88 Snlsuiduduenaldyadeyatisienuin
mevelianudutouesseslsaiisheeanty Iumuﬁé’aﬁiﬁmmmgﬂéfaq%faaaz 100 @xVoUfIAIINLTN

fuld (Optimal fit) sewinuwuuaesiiaw Ui ugntoyansegnenandenunldlnegamuzay
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A15199 11 NSLUTBUMBUUTLENSAINAITINLUNNIENTY

ATeinetes wuudIaes yadoya A1IANYNADY
(Navale, 2023) VGGL6 MURA-v1.1 85.82%
(Barua et al., 2023) Ensemble (VGG16+VGG19) MURA 83.00%
(Senapati et al,, VGG16 AMwenaLsgdeile 84.00%
2024)

(Islam et al., 2025) Visual Transformers (ViT) MURA 88.00%

(Thota et al,, 2024)  MobileNet AmenaLsEily 98.00%

Ul UEJ"f: VGG16 + Optimized FC Bone Fracture 100%
Layer Multi-Region

VGG16 + Group 4 Pattern 3 | Accuracy (Test Set) VGG16 + Group 4 Pattern 3 | Loss (Test Set)

100 ——8—8—0—=8

98 ,
015

0.10

Accuracy (Test Set)
Loss (Test Set)

’ 0.05

f
i 0.00

” o 2 4 6 8 10 12 14 o 2 9 6 8 10 12 14
Epoch (Total = 15) Epoch (Total = 15)
(@) nTvlAANgNABIYRINITREUS (b) nslAAugadevasnsiseu;
Non
Fractured Fractured

Recall Precision

0 100 100
o0 100 100

(c) #1579 Confusion Matrix kaznA1SIAUTEENTAN

AN 7 NANSISEUIVDUUUTIADS
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Fully Connected Layer

<
-] N N -]
o NN Y Y ®
E e - n ot wn - s o . " d
’ o el IR O racture
o ¥ sl Ploltoligiinliol Lk
S¢& d>')‘ S 1 L L Tl L L ! - N
=z o ] 1 0 ] ] o el
© gz © Q ® 9 TY iS58 D o Q
s = Jilgii g BRI B 2Rl glgllg
O =8 = o9 3] 0l 3] 3] S ER] a
O =g ) c c 1) 9] @ 9] ] 2 c =
> 33 E SIiEIENEIEIEIEIEEI!S
- ot 81 eneng§iioiialt 810
L O (&) &) O O (@) Not
‘ % 5] >
= =>* > > = > > =>‘ = Fractured
= 5 = = Fa = = 5 >
(I i =] LR S = i (I
(T (T L [V (T
i Feature Extraction | : Classification | i Prediction

A 8 lassaanuudnaesnlinadiign (VGG16 + naudl 4 sUkuud 3)

nsaAuTgna

mei’ﬂamﬁlﬁwaﬁﬁqmiumiwmaaqﬁauwﬁﬂaaﬁ VGG16 (Simonyan & Zisserman, 2018)
$7ufu Fully connected Layer (FO) nguil 4 Unuuil 3 (Neurons : 256, 256, 256, 256, 256, 256,
256, 256, 256) TiANAINQNADY (Accuracy) Segay 100 AAINgaLAe (Loss) Sogaz 0.000000172
(Aaugydetioniign) wandasaiauvuasdunini 8 madsudvesuuuiaosiiiionisilestu
13 Overfitting Iuawu‘iﬁm‘fﬁmiLLﬂaiagasLuU%mmﬁLﬂ/i’lﬁ’uiué’ﬂwmz Balanced dataset Tnainw
AMENTEANINIINIY 5,216 A Uazawun@dtual 5,216 a1 ludadiusesay 50:50 Yrganlonia
fiwuudraesaziiend (Bias) rongudoyasruladunisdudutladodfyidwaliiinnugndes
(Accuracy) ﬁ%ﬁ@uﬂ’a’mgﬂﬁ@w@ﬂLLUURT’]@EN??]ILL‘VTR]%Q uazldinaila K-Fold cross validation K=5
dieliuuuiassinadnsiatosuazasiauslunndiuvesdoya dsldseauradsuazdiudsavu
1AsgIU (SD) AAe wagnshingsiaraugdsainnsmaanisneasslunimi 7 (b) wudn
mernugapdeanasesnsioiilesaudilndmud (0.000000172) uazasil Inglifimsfanduvesen Loss
Tuan Validation/Test @ suansliifiuiuuiiasaiinsisousfanysaluazlifiniig Overfitting
Aoy

=

mﬂmsmaaﬂumjmﬁ 1 LLUUﬁTﬂaaqﬁiﬁmaﬁﬁqmﬂa VGG16 hag MobileNet A1A31sQnAes
fovar 100 ngunsVAaesd 2 duuudiaesiilinadfianliaiaugndesiesas 100 S1udu 22
wuudnasawuady VGG16 1wy 12 wuuinaes MobileNet §1u3u 8 wuusnass @y DenseNet169
Lay DenseNet121 ag9ay 1 wuUIaes wanslifuliuuusiass VGG16 saufunisuduusady
Fully connected Layer (FC) wsiazguuuulvinnuanunsalunisduunangnszgninainainieneisd

N3EANTENALARARIIIUNINTER BnTluzAouuudnaestianansainiuyadeyatiunniign
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Imaa%’wmaqLLUUai’ﬂaaaﬁﬁmﬂsﬂumiaﬁmmé’ﬂwmm’usuaa%’ayjaﬁgmm 6 LUUTNaD9
VG616 farulansudenslithnsesumadn (3x3) deusumaneturiliainaudnuussuiiini
a2188g4 (Fine-grained features) léagnafiusyavsniw dsdenndesfiudnvazianizvessosuaniin
Tunmienaisdnsegnsesdd fdnsasduduinuunadniennuiisunfivesfiuiveunszgniid
mnuduteunsliminsessunadndouiutieliuuuiassnmaiunsazidearudeliesueises
TsaldAnindansesiidvuinlng MobileNet Adaldiusouldssnnusnazuuinfiidn (Lishtweight)
limunzdmsunsvaunduseundnduuugunsalnnninie Edge Computing laglAiaany
gnAedganeseay 100 dlauSuusis Fully connected layer (FC) @1u ResNet50 was DenseNet 151
aotingnssuitviuadioannnifemaiansdiudu (Residual Connection) wienssinnadnuns)
(Feature reuse) LL@"L‘LJmamamﬁﬁwmmgﬂﬁmﬁﬁaEm:i’] Tnglaniz ResNet50 #iflAAmgndes
Agaluu1enIImaaes 31enainainmnududeuveuuuiiassiifuniinaudndu (Over-
complexity) dwisudnuaizdoyanind

dethuuisuiisufunisnaasdluunainudy 9 wukuusiass VGG16 ves (Navale, 2023)
TiaAiugniesfosay 85.82 LUuT1aed Ensemble-1 (VGG16 uar VGG19) ved (Barua et al,
2023) 1A111AIIUYNADITBEAY 83.00 LATWUUTIABY VGGL6 1A111AINYNADIT08AY 79.00
WuUiNa8s VGG16 489 (Senapati et al., 2024) iA111AIUYNABIToUAY 84.00 UaziUTguliey
wuuaesitlénaiiian (VGG16 + Group 4 Pattern 3) wudiAaugnieafintuosas 055 wagen
Augdsanasiosay 0.0299 NNGUNITVARET 1 LUV RDIiugIULAENGUNTYAGDsT 2 7
UTUUAILUUINADS

i dvaaulvg 1y (Barua et al, 2023) w38 (Navale, 2023) 7 ifunislduuudians
117554 (Baseline) viomsvi1 Ensemble dslunuideildnanomlasiadetudonlouuuanysl
60 3ULUY Wi 8v189A Usznouves Fully connected Layer (FO) ﬁ'mmzauﬁ'qﬂ (Optimal
architecture) uazsansnAassfilinmgnissiosas 100 gindtauves (Navale, 2023) AldFevas
85.82 %38 (Islam et al,, 2025) 714 Visual transformers udleisoaz 88.00 wanslsiifiuiinis

