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Abstract

The food delivery service industry in Thailand has undergone significant growth and has emerged as a vital
catalyst for Thailand's economy, playing a pivotal role in the digital economy driven by electronic
technologies. It is crucial to comprehend how to cultivate consumer loyalty in an online setting to guarantee
the long-term viability of food delivery enterprises. This study aims to examine the effects of e-service
guality on e-satisfaction, e-commitment, and e-loyalty, and to investigate the mediating roles of e-
satisfaction and e-commitment in the relationship between e-service quality and e-loyalty in Thailand’s
food delivery platform context. This research employed an online survey methodology using a convenience
sampling approach to collect data from 420 consumers who possess prior experience with food delivery
services. The data were analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM).

The results indicate that e-service quality significantly influences e-satisfaction, e-commitment, and e-
loyalty. Furthermore, e-satisfaction and e-commitment play significant mediating roles in the relationship
between e-service quality and e-loyalty. The structural model demonstrates strong explanatory power,
explaining 76.3% of the variance in e-loyalty (R? = 0.763). These findings contribute to the e-service quality
and digital platform literature by highlighting the importance of psychological mechanisms in building
customer loyalty. The results also provide practical implications for food delivery platform providers
seeking to enhance customer satisfaction, strengthen commitment, and develop long-term customer loyalty
in Thailand’s competitive digital market.

Keywords: E-service quality, E-satisfaction, E-commitment, E-loyalty, Thai Food Delivery Service
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1. INTRODUCTION

The food delivery service industry has become a significant component of Thailand’s digital economy,
driven by the rapid expansion of platform-based business models and increasing consumer reliance on
mobile applications. The integration of digital platforms such as Grab, LINE MAN, and Foodpanda has
transformed the food service industry by enabling efficient logistics, real-time order processing, and broader
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market access. This sector contributes substantially to economic activity through increased consumer
spending, digital transactions, and platform-based service ecosystems. As a result, food delivery platforms
have become a critical mechanism for facilitating economic value creation within Thailand’s digital
marketplace. In Thailand, food delivery platform providers play a crucial role in connecting restaurants and
consumers through digital infrastructures. These platforms operate within a highly competitive environment
characterized by price competition, promotional strategies, and continuous technological innovation. The
increasing reliance on mobile-based applications has shifted consumer expectations toward speed,
accuracy, and system reliability. As a result, understanding how these platforms can sustain customer
loyalty has become a key concern for both researchers and practitioners. This study focuses on this issue to
explore how service quality and customer experience influence long-term loyalty in Thailand’s digital food
delivery ecosystem.

Service quality is a crucial determinant for achieving a competitive edge in the restaurant and food sector
(Cheng et al., 2019). Food delivery platforms are online platforms that streamline the process of delivering
food to customers. Over the past several years, this sector has shown consistent growth and advancement.
Hence, the significance of food delivery platform services' quality has great importance for numerous
consumers (Annaraud & Berezina, 2020). In the realm of online platforms, the significance of electronic
service quality cannot be understated. This is because high-quality electronic services have the potential to
enhance customer satisfaction when utilizing platform services (Suhartanto et al., 2018). Customer
satisfaction is a crucial determinant in the success of both online and offline businesses as it fosters stronger
customer loyalty towards their business (Li et al., 2015). All of these factors can enhance the likelihood of
achieving business success. The recognition of customer satisfaction as a crucial factor in fostering stronger
customer loyalty is widespread. However, Cater & Zabkar (2009) proposed that customer commitment is
an important component in establishing and sustaining long-term relationships between businesses and their
customers. Hence, by successfully incorporating these variables, food delivery platforms can establish
sustainability in their company operations and provide enhanced services to consumers. While e-
satisfaction is widely recognized as a primary driver of loyalty, this study argues that in the context of high-
frequency digital services, satisfaction alone is insufficient to guarantee long-term e-loyalty. In an
ecosystem characterized by aggressive price wars and low barriers to switching, consumers may be
'satisfied' with a transaction but remain prone to competitor promotions. E-commitment, therefore, emerges
as a necessary psychological mediator. Unlike the transactional nature of satisfaction, e-commitment
represents a dedicated desire to maintain a valued relationship with a specific platform. By fostering an
affective bond, e-commitment transforms a routine user into a resilient brand advocate, ensuring loyalty
that transcends mere promotional incentives.

The aim of this research is to investigate matters pertaining to the digital realm, with a specific emphasis
on the operational structure of food delivery platforms. The study examines the variables that impact e-
loyalty, specifically e-service quality, e-customer satisfaction, and e-commitment. Furthermore, it
investigates how e-customer satisfaction and e-commitment work as mediators in the relationship between
e-service quality and e-loyalty. This analysis aims to address the existing research deficiencies and provide
practical insights for operators of food delivery platforms. Our objective is to utilize the research results to
inform the development of appropriate operational strategies, which will ultimately make a substantial
contribution to the sustainable expansion of the digital economy and the sharing economy in the nation.
Although previous studies have examined the relationship between e-service quality and customer loyalty
in online environments, limited research has simultaneously investigated the mediating roles of e-
satisfaction and e-commitment in the food delivery service context, particularly in emerging digital
economies such as Thailand. This study addresses this research gap by examining the impact of e-service
quality on e-loyalty through the mediating roles of e-satisfaction and e-commitment. The findings provide



C. Meathawiroon and S. Dangcharoen Journal of Logistics and Digital Supply Chain 4(2)

both theoretical contributions to e-service quality literature and practical implications for food delivery
platform providers aiming to enhance customer loyalty.

2.OBJECTIVES
2.1 To examine the effects of e-service quality on e-satisfaction, e-commitment, and e-loyalty among
users of food delivery platforms in Thailand.
2.2 To investigate the relationships between e-satisfaction, e-commitment, and e-loyalty in the context
of digital food delivery services.

2.3 To analyze the mediating roles of e-satisfaction and e-commitment in the relationship between e-
service quality and e-loyalty.

3. Literature Review

3.1 E-Service Quality

E-service quality refers to consumers’ overall evaluation of the efficiency and effectiveness of
online service delivery (Zeithaml et al., 2002). The concept emphasizes the ability of digital platforms to
provide seamless navigation, accurate information, and reliable transaction processes that facilitate online
service experiences. Parasuraman et al. (2005) further extended this concept by developing the E-S-QUAL
model, which conceptualizes e-service quality as a multidimensional construct consisting of efficiency,
system availability, fulfillment, and privacy. This framework focuses on evaluating customers’ perceptions
of electronic service performance across the entire online service process. Several measurement approaches
have been proposed to assess e-service quality in digital environments. The e-SERVQUAL model extends
traditional SERVQUAL dimensions to online services, emphasizing reliability, responsiveness, assurance,
empathy, and tangibles (Zeithaml et al., 2002). In contrast, the E-S-QUAL model developed by
Parasuraman et al. (2005) focuses specifically on electronic service environments and incorporates
efficiency, system availability, fulfillment, and privacy. Additionally, WebQual emphasizes website
usability, information quality, and service interaction quality as determinants of online service performance.
These models differ in their conceptual focus, with E-S-QUAL being specifically designed for online
transactional environments. Jeon & Jeong (2017) emphasize the need of upholding the quality of an online
platform to keep clients, motivate them to return, and ultimately establish their loyalty. Caruana & Ewing
(2010) emphasize that customers have high expectations for the quality of service provided by online
platforms during purchases online. Hence, maintaining a superior level of web page functioning is vital for
the triumph of online activities (Parasuraman et al., 2005; Pee et al., 2018). Various measures have been
developed by researchers to evaluate the excellence of electronic services. One such scale is the E-S-QUAL
scales, which were introduced by Parasuraman et al. (2005) and are generally regarded and respected. The
E-S-QUAL model consists of four dimensions: efficiency, fulfillment, system availability, and privacy. The
guality of e-service is of utmost importance in the domain of Food Delivery Services, as all interactions
between businesses and their clients occur only through internet devices. Furthermore, the majority of
studies indicate that consumer e-loyalty is influenced by their encounter with e-service quality, as
demonstrated by Chang et al. (2014), and Jeon & Jeong (2017). Hence, it is crucial to cultivate and uphold
e-service quality in order to promote client happiness and loyalty within the online food delivery industry.
Recent studies emphasize that e-service quality in mobile-based platform environments is increasingly
shaped by algorithm-driven service delivery, real-time logistics coordination, and mobile-first user
interfaces. In digital platform ecosystems such as food delivery applications, service quality is determined
by system responsiveness, delivery accuracy, and platform reliability rather than human interaction alone
(Kaya et al., 2019; Suhartanto et al., 2018; Ashig & Hussain, 2023). These technology-enabled service
features enhance user experience and influence customer satisfaction and loyalty. Therefore, in automated
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digital platforms, e-service quality plays a critical role in shaping customer perceptions and strengthening
long-term e-loyalty.

3.2 E-Satisfaction

Customer satisfaction is an essential notion in the field of service quality research. According to
Oliver (1980), contentment is the result of a customer's emotions that arise from their experience of using
a product or service. E-satisfaction refers to customers’ overall evaluation of their online purchasing
experience based on prior interactions with digital platforms (Anderson & Srinivasan, 2003). In electronic
service environments, satisfaction is influenced by website usability, service efficiency, transaction
convenience, and fulfillment performance. Prior studies suggest that higher levels of e-satisfaction enhance
customers’ positive attitudes toward online service providers and increase the likelihood of repeat usage
and long-term relationships. Recent studies emphasize that e-satisfaction plays a crucial role in digital
platform environments where customer experiences are shaped by interface quality, service reliability, and
delivery performance. In food delivery platforms, satisfaction is influenced by order accuracy, delivery
timeliness, and platform responsiveness, which directly affect customer perceptions and behavioral
intentions. E-satisfaction is essential to internet businesses' success. Santos (2003) highlights the need of
client satisfaction in order to maintain their loyalty in the online setting. In addition, Zhang & Prybutok
(2005) discovered that the quality of e-services and customer happiness are important factors that can
accurately predict customer loyalty in the setting of e-commerce. E-satisfaction holds significant
importance in the food delivery service industry, mostly because of the fundamental characteristics of
online interactions. Given that all transactions are conducted via digital platforms, the satisfaction of
customers with their online experience has a direct impact on their loyalty and intents to make future
purchases. According to Yen & Lu (2008), contentment has a significant impact on consumers' intention to
buy a product or utilize a service after making a purchase. This finding is particularly important in the
context of meal delivery apps. This study adopts the e-satisfaction scale developed by Yang and Peterson
(2004), which has been widely used in online service research. The scale captures customers’ overall
satisfaction with digital service experiences and has demonstrated strong reliability and validity across
electronic commerce contexts. Furthermore, the measurement items align well with food delivery platform
services that involve online ordering, payment processing, and delivery fulfillment. Therefore, the Yang
and Peterson (2004) scale is considered appropriate for measuring e-satisfaction in this study.

3.3 E-Commitment

Commitment is a crucial concept in relationship marketing that reflects the strength of a customer’s desire
to maintain a valued relationship with a service provider. Wu et al. (2012) describe commitment as a
cognitive and emotional connection that contributes to customer loyalty. In online environments, this
concept has evolved into e-commitment, which emphasizes customers’ psychological attachment to digital
platforms. Mukherjee and Nath (2007) define e-commitment as the inherent connection and sense of
belonging that customers experience during online interactions. E-commitment plays a critical role in
building and sustaining long-term relationships between organizations and customers in electronic service
environments. E-commitment is particularly important in online contexts due to the risks and uncertainties
associated with electronic transactions. Customers often rely on their level of commitment to determine
whether they will continue using a digital platform. Elbeltagi and Agag (2016) suggest that e-commitment
strengthens customer relationships and enhances loyalty intentions in e-commerce environments.
Commitment is commonly conceptualized as consisting of affective commitment and calculative
commitment. Affective commitment refers to customers’ emotional attachment to a service provider, while
calculative commitment reflects rational evaluations such as switching costs and perceived benefits of
maintaining the relationship. Both forms of commitment play an important role in strengthening long-term
customer relationships and encouraging loyalty behaviors.
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In the food delivery service context, e-commitment is essential for fostering repeat usage and long-term
customer relationships. Customers who develop strong commitment toward a food delivery platform are
more likely to continue using the service despite alternative options. Additionally, committed customers
are more inclined to engage in positive word-of-mouth communication and recommend the service to
others, which contributes to the sustainability of food delivery platforms. Therefore, e-commitment plays
an important role in promoting customer loyalty and supporting long-term success in the digital food
delivery market (Mukherjee & Nath, 2007; Wu et al., 2012; Elbeltagi & Agag, 2016).

3.4 E-Loyalty

Loyalty, as described by Oliver (1999), refers to the steadfast dedication to continuously acquire or utilize
a particular product or service in the future, despite external pressures or marketing tactics that may entice
one to switch. E-loyalty has become a prominent concept in the digital realm. E-loyalty refers to the
tendency of consumers to repeatedly make purchases from a specific website or e-retailer, rather than
switching to alternative websites (Flavian & Guinaliu, 2006). E-loyalty is crucial in the digital marketplace.
Furthermore, customers who are loyal to an internet service provider are more inclined to withstand rivals'
marketing endeavors and uphold their relationship with the selected supplier. Customer loyalty is positively
correlated with increased spending, willingness to pay higher prices, and likelihood of recommending the
firm to others. Additionally, loyal customers contribute to cost reduction. Thus, despite the higher cost of
generating online loyalty compared to traditional loyalty, the presence of online loyal customers is likely
to expedite profit growth (Kim et al., 2009).

3.5 Hypothesis development

The association between the quality of online services and customer satisfaction has received significant
focus in the realm of e-commerce studies. Research has shown that it has a substantial influence on how
consumers perceive and achieve results in online situations. Multiple studies have demonstrated a
substantial and straightforward correlation between the quality of online services and the degree of
satisfaction reported by users. In their study, Rita et al. (2019) provided evidence that the provision of high-
guality e-services by online retailers significantly impacts customer satisfaction with online services. This
discovery has been verified in other instances, including a recent study carried out in Pakistan (Khan et al.,
2019), which emphasizes the critical significance of e-service quality in achieving consumer e-satisfaction.
The study conducted by Kaya et al. (2019) shown that e-service quality not only contributes to customers
e-satisfaction but also plays a role in influencing the e-loyalty of enterprises. The research was carried out
in the e-commerce sector in Turkey. In addition, the research conducted by Susriyanti et al. (2023), it was
discovered that the quality of e-services has a favorable and noteworthy effect on the level of customer
commitment among Bank Nagari customers in Padang city. After reviewing the information in the
literature, the following hypothesis is proposed:

H1: E-service quality had a positive and significant relationship with E-satisfaction
H2: E-service quality had a positive and significant relationship with E-loyalty
H3: E-service quality had a positive and significant relationship with E-commitment

Customer satisfaction is a crucial precursor to customer commitment in a corporation. A study conducted
by Bansal, Irving, & Taylor (2004) validated the positive correlation between customer satisfaction and
customer commitment to the organization. In a similar vein, a study conducted by Moliner (2009) in the
medical service industry revealed that when customers experience a significant level of pleasure with the
service provided, their emotional commitment to the hospital is likely to intensify. Moreover, enhancing
customer loyalty heavily relies on ensuring customer satisfaction. The association is demonstrated in the
comparative analysis carried out by Kim & Kim (2010), which investigated Internet service customers in
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South Korea and the United States. Their study showed that e-satisfaction has a major impact on the
formation of e-loyalty among service users. This discovery highlights the significance of customer
satisfaction in digital service environments and its function in fostering enduring customer connections
across many cultural contexts. After reviewing the information in the literature, the following hypothesis is
proposed:

H4: E-satisfaction had a positive and significant relationship with E-commitment
H5: E-satisfaction had a positive and significant relationship with E-loyalty

E-loyalty is a result of the convenience of ordering, availability of product information and choices, timely
delivery, consumer trust, sufficient privacy policies, online support, and the quality of e-commerce
(Wolfinbarger & Gilly, 2003). Many online businesses aspire to establish this part for their business.
Customers that have strong affective commitment also tend to exhibit enhanced brand loyalty (Cater et al.,
2011). Bilgihan & Bujisic (2015) conducted a study that analyzed the dynamics of consumer relationships
in digital environments, specifically focused on online hotel booking platforms in the United States. Their
research uncovered a noteworthy and beneficial connection between emotional commitment and loyalty
towards hotel booking websites. This study highlights the significance of emotional connection in
promoting client loyalty in the realm of online hospitality services. After reviewing the information in the
literature, the following hypothesis is proposed:

H6: E-commitment had a positive and significant relationship with E-loyalty

In a study conducted by Lai (2014), it was shown that customer satisfaction plays a mediating role in the
connection between service quality and customer loyalty among customers of restaurants in Hong Kong.
The results indicated that when Hong Kong restaurants deliver exceptional service, it positively impacts
customer satisfaction, which subsequently fosters the establishment of emotional loyalty among customers.
Fullerton's (2011) research investigated consumer trust in service provision across three service industries
in Canada: banking, hairdressing, and auto repair. The study found that when consumers trust the service
they receive, it enhances their emotional commitment, which in turn increases their intention to advocate
for the business. Expanding on previous discoveries, the current study seeks to further this inquiry inside
the realm of electronic communication. This study aims to investigate the mediating role of e-satisfaction
and e-commitment in the relationship between e-service quality and e-loyalty. In digital platform
environments, customer loyalty is developed through technology-mediated experiences rather than direct
interpersonal interactions. High-quality e-service improves platform usability, system reliability, and
delivery accuracy, which enhances customer satisfaction and strengthens psychological attachment to the
platform. This attachment evolves into e-commitment, which subsequently leads to long-term e-loyalty.
Prior studies in mobile and digital service contexts support the mediating roles of satisfaction and
commitment in technology-driven environments (Kaya et al., 2019; Rita et al., 2019; Ashig & Hussain,
2023). Therefore, in the context of food delivery platforms, e-satisfaction and e-commitment are expected
to mediate the relationship between e-service quality and e-loyalty. After reviewing the information in the
literature, the following hypothesis is proposed:

H7: E-satisfaction mediates the relationship between E-service quality and E-loyalty

H8: E-commitment mediates the relationship between E-service quality and E-loyalty
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Figure 1 Conceptual Framework

4. METHODOLOGY

4.1 Population, Sampling, and Data collection

The study population consists of individuals who have used the food delivery platform. The sample size
was determined based on the guidelines provided by Hair et al. (2014), which suggest that the sample size
should be 10 to 20 times the number of observed variables. Considering a total of 31 observed variables in
this research, the recommended range for the sample size is between 310 and 620 samples. This study
utilized a convenience sampling method, where an online questionnaire was sent through social media
groups that are associated with food delivery platforms. The data gathering period extended from July to
October 2024, resulting in a comprehensive dataset comprising 420 samples. The data were collected
through social media platforms commonly used by food delivery users in Thailand, including Facebook
groups related to food delivery services such as GrabFood, LINE MAN, and Foodpanda users. Convenience
sampling was employed due to the difficulty of accessing a comprehensive sampling frame of food delivery
platform users in Thailand. This approach is commonly used in digital platform studies where respondents
are recruited through online environments consistent with the research context. To mitigate selection bias,
the questionnaire was distributed across multiple social media channels and groups related to food delivery
users, including general consumer communities, university groups, and working professional networks.
This strategy helped ensure diversity in respondent demographics and reduced the likelihood of capturing
only heavy users from a single platform. Furthermore, screening questions were used to confirm that
respondents had prior experience using food delivery applications, ensuring the relevance of the collected
data. Therefore, although the sample was not probability-based, it is considered appropriate for representing
active food delivery platform users in Thailand who regularly engage with mobile-based digital services.
The demographic profile of the respondents indicates that the majority were female (60.6%). Most
respondents were aged between 20 and 30 years (45.4%). In terms of monthly income, the largest group
reported earning between 15,000 and 30,000 Thai Baht (40.2%). Regarding educational level, most
respondents held a bachelor’s degree (63.5%). Additionally, the majority reported using food delivery
services five times per week (43.6%).

4.2 Research Instrument Development
The constructs were scored using a seven-point Likert scale, ranging from 1 (strongly disagree) to 7
(strongly agree). E-service quality was assessed using a 22-item scale, derived from Parasuraman et al.
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(2005), which encompassed four dimensions: Efficiency, availability, fulfillment, and privacy. The
measurement of e-service quality was adapted from the E-S-QUAL scale developed by Parasuraman et al.
(2005), which consists of four dimensions: efficiency, system availability, fulfillment, and privacy. Minor
wording adjustments were made to ensure suitability for the food delivery platform context. The
questionnaire was translated from English into Thai to ensure respondents’ understanding. A back-
translation procedure was conducted to maintain content equivalence between the original and translated
versions. In addition, a pilot test was conducted with a small group of respondents to ensure clarity and
reliability of the measurement items. Furthermore, the measurement of E-satisfaction was conducted using
a scale consisting of three items, which were derived from the study conducted by Yang & Peterson (2004).
E-commitment was measured using a scale comprising of three items, which were derived from the studies
conducted by Mukherjee & Nath (2007). E-loyalty was measured using a scale consisting of three items,
which were derived from the studies conducted by Caruana & Ewing (2010) and Srinivasan et al. (2002).
The questionnaire was administered in Thai language to ensure respondents’ understanding and accuracy
of responses.

4.3 Data Analysis

In our study work, we employed a statistical technique known as Structural Equation Modeling (SEM) to
examine and validate the relationships among various constructs. A framework is introduced for the
identification of hypotheses and the analysis of data using the PLS-SEM technique. The selection of PLS-
SEM was based on two crucial factors: PLS-SEM is a valuable tool for elucidating intricate models and
highlighting causal linkages with the aim of maximizing the explained variance of dependent variables
(Sarstedt et al., 2023; Hair et al., 2011). Furthermore, PLS-SEM modeling is commonly employed in the
marketing area to model and examine the relationship between independent and dependent variables
(Sarstedt et al., 2023). Anderson & Gerbing (1988) provide a two-step analytical approach in which the
measurement model is first evaluated, followed by the assessment of the structural model (Hair et al., 2014).
The measurement model was evaluated using internal consistency reliability, convergent validity, and
discriminant validity. Internal consistency reliability was assessed using Cronbach’s alpha and composite
reliability (CR), with values above 0.70 considered acceptable. Convergent validity was assessed using
average variance extracted (AVE), with values above 0.50 regarded as satisfactory. Discriminant validity
was evaluated using the Fornell-Larcker criterion, whereby the square root of the AVE for each construct
should exceed its correlations with other constructs (Fornell & Larcker, 1981; Hair et al., 2014).

