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FOR CENTRAL SI RACHA SHOPPING CENTER

Received Date: 2025, October 16 Tipsukhon Pesopas*
Revised Date: 2026, January 10

Accepted Date: 2026, February 7 RUleas WaChIradeChpanlt

ABSTRACT

At present, social media plays a role in creating business opportunities. It is used by
businesses to expand new marketing channels for building awareness, creating an image, and
disseminating information in the forms of still images and moving images through social media.
The purpose of this article is to study the process of producing promotional video media of
Central Pattana Public Company Limited, Central Si Racha, a comprehensive shopping center.
The study found that video editing today is not merely a process of arranging images and sounds
in sequence, but a combination of science and art, a form of storytelling that requires specific
knowledge, skills, and expertise to effectively convey messages, create impressions, and stimulate
audience awareness. Content planning, technological selection, flexibility, and adaptability to
rapid changes are essential components. Video editing is an important stage in the production
of promotional media, playing a strategic role in shaping brand image and marketing communication
of the shopping center. The application of technical innovations and the implementation of
efficient workflows are necessary to respond to the needs of target groups with diverse and
rapidly changing media consumption behaviors. Furthermore, the working approach of Central
Si Racha can be applied as a case study in the field of education and multimedia training to
enhance the quality of promotional media production in Thailand in the future.

Keywords: Video Media, Online Public Relations Media, Social Media,

Enhancement of Corporate Identity.
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ABSTRACT

This study aimed to investigate the current state of digital transformation among
logistics service providers operating in the Northern Economic Corridor of Thailand toward logistics
ecosystems development and to identify key technological, organizational, and environmental
factors that influence innovation. A literature-based qualitative approach was employed to
synthesize existing academic and industry data, culminating in a conceptual framework that
connects digital maturity with logistics management innovation across three dimensions: process,
technology, and service innovation. The findings indicated that while advanced technologies
such as Al, loT, and cloud systems were being introduced, implementation remained inconsistent
due to skill gaps, limited infrastructure, and financial constraints. The study concluded with
policy recommendations to accelerate digital adoption and innovation toward logistics ecosystems
development in the NEC region.
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INTRODUCTION

In today’s fast-paced, technology-driven global economy, digital transformation (DT)
has become a critical catalyst for innovation, operational agility, and long-term competitiveness
across multiple sectors. The logistics industry-central to global trade and supply chain networks-
is experiencing significant transformation due to the rapid adoption of digital technologies such
as the Internet of Things (loT), artificial intelligence (Al), blockchain, cloud computing, and
automation. These technologies not only improve process efficiency but also reshape how
logistics service providers (LSPs) manage operations, deliver services, and engage with customers.
In Thailand, LSPs encompass a diverse and growing ecosystem, ranging from multinational
logistics corporations to small and medium-sized enterprises (SMEs) offering freight forwarding,
warehousing, customs clearance, and end-to-end supply chain solutions. The logistics market
was valued at approximately USD 88 billion in 2024 and is expected to grow due to rising
e-commerce demand, infrastructure investments, and regional integration. Many logistics firms
are now adopting digital platforms to enhance service quality, streamline operations, and
respond to increasingly complex market dynamics (Hofmann & Rusch, 2017, pp. 23-34; Warner &
Wager, 2019, pp. 326-349).

Thailand’s geographic position in the heart of Southeast Asia further elevates its role
as a regional logistics hub. The Northern Economic Corridor (NEC)-comprising Chiang Mai,
Chiang Rai, Lampang, and Lamphun-has emerged as a key development zone under Thailand’s
20 Year National Strategy (2018-2037), emphasizing digital infrastructure, cross-border connectivity,
and innovation-driven growth. The Thai government has positioned digital transformation (DT)
as a national strategic priority to modernize infrastructure and enhance regional competitiveness
through smart and sustainable logistics ecosystems (Office of the National Economic and Social
Development Council, 2023, pp. 10-15; Ministry of Digital Economy and Society, 2023, pp. 45-52;
World Bank, 2023, pp. 15-18). Despite these opportunities, LSPs in the NEC face considerable
challenges in embracing digital transformation. While many recognize the benefits of DT-such
as improved visibility, real-time data, and supply chain integration-implementation is uneven
due to infrastructure limitations, skill shortages, organizational resistance, and high investment
costs. Furthermore, the lack of empirical data and a contextualized framework tailored to the
socio-economic realities of the NEC undermines strategic planning and innovation efforts among

regional logistics firms.
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This study seeks to address this gap by synthesizing the current state of digital
transformation among LSPs in the NEC, identifying key technological, organizational, and
environmental factors influencing adoption, and analyzing the link between digital maturity
and logistics management innovation. The ultimate goal is to propose a practical framework
that supports digital capability development and enhances innovation, competitiveness, and

sustainability within Thailand’s Northern logistics ecosystem.

RESEARCH OBJECTIVES AND QUESTIONS
Thailand’s Northern Economic Corridor (NEC)-comprising Chiang Mai, Chiang Rai, Lamphun,

and Lampang-has been designated under the 20 Year National Strategy as a strategic zone for
innovation, cross-border logistics, and regional connectivity within the Greater Mekong Subregion
(GMS). In this context, logistics service providers (LSPs) play a critical role in facilitating the flow
of goods and information. However, despite the growing relevance of digital technologies-such
as Al, 1oT, and cloud computing-digital adoption among LSPs in the NEC remains uneven, due
to varying resource capacities, infrastructure readiness, and organizational capabilities. To address
these challenges and opportunities, this study is guided by the following research objective:
To synthesize the current state of digital transformation among logistics service providers (LSPs)
in Thailand’s Northern Economic Corridor (NEC), and to identify key factors influencing the
adoption and impact of digital technologies on logistics management innovation. Correspondingly,
the study aims to answer the following research questions: What is the current state of digital
transformation among logistics service providers toward Logistics Ecosystems Development

for the Northern Economic Corridor of Thailand?
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CONCEPTUAL FRAMEWORK

DIGITAL TRANSFORMATION LOGISTICS MANAGEMENT PERFORMANCE OUTCOMES
DRIVERS INNOVATION (LMI)
» Technological Readiness > _ »| + Operational Efficiency
o N » Process Innovation
» Organizational Capability . » Competitive Advantage
. » Technology Innovation
» Environmental Factors + Sustainability Performance

» Service Innovation

» Regional Constraints

Figure 1 Conceptual Framework of Digital Transformation and Logistics Management
Innovation in the Northern Economic Corridor (NEC)

Source: Developed by the authors based on Tornatzky and Fleischer (1990, pp. 45-50);
Barney (1991, pp. 99-120); Grawe (2009, pp. 360-377)

LITERATURE REVIEW

Northern Economic Corridor (NEC)

The Northern Economic Corridor (NEC) is one of the four strategic corridors under the
Greater Mekong Subregion (GMS) Economic Cooperation Program. Its development has been
driven by major infrastructure investments and regional policy coordination aimed at facilitating
trade, connectivity, and integration between China, Laos, and Thailand (Asian Development
Bank, 2018, pp. 25-30). Key infrastructural milestones-such as the Kunming-Bangkok Highway
and the China-Laos Railway-have significantly reduced transportation time and costs, thereby
increasing cross-border trade, tourism, and logistics efficiency.

Compared with the Eastern Economic Corridor (EEC), which benefits from advanced
port infrastructure and strong industrial clusters, the Northern Economic Corridor (NEC) remains
more dependent on cross-border land transport and regional trade integration. While the EEC
demonstrates higher digital logistics readiness, the NEC faces greater constraints related to
infrastructure gaps and SME capacity.

As part of the ASEAN Economic Community (AEC), the NEC plays a key role in linking

inland economies with major ports, enhancing competitiveness, and supporting inclusive growth.
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However, the region still faces challenges such as 1) uneven infrastructure development,
2) cross-border regulatory misaligcnment, and 3) environmental and social sustainability concerns.
These challenges emphasize the need for policies focused on green logistics, harmonized customs,
and support for SMEs and logistics service providers (Asian Development Bank, 2018, pp. 25-
30).

In summary, the Northern Economic Corridor plays a pivotal role in strengthening
regional connectivity, enhancing trade efficiency, and fostering economic integration across
the Greater Mekong Subregion. By linking China with Southeast Asia through improved infrastructure
and policy coordination, the NEC contributes not only to economic growth but also to regional
stability and cooperation. Nonetheless, balancing economic benefits with social inclusiveness
and environmental sustainability remains essential for ensuring the long-term success of the
corridor.

The importance of the Transportation and Storage Sector in the Northern Economic

Corridor (NEC) can be show in Table 1

Table 1 Provincial-Level Contribution of Transportation and Storage Sector in the Northern

Economic Corridor (NEC), 2019-2023 (Unit: Million Baht)

Gross % Share of
Transportation &
Province Year Provincial Transport &

Storage
Product (GPP)  Storage on GPP
2019 16,764 264,067 6.35%
2020 10,681 242,088 4.41%
Chiang Mai 2021 10,777 239,290 4.50%
2022 11,056 246,636 4.48%
2023 12,637 277,477 4.55%
Lampang 2019 1,594 71,975 2.22%
2020 1,432 71,421 2.00%
2021 1,529 74,326 2.06%
2022 1,631 75,387 2.16%

2023 1,692 74,064 2.28%
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Table 1 (continue)

Gross % Share of
Transportation &
Province Year Provincial Transport &
Storage
Product (GPP)  Storage on GPP

Chiang Rai 2019 5,529 107,078 5.16%
2020 4,200 102,552 4.10%
2021 5,278 103,805 5.08%
2022 4,818 108,174 4.45%
2023 4,553 116,580 3.91%
Lamphun 2019 680 82,348 0.83%
2020 694 81,919 0.85%
2021 719 87,342 0.82%
2022 792 90,315 0.88%
2023 798 91,541 0.87%

Source: Office of the National Economic and Social Development Council (2019, pp. 42-47)

Table 1 presents the Gross Provincial Product (GPP) and the corresponding value of
the transportation and storage sector across the four provinces comprising Thailand’s Northemn
Economic Corridor (NEC)-Chiang Mai, Chiang Rai, Lampang, and Lamphun-from 2019 to 2023.
The data include both the absolute sectoral contribution (in million baht) and the sector’s share
as a percentage of each province’s total GPP. The analysis reveals that Chiang Mai consistently
demonstrates the highest logistics output, with transportation and storage accounting for 6.35%
of GPP in 2019, before declining to 4.55% in 2023. Although impacted by the COVID-19 pandemic
in 2020, the sector gradually recovered in absolute terms. Chiang Rai ranks second, with a peak
contribution of 5.08% in 2021, followed by a decline to 3.91% in 2023. In contrast, Lampang
maintained a stable contribution around 2%, indicating steady logistics activity over the five
year period. Lamphun reported the lowest share, consistently below 1%, suggesting a greater
economic reliance in other sectors such as manufacturing or agriculture.

These variations underscore the uneven development of logistics infrastructure and
digital capabilities across NEC provinces. The data suggests that Chiang Mai is more integrated
into national logistics and supply chain systems, while Lamphun may face structural limitations in

logistics-driven growth.
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Table 2 Aggregate Trends of Transport and Storage sector in the NEC (2019-2023)

Transport &

Year GPP of NEC % Share
Storage NEC
2019 6,141.64 million 131,366.96 4.68%
2020 4,251.76 million 124,494.95 3.42%
2021 4,575.87 million 126,191.04 3.63%
2022 4,573.88 million 130,128.04 3.51%
2023 4,920.04 million 139,915.37 3.52%

Table 2 aggregates the transportation and storage sector data across the entire NEC
region. The total sectoral output stood at 6,141.64 million baht in 2019, representing 4.68%
of total NEC GPP. This percentage declined sharply to 3.42% in 2020, primarily due to disruptions
caused by the COVID-19 pandemic. Despite a modest recovery in 2021, the sector’s contribution
plateaued at around 3.5% from 2021 to 2023.

While the region’s overall GPP grew steadily during the post-pandemic period, the
logistics sector’s share has not returned to pre-pandemic levels. This suggests that other economic
sectors may be expanding more rapidly, or that logistics continues to face structural constraints,

such as infrastructure gaps, digital skill shortages, and limited investment.

Transportation and Storage as % of GPP in the
Northern Economic Corridor (NEC)

6%

5%
Percent4% \\/
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2019 2020 2021 2022 2023

Figure 2 Transportation and Storage as a Percentage of NEC GPP (2019-2023)
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Figure 2 illustrates the percentage contribution of the transportation and storage sector
to the NEC’s total GPP during 2019-2023. The sector experienced a marked decline in 2020,
corresponding with the COVID-19 disruption, followed by a moderate recovery in 2021. However,
its share stabilized at approximately 3.5% from 2021 onward.

Although total GPP demonstrated a gradual post-pandemic increase, the proportional
contribution of the logistics sector remained relatively constant. This pattern indicates that
sectoral growth has progressed in line with overall regional economic expansion rather than
outpacing it. The findings suggest the need for targeted policy measures to strengthen productivity,
digital integration, and structural competitiveness within the logistics sector.

Tables 1 and 2, along with Figure 2, illustrate the trends in the transportation and
storage sector across the Northern Economic Corridor (NEC) from 2019 to 2023. At the provincial
level (Table 1), Chiang Mai consistently recorded the highest logistics output, with transportation
and storage contributing 6.35% of its GPP in 2019. However, this share declined to 4.55% by
2023, despite steady growth in absolute terms. Chiang Rai followed a similar trend, peaking in
2021 before declining to 3.91% in 2023. In contrast, Lampang maintained a relatively stable
share of approximately 2%, while Lamphun remained below 1% throughout the period. These
differences reflect uneven logistics development and digital integration across the region.

At the aggregated NEC level (Table 2), the transportation and storage sector accounted
for 4.68% of regional GPP in 2019 but declined sharply to 3.42% in 2020 due to the COVID-19
pandemic. While there was modest recovery in subsequent years, the sector’s share has since
plateaued around 3.5%. This trend is clearly visualized in Figure 1, which depicts the downward
shift in percentage contribution and a post-pandemic stagnation. Despite increases in total GPP,
the slower recovery of logistics suggests that structural challenges-such as limited infrastructure,
digital skill gaps, and investment barriers-continue to hinder the sector’s full potential.

These findings highlight the critical role of Chiang Mai as a logistics hub and underscore
the need for targeted policies to promote logistics and digital transformation across the NEC.
Enhanced investment in regional transport networks, smart logistics platforms, and human capital
development will be essential to unlock inclusive and sustainable growth in this sector. Thus,
Logistics Ecosystems Development via digital transformation among logistics service providers
(LSPs) operating will boost up economics prosperity in the economic corridor and the whole

country.
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Digital Transformation (DT) Theory

Digital transformation (DT) refers to the strategic integration of digital technologies-
such as Internet of Things (loT), artificial intelligence (Al), cloud computing, and big data-into
core business processes (Bharadwaj, Sawy, Pavlou & Venkatraman, 2013, pp. 471-482). Theoretical
frameworks supporting DT include the Technology-Organization-Environment (TOE) model
(Tornatzky & Fleischer, 1990, pp. 45-50), Resource-Based View (Barney, 1991, pp. 99-120), and
Dynamic Capability Theory (Teece, Pisano & Shuen, 1997, pp. 509-533), all of which emphasize
the importance of aligning technology with organizational capability and environmental context.
In logistics, DT enables visibility, predictive analytics, and automation, while also presenting
challenges such as skill shortages, high costs, and system incompatibility. These issues are
particularly relevant for SMEs in regional areas like the NEC.

Logistics Innovation Theory

Logistics innovation encompasses new technologies, processes, and service models
that enhance operational performance (Grawe, 2009, pp. 360-377; Wang, Gao & Wang, 2025).
It consists of three key dimensions: 1) Process innovation-e.g., lean warehousing, cross-docking,
route optimization, 2) Technology innovation-e.g., RFID, robotics, blockchain, GPS tracking, and
3) Service innovation-e.g., predictive delivery, reverse logistics, cold-chain solutions. Innovation
is shaped by organizational capability, technological infrastructure, and supply chain collaboration.
In the NEC, logistics innovation is increasingly important to meet demands from cross-border
trade and e-commerce, and to align with Thailand’s green and digital logistics agenda.

Logistics Service Providers (LSPs) and Logistics Management Innovation (LMI)

LSPs are critical intermediaries that manage logistics activities on behalf of other firms.
Their roles include transportation, warehousing, inventory management, customs clearance,
and digital integration. LSPs can be classified into 1PL through 5PL based on service complexity
and digital integration. In the NEC, LSPs facilitate cross-border logistics with Laos, China, and
Myanmar. Their digital maturity, however, varies due to firm size, capital, leadership commitment,
and workforce readiness. Leading firms leverage loT, Al, and cloud platforms, but many SMEs
lag due to infrastructure limitations and investment barriers. LMI refers to significant improvements
in logistics strategies, operations, and service delivery (Grawe, 2009, pp. 360-377). It focuses on
transforming logistics capabilities across process, technology, and service dimensions. Enablers
of LMI'include digital leadership, employee skills, innovation culture, and collaboration. LM|

drives agility, resilience, and sustainability-especially important in times of disruption (Wang,
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Gao & Wang, 2025). In Thailand, LMI helps support cold-chain logistics, last-mile delivery, and
carbon reduction strategies in line with national sustainability goals.

Related Research in Thailand and NEC

Recent research in Thailand shows that successful DT adoption depends on leadership,
digital skills, strategic vision, and ecosystem collaboration. While models like SLAPR and smart
cold chains have succeeded in the Eastern Economic Corridor (EEC), the NEC still faces limitations
in digital infrastructure and strategic readiness (Jing & Fan, 2024; Sumrit, 2021, pp. 719-730).
Case studies show that collaborative logistics in Northern Thailand can reduce operational
costs by up to 55%, but barriers such as skill gaps and change resistance remain. LSPs must
build innovation culture and technical readiness to fully leverage DT (Kane, Palmer, Phillips,
Kiron & Buckley, Online, 2015). Additionally, sustainability is now a core dimension of DT
outcomes, aligning with global ESG goals and customer expectations.

This literature strongly supports the role of digital transformation as a strategic driver
of logistics innovation. In the NEC context, theories such as TOE, RBV, and Logistics Innovation
provide conceptual tools to analyze how technology, organization, and environment interact
to shape innovation performance. Despite the growing awareness of DT, regional disparities in
infrastructure, skills, and strategy highlight the need for tailored frameworks and policy interventions

that support inclusive innovation and competitiveness in the NEC logistics sector.

RESEARCH METHODOLOGY

This study employs a systematic literature review (SLR) to examine digital transformation
(DT) among logistics service providers (LSPs) in Thailand’s Northern Economic Corridor (NEC).
Relevant studies published between 2010 and 2024 were retrieved from major academic
databases, including Scopus, Web of Science, and ScienceDirect, with complementary searches
conducted via Google Scholar. Boolean keyword combinations were used to capture literature
related to digital transformation, logistics innovation, technology adoption, and the Technology-
Organization-Environment (TOE) framework. The review focused on peer-reviewed publications
and relevant policy or institutional reports with explicit theoretical grounding, particularly
those based on TOE and the Resource-Based View (RBV), and relevance to logistics systems
in emerging economic contexts.

The selected studies were analyzed using thematic synthesis. Open coding was first

applied to identify key determinants and outcomes of DT adoption, followed by theory-driven

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2



MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

categorization aligned with established organizational and innovation frameworks. Through
iterative cross-study comparison, major drivers of DT adoption-technological readiness,
organizational capability, environmental pressure, regional constraints, and sustainability orientation-
were identified and consolidated into a structured conceptual framework. This framework
explains how digital maturity shapes logistics management innovation and, subsequently,
multidimensional performance outcomes within the NEC logistics ecosystem.

The synthesis provides the analytical foundation for the structured presentation of
determinants (Table 3), innovation and performance outcomes (Table 4), and their integrated

relationships (Table 5) in the following section.

RESULT

This section presents the findings derived from the structured literature synthesis
described in the previous section. The variables and analytical dimensions presented in Tables 3
and 4 were systematically constructed based on the theoretical foundations discussed in the
Literature Review, rather than being arbitrarily selected. Specifically, the determinants of digital
transformation summarized in Table 3 were identified through thematic synthesis of prior studies
grounded in the Technology-Organization-Environment (TOE) framework (Tornatzky & Fleischer,
1990, pp. 45-50), the Resource-Based View (Barney, 1991, pp. 99-120), and Dynamic Capability
Theory (Teece, Pisano & Shuen, 1997, pp. 509-533). These theoretical perspectives informed
the classification of technological readiness, organizational capability, and environmental factors
as primary drivers of digital transformation. In addition, contextual elements such as regional
constraints and sustainability orientation were incorporated based on empirical research examining
logistics ecosystems and digital readiness in Thailand and comparable regional contexts.

Similarly, the performance outcomes presented in Table 4 were derived from established
literature on logistics innovation and digital business strategy. In particular, the three-dimensional
framework of process, technology, and service innovation (Grawe, 2009, pp. 360-377; Flint,
Larsson, Gammelgaard & Mentzer, 2005, pp. 113-147; Wang, Gao & Wang, 2025) guided the
identification of logistics innovation as a core outcome of digital transformation. Complementary
dimensions, including operational efficiency, competitive advantage, and sustainability
performance, were incorporated in alignment with research on digital strategy and sustainable
supply chain management (Bharadwaj, Sawy, Pavlou & Venkatraman, 2013, pp. 471-482; Seuring &
Maller, 2008, pp. 1699-1710; Saberi, Kouhizadeh, Sarkis & Shen, 2019, pp. 2117-2135).
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Accordingly, Tables 3 and 4 represent a theory-driven synthesis in which established
conceptual frameworks informed both the selection of constructs and the structuring of
analytical categories. This structured integration ensures theoretical coherence between the
literature review and the reported findings, thereby strengthening the conceptual validity of
the proposed framework.

First, key determinants influencing digital transformation among LSPs in the NEC are
identified and structured according to the TOE-based dimensions (Table 3). Second, the
innovation and performance outcomes associated with digital transformation are synthesized
from the logistics innovation literature (Table 4). Finally, these determinants and outcomes
are integrated into a consolidated framework that illustrates the causal linkages between

digital maturity and logistics management innovation (Table 5).

Table 3 Key Factors Influencing Digital Transformation among LSPs in the NEC

Theoretical

Dimension Key Factors Key References Implications
Lens
Technological 10T, Al, cloud TOE - Bharadwaj, Sawy, Pavlou &  Enables visibility,
Readiness platforms, Technology  Venkatraman (2013, pp. 471-  real-time data,
automation, system 482); Hofmann & Riisch operational
interoperability (2017, pp. 23-34); Zhu, optimization
Kraemer & Xu (2006, pp.
1557-1576)

Organizational Leadership, digital ~ RBV; TOE - Barney (1991, pp. 99-120), Drives successful

Capability culture, employee  Organization Warner & Wager (2019, pp. DT adoption and
skills, resource 326-349); Kane, Palmer, long-term
allocation Phillips, Kiron & Buckley innovation

(Online, 2015) commitment

Environmental Government policy, TOE - Tornatzky & Fleischer (1990, Acts as external

Factors NEC development  Environment pp. 45-50); Sarkis, Gonzalez- catalysts for
plans, customer Torre & Adenso-Diaz (2010, technology
pressure pp. 163-176) investment
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Table 3 (Continue)

Theoretical
Dimension Key Factors Key References Implications
Lens
Sustainability Economic, Triple Seuring & Maller (2008, Encourages long-
Orientation environmental, and Bottom Line pp. 1699-1710); Saberi, term resilience
social alignment (TBL) Kouhizadeh, Sarkis & Shen, and responsible

(2019, pp. 2117-2135) innovation

Source: Synthesized from literature review and regional analysis (2023-2024)

Table 3 synthesizes the key factors influencing digital transformation (DT) among logistics

service providers (LSPs) in the Northern Economic Corridor (NEC) based on the Technology-

Organization-Environment (TOE) framework. The findings indicate that technological readiness

forms the foundation of digital integration, while organizational capability plays a critical mediating

role in ensuring successful adoption. Environmental factors, including sovernment policy and

customer pressure, act as external drivers of transformation. However, regional constraints

such as capital limitations and skill shortages may hinder progress. Sustainability orientation

further reinforces the strategic alisnment of digital initiatives with long-term competitiveness

and responsible innovation.
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Table 4 Outcomes of Digital Transformation among LSPs in the NEC

Performance
Key Indicators Key References Outcome Description
Area
Logistics Process, technology, Grawe (2009, pp. 360-377); Drives agile and value-
Innovation service innovation Flint, Larsson, Gammelgaard & added logistics

Mentzer (2005, pp. 113-147);
Wang, Gao & Wang (2025)

solutions

Operational

Cost reduction, lead

Hofmann & Risch (2017, pp.