UFuusa FC layer Hnadfgysioauwiuguinninnisidsusianaaadnvasiuguieegiane)

unasuiasdaiauauue
MNUISEIIEuENIT LIS Ao lenaae st ANE MmweslaseneUsTam

Wenuwuumauligdu (CNN) dmSun1sduunn1iensegninaInAmeneLsinszanIensn tnguuinig

naagseandu 2 ﬂ&jmmimaaqmjuﬁ 1 "Lé’maaﬂﬂaléi’fLLuuai’waaqﬁugm 6 wuuUsaoshutlung

afaRuANYUELAUIINAIN (Feature extraction) wagtluldnismasesngud 2 TunsTuunteya
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(Classification) #iUsuanfisanngnszgnitnudolaisinlududeuleswuvauysal (Fully-connected

layer) AfnsUsuasulassaiislu 6 ngu nauas 10 JULUY
nan1snAaosaneuidoduanddiifiuiiuuusians VGG16 + Group 4 Pattern 3 (Fully

connected Layer (Neurons) : 256, 256, 256, 256, 256, 256, 256, 256, 256) ’i]’mﬂajum'iﬂnmaaﬂﬁ 2

IiA1AIUgNABY (Accuracy) feear 100 wazA1ANALEY (Loss) AMUINT 0.000000172 &111156)

a o

FHUNNIENTEANANIINAWBNLIENTEANTEA e aliUsEAnS nwAugateayaniuldlunis

Y

Sgusiavnnaell

Tun15NAaRNBNISHRIUILUUINABIUBUIANEINTTa1YIAT NS LUTE WaunLAS a9l ade

[y

Fadunnenszgninuuudaludfnamenssdnseansevdle tnewduinisusuusdadasaasndu

Waslgawuuauysal (Fully connected layer) 3ULUUN153A319 Neuron network 119 60 JUWUU7

[
[

JauslunidsdinluldesnwuuaantnenssulasetieUseamieuiiaiuUse@ns nnnisanwun

'
&alal U ¥

A RMskndnianududeugaielikuuinaesaenndesiuyateuaunign SIunsatuayung
o v a & A aa U aa Y dy td . . . .

MU duNngnIsann1szuiIdaduaclunisiiadeiUeswu (Preliminary diagnosis) lagnis
Wauaseslleatuayunitadenisedidnainuuudiaesniaundu wastludssendldiuyndoya
NUNATEANEDU 9 LU AWBNYLTIV8I0TBIEUIaUSIMU 9 WTaUsetanlsnnzdu o dnviuneln
spe5unstiaulunsnensstanlguuuIaeiivuinldn (Lightweight) 14u MobileNet @373l

[ ) £ @ ) P ) ) [~ a Y] '3 =l

wiuguazldnnenslunisauiuismansadlyimuiduseundinduuugunsalnnnivie
gunsal Edge computing la usnanilieliuuudiasdldiseuideyaniinuvainnraienisld

watansiiaUSINUeateya (Data augmentation) wazdayavnyateyadu 9 wildlunisiseus

Y

WALNITNAADULUUINADND IALUTLENT AU

o w [y

999119 (Limitation) Tun1staunazn1snaasdlua et a9a1nwuuInaas NN uI T ul

ansaviauldnuranisnaasdduaninwindeuvesyadeyaniiunldlunsiseuiuazniseasy

U

¥ a a I ]

whitugamnmsdluldluaninuindeussamsinsiiugatayanianunainvaiowasduTuim

Y
i v
Y

wnifigeanaiivelvilinanuiulanngWulunisnisunmg 8nnwyadeyaniuildlunimaasaiign

Y

o v = I 1 v A &
11191 Iutayaasisae (Kaggle) Fslilldyndoyainumiunulagnssanlsmeiuialulseme

e
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UNANED

analiuAdvia 1y Bitcoin (BTC), Ethereum (ETH) wag Dogecoin (DOGE) iaalasuaay
foufiadu vildnseanisalsaiannudife nuidedldlaswielszamdisauuy LSTM o
nensaiAanaiuAdva Taeifudeyasaidoundsain Yahoo Finance dausdufl 7 unsau w.a
2563 fifuil 5 ungIAm 1A 2568 vmsnElnsieateyaiie Min-Max Scaling wazlddoyadounda
60 Fumennsnisianiudaly 9nduaiislues LSTM Tnsvhmsnaaesusudmnafives 3 a1 léun
LSTM Units, Dropout Rate kag Dense Layer waziussutnauusz@nsninlaeld RMSE nanis
nAaeINUI @ msU BTC Tuaadidl LSTM Units = 60, Dropout Rate = 0.1, Dense Layer = 2 e
RMSE ﬁﬂ?jmﬁ' 1967.35 dwsu DOGE Tapadisl LSTM Units = 70, Dropout Rate = 0.1, Dense Layer
= 1 TA" RMSE #ngafl 0.01242 wazdwu ETH Tuaafidl LSTM Units = 70, Dropout Rate = 0.1,
Dense Layer = 1 1A RMSE sinanil 116.50 nadwsuandliiudn LSTM annsaldluniswennsel
wwaltusIAanaluRdvialaeg19liusednsnn wiALWiug10719 s UNaNTENUIINANURLUNIUYDY

12GM19

a

ArdAgy: lassnelszamiion asUlaessud Rufdvia luwaneinsad
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Abstract

Digital currencies such as Bitcoin (BTC), Ethereum (ETH), and Dogecoin (DOGE) are
increasingly popular, emphasizing the importance of price forecasting. This study employs a
Long Short-Term Memory (LSTM) artificial neural network to predict digital currency prices.
Historical price data were collected from Yahoo Finance, spanning from January 7, 2020 to
January 5, 2025. The data were preprocessed using Min-Max Scaling, and a 60-day historical
window was used to forecast the next day’s price. Subsequently, an LSTM model was
constructed by tuning three parameters including, the number of LSTM units, the Dropout
Rate, and the number of Dense Layer units and its performance was evaluated using the root
mean square error (RMSE). The experimental results revealed that for BTC, the model with 60
LSTM units, a Dropout Rate of 0.1, and 2 Dense Layer units achieved the lowest RMSE of
1967.35; for DOGE, the model with 70 LSTM units, a Dropout Rate of 0.1, and 1 Dense Layer
unit achieved the lowest RMSE of 0.01242; and for ETH, the model with 70 LSTM units, a
Dropout Rate of 0.1, and 1 Dense Layer units achieved the lowest RMSE of 116.54. These
findings demonstrate that LSTM networks can effectively forecast digital currency price trends,

although forecasting accuracy may be impacted by market volatility.

Keywords: Artificial neural network, Cryptocurrency, Digital currency, Prediction modelling
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lumsnensalsmanaldufiviausassialagliluwa LSTM niounsusumsnimesnan
oA $7uu LSTM Units naaealdmmduls 4 anleun 50, 60, 70 wag 80 A1 Dropout Rate ninaes
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1. MINYINTAITIAANARUAINEG BTC

A1519%1 1 A1 RMSE 909lsaa LSTM dwisunisnennsal BTC

Dropout Rate

LSTM 0.1 0.2 0.3 0.4

Units Dense(1) Dense(2) Dense(1) Dense(2) Dense(1) Dense(2) Dense(l1) Dense(2)

50 3,781.34 244743 327385 440453 3,607.31 7,984.17 455479  0,451.39
60 2,184.28  3,14596  2,348.95 3,054.27  3,348.38 7,641.14 278532  6,602.88
70 2,600.27  3,003.01 2,25538 3,293.39 550536  3,221.25 275471  6,895.55
80 2,898.46  1,996.27  2,084.53 3,704.64  2,328.49  4,989.16 258955  7,376.58

A1519% 2 A1 MAPE (%) vedlaiaa LSTM dwsunsnennsal BTC

Dropout Rate

LSTM 0.1 0.2 0.3 0.4

Units Dense(1) Dense(2) Dense(1) Dense(2) Dense(l1) Dense(2) Dense(1) Dense(2)