Since the data were collected using a single self-reported questionnaire, common method bias (CMB) was
assessed. Following Kock (2015), the full collinearity variance inflation factor (VIF) approach was used to
examine potential common method bias. The VIF values for all constructs were below the recommended
threshold of 3.3, indicating that common method bias was not a serious concern in this study. These results
suggest that the relationships observed in the structural model were not inflated due to common method
variance. Furthermore, although convenience sampling via social media groups may lead to
overrepresentation of younger and more digitally active users, the questionnaire was distributed across
diverse online communities, including working professionals and general consumer groups. This approach
helped increase sample heterogeneity and reduce demographic bias.
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5.RESULTS

The results are presented in a sequence consistent with the study objectives. First, the measurement model
was validated to confirm the adequacy of the constructs. Second, the direct relationships among e-service
quality, e-satisfaction, e-commitment, and e-loyalty were examined in line with the first and second
research objectives. Finally, the mediating roles of e-satisfaction and e-commitment were tested in
accordance with the third research objective.

5.1 Measurement model

Subsequently, three primary studies were conducted: an inspection of discriminant validity, an evaluation of
convergent validity, and an assessment of internal consistency. Firstly, the study performed an internal
consistency analysis to assess the reliability of the measurements. This investigation focused on the analysis
of two significant indicators: Cronbach's alpha and composite reliability (CR). Cronbach's alpha is a statistical
measure used to evaluate the internal consistency or reliability of a scale or survey. A Cronbach's alpha value
equal to or greater than 0.60 is generally considered to be a reliable measure of scale consistency. Composite
dependability is an alternative approach for evaluating the internal consistency of an idea. Generally, we
consider a composite's reliability strong when its CR value surpasses 0.70. After carefully examining the data
shown in Table 1, it is evident that both the Cronbach's alpha coefficient and the Composite Reliability (CR)
coefficients are above the respective threshold levels. In addition, the evaluation of convergent validity
included the utilization of average variance extracted (AVE) values and outer loading. Generally, a loading
size greater than 0.60 is deemed appropriate. According to Hair et al. (2014), a value exceeding 0.50 for AVE
is considered acceptable. Table 1 presents the results of the AVE and outer loading in this study. Discriminant
validity analysis seeks to assess the ability of a scale or measurement to distinguish between separate concepts
or notions. The statement suggests that a scale should demonstrate minimal associations with other scales or
measurements, suggesting its ability to effectively differentiate between the intended concepts (Hair et al.,
2014). The Fornell-Larcker criterion is a commonly employed technique for evaluating the extent to which
different constructs in structural equation modeling are distinct from one another. As per the requirement, the
square root of the Average Variance Extracted (AVE) for each variable should exceed the correlation values
of the other variables in the model (Fornell & Larcker, 1981). Discriminant validity was further assessed using
the heterotrait-monotrait (HTMT) ratio, which has been recommended as a more reliable method for
evaluating discriminant validity in PLS-SEM studies (Henseler et al., 2015; Hair et al., 2016). All HTMT
values were below the recommended threshold of 0.90, indicating that discriminant validity was established.
These results confirm that the constructs in this study are empirically distinct. The results of the discriminant
validity analysis are presented in Table 2.

Table 1 Internal consistency and convergent validity

Construct/Items I?a‘gienrg Alpha AVE CR
E-Service Quality 0.960 0.548 0.964
I can easily find what I need on this food delivery app 0.690
The app's features are easily accessible 0.665
Ordering food on this app is quick 0.724
The app manages information well 0.765
The app loads data quickly 0.720
This food delivery app is user-friendly 0.732
The app quickly provides what | want 0.741
The app has a well-designed internal structure 0.749
The app's system is always ready for use 0.792
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Table 1 (Continued)

Construct/Items Outer — Alpha AVE  CR
loading

The app is immediately usable when opened 0.791

I've never encountered system errors in this app 0.719

The interface operates continuously after ordering 0.739

The app delivers food within the specified time 0.751

The app is prepared to deliver on schedule 0.794

I receive my food orders quickly from this app 0.818

I receive all items | ordered completely 0.764

The app is prepared for food delivery 0.753

The app delivers food accurately 0.694

The app's food delivery is appropriate 0.720

My order information is well-protected by this app 0.675

My personal data is well-protected by this app 0.757

My business information is well-protected by this app 0.708
E-Satisfaction 0.875 0.801 0.923

In general, | am really pleased with this food delivery platform. 0.914

Generally, 1 am really delighted with online transactions. 0.917

In general, | am really impressed with the products and 0.853

services provided by this food delivery company. '
E-Commitment 0.873 0.798 0.922

Thisfood delivery app has become an integral part of my everyday 0.897

routine. '

I experience a profound affinity for this food delivery application. 0.916

This food delivery app makes me feel happy every time. 0.866
E-Loyalty 0.839 0.757 0.903

I will continue using this app even if costs increase in the future 0.820

This app is always my first choice for food delivery 0.909

I will keep using this food delivery app. 0.879

Table 2 Discriminant validity criteria results
Fornell-Larcker criterion Heterotrait-monotrait (HTMT) ratio
Construct (1) (2) (3) 4) (1) (2) (3)

E-Service Quality (1) 0.740 - - - - - -
E-Satisfaction (2) 0.721  0.895 - - 0.71 - -
E-Commitment (3) 0.732  0.791  0.870 - 0.74 0.79 -
E-Loyalty (4) 0689 0.804 0.826 0.893 0.68 0.82 0.84

5.2 Structural Model
The structural model underwent evaluation utilizing a two-stage Partial Least Squares Structural Equation
Modeling (PLS-SEM) technique. The assessment metrics comprised of the coefficient of determination (R-
square), effect magnitude (f-square), and predictive significance (Q-square). Before assessing the structural
model, multicollinearity among constructs was examined using variance inflation factor (VIF) values. All
VIF values were below the recommended threshold of 3.3 (Kock, 2015), indicating that multicollinearity
was not a concern. These results confirm that the constructs are distinct and that the high R2 value for e-
loyalty (0.763) is not caused by redundancy among predictor variables. The coefficient of determination
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(R?) was used to evaluate the explanatory power of the structural model. The R2 value for e-satisfaction was
0.686, indicating moderate explanatory power. Similarly, the R? value for e-commitment was 0.656, which
also represents moderate explanatory power. The R2 value for e-loyalty was 0.763, indicating substantial
explanatory power. According to Hair et al. (2011), R2 values of 0.75, 0.50, and 0.25 are described as
substantial, moderate, and weak, respectively. Therefore, the results suggest that the model has moderate
explanatory power for e-satisfaction and e-commitment, and substantial explanatory power for e-loyalty.
The effect sizes (f2) varied from 0.061 to 2.182 (refer to Table 3), with values more than 0.02 being deemed
significant (Hair et al., 2016). The Q-square values, which measure the predictive relevance, were 0.562,
0.534, and 0.613 for the corresponding constructs, suggesting a high level of predictive importance. The
model fit was further evaluated using the standardized root mean square residual (SRMR) and normed fit
index (NFI). The SRMR value was 0.065, which is below the recommended threshold of 0.08, indicating
acceptable model fit (Hair et al., 2016). In addition, the normed fit index (NFI) value was 0.923, exceeding
the recommended threshold of 0.90, further confirming the adequacy of the model fit. These results suggest
that the proposed model demonstrates good overall fit.

5.3 Hypothesis testing

The significance of the structural relationships was assessed using the bootstrapping procedure with 5,000
resamples, as recommended for PLS-SEM analysis. The path coefficients, t-values, p-values, and 95%
confidence intervals were examined to determine the significance of the hypothesized relationships. The
analysis of path coefficients is the last step in evaluating the structural model and corresponds to the process
of hypothesis testing. The results of the hypothesis testing, as displayed in Table 3, validate the plausibility
of 8 important hypotheses. All routes showed statistical significance at the 0.001 level. The results of the
research analysis indicate that e-service quality has a favorable effect on e-satisfaction (8 = 0.828, p <
0.001), e-loyalty (R =0.262, p < 0.001), and e-commitment (% = 0.309, p < 0.001). In addition, e-satisfaction
has a favorable effect on both e-commitment (8 = 0.535, p < 0.001) and e-loyalty (8 = 0.240, p < 0.001).
The presence of e-commitment has a favorable effect on e-loyalty, with a coefficient of 0.439 and a p-value
of less than 0.001. Thus, hypotheses H1-H6 were confirmed (refer to Table 3).

This study investigated two hypotheses concerning mediation. The mediation effects were evaluated using
indirect effects and variance accounted for (VAF). VAF values between 20% and 80% indicate partial
mediation, while values above 80% indicate full mediation. The results show that e-satisfaction and e-
commitment partially mediate the relationship between e-service quality and e-loyalty, as the VAF values
fall within the acceptable range for partial mediation. The findings indicate that e-satisfaction acts as a
mediator in the relationship between e-service quality and e-loyalty, with a coefficient of 0.199 and a
significance level of p < 0.001. Furthermore, it was shown that the e-commitment serves as a mediator in
the link between the e-service quality and e-loyalty, with a coefficient of 0.136 and a p-value of less than
0.001. The findings demonstrated a notable correlation between the quality of e-services and e-loyalty. The
mediating effects of e-satisfaction and e-commitment were assessed using the bootstrapping procedure in
PLS-SEM. A bootstrapping procedure with 5,000 resamples was applied to estimate the significance of the
indirect effects. Indirect effects were evaluated by examining the significance of the path coefficients
generated through resampling procedures. Mediation was supported when the indirect effects were
statistically significant, consistent with recommendations for mediation testing in PLS-SEM (Hair et al.,
2019). This link was partially influenced by e-satisfaction and e-commitment, as illustrated in Table 3.
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Table 3 Path coefficients of the structural equation model

95% ClI  95% ClI

Hypothesis Relationship Beta f2 (Lower) (Upper)
1 E-service quality - > E-satisfaction 0.828* 2182 0.782 0.872
2 E-service quality - > E-loyalty 0.262* 0.084 0.181 0.341
3 E-service quality - > E-commitment 0.309* 0.087 0.229 0.386
4 E-satisfaction - > E-commitment 0.535* 0.261 0.456 0.611
5 E-satisfaction - > E-loyalty 0.240* 0.061  0.158 0.319
6 E-commitment - > E-loyalty 0.439* 0.280 0.361 0.512
7 E-service quality - > E-satisfaction -> E-loyalty 0.199* 0.142 0.261
8 E-service quality - > E-commitment -> E-loyalty  0.136* 0.089 0.192

6. DISCUSSION

The results of this study show that e-satisfaction, e-commitment, and e-loyalty are positively and
significantly correlated with e-service quality. These findings emphasize the crucial significance of e-
service quality in impacting these three fundamental marketing factors. Therefore, it is crucial for food
delivery platform providers to focus the ongoing improvement of their electronic service quality. The
findings indicate that e-service quality significantly influences e-satisfaction and e-loyalty in Thailand’s
food delivery context. This relationship may be explained by the highly competitive nature of Thailand’s
digital food delivery market in 2024, where platforms such as Grab, LINE MAN, and Foodpanda compete
primarily through application performance, delivery accuracy, and system responsiveness. In such
environments, consumers evaluate service quality based on technological efficiency rather than
interpersonal service. This strengthens the role of e-service quality in shaping satisfaction and loyalty.
These findings extend prior research by Ashiq & Hussain (2023) and Giovanis (2016) by demonstrating
that the relationship also holds in emerging digital platform economies where algorithm-driven services
dominate customer experiences. This finding extends e-service quality theory by demonstrating that in
mobile-based platform ecosystems such as Thailand’s food delivery market, service quality is primarily
determined by system performance, delivery accuracy, and application responsiveness rather than
interpersonal service interactions. In highly competitive digital environments with low switching costs,
consumers rely on technological service attributes when evaluating platform reliability. Therefore, e-service
guality plays a more dominant role in shaping satisfaction, commitment, and loyalty in digital platform
economies. An interesting finding of this study is that the direct effect of e-service quality on e-loyalty is
weaker compared to the indirect effects through e-satisfaction and e-commitment. This suggests that e-
service quality alone may not directly lead to customer loyalty. Instead, customers first evaluate their
satisfaction and develop commitment before forming loyalty intentions. This finding supports the mediating
role of psychological mechanisms in digital platform environments and highlights the importance of
relationship-building processes in food delivery services. Another important finding is that e-commitment
has a stronger influence on e-loyalty than e-satisfaction. This may be explained by the nature of food
delivery platforms, where customers often develop habitual usage and switching barriers. While satisfaction
reflects short-term evaluations, commitment represents a long-term relational bond that encourages
continued usage. Therefore, commitment becomes a stronger predictor of loyalty in digital platform
contexts where customers are exposed to multiple competing alternatives.

Moreover, this study uncovers that e-satisfaction exhibits a favorable and substantial correlation with both
e-commitment and e-loyalty. These findings indicate that the ability of food delivery platforms to
effectively generate consumer pleasure is likely to result in higher levels of customer commitment and
loyalty towards the platform. This can be a pivotal element in improving the overall efficiency of food
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delivery services. These findings align with prior research in this area. Faraoni et al. (2019) discovered that
there is a positive correlation between e-relationship satisfaction and e-loyalty. In a study on e-banking
services, Garepasha et al. (2020) found that e-satisfaction has a beneficial effect on loyalty.

This study also shows that e-commitment has a strong and meaningful correlation with e-loyalty. This
discovery implies that if food delivery platforms can effectively cultivate dedication among their clients, it
is probable to augment customer allegiance and elevate the likelihood of future repeated service utilization.
This finding is consistent with the research conducted by Bhat et al. (2021), which specifically examined
online shoppers and concluded that commitment has a favorable impact on loyalty in the setting of online
buying.

This study also examined the function of e-satisfaction and e-commitment in mediating the relationship
between e-service quality and e-loyalty. The findings suggest that both variables are essential in facilitating
this connection. When food delivery platforms enhance the quality of their online services, it leads to
increased levels of satisfaction and commitment among clients, which in turn fosters loyalty to the platform.
These findings align with previous research conducted in the same domain. Similarly, Bhat et al. (2021)
shown that commitment serves as a significant mediator in the relationship between trust and loyalty. The
mediating roles of e-satisfaction and e-commitment indicate that e-service quality alone does not directly
create loyalty but instead influences customers through psychological and relational mechanisms. In digital
food delivery platforms, users may experience satisfaction from efficient services; however, satisfaction
alone may not guarantee continued usage due to frequent promotions from competing platforms. E-
commitment therefore acts as a stabilizing factor that transforms transactional satisfaction into long-term
loyalty. This finding highlights the importance of emotional and psychological attachment in sustaining
customer relationships in highly competitive digital platform environments.

7. CONCLUSION AND RECOMMENDATION

7.1 Conclusion

The objective of this study was to investigate the impact of e-service quality, e-satisfaction, and e-
commitment on e-loyalty within the food delivery sector in Thailand. In addition, it aimed to examine the
role of e-satisfaction and e-commitment in mediating the relationship between e-service quality and e-
loyalty. This study demonstrates that e-service quality plays a crucial role in shaping e-loyalty in Thailand’s
food delivery platform environment. The findings confirm that both e-satisfaction and e-commitment act
as significant mediators, highlighting the importance of psychological bonding beyond transactional
satisfaction. The results extend e-service quality theory by showing that in mobile-based platform
ecosystems, technological service attributes such as system reliability and delivery accuracy are primary
drivers of loyalty. These findings contribute to digital platform literature and provide insights for food
delivery providers aiming to strengthen long-term customer relationships.

7.2Managerial Recommendation
The results of this study provide helpful advice for food delivery platform providers when making
judgments about their operational strategy. Providers should give priority to improving the quality of their
electronic services in various crucial areas. This encompasses enhancing platform efficiency through the
creation of user-friendly interfaces that support seamless navigation, enabling effortless searches for
restaurants and food items, constructing a responsive platform that guarantees rapid operations, and
generating an intuitive user experience. In addition, suppliers must assure continuous platform availability,
ensuring preparedness for customer utilization at all times and applying strong system management to
prevent interruptions during service. Another essential part is the optimization of food delivery, which
involves ensuring quick and correct deliveries, minimizing errors in client orders, and sticking to stated
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delivery periods. Equally crucial is the improvement of security measures, which entails creating strong
systems to safeguard customers' personal information and protect order details and transaction data. By
focusing on these specific elements of electronic service quality, food delivery platforms have the potential
to greatly improve customer satisfaction, commitment, and loyalty.

E-satisfaction and e-commitment play a vital role in creating e-loyalty among clients who utilize food
delivery services. Hence, it is essential for platform providers to prioritize the provision of outstanding user
experiences that result in elevated levels of customer satisfaction, encompassing both the platform's
functionality and service delivery. Furthermore, it is crucial to foster e-commitment, which may be
accomplished by effortlessly incorporating the platform into customers' daily routines, building robust
connections between the platform and its users, and assuring favorable experiences with every encounter.
These combined endeavors contribute to the establishment of electronic loyalty among customers. By
effectively cultivating electronic loyalty through these methods, food delivery platforms can greatly
enhance their economic sustainability.

8. LIMITATION AND FUTURE RESEARCH

This study has several limitations that should be acknowledged. First, the use of convenience sampling
through social media platforms may introduce sampling bias, as respondents may represent more active
digital users. Second, the cross-sectional research design limits the ability to establish causal relationships
among the constructs. Future studies may employ longitudinal designs to better examine causal effects.
Third, the study focuses on consumers in Thailand, which may limit the generalizability of the findings to
other cultural or market contexts. Finally, the data were collected using self-reported measures, which may
introduce common method bias. Despite these limitations, the study provides valuable insights into
customer loyalty formation in food delivery platforms.
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Abstract

The purposes of this research were: 1) to study the express delivery service system of
ABC Company in Mueang District, Phayao Province; 2) to analyze the risks within the system;
and 3) to apply Six Sigma quality control standards to the express delivery service of ABC
Company in the specified area. This study employed a qualitative research methodology,
adopting a case study approach. The key informants, consisting of express delivery service
providers from ABC Company, were selected through purposive sampling. Data were collected
via structured interviews with the service providers in Mueang District, Phayao Province. The
research findings were as follows: 1) The company established three quality standards for its
express delivery system: (1) controlling delays to not exceed 2%, (2) limiting package damage
to no more than 2%, and (3) ensuring that loss rates remain below 1%. 2) Risk analysis
identified three primary problem areas: Problem 1 originated from two causes work processes
and personnel; Problem 2 arose from three causes work processes, personnel, and service
factors; and Problem 3 resulted from three causes work processes, environmental factors, and
service factors. 3) The application of Six Sigma quality control standards involved the
development of a standardized packaging manual for both staff and customers. This also
included preventive guidelines to miticate the risks associated with the three identified

problem areas.
Keywords: Quality Control Standards, Six Sigma, Express Delivery Service System
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Abstract

High midstream supply chain costs related to production, by which financial liquidity is directly affected,
are addressed in this research. An optimization model for monthly aggregate production planning was
developed to reduce costs in the fast-moving consumer goods industry using linear programming (LP).
Initially, the model (Minimize Z1) was presented to the factory and at a conference. Knowledge was
integrated so that the efficiency of the production plan could be improved for the lowest cost. Based on
industry feedback, the study was expanded to daily production scheduling. Outputs from Minimize Z1 were
used as constraints in the daily model, and variables for the on-off status of production lines were added so
that actual working conditions could be matched. It was shown by the evaluation results that traditional
factory methods were outperformed by the developed models in every year. Average inventory costs were
reduced by 99.98%, average raw material costs by 8.46%, and total average costs by 85.8 million baht
(approximately 2.6 million USD) by the LP model (Minimize Z1). Furthermore, regular and overtime
working hours were efficiently allocated by applying mixed-integer linear programming (MILP) in the
second model (Minimize Z2). As a result, average daily costs were decreased, and the management of
operational resources was emphasized. When regular and overtime costs were compared, it was found that
costs were further reduced by Minimize Z2 by a total of 8,270,382 baht (about 255,000 USD) from the
previous results. An important contribution to knowledge was made by this finding. Also, a p-value of less
than 0.05 was found through a statistical test using 72 months of data. It was shown by this test that costs
were significantly reduced by the Minimize Z2 model.

Keywords: mixed-integer linear programming, minimizing production costs, soft constraints, fast-moving
consumer goods, midstream of supply chain
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1. INTRODUCTION

The fast-moving consumer goods (FMCG) industry is characterized by high-volume production, and
products are sold on shelves at various prices based on brands. However, for popular brands, products are
quickly sold out, so shelves must be restocked consistently. For this reason, large quantities are produced
to meet daily consumer demand. Gradual and continuous growth of these products is observed in the
ASEAN region. It is stated in a report by the Siam Commercial Bank Economic Intelligence Center (SCB
EIC., 2025) that necessary consumer goods and services are continuously expanded and recovered. At the
same time, however, the company's order volumes have not been significantly increased. Therefore, annual
order volumes have been kept relatively stable over the past several years. Because the products are driven
by seasonal demand, the required volumes can be clearly forecasted, as shown in Figure 1, where demand-
driven production is indicated.

Average Demand Distribution Across All Years

11.0%

10.0% 1

Demand Proportion

7.0% 1

T T T T T T T T T T T T
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

Figure 1 Average Seasonal Demand

Seasonal demand is reflected in Figure 1. Consequently, production resources throughout the supply chain
are required to be managed, as illustrated in Figure 2. However, only the midstream supply chain is focused
on in this research. Raw material costs and inventory costs are evaluated, and both factors are considered
as the main decision variables.

) I wa Buy Volume ‘ Customer
Headquarters 4 ﬁ Demand

Sales forecast Available for sale on
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B == L, GG o o o &
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Figure 2 Supply Chain of Company Case Study
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As shown in Figure 2, the production planning process is focused on in this research. Decisions regarding
midstream regular and overtime costs are covered, along with decisions on upstream raw material costs and
downstream inventory costs. Consequently, an optimal production plan is created, and overall costs are
reduced for parallel continuous production lines. To align with customer demand, related workstation
conditions must be carefully considered so that the open or closed status of the production lines can be
determined, as illustrated in Figure 3.

( Demand j
C—Ebjl‘c@ﬁ
——— — —_ ————l
T Gne a T Lnes I tnec
Open a@ Close @ Open @@
Machine 1 Machine 1 Machine 1
Meehiine 2 Transfer el 2 Transfer Machine 2
Orders Orders
Machine 3 - Machine 3 _ Machine 3
. ° .
* * .
* * *
Machine n Machine n Machine n

T ——
Finished goods

Figure 3 Parallel Production Line

As shown in Figure 3, after the constraints of determining the production line status to fulfill orders are
considered, production resources must be planned to align with the operating time. Especially when high
production targets are set, the first and second regular shifts must be managed, and additional overtime
hours must be decided upon, as illustrated in Figure 4.

a) The typical pattern of every day. b) A new method that requires modification using mathematical models.
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Figure 4 Characteristic of production line hours
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As shown in Figure 4, total production costs are directly affected by the management of regular and
overtime working hours. To find the optimal solution for integrated decisions regarding production lines
and working shifts, traditional planning cannot be only relied upon to reduce costs. Instead, knowledge of
mixed-integer mathematical models must be applied. Hard constraints are frequently used by many studies
in mixed-integer linear programming models. However, answers from the linear program are used as
constraints in this research. When these constraints are combined with minor daily routines, complex results
are produced. Furthermore, conflicts are caused between these constraints and calendar days. Therefore,
soft constraints must be applied so that the model is made flexible for actual factory use, as will be detailed
in the literature review section.