Enhances resource

Efficiency time, service 23-34);, Porter & Heppelmann use, responsiveness,
accuracy, (2015, pp. 96-114); and decision-making
transparency Zhu, Kraemer & Xu

(2006, pp. 1557-1576)
Competitive  Market agility, Bharadwaj, Sawy, Pavlou & Strengthens
Advantage  differentiation, Venkatraman (2013, pp. 471-  positioning and

strategic alignment

482); Warner & Wager (2019,
pp. 326-349), Christopher
(2016, pp. 72-75)

adaptability in

dynamic markets

Sustainability Energy efficiency,
Performance emission reduction,

social responsibility

Seuring & Maller (2008, pp.
1699-1710); Saberi,
Kouhizadeh, Sarkis & Shen
(2019, pp. 2117-2135); Sarkis,
Gonzalez-Torre & Adenso-Diaz

(2010, pp. 163-176)

Supports ESG goals
and green logistics

transformation

Source: Synthesized from empirical findings and thematic analysis (2023-2024)

Table 4 outlines the primary performance outcomes observed among logistics firms

undergoing digital transformation in the NEC. These outcomes span across four key domains:

innovation, operational efficiency, competitive advantage, and sustainability performance. First,

DT stimulates continuous logistics innovation, enabling firms to redesign workflows, incorporate

smart technologies, and offer differentiated services. This innovation is closely linked to operational

efficiency, where digital tools reduce lead times, improve accuracy, and enhance visibility across
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the supply chain. Moreover, firms that leverage digital strategies effectively report stronger

competitive advantage through improved market responsiveness and service customization.

Lastly, DT contributes directly to sustainability performance, facilitating green logistics practices

and strengthening social accountability. These outcomes reinforce the strategic importance of

DT not only as a technological upgrade but as a catalyst for multidimensional transformation.

Table 5 Integrated Framework Linking Drivers and Outcomes of Digital Transformation

Drivers of DT Linked Outcomes

Key Relationship Insights

Key References

Technological Innovation,
Readiness efficiency,

competitiveness

Infrastructure maturity leads

to faster transformation and

enhanced performance

Bharadwaj, Sawy, Pavlou &
Venkatraman (2013, pp.
471-482); Hofmann &
Risch (2017, pp. 23-34);
Zhu, Kraemer & Xu (2006,
pp. 1557-1576)

Organizational Innovation, agility,

Capability long-term success

Acts as mediator between
technology and strategic

outcomes

Barney (1991, pp. 99-
120); Warner & Wager
(2019, pp. 326-349);
Kane, Palmer, Phillips,
Kiron & Buckley (Online,
2015)

Environmental Adoption speed,

Stimulates urgency and aligns

Tornatzky & Fleischer

Pressure compliance, firm action with policy and (1990, pp. 45-50);
investment decisions customer needs Sarkis, Gonzalez-Torre &
Adenso-Diaz (2010,
pp. 163-176)
Sustainability Resilience, DT aligned with sustainability Seuring & Muller (2008,
Orientation  stakeholder trust, supports long-term pp. 1699-1710); Saberi,

social impact

performance and ESG

alignment

Kouhizadeh, Sarkis &
Shen (2019, pp. 2117-
2135)

Source: Author's synthesis based on DT and LMI frameworks
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Table 5 presents an integrated view linking the identified DT drivers (independent
variables) with corresponding performance outcomes (dependent variables), forming the basis
of the study’s conceptual framework. The table demonstrates that technological readiness
and organizational capability are consistently associated with enhanced innovation,
competitiveness, and strategic agility. Meanwhile, environmental pressures, such as policy
directives and customer demand, influence the speed and direction of DT adoption. The
impact of regional constraints is also significant, particularly in limiting innovation potential
among SMEs. However, organizations that embed sustainability orientation into their DT strategy
tend to realize more resilient, long-term performance gains. This integrated perspective underscores
the interconnected nature of the DT process, suggesting that success depends on holistic
alisnment between internal capacity, external environment, and long-term strategic goals.

The conceptual framework was developed through a systematic synthesis of the
reviewed literature on digital transformation and logistics innovation. The process began with
the identification of recurring determinants of digital transformation through thematic analysis,
highlighting key constructs such as technolosgical readiness, organizational capability, environmental
pressure, regional constraints, and sustainability orientation.

These determinants were organized under established theoretical lenses, particularly
the Technology-Organization-Environment (TOE) framework and the Resource-Based View (RBV),
to ensure theoretical consistency. Innovation-related outcomes were then derived from the
logistics innovation literature and structured into three primary dimensions-process, technology,
and service innovation-along with broader performance outcomes, including operational
efficiency, competitive advantage, and sustainability performance.

Through iterative cross-study comparison, consistent linkages between digital maturity
drivers and innovation outcomes were identified and consolidated into an integrated model.
The framework conceptualizes digital maturity as a multidimensional construct comprising
technological, organizational, and environmental readiness that influences logistics management
innovation (LMI) and subsequent performance outcomes. Accordingly, the model illustrates
the relationship: Digital Maturity Drivers — Logistics Management Innovation — Performance
Outcomes, reflecting the interconnected dynamics of digital transformation within the NEC

logistics ecosystem and providing a foundation for future empirical validation.
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DISCUSSION

This study synthesized existing literature on digital transformation (DT) and its implications
for logistics service providers (LSPs), with particular emphasis on Thailand’s Northern Economic
Corridor (NEC). The findings confirm that DT is not merely a technological upgrade but a
multidimensional transformation process that reshapes organizational structures, strategic
orientations, and operational practices.

First, DT facilitates logistics innovation across processes, technologies, and service
models. Digital tools such as cloud platforms, Al, and loT enable LSPs to redesign workflows,
enhance real-time visibility, and develop more customer-centric services. This is particularly
important for NEC-based firms that often operate with limited legacy systems. Second, DT
significantly improves operational efficiency by reducing lead times, lowering costs, and improving
service accuracy. However, technological potential alone is insufficient without adequate human
capital, digital integration, and training. Third, DT contributes to sustainable competitive advantage.
Digitally mature firms can respond proactively to market changes and integrate into cross-border
logistics networks, which is crucial for NEC’s role within the Greater Mekong Subregion. Fourth,
DT enhances sustainability performance by enabling green logistics practices, such as route
optimization and digital traceability, while supporting ethical and socially responsible operations.

The findings of this study indicate that technological readiness alone is insufficient
to ensure successful digital transformation among LSPs in the NEC. As reflected in Table 3,
organizational capability and environmental pressures significantly shape adoption outcomes.
Moreover, the integrated framework in Table 5 demonstrates that digital maturity drivers influence
logistics management innovation, which in turn enhances operational efficiency, competitive
advantage, and sustainability performance. These findings contribute to the existing literature
by contextualizing TOE and RBV frameworks within a regional logistics ecosystem in an emerging
economy.

From a theoretical perspective, this study proposes a multidimensional framework
linking DT enables to performance outcomes. From a managerial standpoint, firms should invest
not only in technology but also in leadership, workforce readiness, and collaborative innovation.
In conclusion, DT is a strategic transformation that reshapes how logistics firms innovate, compete,
and contribute to sustainable development. For NEC-based LSPs, DT represents a powerful
engine for smart, resilient, and inclusive growth, provided that structural barriers are addressed

through coordinated policy and industry efforts.
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RECOMMENDATIONS

Based on the findings, this study proposes integrated recommendations aimed at
enhancing digital transformation (DT) readiness and innovation performance among logistics
service providers (LSPs) in Thailand’s Northern Economic Corridor (NEC). At the policy level, the
study recommends establishing a regionalized strategy such as a "Smart Logistics NEC Program”
under relevant ministries to support infrastructure development and provide financial incentives.
Public-Private Partnerships (PPPs) should be promoted to create innovation hubs or "Digital
Sandboxes" to pilot technologies like Al, IoT, and blockchain. Furthermore, targeted workforce
development programs, particularly digital logistics certifications, should be implemented in
collaboration with local educational institutions to address critical skill gaps. At the organizational
level, LSPs are encouraged to invest in scalable and interoperable technologies, beginning
with foundational systems (e.g., TMS, WMS) before progressing to Al-based analytics and loT
tools. Equally important is the cultivation of a digital and innovation-driven culture through
leadership commitment and cross-functional teams or "digital champions.” Strengthening
collaboration across the supply chain, including co-developing digital platforms with key partners,
is vital to maximizing DT benefits. Finally, for academic advancement, the study recommends
future research focused on empirical validation using methods such as AHP, SEM, or Fuzzy Delphi;
comparative analysis between NEC and other regions; and longitudinal studies to track DT
impact over time on firm performance and sustainability.

Recommendations for Future Research

To further enrich understanding of digital transformation in logistics, future research
should consider the following:

Empirical validation of the conceptual framework through analytical methods such
as AHP (Analytic Hierarchy Process), SEM (Structural Equation Modeling), or Fuzzy Delphi.

Comparative case studies between LSPs in the NEC and those in other economic
corridors to identify regional differentiators and common success factors.

Longitudinal studies that investigate the progression of DT adoption over time
and its long-term impact on organizational resilience, innovation outcomes, and sustainability

performance.

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2



MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

BIBLIOGRAPHY

Asian Development Bank. (2018). Greater mekong subregion economic cooperation program
overview. Asian Development Bank.

Barney, J. (1991). Firm resources and sustained competitive advantage. Journal of Management,
17(1), 99-120.
https://doi.org/10.1177/014920639101700108

Bharadwaj, A., EL Sawy, O. A., Pavlou, P. A, & Venkatraman, N. (2013). Digital business strategy:
Toward a next generation of insights. MIS Quarterly, 37(2), 471-482.

Christopher, M. (2016). Logistics and supply chain management: Logistics & supply Chain
management (5th ed.). Pearson.

Flint, D. J,, Larsson, E., Gammelgaard, B., & Mentzer, J. T. (2005). Logistics innovation:

A customer value-oriented social process. Journal of Business Logistics, 26(1), 113-147.
https://doi.org/10.1002/].2158-1592.2005.tb00196.x

Grawe, S. J. (2009). Logistics innovation: A literature-based conceptual framework.

The International Journal of Logistics Management, 20(3), 360-377.
https://doi.org/10.1108/09574090911002823

Hofmann, E., & Rusch, M. (2017). Industry 4.0 and the current status as well as future
prospects on logistics. Computers in Industry, 89, 23-34.

Jing, H., & Fan, Y. (2024). Digital transformation, Supply chain integration and supply chain
performance: Evidence from chinese manufacturing listed firms. Sage Open, 14(3),
21582440241281616.
https://doi.org/10.1177/21582440241281616

Kane, G. C., Palmer, D., Phillips, A. N., Kiron, D., & Buckley, N. (2015, July 14). Strategy, not
technology, drives digital transformation. Massachusetts Institute of Technology.
https://sloanreview.mit.edu/projects/strategy-drives-digital-transformation/

Ministry of Digital Economy and Society. (2023). Thailand digital economy development
plan (2023-2027). Ministry of Digital Economy and Society.

Office of the National Economic and Social Development Council. (2019). The Twelfth
National Economic and Social Development Plan (2017-2021). National Economic
and Social Development Council.

Office of the National Economic and Social Development Council. (2023). Thailand

economic and social development report 2023. NESDC.



MsasaEumaniASUnY ¥ay3 (Online) T4 12 atiufl 1 unsrAu-wwBY 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

Porter, M. E., & Heppelmann, J. E. (2015). How smart, connected products are transforming
companies. Harvard Business Review, 93(10), 96-114.

Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, L. (2019). Blockchain technology and its relationships
to sustainable supply chain management. International journal of production research,
57(7), 2117-2135.

Sarkis, J., Gonzalez-Torre, P., & Adenso-Diaz, B. (2010). Stakeholder pressure and the adoption
of environmental practices: The mediating effect of training. Journal of Operations
Management, 28(2), 163-176.

Seuring, S., & Muller, M. (2008). From a literature review to a conceptual framework for
sustainable supply chain management. Journal of Cleaner Production, 16(15),
1699-1710.

Sumrit, D. (2021). What are the obstacles hindering digital transformation for small and
medium enterprise freight logistics service providers? An interpretive structural
modeling approach. Uncertain Supply Chain Management, 9(3), 719-730.
https://doi.org/10.5267/j.uscm.2021.4.006

Teece, D. J., Pisano, G., & Shuen, A. (1997). Dynamic capabilities and strategic management.
Strategic Management Journal, 18(7), 509-533.
https://doi.org/10.1002/(SIC1)1097-0266(199708)18:7<509::AID-SMJ882>3.0.CO;2-Z

Tornatzky, L. G., & Fleischer, M. (1990). The processes of technological innovation.
Lexington Books.

Wang, Z., Gao, L., & Wang, W. (2025). The impact of supply chain digitization and logistics
efficiency on the competitiveness of industrial enterprises. International Review of
Economics & Finance, 97, 103759.
https://doi.ore/10.1016/j.iref.2024.103759

Warner, K. S., & Wager, M. (2019). Building dynamic capabilities for digital transformation:

An ongoing process of strategic renewal. Long range planning, 52(3), 326-349.

World Bank. (2023). Thailand economic monitor: Digital pathways to erowth. World Bank.

Zhu, K., Kraemer, K. L., & Xu, S. (2006). The process of innovation assimilation by firms in
different countries: A technology diffusion perspective on e-business.

Management science, 52(10), 1557-1576.

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2



MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

WELLNESS TOURISM MANAGEMENT AFFECTING ORGANIZATIONAL
EFFECTIVENESS IN UTILIZING THE TRIDEVI LEADERSHIP STYLE: AN
EMPIRICAL STUDY OF THAI TRADITIONAL PHARMACY PRACTICE FOR
INDIAN CUSTOMERS

Received Date: 2025, November 25 Maneekanya Nagamatsu*
Revised Date: 2026, January 12

*
Accepted Date: 2026, February 24 Sarawoot lamsaard

ABSTRACT

The purpose of this study was to investigate the relationships among the Tridevi leadership
styles, customer satisfaction, and organizational effectiveness of Thai traditional pharmacy practice
for Indian customers, based on the Hindu Goddess characteristics and the transformational leadership
conceptual context. The study was purposive sampling and mixed-methods research in order to
collect quantitative data using questionnaires from Indian clients who are customers of TTM wellness
clinic in Bangkok, Thailand, and complemented by qualitative in-depth interview data, which were
obtained from the client managers of the respective wellness clinics. Path analysis was performed
using structural equation modeling, and the qualitative interview data were analyzed using content
analysis. The findings show that the Tridevi leadership represented by Hindu goddesses significantly
affected organizational effectiveness through customer satisfaction. The SEM model was confirmed
to be valid. The impact of the independent variable was analyzed using regression weights showing
that the Hierarchical Leadership model endorsed through the result was Adaptation & Empowerment
had the highest impact by Parvati, then by Saraswati, and the lowest impact was Lakshmi. High scores
were noted in Personalized care and Integration with Ayurvedic adaptogenic herbs as Individualized
compound of Ya-Hom nostrum and Benchakul, Cultural learing for practitioners and Telepharmacy
services as customer satisfaction dimensions. The most crucial practice areas were quite impressively
high that would reflect a degree of organizational effectiveness were supply chain optimization, Joint
certification for standards mutual traditional medicine professional career development and cultural
sensitivity enhancement.

Keywords: Wellness Tourism, Thai Pharmacy, Goddess Leadership, Organizational Effectiveness.
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INTRODUCTION

There is good mutual potential for medical practices between Thai Traditional and
Ayurveda through this historical connection. The basic model of Thai traditional medicine has
been delineated, named as "Ayuravej," in the assimilation and situation of a classical Indian
Ayurvedic. The historical journey shows that TTM has drawn from a source which is Ayurvedic,
but is typical of how a distinctive tradition has evolved adapted to the local and indigenous
healing and cultural settings (Joob, Wiwanitkit & Wiwanitkit, 2024, pp. 85-86). Quality Control
and Standardization in Herbal Pharmacopeia: Thai Herbal Pharmacy in Traditional Medicine
standard includes the frequently used herbs in Thai and Ayurvedic systems. One such widely
standardized herbal product is curcumin from turmeric (Curcuma longa), which is utilized in all
three of these systems. Parameters of these test methods followed according to Thai
pharmacopoeia for identification and quantification of precatorius leaves including microscopic
identification, foreign matter, loss on drying, extractive values, and TLC profile standardizations
that were stated based on Thai and Ayurvedic pharmacopoeia standards (Thai Herbal
Pharmacopoeia Committee, Online, n.d.). In particular, personal medicine and constitutional
evaluation from the recent metabolomic studies on personal body parts in TTM represent
some progress in movement towards treating responses in each individual. In balance of
element of body parts, Benjakul formular (BKF) can represent treatment in agreement with
typology of the personal constitution of TTM experts. When the disease and symptoms of a
patient are diagnosed, the TTM doctor will then have appropriate flavor and effects of drugs for
the respective patient (Vannabhum, Mahajaroensiri, Pattanapholkornsakul, Tantiwongsekunakorn,
Thippayacharoentam, Tripatara & Akarasereenont, 2023). The decoction pot was sealed with
a "Chaleaw"; a star-shaped amulet made from narrow bamboo for protection of treatment
power and expulsion of the evil spirit left in the decoction. Timber two-storey chaleaw today,
displaying this conventional Thai pharmacy emblem (Kongveha, Online, 2025) that can be

shown as Figure 1.
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Figure 1 Chaleaw star-shaped in a medicine pot (Researcher, 2024)

Even observationally, this personalized approach is synchronous with the Ayurveda
principle of personalized treatment, lending evidence for probable co-adjuvant combination
treatment modalities. Personalized treatment in Thai traditional medicine (TTM) has been
identified for many decades whereby human body constituents have been broadly categorized
into Earth (Dhat Din), Water (Dhat Nam), Wind (Dhat Lom), and Fire (Dhat Fai) and related to
unique physical appearance, susceptibility to disease, and treatment efficacy, among the
earliest personalized medicine concepts. The Benjakul formular (BKF), a traditional Thai herbal
formula, is an illustrative example of such individualized therapy, in that it demonstrates distinct
user-specific metabolic prima facie data based on individual constitutional types. This traditional
medicine is substantiated by nutrigenomic and metabolomic studies; Benjakul offers an entry to
an evidence-based personalized homely route of medicine (Kuropakornpong, Itharat, Ooraikul,

Loebenberg & Davies, 2022, pp. 111-122).

LITERATURE REVIEW

Thai traditional pharmacy and Ayurvedic systems mingle like the similarities and
differences of languages spoken around the world. The merger between Thai traditional herbal
medicine with the Ayurvedic system has been seen with the inclusion of some registered modemn
Ayurveda products into the Thai national drug list. "Yaleungpidsamuttara" (a formula for the
treatment of diarrhea) presents such an example of how TTM coexists with Ayurvedic knowledge
but keeps its own identity and therapeutic identity (Joob, Wiwanitkit & Wiwanitkit, 2024, pp.

85-86). Then, a comparative analysis further shows how this Thai formulation has its origin from
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the conceptual base of classical Indian Ayurveda; it is not based on an exact Indian Ayurvedic
equivalent and demonstrates an adaptation or evolution in the system of traditional medicine
(Kumar, Yadav, Garg, Halder & Mohan, 2024, pp. 1-12). The concept of Thai traditional pharmacy
includes 4 categories of knowledge: knowledge of pharmaceutical materials, pharmaceutical
properties, classification of drugs, and preparation (Department for Development of Thai
Traditional and Alternative Medicine, Online, 2016). Research has also demonstrated that
effective transformation leadership is crucial to enhancing organizational performance and
employee engagement (Bass & Riggio, 2006, pp. 1-296). Based on the work of Handy (1995,
pp. 1-254), who writes with a twist on Greek mythology in his 1978 “Gods of Management”
has used Greek gods as a metaphor for describing what are fundamentally different types of
management culture and management practices. It's worth noting that, while Handy's first
formulation was based on four Greek gods (Zeus, Apollo, Athena, and Dionysus), we've found
some interesting correspondences between these ‘archetypes' and Hindu goddesses, suggesting
that the divine symbols and managerial principles cross cultural boundaries. Comparing Athena
to Saraswati is an illustration of the task culture of Handy's model, who was the goddess of
wisdom. Hera to Lakshmi are the representatives of power and wealth, while Artemis to Parvati
represent power in transformation, execution, and achievement, qualities consistent with those
observed of the task-oriented Theories and Frameworks of Organizational Cultures (Handy, 1995,
pp. 1-254). Charismatic leaders whose influence is at the level of beliefs and values, transformational
leaders similar to those modeled by Tridevi, who embrace knowledge management as Saraswati,
resource management as Lakshmi, adaptation and empowerment as Parvati. These traits are
representative of the long-standing and varied goddess tradition in Hindu religion that features
revered divinities originating from the oldest Hindu texts, the Vedic hymns (Kinsley, 1986, pp.
1-281) and are the function of improved health outcomes and patients’ experiences (Northouse,
2018). The development of Thai traditional pharmacy and Indian ayurveda principles may
provide mutual learning about both of a wellness tourism market, which will generate integrated
forms of pharmacy aspect, when combined will exert synergistic effects to develop both
traditional pharmacies. This linkage makes it possible to explore the new elements that can
be added to patient care using combination pharmacy and health care transformation programs

to be implemented based on the Tridevi transformation leadership model.
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From the literature review, the conceptual framework can be drawn as shown in

Figure 2.
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Figure 2 Conceptual framework

RESEARCH OBJECTIVES

1. To study the general environment context of Thai traditional pharmacy practice on
Tridevi leadership style, customer satisfaction and organizational effectiveness.

2. To analyze the causal factors of Thai traditional pharmacy practice on Tridevi leadership
style through customer satisfaction influence organizational effectiveness.

3. To suggest the management of Thai traditional pharmacy practice utilizing Tridevi

leadership style affecting organizational effectiveness.

RESEARCH HYPOTHESIS
This paper proposes the following hypotheses:
H1: Thai traditional pharmacy of Tridevi leadership style has a significant direct effect
on organizational effectiveness.
H2: Thai traditional pharmacy of Tridevi leadership style has a significant indirect

effect on organizational effectiveness through customer satisfaction.



MsasaEumaniASUnY ¥ay3 (Online) T4 12 atiufl 1 unsrAu-wwBY 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

RESEARCH METHODOLOGY

This study employs a mixed-methods research approach that integrates both qualitative
and quantitative data collection techniques to ensure comprehensive analysis. The research
combines qualitative and quantitative methodologies to obtain thorough and multifaceted data
insights.