50 4.19 2.68 3.58 5.06 3.95 9.5 5.18 13.25
60 252 3.37 25 3.23 3.73 9.35 297 7.53
70 2.81 3.41 2.49 3.46 6.71 3.13 3.32 8.25
80 3.26 2.16 2.33 4.08 2.56 5.64 3.18 9.06

PN 1 uag 2 flefiansaneives sinvesranndeuiddenad (Root mean
square error : RMSE) wawA1 Mean absolute percentage error \unanisiUseuifisuuss@nsnm
adluiaa WUl Awisiwesingauiunisnensal BTC mnflanfe amisidimes LSTM = 80,
Dropout Rate = 0.1 wag Dense Layer = 2 l#ffn RMSE = 1,996.27 waze1 MAPE = 2.16% @ailen

WegignLilaiUSeuiisuiuAmnimesau
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—— BTC-USD Actual
—— BTC-USD Predicted
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A A 1 59A1UAv8s BTC uag ﬂ’]’iWEJ’miﬂjﬁ'U“ﬁayjaVl@ﬁ@U (Testing Data 20 %)

Tneldluna LSTM Aidamns1dwes LSTM = 80, Dropout Rate = 0.1 Wag Dense Layer = 2
19A1 RMSE = 1,996.27 war@ MAPE = 2.16%
2. nMIweNIalsIAEanaiuRdia DOGE
A15719% 3 A1 RMSE vadlataa LSTM dmsuniswennsal DOGE
Dropout Rate
LSTM 0.1 0.2 0.3 0.4
Units Dense(1) Dense(2) Dense(1) Dense(2) Dense(1) Dense(2) Dense(1) Dense(2)
50 001544 001546  0.01349  0.01874 001375 001415 0.01488  0.02086
60  0.01271 0.01604 001338 001713 001476  0.01477  0.01506  0.01802
70 0.01575 001332 001524  0.01476  0.01517  0.01449  0.01355  0.01865
80 001550 0.01342 0.01482 001397 001788  0.01538  0.01356  0.01822
AN5199 4 A1 MAPE (%) wadluwma LSTM d@usunisnennsal DODGE
Dropout Rate
LSTM 0.1 0.2 0.3 0.4
Units Dense(1) Dense(2) Dense(1) Dense(2) Dense(1) Dense(2) Dense(1) Dense(2)
50 4.79 4.88 4.41 5.4 5.78 5.33 4.71 5.77
60 4.31 5.72 4.98 7.53 4.54 5.4 7.5 5.2
70 4.79 5.71 4.56 6.68 6.23 5.01 4.66 5.2
80 4.99 5.06 4.95 4.92 5.02 7.78 5 6.78
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NN 3 waz 4 lefiansane1ves TnvesAIraIaAdeuiidsaenads (Root mean
square error : RMSE) WazA1 Mean absolute percentage error Wuwamsiseuiieudseansam
yasluna wuin Amsdneiimngaufunisnensal DOGE mnfigafe Amnsifiaes LSTM =
60, Dropout Rate = 0.1 uaz Dense Layer = 1l¢iA1 RMSE = 0.01271 wave1 MAPE = 4.31% 33

AdeeNgailaeuisuiuAmMslnesauy

0.71 — DOGE-USD Actual

—— DOGE-USD Predicted
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Ai 2 $1P1TUnves DOGE wag nswennsaiffuteyanageu(Testing Data 20 %)
Tngldluna LSTM Aiflans13wasLSTM = 60 , Dropout Rate = 0.1 uag Dense Layer = 1

9@ RMSE = 0.01271 kagA1 MAPE = 4.31%
3. NINEINTAISIAENARUAIE ETH

A1519% 5 A1 RMSE vaslanaa LSTM dwsuniswennsal ETH

Dropout Rate

LSTM 0.1 0.2 0.3 0.4

Units Dense(1) Dense(2) Dense(l) Dense(2) Dense(1) Dense(2) Dense(1) Dense(2)
50 122.74 234.36 156.26 160.43 137.67 201.97 146.59 180.35
60 134.16 127.75 127.87 172.00 136.73 217.21 148.12 346.98
70 163.37 171.12 132.69 130.70 129.70 185.19 133.60 142.28
80 121.60 119.97 150.69 164.29 135.24 130.85 176.01 212.35
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A1519% 6 A1 MAPE (%) vadlaaa LSTM dwsunisnennsel ETH

Dropout Rate

LSTM 0.1 0.3 0.4

Units Dense(1) Dense(2) Dense(1) Dense(2) Dense(l) Dense(2) Dense(l) Dense(2)
50 2.94 6.6 3.92 4.04 3.34 5.1 3.56 4.51
60 3.33 3.05 3.04 4.49 3.37 5.78 3.66 9.81
70 4.43 4.49 3.26 3.22 3.10 4.65 3.20 3.52
80 2.97 2.86 3.82 4.36 3.29 3.15 4.52 5.70

INAITN 5 kay 6 LEHaNIITUIAIVEY SINVBIAIAAIALAR BUNAIFBILRaE (Root Mean
Square Error : RMSE) uagA1 Mean Absolute Percentage Error 1 unan1siuSeuifisuussa@nsnm
Yaluaa WU ASEesTINzauiuNSNeINsal ETH unnfidgnde Amnsiimes LSTM = 80,

Dropout Rate = 0.1 w@¥ Dense Layer = 2 L@ RMSE = 119.97 wazAn MAPE = 2.86% 3 9iie

v PN 44' ~ ~ PV a P
u@ﬁlﬂ?j@Lll@LUiEJ‘UW]EJ‘Uﬂ'UW]W’]TuJW]EﬁE]U
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A Wil 3 9A1TUnves ETH uag nsnensaliudeyanaaeu (Testing Data 20 %)
Toeliluna LSTM Aiflemnsnfivaes LSTM = 80, Dropout Rate = 0.1 way Dense Layer = 2
1AA1 RMSE = 119.97 wagA1 MAPE = 2.86%
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BTC way ETH iluanaliundnifiyadnaingaanuazissuuiiaavuieing (Ecosystem)
nsedeulmuesrndslasudvinanntadeiuasugiaasiudugidudou nsilieadesnis
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‘viu':z&Jm’mﬁi’lqﬂuﬂiﬁﬁﬁiﬁﬁﬂﬁlﬁmmwSauiﬁ,ﬁuﬁa (Overfitting)

luduve9 DODGE Uanf199InNanaliunanadne BTC wag ETH wefinIsusIA1veami vy
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MU28AIUTT (LSTM units = 60) LaztuUsvInanalatenig (Dense layer = 1) nsldlumadiidnas
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1hlugnae Overfitting usiAnumannirdeulnetadsves DOGE axgeninanaiundnidniios (MAPE

[y [

= i s Y Yo a sala a °
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unagUuasdatauanue
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Y
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1
% A
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AaUTNTI18 (No free lunch theorem) nasaALUUNEInsalsduRvsAdedangAnssuniny

a
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A Y Y A a ¢ a A aa o ada o
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GRU (Gated recurrent unit) #50 Transformer &eo1adfnanmnnniatluurensel teAaumlunan

a a Y
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AAUEIS wavgnmgll fudwnuitelsaldidensenmedeluimindedul Tnelitoyaniond
TeieuT I 120 WWeu (.. 2558-2567) ManuuiBaduiieinly (Generalized linear model, GLM)
grihanldiiledmnadngdiugtiansal (incidence rate ratio: IRR) HaMSAATEIWUIF UYL
audBIfLUsHU (Negative binomial: NB2) finvuingauiign iesninannsadanstuiiameany
wUsUsaunnnInawade (overdispersion) 18d wazdannasiansaunaveaselang (AIQ) way ol
ansaumaugidou (BIO) sitgn wa IRR wansliitudn snsduduimsuasgamgiduiusifinasio
Swudteldidensonegeiteddameada Tneaududinivdifiady 19% duiusfunafiuduves
SruaugvasUszanuiesay 9-10 uargamiindu 1 °C duiusiunindiud uvesdunugiae
Uszsnaufeay 13-17 sausfivsmamulinuindideddey wifflunumlunsaisuvdameiugues
gaane nansAnid dudeeuddyesnislidoyagfiomaduedosiolumaneinsainny
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Abstract