2. LITERATURE REVIEW

2.1 Mathematical Models for Production Planning

Integrated decision-making problems are solved by considering production line management,
working shifts, and overtime simultaneously so that actual situations can be supported. Moreover, it is
realized by recent research that traditional mathematical models might be insufficient when uncertain data
is faced. Therefore, cross-disciplinary knowledge is integrated, such as robust optimization models being
combined with aggregate planning so that demand fluctuations are handled (Ozel & Yilmaz, 2025).
Advanced evolutionary algorithms, such as Genetic Algorithms (GA) and the Non-dominated Sorting
Genetic Algorithm II (NSGA-II), are widely used so that solutions in problems with complex constraints
can be found (Mirzapour et al., 2011; Tirkolaee et al., 2023). It is reflected that modern models are not only
used to create production schedules but are also functioned as the main simulation systems of organizations
(Jurczak et al., 2022; Rafique & Cui, 2026). When the development of mathematical models over the past
three decades is reviewed, a significant transition from isolated linear problem-solving to complex
integrated models that support uncertainty is found. In the early stages, linear programming was focused
on by researchers to manage basic lot-sizing and delivery scheduling problems (Aghezzaf, 2000). Later, it
was found that industrial complexity was not limited to machines but was also expanded to labor and time.
Thus, Mixed-Integer Linear Programming (MILP) models were utilized so that situations could be
simulated more realistically. For example, overtime at the workstation level was reduced (Rinyarat, 2017);
agricultural labor was allocated despite being less complex than the industrial sector but containing high
hidden costs (Pantong & Chansombut, 2025); and packaging types were minimized using Binary Integer
Linear Programming (BILP) because high costs were caused by unit diversity in the industry (Teeradech et
al., 2018). Furthermore, specific operational constraints, such as cleaning-in-process (CIP), must be
included so that mathematical models can be practically used in the fast-moving consumer goods (FMCG)
industry. Flexible constraints are recommended by research so that a balance is created between strict
capacity limits and changing production targets. Also, inventory holding constraints are often added so that
excess stock is limited (Tirkolaee et al., 2019).

2.2 Production Cost Optimization

In the past, objective function equations were focused on minimizing direct costs, and overtime
was often considered as an excess that must be eliminated (Rinyarat, 2017). Subsequently, cost structures
were considered based on strategic trade-off principles. Certain costs were allowed to occur so that waste
could be prevented. For instance, subcontracting and overtime were elevated as mechanisms by which
capacity flexibility is created (Mokhtari et al., 2012). When idle capacity penalties are calculated alongside
shift change and overtime costs, it is required by the models to weigh whether allowing idle time, producing
in advance for inventory, or allowing backorders will result in the most optimal financial balance (Ozel &
Yilmaz, 2025). The dimension of finding optimal costs has been expanded to sustainable cost evaluations
at the supply chain level. It is realized that minimizing costs may not only be a financial dimension but
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must also cover impact costs. An obvious example is that goals for reducing negative environmental
impacts are included as one of the equations along with total cost reduction. This reflects a new research
perspective where it is recognized that the true cost of production is balancing the organization's financial
survival with resource stability and social-environmental responsibility (Tirkolaee et al., 2023; Pinchat et
al., 2023).

3. METHODOLOGY

Integrated mathematical models are applied in this research. Linear programming, by which total
production costs are reflected, is combined with mixed-integer linear programming. The mixed-integer
method is chosen because the calculated results from the aggregate plan are used so that a production
schedule can be created. Through this schedule, resources are allocated to align with the forecasted demand,
as illustrated by the research methodology in Figure 5.

-_—
g4. Receive ERP Data Data Collection and Analysis

u -8 I
[ I I 1
% Demand Forecast Working Calendar Cost Structure System Process
000000 (Monthly) (Sunday, Start day) || (Material, Inventory) Constraints
[ I I I
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Minimize Z1
E Mathematical Modeling: LP Solving 1
Monthly Aggregate Production Plan

Minimize Z2 . . . L
ZZ Mathematical Modeling: MILP Consstralllln;s lto Daily Optlm'al Difstion
Daily Production Scheduling cheduling Variable Z1
| Solving 2 |—| Comparative Analysis |
‘ | Result |

Figure 5 Research Methodology

As shown in Figure 5, data is received from the enterprise resource planning system to begin the research
process. Then, the data is analyzed, filtered, and divided into four main groups: 1) six years of demand
forecast data from 2021 to 2026, which are used for optimization processing; 2) working day data, including
the allocated annual working calendar; 3) collected cost structure data; and 4) various constraints found in
the production process. Once all data is collected, a monthly mathematical model (Minimize Z;) is created,
and it is optimized using Microsoft Excel Solver. After the optimal results for regular and overtime hours
are obtained, they are allocated to production lines A, B, and C in the next step. This is done so that
production dates, the open or closed status of the lines, or order adjustments can be determined. For this
purpose, a second mathematical model (Minimize Z,) is created so that the problem can be solved using
mixed-integer linear programming. Finally, after the results for each year are processed, the mathematical
model outputs are compared with traditional planning methods, and the research findings are concluded.

3.1 Mathematical Model
Mathematical models are created in this research so that actual production conditions are reflected,
and the results can be practically implemented in business. The foundational monthly optimization model,
represented by the first mathematical model (Minimize Z), adapts and extends the linear programming
framework previously proposed by Charungsin et al. (2026). The monthly optimization model is
represented by the first mathematical model (Minimize Z;). Then, the optimized results from the first model
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are used so that the second mathematical model (Minimize Z,) is developed. These optimal results are
allocated to production lines A, B, and C by applying soft constraints. Fundamental assumptions are made
for the aggregate plan model (Minimize Z;) and the master plan model (Minimize Z,) to define the research
problem. Monthly product demand is known in advance because forecasts are provided by headquarters.
Unexpected machine variance is not considered since an emergency allowance is included in the production
lines. Line efficiency is based on a manual agreed upon by management. Raw materials and packaging are
assumed to be unlimited and always available. Finally, setup costs and times are kept constant for each line,
and the production sequence is not considered. Because the problem is classified as NP-Hard, infeasible
solutions are caused by some added sub-conditions. For example, conflicts with other equations are created
when major cleaning cycles are moved to Sundays. Also, because regular and overtime hours must be
aligned with the first model (Minimize Z,), errors from decimal placements are generated, so finding exact
solutions is made infeasible. Therefore, when the aggregate plan model (Minimize Z,) is transferred to the
master plan model (Minimize Z,), regular and overtime cost factors are included, as shown in Table 1.

Table 1 Cost per hour from core and combined production (Baht)

Symbol Line A Line B Line C Total Cost per Hour
a 1819.50 1819.50 2114.50 5753.50
B 2729.25 2729.25 3171.75 8630.25
9 1200 1100 1000 3300

Note: The average exchange rate is 1 USD = 33 THB in 2025 (Source: Bank of Thailand).

The hourly costs incurred by each production line are shown in Table 1. In the aggregate mathematical
model (Minimize Z1), all three lines are considered to be running simultaneously. However, in the master
plan mathematical model (Minimize Z2), all lines are not required to run at the same time, as the production
lines can be turned on or off.

3.2 Aggregate Mathematical Modeling
Indices and sets
t The month is represented by index ¢, ¢ = {1, 2, 3, ..., 12}

Define Parameters

C, The regular time cost per hour (5,753.50 THB)
C, The overtime time cost per hour (8,630.25 THB)
Cy, The inventory holding cost per unit (1.08 THB)
Cm The raw material cost per unit (10 THB)

C The production capacity per hour

St The number of line startup hours in month ¢

A The number of allowance hours in month ¢

CIP,  The number of major cleaning-in-process hours in month ¢
D, The product demand in month ¢

N, The number of working days in month ¢

Define Decision Variables

P; The production quantity in month ¢

I; The inventory at the end of month ¢

0, The number of overtime working hours in month ¢
R; The number of regular working hours in month ¢
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3.3 Master Mathematical Modeling
Indices and sets

l The set of production lines, where [, [ € {4, B, C}

d The set of production days, where d, d €{1, 2, ..., Ny}

k The dummy index for calendar days, where &, k € {1,2,...,M}}

Define Parameters

a; The regular time cost for production line i

Bi The overtime cost for production line i

Y; The setup cost for production line i

oy The production capacity units per hour of line i

P; The production quantity from the aggregate mathematical model in month ¢
0, The number of overtime hours from the aggregate mathematical model in month ¢
CIP,  The number of major cleaning-in-process hours in month ¢

C The total production capacity from the aggregate mathematical mode

y The line setup time hour

0 The allowance or clearance time hours

Seun  The number of Sundays in that month

N, The net number of working days in month ¢

M, The total number of calendar days in month ¢

Penalty Parameter

Paemand The penalty cost per unit of product shortage (10,000 THB)
Por The penalty cost per hour of overtime deviation (5,000 THB)
Pcip The penalty cost per hour of incomplete CIP (20,000 THB)

Define Decision Variables

Slack Variables

Sdemana The number of product units failing to meet the target

Sor The amount of overtime below the target

Ser The amount of overtime exceeding the target

Scip The number of periodic major cleaning-in-process hours failing to meet the target

Continuous Variables

Tid The regular working hours of production line i on day d
0i 4 The overtime working hours of production line i on day d
Binary Variables

Yid The production status

{1 Open Production Line in day d
Yid 0 Close Production Line in day d

6ia The setup status for starting the production line
5= {1 have activity Setup in day d
4d ™ |0 have no activity Setup in day d

Uy The periodic major cleaning status

_ {1 have activity CIP in day d
td = 10 have no activity CIP in day d
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3.4 Mathematical model of the aggregate production plan
Objective Function:

Minimize Z, = Z C.R, + Z C,0, + Z Cul, + Z CpnPs €))
t t t t

Subject to:

Pt+1t—1_1t_Dt 20 Vt(4)
le <0.02 vt (5
D, = (5)
O <6 vt (6
T < ©)
Re+ O <24 vt (7

T < 7
At - St - 4Nt = O Vt (8)
CIP: =11 vt (9
Nt - . ( )
Re <18 vt (10
W < (10)
Py, O, I, Ry =0 vt (11)

3.5 Mathematical model of the master production scheduling
Objective Function:

N¢ N N¢ N¢ Nt
Minimize Z, = E(aA Tha) + Z(ﬁA ona) + Z(ﬂA Baa) Z(aB To.a)+ ) By 05,0)
da

+Z<193 8Bd>+2(ac er)+2(ﬁc oCd>+Z(ﬂc c.)

+ (Pdemand Sdemand) + por - (Sor + SOT) + (pcip - SCIP) (12)
Subject to:
Z((PATA,d + @pTea + PcTca + PaOaa + PeOga + PcOca) + Saemand =P vt(13)
d
Z((pAOA,d + @g0pq + Pcoca) + Sor — Sor = (-0, vt(14)
d
Spa >y, q — Al vd > 1(15)

6
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Sp.a > ypq — 2L vd > 1(16)
Sc.q > y,q — 22 vd > 1(17)
Tad <18 vd (18)
5. <18 vd (19)
Tea <18 vd (20)
Oad <6 vd (21)
084 <6 vd (22)
0ca <6 vd (23)
TCIpd =55Xuy vd (24)
aTcipa + Scip = CIP vt (25)

Taa +0aa +7cipa +V 0pa+0 Yaa <24 Yaq vd (26)
"gd + 0pa+Tcipat+V 6pa+ 0 Ypa <24-ypg vd (27)
Tcat0ca+TcpatV -0cat 0 Yea <24'yca vd (28)
Yid =0 vi € {AB,C},Vd € {Squn} (29)
PR AETH <1 vd € {1,2,3,4,5,...,M, — 5} (30)
Ta,drTB,d» 7C,d» OAds OB,d» Oc,d =0 vd (31)

3.6 Explain the meaning of limit equations

The objective function of the aggregate plan model (Minimize Z1) is represented by Equation (1).
The lowest total monthly cost is targeted, which is calculated from the sum of regular working time costs,
overtime costs, inventory holding costs, and raw material costs. Production capacity from working hours
(regular and overtime minus allowance and major cleaning times) is required to be sufficient for the target
production quantity by Equations (2) and (3), and the total allocated working hours must not be negative.
Inventory balance is maintained by Equation (4). The production volume combined with the inventory
carried over from the previous period, after deducting the ending inventory, is required to be equal to or
greater than the customer demand for that month. The monthly inventory level is restricted to not exceed
2% of the product demand by Equation (5). The average daily overtime is limited to a maximum of 6 hours
by Equation (6). The sum of average daily regular and overtime hours is limited to a maximum of 24 hours
by Equation (7). The allowance time will be obtained by deducting the time required for activities in the
production line, Equation (8). The monthly cleaning-in-process (CIP) time will be 1.1 times the number of
working days in month, Equation (9). The average daily regular working hours are limited to a maximum
of 18 hours by Equation (10). Decision variables, including production quantity, overtime, inventory, and
regular working time, are constrained to be non-negative by Equation (11). The objective function of the
daily master plan model (Minimize Z2) is represented by Equation (12). The lowest daily production
scheduling cost is targeted. Regular and overtime costs for each production line (A, B, and C) are covered,
and penalty costs from soft constraints are also added to the equation. These include penalties for unmet
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production targets, overtime deviations from the aggregate plan, and incomplete major cleaning (CIP) target
hours. A soft constraint for the production target is defined by Equation (13). The total production volume
generated from regular and overtime hours across all lines (multiplied by the capacity ¢i), combined with
the slack variable for unmet production (Sdemand), is required to reflect the target product demand.
Through this, the mathematical model is allowed to find a solution without an infeasible error, even if the
production schedule cannot exactly meet the target. A soft constraint for overtime management and total
capacity is established by Equation (14). Production from all overtime hours, evaluated against the
maximum total capacity of C units (viewing all 3 lines as the factory's total capacity), is controlled to be as
close to the master plan's overtime target as possible. Flexibility is permitted through two slack variables:
actual overtime below the target and actual overtime exceeding the target. The daily setup status for
production lines A, B, and C is required to be related to the open status and overtime hours of the previous
day by Equations (15), (16), and (17). Regular working hours for production lines A, B, and C are limited
to a maximum of 18 hours per day by Equations (18), (19), and (20). Overtime hours for production lines
A, B, and C are limited to a maximum of 6 hours per day by Equations (21), (22), and (23). This indicates
that if the binary decision variable on that day were to perform a CIP (Cleaning-in-Process) operation, it
would take 5.5 hours, according to Equation (24). During that month, all CIP activities must be completed
according to the first mathematical model using Equation (25). The sum of all daily operating times for
lines A, B, and C which consists of regular working time, overtime, major cleaning (CIP) time, setup time,
and clearance time is restricted to not exceed 24 hours by Equations (26), (27), and (28). All production
lines are required to be closed on Sundays by Equation (29). Major cleaning (CIP) activities are limited to
be performed no more than once within a consecutive 5-day period by Equation (30). Regular and overtime
working hour variables for all production lines are constrained to be non-negative by Equation (31).

3.7 Optimization solver tools

Microsoft Excel Solver is utilized to optimize the aggregate mathematical model (Minimize Z;)
because the decision variables are maintained at a level that can be calculated by the program. Meanwhile,
the Google OR-Tools library is used to find optimal results because processing limitations are found in the
Excel add-in. When the constraints in the master plan mathematical model (Minimize Z;) are considered,
such as Equations (15) to (17) and Equations (26) to (30), it is found that binary decision variables are used.
For instance, y;q is used for the open-close status of the production lines, d; for the setup status, and u, for
the cleaning status. These variables are operated alongside continuous variables on every working day for
all three production lines. Consequently, the model is characterized as mixed-integer linear programming.
This is classified as a highly complex problem, where the number of variables and constraints is expanded
beyond the processing capacity of basic tools. Therefore, these complex variables can be successfully
managed by applying Google OR-Tools.

4. RESULTS AND DISCUSSION

Total costs were found to be reduced by the aggregate mathematical model (Minimize Z). Regular and
overtime working costs were decreased compared to traditional planning methods. This baseline cost
reduction achieved by the aggregate model is consistent with the preliminary findings presented in
Charungsin et al. (2026). This is illustrated in Figure 6, where the results of the aggregate mathematical
model (Minimize Z) are compared with the traditional factory plan.

4.1 Computational Characteristics and Solver Performance
The datasets used to calculate cost reduction results were collected from the enterprise resource
planning (ERP) system. Demand forecasts from 2021 to 2026 were included to be used as inputs for the
mathematical models. Production reports were utilized to evaluate outputs and costs, while traditional
production plans were used for comparison. Working calendars were assessed to determine regular time,
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overtime, production days, and holidays. Next, financial statements were reviewed so that the business
impact of this research could be evaluated. Finally, process blueprints were used to formulate both monthly
and daily constraint equations. The continuous flow of the three identical production lines and the shared
order volumes were detailed by these blueprints.

Problem complexity and processing efficiency are summarized in Table 2. The monthly model was
solved by Microsoft Excel Solver because a small number of decision variables was contained, and less
processing time was required. However, binary decision variables, such as y; 4, 6; 4, and u, were required
by the daily model. Because the limit of Microsoft Excel Solver was exceeded by these variables, the
Google OR-Tools library was used to calculate the daily results.

Table 2: Problem size and computation execution time

Mathematical model  Solver tool Continuous Binary Constraints  Average
variables variables execution time
(seconds)
Minimi 7, Mi ft Excel
nimize 1 1crosoft Exce 4 ) 9 12,14
(Monthly Aggregate) Solver
Minimize Z, (Daily Google OR- 186 186 375 124.90

Master Plan) Tools
Note: The execution time recorded on a laptop with an AMD Ryzen 5 7520U with Radeon Graphics and 16 GB of RAM

Average execution times over 72 months (six years) are shown in Table 2. Less than one minute is needed
to optimize the aggregate model because fewer decision variables are used. In contrast, a longer average
time of over one minute is required by the master plan model because many continuous and binary variables
are included. Each execution was processed and timed month by month. Satisfactory results were produced,
which are displayed as figure in Section 4.2: Model Comparison Results.

4.2 Model Comparison Results
The results of the monthly cost optimization from the aggregate model (Minimize Z;) compared to
traditional planning are shown in Figure 6. It is demonstrated that better planning results are produced by
the mathematical model than by traditional factory methods. Also, the knowledge contribution from
extending the Minimize Z; model to the Minimize Z, model is presented. Suitable results were generated,
which will be shown next.
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Total Cost Structure: Traditional Planning vs Mathematical Model (Z1)
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Figure 6 Result of aggregate mathematical model

As shown in Figure 6, it is demonstrated that traditional production planning is outperformed by the
mathematical model across all decision variables. Very low inventory levels are maintained. Regular and
overtime working hours are allocated based on actual demand. Furthermore, when regular and overtime
costs are reduced, overproduction for inventory is not required, and raw materials are utilized appropriately.
However, although raw material costs are high and prominent in the graph, regular and overtime working
hour costs are the decision variables considered in the master plan model (Minimize Z,). This is illustrated
in Figure 7, where regular and overtime working hours are compared with the traditional production plan.
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Figure 7 The cost per hour (regular hours and overtime)

As shown in Figure 7, when regular and overtime costs are compared, the aggregate mathematical model
is found to be more efficient than traditional factory planning methods in every year. However, a
macroscopic perspective is maintained by the aggregate model because all three production lines are
considered as a single line. Consequently, in this aggregate view, all three lines are opened and closed
simultaneously, and major cleaning (CIP) cycles are performed at the same time. For this reason, the
efficiency of distributing production volume to each line must be appropriately optimized by the master
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plan mathematical model (Minimize Z,). In practice, even though all lines operate simultaneously, regular
and overtime costs for the three lines are not equal. When evaluated in the master plan model (Minimize
Z,), Line C is found to have higher operating costs than Lines A and B, yet Line C has the lowest setup
cost. Therefore, this can be defined as a production distribution problem. To enable the mathematical model
to find an optimal solution, setup penalties are added. Additionally, optimal results from the aggregate
model (Minimize Z;) including regular working time (R;), overtime (O;), and major cleaning activities
(CIPy) are applied as constraints in the master plan model (Minimize Z) due to their correlation. The optimal
results generated by the master plan model (Minimize Z,) are presented in Table 2, where reduced regular
and overtime schedules are demonstrated. This occurs when Lines A and B are primarily selected by the
model, while partial setup costs are accepted in certain periods. As a result, production line statuses or order
adjustments must be processed by the algorithm, which reflects its decision-making behavior in creating
the production schedule. When the results from the master plan model (Minimize Z,) are evaluated, it is
revealed that transferring from a macroscopic to a microscopic model leads to cost reductions. This is
achieved because flexible line switching, on/off statuses, and workload adjustments are allowed, reflecting
further cost reductions as illustrated in Figure 8. An example of the 2025 results is presented in Table 3.