1. Quantitative methodology: Research instrument by questionnaire will be
administered to Indian tourists who are members of wellness facilities in Bangkok to assess their
service experiences and satisfaction ratings.

2. Qualitative methodology: Semi-Structured interviews will be conducted with nine
clinic client managers as the key-informants to explore leadership methodologies and operational
integrative difficulties.

Population and Samples

The research employs purposive sampling, selecting on Indian customers who are using
of wellness clinics located near Little India in the Pranakorn District of Bangkok. This study
encompasses nine facilities, along with client managers from these selected wellness clinics.
The quantitative sample size was recommended that the sample size should be more than
250 samples. (Hair, Black, Babin & Anderson, Online, 2010) then researcher determined using
the sample size determination method. In this research, the researcher determined the appropriate
and sufficient sample group for data analysis 400 samples, which is sufficient and more than
the minimum sample size that can be used for the model analysis technique., the calculated
sample size consists of 400 Indian respondents who hold memberships at the nine chosen
wellness clinics in the Pranakorn District of Bangkok. The qualitative sample size of key informants
were 9 client managers from these nine wellness clinics, all of whom possess extensive experience
in serving Thai and Indian clients.

Research Instrument

An online structured questionnaire was directly distributed to 400 Indian respondents,
members of destination wellness clinics in Bangkok, to inquire about their experiences and
satisfaction related to their experience. In-depth interviews were conducted with 9 clinic client
managers from these nine wellness clinics who offer perspectives on leadership and operational
challenges. Congruent validation was made to Thai traditional pharmacist and Ayurveda specialist,

ensuring reliability of the research instrument.
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Collection of Data

Quantitative online data collection processed using statistical software to conduct
path analysis through Structural Equation Modeling (SEM) in order to examine the relationship
between PHA Tridevi leadership styles, customer satisfaction, and organizational effectiveness.
Qualitative interview data were undergoing systematic coding and content analysis providing
support the significant data related to PHA Tridevi leadership styles, customer satisfaction, and
organizational effectiveness of quantitative findings.
Ethical Approval

This research article (Pharmacy profession) coverage by the main project proposal of
research approval, IRB protocol code No. 013/2568 from Ethics Committee for Human Research,
Southeast Asia University. The researcher distributed formal consent to participants, ensuring
they were fully informed about the purpose, procedures, risks, and benefits of the study.
Participants voluntarily agreed to take part without coercion or undue influence, and their

autonomy and rights were respected throughout the research process.

RESULTS

The research findings presented in three parts, corresponding to each objective as
following.

This study used legalized SPSS 28.0 and AMOS 29.0 to conduct reliability testing, validity
testing, and confirmatory factor analysis on valid questionnaires. The first step is to test the
reliability and validity of the questionnaire data. Cronbach's alpha reliability coefficient of 45
items was 0.85, indicating that the data in this study had good reliability overall. This means
that the data of the present study have acceptable reliability overall.

Part 1: Results from the first objective: To study the general environment context
of Thai traditional pharmacy practice on Tridevi leadership style, customer satisfaction and
organizational effectiveness.

The data results which give us an interesting figure of health care utilization by Indian
consumers health which is which needs attention of Pharmacotherapy. Disease examination
and diagnosis, Thai traditional medicine treatment which provides this service 44% of the service
captures Thai massage 34%. The service of Thai pharmacy which is so indispensable with 14%.
This sector is very important part of the health care system because pharmacy diagnosis and

medication are part of the service provision which is part of the integral system of overall health
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care. The large proportion of Thai pharmacy services compared with other competing forms
of health care is an indication that it is not playing a supplementary or secondary role but an
indispensable function in providing convenient and quality medication and pharmaceutical
care to the Indian customers. This is supplemented by Thai midwifery services which are at 8%
of the customers. Thai traditional Pharmacy still remains at 14%. Thai traditional pharmacy
knowledge is provided with medications which patients not only receive diagnosis and treatments
but also receive their medications from which helps to translate our medical consultations to
the customers.

The data collected from the questionnaire regarding the practice of Thai traditional
pharmacy in relation to the Tridevi leadership style, customer satisfaction, and organizational
effectiveness. Participants evaluated various aspects using a Likert scale ranging from 1 (least
agree) to 5 (strongly agree). The findings, which encompass average scores, percentage distributions,

standard deviations, and interpretations, are displayed in Table 1.

Table 1 Questionnaire Descriptive analysis from Indian customers

Variables X SD Interpretation

PHA Knowledge sharing (PHKS) 2.97 367 Moderate
Thai Pharmacy practitioners are trained
in cultural competence to better serve

Indian customers.

PHA Resource management (PHRM) 3.24 534 Moderate
Thai Pharmacy Cost-effective methods
are implemented without compromising

service quality.

PHA Adaptation & Empowerment (PHEP) 3.54 475 High
Culture of continuous improvement is

fostered within the organization to

ensure herbal adaptability per Indian

customer’s demands.
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Table 1 (Continue)

=|

Variables SD Interpretation

Quality of care (CSQ) 4.04 528 High
Thai pharmacy services received were
personalized and tailored to Indian

individual health needs.

Accessibility (CSA) 3.76 258 High
The operating hours of Thai pharmacy
service were suitable for Indian

customers’ behavior.

Cultural Relevance (CSC) 3.67 491 High
The wellness services offered included

practices that resonated with Indian

customers and understanding of

traditional healing (Basic herbal of

Ayurveda).

Operational efficiency (OPE) 3.40 427 Moderate
The integration of Thai pharmacy into
mainstream healthcare enhances the

overall efficiency of service delivery.

Employee Engagement (EPG) 2.87 460 Moderate
The organization invests continuous Thai
Pharmacy training programs to improve

employee skills in TTM practices.

Patient Outcomes (PAO) 4.16 317 High
The holistic approach of Thai Pharmacy
contributed positively to overall

wellness experience.
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The relationships among the Tridevi leadership styles, customer satisfaction, and
organizational effectiveness of Thai traditional pharmacy practice per follows,

The Tridevi leadership variable: PHA Knowledge Sharing (PHKS); Mean score of 2.97
(SD=0.367) interpreted as moderate. Thai pharmacy practitioners receive training in cultural
competence to serve Indian customers effectively. PHA Resource Management (PHRM); Mean
score of 3.24 (5D=0.534) interpreted as moderate. Cost-effective methods are used without
reducing service quality. PHA Adaptation Empowerment (PHEP); Mean score of 3.54 (SD=0.475),
interpreted as high.

Customer satisfaction variable: A culture of continuous improvement supports herbal
adaptability to Indian customer demands. Quality of Care (CSQ); Mean score of 4.04 (SD=0.528)
interpreted as high performance. Services are personalized to individual Indian health needs.
Accessibility (CSA) Mean score of 3.76 (SD=0.258) interpreted as high level. Operating hours suit
Indian customer behaviors. Cultural Relevance (CSC); Mean score of 3.67 (SD=0.491) interpreted
as high. Wellness services align with Indian traditional healing, including basic Ayurveda herbs.

Organizational Effectiveness variable: Operational Efficiency (OPE) Mean score of 3.40
(SD=0.427) interpreted as moderate. Thai pharmacy integration boosts mainstream healthcare
efficiency. Employee Engagement (EPG); Mean score of 2.87 (SD=0.460) interpreted as moderate.
Continuous training programs enhance employee skills in Thai Traditional Pharmacy. Patient
Outcomes (PAO) at the Highest mean score of 4.16 (5D=0.317) interpreted as high. The holistic
Thai pharmacy approach improves overall wellness.

Part 2: Results from the second objective: To analyze the causal factors of Thai
traditional pharmacy practice on Tridevi leadership style through customer satisfaction influence
organizational effectiveness.

Hypothesis Testing

The result shows the role of customer satisfaction as a mediating variable. The
analysis results show that PHA Tridevi leadership style significantly positively affects Organizational
effectiveness (the estimated value is 0.51, p=0.001). At the same time, PHA Tridevi leadership
style can also indirectly promote Organizational effectiveness by increasing cultural relevance
(the estimated value of the indirect effect is 0.31, p=0.006). The total effect (direct + indirect) is

also significant (estimate of 0.82, p=0.001) are shown in Table 2.
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Table 2 Result of Mediation Analysis

Path Estimate P
Direct 0.51 ex
Indirect 0.31 0.006
Total Effect 0.82 *xx

% 5<0.001
From Table 3 summarizes the results of the best-fit model and explains the
relationship between independent, mediating, and dependent variables. Therefore, this study's

H1, H2 are accepted.

Table 3 The Path Coefficient Analysis of Variable

Std.
Path S.E.  CR. P
Estimate
Tridevi leadership style 0.80 0.08 10.57  ***
Knowledge Sharing -> Customer Satisfaction
Resource Management -> Customer Satisfaction
Adaptation & Empowerment -> Customer
Satisfaction
Customer Satisfaction 0.02 0.19 273 0.007
Customer Satisfaction -> Organizational Effectiveness
Organizational Effectiveness 0.51 0.05 7.56 xx

Knowledge Sharing -> Organizational Effectiveness
Resource Management -> Organizational ffectiveness
Adaptation & Empowerment -> Organizational

Effectiveness

% 560,001

H1: Thai Traditional Pharmacy Practices under Tridevi Leadership has a significant

direct effect on Organizational Effectiveness (Accepted)
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PHA Tridevi Leadership Style -> Organizational Effectiveness is 0.51, Standard Error
is estimated to be 0.05 (S.E.), Critical Ratio is estimated to be 7.56 (C.R.), The regression weight
of PHA Tridevi Leadership Style has a strong predictive effect on Organizational Effectiveness
(p<0.001).

H2: Thai traditional pharmacy of Tridevi leadership style has a significant indirect
effect on organizational effectiveness through customer satisfaction. (Accepted)

Customer Satisfaction -> Organizational Effectiveness is 0.02, Standard Error is
estimated to be 0.19 (S.E.), Critical Ratio is estimated to be 2.73 (C.R.), while PHA Tridevi Leadership
Style -> Customer Satisfaction is 0.80, Standard Error is estimated to be 0.08 (S.E.), Critical Ratio
is estimated to be 10.57 (C.R.).The regression weight of PHA Tridevi Leadership Style has a strong
predictive effect on organizational effectiveness through customer satisfaction (p<0.001)

In summary, both theoretical hypotheses are statistically well supported, as
illustrated by the superior model statistics, H1: Thai Traditional Pharmacy Practices under Tridevi
Leadership has a significant direct effect on Organizational Effectiveness is supported for a
standardized weight of 0.51, H2: has a significant indirect effect through customer satisfaction
mediation is also supported with a much larger effect weight of 0.82, which implies the
predominance of the indirect route. The regression weights analysis as above indicates a
hierarchical influence whereby: adaptation& empowerment (Parvati) emerges as the single most
important driver with weight of 0.53, followed by knowledge sharing (Saraswati) 0.51, while
resource management (Lakshmi) makes a marginal direct contribution of 0.02. This pattern
provides evidence that transformational and knowledge-based leadership dimensions are more
powerful in enhancing this dimension of organizational effectiveness than resource-based
perspectives.

The analysis utilizing structural equation modeling (SEM) to investigate the causal
links among the practice of Thai traditional pharmacy, the Tridevi leadership style, customer
satisfaction, and organizational effectiveness reveal an excellent model fit as per the established

indices shown by Picture 3;
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CS quality of care | CS Accessibility | | CS Cultural Relevance

PHA Knowledge sharing

PHA Resource management

PHA Adaptation

| Operational efficiency | | Employee Engagementl | Patient Outcomes

CMIN/DF=1.99 CFI=0.96 GFI=0.99 AGFI=0.97 RMSEA=0.01 p>0.39

Figure 3 Structural analysis model of Thai traditional pharmacy

The findings show the mediating effect of customer satisfaction on the extent of
the Thai traditional pharmacy practices and the organizational effectiveness in the Tridevi era
leadership context. However, the most culturally appropriate mediator variable is customer
satisfaction with a relatively high weight of 0.77, indicating its prominence in linking leadership
practices and organizational effects. This is a transmission path through the aspects of Tridevi
leadership, Parvati (adaptation & empowerment), Saraswati (knowledge sharing), and Lakshmi
(resource management) influence organizational effectiveness. The mediated effect suggests
that the effect of Thai traditional pharmacy practices on organizational performance is not only
realized through direct influence but also significantly through increased customer satisfaction
that in turn contributes to organizational performance. Conventional validity tests of the structural
equation model produced great fit across all performance measures, providing strong empirical
support for the model. The Chi-square to degrees of freedom (CMIN/DF=1.99) suggests a good
model fit between 1.0-3.0 showing a good fitting model that did not get to over-fit the data.
A CFl of 0.96 strongly supports the fit of the model with the observed data, and the GFI of 0.99 is
near 1, indicating that our model has a good fit with the observed data. An AGFI of 0.97 also
supports the model performance by considering the degree of complexity, preventing the

dominance of the better fit achieved through overfitting. Particularly, the Root Mean Square
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Error of Approximation (RMSEA) is 0.01 also denoting the model’s very good fit. P-value (p>0.39)
affirms that the model is able to adequately replicate the covariance matrix observed and at
the same time that the overall reliability of the model is supported.

Part 3: Results from the third objective: To suggest the Management of Thai traditional
pharmacy practice utilizing Tridevi leadership style affecting organizational effectiveness

Content analysis reveals high consensus among the key informants on Thai traditional
pharmacy practices supporting Indian customer service. These themes align with quantitative
SEM findings on PHA Tridevi Leadership Style's impact on organizational effectiveness via

customer satisfaction are shown as Table 4.

Table 4 Coding Categories by Consensus Level of Wellness Tourism Management of

Thai traditional pharmacy practice for Indian customers

Consensus
Key information Coding Categories
Level
100% Knowledge dissemination for personalized Knowledge Sharing,
medicine (Ya-Hom + Benchakul + Ayurvedic Resource Management
herbs); cross-cultural education; cost-effective
management; research lab infrastructure; HR
development for integrative certification;
integrated care/supply chain coordination
95% Batch-to-batch consistency protocols; herbal Resource Management,
inventory stock management; delivery services Adaptation
via integrated planning; tele - pharmacy
access; culturally appropriate practitioner
training
90% Cultural competence training; inter-institutional ~ Adaptation, Knowledge
capacity building; customized consulting for Sharing

customer value; employee empowerment for
innovation; continuous improvement culture;

cross-cultural patient health improvement
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This tri-dimensional model suggests that it is possible to comprehensively understand
and employ Thai traditional pharmacy based on these core competencies which originated
from the abstract nature of Hindu female Goddess, similarly providing a culturally centered
healthcare delivery model for Indian communities in Thai wellness settings. Furthermore, the
original conceptual of integrated SLP specific model which was referred to the regression weight
analysis reveal the pillar of leadership style leading by 1) Parvati then 2) Saraswati and 3) Laksmi

to the specific integrated Model of Thai traditional pharmacy practice are shown as table 5.

Table 5 Wellness Tourism Management of Thai traditional pharmacy practice for Indian customers

Parvati Pillar

(Adaptation & Empowerment)

Saraswati Pillar

(Knowledge Sharing)

Lakshmi Pillar

(Resource Management)

Creating personalized care

plans aligning with Thai -

Ayurvedic Traditional Medicine.

Regulation Mechanism of
Batch-to-Batch Consistency
of Ya-Hom Systems and
Personalized Benchakul

formular.

Waste reduction and the
control of uniformity in

the integrated forms.

Personalize consultation
approach integrating Thai
traditional diagnosis with
Ayurvedic constitutional

assessment.

Cultural Competence

Training Between Traditions.

Research laboratories
investment for the study
of Thai-Ayurvedic
compositions of materials
and research for Thai-

Ayurvedic clinical trials.

Low-cost solutions, offering
affordable custom traditional

medicine replacements.

Integration of skills relating
to selection and
combination of adaptogenic
herbs from Ayurvedic
pharmacology: Ya-Hom
inhalants and Personalized

Benchakul.

HRD: Joint certification for
standards of traditional
medicine system (Thai

pharmacy and Ayurveda)
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Table 5 (Continue)

Parvati Pillar Saraswati Pillar Lakshmi Pillar

(Adaptation & Empowerment) (Knowledge Sharing) (Resource Management)

Custom3er Satisfaction

Individualized compound of Tele pharmacy services, Cross-Cultural education
Ya-Hom nostrum and consultation, prescriptive for practitioners.
Benchakul with Ayurvedic management.

adaptogenic herbs

Organizational Effectiveness

Supply chain optimization & Clear professional career Cultural sensitivity
Seasonal planning through growth pathways. enhancement.

sales & inventory planning.

CONCLUSION AND DISCUSSION

This empirical study for integrating conventional wisdom with modern practice, extending
the Hindu Goddesses character-based leadership style (Tridevi) into Thai traditional pharmacy
practice, with research significant resulted of its operationalization service for Indian customers,
integrate empirical validation of God archetype management theory (Handy, 1995, pp. 1-254),
proving this culturally rooted leadership construct of Thai-Indian perspective in Thai-Ayurvedic
pharmacy context.

Parvati Pillar: Adaptation & Empowerment

Parvati's pillar (1st) emphasizes service customization via individualized Thai-Ayurvedic
treatments, including batch-to-batch Ya-Hom consistency and personalized Benchakul production,
reflecting selfless, fluid mothering for patient monitoring and plans (Chatterjee & Pancholi, 2011,
pp. 141-146; Kuropakornpong, Itharat, Ooraikul, Loebenberg & Davies, 2022, pp. 111-122; Northouse,
2018, pp. 163-196).

Saraswati Pillar: Knowledge Sharing

Saraswati's pillar (2nd) promotes mutual learning through culturally aware training,
blending Thai diagnosis with Ayurvedic doshas, adaptogen selection/ compounding, Ya-Hom folk

formulas, and Benchakul mixtures for enriched experiences via partnerships (Northouse, 2018,
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pp. 163-196; Nishteswar, 2013, pp. 337-338; Suvitayavat, Qin, Thirawarapan, Bunyapraphatsara &
Chew, 2021, pp. 535-548).

Lakshmi Pillar: Resource Management

Lakshmi's pillar (3rd) centers on strategic cost-saving via waste reduction, low-cost
competitive alternatives, standardized Thai-Ayurvedic labs/trials, and joint HR certification for
Thai pharmacy-Ayurveda systems (Williamson, 2001, pp. 401-409; Tilburt & Kaptchuk, 2008, pp.
594-599; Sierpina & Kreitzer, 2010, pp. 54-56; Northouse, 2018, pp. 163-196; World Health
Organization, Online, 2010).

PRACTICAL IMPLICATIONS
Apply findings by standardizing adaptogen selection, individualizing Ya-Hom/ Benchakul
with Ayurvedic herbs, and building joint HRD/ certification frameworks to integrate Thai pharmacy

and Ayurveda while preserving distinct identities.

RECOMMENDATION

It is recommended that the public sector adopt this model to target the Indian tourist
market or implement this model to attract the Indian tourist market or broaden it to other

target groups.
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ABSTRACT

Key Performance Indicators (KPIs) are vital instruments for measuring and evaluating educational
quality and outcomes in alignment with Sustainable Development Goal 4 (SDG 4). Visualizations,
including charts, dashboards, and interactive graphs, serve as powerful tools for analyzing and interpreting
KPI data in a higher education context. However, developing effective visualizations that analyze and
predict academic success through KPI data while supporting sustainable education goals presents
significant challenges. This research aimed to bridge this gap by developing an integrated sustainable
education monitoring system through KPI visualization that is specifically designed to advance SDG
4 targets. A comprehensive literature review on data visualization theories, educational KPIs, and
sustainable development monitoring frameworks was conducted to identify best practices and design
principles that support quality education objectives. The proposed methodology collected and
preprocessed educational KPI data, developed responsive visualizations that highlight progress
toward SDG 4 targets, and applied statistical and machine leaming techniques for analysis and prediction
of educational outcomes. These visualizations were carefully designed based on identified principles
of sustainability monitoring, and their effectiveness in tracking and advancing SDG 4 indicators was
evaluated through experiments and case studies across diverse educational settings. The findings of
this research provided valuable insights for educational administrators, policymakers, and practitioners
in utilizing visualizations for monitoring, analyzing, and accelerating progress toward quality education
goals. Furthermore, this work contributed to the broader understanding of how data-driven approaches
demonstrate measurable impact on sustainable development in education systems through evidence
from Thailand.

Keywords: Sustainable Development Goal 4, Data Visualization, Key Performance Indicators,

Academic Success.
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INTRODUCTION

Key Performance Indicators (KPIs) are widely used in various domains, including business,
healthcare, sports, and education, to measure and evaluate the performance and success of
individuals, teams, or organizations (Jahangirian, Taylor, Young & Robinson, 2017, pp. 747-765)
KPIs provide valuable insights into various aspects of work performance, such as productivity,
efficiency, quality, and customer satisfaction (Sibiya, Aigbavboa & Thwala, 2015, pp. 954-960).
Analyzing and predicting work success based on KPI data can help organizations make data-
driven decisions, identify areas for improvement, and optimize performance (Gutierrez-Franco,
Mejia-Argueta & Rabelo, 2021, pp. 1-33).

Visualizations, such as charts, eraphs, and interactive dashboards, are powerful tools
for analyzing and interpreting complex data, including KPI data. They can help stakeholders
easily understand patterns, trends, and relationships in the data, and make informed decisions
(Rivard & Cogswell, 2004, p. 26). Effective visualizations can enhance data analysis and prediction
by providing intuitive representations of KPI data, highlighting important information, and facilitating
exploration and discovery of insights (Podgorelec & Kuhar, 2011, pp. 111-116).

However, developing visualizations for analyzing and predicting work success with
KPI data can be challenging. The data may be large, multidimensional, and complex, requiring
careful selection of appropriate visualization techniques and design principles (Peral, Maté &
Marco, 2017, pp. 76-85). Additionally, the visualizations need to consider human perception,
cognition, and storytelling principles to ensure that they are accurate, interpretable, and actionable
(Hong, Hullman & Bertin, 2020, pp. 1-26). Therefore, there is a need for research that focuses
on developing effective visualizations for analyzing and predicting work success with KPI data,
considering the unique characteristics of KPI data and the requirements of data analysis and
prediction.

The goal of this research is to develop visualizations that can effectively analyze and
predict educational success using KPI data in alignment with Sustainable Development Goal 4
(SDG 4) - Quality Education. SDG 4 aims to "ensure inclusive and equitable quality education
and promote lifelong learning opportunities for all" by year 2030, representing a global
commitment to transform educational systems worldwide (Smith, Hoal & Thompson, 2020,
pp. 29-38). By leveraging the power of visualizations, this research aims to provide insights into
educational KPI visualization, uncover patterns in educational KPI data, and enable educational

stakeholders to make data-driven decisions for optimizing educational performance and advancing
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sustainable development targets. Quality education stands as a cornerstone of the United
Nations' 2030 Agenda for Sustainable Development, with SDG 4 encompassing that address
various aspects of educational access, quality, equity, and relevance (Long, 2019, pp. 10-12).
Educational institutions worldwide are increasingly adopting KPIs to measure their progress
toward these targets, yet many strugsle to effectively analyze, visualize, and act upon this data.
This research addresses this critical need by developing visualization systems specifically designed
to track, analyze, and predict progress toward SDG 4 targets. The findings of this research can have
practical implications for various educational domains, including academic administration,
educational policy development, teaching and learning assessment, resource allocation, and
institutional performance evaluation. Furthermore, by connecting KPI analysis to sustainable
development goals, this research contributes to the broader global effort of transforming
educational systems.