This study aimed to analyze the relationship between climatic factors, including
rainfall, relative humidity, and temperature, and the monthly incidence of dengue fever in
Chiang Mai Province. Secondary monthly data covering 120 months (2015-2024) were used.
Generalized Linear Model (GLM) were applied to estimate the Incidence Rate Ratio (IRR). The
results indicated that the Negative Binomial regression with two independent variables (NB2)
model was the most appropriate, as it effectively addressed overdispersion and yielded the
lowest Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) values. The
IRR analysis revealed that relative humidity and temperature were significant predictors of
dengue incidence. A 1% increase in relative humidity was associated with a 9-10% increase in
dengue cases, while a 1 °C rise in temperature was associated with a 13-17% increase. While
rainfall was not found to be statistically significant, it plays a role in creating breeding sites for
Aedes aegypti mosquitoes. These findings highlight the importance of incorporating climatic
data into risk prediction and public health planning to prevent and control dengue outbreaks

in vulnerable regions.

Keywords: Dengue fever, Climatic factors, Incidence rate ratio, Generalized linear models,

Chiang Mai

uniin

JaiadeslaiiidugUielsaldidenssn w.a. 2558 fi1 2567 waday 3,484 579 Andu
Yovar 3.98 YeaUszina way Sovay 31.88 veaunguAIWi 1 d9Usznaudiy 8 Samianiamile
mouuw loun WWeslual, Weesw, a1, d1Ung, wns, Uiu, neen wasuldosasu Adsegiu 5 U (we.
2563 - 2567) TU2n 3,293 518 ViU W.e. 2566 waz T wa. 2567 gy 7,680 uay 3,462 519
MUAIRY (NBITEUIAINGT NSUAIUALLSA, 2569) Gﬁauwmﬂdwﬁﬂﬁﬁagm 5 3 $alendnnsszuniie
W15 nduiug Ureguingurdsegiudeunds 5 U (nsuaiuaulse, 2562) d11inay
a1e1suguIsindedlug Whseislsadndeunlnegsans s1e91ud1 U wa. 2568 Famdadssluiny
fuaeiugetu saudideufiquisy Wusuin audstagiunudiaelsaldidensen famun 1,363 51
FeT30 5 978 (Ruanad wwaede, 2568)

\esndeyadruudihelsaldidonsensuseiieududeyadiuiuiu duvuiivanzas
Ao fuuudadutiesnald (Generalized linear model, GLM) ifunsounisad@five1s91n Linear
regression il asasfuiiuUsauiildsndudesfinisuanuasuuuund (Normal distribution) §auuy

Wadudedialulaldlunis@nwidiuiug Uaelsaldidensenluigedwwes Yssinaunaidy
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(Sheng & Rahman, 2025) UsginavsnatnaiudoyauSuiamy waggumvgiisiewou (Panel data)
A.A. 2000 - 2021 (22 ¥) Tun1simuaa1Ingd (Thresholds) vesgamaiinazUsuiaely a1unse
Ul dwadosilolunnsneinsaimnudoe way TNUHUNINTNITAITITUEY (Hossain, 2023)
Ms@nwiingsiaued Usemaduidelasldmuvuidaduieialfudeyadwandenuazteyalsa
l0\dianeansenined wa. 2558-2561 wuin daukvuinwugUlelsaldidensendudadeviiunenis
Awandeu 1y nassgnmnd UTinailuazan anududuing uasgamgiaean ddvddymneadn
(p-value < 0.01) (Singh & Chaturvedi, 2022) Wiiffwuaulsviannsaliansinuniidudeya
ddndmiunsindunusuasisaugluouan iienisdestuazaunulsaliidensen lag
BuuannansaaunsneInsaideyagamgiuasiinasiuannsugaieuineluiiud wéld
fuvuUssidiugURnisaliermunsasnisihss Ssmanzausely

ngUszaeA

A % v 6 ! LY a Y o Y Y A v Y IS 1
LW@ﬁﬂUW"I'J']lIﬂﬂWUﬁiBﬁ’ﬂﬂﬂ‘iﬁ]ﬂQN@?ﬂ’]ﬂﬂUf\]’]u’JUTZ}IU'JElIiﬂVLGULﬁ@@@@ﬂ‘ﬂ@ﬂﬁ]ﬁﬁ?ﬂmﬁlﬂﬁﬂ

521U8uTIY

nsAnwdidunisfnsndsdunauuuounsunan (Time-series observational study)
Gaituil Tnglideyaniogi (Secondary data) 16w AseuAquITEEIAT 10 T (120 Wou) faud
W.A. 2558 T4 2567

Useynsuasngunagng

17 '
A I

Uszy1ns Ae Toyanundmingesual Ussnoume dnuiugiielsaldidenssniusebiou
wazladenionna

naufa9g1s Ao TeyaiiuwiubUiglsaldifensansiusieineuy (518) vesdninludlu
UNTIAN W.A. 2558 fi9 SuAN WA, 2567 311U 120 Wew wazdadugiionnia USunasluazay
(@odung) mutuduivdiadesodou (Govay) uay qmmﬁm?{mmﬁau (e srnaigea) Tugas
\AoufgIiy
Wanilun1side

59usImteya ATIIEBUANNATUIIL RTIRdeUAINgNdaslnaisuABIRUTIBLAY 9
feadestuimindodol

ﬁwuumiﬁﬁwmué’ﬂaaiiﬂ"lfﬁlﬁamaaﬂi';:uiwLﬁaulﬁf]uﬁmﬂimm LAY USUNaupuasay ANuTy

[ d'

wivsidesediou way aumvgindesedou Wuiulsdase
Hesanduudiielsaldidensansiuneieududeyadiuiuiu feldmuvudadule

Walu nsalvisandsaudanundsusaulnaidesduaiade (Equidispersion) 357 1Wungau Av
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n1saanaeUa%9 (Poisson regression, PR) A1l sUsUNINATI1ALRE 8 (Overdispersion) 35
Wzay Ao NMsannegiuuielies (Quasi-Poisson regression, QP) Way 1e Overdispersion JuUks3

agldI5n1sananenTuruau (Negative binomial regression, NB) (Zeileis et al., 2008) GLM 14

flaridudeulea (Link function) tHu Log link fisil

log() = Bo + f1X1 + f2Xo+... +Pk Xk

Weo U AeAaduussiiuusniu (expected count)

=

X1, X5.. ., X, fo Jususdase

o a Y

B fe AENUSZANSUDIIAARA (intercept)

q

B1, B2 ..., B AB AdNUSTANSVOWILUTDATY

U= e (BotB1X1+BaXo+..+BX)

e

Ao 9n1dugURNIsal (Incidence rate ratio, IRR) $loAves IRR > 1 1iafuys
Sasy () 1iuTu 1 mhe Sas1msiinlsa (Incidence rate) asiingwdu IRR wih (Wiowiiuiy Sevas
(IRR-1) x 100) IﬂEJﬂ’JUﬂﬁ,J(;lJ’JLLﬂiguiquLﬂaLLé”J, & IRR < 1 dlefuusdase (X) dWuty 1 wihe $05
AsnlsAIzanal (M5eanadssasay (1-IRR) x 100) Imamuamﬁmﬂiﬁﬂu‘lmmaLLa”a, ez 21 IRR = 1:
vaneds liflanuduiug sewiansiintuvesiuUsdassfusnsinisiinlse (Hilbe, 2014)
wineiiedsy

msnduiindeyasunsuian Usenaume mauus @aus) U wa., ey, 31uiugthe, Ysuiu
ugzas puTuduTmsiadsseiiounas qmmﬁmﬁammﬁau wagsIen1stoyausaziiou (Lan)
AsiiusIusIutoya