Table 3 Year's production results table 2025

Overtime hours Regular time hours

Month  Production LineA LineB LineC LineA LineB Line C Number Number of
of times CIP times

the line

was set up
Jan. 7.10% 0 0 0 4635 463.5 78.0 60 15
Feb. 7.89% 114 102 0 3335 342.5 225.0 27 15
Mar. 10.42% 156 156 156 336.0 336.0 335.8 18 12
Apr. 10.01% 156 153 114 331.5 3345 3294 15 15
May 8.54% 106 71 0 391.0 419.0 223.1 41 18
Jun. 7.34% 70 17 0 3875 427.5 138.1 49 15
Jul. 7.48% 15 15 0 4635 463.5 102.2 61 15
Aug. 6.82% 0 0 0 4455 445.5 75.4 58 15
Sep. 6.98% 0 0 0 4455 445.5 97.8 59 15
Oct. 8.81% 132 84 0 3755 411.5 245.3 34 15
Nov. 9.65% 146 145 120  321.5 322.5 312.2 14 15
Dec. 8.95% 121 106 10  379.0 390.8 261.0 33 18
Total 100% 1016 84923 399.77 4673.5 480227 2423.15 469 183

When the 2025 data from Table 3 is analyzed, the highest production proportion is found to be concentrated
in March. An increased rate of workload balancing into the regular working hours of lines A and B is
observed. For 2026, low forecast volumes were provided by the headquarters. Consequently, minimal
overtime was required, so it is not presented in the table. Furthermore, the comparison between regular and
overtime costs is illustrated in Figure 8.
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Comparison of Minimize Z1 vs Minimize Z2
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As shown in Figure 8, the sum of regular and overtime working costs is compared. Because a macroscopic
perspective of total production is maintained by the aggregate mathematical model (Minimize Z,),
production lines are required to be operated simultaneously by the factory. However, in actual production,
workloads can be shifted from Line C to Lines A and B. Alternatively, Line C can be operated during
periods of heavy orders, and lower setup costs are accepted as a cost-effective choice. For these decisions,
results are processed by the algorithm (Solver), including whether to produce, which lines to select, how to
adjust workloads, and when to schedule overtime. When optimal results from the aggregate model
(Minimize Z,) are used so that a production schedule can be created for the master plan model (Minimize
7,), the problem is considered at a microscopic level. Because workloads can be adjusted and each line can
be opened or closed independently, more efficient results are generated. This evaluation effectively builds
upon the first model (Minimize Z;), where only the macroscopic level was considered. When this is
developed as a contribution to knowledge, improved efficiency is achieved, and the results can be
effectively applied by the factory at the operational level. It is found that the total regular and overtime
costs of the master plan model (Minimize Z,) are reduced compared to the aggregate model (Minimize Z;).
This reduction is caused by microscopic factors. Even though optimal results from the aggregate model are
applied, minor details must be evaluated, such as unequal costs among production lines. If operations are
not continuous, production lines must be restarted, and additional setup costs are incurred. Because of these
factors, production line statuses and workload adjustments are required to be processed by the algorithm.

4.3 Result Validation and Statistical Analysis
A statistical analysis was conducted using a paired two-sample t-test so that the solution quality
and the model efficiency could be confirmed. Total monthly regular and overtime costs from the aggregate
linear programming model (Minimize Z1) and the master mixed-integer linear programming model

(Minimize Z2) were compared. Seventy-two paired monthly data points from 2021 to 2026 were included in
the dataset. The cost reduction achieved by changing from the macroscopic plan level (Minimize Z1) to the
microscopic scheduling level (Minimize Z2) was evaluated to determine if it was statistically significant. A

summary of the t-test results is shown in Table 4.
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Table 4 Paired Two-Sample t-Test for Solution Quality Comparison

LP — Minimize Z,; MILP — Minimize Z>
Mean 2923588 2808721
Variance 3.7x10" 4.5x10"
Observations 72 72
Pearson Correlation 0.998
Hypothesized Mean Difference 0
Degree of Freedom 71
t Stat 13.5
P(T < t) one-tail 1.5x10°%!
t Critical one-tail 1.7
P(T < t) two-tail 3.1x10%
t Critical two-tail 2.0

As shown in Table 4, a lower average monthly cost of 2,808,721 THB is produced by the mixed-integer
linear programming (MILP) model, compared to 2,923,588 THB by the linear programming (LP) model.
Because the p-value is much lower than the standard 0.05 significance level, the null hypothesis is rejected.
It is confirmed by this statistical evidence that a significantly better solution quality is provided by the
master production scheduling model (Minimize Z). Through this, reliable and consistent cost reduction is
ensured throughout the entire planning period.

5. CONCLUSION
5.1 Summary of Findings

Total costs in the midstream supply chain of the fast-moving consumer goods industry were
successfully reduced by applying linear programming (LP) for monthly planning in the aggregate plan
model (Minimize Z;). Average inventory costs were reduced by 99.98%, average raw material costs by
8.46%, and total average costs by 85.8 million baht per year. Furthermore, when the results from the
aggregate plan were used to create a daily production schedule using mixed-integer linear programming
(MILP) in the master plan model (Minimize Z,), regular and overtime working hours were efficiently
allocated. Consequently, operational costs were further reduced compared to the linear programming
method in every tested year by a total of 3.93%, and an additional 8,270,382 Thai baht was saved.

5.2 Discussion and analysis of results

Overproduction for inventory is focused on by traditional factory planning methods, whereas
production quantities are adjusted by mathematical models to align with actual demand. Consequently,
unnecessary raw material usage is reduced, and inventory is managed according to corporate policies.
Customer service levels are not affected by reducing factory inventory levels to no more than 2%, because
demand fluctuation risks are already managed by the headquarters. Although efficient results are provided
by the aggregate plan model (Minimize Z:), limitations are found in its macroscopic perspective, where all
three production lines are integrated as a single unit. These limitations are resolved by the master plan
model (Minimize Z,) by processing the differences in labor and setup costs of each production line.
Therefore, lower-cost production lines, such as Lines A and B, are selected by the algorithm, and setup
costs are accepted in some situations so that maximum overall cost-effectiveness is achieved. Finally, the
model's results can be utilized by management to evaluate the trade-off between approving overtime,
opening high-cost production lines, or accepting the risk of product shortages, so that cash flow is managed
with maximum efficiency.
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Furthermore, the proposed mathematical models, especially the master scheduling model
(Minimize Z,), are not limited to the fast-moving consumer goods industry. Parallel production lines are
efficiently managed, and regular and overtime shifts are dynamically allocated by the core logic. Also,
state-dependent setup and cleaning-in-process (CIP) constraints are included. Therefore, this logic can be
adapted to other continuous or semi-continuous manufacturing sectors. For example, identical constraint
behaviors are shared by strict hygiene processes and mandatory CIP cycles between product batches in the
pharmaceutical, chemical, and cosmetics industries. Moreover, flexibility is provided by penalty-weighted
soft constraints. Through this, the model can be easily customized to be used in other contexts.
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Abstract

Community-based tourism (CBT) has been increasingly promoted as an approach to supporting sustainable
rural development through livelihood diversification, community participation, and the utilization of local
resources. However, much of the existing literature remains focused primarily on economic outcomes and
tourism performance indicators, while paying comparatively limited attention to the structural processes
through which tourism reshapes household livelihoods and influences long-term rural sustainability. This
study examines these relationships through a case study of Mae Kampong. Drawing on the Sustainable
Livelihood Framework and the concept of community capital transformation, it conceptualizes CBT as a
process that reorganizes natural, economic, social, cultural, and human capital, and connects these
transformations to changes in household livelihood strategies and rural sustainability outcomes. The study
adopts a qualitative documentary approach based on an analysis of academic literature, previous studies,
policy documents, and secondary sources relating to CBT and Mae Kampong. The findings indicate that
CBT has substantially transformed household livelihood systems within the community. Tourism-related
activities—including homestay services, local guiding, food and beverage businesses, and the sale of local
products—contributed to livelihood diversification and reduced exclusive dependence on agriculture and
forest-based livelihoods. The integration of tourism into household economies enhanced livelihood
flexibility and strengthened adaptive capacity in response to economic and environmental uncertainty.
However, the findings also reveal that tourism benefits are distributed unevenly among households, with
greater advantages concentrated among those possessing stronger economic resources, favorable locations,
and better access to tourism-related opportunities. These inequalities create structural tensions that
challenge the community's long-term sustainability. The study further demonstrates that tourism generates
multidimensional impacts on community capital. Tourism has strengthened local economic activities and
reinforced certain forms of social capital through participatory management structures and collective
governance mechanisms. At the same time, it has contributed to cultural commodification pressures, social
differentiation, and increasing environmental stress on fragile mountain ecosystems due to growing tourist
numbers and resource-use intensity. The findings suggest that CBT functions simultaneously as both a
supporting force and a structural challenge for rural sustainability. Sustainable outcomes do not emerge
automatically from tourism development alone; rather, they depend on effective local governance, equitable
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benefit distribution, community participation, adaptive capacity, and the long-term management of
relationships among the economic, social, cultural, and environmental dimensions of rural development.

Keywords: Community-Based Tourism; Rural Sustainability; Sustainable Livelihoods; Community
Capital Transformation; Mae Kampong
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1. INTRODUCTION

1.1 Background and Significance of the Study

In recent decades, rural communities across many developing countries have experienced significant socio-
economic and environmental transformations driven by globalization, market integration, climate
variability, and changing patterns of resource use (Chambers & Conway, 1992; Scoones, 1998). Rural
livelihoods that depend heavily on monoculture agriculture and natural resource extraction have become
increasingly vulnerable to economic instability, environmental degradation, and fluctuations in global
commodity markets (Scoones, 1998; World Commission on Environment and Development, 1987). These
conditions have contributed to labor outmigration, the decline of local human capital, and the gradual
weakening of social and cultural structures within rural communities (Chambers & Conway, 1992). In
response to these challenges, alternative rural development approaches that emphasize local participation,
livelihood diversification, and sustainable resource management have received growing attention in both
academic and policy debates. Within this context, Community-Based Tourism (CBT) has emerged as an
important approach to sustainable rural development. CBT is generally understood as a form of tourism in
which local communities play a central role in the ownership, management, and distribution of tourism
benefits (Suansri, 2003). Unlike conventional mass tourism models, CBT seeks to integrate local
participation, cultural preservation, and environmental conservation with economic development
objectives. Previous studies suggest that CBT can generate alternative income opportunities, strengthen
community participation, revitalize local cultural identity, and encourage environmental protection when
supported by effective governance and community cooperation (Scheyvens, 1999; Tosun, 2000). As a
result, CBT has increasingly been promoted as a strategy for enhancing rural resilience and supporting
sustainable development in marginalized rural areas. However, existing empirical evidence also
demonstrates that the impacts of community-based tourism are complex and uneven. While some rural
communities have successfully utilized tourism to diversify livelihoods and strengthen local adaptive
capacity, others have experienced unequal benefit distribution, social conflicts, cultural commodification,
and increasing environmental pressure associated with tourism expansion (Zapata et al., 2011; Giampiccoli
& Mtapuri, 2012). These findings indicate that rural sustainability does not automatically emerge from
tourism development itself. Rather, the outcomes of CBT depend on how local communities manage the
transformation of community capital, distribute tourism benefits, and negotiate the balance among
economic development, social cohesion, cultural continuity, and environmental protection. Mae Kampong
Village represents a significant case for examining these dynamics. Located in a mountainous area of
northern Thailand, the community has transformed from a predominantly agriculture- and forest-based
economy into a diversified livelihood system in which tourism has become a major source of household
income. The development of homestays, ecotourism activities, and cultural tourism has increased economic
opportunities and contributed to local development. At the same time, the rapid growth of tourism has
generated new challenges, including unequal access to tourism benefits, seasonal overcrowding, pressure
on fragile ecological systems, and concerns regarding the commodification of local culture (Orapan, 2019;
Natthida, 2021). These characteristics make Mae Kampong an important case for understanding the
complex relationship between tourism, livelihoods, and rural sustainability.
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1.2 Research Gap

Although a substantial body of literature has examined community-based tourism in both national and
international contexts, much of the existing research focuses primarily on measurable development
outcomes such as income generation, tourist satisfaction, participation levels, or destination management
success. Comparatively limited attention has been paid to the underlying processes through which tourism
reshapes household livelihood structures and transforms different forms of community capital across
economic, social, cultural, and environmental dimensions. Furthermore, many studies tend to conceptualize
CBT primarily as a development tool with positive potential outcomes, while paying insufficient attention
to the structural inequalities and long-term sustainability challenges embedded within tourism development
processes. Issues such as unequal access to tourism opportunities, differentiated livelihood benefits among
households, tensions within local governance systems, and the potential erosion of cultural and natural
capital remain underexplored. In particular, limited research has examined community-based tourism as a
mechanism of community capital transformation linking livelihood adaptation and broader rural
sustainability processes (Giampiccoli & Mtapuri, 2012; Zapata et al., 2011). This gap highlights the need
for a more process-oriented analytical approach that moves beyond descriptive evaluations of tourism
impacts. Such an approach should examine how tourism transforms household livelihood strategies, how
different forms of community capital are reorganized through tourism development, and how these
transformations influence long-term rural sustainability. To address this gap, the present study employs the
Sustainable Livelihood Framework as its primary analytical framework to investigate the relationships
among community-based tourism, livelihood transformation, and rural sustainability in Mae Kampong
Village. In doing so, this study contributes to the literature by integrating the Sustainable Livelihood
Framework with a process-oriented analysis of tourism-led rural transformation in the context of
community-based tourism development.

1.3 Research Objectives
The primary objective of this study is to examine how community-based tourism reshapes household
livelihood strategies and to analyze how these transformations influence rural sustainability across
economic, social, cultural, and environmental dimensions. Using Mae Kampong Village a case study, the
research applies the Sustainable Livelihood Framework to analyze the relationships between community
capital transformation, livelihood diversification, and sustainable rural development.

The study is guided by the following research questions:

1. How does community-based tourism function as a mechanism for transforming community capital in
Mae Kampong Village?

2. How do changes in household livelihood strategies under community-based tourism influence rural
sustainability across economic, social, cultural, and environmental dimensions?

3. Under what conditions can community-based tourism support or undermine long-term rural sustainability
in rural communities?

2. LITERATURE REVIEW

This literature review provides the theoretical and conceptual foundation for examining the relationships
among community-based tourism, household livelihood transformation, and rural sustainability. It critically
reviews key debates surrounding Community-Based Tourism (CBT), the Sustainable Livelihood
Framework (SLF), and the role of tourism in transforming community capital and rural livelihood systems.
Rather than treating tourism solely as an economic activity, this review emphasizes tourism as a socio-
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economic process that reshapes relationships among local resources, social structures, cultural systems, and
rural development trajectories.

2.1 Community-Based Tourism and Sustainable Rural Development

Community-Based Tourism (CBT) emerged as an alternative tourism development approach in response
to criticisms of mass tourism and its associated social, cultural, and environmental impacts. CBT is
generally characterized by community participation, local ownership, and the distribution of tourism
benefits among local residents (Suansri, 2003). Within rural development discourse, CBT has frequently
been promoted as a strategy for generating alternative livelihoods, strengthening local economies, and
supporting the conservation of natural and cultural resources. A considerable body of literature argues that
CBT can contribute to sustainable rural development by diversifying household income sources, creating
local employment opportunities, and reducing dependence on vulnerable agricultural economies
(Scheyvens, 1999; Zapata et al., 2011). In addition, CBT has been associated with the revitalization of local
cultural practices and increased community participation in local governance processes (Scheyvens, 1999;
Giampiccoli & Mtapuri, 2012). From this perspective, tourism is viewed not only as an economic sector
but also as a mechanism that potentially strengthens local adaptive capacity and community resilience.
However, contemporary scholarship increasingly challenges the assumption that CBT inherently produces
sustainable and equitable outcomes. Several studies suggest that tourism benefits are often distributed
unevenly among households, particularly where access to tourism opportunities is shaped by differences in
land ownership, financial resources, social networks, or political influence (Tosun, 2000; Zapata et al.,
2011). In some contexts, tourism development has generated new forms of social inequality, intensified
local conflicts, and increased pressure on ecological systems due to the expansion of tourism infrastructure
and visitor activities (Tosun, 2000). Furthermore, critics argue that many CBT initiatives remain highly
dependent on external institutions, state agencies, or tourism markets, thereby limiting genuine community
autonomy. This has led scholars to emphasize that the sustainability outcomes of CBT are highly context-
dependent and shaped by local governance structures, participation mechanisms, and the capacity of
communities to regulate tourism development (Suntikul & Dorji, 2016). Consequently, CBT should not be
understood as a universally successful rural development model, but rather as a complex and negotiated
process that may simultaneously generate both opportunities and structural challenges for rural
communities.

2.2The Sustainable Livelihood Framework
The Sustainable Livelihood Framework (SLF) was developed as an analytical framework for understanding
how households construct and sustain livelihoods under changing economic, social, and environmental
conditions (Chambers & Conway, 1992; Scoones, 1998). The framework emphasizes that livelihood
security depends not only on income generation but also on access to and management of multiple forms
of capital, including natural capital, human capital, social capital, financial capital, and physical or cultural
capital. These forms of capital collectively shape the ability of households to adapt to risks, diversify
livelihood strategies, and maintain long-term resilience. A central principle of the SLF is that livelihoods
are dynamic and continuously shaped by external pressures, institutional arrangements, and access to
resources. The framework therefore provides an important lens for understanding how rural households
respond to structural transformations such as market integration, environmental change, and tourism
development. In this context, livelihood diversification is often considered a key strategy for reducing
vulnerability and increasing adaptive capacity in rural communities (Scoones, 1998). Within tourism
studies, several scholars have applied the SLF to examine how tourism creates alternative income
opportunities for rural households, particularly in areas where agricultural livelihoods are increasingly
unstable. Existing studies suggest that tourism can strengthen household resilience by diversifying sources
of income and reducing dependence on agriculture (Zapata et al., 2011). However, much of the existing
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research has focused primarily on the economic dimensions of livelihood change, particularly increases in
household income and employment opportunities. Comparatively less attention has been paid to how
tourism reshapes other forms of capital that are essential to long-term rural sustainability. Changes in social
relationships, community cooperation, cultural identity, and environmental resource management are often
discussed separately rather than as interconnected dimensions of livelihood transformation. As a result,
there remains limited understanding of how tourism-driven livelihood change affects the broader
sustainability of rural communities over time.

2.3 Tourism as a Mechanism of Community Capital Transformation

Recent literature has increasingly conceptualized tourism as a mechanism of community capital
transformation rather than merely an income-generating activity. From this perspective, tourism enables
various forms of locally embedded capital—including landscapes, traditional knowledge, cultural practices,
social relationships, and local identity—to be transformed into economic and symbolic value through
tourism-related activities. This process of capital transformation allows rural communities to connect local
resources with external tourism markets while simultaneously reshaping the meaning and function of those
resources within community life. Natural landscapes may become ecotourism attractions, cultural traditions
may be incorporated into tourism experiences, and social networks may become institutionalized through
tourism management systems and community organizations. Tourism therefore restructures relationships
among different forms of capital and influences how communities organize their livelihoods and
development strategies. Nevertheless, scholars also emphasize that capital transformation through tourism
is uneven and potentially contradictory. While tourism may strengthen economic capital and generate new
livelihood opportunities, it may simultaneously weaken social cohesion, commodify cultural practices, or
increase environmental degradation if development is poorly managed (MacCannell, 1973; Tosun, 2000).
Unequal access to tourism opportunities may also intensify social differentiation within communities,
particularly when tourism benefits become concentrated among specific households or local elites (Zapata
et al., 2011). These debates suggest that tourism should be analyzed as a dynamic process that
simultaneously produces opportunities, tensions, and trade-offs across multiple dimensions of rural life.
Understanding tourism as a mechanism of community capital transformation therefore provides a more
comprehensive analytical perspective for examining the relationship between tourism development and
rural sustainability.

2.4 Household Livelihoods as an Intermediate Linkage
Studies in rural development increasingly suggest that household livelihoods function as an intermediate
linkage between broader structural transformations at the community level and long-term sustainability
outcomes (Scoones, 1998). Livelihood strategies influence how households allocate labor, manage risks,
utilize local resources, and respond to changing economic opportunities. Consequently, transformations in
household livelihoods often reflect deeper changes occurring within community economic systems, social
structures, and resource management practices. When community-based tourism becomes integrated into
rural livelihood systems, its impacts extend beyond income generation to influence patterns of labor
organization, gender roles, social relationships, cultural values, and environmental resource use. Tourism-
related livelihood diversification may strengthen household resilience by creating multiple income sources;
however, it may also increase dependence on volatile tourism markets and alter traditional systems of social
cooperation and resource management (Zapata et al., 2011). Despite the importance of household
livelihoods within rural transformation processes, much of the existing literature continues to examine
tourism impacts in fragmented ways by separating economic, social, cultural, and environmental
dimensions from one another. This fragmented approach limits the ability to understand how tourism-
related livelihood changes collectively influence broader rural sustainability outcomes. A more integrated
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analytical approach is therefore necessary to examine how tourism-driven livelihood transformations shape
long-term sustainability across interconnected dimensions of rural life.

2.5 Research Positioning

Based on the literature reviewed above, it is evident that although extensive research has examined
community-based tourism and sustainable livelihoods, relatively limited attention has been paid to
systematically integrating these perspectives within a single analytical framework. In particular, insufficient
research has examined how tourism functions as a mechanism of community capital transformation and
how changes in household livelihood strategies mediate the relationship between tourism development and
rural sustainability outcomes. To address this gap, this study employs Mae Kampong Village as a case study
to investigate the relationships among community-based tourism, household livelihood transformation, and
rural sustainability. Using the Sustainable Livelihood Framework as the primary analytical lens, the study
examines how tourism reshapes different forms of community capital and how these transformations
influence the economic, social, cultural, and environmental dimensions of rural sustainability. By adopting
a process-oriented approach, this study aims to contribute to broader theoretical discussions concerning
tourism-led rural transformation and sustainable development in developing country contexts. It also seeks
to provide a more integrated understanding of how tourism may simultaneously enhance and constrain
long-term rural sustainability within community-based tourism systems.

3. METHODOLOGY

3.1 Research Design

This study employs a qualitative research approach using documentary research as the primary method of
investigation. It aims to examine how community-based tourism reshapes household livelihood strategies
and to analyze how these transformations influence rural sustainability across economic, social, cultural,
and environmental dimensions. A qualitative approach was selected because the study seeks to explore
structural relationships, social processes, and contextual dynamics rather than to measure statistical
relationships or quantify tourism impacts. The research adopts a case study approach focusing on Mae
Kampong Village as a representative example of community-based tourism development in a highland rural
context. The case study approach is appropriate because it allows for an in-depth analysis of the interactions
among tourism development, livelihood transformation, and rural sustainability within a specific socio-
cultural and environmental setting. This study applies the Sustainable Livelihood Framework (SLF) as the
primary analytical framework. Within this framework, community-based tourism is conceptualized as a
mechanism of community capital transformation through which natural, social, cultural, human, and
economic capital are reorganized and connected to tourism-related livelihood activities. The framework is
used to analyze how transformations in different forms of community capital influence household
livelihood strategies and broader rural sustainability outcomes.

3.2 Research Questions
The study is guided by the following research questions:
1. How does community-based tourism function as a mechanism of community capital transformation in
Mae Kampong Village?
2. How do transformations in community capital influence household livelihood strategies under
community-based tourism development?
3. How are changes in household livelihood strategies linked to rural sustainability across economic, social,
cultural, and environmental dimensions?

3.3 Scope of the Study
The scope of this study is limited to Mae Kampong Village. The village is selected as the unit of analysis
due to its recognition as a prominent example of community-based tourism development in Thailand and
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its transition from an agriculture-based economy toward a tourism-oriented livelihood system. The study
focuses specifically on the relationships among community-based tourism, transformations in household
livelihoods, and rural sustainability. Rather than producing statistical measurements of tourism impacts, the
research aims to explain the structural and process-oriented dynamics through which tourism influences
rural livelihoods and community sustainability.