To achieve this goal, this research will review existing literature on visualizations, data
visualization theories, educational KPIs, and sustainable development monitoring frameworks
to identify best practices and design principles for developing visualizations that effectively
analyze and predict educational success in relation to SDG 4 targets. A comprehensive
methodology will be proposed to collect and preprocess educational KPI data, develop
appropriate visualizations that highlight progress toward sustainability goals, and apply statistical
or machine learning techniques for analysis and prediction. The visualizations will be carefully
designed based on the identified principles and practices, with special attention to their ability
to communicate progress toward SDG 4 targets, and their effectiveness will be evaluated through
experiments and case studies in diverse educational contexts. The results and findings of this
research will contribute to the understanding of educational success based on KPI data and
provide practical recommendations for educational practitioners in utilizing visualizations for
data analysis, prediction, and sustainable development planning. By connecting educational
performance metrics to global sustainability goals, this research helps universities align their
improvement efforts with internationally recognized frameworks for quality education.

Overall, this research aims to bridge the gap between educational KPIs, data visualization,
and sustainable development by developing effective visualization systems that can enhance
the understanding, tracking, and prediction of educational success using KPI data while advancing

progress toward SDG 4 targets. This approach recognizes that educational quality and sustainability
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are inextricably linked, and that data-driven decision-making supported by effective visualizations

can accelerate progress toward both institutional excellence and global sustainability goals.

RESEARCH OBJECTIVE

The objective of this research is to develop an integrated KPI visualization system
that addresses the critical pain point of limited visibility into SDG 4 progress and equity gap
trends, thereby enabling educational administrators to track achievement dis parities across
student populations and make timely, data-driven decisions for advancing quality education

targets.

CONCEPTUAL FRAMEWORK

The research framework begins with the Input, which consists of educational Key
Performance Indicator (KPI) data from Sripatum University’s database, specifically mapped to
Sustainable Development Goal 4 (SDG 4) targets. The Process involves a mixed-methods
approach: collecting primary data through expert interviews, designing a system architecture
using UML and E-R diagrams, and implementing data analytics via Microsoft Power BIl. This stage
includes applying the Simple Exponential Smoothing algorithm to forecast academic trends.
The Output is an integrated KPI visualization system comprising interactive dashboards that provide
real-time monitoring and highly accurate predictive insights, enabling educational administrators

to make data-driven decisions to advance quality education and sustainability goals.

LITERATURE REVIEW

The effective use of Key Performance Index (KPI) data is crucial for organizations to
assess and improve their performance. In recent years, visualizations have gained prominence
as a powerful tool for analyzing and interpreting complex data, including KPI data. This literature
review aims to explore the existing research on developing visualizations for analyzing and
predicting work success with KPI data.

Importance of KPIs in Work Success

KPIs are widely used in organizations to measure, monitor, and evaluate performance
across various departments and levels (Rahdari & Rostamy, 2015, pp. 757-771). Literature suggests
that well-defined KPIs aligned with organizational goals can positively impact work success by

providing a clear focus, facilitating decision-making, and promoting accountability (Franco-Santos,
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Lucianetti & Bourn, 2012, pp. 79-119). However, KPIs also have limitations, such as subjectivity,
lack of standardization, and potential biases (Jahangirian, Taylor, Young & Robinson, 2017, pp.
747-765). Visualizations can play a crucial role in addressing these limitations by providing
clear and actionable insights from complex KPI data.

Visualizations for KPI Analysis

Research has shown that visualizations can significantly enhance the analysis of KPI
data by providing a graphical representation of data, facilitating trend analysis, comparisons,
and identifying patterns (Cuttone, Petersen & Larsen, 2014, pp. 541-552; Zheng, 2017, pp. 67-81).
Bar charts, line charts, scatter plots, dashboards, heatmaps, network graphs, and tree maps
are among the commonly used visualizations for KPI analysis (Islam & Jin, 2019, pp. 1-7). Each
type of visualization has its strengths and limitations, and the choice of visualization depends
on the type of data, the analysis goals, and the target audience (Zepner, Karrasch, Wiemann &
Bernard, 2021, pp. 338-356). Best practices and design principles, such as simplicity, clarity,
and interactivity, should be considered in developing effective visualizations for KPI analysis.

Predictive Analytics with KPIs

Predictive analytics techniques, such as regression analysis, time series analysis, and
machine leamning algorithms, have been increasingly used in conjunction with KPI data to forecast
future performance and support decision-making (Appelbaum, Kogan, Vasarhelyi & Yan, 2017,
pp. 29-44; Ensafi, Amin, Zhang & Shah, 2022, pp. 1-16). Literature suggests that predictive analytics
can provide valuable insights for organizations in anticipating potential challenges, identifying
opportunities, and optimizing performance (Akter, Wamba, Gunasekaran, Dubey & Childe, 2016, pp.
113-131; Sarker, 2021). However, challenges such as data quality, model accuracy, interpretability,
and ethical concerns need to be addressed to ensure reliable and valid predictions (Siddig,
2022).

User Factors and Context

User factors, such as cognitive abilities, domain expertise, and information needs, play a
crucial role in the design and use of visualizations for KPI analysis and prediction (Hong,
Hullman & Bertin, 2020, pp. 1-26). Research has shown that the effectiveness of visualizations
can be influenced by users' cognitive abilities, such as attention, perception, and memory
(Bancilhon, Wright, Ha, Crouser & Ottley, 2023, pp. 1-15). Domain expertise, including familiarity
with KPIs and data visualization literacy, can impact users' ability to interpret and make decisions

based on visualizations (Luo, 2019). Contextual factors, such as organizational culture, data
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quality, and data privacy, also need to be considered in the design and use of visualizations
for KPI analysis and prediction (Appelbaum, Kogan, Vasarhelyi & Yan, 2017, pp. 29-44).

Educational Dashboard Design Principles and Cognitive Load Theory

The design of educational dashboards requires careful consideration of UX/UI principles
grounded in cognitive load theory to ensure effective data interpretation without overwhelming
users. Dashboards lacking interpretive support may impose cognitive burdens, whereas
feedback-supported learning analytics dashboards combining low-inference visualizations with
actionable feedback can enhance motivation while reducing cognitive load (Borrella & Ponce-
Cueto, 2025). Key design principles include simplifying graphs, reducing displayed indicators to
avoid information overload, streamlining layouts, and ensuring visualizations are informed by
instructional design theory to allow users to easily digest and interact with visuals (Zamecnik,
Kovanovi¢, Grossmann, Joksimovic¢, Jolliffe, Gibson & Pardo, 2022). Incorporating data storytelling
elements and visual cueing techniques can significantly reduce cognitive effort required by
educators (Liu, Pozdniakov & Martinez-Maldonado, 2024, pp. 78-93).

Evaluation and Validation of Visualizations

Methods for evaluating and validating visualizations for KPI analysis and prediction
include user feedback, user performance, and usability testing (Marreiros, Craamer, Garitano,
Gonzalez, Gorenc Novak, Kancilija, Marcelis, Martinho, Niemeld, Novak, Papa, Poklukar, Praca,
Rauhala, Reguera, Sterk, Urchegui, Uribeetxeberria, Valtonen & Vidmar, 2022, pp. 239-310).
Literature suggests that rigorous evaluation and validation are crucial to ensure the reliability
and validity of visualizations (Isenberg, Isenberg, Chen, Sedlmair & Méller, 2013, pp. 2818-2827).
However, challenges such as data accuracy, reliability, and interpretability can impact the
evaluation process (Zhang, Xu, Zou, Petrosian & Krinkin, 2021, pp. 13-16). Researchers and
practitioners need to adopt appropriate evaluation methods and criteria to assess the effectiveness
of visualizations for KPI analysis and prediction.

KPIs and Sustainable Development Goals in Education

SDG 4 has transformed how educational quality is measured globally. Educational
institutions are aligning their KPIs with sustainable education goals (Vladimirova & Le Blanc, 2016,
pp. 254-271). Research shows that higher education institutions have begun integrating SDG-
related KPIs into strategic planning (Shulla, Filho, Lardjane, Sommer & Borgemeister, 2020, pp.
458-468). Effective visualization is crucial for communicating progress, with interactive dashboards

and geospatial techniques helping identify educational inequalities (Garwood, Steingard &
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Balduccini, 2020, pp. 294-300). Predictive analytics techniques assist in forecasting trends and
identifying at-risk students (Bengtsson, Barakat, Muttarak, Kebede & Lutz, 2018, pp. 163-191).
However, challenges remain in data gaps and quality issues (Matovi¢, Demirovi¢ Bajrami, Gajic,
Laki¢, Martinov, Suput, Radosavac & Bervida, 2024). Participatory approaches to visualization

development enhance relevance and utilization among stakeholders (Hardi & Semple, 2000).

RESEARCH METHOD

The research utilized a mixed-methods approach, combining both quantitative and
qualitative methods to achieve the research objectives. This approach allowed for a comprehensive
analysis of the effectiveness of visualizations for analyzing and predicting work success with
Key Performance Index (KPI) data, as well as capturing users' perceptions and experiences. The
research operation encompassed four pivotal steps, as depicted in Figure 1, accompanied by

a comprehensive breakdown of each phase.

Stage 1 Stage 2 Stage 3 Stage 4
Raw Data Sources Data Preprocessing Power Bl Analytics User Interface &
Outputs

Figure 1 The process of research methodology

Step 1: Interview to address the research problem

Interviews can provide in-depth insights and perspectives from 5 professionals who
work with KPI data and utilize visualizations for analyzing and predicting work success. Through
interviews, we can gather rich qualitative data that allows for a deeper understanding of the
challenges, experiences, and preferences related to visualizations and KPI data analysis.

Step 2: Data Collection

The research involved in collecting both primary and secondary data. Primary data was
collected through interviews with professionals who work with KPI data and utilize visualizations
for analysis and prediction. Secondary data was obtained from existing literature, reports, and
relevant documentation related to KPIs, data visualization, and work success. The research

used purposive sampling to select participants who have expertise in KPI data analysis and
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visualization. The sample comprised n=5 participants in total (including 2 educational
administrators and 3 data visualization experts) for semi-structured interviews and user data.

Step 3: Data Analysis

Quantitative data was analyzed using statistical techniques, such as descriptive statistics,
correlation analysis, and regression analysis, to examine the relationship between visualizations,
KPI analysis, and work success. Qualitative data from interviews was analyzed using thematic
analysis to identify recurring themes and patterns related to users' perceptions and experiences
with visualizations for KPI analysis and prediction. And then, the design of the system was
performed by employing the industry-standard Unified Modeling Language (UML) tools. This
entailed the creation of use-case diagrams, which effectively captured the system's functional
requirements. Additionally, an Entity-Relationship (E-R) diagram was constructed, elucidating
the various relationships and associations between entities. To facilitate data management and
ensure coherence, a data dictionary was formulated, outlining the definitions and characteristics
of the data elements. These comprehensive outputs served as the foundation for establishing
a well-structured database relationship.

Step 4: System implementation

The next phase involved thorough testing of the database tables. This was achieved
by extracting data from the database and leveraging the capabilities of Microsoft Power BI, a
powerful analytical tool. By utilizing Power Bl's visualization features, the research team was
able to present comprehensive and insightful analyses of the extensive database. This approach
proved particularly effective in accommodating dynamic and unpredictable data, as it employed
a simple exponential smoothing forecasting technique facilitated by Power Bl's forecasting
algorithm. This technique prioritized the responsiveness to new data, adapting the forecast
values accordingly. Notably, the forecast values were influenced by the weighting factor,
denoted as @, which ranged between 0 and 1. A value of Ol equal to 1 assigned utmost
importance to the most recent data, resulting in the forecast value for the next time period
being equal to the actual data from the latest time period. Conversely, if the value of Ol was
less than 1, historical forecasts were considered irrespective of current information. The equation
used to calculate the prediction value was Ft = Ft-1 + Ol (At-1 - Ft-1), where Ft represented
the desired forecast value, Ft-1 denoted the previous forecast value, and At-1 represented

the actual demand observed over the previous period.
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The Key Performance Indicator (KPI) data encompassed a time series, collected across
various intervals, reflecting growth or decline trends that align directly with SDG 4 targets. The
KPIs selected for this study correspond with specific SDG 4 indicators: student academic awards
(SDG 4.3 - equal access to quality technical education and 4.4 - relevant skills for employment),
engagement of lecturers as guest speakers (SDG 4.7 - knowledge and skills for sustainable
development), and income from academic services (SDG 4.b - expanding higher education
access). Microsoft Power Bl served as a powerful analytical tool for generating intelligent reports
that track progress toward these SDG 4 targets. The visualization system enabled real-time
monitoring of educational quality metrics, highlighting performance gaps requiring intervention
to achieve sustainability goals. By integrating SDG 4 indicators into the analytical framework,
the reports provided actionable insights for educational decision-makers working toward quality
education targets. The time-series forecasting capabilities further supported strategic planning
by projecting future trends in educational metrics. The research methodology systematically
collected and analyzed data to investigate visualization effectiveness for monitoring SDG 4
progress through KPI data. This approach enabled educational institutions to measure their
contributions to sustainable development goals while identifying areas re quiring additional
resources or policy interventions. Rigorous adherence to ethical considerations, validity, and
reliability was maintained throughout to ensure robust findings that can guide education
sustainability initiatives. The system design encompasses frontend components that render
the user interface, including visual elements, primary content, and associated modules accessed
by the client. These components communicate with the backend infrastructure through network
protocols to verify system functionality, execute user commands, and optimize the user experience

as illustrated in Figure 2.
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RESULT

This research employed a mixed-methods approach to develop visualization
effectiveness for KPI analysis. System-generated visualizations (bar charts, line charts, dashboards)
enabled trend analysis, comparisons, and pattern identification across educational KPIs. While
semi-structured interviews were conducted with 5 participants using a protocol covering three
themes (usability of visualizations, interpretability of SDG 4 progress indicators, and decision-
making utility), this Results section focuses on presenting the quantitative visualization outcomes.
The qualitative interview findings were integrated in the quantitative results. The demonstrating
visualization effectiveness for decision-making are shown below.

1. The outcome of the visualization development process yielded valuable insights into
the success of operations, leveraging key performance index (KPI) data. This endeavor involved
an in-depth investigation into the development of visualizations for analyzing and predicting
operational success, using KPI data sourced from the Faculty of Information Technology, Sripatum
university database. Through the implementation of a robust business intelligence system,
powered by the Microsoft Power Bl program, the data was meticulously examined. It was then
organized and categorized based on various dimensions, enabling the generation of comprehensive

reports and the presentation of findings through visually appealing dashboards, as exemplified in
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Figure 3. These visualizations provided stakeholders with a comprehensive overview and a deeper

understanding of the analyzed data, facilitating informed decision-making processes.
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Figure 3 Statistics report on the number of students receiving academic awards

In Figure 3, an illustrative example of a statistical report is presented, focusing on
the count of students who received academic awards from both national and international
organizations during the period of 2020-2022. The findings revealed that in 2020, a total of 17
students were honored with academic awards. In the subsequent year of 2021, the number
significantly increased to 30 students who received academic recognition. Furthermore, in 2022,
the number of students achieving academic awards further rose to 37, surpassing the target

goal of 29 awards. These results demonstrate a positive trend of increasing academic achievements

over the specified time period.
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Figure 4 Statistical Report Full-time lecturers are invited as guest speakers for six hours per year
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Figure 4 illustrates a representative statistical report detailing the engagement of
full-time lecturers as special speakers for a designated six-hour duration per year, spanning the
years 2020 to 2022. The findings indicate that in year 2020, a total of 10 full-time lecturers were
invited to serve as special speakers for the allocated time frame. Similarly, in 2021, the number
of invited speakers remained at 10. However, in 2022, the count decreased to 8, constituting
approximately 33.33% of the total, which surpasses the targeted value of 30% or equals 8
individuals. These results demonstrate a consistent effort in engaging full-time lecturers as
special speakers, with a slight deviation from the target value in the final year of the analyzed

period.
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Figure 5 Statistics of income generated from academic services to external organizations

Figure 5 presents the statistical outcomes pertaining to the income generated from
academic services provided to external organizations during the period of year 2020-2022. The
analysis reveals that in year 2020, the income derived from these services amounted to 3.3
million baht. Subsequently, in 2021, the income increased to 4.6 million baht. Notably, in 2022, a
significant surge occurred, resulting in an income of 16.69 million baht. These figures surpassed
the predetermined target, which was set at 3.85 million baht, by an impressive margin of 333.53
percent. The findings highlight a notable success in generating income from academic services,
surpassing the set objective and indicating positive growth throughout the analyzed period.

2. The use of predictive analytics techniques, such as regression analysis and machine
learning algorithms, in conjunction with KPI data can enable organizations to forecast future
performance and make data-driven decisions. However, challenges related to data quality

and model accuracy need to be addressed to ensure reliable predictions.
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Figure 6 Forecasting techniques by exponential smoothing method to report Statistical

Forecasting on the number of students awarded in academic year 2023-2025

Based on the insights presented in Figure 6, a discernible trend emerges regarding
the number of students receiving academic awards from national or international organizations
during the years 2023 to 2025. The forecasting results indicate a consistent inclination towards
an increase in these numbers. In 2023, the forecasted value for the number of students receiving
academic awards was estimated at 39 individuals, reflecting a 5.40% rise compared to the
previous year of 2022. The subsequent year, 2024, demonstrated a further increase with a
forecasted value of 42 students, representing a growth of 7.69% compared to 2023. Moreover,
in year 2025, the forecasted value reached 44 students, signifying a 4.76% increase from the
previous year of 2024. These projections suggest a positive trajectory in the number of students
achieving academic recognition, showcasing steady growth throughout the projected period.

In order to assess the accuracy and precision of the forecasts, an evaluation was
conducted to measure the errors in the forecasting process. The research entailed a rigorous
testing phase wherein the forecasting data was compared with actual data from the years 2020
to 2022. By employing the forecast error calculation, represented as “forecast error = actual
demand - forecast value (At - Ft)”, the discrepancies between the actual demand and forecasted
values were determined. This evaluation aimed to identify and quantify the errors in the
forecasting process, providing valuable insights into the effectiveness of the forecasting models

employed. The results of this evaluation are presented in Table 1.
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Table 1 The accuracy of the student award predictions to determine the reliability of the

forecasting models

The number of students
Forecasting error

Year receiving awards Forecasting Forecasting error .
(actual data) %)

2018 42

2019 27

2020 17

2021 30 29 1 3.33

2022 37 35 2 5.40

Based on the findings presented in Table 1, the accuracy assessment of the forecasting
process for the number of students receiving academic awards from national or international
organizations during the 2021-2022 academic year reveals an average accuracy rate of 95.64%.
Specifically, for the 2021 academic year, the predictive value was 29 students, indicating a
deviation of less than 1 student from the actual number of awardees, resulting in a forecasting
error of 3.33%. Similarly, for the 2022 academic year, the predictive value was 35 students,
with a deviation of less than 2 students from the actual number, resulting in a forecasting
error of 5.40%. These insights provide a quantitative assessment of the accuracy and precision
achieved in the forecasting process for student award predictions.

The visualization results demonstrate significant potential for guiding educational
decision-making in alisnment with SDG 4 targets. The increasing trend in students receiving
academic awards (from 17 in 2020 to 37 in 2022) directly supports progress toward SDG 4.3
(equal access to quality technical education) and SDG 4.4 (increasing youth with relevant skills
for employment). This positive trajectory, visualized through interactive dashboards, enables
administrators to identify successful academic support strategies and allocate resources effectively.
Similarly, the visualization of income from academic services (reaching 16.69 million baht in
2022) highlights sustainable funding pathways that support SDG 4.b (expanding scholarships).
The forecasting accuracy of 95.64% provides educational leaders with reliable projections for
strategic planning to advance quality education goals, ultimately supporting evidence-based

interventions that close equity gaps in educational achievement.
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DISCUSSION

The findings of this research have significant implications for educational institutions
striving to achieve Sustainable Development Goals. By incorporating visualizations in their KPI
data analysis processes, educational institutions can effectively monitor and track progress
toward SDG 4 targets. The research demonstrates that properly designed visualization systems
allow stakeholders to identify gaps in educational quality, access, and equity-key dimensions
of SDG 4. Educational institutions can particularly benefit from adopting visualization approaches
that align KPIs with specific SDG 4 indicators. For example, visualizations that disaggregate
educational outcome data by gender, socioeconomic status, and geographical location can
highlight inequities that must be addressed to achieve the "leave no one behind" principle
of the SDGs. Interactive dashboards that visualize trends in educational access, completion
rates, and learning outcomes provide administrators with actionable insights to implement
targeted interventions (Sachs, Kroll, Lafortune, Fuller & Woelm, 2021, pp. 1-30; Vladimirova &
Le Blanc, 2016, pp. 254-271).

The selection of Exponential Smoothing for educational KPI forecasting warrants
comparative discussion with alternative methods. Research on student enrollment prediction
demonstrates that while ARIMA models (MAPE: 3.77%) outperform traditional Exponential
Smoothing (MAPE: 5.43%) in capturing complex autocorrelation patterns (Liu, Pozdniakov &
Martinez-Maldonado, 2024, pp. 78-93), Exponential Smoothing proves superior when educational
data exhibits strong, stable seasonal patterns and trends (Zamecnik, Kovanovi¢, Grossmann,
Joksimovi¢, Jolliffe, Gibson & Pardo, 2022). Comparative analyses indicate ARIMA excels in
long-term forecasting with limited datasets, whereas Exponential Smoothing delivers better
short-term predictions for time series with narrow variance ranges (Wan Ahmad & Ahmad, 2013,
pp. 1312-1321). Our educational context, characterized by consistent academic cycles and
enrollment patterns, aligns with Exponential Smoothing's strengths in interpretability and
computational efficiency for dashboard-based real-time decision support.

The quantitative analysis revealed positive correlations between effective KPI visualization
and progress toward sustainable education goals. Educational institutions using comprehensive
visualization systems reported improved ability to align their strategic initiatives with SDG 4
targets and enhanced capacity to communicate their sustainability contributions to stakeholders
(Shulla, Fitho, Lardjane, Sommer & Borgemeister, 2020, pp. 458-468). This aligns with findings
from Dejo-Vasquez, Bravo Schroth, Hammatt, Guilhem, Lescano & Kombe (2024, pp. 132-150),
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who demonstrated that visualization tools facilitate greater institutional commitment to
sustainability objectives. The qualitative analysis highlishted that different visualization techniques
serve distinct purposes in SDG monitoring. Bar charts and line graphs effectively display progress
toward quantitative targets like enrollment rates and gender parity indices, while geospatial
visualizations better illustrate regional educational disparities that require targeted interventions
(Avtar, Aggarwal, Kharrazi, Kumar & Kurniawan, 2020; Gong, 2019, p. 39). Additionally, institutions
utilizing predictive analytics reported enhanced ability to forecast challenges in achieving SDG

targets and develop proactive strategies.

CONCLUSION

This research article presents a comprehensive study focused on the development of
visualizations for analyzing and predicting educational success using Key Performance Index
(KPI) data in alignment with Sustainable Development Goal 4. By employing Microsoft Power B,
the study designed and implemented visualizations enhanced by an ER Diagram and a robust
database system to track progress toward quality education targets. These visualizations improved
the efficiency of educational data analysis and institutional planning for sustainability goals.
The study applied forecasting algorithms, such as the simple exponential technique within
Microsoft Power B, to predict trends in educational outcomes, including the increasing number
of students receiving national academic awards-a metric aligned with SDG 4's emphasis on
quality education and skills development. The accuracy evaluation of the forecasting results
demonstrated a negligible error rate of 5.40, well below the acceptable threshold of 10. This
accuracy enables educational institutions to confidently plan interventions that advance SDG 4
targets. However, it is important to acknowledge the limitations of the research, including the
sample size of only 5 participants drawn from a specific educational context, which may limit
the generalizability of the findings. Additionally, the research relied on self-report measures
and focused on visualization effectiveness without comprehensive comparison to alternative
data analysis methods.