TayainwiugUiglialdifensansiusieinouvesd il Unsiau w.a. 2558 89
SUIAN W.A. 2567 91U 120 LADU SIUTINDIN TEUUT1891UNSENTEIlsA 506 NoesEuInIngn
(2569)

foyaredeuresimiadedmivssnoude Uinasuavay @afuns) anutuduinsiads
efiou ($evaz) uaz guvgiadsneiiiou (esmwadea) Tutaanffuiudeyasiuiugiae
lsaldidanoen $9U5WAN National Aeronautics and Space Administration (NASA) (2026)
nsATeideya

lUsunsuadi@ Jamovi 13935%U 2.3.28 (15) (The jamovi project, 2024) kagluga GAMLJ:

General analyses for linear models (Gallucci, 2019) n15398UMAMUANEEIAYNISETRAT p-value

<0.05
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AIYFITUNTINY

Tayaiuiugthslsaliifensentuimindednisiusinainseuuseay 506 YanTENT
asn3asg Wudeyamsisas yadeyadinanlififeyalafiaunsadonlostuiineneyanals uay
tnidelifivesslunsinseviefiufduiuslnonsatugtng Feldussiumuuuunsaaeuianssy/
NuUITETYIeMTITslunysdveasdinuimuIng mansasmalulaguiannd (@nv.)(2569)

wén wud “lidnnedumnuidelunyeg”

NaN1578

aanvmugUenemaulialdidensanuaznionnia Jwinedly

NntayanisinnuduugUielsaliidensenuaziudsgionased suludmin@edn
ATBUARHSEEEIA 120 Weu afifdnnulienedeulsaliifenssnuazgiionnie Jmindedud A
wanslunsnedl 1 wuin SwoudUaelsaldidensenindesieifiousti 290 1 Tneilaisegmu 116 518
wandliifuinmsnszanevesteyaiimmndilumann (Right-skewed) ilasaniiuiadeufifisuuguae
39N (g9an 2,103 519) Wlawisudvawnaaiios 4 eseifiou idevesiuugtaeninada 2,099 91
aeyRUTANUALANUYBINTTEUIA LAY Y 39IA7

sy Pnaruedeneieusyil 9.7 adums nefldssogiu 80.3 Sadums uawifidodaus

0.4 i1 350 HadRs uansismLUsUTINYRNTINAsUTgwNgYNa d1u AR uduivSIadgey 7

o
Aa v o 1

Jovay 68.1 InellAdsugu Sosas 70.8 uwaslifidunsudsoas 38.5 09 84.5 HeaeyoudImULANG 1

'
a a

VDIANNYHINATENI NN ANULATEN A Yauzi qmmmmasmﬁauagjﬁ 26 °C InadiAnglsegnu 26.5
“C waeiliide 20.8-318 °C Feeglutaivanzansenmsunsiusvogany
nansVRFUNsLanuaUnRg e segeusls-3ar (Shapiro-Wilk test) wuinsawuswavandl
A1 pvalue < 0.05 @ waugUae, Usunasly, AT uEmS, wazaamndl) uansiteyaliiluluniunis
LanuasUn@ (Non-normal distribution) Bsaennd safudnuazdoyaidsiuuasteyagiennafisnding
nszeiildannng msldduuudaduiemlus wmnzadlunsinssianuduius s eians

pilomAfugasmMsiialsaldidonsen
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M19197 1 adadnugllsseieulsaldidensenuazdadugiionnia Jmindedln

. Y Jadugilone
D oem MUY  Eva— —
AENA - USuauely AMMUVUFUNNS UNNU
(519/m9u) - Y ! “d
(Ziaguns) (509a3) (29ALvaLTE)
AadY 290 99.7 68.1 26.0
AslsegIU 116 80.3 70.8 26.5
a'aul.ﬁ'sqmummgm 381 98.6 12.1 2.6
AMULUTUTIY 145455 9721 146 7
Ny 2099 349.6 46.0 11.0
fsgn 4 0.4 385 20.8
mqnam 2103 350.00 84.50 31.80
Shapiro-Wilk W 0.73 0.867 0.92 0.964
Shapiro-Wilk p-value <0.001 <0.001 <0.001 0.003

o o do Y 1 = Y a [ % L | 1
ﬁWﬁNWHSQWU’Ju%U’JEﬁ'}ﬂLﬂﬁ)ui’iﬂl‘llLﬁﬁ)ﬂﬂﬁ)ﬂtLﬁ%Q&lB"lﬂ’]ﬂ JanIndeelvd

a & v v a ‘Q‘ v LY § o (Z d' s P
HaN1IIATIERAFNUTEANS anduwusa1nun vesatdeus uuu (Spearman’s rank

correlation, rho) faandlun131e9 2 wudn ugtieldidensenianuduiusideuiniuuTunn

i (rho = 0.599, p < .001) wag AT udLTNS (tho = 0.689, p < 0.001) a1 iiTydA

1Y

UNNEDH

o

vz gaumgdlidaudunusduduiug Uieeg1eildodfny (rho = 0.101, p = 0.274) wadl

AUFUTUSITsUINAUUSEY (rho = 0.46, p < 0.001) LagidsaulanteaiuaNuIUdusivg (rho

= 0099, p = 0.282) FelyifiiTedna

UNEDR

M19197 2 anduiusiuudthenemeulsaliiionsenwazladugiionniea Janindeslvl

Fuugae Uadugiionia
Uadeqiienna GO o Qa ¥ o o ..
(51e/maw)  Uuaelu (adwns)  AMUBUENANS (Foa)
N Spearman's rho 0.599 —
p-value <0.001 —
£ o+ o «  Spearman's rho 0.689 0.791 —
AYNUYUAUNNG
p-value <0.001 <0.001 —
- Spearman's rho 0.101 0.460 -0.099
NI
p-value 0.274 <0.001 0.282
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M13199 3 afifenuduiusdudunvvesdadugionia

Jadegilonne VIF Tolerance
Usunudu (Hadueng) 4.96 0.202
PG Govaz) 4.24 0.236
gounndl (esrniwaides) 2.42 0.413

HANTINTIADUANFURUS T AL uny (Multicollinearity) Iaglddadoanuudsusiue
(Variance inflation factor, VIF) wag A1a318nuN1U (Tolerance) (15199 3) wu31 USunauelu,
dy v o € a o a I LY Y 2 =< 2
ANUTUEIWS, uargaumil Muusglennalianuduiusiulussduiiunaisiisas lnsamedsuna
HULAEAINIUFUTNSNLAY VIF 1A 4 Feagviauiianisidl Multicollinearity agUng (Hair et al., 2010)

wadseglusyiunanunsahlUldludiwuu GLM 1d Tnesiaafinnnunadnsogesednge s
[ 0 Y v d' Aa o v A A ¥ a | A vo
nsauAILULAglifmuuUTngauniifuUsiunvioeylagfiansanainaildinaiy
lugenndasiu (Deviance) A1ons1d@1UlA-dUAITADDIABEATE (Chi-squared/DF) ALAMUIENTAULNFA
yadalang (AIC) uag tnawiansaunaugidau (BIC) Afign 3938nTafuuuniudnuiudiudsiui
wieay 2 w38 3 fuys lnglday 2 w3 3 deviedesiwuy laun QP2 QP3 NB2 wag NB3 31nM13
Wisuiflsunudnuazvesduudaduienily (115199 4) wudn duwuundusaududiuuud
winnzaulun1sesuieaNFuus senindungelsaliifenseniuiuusgiomaludmin
Wedlnd esannduuunadins A1 Deviance wag Chi-squared/DF gnn Jskiiwmunzaunanisly
TunsfiauNaans diu NB2 dAnnuaiaisaunavesalang (AIQ) wag inasiaIsauneud g
(BIC) Gﬁﬁqm LLamﬁammaamﬂé’awmﬁaLLUUﬁUSﬁauuaa%a (Hair et al.,, 2010)
a 3 r-:l' A v & o o s a & Y a a
NSRBI IRR (1150991 5) Bududn anududuimsuazaamgll luduusgiionnianiing