3.4 Data Sources and Selection Criteria
This study relies exclusively on secondary data obtained through documentary research. The collected
materials include:

- Peer-reviewed academic journal articles

- Books and academic publications related to community-based tourism and rural development
- Previous studies concerning Mae Kampong Village

- Government and institutional reports related to tourism and community development

- Policy documents and tourism development reports

- Credible public documents and research reports relevant to the study objectives

Documents were selected based on three primary criteria:

1. relevance to community-based tourism, rural livelihoods, or rural sustainability

2. relevance to Mae Kampong Village or comparable rural tourism contexts

3. credibility and academic reliability of the source materials

Priority was given to peer-reviewed academic sources and official reports in order to strengthen the
reliability and validity of the analysis.

3.5 Data Analysis
The study employs qualitative content analysis as the primary analytical method. The collected documents
were systematically reviewed and interpreted through repeated reading and thematic categorization. Data
were organized according to key analytical themes derived from the Sustainable Livelihood Framework
and the study objectives.

The analysis focused on three major analytical dimensions:

1. forms of community capital transformation (natural, social, cultural, human, and economic capital)
2. changes in household livelihood strategies and livelihood diversification

3. implications for rural sustainability across economic, social, cultural, and environmental dimensions

Through this process, the study identifies patterns, relationships, and tensions associated with tourism-led
livelihood transformation and examines how these processes contribute to or undermine long-term rural
sustainability.
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3.6 Analytical Framework
To operationalize the Sustainable Livelihood Framework within the study, each form of community capital
was linked to specific analytical dimensions as follows:

Community Capital Analytical Focus

Natural Capital Environmental resources, ecological pressure, resource conservation

Economic Capital Income diversification, tourism-related income, economic resilience

Social Capital Community participation, cooperation, governance structures
Cultural Capital Cultural identity, cultural preservation, commodification of culture
Human Capital Local knowledge, skills adaptation, livelihood capabilities

This analytical structure enables the study to systematically examine how community-based tourism
reshapes different forms of capital and how these transformations influence household livelihoods and rural
sustainability outcomes.

3.7 Trustworthiness and Methodological Transparency

To enhance the trustworthiness of the study, data triangulation was applied through the comparison of
multiple types of documentary sources, including academic studies, institutional reports, and policy
documents. Cross-referencing these sources helped improve the consistency and reliability of
interpretations. In addition, the study explicitly outlines its analytical framework, document selection
criteria, and thematic analysis procedures in order to ensure methodological transparency. This approach
allows the analytical process to be clearly understood and potentially applied to similar rural tourism
contexts in future research.

4. RESULTS AND DISCUSSION

This section presents and discusses the findings concerning the relationships among community-based
tourism, household livelihood transformation, and rural sustainability in Mae Kampong Village. Drawing
on the Sustainable Livelihood Framework (SLF), the analysis demonstrates that community-based tourism
functions as a process of community capital transformation that reshapes household livelihood strategies
and generates both opportunities and structural tensions across economic, social, cultural, and
environmental dimensions.

4.1 Economic Capital Transformation and Livelihood Diversification
The findings indicate that community-based tourism has substantially transformed household livelihood
structures in Mae Kampong Village. Prior to tourism development, household livelihoods depended
primarily on agriculture, small-scale farming, and the direct use of forest resources. However, the expansion
of tourism-related activities gradually introduced a more diversified livelihood system in which tourism
became an important component of household economic strategies. Previous studies on Mae Kampong
Village indicate that tourism-related activities—including homestay operations, local guiding services, food
and beverage businesses, ecotourism activities, and the sale of local products—created additional income
opportunities for local households (Natthida, 2021; Orapan, 2019; Yodsuwan, 2022). This transformation
contributed to the diversification of household income sources and reduced dependence on agriculture as
the sole basis of rural livelihoods. Rather than completely replacing agricultural production, tourism income
often functioned as a supplementary source integrated into existing livelihood systems. Many households
combined agricultural activities with tourism services, particularly during peak tourism seasons, while labor
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allocation increasingly shifted between agricultural and service-related sectors. This mixed livelihood
strategy enhanced household economic flexibility and reduced vulnerability to fluctuations in agricultural
markets and environmental uncertainty. These findings support previous research suggesting that livelihood
diversification can strengthen rural adaptive capacity and resilience under changing socio-economic
conditions (Scoones, 1998; Zapata et al., 2011). Nevertheless, the findings also reveal that the economic
benefits generated through tourism development were distributed unevenly across households. Households
possessing stronger initial economic and physical capital—such as favorable geographic locations, larger
houses suitable for homestay adaptation, or greater financial resources for tourism investment—were
generally better positioned to access tourism opportunities directly. In contrast, households with limited
financial resources, limited tourism-related skills, or less advantageous locations often participated
indirectly through wage labor or supporting service activities with comparatively lower and less stable
returns. This uneven distribution of tourism benefits suggests that while community-based tourism
enhanced livelihood resilience at the community level, it simultaneously reproduced structural inequalities
among households. These findings reinforce critiques within the literature arguing that tourism
development may generate differentiated access to opportunities and uneven patterns of economic gain if
benefit distribution mechanisms are insufficiently inclusive (Tosun, 2000; Zapata et al., 2011).

4.2 Social Capital, Community Governance, and Social Tensions

The expansion of community-based tourism also reshaped social capital and local governance structures
within the community. Tourism development encouraged the establishment of collective management
mechanisms, including tourism committees, community regulations, and participatory decision-making
systems intended to coordinate tourism activities and regulate resource use. These governance mechanisms
strengthened collective organization and reinforced community cooperation in tourism management
processes. Previous studies indicate that community participation and collective management structures
played an important role in supporting tourism development in Mae Kampong Village (Jittima, 2018;
Natthida, 2021). In addition, tourism-related activities increased interaction and cooperation among
households through shared responsibilities associated with tourism services, environmental management,
and cultural activities. Community funds and collective tourism management systems contributed to the
redistribution of certain tourism revenues toward community projects and public infrastructure
development. Such mechanisms enhanced the role of social capital in supporting local governance and
collective decision-making. However, the findings also demonstrate that tourism development generated
new forms of social tension within the community. Unequal access to tourism opportunities contributed to
differences in economic benefits among households, which in turn affected perceptions of fairness and
inclusion. Households with stronger connections to tourism management structures or greater access to
tourism-related resources often possessed greater influence over tourism development decisions. These
conditions created tensions concerning benefit allocation, participation opportunities, and the future
direction of tourism development within the community. The findings therefore suggest that social capital
within tourism communities is simultaneously strengthened and challenged through tourism development
processes. While tourism can reinforce cooperation and collective organization, it may also intensify
internal differentiation and social fragmentation if governance systems fail to maintain equitable
participation and transparent decision-making processes (Tosun, 2000).

4.3 Cultural Capital Transformation and Cultural Commodification
Tourism development in Mae Kampong Village also contributed to the transformation of cultural capital.
Local traditions, lifestyles, cultural practices, and vernacular architecture increasingly became integrated
into tourism experiences and tourism-related economic activities. Traditional cultural elements—such as
local ceremonies, traditional houses, local food production, and cultural performances—became important
components of the tourism economy and contributed to the revitalization of local cultural identity (Orapan,
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2019). The incorporation of cultural practices into tourism activities strengthened community awareness of
local identity and increased the visibility of local culture to external audiences. In some cases, tourism
encouraged the preservation and transmission of cultural knowledge and traditional practices that may
otherwise have declined under broader processes of modernization and rural transformation. At the same
time, the findings reveal concerns regarding cultural commodification. As cultural practices became
increasingly integrated into tourism markets, some cultural expressions were gradually adapted to align
with tourist expectations and commercial demands. This process risked transforming cultural practices from
community-centered meanings into market-oriented performances designed primarily for visitor
consumption (MacCannell, 1973). These findings suggest that tourism-related cultural transformation is
characterized by an ongoing negotiation between cultural preservation and economic adaptation. Tourism
may contribute to the revitalization of cultural capital while simultaneously creating pressures that reshape
the meaning and authenticity of local cultural practices.

4.4 Natural Capital and Environmental Sustainability

The findings further indicate that tourism development significantly affected natural capital and
environmental sustainability within the community. Because natural landscapes and environmental quality
constitute central tourism attractions in Mae Kampong Village, tourism development created incentives for
environmental conservation and resource protection. Community regulations concerning forest
conservation, waste management, and environmental protection were strengthened in response to the
growing importance of environmental quality for tourism development (Orapan, 2019). However,
increasing tourist numbers and tourism infrastructure expansion also generated environmental pressures on
the local ecosystem. Tourism growth contributed to increased waste generation, water consumption, traffic
congestion, and pressure on fragile mountain ecosystems. Seasonal overcrowding and intensified resource
use raised concerns regarding ecological carrying capacity and the long-term sustainability of local
environmental systems. These findings demonstrate that tourism simultaneously functions as both a
motivation for environmental conservation and a source of environmental pressure. The sustainability of
tourism development therefore depends heavily on the effectiveness of local environmental governance
mechanisms and the community's capacity to regulate tourism expansion within ecological limits (World
Commission on Environment and Development, 1987).

4.5 Human Capital and Skills Adaptation

Community-based tourism development in Mae Kampong Village has also contributed to the
transformation of human capital within the community. The expansion of tourism-related activities
encouraged local households to develop new skills and adaptive capacities associated with hospitality
services, communication, tourism management, and small-business operations. Participation in homestay
management, local guiding, and tourism-related enterprises enabled community members to acquire
practical knowledge and service-oriented competencies that differed from traditional agriculture-based
livelihood skills (Scoones, 1998; Ellis, 2000). In addition, tourism development promoted learning
processes within the community through cooperation with external organizations, tourism networks, and
government agencies. These interactions contributed to increased awareness of tourism management,
environmental conservation, and community organization. Such forms of human capital development
strengthened households’ ability to adapt to changing economic conditions and diversified livelihood
opportunities (Chambers & Conway, 1992). However, unequal access to tourism-related training,
education, and learning opportunities also created differences in households’ capacity to participate
effectively in tourism activities. Households possessing stronger educational backgrounds, communication
skills, or external networks were generally better positioned to benefit from tourism-related opportunities.
These findings suggest that human capital plays an important role in shaping adaptive capacity and
influencing the uneven distribution of tourism benefits within community-based tourism systems.
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4.6 Community-Based Tourism and Rural Sustainability

Taken together, the findings suggest that community-based tourism in Mae Kampong Village functions
simultaneously as both a supporting and a constraining force for rural sustainability. Tourism development
contributed to livelihood diversification, enhanced economic flexibility, and strengthened certain forms of
community capital, particularly economic and organizational capacity. These transformations improved
household adaptive capacity and reduced exclusive dependence on agriculture-based livelihoods. At the
same time, tourism development generated new vulnerabilities associated with unequal benefit distribution,
social differentiation, cultural commodification, and environmental pressure. These contradictions
demonstrate that the relationship between tourism and rural sustainability is neither linear nor automatically
positive. The findings therefore support the argument that the sustainability outcomes of community-based
tourism depend largely on how communities manage the transformation of community capital and regulate
tourism development processes. Long-term rural sustainability requires governance systems capable of
maintaining equitable participation, balancing economic benefits with cultural and environmental
protection, and strengthening community adaptive capacity under changing tourism conditions (Suntikul &
Dorji, 2016). From the perspective of the Sustainable Livelihood Framework, the case of Mae Kampong
Village demonstrates that sustainable rural development cannot be understood solely through economic
growth indicators. Instead, sustainability depends on the dynamic relationships among livelihood
diversification, social equity, cultural continuity, environmental management, and the capacity of
communities to negotiate trade-offs arising from tourism-led transformation processes (Scoones, 1998;
Chambers & Conway, 1992).

5. CONCLUSION

This study examined the relationships among community-based tourism, household livelihood
transformation, and rural sustainability through a qualitative documentary analysis of Mae Kampong
Village, Thailand. Drawing on the Sustainable Livelihood Framework (SLF) as the primary analytical lens,
the study conceptualized community-based tourism as a mechanism of community capital transformation
that reshapes economic, social, cultural, and natural capital within rural communities. The findings
demonstrate that tourism development in Mae Kampong Village extends beyond income generation and
functions as a broader socio-economic process that restructures household livelihood systems and
influences long-term rural sustainability across multiple dimensions. The study found that community-
based tourism contributed substantially to livelihood diversification within the community. Tourism-related
activities—including homestay services, local guiding, food and beverage businesses, and the production
of local products—created additional income opportunities and reduced exclusive dependence on
agriculture and forest-based livelihoods (Natthida, 2021; Orapan, 2019). Rather than replacing agriculture
entirely, tourism became integrated into mixed livelihood systems in which households combined farming
activities with tourism-related work. This diversification strengthened household flexibility, increased
adaptive capacity, and reduced vulnerability to fluctuations in agricultural markets and environmental
uncertainty. These findings support previous studies suggesting that livelihood diversification can enhance
household resilience and adaptive capacity in rural communities (Scoones, 1998; Zapata et al., 2011).
However, the findings also revealed that the benefits of tourism development were distributed unevenly
among households. Access to tourism opportunities was strongly influenced by differences in economic
resources, physical assets, social connections, and participation within tourism management structures. As
a result, some households benefited more directly and consistently from tourism development than others.
These inequalities generated new forms of social differentiation and highlighted structural challenges that
may undermine the long-term sustainability of community-based tourism if not addressed through inclusive
governance mechanisms and equitable benefit-sharing arrangements (Tosun, 2000). The study further
demonstrated that tourism development transformed multiple forms of community capital simultaneously.
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Tourism strengthened certain aspects of economic and social capital through increased income circulation,
collective management systems, and community participation in tourism governance. At the same time, it
created tensions associated with cultural commodification, unequal participation, and environmental
pressure on fragile mountain ecosystems. These findings indicate that tourism-led development involves
ongoing negotiations and trade-offs among economic growth, social equity, cultural continuity, and
environmental protection (MacCannell, 1973; Suntikul & Dorji, 2016). From a theoretical perspective, this
study contributes to the literature by extending existing discussions of community-based tourism beyond
outcome-oriented evaluations focused primarily on economic impacts or tourism performance indicators.
By integrating the Sustainable Livelihood Framework with the concept of community -capital
transformation, the study provides a process-oriented understanding of how tourism reshapes livelihood
systems and influences broader rural sustainability outcomes. The findings also underscore the importance
of household livelihoods as an intermediate analytical linkage connecting tourism development processes
with long-term sustainability dynamics at the community level (Chambers & Conway, 1992; Scoones,
1998). In practical terms, the findings suggest that rural sustainability under community-based tourism
cannot be achieved solely through tourism growth or increased tourist arrivals. Sustainable outcomes
depend on the capacity of communities to manage tourism development through effective local governance,
equitable participation, transparent decision-making, and the protection of cultural and environmental
resources. For policymakers and development practitioners, the case of Mae Kampong Village
demonstrates the importance of approaching community-based tourism as part of an integrated rural
development system rather than as an isolated economic strategy. This study also acknowledges several
limitations. As the research relied exclusively on documentary analysis and secondary data sources, the
findings are constrained by the availability and scope of existing documents and previous studies. The study
therefore may not fully capture recent changes, local perceptions, or internal community dynamics that
could be explored through field-based qualitative research. In addition, because the study did not involve
direct field observation, interviews, or participatory research methods, it was unable to examine informal
power relations, lived experiences, and real-time community responses to tourism development processes
in full depth. Future research could extend this analysis through interviews, ethnographic methods, or
participatory approaches to better understand household experiences, local perceptions, power relations,
and long-term adaptation processes within tourism-dependent rural communities. The findings directly
address the research questions by demonstrating that community-based tourism functions as a mechanism
of community capital transformation that reshapes household livelihood strategies and influences rural
sustainability across multiple dimensions. The study shows that tourism contributes simultaneously to
livelihood diversification, community adaptation, and local economic development, while also generating
structural challenges related to inequality, cultural commodification, and environmental pressure. These
findings reinforce the importance of analyzing tourism as a dynamic rural transformation process rather
than as an exclusively positive development strategy. In conclusion, community-based tourism should be
understood not only as a strategy for rural economic development but also as a complex process that tests
a community's capacity to manage changing relationships among livelihoods, community capital, and
sustainability. The long-term sustainability of tourism-based rural development ultimately depends on the
ability of local communities to maintain a balance among economic opportunities, social equity, cultural
integrity, and environmental limits while continuously adapting to changing external conditions.
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Abstract

This research aims to 1) study the demographic characteristics, 2) study the level of
logistics factors, 3) study the level of decision-making in choosing freight forwarding services,
and 4) study the logistics factors that influence the decision-making in choosing freight
forwarding services of entrepreneurs in Mueang District, Nakhon Ratchasima Province. This is
quantitative research using questionnaires to collect data from 400 entrepreneurs with
physical stores and online stores in Mueang District, Nakhon Ratchasima Province. Descriptive
statistics: frequency, percentage, mean, and standard deviation, and inferential statistics:

multiple regression analysis.

The results showed that the technology system used in the service, the transportation
time, and the safety of goods significantly influenced the decision-making in choosing freight
forwarding services of entrepreneurs in Mueang District, Nakhon Ratchasima Province, with and
collectively predicted, 78 percent of decisions regarding the use of a freight forwarding
company. The findings of this study can be used to plan competitive strategies, create a

competitive advantage within the industry, and enhance customer satisfaction.
Keywords: Decision Making, Freight Forwarding Services, Entrepreneurs
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vosgnen ferdunauaganuduialunisiniiuauvesgsia (3) seuumalulagnldlunisusnis (u
QI dy Qll a b4 o v d" v a a Y a dy 2 o 6 ¥
daugrungsiadeshlUldineaiislsedniamlviiiaduneluesdns laenisiinisuseynely
waluladiion1stueasuliinuseans A wlun1sILEIEUA NISIARBUENY NNSASIADU SIUNINS
ATITAAUAIMIEUINTS WkA seuunisuanasudeyanediannselind ssuvuisidn swausiiag

[
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IANIAGIFUAT UAEITUUNITIANITNITUUES (4) sazianlunisvuds Ae nszurumsiunisAIuIN
Suunafduddumsandunsluguatsms nefiarsailudesnsdudunisvuds wagn1sns
uHUNsYLds Wledaoudud manszaneAumilriaiognldnssmuniudesnisuasasmiae
aelddeulugnies gndl wazgnnan uay (5) mnudasndovesdudi deidunssuussiudud
Wiolvglduinsidnifnauislanazsivlalunsidenldusnsvuds amnuvasndovesdudn sauiluds
msauadumseninldiiiinanugeyie ldideneseninnsuuds wasfedaninsansiadeuanIue
auAlanaanaiia

wuAakazngufn15andula Kotler & Armstrong (2022) nd1311 n1sandulaliendunivse
Uimsfinoulandvemuiosnniian nsdadulatniAntuneldiadedunden T nisdalusTudy
fuurthnyarady wginssumendaniste nmsldaud msldsumauinig Tnefiguslanasyiinis
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nagdanadionnudiniuaznisuensieveruslaa lngduslaauiasauarinssuiunmsdnaulaunnsig

Y =

u MelluegivUszinnuesdum n1suimsnlesu laun duduisssiamensldiaiuiuiazieanis

Qe

Foyaunuvinisusznaunsdindula 1Wusiu

INUNANKAIN TR Laun LuAawasngufuszainsmans wnankazngulauladannd
wazunAnLazvquinsindula fideunnnuszgndldiunuids onseasudvswaiidunguag
AudSaesgsiauinisvuds SsllnasensdnavladendlviuinisvudwesiUseneunsgsianih
Frunazeoulal lwwndunadios Jminuassvdun lnenan153deavdelvgsfausnisvudiinnug
Fnsudmsdans neduiunuressia eaannufimelauazanuuseiiulaungnd wiouds
Preligsisuinsvudedumisnmsiiudnenwmanisudsiulugaamnssudifinnsasunlasedng

ndlugalagiu dnseunuifanisivy

AU 5dase AU snIY

anwazUszyINsAEns

1. Wne

2. 91

3. S¥AUNIIANYI

4. 1eldiade
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AN 1 NTOULUIAANITING

ad o a

4. F/ANUUIIUIY

{39817 Uuuun1939e199U3u1as (Quantitative Research) Fadun1s3duided1599 (Survey
Research) Tnglduuvasuaiuiiadiad uainmsnuniuanuidelusinuazuuvasuniuldwiunis
ATIVABUANNIN LﬁamsﬁaLﬁaﬁﬂumsLﬁmaumwﬁayjahmsﬁﬂmLﬁmﬁu{ja%’aﬁﬁﬁw%waﬁams
anduladenldusmsuivnvudiduavesdUsznaunmsiulndneiiies famiauassvdun ned

eazden Al
4.1 Uszunsuasngunegng

Usgpnslunsnwiaded fo nisdeduladenlivinmsuidmuddudesusznouns Tu
wasuneiles fminuasnednddinsuinnuuszvinsiuiuey alal¥35nsAuanlagldgns
NSAMINTLNAGIBE19 (Sample Size) ¥83 Cochran (1974) fiszdupnudetiudesay 95 AruAaIA
\ndeudesay 5 ldvunngusiedna 400 au ¥insgunguiieesuutianzas (Purposive Sampling)
Tagyhnsuanuuugeunmlawmznguiiet 1t Ul Useneunsgsfavedudmniininiuuas Sudn

paulal Tulnanalod 9TAUATINVELN
4.2 auUsnlylun1sive

PMNMINUILULIAR M1qw]] wazsnAdeiAeades wud Jadeiidunguaganuduaves
gaRUInsvuds deilnasensdnduladendliuinsvudsesiusznounsssfianthiunazesula
I¢sudvEwannuanetiade MdlutladedudnuarUsssinsmans wariladodniladaind siainnns
nuIULI T atesvesalguy 29¥iasy wavamy (2569) nan1s3Ted Iniulidnuae
Uszmnsanans Jadedinuszaunansnaindaasienginssunisdnaulaiendliuinisuudaves
fusznauntsgsnvoaulal vasficniteveaiie AMusuia uazamy (2569) nansidedlvifudy
ANuaNsanuladafndlidninasrenisdndulaifenlduinsusdndunusuianisvudedue
seinatssne nadidn usdvenvuwimislungunmaviuns ednsdifedAamneada sauv
LIARLAENY WYY Lambert, Stock, & Ellram (1998) 5831 nayuaiidianuddnysiegsiatieuyn

Usstnn Inglunauan1sdnmingiu n1sudn n1sve waznsindvieluvaisgsia amillinu
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nanssuruladadnd (Logistics Communications) wail fusznaunisdeslianudrdyiuduyuain
nsvuds N13U3NNsanA seuumalulagnlilunisuinig ssesanlunisvuds uazanuUasnsieves
dudn FsdodutadouasdusuyuidAguazdinansenuionsinnis NsusmsAuyuvoIEnsue