A significant limitation of this study is the absence of formal usability testing and user
acceptance validation. While the mathematical forecasting model demonstrates high accuracy
(95.64%), the effectiveness of the visualization system from an end-user perspective remains
unvalidated. The study lacks empirical evidence from systematic user evaluation methods such

as satisfaction surveys, User Acceptance Testing (UAT), or formal usability assessments with
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educational administrators and decision-makers. Future research should prioritize conducting
comprehensive usability studies to evaluate user satisfaction, interface intuitiveness, cognitive
load, and decision-making effectiveness when using these visualization systems. Beyond this
critical need for user-centered validation, future research should explore the relationship between
educational KPIs and the broader spectrum of SDG indicators, examining how educational
visualization systems can track institutional contributions to multiple sustainability goals
simultaneously. Longitudinal studies could investigate how KPIl-based decision-making impacts
long-term progress toward SDG targets in diverse educational settings. Researchers should
develop visualization frameworks that explicitly map institutional KPIs to specific SDG 4 targets
and indicators, creating standardized approaches for sustainability monitoring in education.
Additionally, studies examining how visualization systems can help identify synergies and
trade-offs between different SDG targets would provide valuable insights for educational
policymakers.

Further methodological advancements could enhance the system’s predictive capabilities
and practical implementation. While the current forecasting model demonstrates accuracy,
future work could explore more sophisticated machine learning algorithms such as Random
Forest or Long Short-Term Memory (LSTM) networks to capture complex, non-linear patterns in
educational data and improve prediction precision across diverse institutional contexts.
Additionally, incorporating user satisfaction and usability testing through systematic evaluation
would strengthen the practical validation of these visualization systems, ensuring they effectively
meet the needs of educational administrators and policymakers in real-world decision-making
scenarios.

This research significantly contributes to sustainable development in education by
establishing a data-driven approach to monitoring and accelerating progress toward SDG 4.
By enabling educational institutions to visualize, understand, and act upon their sustainability
performance data, the study bridges the gap between global sustainability commitments and
institutional implementation. The visualization systems developed provide educational leaders
with tools to identify equity gaps, monitor resource allocation effectiveness, and implement
evidence-based interventions that advance quality education for all-ultimately supporting the
transformation of educational systems in alicnment with the 2030 Agenda for Sustainable

Development.
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RECOMMENDATIONS FOR FUTURE RESEARCH

Future research should prioritize conducting formal usability testing and user acceptance
validation with educational administrators to evaluate interface intuitiveness and cognitive load.
Additionally, the system’s predictive capabilities could be enhanced by implementing advanced
machine learning algorithms, such as Random Forest or LSTM, to better capture complex data
patterns. Finally, expanding the framework to map KPIs across a broader spectrum of Sustainable
Development Goals would provide a more holistic tool for long-term strategic planning and

sustainability monitoring.
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ABSTRACT

Agricultural economic resilience is vital for national food security and sustainable
agricultural development. Using panel data from 31 Chinese provinces from 2011 to 2022, this
study constructs an Agricultural Economic Resilience (AER) evaluation framework based on
resistance, adaptability, and transformative capacity. The entropy method was applied to measure
provincial AER levels and analyze their temporal evolution, regional disparities, and spatial
correlations.

The results indicated that China’s agricultural economic resilience generally improved
over time, while significant regional differences remained. Central China exhibited relatively
high resilience, eastern regions showed steady enhancement, and western regions displayed
considerable development potential. Moreover, AER demonstrated significant positive spatial
autocorrelation, with "high-high" clusters concentrated in eastern coastal areas and "low-low"
clusters mainly located in western regions and parts of Northeast China.

These findings provided empirical evidence for regionally differentiated agricultural
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INTRODUCTION

Agriculture is the basic sector of China's national economy, and the stability and
sustainability of the agricultural economy serve as crucial pillars for China's national food security
and social stability. In recent years, the stability of the agricultural economy has been impacted
by global climate change, fluctuations in the market economy, and public health events such
as the COVID-19 pandemic. This has also made agricultural economic resilience a topical issue
of shared concern among scholars and government departments.

Agricultural economic resilience refers to the capacity of an agricultural economic system
to effectively withstand external shocks, adapt to changes, and recover swiftly. This concept
not only focuses on the short-term stability of agricultural production but also emphasizes its
long-term sustainability and flexibility.

China's agricultural development is characterized by vast geographical expanse, significant
variations in natural conditions, and uneven developmental foundations. This has resulted in
pronounced spatial disparities in the resilience of agricultural economies across different regions.

A systematic analysis of the temporal trends and spatial patterns of agricultural economic
resilience can help reveal the underlying patterns of regional disparities, providing empirical
evidence for formulating differentiated agricultural development policies tailored to each region.

Despite the growing literature on agricultural economic resilience, several notable gaps
remain. First, most existing studies rely on static measurements or single-year analyses, which
fail to capture the dynamic evolution of agricultural economic resilience over time. Second,
although regional disparities are widely acknowledged, insufficient attention has been paid to
spatial dependence and clustering characteristics, limiting the understanding of spatial spillover
effects across regions. Third, many studies adopt aggregated regional frameworks, which may
obscure substantial inter-provincial heterogeneity and reduce the policy relevance of empirical
findings. Addressing these limitations requires a long-term, spatially explicit, and provincial-level
analytical framework.

Therefore, this study employs the entropy method to construct an evaluation index
system for agricultural economic resilience across China's 31 provinces from 2011 to 2022. It
systematically analyzes temporal trends, regional disparities, and spatial correlation characteristics.
The main contributions are threefold:

1. Establishing a provincial-level index that comprehensively reflects resilience,

adaptability, and transformative capacity in agricultural economies;
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2. Revealing the overall changes and regional convergence patterns of China's
agricultural economic resilience from a temporal perspective;
3. Identifying the spatial clustering patterns and hotspot distributions of agricultural

resilience.

RESEARCH OBJECTIVES

This study aims to examine the temporal and spatial patterns of Agricultural Economic
Resilience (AER) across China’s provinces during 2011-2022. Based on the research gaps identified in
the Introduction, the specific objectives are as follows:

1. To construct a provincial-level Agricultural Economic Resilience (AER) index for
China using the entropy weight method, covering the dimensions of resistance capacity, adaptability,
and transformation capacity.

2. To analyze the temporal evolution of agricultural economic resilience in China
from 2011 to 2022, including overall trends and regional differences among the eastern, central,
and western regions.

3. To investigate the distribution dynamics and regional disparities of provincial AER
using kernel density estimation and Theil index decomposition.

4. To examine the spatial correlation and clustering characteristics of provincial AER
by applying Global Moran’s | and Local Indicators of Spatial Association (LISA) analysis.

5. To provide policy recommendations for improving agricultural economic resilience

through region-specific and coordinated development strategies.
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Figure 1 Conceptual diagram linking AER dimensions, index construction,

and temporal/spatial analysis

Figure 1shows that agricultural economic resilience (AER) is influenced by external
shocks and should be understood through three dimensions: resistance, adaptability, and
transformation. The study measures these dimensions using selected indicators and combines
them into a composite AER index with the entropy weight method. The index is then analyzed
from three perspectives-temporal evolution, regional distribution gaps, and spatial clustering-to
generate evidence-based policy recommendations for strengthening agricultural resilience

across China’s provinces.
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LITERATURE REVIEW

The term resilience was first introduced by ecologist Holling (1973, pp. 1-23) who defined
it as “the ability of a system to absorb disturbances and still maintain its basic structure and
functions.” Subsequently, resilience theory was extended to studies of ecosystems and economic
systems, emphasizing a system's resistance, returnability, adaptability, and transformability
(Walker, Holling, Carpenter & Kinzig, 2004; Folke, 2006, pp. 253-267). These core dimensions
form the theoretical foundation for most subsequent research in constructing indicator systems
and analytical frameworks.

Regarding agricultural economic resilience, scholars have primarily focused on conceptual
implications, evaluation system development, and influencing factors and operational mechanisms.

Concepts and Theoretical

Martin and Sunley (2015, pp. 1-42) define economic resilience as a region's capacity
to withstand, recover from, and reconstruct itself in the face of external shock. Agricultural
resilience, meanwhile, emphasizes the ability of agricultural systems to maintain stable production
and development amid multiple shocks such as natural disasters, market fluctuations, and
policy adjustments (Darnhofer, 2014, pp. 461-484).

Evaluation System and Measurement Methods

Regarding measurement methods, existing studies primarily employ multi-indicator
comprehensive evaluation approaches, factor analysis, and analytic hierarchy process to assess
and measure agricultural economic resilience. Guo, Chen and Pan (2021, pp. 1-17) constructed
an agricultural resilience evaluation indicator system and identified agricultural production
efficiency, agricultural input-output ratio, and rural infrastructure as core factors influencing
agricultural economic resilience.

Although these multi-indicator evaluation methods provide valuable insights into the
level of agricultural economic resilience, most empirical applications are based on cross-sectional
data or single-year measurements.

Influencing Factors and Mechanisms

Current research generally holds that the formation of agricultural economic resilience
is closely linked to factors such as regional economic foundations, technological innovation
capabilities, institutional environments, and digitalization levels. Liu and Xu (2025, pp. 29-39)
indicated that financial support, agricultural mechanization, and educational attainment positively

influence agricultural resilience, while income disparities may weaken the adaptive capacity

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2



MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

of agricultural systems. Sun, Kan and Chen (2025) further revealed the mediating effect of
agricultural technology investment in resilience enhancement.

However, most existing studies implicitly treat regions as independent observational
units, paying limited attention to spatial dependence and interregional spillover effects.

Review of Existing Research and Limitations

In summary, existing studies have established a relatively mature framework for defining
the concept and measuring methods of agricultural economic resilience. However, current
research still exhibits the following limitations: On one hand, most existing studies focus on
static measurements or single-year comparisons, lacking systematic analysis of the temporal
dynamics of agricultural resilience; On the other hand, existing studies pay insufficient attention
to spatial correlations and clustering characteristics, failing to fully reveal the patterns of spatial
evolution. Therefore, building upon prior research, this paper proposes to measure the agricultural
economic resilience of China's provinces using the entropy method. Combined with kernel
density analysis and spatial autocorrelation models, it systematically explores the temporal
evolution trends and spatial distribution patterns of agricultural resilience, aiming to provide

empirical evidence for enhancing regional agricultural sustainability.

DATA AND RESEARCH METHODS

Data Sources This study utilizes data from 2011 to 2022 across China's 31 provinces
(including autonomous regions and municipalities directly under the central government). The
study period is selected to align with China’s 12th, 13th, and early stage of the 14th FiveYear
Plans, during which agricultural modernization, rural revitalization, and food security strategies
were successively advanced, providing an appropriate policy context for examining the evolution
of agricultural economic resilience.

The primary sources are the China Statistical Yearbook, the China Rural Statistical
Yearbook, and provincial statistical yearbooks.

Agricultural Economic Resilience Evaluation System This study constructs the
Agricultural Economic Resilience (AER) Index based on the indicator system developed by
Chinese scholar Zhao and Xu (2023, pp. 87-96). Zhao’s framework, widely recognized in academic

research, provides a systematic and comprehensive approach to measuring agricultural resilience.
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Table 1 The Agricultural Economic Resilience Measurement Index System

Primary Indicator  Secondary Indicator Tertiary Indicator Unit
Resistance Capacity  Intrinsic Stability Cultivated Land Area 1,000 hectares
Effective Irrigated Area 1,000 hectares
Rural Primary Industry 10,000 people
Workforce
Per Capita Grain Output kg
Supply Robustness Agricultural Price Index %
Grain Production per Sown Area %
Pesticide Usage 10,000 tons
Disaster-Affected Area Ratio %
Agricultural Plastic Film Usage tons
Adaptability Recoverability Multiple Cropping Index %
Agricultural GDP Growth Rate %
Rural Electricity Consumption billion kWh
Total Agricultural Machinery 10,000 kW
Power
Capacity Diversity & Crop Diversity Index %
Collaboration R&D Expenditure 10,000 yuan
Technological Agricultural Fixed Asset billion yuan
Progress Investment

Agricultural Workforce in Urban 10,000 people

Employment

Note: This framework assesses agricultural economic resilience across three core dimensions.
Weighting and Comprehensive Calculation of Indicators The Entropy Weight Method

(EWM) is applied to determine indicator weights in an objective manner. Indicators with greater

variability receive higher weights, while those with lower variability are assigned smaller weights.

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2



MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

First, the Min-Max normalization method is used to standardize all indicators:

Xij — Xminj Xmaxj — Xij

Xr =

*
15 ’X =

— ij —
Xmaxj Xminj Xmaxj Xminj

Second, the entropy value of each indicator is calculated as:

where Pijdenotes the proportion of province Lunder indicatorj.

Based on the entropy values, indicator weights are determined as:

w 1-E
T om

Finally, the composite index is calculated using a weighted summation of normalized

m
Indicators: Index; = W; X;;
j=1

Following these steps, annual agricultural economic resilience indices for each province
are obtained for subsequent analysis.

Analysis of Temporal Evolution and Regional Differences

1. Temporal Trend Analysis First, this study analyzed the temporal variation characteristics

of China's AER from 2011 to 2022. The results are shown in Figure 2.
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Note: This figure presents provincial agricultural economic resilience indicators calculated using the

dataset employed in this study, with regional divisions adhering to China's official economic

zoning standards.
Figure 2 Temporal Trends of Provincial AER in China

From Figure 2 can observe that China's AER exhibited a steady upward trend between
2011 and 2022, indicating the continuous strengthening of the country's agricultural system in
withstanding risks and adapting to external shocks.

From a regional perspective, the average AER in the central region is significantly higher
than that in the eastern and western regions, while the western region maintains a relatively
low average AER. This reveals a distinct regional gradient in China's agricultural economic resilience.
Such regional disparities may be closely linked to differences in regional economic development
levels, agricultural infrastructure construction, and digitalization.

Overall, China's agricultural economic resilience experienced slight fluctuations in its
growth trajectory in 2020 due to external shocks like the COVID-19 pandemic. However, it
rebounded rapidly the following year, demonstrating the strong recovery characteristics of
China's AER.

2. Kernel Density Estimation Analysis Kernel density estimation analysis of the AER
Index reveals the dynamic evolution of the distribution of provincial resilience levels over time.

This method visually depicts the changing distribution patterns of provincial AER across different

years.
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Note: This figure is generated based on the calculation of provincial agricultural economic resilience
indicators from the dataset used in this study, depicting the distribution characteristics of

provincial AER in 2011, 2016, and 2022.

Figure 3 Kernel Density Estimation of Provincial AER in China

From Figure 3, can observe that the overall distribution curves of AER in 2011, 2016,
and 2022 exhibit a gradual shift to the right. This indicates that the resilience level of China’s
provincial agricultural economies has shown an overall upward trend.

Simultaneously, the distribution peaks have gradually decreased and slightly broadened,
reflecting an expanding gap between provinces that is, a certain “differentiation effect” exists.
In 2011, AER values were concentrated in the lower range with a pronounced single peak
distribution. By 2022, the proportion of provinces with high values increased, the distribution
tail extended to the right, and a slight multi-peak characteristic emerged. This indicates that
high-resilience regions are gradually forming clusters, while low-resilience provinces are improving
at a slower pace.

This “the rich get richer” divergence pattern in China's AER may be linked to regional
disparities in digital agriculture, infrastructure investment, and technology dissemination capabilities.

3. Theil Index Decomposition Analysis To further uncover the sources and evolution
of spatial variations in China's agricultural economic resilience, this study conducted a Theil
index decomposition analysis of China's agricultural economic resilience index from 2011 to

2022.
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Temporal Trends of Theil Index Decomposition for Provincial AER in China (2011-2022)
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Note: This figure is generated based on the calculation of provincial agricultural economic resilience
indicators from the dataset used in this study, illustrating the temporal trends of total Theil
index, between-region Theil index, within-region Theil index, and their contribution ratios to

spatial differences in provincial AER from 2011 to 2022.

Figure 4 Temporal Trends of Theil Index Decomposition and Contribution Ratio for

Provincial AER in China (2011-2022)

As shown in Figure 4, the overall Theil index of national agricultural resilience remained
relatively stable throughout the study period, indicating that interprovincial disparities did not
undergo significant changes overall.

The analysis results in Figure 3 also reveal that the contribution rate of intra-group
variation consistently exceeded that of inter-group variation, accounting for approximately 70%,
while the inter-group variation contribution rate was about 30%. This suggests that internal
regional imbalances are the primary source of variations in national agricultural resilience.

Intra-regional disparities in the eastern region may stem from gaps between coastal
and inland provinces in digital agriculture adoption, agricultural technology investment, and
ecological governance capabilities. Although the central region exhibits a relatively high overall
level, significant variations exist among its provinces in terms of fiscal support for agriculture
and the pace of agricultural product restructuring. Constrained by natural conditions and industrial

foundations, the western region also exhibits pronounced internal disparities.
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Spatial Correlation Analysis To further reveal the spatial distribution characteristics
and regional clustering patterns of AER at the provincial level in China, this study employs
the Queen adjacency criterion to construct a spatial weight matrix W based on inter-provincial
panel data, thereby examining the spatial dependency of agricultural economic resilience.
This criterion is particularly suitable for China’s provincial context, as it captures both edge-
and vertex-based contiguity among adjacent provinces and better reflects administrative and
geographical adjacency than distance-based or k-nearest neighbor weighting schemes.

1. Global Spatial Autocorrelation (Moran’s 1) First, this study employ the Global
Moran’s | index to measure the overall spatial clustering characteristics of China’s provincial

agricultural economic resilience from 2011 to 2022. The Moran’s | statistic is calculated as follows:

_n i X wi( =0 — %)
S 2i (x —x)?

I

Where: 7N denotes the number of spatial units;
X; and X; represent the AER values for regions [ and J, respectively;
X is the mean value;
W;j;j is the element of the spatial weight matrix,Sg = X; Zj Wij.
When I > 0, it indicates positive spatial correlation;
when I < 0 it indicates negative correlation;

and when I = 0, it indicates spatial random distribution.
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Note: This figure is generated based on the calculation of provincial agricultural economic

resilience indicators from the dataset used in this study, depicting the temporal changes

of Global Moran's |, the no-correlation baseline (I=0), and the significance threshold (0t=0.05)
for provincial AER resilience in China from 2011 to 2022.

Figure 5 Temporal Trends of Global Moran's | for Provincial AER in China (2011-2022)

As shown in Figure 5, the Moran’s | value for provincial agricultural economic
resilience in China remained consistently positive between 2011 and 2022, all passing the 5%
significance level test. This indicates that AER exhibits significant positive spatial autocorrelation,
reflecting pronounced regional clustering characteristics.

Overall, the Moran's | value showed an upward trend from 2011 to 2016, peaking
at approximately 0.145, indicating enhanced spatial clustering of agricultural resilience during
this period. After 2017, it fluctuated slightly and trended downward, dropping to approximately
0.06 in 2020. This suggests that while regional disparities in agricultural resilience have narrowed
in recent years, a certain degree of spatial dependence persists overall. This result indicates
that China's agricultural economic resilience exhibits significant spatial spillover effects, with
resilience improvements in one region potentially driving or diffusing to others.

2. Local Spatial Autocorrelation (LISA) Building upon the foundation of overall spatial
clustering, this study further employs the Local Spatial Autocorrelation (LISA) method to
characterize the spatial distribution patterns of interprovincial agricultural resilience across

different years. Figure 5 presents the LISA clustering maps for 2011, 2016, and 2022, visually
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illustrating the spatial positions and evolutionary trajectories of provinces within the clustering

framework.

LISA Cluster Map (2011) LISA Cluster Map (2016) LISA Cluster Map (2022)

L 100 1o no 130 Ll 100 1] 120 130 Ll 100 1 10 130
Longitude Longitude Longitude

@ Hotspot (High-High) @ Coldspot (Low-Low) High-Low Outlier @ Low-High Outlier Not Slgnificant

Note: This figure is generated based on the calculation of provincial agricultural economic resilience
indicators from the dataset used in this study, depicting the local spatial autocorrelation

clustering patterns of provincial AER in China for 2011, 2016, and 2022.

Figure 6 LISA Clustering Maps of Provincial AER in China (2011, 2016, 2022)

As shown in Figure 6, the LISA results reveal pronounced spatial clustering in China’s
agricultural economic resilience. In 2011, a clear high-high (hotspot) cluster was observed in
the eastern coastal regions, particularly Jiangsu and Shandong, indicating strong resilience
spillovers among neighboring provinces, while low-low (cold spot) clusters were mainly
concentrated in the southwestern region and parts of Northeast China.

By 2016, the eastern hotspot expanded to include Anhui and Zhejiang, suggesting
the growing influence of technological investment and agricultural digitalization, although low-low
clustering persisted in some central and western provinces. By 2022, the eastern high-high
pattern remained generally stable, while several inland provinces, such as Hubei and Hunan,
exhibited noticeable improvements in agricultural economic resilience. Overall, the spatial
pattern evolved from a traditional “east-west divide” toward a more multi-centered diffusion

structure.
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These results indicate significant positive spatial autocorrelation in agricultural economic
resilience, with high-resilience areas concentrated in economically developed and digitally
advanced eastern provinces. With the advancement of digital transformation and regional
coordinated development, the spatial agglomeration pattern is gradually shifting from unipolar
concentration toward multipolar differentiation, highlighting the role of spatial spillover effects

in enhancing regional agricultural resilience.

CONCLUSIONS

Through analyzing the temporal evolution, spatial distribution, and spatial correlation

of provincial AER in China from 2010 to 2022, this study draws the following key conclusions:

First, overall trends indicate a sustained upward trajectory in China's agricultural

economic resilience during the study period, reflecting the agricultural system's growing capacity

to withstand risks and recover from setbacks. Particularly against the backdrop of external shocks

like the COVID-19 pandemic, China's agricultural system has demonstrated strong resilience
and adaptability.

However, significant regional disparities persist. Central China maintains a consistently
high AER level due to its solid agricultural foundation and substantial policy support. Eastern
China exhibits steady improvement in agricultural economic resilience, influenced by industrial
restructuring and urbanization. Western China, despite weaker foundations, shows considerable
growth potential, reflecting a late-mover advantage. Overall, China’s agricultural economic
resilience exhibits a pattern of general improvement coupled with regional divergence.

Second, from the perspective of distribution evolution, kernel density estimation
reveals that while China's agricultural economic resilience has improved overall, it also shows
a certain trend of polarization. This divergence pattern reflects, to some extent, regional gaps
in agricultural technology application, digitalization levels, infrastructure investment, and ecological
governance capabilities.

Third, regarding spatial correlation, China's agricultural economic resilience exhibits
a pattern of stronger eastern regions, weaker western regions, and improving central regions,
with pronounced spatial clustering effects. The global Moran's | indices based on the Queen
adjacency matrix are all positive and significant, indicating strong positive spatial correlation
in agricultural economic resilience. Localized Inter-area Spatial Autocorrelation (LISA) results

further reveal the stability of this clustering pattern.
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From an international perspective, the spatial heterogeneity and clustering patterns
observed in China are broadly consistent with empirical evidence from other countries with
comparable geographical diversity and agricultural structures. Studies from the European Union
and the United States show that regions with stronger economic foundations, higher levels of
technological adoption, and more complete agricultural infrastructure tend to exhibit higher
agricultural resilience, while less-developed or peripheral regions face persistent challenges.
In Southeast Asia, evidence from Thailand-a country with pronounced regional differences in
agricultural productivity and resource endowments-also reveals significant spatial disparities
in agricultural resilience, closely linked to irrigation infrastructure, technological diffusion, and
regional policy support.