% v

rednwugtheliidensenegrsililoddguazaanaqaiuluyndiiuy vaed Usunamy linunalag

o

Y

asanildedfaeduiudtieeiow nsinusuiunansiUTeuWisuiiuulumsen 4 391 67

s A

a I Y P P a LY L LY
LUUNIUINAU (NB2) L‘U‘L!G]’JLLU'U‘I/ILWLI’]%Z‘W‘VIE‘j@luﬂ’]iaﬁUWUﬂ’ﬂuﬁﬂJWUﬁ L‘Ll@ﬂ"mﬂ%@ﬂﬂiﬂij‘{jiylﬁﬂ

a o (%

overdispersion 197 uaglving IRR NllAuausaurawasitedAgyn1eaia

<
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M19197 4 AaaNvazmLuUmLUULduTsmluIugUlelsaldidensanseiouiugiiennie

Jesndadesiv
Model QP3 QP2 NB3 NB2

fiatkuy Aatlawa NIUNAY
fauwusAy

Usunauu (Hadiung) v v

muAuduing Gesaz) v v v v

gounil (earivaides) v v v v
Model Fit

R? 0.515 0.513 0.513 0.510

Adj. R? 0.515 0.513 0.502 0.503

Chi-squared 23991 23883 100 99.3

p-value <0.001 <0.001 <0.001 <0.001
Model Value

LogLikelihood n.a. n.a. -743.13 -743.49

AIC n.a. n.a. 1496.26 1494.98

BIC n.a n.a 1510.19 1506.13

Deviance 22564 22672 134.2 134.26

Residual DF 116 117 116 117

Chi-squared/DF 215 216 1.03 1.04
Omnibus tests

Uy (Hadiwns)

Chi-squared 0.504 - 0.725 -

p-value 0.478 - 0.395 -

Ui (Yevaz) Rh

Chi-squared 34.499 105.48 47.36 128.6

p-value <.001 <.001 <.001 <.001

9ol (earivaideys)

X2 1 7.34 9.374 14.3

p-value 0.009 0.007 0.002 <0.001

wueme: n.a. lesandanuuislaes lifimsuanwasenuuiasduiianysel A1 AIC wag BIC Fslianunsafuin

TadmSumuuUseani (R Core Team, 2026.; Venables & Ripley, 2002)
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Vol 4 No 3 May - June 2026 : TCl 1

Model QP3 QP2 NB3 NB2
fauuu Asthws nIuuau
Intercept

Exp(B) 179.094 182.48 181.965 182.43

Lower 139.064 143.06 155.116 155.45

Upper 230.650 232.77 213.46 214.09

z 40.618 42.37 63.889 63.77

p-value <0.001 <0.001 <0.001 <0.001
YFunauely (Haduns)

Exp(B) 0.999 - 0.998

Lower 0.996 - 0.995

Upper 1.000 - 1

z -0.709 - -0.885

p-value 0.478 - 0.376
autuduns (Govas)

Exp(B) 1.104 1.09 1.104 1.09

Lower 1.065 1.07 1.074 1.08

Upper 1.140 1.12 1.13 1.11

z 5.448 8.19 7.097 12.78

p-value <0.001 <0.001 <0.001 <0.001
9ol (aeFvaLTys)

Exp(B) 1.162 1.13 1.168 1.13

Lower 1.032 1.03 1.063 1.06

Upper 1.31 1.24 1.28 1.2

z 2512 2.63 3.22 3.87

p-value 0.012 0.008 0.001 <0.001
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nsaAuTgna

ua IRR I NELUUYANIsaUADIfaLTs (NB2) 3 mm%ué’uﬁwéuazqmmﬁ Dutladedfey
fiduiusfuduugasldidenseneseeliteddy vusiivsaduldnunalaonss n1sfaaudl
ansaidouleaiunalanistainervesyians wazaonadesiuauidsludinamenazysemeaian
foudu 4 fivenunandeiy

HANTIATIEI IRR WUd1 Ansdudimdifintudosay 1 wd Sunudthsanduiu ~Souas
9-10 waw guvniiindu 1 °C wdr Srunudihendindu ~Seva 13-17 Ssannsoeiurgldse
nalamad ingwes Aedes aegypti el

pannfias (25-30 °C) vilisasiinvesgemeduasazdnsinisdliifiviu demali
Uszmﬂiquﬁuﬁuaﬂwimﬁa (Doeurk et al., 2025)

AradudiMsgs (> $ovay 70) aeligedidnanissondingstu (osnannisgayde
1NTANY LLazLﬁmﬁaﬂiimmi@mﬁaﬂ (Abu et al., 2024)

nsunsidoladansd (DENV) meluganeituilogumniige hlsssesiiniavedlifalugs
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Abstract

The objectives of this research were to examine occupational health and safety
problems and to identify the predictors of these problems among older adult agricultural
workers in Mueang District, Chiang Rai Province. A cross-sectional descriptive study was
conducted with a sample of 360 farmers aged 60 years and older, selected through a multi-
stage random sampling technique. Data were collected using a validated and reliable
questionnaire. Statistical analysis included descriptive statistics and inferential statistics,
utilizing multiple logistic regression with a significance level of 0.05. The results revealed that
the overall work environment and safety behaviors among older adult agricultural workers
were at a safe level for 202 participants (56.11%). Regarding occupational health and safety
problems, 187 participants (51.95%) reported experiencing problems. Multivariable analysis
identified three significant predictors of occupational health problems 1) Safety training:
workers who had never received safety training were 4.02 times more likely to experience
problems compared to those who had been trained (Adjusted OR = 4.016, 95% CI = 2.525-
6.369, p < 0.001) 2) Pesticide use: users were 2.00 times more likely to experience problems
(Adjusted OR = 1.998, 95% Cl = 1.232-3.240, p = 0.005); and 3) Unsafe work environment and
behaviors: these increased the risk by 2.34 times (Adjusted OR = 2.336, 95% Cl = 1.464-3.731,
p < 0.001). The findings suggest that managing the physical environment in conjunction with
implementing workshop-based training programs tailored to their lifestyles and ensuring safe
chemical control are crucial mechanisms. These interventions effectively reduce health risks

and enhance the quality of work life for older adult farmers in the area.

Keywords: Older adult worker, Occupational health and safety, Agricultural work
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LASDNBMUITLVRY FUITINTA] FURY, 2562, B LAANAUUSUNVRINUNTINIALT LIS Fail

gl 1 wuuasunuteyaduyAna 314U 8 U9 UTEnausiy WA 818 N1SANYI aa1UAImn
Uszaun1sal NuivinnIsinuns nsteasiai= wagn1seausy

d3ui 2 LuvasuanuingfutayaanIniIngoukazAuUaenitlunsUsEnaunIete
° ° % @ Y a 9 ° A ) v
AU 15 99 LUy 2 e lawn dainasunazan nnsvinaunlivasnny 7 98 way

a o A [ [} v a o A [<3 [y v | I Aa a g./l a

ngRnssunIsinaunlivasnde 8 7o ddadenaauldu 3 szau lawn Liass, 939U19A%Y, 939070
wazlUaNanNLLN YD Best (1997) Aa 1.00-1.66 Munaddsdniay, 1.67-2.33 nu1uddLdes
Uunang, way 2.34-3.00 viangdadsaunn gIdeladuiunisdnngudiudsinl (Recode) a1ntoyai
fimsinszauidu 3 szau Tidududsngu 2 szau (Binary group) wlawa fe Azwuw 24-45 Jaudu
nau “lidvasnde” wazazuuu15-23 dadungu “Uasndy”

dudl 3 wuvasunrunedfulgniordieuidenazaiulasniy Usznaua1899A1nIu
Fauau 20 P8 wundu 2 vuan lun nsiudieainnisvieie 10 de wazaURwnainnisviienu 10
Yo wlanatdu 3 szau (lwae, uneapss, Wuusean) waziuananiuwnugivad Best (1997) Aa 1.00-
1.66 unedudsdntoy, 1.67-2.33 viungddssuiunany, way 2.34-3.00 vu18dwdsuin 310
Toyafifinsinseiudu 3 seau Tiluduusngy 2 s2du (Binary group) uwiana A Asuuu 34-60
dadungu “fdaym” wazAzuuu20-33 dandungu “ldfideym”
N13AATIENAMNINLATDD

v

1. §AIT8UMUUEBUNUAUDA BN NTIAMIATIUIU 3 YU lonsavaeumumsIRIALE e
(Content validity) A3M8ATAUARY WAEAMUTALRUYBINTIY LAENANITAANTUIRYTAIUFRAAS B
TenINToMAULAE TN UsEaA (Item-Objective congruence index: 10C) 10858139 0.67-1.00
nnve
2. mMInpaauANLiies (Reliability) vasuuuaounia AIdpduvgeunulunaaesldiungy
fhegeiinanendaiuluiiuiisy 1o 30 Au wdhudaszisernann (Cronbach's alpha) wuin
- @ Reliability test Y@auUUaABUANNAIUT 2 quaa‘umuLﬁ'mﬁwﬁaﬂﬂaamwumﬁamLLas
Anulaanslunisinau A = 0.83
- A1 Reliability test voswuvdounINaILf 3 wuvdeunufeatulymerdiouiouas