) o

Lazn13uU3INg Mty §ITedsinnsanadedadunndssgndlduazinundvuadunseuuuifanis

a

350 Wednwdadudnwardszrinsmans uazdadosulaiafndfisisnsnadenisinduladenld
UInsusEvvudsduAvesUsgneumsiundinalles Smiauassvdun Jailudnisivunansay
wwaAnn1s3deuagldidunuanislunisinszideyq Fail Faudsdu Uszneudae 2 fauds Ae 1)
anuwurUsErINIMmIEns Usenaunie na 81y sEaun1TAny sldede uwaz aorunn 2) Jade
sladafind Usznoue dunu msuinisgnd szuumaluladildlunisuinig szegnadlunng
YU warANUannnesdual Aiudsaiu Ao nasaedulaldenldusnisusenvudsdunives

Ausznounstulngnaliied Jaminuassvdnn
4.3 3a9dlaNtylun1sIe

A538eASeiidun535818 941599 (Survey Research) tadasilofildlunsisensed fe
wuuaeun1uUa1eUa (Closed-end Questionnaire) WuvdauaIummuaUsiuAInulinsounay
munseuLAnlunFITeRRnTesiudadoslaiainduazmsinduladonlduinisuTenuuds
AufvesUszneunisgineiedudifiiniiiunaziudeeulat lulwnsuneiiies sawin
ups el Tnsuuuasunuiidaudansesnounsuuuuasuay S 2 9 fe dodi 1 vinwduy
FUszneunsgsinedumdiiinihunasiudesulafliviels wazdod 2 vinududusznouns
gstavedudlunsinadies fwtauassvdunlavioll wuasuamdansesis 2 4o mngmey
WUUEDUNNRBUINY anunsaviwuuasuautesialule wivingnausuuasununeuilily Tves
yuuuae Uy wazkuudeunuiilddmiunisidoased uvseenidu 3 dou léun doud 1
wuvgsun gt uteyaniluvesneunuuasuany $1udu 5 T Usznausie tne o1g e
ns@nw 518ldads wazanuaw @il 2 uwuasuamiieaiutedesuladaind Usznausie 5
s oA sudunu fun1suinisgndn fuszuumaluladfilélunisuinig fuszeznanlunng
yuds wazsuauUaenisvesdudn S 15 Yo uavdiud 3 wuvasuanuiAsaiunisindule
Fenldusmsuismuudeduivesusznounis S1uau 5 4o Tnsuuuasuaudud 2 uay 3 sy
ms¥adunsnnatu (nterval Scale) o4 Likert (1961) 5 sedu fadl 5 munefls danuAnivegly
seiunnian 4 wanefis fnwAniuegluszduun 3 vuneds fanuAaiusglusedudmnais 2
vineda danwAnfiuegluszdulios uaz 1 mneds fanuAniueglussiuiesiign Inefmue
inassinslipzuuunsmAtedsvesineusiete TiuA 4.21 - 5.00 sziunwAiueglusyfuLN
flgn 3.41 - 4.20 szuaNAMTusglusTAUIIN 2,61 - 3.40 szduAMARTueylusEiUUIUNag
1.81 - 2.60 sefuANLARTugluszAuTion 1.00 - 1.80 seduauAndiuetlusziutiosiign (uryw
A3dr01n, 2556)
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< v
4.5 NI13NUIIVIINVIUA

ARdevinisiivdeyatguadl tnelduuuasuauesulairiiu Google form uuunannasuan
link uazunanWosudsnueaulativeeUsynaunis wu Line Facebook Tiktok tnatdonngusdimvaneg
aelunguainguszneunisgsfavedudisiminuuaziudesulal luunsuneiiies Smin
ups91EN AUSNMUSmdUsEneunsvudsianduau 400 au iudeyalutiafeusuna 2568
09 UN3IAN 2569

v

4.6 d0ANIYIUNITIVLLAZAITIAIIZITOUA

U

1. Mnsesideyarmeaifdmssaun (Descriptive Analysis) 1lun1sinsesideyaraly
YD NOUUUADUNIN Lo b1 AR08 (Frequency) A¥esag (Percentage) d1%$UNISAOY
Snquszasiniside defl 1 Anade (Mean) uazadrudosuuamnsgiu (5D) 1lumsieseidedy
suladafing Usznause 5 s leun fudumu dunisuinisgndn sussuumeluladdildlunns
UINTT AuszEzIalunsauds kazauaulaenievesdunl uaznisandulafenldusnisuien
yudsduiuesiiUsznouns dmsunsmeuinguszasinsise def 2-3

1% aa

2. MyBATIwRTeanIgalALlseuNIY (Inferential Statistics) l¥iNensIaa0UALNAZIUANT

Y
[ = a

398 enaaautasenulalafndnidansSnanani1sanauladanldusn1suS eNIUEIAUA1UD

AusEnaunts Tundunailes Jwminuassvdun lagldnsiiesgvaunisannesnvan (Multiple

'
°o v aad (%

Regression Analysis) A9835 Enter fvuaded@iAynsadianiseau 0.05 dmsunisneauinguseasa

o

N15398 Uo7 4 wagnNIVAFeUANNAFIUNITITY

5. WHAN153Y
5.1 wan1sAaTsidayaniluvasgnauiuuaauniy

5.1.1 Yayaniluvesinaunuusauaiy

Anounuuasuaudulngldunands $1uau 252 au Anduiosas 63.00 Tenglugas
21 - 40 U §7uau 208 au Anduseway 52.00 dnsAnwseauuSayu1ns 311 212 au Anduy
pray 53.00 fiseldadenawiousening 20,001 - 30,000 UW S1ua 278 AL AnduSeas 69.50
wazianunnlan $1uiu 346 Au Anldusesay 86.50

a 1

5.1.2 Han1saAs1zuseautalteaulalannd

nan133iasieiteya wuin Yadeduladaind lunnsiweylussduiiudieuin
(X= 4.17, SD. = 0.50) wlofarsandusiasiu wuii druiilussaudiusieuiniign 97U 2 a1y
Tawn szuuwmalulag 7 lgiun1suinis (X= 4.35, SD. = 0.76) wara1uAINuUaend 8 uaaduan

(X= 4.21, SD. = 0.70) dhusuilusziudiusneunn $1uau 3 su Téun dusunu (X= 4.14, SD. =
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0.59) ANUTLELLIAINITVUEAS (X= 4.09, SD. = 0.69) UAAIUNITUTNITYNAT (X= 4.06, SD. = 0.81)

ANUANNU Laedisieaziden nail

AuAUNY JUsENauMIgsnveduiiininiuuassuseeulal lulwndunaiiles Janin

= = v a 3 a o w v 4 1 Y a ] a a e 1
uAsTvdu dsgauanuaniulaesesaduanuiniumdes lawn liuinisvuddadafnddan
YudumEnzaudl oW unuglusN1ITedu ArvudslrusmsvuddadafndminzauiuaunInnis

a s

Wiusns wagdlviuimsvuddladainddsamvudmainvany audey

AUNITUTNTRNAT HUsENauNTsEsNaveduanininiuuazsumesulal lulwadune
ies dariauassvdnn dseduanufaiulaeiesdisuanuiniumides Tun gliuinisvuddad

a s o 4 4 (% = = & o/ Y a | a Aa fa a o
aindinunaulinisaeusu dunsem HUUYYFUNUD f}ﬂ‘iﬂUiﬂ’ﬁ“UUﬁQIﬁﬁ]ﬁﬁﬂﬁﬂJ‘Uiﬂ?i/@'ﬁﬂEJF’YJ'HJ

A¥AINMEINTITUEY wazg iuIn1svuddladafndiiusnisvudieniiaInufgnAtneanis auaey

auszuuwmalulagnldlunsuinig dusenaunisgsiaveduiniindsuiasumeauladl
Tulnsnaiies JanitauassIvaun dseduainudsiulaaissaisuainuintumdes Tawn

a

W
Tusnsauddladafnddszuunsfianu/nsvaeunisindsdualanasniian dliuinsvuddad
afndiinsiiisusazdedud o anulinvaneriussuukeundlady waghliusnisvudidadanndd

gunsal/inIesileviuad WnUseansnmmsuiUianu auaeau

AUSEEELIAINTYUES JUsEnaun1sssiaveduamininiuwasumesulal luwndune
W99 T auATIIvALT TseaumnuAaiulagisesdsuanun ey Tawn ASAYERRELIGE
Tadadnddlszezanlunisvudsnmungay Tusnisvudalalafndilnisasuauaumlunsmisaniy

a

wagg iusn1svuddladafnddsdummuiunaiiimun auaau

AuaUUaenfevesdui Jusenaunisgsiaviedusniniiiuwassuieoula Tuiun
gunaiie Yminuassvdun dszduanuAaiulaeiesanuanuinlumdes lown gliusng
yuddladainddnissudseiududn dliusniswuddadafinddnisfuuseiudua waznislviuinig

yudsladafndluiiduigayme/domeseninansvues Uiy famns1ed 1

A58 1 Hanesgvssauladunuladadind mertadowasadiulstuuinggiy

a 4

Uaeauladannd X | SD. | wlawa |anau

1. sumu 4.14 {059 | 11N

a 1 1 [

- uinsvudladaanddrvudunuizanidoeunug | 429 [ 0.68 | windian | 1

&

Tusn5518U
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Uadeauladanng X | SD. | wlawa | a1y
- Arvude Iusnisvuddadaindivunzauiunuainnig | 4.16 | 0.81 1110 2
Tyusnng
397 | 0.91 41N 3
- giusnsvuddadafndiinmevudmainvaiy
2. N13UIN1TQNAN 4.06 | 0.81 4N
- gliusnsvudaladafndiiuinis/snneanuarainvainisee | 4.10 | 0.74 110 2
- {liuinsvuddadaandduinisvudineniiainiufignan | 3.88 | 0.91 1110 3
ADINIT
- Hlusn1svudladafnddndnaulinisdeausu duisen o
v 4.20 | 0.86 | 1
UyYwddUNuS
3. szuumalulagniglunisusnis 4.35|0.76 | uniign
- {iusn1svudaladandinisidnsunazdsduan o ao1untda | 4.36 | 0.98 | wnwian 2
PUIYNIUTEUULDUNALATU
- glAusSn159UdIlad @R ndlssuuUNISRAMNIL/ASIVABUNITINES o
b 4.43 | 0.71 | 11nfign 1
AuAlanaanian
- liuTnisvuddadannddeUnsaling sadeviuade
WudszansnmnsUfiReu 4.26 1076 | annviga | 3
4. STYLIAINITVUES 4.09 | 0.69 11N
- gliusnsvudaladafnddsduinuiunainmug 4.03 084 | 11N 3
- gliusnsvudaladafndiisseziianlunisvudaivansay 420 [ 0.82 | w1 1
- gliusnisvudaladafndiinisdeeudualunsdliseiu 4.06 | 0.76 | 1N 2
5. aAnuUaniyvasdud 4.21 | 0.70 | wniign
- giusnisvuddladafndiinsfuuseiuduam 435 (088 | wnfign | 1
- msbruinsvuddladadndlifidumgyme/ doneseninems | 3.96 | 071 | 1N 3
YUA
- HlUsNsvudsladafndiinissulseuaun o
. 433|074 | wndign | 2
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a 1

Uaeaulaldanng X | SD. | wlawa | a1y

a s

squtdarwaulaldannd 4.17 | 0.50 4N

5.1.3 Han15IAsIzsEaunIsanaulatdanldusnIsuSEnvudIduAn

HANTIATIEVTRYA WUl NsAnduladenldusnisusvnvudeduavesgusenauns
TuneneLilos 39MIAUATINIVELN Tumwmmeﬂmzé’uLﬁu@’hamaﬁq@ (X= 4.36, SD. = 0.54)
A a & v = o w o Y 1 o Ao | Y g Y a —
WaNa1sauduseaulags89a1auaNnun buntes town ianasdeninseni1snlgusnig (X=
4.44, SD. = 0.71) 51A1ANYUEAWNUIZANAUNITIAUTNT (X= 4.43, SD. = 0.61) FuADANUIY
Ua1em19 ATUAINTINIUNTAF991NAUNIG (X= 4.43, SD. = 0.76) N15UTNITHUINTFIU A56IBLIA"
(X=4.26, SD. = 0.63) warnunauissedes 1Duling wazdanunseiasasulunisliusnisuasdl

FIUEND (X= 4.23, SD. = 0.84) mUa1AU
5.2 HaNIINATDUANNAFIY

H1: Jadenuladadingd laun Arudunu A1un1susnisgnan aussuumalulagnldlunis
U3NNS AUSLELIATMUNITIUES WazAIUANNUADANURIAUAT LanSnananisanauladantdusnig

UInuudsdumveausznaunis luwngineiiles Jaminunssvdun

AT 2 WU3T A1 VIF TA5Er3ne 1.139 - 1.708 Falaiiiy 10 wanedn auduius
sgisdanysdasylinelimiAntdenn (Miles et al,, 2014) waya1 Tolerance HA5E1I14 0.586 -
0.878 33laia3siinin 0.2 (Pedhazur, 1997) @1 Adj. R winffu 0.780 aSunelddn nsndulaidentd
U3N1sUTENINdsduAverUsznauns lulwadunawies Yandauassnvdun Wunauiaindade
suladafind leun fudumu sunsuinisgni smussuumaluladildlunisuins suszeziom
Tunsvuds wassuaulasniovesdudi Sevay 78 duilwdedndevas 22 Wunawandnina
YossuUsay

dwmiudadeduladafndi dawadonisdadulaidenlduinisuivnvudsdudves
fuszneums lulwnsuneilos fmiauassvdun Iiun Yadosuszuumaluladildlunisuinig
(x3) (Sig. = 0.000) JadpAuszeziaTlunIsuUEs (x4) (Sig. = 0.000) waztaduauauUasnieves
Audn (x5) (Sig. = 0.000) Faflertiosndn 0.05 Feagulédn Jadedanan v 3 Jadeidvdnarents

Y a

anduladienlduinmisusvnvuddunvesiuseneunis lulwnduneailes Yamdauassvdun egradl

'
v o aaa [y

HedAyn1sananIzau 0.05

wenINiwan1Idy nud1 Jadeduaunu (x1) (Sig. = 0.431) uazadeaunisuinisgnan (x2)
(Sig. = 0.634) LiifldnsnadonsandulufenlduinisusdnvudedunvesUsznounis luungine

'
o w aada (%

o9 FinuATIIvENT a8 19lTsd1AYNNETANTEAU 0.05 FINI5N 2
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1379 2 mﬁmiwﬁmiamaaww@jm (Multiple Regression Analysis)

fauds B Std. | Beta t Sig. Collinearity Statistics
Error
Tolerance VIF

(Constant) 0.587 | 0.117 5.011 0.000*

G’Tunu (x1) 0.082 | 0.027 | 0.099 | 0.421 0.431 0.632 1.583
ﬂﬂiU%ﬂWiQﬂﬁﬂ (x2) 0.041 | 0.020 | 0.046 | 0.726 0.634 0.603 1.658
szvuwmeluladiildlunisusnns | 0.146 | 0.022 | 0.20a | 6.6a1 | 0.000 0.586 1.708
(x3)

S2ELAMUNITVUAS (x4) 0.133 | 0.020 | 0.168 | 6.683 | 0.000* 0.878 1.139
AMUUABANYVDIAUAT (X5) 0.146 | 0.023 | 0.186 | 6.462 | 0.000* 0.666 1.502

R = 0.885, Rz = 0.782, Adj. R2 = 0.780, F = 283.273, Durbin - Watson = 2.121
* Afuddyneadansediu 0.05

[

LATAIUNSOBUANNITANUALNUSLA padl

Y = 0.587 + 0.146 (x3) + 0.133 (x4) + 0.146 (x5)

6. dsUuazaiusena
nnnsntladeiifidvsnasionisdaduladonlduinsuitmvudsdudvosUseneuns Tun
gunafier Jmiauassivdu wuln greusuvdeunudlngdumends 01y 21 - 40 U nsfinw
SEAUUS Y IN3 fisneldiade 20,001 — 30,000 UM warian unnlan donrdesiuUITees alg
uy 19¥1a3 e uazAy (2569) Anudn fUszneunisgsiaseeulatidumeands deong 31 - 35 &
seldviaiiiou 15,001 - 25,000 UIn denndasiuauAdeves Ingan Aand uazaniz (2568) finuin
andndumandgs fong 26 - 30 ¥ wazmsAnwszdviyae3 iesanndunguiisenyiifinig
Fnennlunsmdeya iWusinandlunsdeloansnszanedudi Tnefiansuidengsisuisnuuds
Aud19Inqann Msdseududn saanisnsyatsdudlidedioquiian dufu doyaialuves
fusznounmsanunsaliidugudeyalunsdsinas feulwmamssaafielilunisudsiuvesgsia
Tumshinnegitadesnlaiaind wuin Jedenildvsnariensindulaidenldusnsuisnuuds
dufvesiusznounts Tuwnduneiles Sminunsmeduedditeddy fe szuumaluladilily
M5U3NT sregatlunsvuds uazanuUasnseredud Ssansifeasvioulsiiiuin msuims
Fansmsvudediudeserfemalulad ieviedisaiuagain Wiuauadesiilun1suImg
fan1svudsdudn Paevilinssuiunsinsweanisuudeiussansan nisa wasiduguntu 3

SEUUNISAANIN/MTIVADUNITINAIRUA LI NADMAT B8TMNITINIHULEUNIS N1SIARITIIVUES &
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mMadhsuardsdui a anuiitamnesinuszuuteundiadu shldsussaunuvesnsvudsinle
wuudElufR annaTesuenaTs Tuatuneuis dou figunsni/edesioviuary WiaszAvam
mMsUfTRNU MIsnTvaeuanuzdudldnasninan lgsiafaanalusslawazadrennudoru
Trituglduinms eilluFesassrozinalumsvuds uazanudaonsevesdud Geiaifutladeddy
fidsnalagnseiaUszansammsaiduinuresnsvudadud s ranansnneUaueInILgeIng
¥93gnA1 a¥19muianele iiuauamisalunsuysiuvesgsia lnsgsAadesdandnlunis
fufuns ludesmsaisanudesiu anmnudeme gymievesdudi viensgnalugszninams
yuds deevdudiliiadiegnailuaniwauysel fmssuusedudud dedudiauiunaiiiimua
AonARBITUNUYEY aiguY 19WLaTY wazANy (2569) Inuin Uimsvudsduiiifusyneunisidenty
fusnsilsanasgninasensdnduladendliuinsvudsesiusznounsgsivesulatl aenndes
fuauwes I8a Muzuia uazam (2569) finuin msvhausmeaulusda szuudeyaasaumne
wazwmalulad dnasenisandulaidenlduinisuTyndiunusuianisuudeduanseninalsema
nsdifinun Uisnenvuwimislungaymuviuas aenadesiuauves nuavun e uay fuian
fisn (2560) finudn Jadelumsidendliiuinsvudsdud nsdAnwiuisniae Wndinsa WUszina
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Abstract

This research was studied the motivations for work performance development among
7-Eleven convenience store employees in Bangkok. This research aimed to examine the
motivation factors influencing job performance development among employees of 7-Eleven
convenience stores in Bangkok Metropolitan Area and to investigate the relationship between

Motivator Factors, Hysiene Factors, and employees’ job performance development.

The sample consisted of 400 employees working at 7-Eleven convenience stores in
Bangkok. Data were collected using a structured questionnaire, the reliability of which was
assessed using Cronbach’s Alpha coefficient. Statistical methods employed for data analysis

included percentage, mean, standard deviation, independent samples t-test, one-way analysis
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of variance (ANOVA), Least Significant Difference (LSD) post hoc test, Pearson’s correlation

analysis, and multiple regression analysis.

The findings revealed that most respondents were female, aged between 31 and 40
years, employed as customer service staff, held a bachelor’s degree, and had less than one
year of work experience. Overall, Motivator Factors were rated at a high level. The highest-
rated aspects were pride in successfully closing sales and recognition of the value of one’s
job role, followed by autonomy in solving customers’ immediate problems. Hygiene Factors
were also rated at a high level, with teamwork, cooperation, and mutual assistance among
colleagues receiving the highest mean scores. Furthermore, overall job performance
development was found to be at a high level, particularly in terms of fostering a climate of
trust, performance evaluation, organizational commitment, and employee capability

development.

The hypothesis testing results indicated that differences in gender, age, job position,
and work experience significantly affected Motivator Factors, Hysgiene Factors, and job
performance development at the 0.01 significance level. Educational level was found to
significantly influence Motivator Factors but had no significant effect on Hygiene Factors.
Moreover, the results of correlation and multiple regression analyses demonstrated that
Hygiene Factors were a significant positive predictor of employees’ job performance
development at the 0.01 significance level. Based on the results of the data analysis, the
following policy recommendations are proposed to support organizational development and

improve organizational efficiency and effectiveness.

Keywords: Convenience Store, Motivator Factors, Hygiene Factors, Performance

Development
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Abstract

This research aims to examine the key factors influencing consumer participation intention in textile waste
reverse logistics in Thailand. Specifically, it investigates the effects of recycling awareness, social
influence, institutional support, recycling infrastructure, and economic motivation on participation
intention. This study adopted a quantitative research design. The research instrument was a structured
questionnaire, and data were collected from 422 Thai residents using convenience sampling. The data were
analyzed using descriptive statistics, reliability analysis, exploratory factor analysis, correlation analysis,
and multiple regression analysis. The results of the research found that all five factors had significant
positive effects on participation intention in textile waste reverse logistics. Recycling awareness had the
strongest effect, followed by institutional support, social influence, economic motivation, and recycling
infrastructure. These findings indicate that consumer participation in textile waste reverse logistics is
influenced by both behavioral and structural factors. Therefore, improving public awareness, strengthening
institutional support, expanding convenient recycling infrastructure, and providing appropriate economic
incentives can help encourage consumer participation. The study provides practical implications for
policymakers, local authorities, recycling organizations, and industry stakeholders in developing more
effective textile waste collection, reuse, and recycling systems in Thailand

Keywords: Textile Waste, Reverse Logistics, Participation Intention, Recycling Awareness, Thailand

Received: May 14, 2026; Revised: July 01, 2026; Accepted: July 20, 2026

118



X. Wei and P. Sirisawat Journal of Logistics and Digital Supply Chain 4(2)

1. INTRODUCTION

The rapid growth of textile production and fast fashion consumption has intensified environmental concerns
related to textile waste. Globally, approximately 100 billion garments are produced annually, while a large
proportion of post-consumer textile waste continues to be disposed of through landfilling or incineration
rather than recycling or reuse (International Finance Corporation, 2023; Moorhouse, 2020; Rotimi et al.,
2023). Recent studies have emphasized the importance of circular textile systems and reverse logistics in
improving textile waste collection, reuse, and recycling (Charnley et al., 2024; Sumo et al., 2023). However,
existing research has largely focused on supply-side actors, such as manufacturers, retailers, logistics
providers, and recycling organizations, while consumer participation in textile waste reverse logistics
remains underexplored, particularly in developing-country contexts.