Compared with these countries, China’s experience underscores the important role
of coordinated policy frameworks, long-term planning mechanisms such as the FiveYear Plans,
and targeted regional support in mitigating regional disparities and enhancing agricultural resilience
in less-developed areas. This suggests that while geographical endowments and market conditions
shape agricultural economic resilience globally, institutional capacity and policy intervention

can significantly influence its spatial outcomes.

POLICY RECOMMENDATIONS

Based on the above conclusions, to further enhance the resilience of China's agricultural
economy and promote coordinated regional development and sustainable growth, sovernment
departments should focus on the following areas:

1. Promote coordinated regional development.

Accelerate the establishment of cross-regional agricultural science and technology
cooperation and industrial chain collaboration mechanisms. Strengthen knowledge and technology
spillovers between eastern, central, and western regions to facilitate the cross-regional flow
of agricultural production factors. Establish digital agriculture demonstration zones and regional
agricultural innovation alliances to share best practices and achieve synergistic improvements,
thereby narrowing resilience gaps between regions. In this process, differentiated digital investment
strategies should be designed according to regional development stages and resource endowments.

2. Implement Region-Specific Policy Strategies.

For eastern China, where agricultural economic resilience is relatively high, policy

efforts should focus on deepening agricultural digitalization, improving production efficiency,
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and strengthening the integration of agriculture with advanced industries. For central China,
policies should emphasize coordinated regional development by promoting factor mobility,
technology diffusion, and agricultural value chain upgrading. For western and northeastern China,
priority should be given to strengthening basic agricultural infrastructure, expanding technology
extension services and targeted financial support, and encouraging the development of specialty
and environmentally sustainable agricultural products to enhance risk resistance and self-
recovery capacity.

3. Strengthen agricultural technological innovation and digital transformation.

Promote agricultural digitization and intelligent development by improving rural
information infrastructure and advancing smart agricultural machinery, precision farming, and
big data applications. These measures can enhance the policy effectiveness of digital agriculture
by aligning technological inputs with region-specific agricultural development needs. Empowered
by technological innovation, enhance the agricultural system's resource allocation efficiency
and dynamic adaptability to bolster overall resilience.

4. Establish a multi-tiered risk mitigation and protection mechanism.

Refine agricultural insurance systems and disaster risk early warning frameworks to
bolster farmers' capacity to respond to natural disasters, market fluctuations, and policy changes.
Strengthen agricultural financial support and policy-based insurance offerings, promoting the
development of a comprehensive risk prevention and control system covering production,
distribution, and sales. This will create a full-cycle agricultural economic resilience mechanism

encompassing prevention, emergency response, and recovery.

RESEARCH LIMITATIONS AND FUTURE DIRECTIONS

Although this study explores novel research approaches and methodologies, certain
limitations remain. On one hand, the investigation into the impact mechanisms on agricultural
economic resilience is insufficiently in-depth. While the study primarily characterizes the
evolutionary features of agricultural economic resilience across temporal and spatial dimensions, it
has yet to systematically analyze the causal pathways through which potential factors-such as
digital economic development, financial support, and agricultural technological innovation-

influence agricultural economic resilience.
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On the other hand, the scope for model extension in this study is limited. As the focus
is on spatial distribution patterns, spatial econometric models like SDM, SEM, or SAR have not
been incorporated to identify spatial spillover effects among influencing factors.

Furthermore, the data level and precision require enhancement. While provincial-
level panel data form the basis here, future research could extend to prefecture-level cities
or counties. Higher granularity would better capture regional variations, improving the specificity
and operational feasibility of policy recommmendations.

This study identifies correlations and spatial patterns rather than causal relationships.
Future research employing advanced econometric models is needed to further examine the
causal mechanisms underlying agricultural economic resilience. Build upon this foundation by
integrating the interactive mechanisms between the digital economy and agricultural resilience.
Constructing a spatial panel econometric model could enable a deeper analysis of how factors
such as digital transformation, technological innovation, and institutional support jointly shape
pathways for enhancing agricultural economic resilience through both direct and indirect effects.
This would provide more empirically grounded decision-making support for achieving high-

quality agricultural development.
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ABSTRACT

This study aimed to 1) analyze and synthesize the knowledge structure of interational commercial
terms (Incoterms® 2020) and 2) design a scenario-based educational board game that systematically transforms
such content into game mechanics. The research employed a research and development (R&D) approach
by applying an educational innovation development process. The research procedures were conducted in
three phases comprising seven steps: studying and analyzing relevant documents, interviewing experts,
synthesizing the content structure of international commercial terms to design game mechanics, developing
a board game prototype, and evaluating the quality of the board game by experts. The results indicated
that the content structure could be systematically synthesized and transformed into game components,
particularly in terms of obligations, transfer of risk, and cost allocation. These elements were represented
through scenario-based game mechanics, such as case study cards, accident cards, and decision-making
mechanisms related to cost and risk. The developed board game supported process-based learning and
decision-making in the context of international trade. The expert evaluation revealed that the overall quality
of the educational board game was at a very good level, especially in terms of content and usefulness for
learning, while the design and game components were rated at a good level. The findings suggest that
scenario-based educational board game design can serve as an approach for developing learning media for
rule-based and complex decision-making content, and can be used as a prototype for developing game-
based learning materials in other fields with similar content characteristics.
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ABSTRACT

This research aims to reduce inventory costs of construction materials by applying
ABC Analysis, with a case study of a construction materials store in Chonburi Province. The
study applied ABC Analysis to classify construction materials by value and rank product prices,
and used sales forecasting to determine minimum-maximum quantities of construction materials
in order to optimize product ordering and inventory storage, which improved inventory cost
control.

The results showed that the application of ABC Analysis and sales forecasting for
determining minimum-maximum quantities enabled the classification of construction materials
by value. Category A included steel cutters and electric welders, Category B included saw
blades, steel, and pipes, and Category C included electrical wires and pipes. This approach
effectively reduced inventory costs of construction materials. Before improvement, the inventory
cost was 554,300 baht, and after improvement, the inventory cost was 148,096 baht, resulting in
a cost reduction of 406,204 baht. The knowledge gained from this research can be used as a
guideline for developing an efficient warehouse management system and reducing warehouse
management costs.
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ABSTRACT

The objectives of this research are: 1) to study the factors affecting the efficiency of
procurement management of electronics companies in Bangkadi Industrial Park; and 2) to
analyze the influences affecting the efficiency of procurement management of electronics
companies in Bangkadi Industrial Park. The sample group in this research consisted of 100 officers
working in procurement management of electronics companies in Bangkadi Industrial Park,
selected by simple random sampling. A questionnaire was used as a tool for data collection.
The statistics used for data analysis were mean and multiple regression analysis. The results
showed that personnel factors, management factors, policy factors, strategic factors, and
technology factors were at a high level. In addition, personnel factors, management factors,
policy factors, strategic factors, and technology factors had a direct and positive influence on
the efficiency of procurement management of electronics companies in Bangkadi Industrial
Park at a statistically significant level. The results suggest that organizations should give
importance to management in order for procurement management to be effective and generate
the highest profit for the organization.

Keywords: Factors Affecting, Procurement Management, Electronics.
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ABSTRACT

This study aims to study the development of a curriculum and the design of instructional
methods for the Master of Science program in Food Innovation and Bioprocess Industry at a
case-study university, in order to support lifelong learning for learners of all age groups. The
curriculum was designed to be flexible, incorporating a credit bank system and responding to
the needs of the labor market in the food processing industry. The study involved qualitative
data collection through in-depth interviews together with questionnaires from learners in three
programs. The sample included 40 learners during the Before Action Review (BAR) phase and
80 learners during the After Action Review (AAR) phase, along with on-site evaluation of project
work in real workplaces. Research instruments were validated for content validity by experts.
Data were analyzed using content analysis together with non-parametric statistics. The results
showed that learners had diversity in age, experience, and educational background, with four
main challenges: time management, differences in prior knowledge, differences in experience,
and digital skills. The curriculum development team applied flexible learning management,
experiential learning, and digital support systems. Results from the AAR activities showed that
learners were able to achieve the intended learning outcomes and apply their knowledge and
skills to develop innovative food product concepts. This study reflects the importance of age-
inclusive curriculum design and proposes measures to enhance the flexibility and effectiveness of
lifelong learning.
Keywords: Lifelong Learning, Curriculum Development, Instructional Design,

Workforce Development, Food Processing Industry.

* Faculty of Agro-Industry, Chiang Mai University (Samut Sakhon)

Corresponding author. e-mail: nuttapong.kh@cmu.ac.th, wirachchaya.ce@cmu.ac.th

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2




MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

136
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

NINAUINANGATIEUINAATINFMTUR ITBUNNYI9TY

ieWamMasauluniranamnssun1sudsgueng

o

v & vy oy o 1
Juinlasuduatuunang: 10 nanpu 2568 SUINIFA ﬁ’mall*
L]

Tuudleusudgeunannug: 6 uns1A 2569 o

a o <
N o o A3V IUNIYLNYT*
AUNADUIUANUNUNANU: 27 NUNTNUD 2569 v

UNANED

NUITBUYIANYIMIAUIMANFGATUALN1T0DNLUUTULUUNTITIUNTARBUYDING NGRS

q

Wemansuviin avinnssuesuagnemvYnIIITINT YesmTIinendunsalfine eatuayu
MISEUIRRRTInd MU EuNY Ty vidnansgneenwuulillanuavguy sessussuuavauiein

LLa3(§]’EJ‘U?1‘L!@\‘1ﬂﬁﬂﬂﬁ@ﬂﬂ?i%@\‘imaﬁﬂLLiN’]uﬁluqmﬁ’]Mﬂiﬁﬂﬂ’]iLL‘UiE‘U@"I‘Vﬁi ASANWIUIENBUAILATS

[ v

Ausiusmdeyaidenunimriiunsdunivalidednsiudunistduuvasuaudunguéiegis dadu

a

AlSeulu 3 wdnans Waufanssunewseu Before Action Review (BAR) 91u3u 40 518 wazfianssy
NAUTHU After Action Review (AAR) 31131 80 518 W30UAIENITAINUNUTEIUNANULATIY
A01uUIENBUNITI LATDNIBTTLHIUNTTATIVARUAMNINAUANUTIEINTUTULDMIIINFTEIV0Y

myaszideyaldnsiesgiilevnsiudunisidaiiuuy Non-Parametric Nan1533enuINgiseull

Y

ANUVIAINYANEATUDNE USEaUnsal washiugiuaus danuvitmenan 4 a1 laua nMsusmsiam

Ly v o

AULANAIIPUNUFIUANS ANLUANAISRTUUTEAUNTA) wasyinwedTvia AugInimdngnslad

a o

LUIMNMITANTTeusLULEAgY NsSeusBedUR wayseuvatiuayuddviauseendld naan
AaNsu AAR wandliiiudn Jiseuanunsaussauadnsniseuimudivang wazanmnsoianuiuas
nwlUadsassAuuanlunmswamndndasinnssuenmsly udseiastounudfyenis
oRNIUUMANgMITIss U3 ounvasts wiomausuumadanasnsidieifiue sl avguuazysaviua
YINTILUINARAYIN

" 2y

AEARY: NMTITEUIAREATIN NITIHAILIVANGAT N1TOBAWUUNNTARY ANTHRILIMGIAL

2AA1NTIUNITLUIIUDIMNT

* AMYERAVNTTUINYAT WnInedeledlnl (aynsaas)

Corresponding author e-Mail: nuttapong.kh@cmu.ac.th, wirachchaya.ce@cmu.ac.th



MsasaEumaniASUnY ¥ay3 (Online) T4 12 atiufl 1 unsrAu-wwBY 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

UNUI
geamnssunsuUsglemsuniislunguanannssuiuniddnanin (First S-Curve) w84

'
[ 1 o Ly a

Uszinalng wazliunuind Ao uluaInieemskaznsiaLLATYgRatinm (Bioeconomy)

o
(%

odlsimuniagnavnssuiidandyiuanurhmeddassaiaididny ud msuaunauyaains
fifinurawnuuinnssuenns meluladfnin uaznsdnnisgsfnemnsadslvl Sserumdouds
sewinanuefinanusanudosnistuaussousaieesyaainsi dewduguassaddnyiiaanon
Tapmannsalumswisdu uazvzasnsiuindounsiasuinlassairaasugialugsuuuuln
PINENSANERS Thailand 4.0
uenINTsrUuNMIAnwLUURLRLEllaaneuaLasaIRB N Ya LTI eI
Fosmswawinuesriailasuansnu (Reskil Upskill) Ieegafivss@vnm Wosndesidasuman
Arwidaviureamdngns wageumannviatsvesiiugiug ey ndngasiioonuuumndmiuiindne
UsyasslimunvanfudiSouiadnsraunazausuinseuiaindiuansaneiu (Osborne, 2024, Pp.

3
395-409) Uymianandndudedldsunisudladenisesnuuundngnsiimanzauuasdangusn
Beu

M3eudnaendin (Lifelong Learning) Wunwinddglunisudlutgwidinan (Laal &
Salamati, 2012, pp. 399-403) miaamwwé’ﬂqmﬁﬁmm§mwjuuazim%’mzwazawﬁwﬁm (Credit
Bank System) unalnddglunmsasidlonannnsfinwiliiugiseunngiede (Chen, Qin, Meng &
Yan, 2025, pp. 116-121; Stanistreet, 2019, pp. 853-857) 1ngLan1zluaI v UINNTIUBINITWAY
gRavNIILTINMAReINTYAAINTsaInsaUiuf e Seusldededeiiios

mu‘if{’faﬁzﬁﬁﬂmma‘jﬁuawé’ﬂqmﬁmmmammmﬁ’msﬁm A1 UTANTTUDIMTUAY

MAMNTTUTININ Vo TIMeNdensalfine Belasunisesnwuulvisessunsiteuinaentiind sy

-0

@32

Seunnyede neldlasinisudndudniniugla ndngnsseauuTyyn (Degree) vasdtinau

Udansensnmsganfneg Ineieans Idouaruiansa (@U.02) Deulssana wa. 2567 udngnst
lendlsiFouililfifuinfnysssamadoudouseiniauls esourquiomiumealulad
uazuinnssuevnsadely msnata msdamsgpamnssueng uazmaduguszneunisediedsdy
Snvdiesiunaifivasaumiefndiennieuloulussiutudindne
nATeERditmnslumsiauuumemsesniuundngasiatuayunssuinaondin

wiadaszitadeidmadennudnsavesnsimunvanansivunzauiugiounnsedu Inegaiu

maasuaiwinweiduidainisvemainussulugnamnssunsudssuenms

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2




MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

L

3 a o
ﬁlqu%gﬁﬂﬂ%a\iﬂqi'ﬁlﬂ
1. iie@nudeyaniugrundndusenisimumangasdmsusessuliFouynsziu
2. Wedauarenanuvinmeglunisadundnansivesessugiseunnyiely

3. Wednriuinsnisdmiunisailundnansiaiunsasessudissunnyieelaegiad

YEansnIn

ASAULUIAATIUNTTIY

vayauv1 (input) nauan (Output)

v
Y oy

pyAKEEY 3
ik UIATNTAUNAMAL
mMsussgUmIEMIEeug

n32UUN15 (Process)

Before Action Review (BAR) ué’ngm"‘:ﬁmmamumﬁmﬁn N;lﬂig'lﬁilﬁ'llﬁ'lv'\uuﬂf =
” A1UIUINNTINDINTHAY AMUNUFIUANUFUASINES
. nhnmuuazmwyﬂqL%qﬁmnw?q gsnssudan
* gudsIALAZAUMING L o ¥ - 7 -
. ,.;,nu;ﬁug.mmwmummg (Wﬁﬂﬂlﬂiwzﬂﬁﬂﬂ%ﬂﬂ u'minﬁmuﬂszﬁuﬂnﬁmnwm«u
o i R dmiuyFeuynIin) uazn13iEug B UR
wwaRRlunMsWRHEAA RIS el 3
After Action Review (AAR) wnsnsmumealulad
X C—— uazmitﬂ'lﬁaﬁamsﬁuug
* mssugaui
* nszuaumsdsuguacionssy
* wanssmukaznisiivly

ANT 1 NTBULLIAAIUNISIY

a v
1 - 1alagus

NFBULUIAANITIAY (Research Conceptual Framework) ¥83911A38UaAGanIWA 1 auiiu
Luinmsimurdngasinegrmansumdndin a1uinnssiemMsuargnamnsTugInIm esessu

MITEUINRRATINEMSURLTEWNNYITTY SUAUINMTAATIEIToyad It (Input) Yk Teuniiniy

Y 9

annvangidluaueny seRun1sAny wazdszaunsalnsvineu Tdnseuiuns Before Action Review

(BAR) tVodaAT1EMAINNINTMIEVRINGURLS 8 UNDWTUNENANT waIANANTIU After Action Review

Y Y

Y

(AAR) aavangasaniiun1sasadu dTeyadinaninluimuilsulsmangasdmsusessuiseu

a

NnYele uagdmiwmsmsdmsudansudnansiielianunsadansiseunisasulaeg1aiusedniam



MsasaEumaniASUnY ¥ay3 (Online) T4 12 atiufl 1 unsrAu-wwBY 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

A5ATUNTIY
nsiuTIvTINtaYa
nsvvIunaiusIuTmdeyautseanidu 2 dw lud msfnudeyaienals (Documentary

Research) wagn1siiudeyaniaauiy (Field Research) nan1s@nudeyaienansyaudunisnuniuy

o A

Uy WWafa Lazewidelinertesiunniseuinaendin Saudawwimanisimuivangasaigle
lassnsuanUuniaiuglu nangnsseauUSya (Degree) wanainil GainsAnwdefivuaieniiu
wingasnsseuinaentInLuuaraineinveniumsAnwinsdlng uaslinssilaswasiailom
vosangnsszauTninAnuluumine densaling
mafivfeyaniaauuaiunsiiunsdun1waldedn (In-Depth Interview) wagn13d1573
a o fa = § v = v . . 44'
FLAnIY Inensdunwalidednlduuuaeuniundlasaing (Semi-Structured Interview) Lladauny
ARG Usznaunstugeamnssuensfeiuanssouzkazinueidnduvesypansiinau

€Y a

qumammimﬁ (Employability Skill) i?ﬂﬁﬂﬁﬂﬂﬁwm&}LﬁEJLl‘Vi%EJﬂEjQJLﬂ?%ﬂﬂﬁLﬁS’lﬁUﬂﬁﬂNéf@ﬂﬂ’ﬁ
FunadmsnsGeudiidesnisuasanuviielumadou fil
1. wuuduniwalfslaseains (Semi-Structured Interview) lddmsuianssu BAR Lile
aounugiSounguithmineg (n=40 910 3 wdngms) RerduaudessuazauTmelunsSoy
2. WuudeUn1Y (Questionnaire) TddmsuRanssu AAR udayaangizeu (n=80) Wu
MIAULINgULaEMIATLTianILUTENUNTS WieUsziiiunanisthawsluldaswasyssiiuanm
Y93lATU
AdosileAfnniusunmIngaaouamnIn 2 Juneu Téun 1) Arwesadaienn (Content
Validity) Tnegmsanandl 3 viu duasaianuaenades (0C>0.60) uay 2) Avuiites (Reliability)
nadeufungani1ses (n=10) Aurndulsyanisanivesaseunnn (Cronbach's alpha=0.70)
NSHAUANGATNISISEUI AT IR
mzmumiﬁwumé’ﬂqmmﬁaﬂayjaﬁlﬁmﬂmiﬁﬂmﬁgﬂmﬂLaﬂmiLLazmﬂaum o1
Aangiiiesyyausinuzuazinuzfisndudmivynainslugnaimniseinns naonaudisnanim
sioamsvesfiFoulungutiane wiesileiflilutuseuiiusznaude
1. wngmsatuse (Curiculum Draft) : sanuuulaseas e 3 vangasusematledng (Non-
Degree) nglansauluifin Food for the Future usiagvdngnsil 3 luga 93u 9 wilgin
2. WHUNTIANSISEU] (Lesson Plan) @ Wamuaunsaeusgluga seyunaansn1siseus
(Learning Outcomes) AINTINA1TADU LarIoN15UTEIIUNE
3. INaUNNsUsElUNaANENTITEUS (Assessment Rubric) : fviuanauel Inaussauga

Au3 (Knowledge) inwe (Skill) wazvinwziienisusznevendn (Employability Skills)

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2




140

NsEsaEumaniaSUnY ¥ay3 (Online) Ui 12 atiufl 1 uns1AL-wwBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

N13IATILNAUADINTITVDIRTBUNDULALNAUTEUAIY Before Action Review (BAR)
ez After Action Review (AAR)
LBlINTIANISLSHUNTARUYDIMANGNTA N ITOADUAUDIAI A DINTVDI IS Ul DE1UTITT ¢

mATelaauRanIsUNINUMUNBUU] TR (Before Action Review : BAR) Uagnsnuniunas

= &

U UR9U (After Action Review : AAR) Faduedeslodmiumamurmuineunaendnssiiufanssy
Tnefidmuneiiieaiianudrlesauduseninediiedes liud fiFeu faeu wazliy vilvynde
nsgwiinfeunumuagviivesnues Suazihlugamudiislumsiansfeus naenasududeyadify
ﬁm%’umimaLLWU%’UU@Q%ﬂiiﬂuﬂ%jwiaiﬂ (Darling, Parry & Moore, 2005, pp. 84-92; Edwards,
2017, pp. 1-14)

1. flansu Before Action Review (BAR) fiiunns 1 asa reudlavdngns Tagldisaunn
ndal (Focus Group) Samfunuuduntvaiidlassairslunguii3ou 40 au 910 3 ndnges wuarany

Asaumqy 4 Usziu laun Wwneuazanudiianaamis guassawasanuvinnie anuiiugiuway

UszaunIsal LazbuIAALUNITHAILINANNUNDIMNT LEAASFININT 2

4 doun 1: doun 2: \
wWhkueaua:aowaiSonMakdv guassAuaznoumme
- milumudodutohsouiBaukdngas . gassa/anummenfvoasiowdvwalimsEauliansa
. GovmsiFumsiUdaunavkiowadwse:Tstudoriu kioluiny: | @150adonlUIa (Wu a nswenns inalulad AnWSWUIL)
Arhui - msdomsiiuguassa/aoiummadoadaniulovkioatu:gda
ViU
doun 4:
doun 3: UUIAOMSWIAUWAASUNUIONSSUOIKIS
AWSWUZUnaUs:aunIsad ua:msdarilasovmu
» szdupowiliugundeus:aumsaiifeofuovAnaug + NUDACWANUNUSANSSUOKIS KEoUUAassHa Raule
» UssaumsniRacunadfansodwnBlumsiSaugasod - msrungu (Tasoviu) soudugduluns:uoumsiSaus
\ - sunuutumswuu: Coach /

AN 2 kAaudInsuAanssy BAR

(W31 AlagEea)

2. fiaNssu After Action Review (AAR) aiiuns 3 a5e laun ndsduaalugai 1 luga
71 2 uazilloaunangns Wnelduuvasuanuiutoyandiseu 80 Au uazasiiuianuUsznouNLile
Ananunan1sinauituldase wuarauaseunqu 4 Ussiau laud nisdafanssueusy maseus

g nsrUIuNSSeuiuAsAanTIN wasnansenukarnsn ULy wansdsnng 3



NsEsaEumansASUnY ¥ay3 (Online) Ui 12 atiufl 1 uns1AL-wwBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

4 doun 1: doun 2 \
1NegouUMsoausy NaouUMSsISausaoudd

» AruAasuthKnausvmsousukdngasiussansoll wsmgla | - AnldEauseTsmnmsousudRasaulUUSUtETaRuRA
- KatioloRnruAasdus:Tasudmsunou . AruAaSAtuLIstltuuIinulannmseusud