ANuUasnne IA1 = 0.88
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Andennguiogrsmuinasiiivun wagimusiufudeyasts e unuyuyusaniiudiiunis
Auuvuasuniy ndufutoyaatedu fifeanvasumugndesnowilulinsesiniada
nsATIEdaya
Tayaanmwinaeukarauvasadslunisiauiasdgiendieundisuazainudasndiy
AnszilagafifiBanssann (Descriptive statistics) léuA Aads (Mean) wazdrnidoauumnsgu
(Standard deviation)
Uadevihuelgymiiuedieundeuazaiudasnds Tunguusinuggee1gnanynInssy
Jwingeene Aaeilagldatinonnesasdain (Logistic regression) Tuguuas Odds ratio
355 lumsaniiun1side
n9deafainunssusedasimsiteanauenssuniseiessaunsideluaysddinay
ANYNITUNITITFTIUNITINY AUNIIUANSITUAVTINTATE9T18 NTENTNEAITITUAY SHALATING

104/2567 vangianiuses CRPPHO 94/2567 Rausifuil 9 nanas 2567 — 8 nanau 2568

NAN15398

wssugeglunanunsnssy dulvelumeneg Soaz 59.72 E)WEJLQ%IEJ 66.67+0.83 @1u
IngjaunsAinwliliiuszaulszan Seuay 80.56 dantuniwausa Sovar 75.00 duszaunisaliin
NEASASIUNINNTT 10 UL $ewaz 56.67 fuivnnisineas LAy 5 15 Sevay 63.61 fnnsld

a156A3% Tun1sYNISINEAS 5088 55.28 kaztAalasuN1auUsy Saay 51.11 AILEASIUANSINN 1
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A1379 1 Yeyadiuuana (n=360A1)

dayadiuynnaa AR Soway

LWE

e 215 59.72

nia 145 40.28
918 (66.67+4.83 U max= 89, min= 60)

60-65 U 156 4333

65 Yiuld 204 56.67
N5ANYI

TaiAuUszou 290 80.56

geaninuseay 70 19.44
AO1UAN

Tan/mine/nme1579 90 25.00

qusd 270 75.00
Useaunisel

1-10 ¥ 156 43.33

w1 10 Py 204 56.67
Nufvinuns

1515 229 63.61

wnn 5 Tsguld 131 36.39
nsloansial=

T4 199 55.28

Taila 161 44.72
N13UIN

\AE 184 51.11

laiine 176 48.89

1 a LY 14
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maviewegluszdutasnde S1uu 202 au (Gesas 56.11) Tuvazdl 158 au (Fovas 43.89) aglu
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AN 2 FEAUANTMINABNLAZNGANIUANUABAAETuN1YINNY (n=360A1)

STAU U (%)
laivaandie (24-45 AzLwL) 158 (43.89)
Uaanny (15-23 AzLUL) 202 (56.11)

Mean= 24, S.D= 4.59, Max= 39, Min=16

wsaugeenglunianensnssy dulvaiilyminiuedreundenazanudasnis 31U
187au (Sovag 51.95) Tuvmed 173 au (Seway 48.05) wuildddeymaiueidreundunazainu

Jaonny Auwandlumsnan 3

A1919 3 szaullymnuenFeuivuazautasnny (n=360A1)

%A U (%)
1¥eyn1 (34-60 AzLUL) 187 (51.95)
Taifitlgyun (20-33 Azuuw) 173 (48.05)

Mean= 34.46, S.D= 4.72, Max= 53, Min=24

a ¢ Y & v . = v v € YR
A1NN15ILAT1ERUF8LE LU T IA U (Crude analy5|s) LW@VI']ﬂ'J'nJalIWUﬁT]EJ{jQQEJW'EJ{]QJJ‘VM

= L% v 6 1

91%7uNTlEuarANUABAIBYRILINIUNE®IgN1ANYATNTTI NUT1 HTdenilanuduiudedis

pd)}

v o W a

HodAgneeda laun Yadeauniseusy danuduiusiulgmentieusiyegslidedAynisais
sz 0.001 Inainuasnsnldinelasuniseusu Tlenanataymiodreudoidu 4.27 wih (COR =
4.269, 95% Cl = 2.748-6.632) WawWgununuasnsieglasunisausy Jadeaiunisteanssad wuan
a U o 6 = L% 1 a v o U QQ‘N' % ‘:l'r-:l 4 =
fnuduiusiulymentieundvesslitdedAynsananisedu 0.001 Tnsnwasnsniinsldaisiadl
Tlenaiadymendieurdeidu 2.40 w1 (COR = 2.404, 95% CI = 1.542-3.749) ilaifiguiu
inensnsnlidinisldansad wazladesuaniniinasutazngAnssuaulasnislun1sinieu wuin
~ v v o a ) I AU o w aaa ) aa P

fmuduiusiulamendeunivegiitvdAgneaianszau 0.001 Tngnwnsnsnilaninuwindsy
waznginssuanulasasulunisvhauiibivasnsiy Mlemadalgymerdieundodu 3.17 wih (COR
= 3.167, 95% Cl = 2.040-4.916) Waliisuiuineasnsnilannwindeutazwganssulunisvingui

Jananey fawandlum1sed 4
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A1914 4 AnuduTusTenIstadedudymauedieundetazanulasnsdy (n=360A1)

o3 Ugyindnuandireundleuazanulaonde  Crude odds ratio 95% Cl p-value
e flgymn Laigidaymn

LNF
%18 90 (41.90) 125 (58.10) 1.609 0.979-2.645 0.061
N9 83 (57.20) 62 (42.80)
218
60-65 U 75 (48.10) 81 (51.90) 0.745 0461 -1.193  0.218
11nN31 65 U 98 (48.00) 106 (52.00)
SA0IUNTN
Tan/Me1319 46 (51.10) 44 (48.90) 1.086 0.617 -1.910  0.775
dusa 127 (47.00) 143 (53.00)
ASANEN
laAudszau 135 (46.60) 155 (53.40) 1.398 0.774-2.524 0.267
gendnusvau 38 (54.40) 32 (45.60)
Uszaunisal
1-10 ¥ 91 (58.30) 65 (41.70) 0.597 0.355- 1.002  0.051
110131 10 U 82 (40.20) 122 (59.80)
‘ﬁuﬁmws
1515 108 (47.20) 121 (52.80) 1.527 0.860-2.713 0.149
1N 5 1s 65 (49.60) 66 (50.40)
N13IUIU
LAY 61 (33.20) 123 (66.80) 0.295 0.180-0.481 0.001*
HEE 112 (63.60) 64 (36.40)
AslasLAdl
14 99 (49.70) 100 (50.30) 1.895 1.100-3.265 0.021*
Talld 74 (46.00) 87 (54.00)
dnnandenuazngAnssuauUasaielunisineu
Uaonsie 47 (37.60) 78 (62.40) 0.390 0.240-0.636 0.001*
laiUasnsde 126 (53.60) 109 (46.40)

a0

nsnaasuladeiiazuans o aulsniounu lasdadondadeiiuiazineitaunaziifien
o o Y DA D = 1 a
p<0.05 Faiid1uIu 3 AuUs tawa N15ausy N1sldansiall wasanInwInd auLaTNANTINAIY
Uaeaselunisviu wud inwmsnsiaseneilidinglasuniseusy flemaialgmendreudedu