Thailand, as an important textile and apparel manufacturing hub, faces increasing challenges in managing
textile waste effectively. Although textile recycling and reuse practices have received growing attention,
consumer participation remains limited due to insufficient awareness, limited institutional support,
inadequate recycling infrastructure, and weak motivation to participate. In reverse logistics systems,
consumers represent the starting point of the reverse flow of materials because their willingness to sort,
return, donate, resell, or recycle unwanted textile products directly affects the efficiency of collection and
recovery processes. Therefore, understanding the factors that influence consumer participation intention is
essential for improving textile waste reverse logistics in Thailand.

This study aims to examine the key factors influencing consumer participation intention in textile waste
reverse logistics in Thailand. Specifically, the study investigates the effects of recycling awareness, social
influence, institutional support, recycling infrastructure, and economic motivation on participation intention
using a quantitative survey approach. The study contributes to literature by extending reverse logistics
research from a supply-side perspective to a consumer-oriented perspective and by integrating behavioral
and contextual factors within the textile waste recycling context. In practical terms, the findings are
expected to provide useful insights for policymakers, local authorities, and industry stakeholders to improve
textile waste collection, enhance public participation, and strengthen sustainable reverse logistics practices
in Thailand.

2. LITERATURE REVIEW

Textile waste recycling has become an increasingly important topic within sustainable supply chain
management, particularly in the context of circular economy development. In terms of recycling processes,
textile waste can be managed through secondary utilization and material recycling. Secondary utilization
involves the direct reuse of garments through cleaning, including donation, export, resale, and
redistribution. In contrast, material recycling refers to transforming textile waste into new materials or
products through physical or chemical processes (Jidmaa & Kaipia, 2022). These practices contribute to
environmental and economic benefits, including resource conservation, landfill reduction, and carbon
emission reduction (Rodriguez-Hernandez & Padilla-Rivera, 2025).

Existing studies have classified textile recycling systems into several models, including Internet-based
recycling, brand-led initiatives, and government-led approaches. Internet-based platforms can enhance
accessibility and operational efficiency, although their adoption may be affected by users’ digital literacy,
trust, and willingness to participate. Brand-led programs, such as garment collection schemes, reflect
corporate responsibility in managing post-consumer textile waste, while government-led approaches
emphasize regulatory frameworks, public campaigns, and policy interventions to promote recycling and
reduce environmental impacts (Zaidi & Chandra, 2025; Charnley et al., 2024). These models suggest that
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textile recycling is not only a technical or operational issue, but also a behavioral and institutional issue that
requires active participation from consumers.

Reverse logistics (RL) plays a central role in enabling textile waste recycling by facilitating the collection,
sorting, reuse, recycling, and redistribution of textile waste within a closed-loop supply chain. Textile
reverse logistics integrates multiple stakeholders, including manufacturers, retailers, recyclers, government
agencies, and consumers, thereby supporting circular economy objectives (Sumo et al., 2023). Among these
stakeholders, consumers are particularly important because they represent the starting point of the reverse
flow of post-consumer textile waste. Without consumers’ willingness to separate, return, donate, resell, or
recycle unwanted textiles, reverse logistics systems may not receive sufficient material input to operate
effectively.

Despite its importance, the implementation of textile waste reverse logistics faces significant challenges,
particularly in developing countries. Inefficient collection systems, high operational costs, limited recycling
infrastructure, weak institutional support, and low public awareness may reduce the effectiveness of textile
waste recycling initiatives (Garcia et al., 2019; Zaidi & Chandra, 2025). Previous studies have often focused
on supply-side issues, such as logistics operations, recycling technologies, collection networks, and
organizational practices. However, consumer participation remains relatively underexplored, especially in
the context of textile waste reverse logistics in Thailand.

Previous research has identified several factors that may influence consumer participation in recycling and
reverse logistics activities. Recycling awareness reflects individuals’ understanding of environmental
problems, textile waste consequences, and the benefits of recycling. Consumers with higher recycling
awareness are more likely to recognize the importance of participating in sustainable waste management.
Social influence refers to the effect of family members, friends, peers, communities, and social norms on
individual behavior. In collectivist social contexts, social expectations and peer behavior may encourage
consumers to participate in recycling activities. Institutional support includes government policies, public
campaigns, regulations, and organizational initiatives that create favorable external conditions for
participation. Recycling infrastructure refers to the availability, accessibility, and convenience of collection
points, recycling bins, drop-off locations, and related services. Economic motivation includes financial
incentives, discounts, rewards, or other tangible benefits that may encourage consumers to return or recycle
textile waste (Fiori et al., 2022; McKee et al., 2025).

Although these factors have been discussed in previous recycling studies, several limitations remain. First,
many studies rely primarily on behavioral theories such as the Theory of Planned Behavior (TPB), focusing
on attitudes, subjective norms, and perceived behavioral control, while giving less attention to institutional,
infrastructural, and economic conditions. Second, some studies examine individual determinants separately
rather than integrating multiple factors into one framework. Third, empirical research on consumer
participation in textile waste reverse logistics remains limited in developing country contexts, including
Thailand. Therefore, a more integrated framework is needed to explain how behavioral, social, institutional,
infrastructural, and economic factors jointly influence consumer participation intention.

Based on the above discussion, this study develops an integrated framework to examine the effects of five
key determinants—recycling awareness, social influence, institutional support, recycling infrastructure, and
economic motivation—on consumer participation intention in textile waste reverse logistics in Thailand.
Recycling awareness represents the individual cognitive dimension, social influence represents the social-
normative dimension, institutional support represents the policy and organizational dimension, recycling
infrastructure represents the facilitating condition dimension, and economic motivation represents the
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incentive-based dimension. Together, these five factors provide a comprehensive explanation of consumer
participation intention in textile waste reverse logistics.

3. METHODOLOGY

3.1 Research Design
This study adopts a quantitative research design to examine the factors influencing consumer participation
intention in textile waste reverse logistics in Thailand. Based on the literature review and the conceptual
framework of consumer participation in recycling and reverse logistics, five key determinants were
identified: recycling awareness (RA), social influence (SI), institutional support (IS), recycling
infrastructure (RI), and economic motivation (EM). These variables were conceptualized as independent
variables, while participation intention in textile waste reverse logistics was treated as the dependent
variable.
Accordingly, the following hypotheses were proposed:
H1: Recycling awareness has a positive effect on participation intention.
H2: Social influence has a positive effect on participation intention.
H3: Institutional support has a positive effect on participation intention.
H4: Recycling infrastructure has a positive effect on participation intention.
H5: Economic motivation has a positive effect on participation intention.
The conceptual framework of the study is presented in Figure 1.

Recycling Awareness (RA)

Social Influence (SI)

2
Participation Intention in
Institutional Support (IS) H3 Textile Waste Reverse
Logistics (PI)
H4
Recycling Infrastructure (RI)
HS

Economic Motivation (EM)

Figure 1 Conceptual Framework of the Study

3.2 Questionnaire Development

A structured questionnaire was developed as the primary data collection instrument. The questionnaire
consisted of two sections. The first section collected demographic information, including gender, age,
educational level, and monthly income. The second section measured the study constructs using a five-
point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree. Each construct was measured
using three items adapted from previous studies and modified to fit the context of textile waste reverse
logistics in Thailand. Recycling awareness, social influence, institutional support, recycling infrastructure,
economic motivation, and participation intention were measured based on items commonly used in prior
recycling behavior, environmental behavior, and reverse logistics studies. Content validity was assessed
through expert review and alignment with literature to ensure that the questionnaire items were appropriate
for the research context. Before the main data collection, a pilot test was conducted with 10 respondents to
evaluate the clarity, wording, and initial reliability of the questionnaire. Minor adjustments were made
based on the feedback received. Although the pilot sample size was limited, the pilot test served as a
preliminary assessment to improve the readability and comprehensibility of the questionnaire before full-
scale data collection.
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3.3 Sampling and Data Collection
The target population comprised individuals aged 18 years and above residing in Thailand. A non-
probability convenience sampling technique was employed due to the lack of a comprehensive sampling
frame, the wide geographic distribution of the target population, and the exploratory nature of the study.
The questionnaire was distributed online via social media platforms, including Facebook and LINE,
between December 2025 and January 2026. A total of 422 valid responses were collected. This sample size
exceeded the minimum recommended sample size based on Yamane’s formula and was also consistent
with Cochran’s (1977) guideline for large populations. Before participating in the survey, respondents were
informed about the purpose of the study, the voluntary nature of participation, and the confidentiality of
their responses. No personally identifiable information was collected, and the data were used only for
academic research purposes.

3.4 Data Analysis Procedures
The data were analyzed using SPSS software. Descriptive statistics were used to summarize the
demographic characteristics of the respondents. Reliability was assessed using Cronbach’s alpha, with a
threshold value of 0.70 indicating acceptable internal consistency. Exploratory factor analysis (EFA) was
conducted to assess construct validity. The adequacy of the data for factor analysis was evaluated using the
Kaiser—-Meyer—Olkin (KMO) measure and Bartlett’s test of sphericity. A KMO value greater than 0.50 and
a statistically significant Bartlett’s test result at p < 0.05 were considered acceptable. Correlation analysis
was conducted to examine the relationships among the study variables. Multiple regression analysis was
then employed to test the proposed hypotheses and examine the effects of the independent variables on
participation intention in textile waste reverse logistics.

3.5 Regression Model Specification
Multiple regression analysis was employed to examine the effects of recycling awareness, social influence,
institutional support, recycling infrastructure, and economic motivation on participation intention in textile
waste reverse logistics. The regression model is specified as follows:

Participation Intention = o + B1RA + (2SI + B3IS + 4RI + LsEM + ¢

where RA, SI, IS, RI, and EM represent recycling awareness, social influence, institutional support,
recycling infrastructure, and economic motivation, respectively. fo represents the constant term, Pi—ps
represent the regression coefficients, and € represents the error term. The level of statistical significance
was set at 0.05. Diagnostic tests, including multicollinearity using the variance inflation factor (VIF),
normality, and homoscedasticity, were conducted to ensure the robustness and validity of the regression
results.

4. RESULTS AND DISCUSSION

4.1 Respondent Profile
Descriptive statistics were used to summarize the demographic characteristics of the respondents, including
gender, age, education level, and monthly income. Frequency and percentage distributions were calculated
and are presented in Table 4.1.
Table 4.1 Summary of Descriptive Statistics for Survey Respondents.

Criteria Category Frequency Percentage (%)
Gender Male 192 45.5
Female 230 54.5

18-25 years 17 4

Age 26-35 years 185 43.8
36-45 years 130 30.8
46 years and above 90 213
Primary School 4 0.9

Educational Level Secondary School 13 3.1
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Criteria Category Frequency Percentage (%)
Bachelor's Degree 256 60.7
Postgraduate and above 149 353
Below 10,000 103 24.4
10,000-20,000 96 22.7
Monthly Income (THB) 20,001-30,000 94 223
Above 30,000 129 30.6

4.2 Reliability and Validity
Reliability analysis was conducted using Cronbach’s Alpha to assess the internal consistency of the
measurement scales. The Cronbach’s Alpha values for all six constructs ranged from 0.834 to 0.861,
exceeding the commonly accepted threshold of 0.70. The results are presented in Table 4.2.

Table 4.2 Reliability Analysis Results

No. Factor Number of Variables  Cronbach's Alpha Coefficient
1 Recycling Awareness 3 0.844
2 Social Influence 3 0.849
3 Institutional Support 3 0.846
4 Recycling Infrastructure 3 0.857
5 Economic Motivation 3 0.861
6 Participation Intention 3 0.834

For validity assessment, exploratory factor analysis (EFA) was conducted to examine the construct validity
of the measurement scales. The Kaiser-Meyer-Olkin (KMO) value was 0.901, and Bartlett’s Test of
Sphericity was statistically significant (p < 0.001), indicating the suitability of the data for factor analysis.
All factor loadings ranged from 0.781 to 0.842, and the five extracted factors explained 77.447% of the
total variance. The results of the validity analysis are presented in Tables 4.3 and 4.4.

Table 4.3 KMO and Bartlett’s Test

Test Value
KMO 0.901
Bartlett’s X2 3408.144
df 105
Sig. <.001

Table 4.4 Rotated Factor Matrix

Items RA SI IS RI EM

RAI 0.835

RA2 0.829

RA3 0.79

SI1 0.823

SI2 0.807

S13 0.795

IS1 0.818

1S2 0.81

1S3 0.781

RII 0.822

RI2 0.81

RI3 0.788
EMI 0.842
EM2 0.814
EM3 0.808

4.3 Correlation Analysis
Pearson correlation analysis was conducted to examine the relationships between the independent variables
(recycling awareness, social influence, institutional support, recycling infrastructure, and economic
motivation) and the dependent variable, participation intention (PI). All independent variables showed
positive correlations with PI at the 0.01 significance level. Recycling awareness demonstrated the strongest
correlation with PI (r = 0.594), followed by recycling infrastructure (r = 0.576), economic motivation (r =
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0.543), social influence (r = 0.538), and institutional support (r = 0.508). In addition, the correlations among
the independent variables ranged from 0.434 to 0.516, which were below the threshold of 0.80, indicating
no multicollinearity concerns. The results of the correlation analysis are presented in Table 4.5.

Table 4.5 Correlation Matrix for Independent Variables and Participation Intention

Variables RA SI IS RI EM PI
RA 1
SI AT77** 1
IS A461** 501%** 1
RI A451%* A450%* A480%* 1
EM S516%* A434%* A87** A439%* 1
PI .594%%* 538%* 576%* 508%* 543%%* 1
Note p <0.01

4.4 Common Method Bias Test
Because all data were collected from a single questionnaire and self-reported by respondents, Harman’s
single-factor test was conducted to assess the potential risk of common method bias. The results showed
that the first factor accounted for 44.416% of the total variance, which is below the recommended threshold
of 50%. Therefore, common method bias was not considered a serious concern in this study.

4.5 Multiple Regression Analysis
Multiple regression analysis was conducted using the Enter method. The regression model explained 53.4%

of the variance in participation intention (R* = 0.534, adjusted R> = 0.529). The results are presented in
Table 4.6.

Table 4.6 Model Summary for Multiple Regression
Model R R2 Adjusted R2 Std. Error

1 0.731 0.534 0.529 0.764

The ANOVA results confirmed that the model was statistically significant (F =95.45, p <0.001). Presented
in Table 4.7.

Table 4.7 ANOVA for the Regression Model

Source SS df MS F Sig.
Regression 278.88 5 55.776 95.45 <.001
Residual 243.088 416 0.584
Total 521.968 421

All five independent variables demonstrated statistically significant positive effects on participation
intention (p < 0.01). Recycling awareness had the strongest effect (B = 0.265), followed by institutional
support (B = 0.226), social influence (p = 0.166), economic motivation (B = 0.165), and recycling
infrastructure (f = 0.132). Variance inflation factor (VIF) values ranged from 1.518 to 1.649, all below 5,
confirming no multicollinearity. The diagnostic tests also confirmed that the assumptions of normality and
homoscedasticity were satisfied, indicating that the data were appropriate for multiple regression analysis.
The results are presented in Table 4.8.

Table 4.8 Regression Coefficients Predicting Participation Intention

Variable B Std. Error Beta t Sig. VIF

Constant 0.137 0.149 — 0.918 0.359 —
RA 0.267 0.043 0.265 6.214 Hkx 1.627
SI 0.169 0.043 0.166 3.969 Hkx 1.572
IS 0.23 0.044 0.226 5.263 Hkx 1.649
RI 0.134 0.042 0.132 3.21 ** 1.518
EM 0.164 0.042 0.165 3.909 Hokx 1.599
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Note Regression coefficients are reported. ** indicates p < 0.01 and *** indicates p < 0.001.
The regression equation is as follows:

Participation Intention = 0.137 + 0.267RA + 0.169SI + 0.230IS + 0.134RI + 0.164EM
Based on the regression results, all five hypotheses were supported, as shown in Table 4.9.

Table 4.9 Summary of Hypothesis Testing Results
Hypothesis Hypothesis Statement Result

H1 Recycling awareness has a significant positive effect on participation intention in Accepted
textile waste reverse logistics.

H2 Social influence has a significant positive effect on participation intention in textile Accepted
waste reverse logistics.

H3 Institutional support has a significant positive effect on participation intention in textile Accepted
waste reverse logistics.

H4 Recycling infrastructure has a significant positive effect on participation intention in Accepted
textile waste reverse logistics.

H5 Economic motivation has a significant positive effect on participation intention in Accepted
textile waste reverse logistics.

5. DISCUSSION

Based on the first research objective, which aimed to identify the key factors influencing consumer
participation intention in textile waste reverse logistics in Thailand, the findings confirm that recycling
awareness, social influence, institutional support, recycling infrastructure, and economic motivation are
important determinants. These five factors reflect both internal behavioral conditions and external structural
conditions that shape consumer willingness to participate in textile waste reverse logistics. This finding
suggests that consumer participation is not influenced by a single factor, but by a combination of awareness,
social pressure, policy support, infrastructure availability, and economic incentives.

Based on the second research objective, which aimed to examine the effects of these factors on participation
intention, the regression results show that all five factors have significant positive effects. Recycling
awareness emerged as the strongest predictor, indicating that consumers with greater environmental
knowledge and awareness are more likely to participate in textile waste recycling. This may be because
awareness helps consumers understand the environmental consequences of improper textile waste disposal
and the benefits of recycling. This finding supports previous studies by Sun et al. (2023) and Lou et al.
(2025) which emphasized the importance of awareness as a key driver of sustainable behavior.
Institutional support was identified as the second most influential factor in the regression model. This
indicates that government policies, regulations, public campaigns, and organizational support play an
important role in facilitating consumer participation. This may be because clear institutional support can
reduce uncertainty and increase public confidence in recycling systems. The finding is consistent with Fiori
et al. (2022) and Zaidi and Chandra (2025), who highlighted the importance of external support mechanisms
in strengthening circular systems and reverse logistics practices.

Social influence also had a significant positive effect on participation intention. This suggests that
consumers may be influenced by family members, peers, communities, and social norms when deciding
whether to participate in textile waste recycling. This finding is consistent with Zhu et al. (2025), who found
that social norms can shape textile recycling practices. However, it differs from Jahura and Sadachar (2024),
who reported weaker or insignificant effects of social influence, suggesting that cultural and contextual
differences may moderate this relationship.

Economic motivation and recycling infrastructure were also found to have significant positive effects,
although their effects were relatively smaller than those of recycling awareness and institutional support.
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Financial incentives may encourage participation by providing tangible benefits, while convenient
infrastructure can make recycling behavior easier to perform. However, these factors may not be sufficient
on their own if consumers lack awareness or if institutional support is weak. Therefore, economic incentives
and infrastructure development should be combined with awareness campaigns and supportive policies.

In addition, the difference between the correlation and regression rankings should be considered. The
correlation results showed that recycling infrastructure had a relatively strong bivariate relationship with
participation intention, whereas the regression results indicated that institutional support had a stronger
unique effect after controlling for the other independent variables. This difference may be explained by
shared variance among the independent variables. In other words, recycling infrastructure may be
associated with participation intention, but part of its influence overlaps with institutional support, recycling
awareness, and economic motivation. Therefore, the regression results provide a clearer indication of the
unique contribution of each factor.

Overall, the findings indicate that consumer participation intention in textile waste reverse logistics in
Thailand is shaped by both behavioral and structural factors. The results suggest that policies focusing only
on infrastructure development may be insufficient. Greater emphasis should be placed on improving
recycling awareness, strengthening institutional support, enhancing infrastructure accessibility, and
designing appropriate incentive mechanisms. These findings provide practical implications for
policymakers, local authorities, recycling organizations, and industry stakeholders seeking to improve
textile waste collection, reuse, and recycling systems in Thailand.

6. CONCLUSION

This study investigates the key factors influencing consumer participation intention in textile waste reverse
logistics in Thailand. The findings confirm that five determinants—recycling awareness, social influence,
institutional support, recycling infrastructure, and economic motivation—have statistically significant
positive effects on participation intention. Among these factors, recycling awareness exerts the strongest
influence, followed by institutional support, while recycling infrastructure shows a comparatively smaller
effect.

From a theoretical perspective, this study contributes to literature by developing and empirically validating
an integrated framework that combines both behavioral and structural determinants of participation in
reverse logistics systems. Unlike prior studies that often examine individual factors in isolation or focus
primarily on behavioral intention models, this study demonstrates the joint effects of multiple determinants
within the context of textile waste reverse logistics in a developing country.

From a practical perspective, the findings highlight the importance of adopting a comprehensive approach
to enhance participation in textile waste recycling. Policies should prioritize increasing recycling awareness
through education and public campaigns, strengthening institutional support through regulations and
incentives, and improving the accessibility of recycling infrastructure. In addition, economic incentives and
social influence mechanisms can further encourage consumer engagement. Coordinated efforts among
government agencies, industry stakeholders, and communities are essential to improve the effectiveness of
reverse logistics systems.

Despite its contributions, this study has several limitations. The data were collected solely from Thailand,
which may limit the generalizability of the findings to other contexts. Cross-sectional research design
captures behavior at a single point in time, and the use of self-reported data may introduce response bias.
Future research should extend this study to different countries and cultural contexts to enhance external
validity. Longitudinal designs could be employed to examine behavioral changes over time. In addition,
qualitative approaches, such as interviews or focus groups, may provide deeper insights into consumer
motivations and barriers. Further studies may also incorporate additional variables, such as environmental
concern, perceived convenience, and trust in recycling systems, to enrich the understanding of participation
behavior.
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Abstract

Unmanned aerial vehicle (UAV) delivery offers a promising solution for urban last-mile logistics, but
consumer acceptance remains critical to its wider adoption. This study applies an extended Technology
Acceptance Model (TAM) to examine consumer acceptance of UAV delivery services in Shenzhen, China.
The model includes seven external factors: subjective norms, delivery accuracy, service convenience,
perceived price level, self-efficacy, service quality, and UAV delivery service anxiety. Data from 617 valid
questionnaires were analyzed using SPSS 29.0 and AMOS 24.0 through descriptive analysis, reliability
testing, exploratory factor analysis, confirmatory factor analysis, and structural equation modeling. The
results indicate a moderate-to-positive level of acceptance. Overall, 46.84% of respondents expressed
positive attitudes toward UAV delivery, while 53.48% preferred it to traditional delivery methods. The
measurement model showed satisfactory fit, whereas the structural model showed acceptable absolute fit
but marginal incremental fit. Perceived ease of use, subjective norms, delivery accuracy, and service
convenience positively affected perceived usefulness, while perceived price level was not significant. Self-
efficacy and service quality positively affected perceived ease of use. UAV delivery service anxiety showed
a significant positive effect, contrary to HS; therefore, H8 was not supported. Perceived usefulness and
perceived ease of use both positively affected behavioral intention. These findings provide context-specific
evidence for the extended TAM and practical implications for service providers, platform designers, and
policymakers.