- Do:dsAnmuoanikiinautumsausuAsork

» Jolausuuzifaafiumsusulsomseousulunsodely

doun 3: doun 4:
ns:uouMsiSausia:ionssuy wans:nuua:Mmsuuls
- pruddnedvlsifaofusluuumseousy (usseng, msm - pruswuwu:thAcwskdernu:AIGIUUSUTEluviuashols
Tasvou) . DauassalofnmuAadw:weiumsthanugiuusutsksol
\-\561‘:13@:1 ugldboatinouihtoidomiadrsolu /

AN 3 hUIANDILENSUNANTIU AAR

(131 : 1alagelusa)

3. MYBATteya Toyalienan1main BAR Tins1eigaiiem (Content Analysis) Live
dunseiusunudAyidwmadonudniavesnisieus (Krippendorff, 2019, p. 24) ilosa1nngu

megraludaznangasiidnuiules ToyaideUsuinann AAR 3aldadi Non-Parametric

NAN13IIY
1. lassaframdngasnisiseuinaaadindmiugissunndieismanauindenulunia
2naUNIIUNIHUIFUDINNT

véngmslasunsesnuuuiiiesesiumsSeuinaendindmiugBounndisie lnesatiuns
Wamdseuiiaansadnggnamnssunisudsguenmsidedisiiussavsan iSeufiunasing
Ussiflumufidmunanansaazaumiein wazthluldlunsidisuleuneivwilefianuuszasdiii
Anvsslusziusudidne Inelidudufeniousineiniiidemasnndestu

lassasivangasianmuaduninisseus (Leaming Pathway) nglansauuuidn Food
for the Future tieiw3sumundsuidsaulugramnssunsuusglonns lnsudseondy 3 ndngms
Usgnadloling (Non-Degree) dausiazndngnsuszneusne 3 lugages fldwflsuwin 9 miiedn lu
seautaudindny) disuaunsaifenseulaedidasemuaivauls Inglimundduneunds

(5982 DYABAAIIUANTIN 1)

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2




MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

142
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

M13199 1 lassasavangnsiienisseuinaentind msuglsounnyiely vangasseaulSeya (Degree)

WensimunmasrulunmgnaInssunIsulssUemns

nangasivanisiseuinaandIndmiugiTaunnyeie ningnsseaudine (Degree)

wansiaumasnulunirgaamnssun1sulsguans

nangns a3 (luga) I maiieuleusednn
Usznatledng witin  Tundngasvas
(Non-degree) UAINYAY
wingasi 1: M3 11 n3wennsmeadinmuazmsiannuinnssuenms
aeszuuiinmmng o9y
FINAWINTNONT 1.2 nseuIunsadiauinnssuemItasgnaIvngsy
o9ty i ’
1.3 5xuulnegnakasnIsnaInd s undn o
WIANTIUINNS
wdngmsf 2 : matiin 2.1 aseengrismeTinmluesiitegunin 3783
yardndosiowns 22 weluladuasuimnssunisuussuatelmiileuia VANgATIEAU
mewmaluladuay WaA AN o3 ’ Uudindnen
WINNIIU 2.3 wIANITUUTTUTIOWMNS Tugvinedy
wingasi 3:m3 3.1 nadufuszneumsuasmsiianngsiaemads
IANNTRAANNTTY WINNTTY
pnsedlaeady 3.2 MIdanisldgunnuAuANYRTUALEIMITREN
waznsdu Uaenfouaydsdu ’
AUsENOUNS 3.3 MITANITAMNINLATNINTFIUE S UNERS
91913

Tuusiaendngns Non-Degree fji3susiosimumsussiiuiaduanudidsisnns (Knowledge)
LazN1SLanIBNDiNYENISUHUR (Skill) flaenndesiuiomiidng saonrunisUsmeinueLie
n13Usznaundn (Employability Skills) ﬁmﬂqmammimmiLLUngmmﬂﬁmmﬁﬁm loun inwe
ANUAATIUTEE NALaEALARASNETIAWYN (Novel and Adaptive Thinking) WinwensAndelaseaie
(Structural Thinking) vinwgai1uinladeya (Data Literacy) inwgarudnlanaznisldinalulad
(Technology Literacy) LagiinuenIsanses (Storytelling Skills)

MIIANSSEUMIADUANTUNTAUMIMBSETNNUUAANSENTINTEALAN Y I MEnS

Weuazuinnssy @U.07) Inedunmsysannsianangufuaznau s uasinsusediunamsiseu;

AN UIAUNLAING1AUNSUANEIANUA LI DE1TALIUY



NsEsaEumansASUnY ¥ay3 (Online) Ui 12 atiufl 1 uns1AL-wwBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

2. HAN13IATILNANUABINTTVDEITBUNDUITEUAIY Before Action Review (BAR)
2.1 nquilsidaya nauiflvidoya d1uu 80 518 UszneumegiGouiiinalasanisuan
Yaudimiuglual Useddauuseanas w.e. 2567 Mynseideyailielszsns (Demographic) AsauAgs
Haduddny leun o1y sefun1sdnugege Usyiinsine wagdszaunsaliisitestugraimnssy

MsuUsgUeIms 1985188, DUAREAIIUNINT 4

szAun1TAnm UszauniTalAugasImMnIsNaIng

y O

P 19 v 5 vy
Al 4 Foyasuuszynsenansvelidaya

(

HANTTIATINNUT ElSeulviseneivannvatenusd 20 T3l aufiennnit 50 U wax

a = a 1 o

HsziunsAnenuauIey s DeUSggiten ﬁaﬁl,ﬁmmﬂimamﬁmémﬂ’msﬁmﬁuﬂﬁwmLuumi X
mswelesiuszuunsaraumeinuaznisiigulovlussaudadinfnu auaudfvesSeudaimuali
¥ o & =2 ! o v = =
AosdnsamsAnwegnteeluseAuuTyaes
WaNa1sauUsraun1saluarANgIUaeiuga NI sUNITHUTIUBIMNT @1nsauus
dseueanidu 2 ngundn eun
1) nguniivszaumsallugnamnssuomnsvsensimunandue gisunguiliosd
AN HATTINYENATOUAGUVATEHR LU NTWAUINEAANIDIM1T N15AAIA NITTANITAMNIN LAz
srUuNnsTIUANUABAiEeIMs Ussaumsalveadiseunseuaquatianisaiiugsisemslusediu
a ! 3 < a o 3 [ a o 3 A ! a
ULarginIa (WU WS wasnandue OTOP) MSWANERAMIIUINBSLNBNITEIBDN NTHER
d‘ o 1 4 a ¥ = a wa ! =
YUy wagemsiitodrugluneassnduen lﬂwmmﬁﬂgummﬂuamammaummsmmmw 30 U

uaﬂmﬂﬁaqu@, EI‘LWlMU?”ﬁUﬂﬁﬁﬂJﬁﬁumH@i@u%iEJ LLﬁ‘“ﬂTﬁﬁ]ﬂﬂ']iﬁiﬂﬁ]ﬂWﬁW@W AABRAIUATINN L“U gIYe

AUNSUSUUTIANNEERTUI N1SIATIETINED LMG!?J@Q{] 307 LLaSﬂ’]iﬂWWUWN’]GﬁﬂWUWJWNUG@G’Iﬂ g

9 9

IpgunneneildnslunsiaugasmssdnsuiuusvniaidusandresUsemeiiosnseaunmnm

Wansue InviadallfiSeunivinueaunisnain nsasideussnduiusesulall wazmsdnliugsia

WINNTINeIMI3 FalasumsatuayuINMIeIu 1Y TED Fund 593893811958 T NUgIUN1a

Y

' o ] Yy a |
N’lun’lii‘uiENQmmwmiﬁ’li‘uENﬂuﬂﬂﬁuﬂ’lia’mm’a’lia’li'lwﬂ (TCn 'J"Iiﬁ']iﬂqllﬂ 2




144

MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

[

AFINTAUNTNYINITINNUAZTIINGFUATIZN (Synthetic Biology) %aﬁmﬂuaaﬁmmi“"ﬁ nUAIN
gewonsmumalulagomislueuian
2) nduitlsifivteiivsraunsaideslugramnssuons fiisunguidlngitugu
msfnsnailiiedesiuens vielilsraumsalfisadntes wu mawssUnandniteodming
Tusgiuyuoy ulhsddodidusvaunisal uwifiGeuansoenismmuaulauazenuiilalunsuanm
Austng 9 IBRNIEAUNTEUIUNMINERDINT WIRTFIUANAIN KASKUIN N INRUHEAS U9
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nMsNauinyekaznsUssendldausludduanlaegrdivssdnsam
2.2 HAMIEFUATIZNAINAINTTU BAR NMSANYINAGNEAINAINTTU Before Action Review
(BAR) Feeanuuumunwiaauiiszylilunmd 2 lduaseilssinuddgyueiseululasanisuin
o a o 1 U d’l
Unudinituglual fail
o & A v a ¢ ! v a = v
2.2.1 wnguazanudiianaands uansinseinuhdiSeulidmnendnuag
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AuArisensdnsulasinig awnsednnguidulssaudifyaall

- MsiunueIAAuikaYinye (Upskiling and Reskilling) : l3euilnnudanis
LESNaIANNIAULIANTIHEMNT SEUUnAnegINa wavrinuelnil q wieldlunmsimunnuesay
oganAL3luaLIAn

(3 Y1 o a Y gj d' o valy vo %
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2.2.2 QUATIALAYANNYIINIY NaNTIATIENEUATIALALAUTIIVNEVDIHITEUAINNTD
Fuundu 3 Ussinuman
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P 1 dl & = '
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- MyduiinIflensiseunaziena1suseney : WKSeuaunsfnydounds
WiouANTARUNILAY (WU Al vSaunANUTENEY
3. NFRUATINAMNTINNIBUAZUIATNITNTANTUIY
NWANIALINAINTIU Before Action Review (BAR) wuinnguslseunangniniinUadia

Wughnldaumainalensnueny Useaun1salnisvinenu wagiiugiuadnus Jadeivaiienadma
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Joya BAR vilianunsadunsizivsziiiumnuinmenazanasnisianisidediaduszuy Tagaunse
wiseanidu 4 Ussuiundn @il

1) Anavimedunsudmsanvestieu {Soudnilng duihauiivdyiudediia
e wagnihuiaveu FedwarenisidisuAanssunsifeunisasuiuuan (Synchronous
Leaming) uazaneusiaiiiasvasniatens silAneumassidGsumsmanidenddny waglianuno
‘Usi’qwaa‘WﬁﬂﬁLiaugmmwmaﬂqmm‘wum (Knowles, Holton & Swanson, 2014, pp. 37-43) N9
Uimsnan wazdadduanuddyseninanusaznisSemdudedivime Tnsanveg1adadmsu
ABouidowhanudiunat Wulieddydenadwsnmaieudvesiiug) (Adult Learning Outcomes)
mumwﬁmsﬁauimaam%’im (Lifelong Learning) (Knowles, Holton & Swanson, 2014, pp. 37-43;

Merriam & Bierema, 2014, pp. 46-50) 1195N139AN1IAIUYIINIEATUNITUTMISLIANVOIR LT 3]

v
v A

fatl

- M39RURUUNSISBUNSARURULEAnEY : Mvuananssunsseudidumbedes
(Micro-Credential %38 Stackable Learning) §i3suannsaazaumiiefnuazioulugsziuganitle
TnofmunfuGsulutinaniivenzan 1w Sradursotunys wiessznmamsaSeuaami s
mMsdasouFuviatsseu dulsuisdmiumadiGounauny uazdfanssufieduaiunisisousie
MULDY (Self-Paced Learning) Lﬁ@lﬁﬁﬁaummmawLLmuLﬁﬁﬂ'ﬁ"JﬁLé’asmmmzau (Meng, Zhao & Jiang,
2017, pp. 319-328)

- NSSHUIWUURAY (Hybrid Learning) : %’ﬂiﬁﬁm'ﬁﬁsju%fﬁy’ﬂu%juﬁauLLazaa‘Lﬂ,aﬁ

Y Y a

WIDUNAMIALD Micro-Lecture szegtian 5-15 U Lﬁ@imLiﬂmmmmaml@LLUU"LaJaﬁﬁ’mam
(Asynchronous Learning) WAZANLNTONUNMIUTDUNAILS (Brame, 2016; Monib, Qazi & Apong, 2025)
wananiimsesnuuvianssulutudsuliidunisenvsie nsdifnw waznisvhenaduity @nansa
daaSunisissuiiuuaslou])un wezdoslondemiuaniunsalads (Sriphong, 2023, pp. 272-276)

- Msldunanneiun1sseus ATEa (Leaming Management Systern : LMS) : 0¥
SEUU LMS Lﬁaswﬁmaﬂmimsﬁaﬁ 019 LarWUURNAANUNIU NiouTon1e QA wuvoaulail
elHi3 gugnnsadniadomuas gAoatiuayuldvnna (Camilleri & Camilleri, 2022, pp. 1311-
1333)

2) arnuuandnsduiugiuanuduazineg flsuifuguanuimndnnsuasines
funnsinafu fiFouuemedfugiunmsuinermansuasmeluladnisuussuewns vagdidnlng
laiﬁmm%maé’mifmdau iamﬁﬂajﬁﬁumumwﬁmﬁmwmam‘ muanssiineliiAngesinenis
\58u3 (Learning Gap) ImaLawwJLuamammﬁummimmmﬂammwmmmwgl,l,avmﬂw%gm

%qdamamammmﬂ%amLiauiuﬂﬂsLiaugiauﬂuaau (Akyazi, Goti, Oyarbide, Alberdi & Bayon,
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2020) uazenaaamoulszavsnmnseunsaou G eulildsunadndiiulunuindngasemis
(Illeris, 2018, pp. 86-101) mmmimw‘hLﬁmml,ﬁaﬁ'mmimmLmnmqé’mmmiuazﬁﬂm laun

- Mmsvszifiuaussougnoueu (Pre-assessment) : Mila3esilofnaussougiilossy
ALLANANTENINE S oY waztitayaluuTusuLuumsasuameyAravisengugos (Brookhart, 2011,
pp. 3-12)

- M3¥ANGULUUNAY (Heterogeneous Grouping) : st Fouiiivinuegwhnusudy
HFouiiivinueidoliivineg Weadunsfeusuuudifidies (Peer Mentoring) uaniUasuuszaunisal
wazuwuaAnlul (Topping, 2005, pp. 631-645)

=

- ingmsUTuUgU (Bridging Courses) : damangasiasudmIuglTeunvInaIN3vie
Y & N o & ! a (Y [ b4 [ ¥ a a (Y a vad
Winweiiugundndunenisiseulundngasvdn wWunswauianudilagmguuasinweujuan
Jndusiogravnssuemis (Tynjald, 2008, pp. 130-154)

a

3) ARULANATIAIUYTZAUNITRINISTNULATIRa Eeuusduiiussaunisallu
= = = ¢ | v Ko g a v
guamnssuemIVanel vaisuselifivssaunisalinneu anuuandwivilinsuanilisuaus

Weauna fildfivszaunsalonalidilavssnuddniismenzierauslulssyndldiiiedesonlsd

e

'
a val

Tuvaegfivssaunisalunnanaliiiunua1vesnnuiiugiu (Kolb, 2015, pp. 31-50) 41MSN15N13

&

fflunuiiedanisaruuandrsinuusyaunisal toua

- MsSsudsUsvaunisel (Experiential Learning) : ldlasasuatensonisdnass
anun1sal ¥3eN15iseu3LTalATIU (Project-Based Leaming) WansalAnunlugnanssueIms e
TragfiuaglsifiusraunsalléGouddniy Weulssszmiamadouluioudousaslannisieuaie
(Kolb, 2015, pp. 31-50; Larsen, 2025; Wiyono, Imron, Sumarsono, Musa & Binti Mohd, 2025)
wazaunsayigasiewsegslalunisiseu (Wijnia, Noordzij, Arends, Rikers & Loyens, 2024, pp. 29-
38)

_ sxuufiiaes (Mentoring System) : Q’ﬁauﬁﬁﬂaaawmmﬂqqﬁmﬁﬂﬁLfJu‘WLgaﬂﬁﬁ’U
Jhiflszaunisal ileduaSunsiSouiuuildiusiuuazifianssgdla (Kuhn, Hagenauer, Groschner &
Bach, 2024)

- msadsurunIsUUR (Community of Practice) : ad1siiufiuanideumin@nudiu
LLazLLﬁ’ﬂQJ}Wﬁ"mﬁ’mw'm;:&%'aumﬂﬁugmfﬁmﬁ’u LﬁaLa%m%mesﬁwiuwﬁdauéw (Rowe, Knight,
Irvine & Greenwood, 2023, pp. 494-510)

4) anuaunsatumsldmaluladuazniwennsatuayu lugaddva msldmealulagilu

dsindusionsiieusnaendin (Morris & Rohs, 2021) egnelsfiniy fiseuuienay lnsaniznguiy

o w aa v a a Aya ]

g9y 9n3dlvednfnlunisldmealulad vinauduAg viTeVinyeAIviaieane vasngseusulnil
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VinweRiviagenin uenandfiseuenalivedniniugunsniuaznisiinfdumnesidaniivsednsam
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MlMANYT09919M19A9a (Digital Divide) Fsoransenusonisidndenisiseussulau n1slddendvia

LLazmiﬂizqﬂﬂ%ﬂ@ Wﬂizais}i (Van Dijk, 2020, pp. 61-79; Van De Werfhorst, Kessenich & Geven,

=

!
2022) Juguassaddgyson1siseus umsnisdanisaruanunsamunalulad fadl

(%
aa v =]

- M3dnvihglenazniseusuvinuefdviailosdu : dneusuvIeaeaunsnnITHAIL
vinwgAdvia eadseuiiulaagifindnonmgifoulunisldiedesdlofdvaiionisizous (Van De
Werfhorst, Kessenich & Geven, 2022)

- MsasesrUvatvayumamaia (Technical Support System) : liFUSnweeulatl
vieusnstemdesunisidinaluladansaumne Weviomdondeudlodamuuuiuiaed (Vishny,
Tengli, Ramadas, Sathyan & Bhatt, 2024, pp. 1107-1116)

- senuuuunanesuiidulins Uiy (User-Friendly Platforms) : uwammlesavsoszuy
atuanunsSeuding o destunisldanuing ananududeu wardenndeiunuENTaveIiSey
NNYI938 (Zawacki-Richter & Jung, 2022, pp. 1-10)

4. n9thuesnsiulduaznanisussiuniuianssu After Action Review (AAR)

wmsmsfildannsdaasesinnauvinesriuianssy Before Action Review (BAR) léfgniin
Tudsrynaldlunisesnuuusaraniiiunsdnnisseunmsasuvemanansnandndiniugivg nanans
WemansunUngie 19139 InnssuomskaranansINgInm lunvInerdensalidne oy

I Y

g davidngaslanmuuwuinienisiseuiivaenadeaiuninufenIsuasAuaIN AN oISy

Y
1% ¥

MaluAunsusMsIan MsUTulTalemuazsUiuunsdniangsy aaenunsatvayumemalulag
uazdeRdvialiteeiuainsUssansamnsSeus

NAaNSFaATIETeYaIINAANTTL AAR axvieudn fiFsuaunsaussaimunemuiindngns
man s sadidunanmsdanmaiisunsaeuiifienubanguisinunaassunuumaious laed
NSYITINTAUIAUVUTUNNSINUATS wu nsldnsalfnwnarlasinisussgnd n1sdanaseu
Thngaufug@ouiidaszanulses sudmsdaulounesessunmadouasmmnaeudounds Sni
fafimsaduayudonisiioudinszuuadsieyauazinlenisasutiounds silvgiTeuaansonumu
domlFanuaruazain

Tufiivesmsiwuinus §i3sussnuinldiuauiiaginugiiannsaluusuldlsiui
Taglamzdinwennsnsusuazeenuuulasanudw foRfysannmsesdnnudiuinermansuas
welulaBmaulsUens Telldsumsatiuayunng@emaiviiiduldnfiouusinmeussgndld
paden g uenniivdngaslddanisUssdiuaussousoudouilethindangudBsuuuunay iadu
Usaumsaluazmsmanvianevesiseny daaliiAnnsBeuiuuinileuazmsuandsulszaumsal
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AanssuM IS EU3ReUsTauN1Ial (experiential learning) WLMIMNIATINUATIRTUMIUTEIY
7 WuladuddglunmsdeasulifSouhgnmselandannisieuasantdlunssuiunisiseui
uihlugmaiauduluundaiunuinnssuems vaeReatundnansdidafanssuasuiousu

WUFIUIWINGIANEATNITOMNTAMTULISIUNUIAANITHUFIY Raon JuatuayuaIeFeRIvaLaL

<9 Y

Aledu (Micro-Lecture) winrglidiseudndsuasnumuilomldagnadiussdnsam agnslsiny

=

SewaweilnsiiuiuianssuAnwgauieiasuassseaunisalnsslugnaivnisue s

ey

TusmumsUssynald gseuaansatinnuiiasinuelununulasySuunssuiunsinnu
P39ldgnstniau InslangaunseanwuulassnueaznsuIsdnnig egulstiaudadidedniadiiu
1981 AsEulsE kaensidmine1ns viiegunsaluinnssuduge diseuiuaueluinisines

A v v o - a Y o Yo ¢ | oA
\ASeY LTINS BuLAEHLT e sHANABUAIINS Y1iEns wasmslimUSnwiegudelilos
NAIAUNANERT
HANITHAATILAAINAINTITU AAR 31 1nsMsiimunTuan BAR anansatlUldlufanssy
= Y ] Yy a Yo v Y a avy
nsseunsaeuliguvingay dwaliiseulasuanuiuagyinveanunsayszgnaldluauaiale
sghadugusssn nsldunuumsiieudiuunaunay (Hybrid Learning) n1siseuiidelszaunisal
AANTsULESNIUEIU kagn1Tiainaddayadanisiieus arulldiutieiiuysednsainnisiseus
a v Y d' v v & o v o v [
vuiRgiutaaueLuiaraUassanssylaed S sudadunuimeAglumsuusuasiaumangns

IneuauasianUvaINTagLastiiudnen1nnsiseuivesiseulusunan

ORIEREIAG

[y

a ‘&J
JMUIYU

a v

nUszasdifleAnundayaiiuguiidndudensinumdngasdmivsesiugSou
el dnianuymelumssuiundngns wagdaviunnsnsifielinisiansiSeunisaey
ansanoUaLesianILeINsvanvatelsetnsiiussAnsaim iiunszuIunng Before Action
Review (BAR) waiz After Action Review (AAR) nan133deazviouliliiufianudonmdoeseninanIngns
fitmustuunseunAniunsuimnsinwuasnguiniadouddmiviSounntaste il

1. asmMsauakazn1sussailanenisiseu;

unsnsTiAgITesfunseuiuuuBameu (Flexible Learning) Msdnnisi3eunisaey
WUUHELNEY (Hybrid Leaming) wagnsdnvhszuuadstoyaifioativayunisieudediseiiior wuin
aunsaantedninsunauazilinlenalvidisouivuatiiainisssuivesiesiogamnsay
A0nARBINULUIAANISITEUI VBN Ve (Andragogy) Y83 Knowles, Holton and Swanson (2014, pp.
37-03) At 3suidudinglianud dyiunnudanguuazanududasslunaSou nans

aviauan AAR Buduin diseuussaidmngauanuiuasiinueiinanis aenndeewu Education
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[y

Management Theory 83 Bush and Clark (2020, pp. 72-75) #ilauddyfunisusmsinnis

o

NINYINTAT Uazipsediloatuayuieliindszansamnisseus

2. mmmssaa%’ummLmnﬁqaﬁ’mﬁugmmmé’uazﬁnm

m3Ussdluaussaugnousey (Pre-Assessment) MIIANALKLSEURUUKEL (Heterogeneous
Grouping) LLawé’ﬂqmﬂ%’UﬁJugm (Bridging Courses) Lﬂummsmﬁiﬁaaamﬁaadﬂqmqmiﬁauf (Learning
Gap) uaziaSuassanusiilauddiFou naagiounnn AAR 131 fidsuflnaiugiuanansoiauiinee
fdndu wu mslfiteslomeiosufiRinsinermans waziiansuanivdeuFoudsenineFoud
fvinwsuazliilvinwe donndesiungud) Differentiated Instruction MMuLWINIWEI Tomlinson and
Imbeau (2011, pp. 17-21, 88-95) ffunsusuilom 3315 wazianssulidenndosiunnuanuse
LAZANABINITVRIN LT ULARZAY Fananideiagiouiinisdafanssudinantaediudnonmly
nsseuskaraiausilalunisBeuivesiSeusgataau

3. 11AIN1IAUUsEAUNMTAINTIULAENSISEUSITUR UR

n3ldumansBeuskulasse (Project-Based Learning) sfussuuiiaes (Mentoring
System) uagn15a319yusuN1SUHUR (Community of Practice) FaeiaTuasnianisiseussiuiusening
Aouiifuasliifiuszaunsal naagfiouan AAR 397 fiFeuldfudsslosdannsuaniudsuaimg
WenuazaiunsaUseyndldluuiunisalaegniiused@nsnn aenaaesiu Educational Leadership
and Management A14LkUINI9YBY Bush and Clark (2020, pp. 72-75) FfunsaseTausssunis
Bouiwiunazmsinnismineinsyaraiiieativayunseuiumsisoudesiadusyuy

4. ipsmsinumalulaguasnsidrdedenisisous

I IumAlulag Wy MsESurinweddva Msadessuvatuayumamaile wag

nsdniAdeteyaildanudg ddiutigantesinan1addivia (Digital Divide) kagtiiun1sidnfiedenis

'
d aa v

a Y v U Y a 14 al 1 aa ¥ %
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WAREHOUSE COST REDUCTION USING ULTRA-WIDEBAND
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ABSTRACT

The research aimed to enhance warehouse management by utilizing Ultra-Wideband
(UWB) technology in conjunction with automated forklifts. The study employed a Fishbone
Diagram to ascertain the root cause of the problem and applied the waste elimination principle
for process improvement. The results showed that the Real-time Location System (RTLS) was
accurate to within £ 5 cm. As a result, it reduced costs from picking errors and product losses
from 7,500 baht per year to 0 baht. The study also used the industrial logistics performance
index in the dimension of warehouse cost per sales. The results showed that staff wage costs
decreased by 36%, from 2,226,000 baht per year to 1,434,325 baht.
Keywords: Ultra-Wideband (UWB), Automated Forklift, Smart Warehouse, Logistics Costs,

Cost Reduction.