4.02 W1 YoununInIiaglasun1Teus egslidudAgynIsadAnisyau 0.001 (AOR = 4.016, 95%

Cl = 2.525-6.369) Lnupsnsniimsldansiad Slomaiadgmendieundodu 2.00 Wi veanunsnsi
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lusinsldansied egnddudfynwadiAfiszau 0.005 (AOR = 1.998, 95% Cl = 1.232-3.240) Lay

[

IneRINSIRan MeaaNLazNgANTIUM I livaoais dlenmanatymedeundedu 2.34 wi

VOANENINITNLAN NI DUKAZNEANTIUNTYINUNUaonsie agwlidediAgvsadnfiszau 0.001
(AOR = 2336, 95% Cl = 1.464-3.731) faandlun1snai 5

A1919 5 Manedeutadsviuedamaueitieundsuazanulaonse

Uady B (§uUs23v3)  Adjusted odds ratio 95% Cl p-value
- MSLAYDUTH -1.389 0.249 0.157-0.396 0.001*
- A3lEsLALl 0.692 1.998 1.232-3.240 0.005%
- ammmé’auLLaswqﬁﬂisuﬁhj -0.849 0.428 0.268-0.683 0.001%
Uaonasy
n1seAUTIENa

Jggmauedieundisuavanudasnievesssnugoglunianuninssy @l idam
aueiieudauarauvasnsy ludfinisiutenazeifug Jsaenndeiunisfinwives Preston
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anuasTulunisiiauivianistiesiu 49 Whitney DeCamp & Herskovitz (2015) izq'jﬁzaxﬁ
futusiunsiAngURmenniian

Jadgvhunedgymeuendieuniowazaudasnds TunguusauyaieigninnynsnIsy
snnoiles Yaniadese S Jededunseusy Wulederhuneiiifeddynsadisonisiia
Uggmisuendieuidsuazainuvasnde (Adjusted OR = 4.016, 95% Cl = 2.525-6.369, p < 0.001)
Tnsusanununsnsggeotgiliinglisunseusiflenmaiiaiymiuendieuntounniinguilae
I@sunseusugeds 4.02 wh wans@nwdananasvieuliiuin msldegldsunsevsudadudade
Ao (Risk factor) idfyeg1ededemsiingUifinsaimeguanlunsanuinuasnsggeony oenslsh
puHanANTALdaTuNAnYIvEs Inte wsdeu (2564) inudn mssusuduauUaonsty
luinunsnsaeony suanael gneiles Jawmdauassvdun Willanuduiusiunisiingdfmgain
msvha Tdienaesungldnnanuunndnsveszuiuy e vieustavsnmuesnisdneustluus
agiufl ufsanuuendadiuuiunnsieuresngudiesns ludmgufnansinwdainsn
oSunelddouvuiiansmadosuguain (Health belief model) ¥as Rosenstock (1974) Tngn1s
ousuvhsidudnseduliiAnnsufoR (Cues to action) Ataeliusanugeengiinnisiuianm
e (Perceived susceptibility) ka¥AIIUTULTIVBITUATY (Perceived severity) 31NN15HN91Y
nnInssy Weyaranseindaansenuiiorafindusiogquaim Tasamglutugeeny gouilgnis
Usudsunginssunsvaulivasadonndtu lunansstudiu filiieeldsunseusueiavia
nsfuifenan Fedanddisnmahauuuuiudwaliinnsazauanudseinnisujsinuay
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aunm (Exposure reduction) tiietasfunadnsnisaunmidsauiazifnfunuan Tuudunveania
maneasing Jedulngdunisiauuuudassuasvinszuunisdnnisanulasndeegiaiu
n19n15 nseusudsieidunalndidgylunismaunussuuuinisdanisdiuerdteudeuazaiiy
Uaanasty uenainiinisinunvesgmna aAsinuuinazamy (2564) Syt ndsannnuasnslésu
IﬂiLmiuﬂ%’uLU?aquaﬂii:umiﬂmﬁ’umumeﬂamﬁﬁﬁﬁmﬁmgﬁﬁn nauseg 1Az UUNgANTTY
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Yaduarumsitarsiadl Wudadeviuneniidudrdgnisadfnonisiiadaymaiueitiouds
wazAINUaonne (Adjusted OR = 1.998, 95%Cl = 1.232-3.240, p = 0.005) TAELTIIULNYATAT
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anasion1siindauisueneuntisuazanuUasnie (Adjusted OR = 2.336, 95% Cl: 1.464-3.731,
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= a v = o ' oA o e ] DS | o
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MmhbAnnsavauvesdannaumsauanauiillgnisiiutieuargifiumnainnisviauluseiuas

Y

[2]

FIF0ANADINUNITANITDY TUTTINTA TURY (2564) NNUT1 WORNTIUNITWAINBT LN Za
nsvhauaatunesukarn1silldaunsaidesiudunsediuyana IanuduiusiunisiingUimnain
M3YUYeLIINNeNIEUUDNY 45 TulU uenanlifaenadesiunisfinuvenisanual auysel
WA WAzANE (2566) N58Y11 NMIFURERIANAINAIUNITEAIANITHATANINLINRBUT MILMINaN Vaq
¥ & Ao [ = [ v o v Ao o sw a a
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Heinrich (1950) #43lmiiuan “@an1mnisaiiililasnsie” (Unsafe conditions) wag “n1snsevingly
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Abstract

This research aimed to 1) design and develop a website to promote archaeological
tourism sites in the area of Rajabhat Phranakhon Si Ayutthaya University, 2) evaluate the
efficiency of the website design and development, and 3) assess user satisfaction with the
website. This study was applied research. The research instruments consisted of the website,
an efficiency evaluation form, and a satisfaction questionnaire. The statistics used in this study
were descriptive statistics, including percentage, mean, and standard deviation. The research
findings revealed that 1) the website was designed and developed by using the ADDIE Model
together with PHP and Bootstrap, which enabled the development to meet its objectives and
be practically usable. The website also supported responsive web design, allowing it to
function properly on various devices and operating systems. This research contributed to the
promotion of historical and cultural tourism, as well as the conservation and dissemination of
the value of local archaeological sites for the benefit of the community, tourists, and relevant
organizations in a sustainable manner. 2) The efficiency of the website, as evaluated by three
purposively selected information technology experts, was rated at a high level (X=4.47).
3) User satisfaction with the website, as assessed by a sample of 400 participants selected

through convenience sampling, was also rated at a high level (X = 4.33).

Keywords: Historic site, Phranakhon Si Ayutthaya Rajabhat University, Website design and

development, Tourism
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Abstract

This study aimed to investigate the effects of interactive computer assembly simulation
media on learning achievement and procedural skills among undergraduate students in
computer-related fields. A quasi-experimental research design was employed with a sample
of 82 students divided into an experimental group and a comparison group. The research
instruments included a learning achievement test, a rubric-based procedural skills assessment,
and a learner satisfaction questionnaire. Data were analyzed using analysis of covariance
(ANCOVA), with pretest scores treated as a covariate.

The findings revealed that the experimental group achieved significantly higher
posttest scores than the comparison group (F (1,79) = 5.84, p = .018), with a moderate effect
size (partial n2 = 0.07). In addition, students demonstrated a high overall level of procedural
skills, particularly in problem analysis, procedural planning, and safety awareness. Learners
also reported a high level of satisfaction with the interactive simulation media. The results
suggest that interactive simulation-based learning can serve as an effective supplementary
instructional tool for supporting practical learning and enhancing computer hardware skills in

higher education.

Keywords: Interactive learning media, Simulation-based learning, Procedural skills, Learning

achievement, Higher education
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