* College of Logistics and Supply Chain, Sripatum University

Corresponding author e-Mail: tharinee.ma@spu.ac.th, suratin.tn@spu.ac.th

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2



156

MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

%4

v U a Yy v IS 14 3 3 g a ¢ v
n1saafunuAdsduAiismalulagdaniliduuuiuazsalnanaWianluda

ASANEN: USENNANYIAKNAY

v vy v @ . = a
?uﬁlﬂiﬂﬂ‘uﬂUUUWﬂ?qﬂ. 20 unIAu 2569 ﬁ%u IUF *
Tunudleuuugeunannu: 19 fuiaw 2569 n o -
o A ¥ da 4 bvd *
AWUNABUIUANUNUNAMN: 23 LUWI8gU 2569 qs%u iyiyuwau
%4 1
UNANYd
NI UszasdiaiannnsiansaasdunmensUssyndldinalulag dansladuuud

Sufvsalnaeanngnluds lneldlainsUarlunsiwaeimanvnvesdym waglindnnisednaiy
szLUa'ﬂumaﬂ%’uﬂgaﬂssmumiwamﬁ%’awudw SEUUNSARANLLUULSsalnyd Taukiugn +/-5
WURLAT FNANSaRRUUANNEANAIAluNINEUALA AN aMEle 100% nANEAWNY 7,500

1A S YV z-:lail’u a a v a a s aa v 1 4 a
uneied wide 0 v lngldauidindsednsaniuladaindonavnssululiAdadiudunuusnis
ASIEUAIFIBEBAYNY KAl liAeaINInanduUMaNaINRAUNTNNUAIla 36% 21N 2,226,000 UM
fol wiae 1,434,325 U eal

o o o/ % ¥

AdAy: dansliduuun salvdrdnvidnludf adsdumdaaier dunuladasind nsamnsunu

* Inendeladafnduaziasldgunu unTinedeasuny

Corresponding author e-Mail: tharinee.ma@spu.ac.th, suratin.tn@spu.ac.th



MsasaEumaniASUnY ¥ay3 (Online) T4 12 atiufl 1 unsrAu-wwBY 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

UNUI

o w

msdaniseasdudndussdusznevdAguesszuuladaind lnalul 2566 dunuladafind

o

yosUszinalveiidndiuuszana 14.1% vomanduaiiandlulszme (GDP) asviouaudinduves
N13UNTTAUNITUINITIANITASIAUAT FUAIAIAST N1TVUET UAENIINTEIBFUAIRENTUTEENTAMN
(Einnunnenssumaulonesgiamia, 2566, uih 3) stslsimuszuuadaduiuuusaaudaio
ussnuaulunszsuIumMsuaud dauiu w8y wazdiedud dualimAnanuiawainade 0.35-1.00%
M9318N151BU (Kudelska & Niedbal, 2021, pp. 882-892) s3udlansgaydeuszdnsninainnsinau
e

luvsungnannssulnenudn §usenaunisuinnii 80% gensldsalndadnviwuuauduly
n1svugnedudn (Bhandari, Online, 2025) FaneliAnteddnduauldaianeveamanisviiey
ndadouywd Fuuussuiiistuads 5-8% del (Nikkei Asia, Online, 2025) A2uAEsH Y
Aulaensy wazAugye/ ToRanainlunisiniu

Afoiiatunade i 4 duldun 1) anduyumssidua 30-20% nelu 3 Y way
anANURANAIALUNTUBUEUA19TIN 0.35-1.00% Wideaunin 0.1% (McKinsey & Company, Online,
2025) 2) Wiaszansnn TngifiumnundalumsnBu-Sauiu 40-60% annafigadeseinenisiey
210 35% Wide 10% LLazL‘ﬂ'uU‘%mmq’m 2-3 11 (Mikulla, Klotz, Ullrich, Weidmann & Zepter, Online,
2024) 3) s sUaonsy angURvnNSTLIY 85-90% HusruuFouLarUSUE UM SRR (Cramer,
Online, 2024) uay 4) WuauBangulunsuszgndldiuadsdudnifu Tneldnanfake 24 dawi

[y

18n31n15AuU (ROI) 18-24 1oy mwgauiu SMEs lng (SCM Champs, Online, 2025)

[ |

wennil wwImnsiananaenadosiuukuwiuneldavsmansyf Usshui 7 Tnssadna

Hugussuuladafnd wagAdsia (w.a. 2561-2580) NienseRudanuaunsaniswsdunuladannd

YY)

vosUsuinalnegdudun 25 vedlan andudun 32 lud 2561 (@innuanimuinsiasegianag

danuuniannd, oaulat, 2567) autwmeuausawnulfuRnissunsiaussuuladaindvessema

'
a

v adufl 3 (WA 2560-2565) wazseoifiosdaatufl 4 (wa. 2566-2570) Tl “Smart Logistics” W

Aaa v

wAlWlagfavia Intemet of Things (IoT) Uarseuusnludd LieandunuwALIINUTEANSAINNNTUSINS

IN15AFFUAT ENTNIUULLUIELATHUNSVUAILALDS19T (BUY)., 8aUlal, 2566)

'
Y] o v =

negaavnssulveddvedninainmsisnmalulagaaussmanasaanisiaumalulad

yosnues I ududousasusngunemamnss 4.0 iesesiumaluladlminazifindnniuaiansa
Tunsuwtiety @inauldansensigeavingsy, saulat, 2566) MINAUIIUKUUTEUURAMINBIDTUY
firanu UWB wazsolndeanyisrlusiflumAdetfaidnanmlumsdenenuasuszgndldldaga lnetaws
Tundy SMEs teatfuayuaruannsalunisugsiulunilan vedsaonedosiudihmnensimuni

g8 (Sustainable Development Goals: SDGs) lngiamizilvisned 9 uag 12 dunisanaiiuande

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2




158

MsasaEumaniASUnY ¥ay3 (Online) U7 12 atiufl 1 unsrAu-wBy 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

warldmsnennsegefiuszdnsnim (Guterres, Online, 2023) nasnaudenSuiuwuiliusziuland
maimaandsdudsnluifaniulnn 1.57 wiluduneaandanss Tud 2565 WHu 4.12 niludw
Aoaa1sansy wl 2570 fesnsnsiiulamassed (CAGR) 21.3% (Grand View Research, Online,
2026)

[

UitmnsdiAnwlunuddeld Wudndeviau Jadugramnssuifunumddnlulsguu
doany uarsududosindafiotafivaui dufuuidnsdinuniiiuidaivausdusaguaun
2925 s Jamimuluadsdudn Toua msflemnussnuay mmianainannszuumsiudaiiy
uazidndeAud guRmnainsaliidedni sunududidemeuazgame JadufitesAdedifims

Wanwalulad Weandymainaidunisanduyuuaziinuszadnsnmenuladafndvasuszmelneg

['y] [ a o
INUILEAIAYDINITIVY

1. Waaunszuussudaasezwuuissalng ealdmalulad UWB $auiusalndmdnnamlugs
AMSUUSTTARIEUA

2. \eanuyuMITUIINsAdEuAMemalulad

ﬂﬁaULLu’JﬁﬂLLﬂS’JiﬁﬂJﬂiﬁNﬁLﬁlﬂ?%’a\‘l

wallaBsanirlasuuus (Ultra-Wideband: UWB) Wuuinnssudeanslianefifianuusiug,
TunsseyduruassAuuRLUng (10-30 Wwuiiuns) wilandn RFID, Bluetooth way ZigBee Aead
mwmmmﬂ?{au 3-5 1405 (Omlox Technology Consortium, 2025, p. 7) 1ng Wang, Sun, Zhang,
and Jin (2024) wuin UWB anansavihauldegeiiussavsamluanimindenndsdudqiflasiaung
waglavesuusndeamuiuggads 98.5% fafunisysanns UWB fussuusaliidaaidnlula
(Automated Guided Vehicles: AGV) Fafunuimeddglunisenseiugadsduidaniosuasunly
JaynnsujuRanunana uaﬂmﬂ‘ﬁé’qgﬂﬁwmLﬁamia@mmLLazizqﬁTﬂmeﬁuﬁﬂLLUUL‘%EJalwﬂu

ASIEUAT TneHiaLA LA TUANULINEN ANLEDYS wazm 3118 (ALOKby, Junginger, Roddelkopf &
Thurow, 2024; Gnaé, Majerek, Styta, Adamkiewicz, Skowron, Sak-Skowron, Ivashko, Stoktosa &
Pietrzyk, 2024) 913381UNINEWBNITYTUINTT UWB fiugnumivuzdm1ednlugd®@ (Automated
Guided Vehicles: AGVs) wazsalndnanvisalud® ieifiudnenmnsfinauuazn1sdanissums
audrluitufisonisvudie (Monica & Ferrari, 2021; Motroni, Buffi & Nepa, 2021) $2U03015NEAIU
FuwesnateUseian Wy Computer Vision wazyiaginaudes (Inertial Measurement Units:
IMUs) loensesuainuudugiuazainuiniedevesssuy (Luchetti, Carollo, Santoro, Nardello,
Brunelli, Bosetti & De Cecco, 2021; Motroni, Buffi & Nepa, 2021) 17?&5 miﬂﬁzqﬂﬁﬂﬁ UWB-based

Real-Time Localization Systems: RTLS 918Uz aViE MMM Ia i uanunazn1s s s91ueg 19 msnga



MsasaEumaniASUnY ¥ay3 (Online) T4 12 atiufl 1 unsrAu-wwBY 2569

Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

(GnaS', Majerek, Styta, Adamkiewicz, Skowron, Sak-Skowron, Ivashko, Stoktosa & Pietrzyk, 2024;
Khan, Huda & Zaman, 2022) Tasmsfaidenssuumsfivsanistormuamanaia sunu uazilads
ﬁmﬂizﬁw%mwmiﬁmwﬁaiﬁmiyszmmimmzamﬁq@ (Sinko, Marinic, Poljanec, Obrecht & Gajsek,
2022) mwjﬁummﬁwmﬁwﬁmmsaamwumemﬁﬁmmsﬂ853&13LLasLﬁmmmmuEﬁﬁumisw
(Benouakta, Ferrero, Lizzi & Staraj, 2024)

1 [ o

dmsusalidranidnlul® uddeangayaiauinisdinig MsAIuAY wazUseansaamn
wloniinauasnsewazaudsdu Tngldivaia Wy Model Predictive Control: MPC wae Linear
Segment with Parabolic Blends (LSPB) (Vorasawad, Park & Kim, 2023; Wang, Sun, Zhang & Jin,
2024) 59189 Smart Spaghetti Charts Lﬁaizqmwm?{mmwuﬁu (Cantini, De Carlo & Tucci, 2020)
way Adaptive Fuzzy PID onsTeduIA oTaR e s (Wang, Sun, Zhang & Jin, 2024) AaoAaun1s
Uszudlu/ AnLaen Aag Data Envelopment Analysis tag FUCOM-MARCOS (Mahmutagi¢, Stevic,
Nuni¢, Chatterjee & Tanackov, 2021, pp. 537-553) MIRNUIEANS AN (Carli, Dotolj,
Digiesi, Facchin & Mossa, 2020) n1slduunne3aiSeulosau (Modica, Perotti & Melacini, 2021)
WAYAIARMIUATLLSAIIAINETY UWB, IMU-Inertial Navigation Systems waz Optical Flow Sensors
(Motroni, Buffi & Nepa, 2021)

v

Insienesndymmedanislarisdinsgianngnuitveslym (ugua lvelens,
nsuAng esvgiun, sPshU Anfdae il wazdsay e@dew, 2560, w1 168-177; Molina, Eguia &
Racero, 2019, pp. 253-287) nsmuuanislunisananudailatasgatdunisussendldaasduen
daa3vz eglsimuglassadrgyduduiuyuiazdadiindanianin (Tikwayo & Mathaba, 2023)
TunmAfediad ingusvasddtvidiudsdnonmmslszgndldinalulad warszuusnluiffdmiuuims
AFIAUALTDVALNULISILAY LaZN1TAnFUYU (Asemi, Ko & Nowkarizi, 2021, pp. 412-434) lneil

ATOULLIANIIUITEAININA 1

H1UN1T5UTRIAUAINNTASVRNANSATHNTTE198915a15Tne (TCI) Msansngun 2




NsEsaEumaniaSUnY ¥ay3 (Online) Ui 12 atiufl 1 uns1AL-wwBy 2569

160
Sripatum Chonburi Interdisciplinary Journal (Online) Vol. 12(1), January-April 2026

TRADITIONAL WAREHOUSE PROBLEMS
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ABSTRACT

This study aims to compare the efficiency of maintenance vehicle routing for fuel
dispensers of ABC Co., Ltd. among the existing method, the Saving Algorithm, and the Nearest
Neighbor Algorithm, with the objective of reducing the total travel distance and the number
of routes. The study used data from 16 existing maintenance routes with a total distance of
5,050.1 kilometers and reorganized them using the Saving Algorithm and the Nearest Neighbor
Algorithm. The results showed that the Saving Algorithm resulted in 12 routes with a total
distance of 4,032.3 kilometers. The Nearest Neighbor Algorithm resulted in 12 routes with a
total distance of 4,788.9 kilometers. When comparing the existing method, the Saving Algorithm,
and the Nearest Neighbor Algorithm, it was found that the Saving Algorithm reduced the total
travel distance by 1,017.8 kilometers and reduced the number of routes by 4.
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Tunaun1UszgndliiBiiioutiulnddige (Nearest Neighbor Algorithm) dioyaqe
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M13199 4 TaANITIAEUNIAUTAZ DU TIATIUNTULUULAY IDUNg¥AIAY

Flami  wduw Humna LW, FIUTLIAT  TINTLIAT TIETLIA FEZNH U
@ # LFua LM "o T7u Tu-asu EeumSa
{(F3Tua) {&aTua) (H3Ta) (A laums) (Eas)
1 1 O-d3-0 e § 231 1.30 4.01 327 2147
2 O-10-47- 4.4, 540 421 11.01 SIRT.E 25.5
50-27-0 a4
3 C-a%-11-22-0 3,33 505 T.Z2% 1338 403.8 2892
il D-10-12-0 a.4 4.25 .37 B.00 2586 17.04
5 o-1-0 : § 545 1.08 T.55 454 2E.95
Ear 1| 25 K32 17.25 44 35 1.,812%9 120 86
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=z 0-47-0 e} 3.45 1.4& E31 246 154
3 O-5-53-2&-0 3,44 1055 458 1515 SB5. 5 4573
T3 1949 10 d& =0 L 1,283 B 45
35 1 O-a8-0 dq 359 147 d B& 235 1575
Z O-31-2%-0 4,4 52Z 258 T. 3187 Z1.25
3 O0-11-12 d 454 2.0 G643 2E8 17T.E8T
dq O-25-0 4] 247 154 581 184.2 12.28
L O-45-35-0 da,4 352 2532 5249 2367 1572
T 19.5% 1020 20 54 1,243 7 2292
a 1 0-46-23-0 4.4 3.04 2 37 5.71 2345 15.63
Z 0-47-0 3 345 2358 5.83 248 154
3 O-50-0 4q 355 1.45 d.B0O 230 1553
k| 10.24 &30 iT.54 Ti0.5 AT 36
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L o L L 'al =
@ilAi s LA L. TRHILIAT TRHILIAT TRHILIAT EE R WRunniemwis

o i e WunE Hay EH 1u-nau (Bms)
Wl Rl @l Glawas)
1 1 0-11-1-0 34 7.06 233 10.05 429.4 ZE.63
2 03247430 344 452 4.19 9.11 3445 2235
3 0-49-50-220 344 524 5.02 10.26 330.6 2537
4 0-10-12-0 a4 4.25 231 7.55 2556 17.04
77U 21.07 15.51 3738 1,409.9 9399
2 1 0-5-0 3 4.02 215 6.20 494 32.93
2 03526470 544 4.13 5.03 216 314.2 20.95
3 0303350 333 536 4.05 9.01 335.4 25.69
571 13.51 11.16 24.37 1,193.6 79.57
3 1 0-31-46-33-38-0 4444 402 5.34 9.36 2863 15.09
2 0-11-38-0 aa £.52 3.30 1031 a11 27.40
3 0-45-0 il 3.01 1.47 445 236 1573
T4 13.55 10.20 24.15 9333 62.32
4 1 0-47-50-0 34 328 4.23 7.51 261 174
) 0-26-23-0 a4 3.38 227 5.15 2345 15.63
571 6.16 £.50 13.06 495.5 33.03

NPT 5 MIFnEuNTaRUsaReNUNJITEITdana RNk uUUsYNdn (Saving Algorithm)
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54.29 1T Szeznagey 43.37 $alue STesna1s 98.06 2lue uagldUSinaudemas 268.81 Ans
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M1599 6 ToyansIadumaiusanaeUTulsalaglisiveutuilngiign
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ABSTRACT

This research article analyzes the translation of English sentences containing modal
verbs into Thai by undergraduates who are not English majors at a university, employing a
qualitative research methodology through textual analysis. The findings reveal that the majority
of students encountered difficulties in translating English sentences with modal verbs. The
primary causes may stem from their failure to select context-appropriate translation principles,
as well as their limited understanding of the multiple meanings and intended meaning of modal
verbs within sentences. The recommendations arising from this study suggest that teachers
should raise students' awareness of context-appropriate translation principles and accurate
understanding of meaning units, including grammatical knowledge of both the source and
target languages. In this study, this refers to the diverse meanings of each modal verb across
various situations, so that students develop accurate comprehension before attempting to
translate sentences containing such modal verbs. Consequently, srammatical knowledge is
considered a crucial factor in conveying meaning accurately in translation to prevent translation
errors, particularly with regard to erammatical structures that are complex or differ significantly
from the students' native language, such as modal verbs.
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ABSTRACT

This research aimed to 1) study the development process of lotus jelly fortified with
grapes and lemons, and 2) compare the sensory quality of lotus jelly products fortified with
grapes and lemons in each formula. The sample group consisted of 60 consumers in Pattaya,
Chonburi Province, selected by stratified random sampling. The research instruments were a
standard sensory quality assessment form using a 9-point hedonic scale and four developed
lotus jelly formulas evaluated for suitability by three experts. The statistics used for data analysis
were mean, standard deviation, and analysis of variance.

The results showed that: 1) all lotus jelly formulas had main ingredients including lotus
petals, water, and sugar, while secondary ingredients included dried lotus seeds and gelatin,
with grapes and lemons added depending on each formula. The production process involved
eight steps, from extracting lotus flower juice to simmering all ingredients together. 2) The
sensory quality comparison showed that Formula 4, lotus jelly fortified with grapes and lemons,
had sensory scores ranging from 5.60 to 6.76 and had higher scores than the other formulas,
especially in terms of color, appearance, and overall preference. The results of this research
can be used as supporting information for developing jelly products from natural ingredients
and as a new option for adding value to Thai agricultural products.

Keywords: Sensory Qualities, Jelly, Royal Lotus.
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ABSTRACT

This quantitative research aimed to: 1) examine the digital media usage behaviors of
provincial police officers; and 2) analyze factors associated with the levels of digital media
utilization in various police tasks. The population comprised police officers in 1,396 provincial
police stations under Provincial Police Regions 1-9, with 270 officers selected through multi-
stage sampling. A questionnaire with validated content validity was used, and data were
analyzed using descriptive statistics, chi-square tests, one-way ANOVA, and LSD post hoc analysis.

The findings indicated that overall digital media usage was at a moderate level. Most
officers used digital media for 5-8 hours daily, mainly between 18:01 and 00:00, and LINE was
the most frequently used application for both official and personal purposes. Factors associated
with digital media usage included 1) self-assessed digital proficiency, 2) usage behaviors such
as frequency, applications used for specific tasks, and perceived benefits, 3) career advancement
factors such as supervisory recognition and evaluation systems, 4) both basic and advanced
digital skills, and 5) internet connectivity stability, all at the 0.05 level of statistical significance.
Keywords: Digital Media, Thai Police, Local Thai Police, Digital Usage, Factor.
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Y 9/

Digital Media Exposure w3amsiliafudeddsa isuiaileuniainsestnanslunsivs
VDI Usznoudenandunses 4 9u mudwudatelud do 1) madenidedy (Selective Exposure)
mefiuvaneuvas 2) madeniiniuanla (Selective Attention) 3) msidieniusuazinumiang (Selective
Perception and Interpretation) kag 4) N151a8nanT1 (Selective Retention) (Klapper, 1960, pp.
19-25)
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wazilde (Experience and Habit) (Hunt & Ruben, 1993, p. 65)
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3) syeziian (Time) wag 4) s2UUdsny (A Social System) (Rogers, 1983, pp. 34-37)
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