Keywords: UAV Delivery, Technology Acceptance Model (TAM), Behavioral Intention, Consumer
Behavior, Structural Equation Modeling (SEM), Extended TAM
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1. INTRODUCTION

Unmanned aerial vehicle (UAV) delivery has emerged as a transformative logistics solution, offering
enhanced efficiency, reduced operational costs, and improved distribution flexibility in last-mile delivery.
The global UAV market is projected to reach USD 42.8 billion by 2025, while China’s logistics UAV sector
reached 2.157 billion yuan in 2020, reflecting rapid industrial growth. Shenzhen, as China’s leading
technology hub and pilot city for UAV delivery, has witnessed large-scale trials by enterprises such as
Meituan, with average delivery times reduced to 12 minutes—far faster than traditional ground transport.
Despite these technological advancements and market potential, consumer acceptance remains a critical
bottleneck for the widespread adoption of UAV delivery (Liu et al., 2020; Yoo et al., 2018). Although prior
research has examined the technical feasibility and operational performance of UAV delivery, empirical
evidence on consumer acceptance in Chinese urban settings remains limited. In particular, the joint effects
of social, service-related, economic, and psychological factors on perceived usefulness, perceived ease of
use, and behavioral intention remain underexplored. To address this gap, this study extends TAM with
seven context-specific factors and tests the model among consumers in Shenzhen. Subjective norms,
delivery accuracy, service convenience, and perceived price level are examined as predictors of perceived
usefulness. Self-efficacy, service quality, and UAV delivery service anxiety are examined as predictors of
perceived ease of use. Perceived usefulness and perceived ease of use are then examined as predictors of
behavioral intention. The study offers a context-specific application and empirical validation of TAM in
urban UAV delivery.

2. RESEARCH OBJECTIVES

This study aims to comprehensively evaluate the overall acceptance and preference of Shenzhen consumers
toward UAV delivery services and identify the key determinants shaping their adoption intentions within
an emerging market context. Against the backdrop of insufficient empirical research on consumer
psychology in Chinese urban logistics and the limited explanatory power of the classic Technology
Acceptance Model (TAM) in capturing context-specific concerns, this research extends the traditional TAM
framework by incorporating seven social, service-related, and psychological external variables to
systematically examine their effects on perceived usefulness, perceived ease of use, and behavioral
intention. The specific objectives are as follows:

2.1 To assess the current level of consumer acceptance and the proportion of respondents who prefer
UAV delivery to traditional delivery methods in Shenzhen.

2.2 To examine how the seven extended variables influence perceived usefulness and perceived ease of
use, which subsequently shape behavioral intention.

2.3 To assess the reliability and validity of the measurement model and evaluate the fit of the structural
model.

2.4 To derive context-specific theoretical implications and practical recommendations for UAV service
providers, platform designers, and policymakers.

3. LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT

3.1 UAV Delivery Services
UAV delivery has evolved from military to civilian applications, emerging as a transformative

logistics solution with notable speed and efficiency advantages (Pei et al., 2023). In China, especially
Shenzhen, UAV delivery has achieved significant operational gains and market growth (Guo, 2023).

Beyond performance benefits, it supports green logistics and emergency response capabilities. However,
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adoption is constrained by technical, regulatory, and consumer-related challenges (Tu & Piramuthu, 2024).
Existing research overlooks user psychology, creating a critical gap in understanding urban Chinese

acceptance.

3.2 Technology Acceptance Model (TAM)
The Technology Acceptance Model (TAM) is a robust framework for explaining technology

adoption, focusing on perceived usefulness and ease of use (Maranguni¢ & Grani¢, 2015). TAM has been
widely validated and applied to UAV delivery research, confirming its predictive power (Choe et al., 2021;
Fang et al., 2024; Waris et al., 2022). The original TAM lacks context-specific factors relevant to UAV
logistics. This study extends TAM by integrating psychological and service-related variables. It aims to

examine consumer acceptance of UAV delivery in Shenzhen.

3.3 Additional Factors
Drawing on the existing literature and the unique characteristics of UAV delivery services, this

study extends the TAM by incorporating seven additional factors: subjective norms, delivery accuracy,
service convenience, perceived price level, self-efficacy, service quality, and UAV delivery service anxiety

(Figure 1).

Perceived
Usefulness

Behavioral
Intention to Use

H1

Self-efficacy
Service Quality

UAV Delivery Services
Anxiety

Perceived
Ease of Use

Figure 1 Conceptual Framework: An Extended Technology Acceptance Model for UAV
Delivery Services (Adapted from Davis et al., 1989)

3.4 Extended TAM
Subjective norms reflect social pressure to adopt new technologies, shaped by peers and community

attitudes. They significantly influence user acceptance in logistics innovations (Waris et al., 2022).
Accuracy denotes reliable, on-time and location-specific order fulfillment. It is a core logistics attribute that
builds trust and perceived usefulness (Xue et al., 2022). Convenience refers to time-saving and simplified
delivery processes. It enhances perceived usefulness by improving efficiency and user experience (Pei et
al., 2023). Perceived price level reflects consumers’ evaluation of the cost and value of UAV delivery. From

a cost—benefit perspective, a higher perceived price may reduce the service’s perceived usefulness (Ananth,
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2023). However, during the early stage of commercialization, consumers may place greater emphasis on
speed, convenience, and service experience than on price. Self-efficacy represents user confidence in using
UAV systems. It positively shapes perceived ease of use and adoption intention. Service quality
encompasses platform performance, feedback and support. It reduces user burden and improves perceived
ease of use (Siswanto et al., 2021). UAV delivery service anxiety refers to concerns about flight safety,
payment security, privacy, and technical reliability. Such concerns may increase psychological burden and

make the service appear more difficult to use (Tu & Piramuthu, 2024; Wei et al., 2022; Yoo et al., 2018).

3.5 Hypothesis Development
Based on TAM and its extended variables, this study proposes ten hypotheses (Table 1), with

perceived usefulness and perceived ease of use as core mediators of UAV delivery adoption intention (Choe
etal., 2021; Liu et al., 2020; Waris et al., 2022; Yoo et al., 2018). H1: Perceived ease of use has a positive
impact on perceived usefulness. H2: Subjective norms have a positive impact on perceived usefulness. H3:
Accuracy has a positive impact on perceived usefulness. H4: Convenience has a positive impact on
perceived usefulness. HS: Perceived price level has a negative effect on perceived usefulness. H6: Self-
efficacy has a positive impact on perceived ease of use. H7: Service quality has a positive impact on
perceived ease of use. H8: UAYV delivery service anxiety has a negative effect on perceived ease of use.
H9: Perceived usefulness has a positive impact on behavioral intention to use UAV delivery services. H10:
Perceived ease of use has a positive impact on behavioral intention to use UAV delivery services.

Table 1 Summary of Hypotheses

Hypothesis Path ]]fi))l(rr)e i(t:;e)ﬂ
H1 Perceived Ease of Use — Perceived Usefulness Positive
H2 Subjective Norm — Perceived Usefulness Positive
H3 Accuracy — Perceived Usefulness Positive
H4 Convenience — Perceived Usefulness Positive
H5 Perceived Price Level — Perceived Usefulness Negative
H6 Self-Efficacy — Perceived Ease of Use Positive
H7 Service Quality — Perceived Ease of Use Positive
HS UAYV Delivery Service Anxiety — Perceived Ease of Use Negative
H9 Perceived Usefulness — Behavioral Intention to Use Positive
H10 Perceived Ease of Use — Behavioral Intention to Use Positive
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4. METHODS

4.1 Data Collection
This study employed a quantitative cross-sectional survey design to examine consumer acceptance

of UAV delivery services in Shenzhen, China. The study population comprised Shenzhen residents from
diverse age groups and socioeconomic backgrounds. Data were collected between July and August 2025
using a mixed-mode, non-probability sampling strategy. The online survey was distributed through Google
Forms using convenience sampling, while paper-based questionnaires were administered through intercept
sampling at selected urban locations in Shenzhen. The questionnaire was developed based on the extended
Technology Acceptance Model, and all constructs were measured using a five-point Likert scale ranging
from 1 (“strongly disagree”) to 5 (“strongly agree”). After excluding incomplete and internally inconsistent
responses, 617 questionnaires were retained for analysis. Before completing the survey, respondents were
informed of the study’s academic purpose. For respondents under the age of 18, informed consent was
obtained from both the participants and their legal guardians. Participation was voluntary and anonymous,

and no personally identifiable information was collected.

4.2 Data Analysis
Data analysis was conducted using SPSS 29.0 for descriptive statistics, reliability, and exploratory

factor analysis (EFA), and AMOS 24.0 for confirmatory factor analysis (CFA) and structural equation
modeling (SEM). First, descriptive statistics were computed to summarize demographic characteristics and
response distributions. Second, reliability analysis was performed using Cronbach’s alpha coefficient, with
a > 0.7 as the threshold for acceptable internal consistency (Kilic, 2016). Third, exploratory factor analysis
(EFA) was conducted with KMO > 0.7 and Bartlett’s test of sphericity (p < 0.001) to assess construct
validity (Nasidi et al., 2022). Fourth, confirmatory factor analysis (CFA) was applied to evaluate convergent
validity factor loadings > 0.6, composite reliability (CR) > 0.7, average variance extracted (AVE) > 0.5 and
discriminant validity via the Fornell-Larcker criterion (Alavi et al., 2020). Finally, structural equation
modeling (SEM) was employed to test the proposed relationships among the extended TAM constructs,
with model fit evaluated using CMIN/DF < 5, RMSEA < 0.08, CFI > 0.9. Path coefficients and their
corresponding significance levels were examined to determine whether each hypothesis was supported. A
p-value below 0.05 was used as the criterion for statistical significance. Significance levels were reported
as follows: *** p <0.001, ** p <0.01, and * p < 0.05. In addition to statistical significance, the magnitude
of standardized path coefficients was considered when interpreting the practical strength of each
relationship. Therefore, paths with small coefficients were interpreted as weak effects even when they

reached statistical significance.
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5. RESULTS

5.1 Sample Demographics
A total of 617 valid responses were analyzed. As shown in Table 2, respondents aged 18—49

accounted for 80.07% of the sample, while 70.51% held a bachelor’s degree or above. These figures
describe the demographic composition of the sample and do not establish differences in acceptance across

demographic groups.

Table 2 Selected Demographic Characteristics of Respondents (N = 617)

Item Option Frequency Percent
Less than 18 years old 64 10.37%
18-29 years old 297 48.14%
Age
30-49 years old 197 31.93%
50 years old and above 59 9.56%
High school and below 182 29.50%
0
Education Bachelor 312 50.57%

Master’s degree candidate and

123 19.94%
above

Overall, 53.48% of respondents preferred UAV delivery to traditional delivery methods. Nearly
half reported limited knowledge of UAV operation, while 38.74% demonstrated relatively high familiarity.
These findings describe preferences and familiarity within the sample; demographic differences in

acceptance were not statistically tested.

5.2 Exploratory Factor Analysis and Reliability Analysis
The results of the study showed that the Cronbach’s alpha values of all factors ranged from 0.716

to 0.879 (Table 4), which were all higher than the generally accepted threshold of 0.70, confirming the
internal consistency and reliability of the constructs (Kilic, 2016). The constructs were measured and
analyzed using exploratory factor analysis (EFA) with principal component analysis and varimax rotation.
The ten extracted factors, corresponding to the study’s constructs, accounted for 73.54% of the total
variance, exceeding the acceptable threshold of 60%. In addition (Table 3), the KMO statistic was 0.766,
and Bartlett’s test of sphericity was significant (y*> = 5477.222, df = 351, p < 0.001), indicating that the
variables were suitable for factor analysis (Nasidi et al., 2022). Since all factor loadings exceeded 0.50, the
constructs demonstrated adequate convergent validity. In Table 4, the average variance extracted (AVE)
values range from 0.52 to 0.78, surpassing the recommended threshold of 0.5, confirming sufficient

variance explanation. Additionally, the composite reliability (CR) values range from 0.72 to 0.88, all above
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the 0.7 threshold, indicating strong internal consistency among the items. Discriminant validity was also
supported because the square root of each construct’s AVE exceeded its correlations with the other
constructs, in accordance with the Fornell-Larcker criterion. The measurement model demonstrated
satisfactory fit, with CMIN/DF = 1.936, RMSEA = 0.042, GFI = 0.928, NFI = 0.903, CFI = 0.950, and
AGFI = 0.902. These results support the reliability and convergent validity of the measurement model.

Table 3 KMO and Bartlett's Test of Sphericity
Kaiser-Meyer-Olkin Measure of

0.766
Sampling Adequacy.
Approx. Chi-Square 5477.222
Bartlett's Test of
df 351
Sphericity
Sig. <.001
Table 4 Convergent Validity and Alpha
Variate Item Estimate AVE C.R. Alpha
SN3 0.67
Subjective Norm: SN SN2 0.93 0.60 0.81 0.805
SN1 0.69
A2 0.87
Accuracy: A Al 078 0.68 0.81 0.807
. C2 0.72
Convenience: C Cl 078 0.56 0.72 0.716
. . PPL2 0.90
Perceived Price Level: PPL PPLI 0.87 0.78 0.88 0.879
SE3 0.69
Self-efficacy: SE SE2 0.88 0.54 0.77 0.768
SE1 0.61
SQ3 0.68
Service Quality: SQ SQ2 0.87 0.55 0.78 0.780
SQ1 0.66
. . . ANX3 0.63
UAV Delwerﬁ;‘;{m"e Anxiety: ANX2 0.92 0.56 079 0781
ANX1 0.67
PU3 0.67
Perceived Usefulness: PU PU2 0.91 0.56 0.79 0.781
PU1 0.64
PEU3 0.66
Perceived Ease of Use: PEU PEU2 0.77 0.52 0.77 0.767
PEU1 0.74
BI3 0.70
Behavioral Intention to Use: BI BI2 0.86 0.54 0.77 0.766
BI1 0.62
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Figure 2 Model diagram of confirmatory factor analysis

5.3 Hypotheses Testing
The SEM results are presented in Table 5. Using the 95% confidence criterion, a p-value less than

0.05 indicates a significant effect. The structural model yielded a CMIN/DF value of 3.253 and an RMSEA
value of 0.055, indicating acceptable absolute fit. However, the CFI value of 0.865 and the TLI value of
0.849 were below the conventional threshold of 0.90. Therefore, the overall model fit should be interpreted
as mixed rather than robust, and the structural estimates should be interpreted with appropriate caution. Of
the ten hypotheses, eight were supported. H5 was not supported because the effect of perceived price level
was not statistically significant, whereas H8 was not supported because the significant coefficient was
opposite to the hypothesized direction. Perceived ease of use had a significant positive effect on perceived
usefulness (f =0.341, p <0.001). Subjective norms (f = 0.202, p <0.001), service convenience (p = 0.203,
p < 0.001), and delivery accuracy (B = 0.110, p = 0.004) also positively affected perceived usefulness.
However, the effect of delivery accuracy was relatively weak. Perceived price level had no significant effect
on perceived usefulness (B = 0.014, p = 0.700); therefore, HS was not supported. Self-efficacy (p = 0.181,
p <0.001) and service quality (B=0.192, p <0.001) positively affected perceived ease of use. UAV delivery
service anxiety had a significant positive effect on perceived ease of use (p = 0.224, p < 0.001). However,
because the observed direction was contrary to the negative relationship proposed in HS8, the hypothesis
was not supported. Finally, perceived usefulness (p = 0.214, p < 0.001) and perceived ease of use (f =
0.267, p < 0.001) both positively affected behavioral intention.

136



Y. Zhang and K. Fakkhong Journal of Logistics and Digital Supply Chain 4(2)

Table 5 Results of Hypotheses Testing (Note: *** p < 0.001, ** p <0.01, * p <0.05)

Hypothesis Estimate C.R. p-value Decision
H1: PEU—PU 0.341 5.617 HoAk Supported
H2: SN—PU 0.202 4.129 HoHk Supported
H3: A—>PU 0.110 2.882 0.004 Supported
H4: C—PU 0.203 3.765 HoAk Supported
H5: PPL-PU 0.014 0.385 0.700 Not supported
H6: SE-PEU 0.181 3.672 ok Supported
H7: SQ—PEU 0.192 3.936 oAk Supported
H8: ANX—PEU 0.224 4.278 HoAk Not supported
H9: PU—BI 0.214 3.550 ok Supported
H10: PEU-BI 0.267 3.941 i Supported

6. Discussion and Conclusion
This study empirically investigates consumer acceptance of UAV delivery services in Shenzhen

using an extended Technology Acceptance Model (TAM) with seven social, service-related, economic, and
psychological variables, based on 617 valid responses. The study provides context-specific evidence on the
application of the extended TAM to UAV delivery in a major Chinese city. The measurement model
demonstrated satisfactory reliability and validity, whereas the structural model showed acceptable absolute
fit (RMSEA = 0.055) but marginal incremental fit, as the CFI (0.865) and TLI (0.849) were below the
conventional threshold of 0.90; therefore, the structural results should be interpreted with appropriate
caution. Perceived usefulness (f = 0.214, p < 0.001) and perceived ease of use (f = 0.267, p < 0.001)
significantly increased behavioral intention, with perceived ease of use exerting the stronger direct effect
and positively influencing perceived usefulness. This finding is consistent with the core assumptions of
TAM and prior research on UAV delivery adoption (Davis et al., 1989; Waris et al., 2022). Subjective
norms and service convenience positively affected perceived usefulness, while delivery accuracy had a
significant but relatively weak effect, suggesting that consumers may regard accurate delivery as a basic
service requirement rather than a distinctive advantage. Perceived price level did not significantly affect
perceived usefulness (p = 0.014, p = 0.700); therefore, H5 was not supported. This finding contrasts with
Jasim et al. (2022), who reported that price sensitivity significantly influenced behavioral intention toward
drone food delivery services. The difference may be attributable to variations in construct operationalization
and market context: Jasim et al. examined price sensitivity as a direct antecedent of behavioral intention
among Malaysian consumers, whereas the present study assessed perceived price level as an antecedent of
perceived usefulness in Shenzhen. At the current stage of commercialization, Shenzhen consumers may
place greater emphasis on convenience, delivery speed, usability, and service reliability than on price.

Nevertheless, this interpretation remains tentative because actual delivery fees and respondents’ exposure
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to promotional pricing were not measured. However, this interpretation remains tentative because actual
delivery fees and respondents’ exposure to promotional pricing were not measured in this study. Self-
efficacy and service quality positively affected perceived ease of use, indicating that user confidence and
reliable platform support can reduce perceived difficulty. Contrary to the hypothesized negative
relationship, UAV delivery service anxiety had a significant positive effect on perceived ease of use (p =
0.224, p <0.001); therefore, H8 was not supported. This unexpected result may indicate that concerns about
flight safety, payment security, and privacy can coexist with perceptions of operational ease. Respondents
who are more familiar with UAV delivery may understand how the service operates while remaining aware
of its potential risks (Wei et al., 2022; Yoo et al., 2018). Nevertheless, this interpretation is exploratory, and
future studies should revalidate the anxiety scale and examine the effects of prior experience and technology
familiarity. The theoretical contribution of this study lies in its context-specific extension and empirical
validation of TAM rather than in the development of a fundamentally new theory. From a practical
perspective, UAV service providers should simplify ordering, tracking, and collection procedures, improve
service reliability and customer support, and communicate safety and privacy measures clearly (Kellermann
et al., 2023; Tu & Piramuthu, 2024; Wei et al., 2022). Policymakers should also strengthen regulations
concerning flight safety, data protection, service liability, and consumer rights. The study is limited by its
cross-sectional design, non-probability sampling strategy, single-city setting, marginal structural-model fit,
and unexpected anxiety result. Future studies should adopt longitudinal, cross-regional, and subgroup-based

designs to further validate the proposed relationships.
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  M i n i m i z e     Z 1 =     ∑  t    C  r   R  t +   ∑  t    C  o   O  t +   ∑  t    C h   I  t +   ∑  t    C  m   P  t                                                                                                                                                       ( 1 )


    u  d =    {    1               have   activity   CIP   in   day   d   0   have   no   activity   CIP   in   day   d


    u  d


    𝛿  i , d =    {    1             have   activity   Setup   in   day   d   0   have   no   activity   Setup   in   day   d


    𝛿  i , d


    y  i , d  {    1   Open   Production   Line   in   day   d   0   Close   Production   Line   in   day   d


    y  i , d


  d


  i


    o  i , d


  d


  i


    r  i , d


    S  C I P


    S  O T +


    S  O T −


    S  d e m a n d


    𝜌  C I P


    𝜌  O T


    𝜌  d e m a n d


    M  t


    N  t


    S  s u n


  𝜕


  𝛾


  C


    C I P  t


    O  t


    P  t


  i


    𝜑  i


  i


    𝜗  i


  i


    𝛽  i


  i


    𝛼  i


  k


  d


  l


    R  t


    O  t


    I  t


    P  t


    N  t


    D  t


    C I P  t


    A  t


    S  t


  C


    C  m


    C h


    C  o


    C  r


  t


  𝜗


  𝛽


  𝛼


      R  t +   O  t    N  t                                                                                                 ≤ 24                                                                                                                                                                                                                       ∀ t   ( 7 )


      R  t +   O  t    N  t                                                                                                 ≤ 24                                                                                                                                                                                                                       ∀ t   ( 7 )


    C h


    A  t −   S  t −   4 N  t                                                                         = 0                                                                                                                                                                                                                           ∀ t   ( 8 )


    A  t −   S  t −   4 N  t                                                                         = 0                                                                                                                                                                                                                           ∀ t   ( 8 )


      C I P  t    N  t                                                                                                             = 1 . 1                                                                                                                                                                                                                     ∀ t   ( 9 )


      C I P  t    N  t                                                                                                             = 1 . 1                                                                                                                                                                                                                     ∀ t   ( 9 )


      R  t    N  t                                                                                                                     ≤ 18                                                                                                                                                                                                                   ∀ t   ( 10 )


      R  t    N  t                                                                                                                     ≤ 18                                                                                                                                                                                                                   ∀ t   ( 10 )


    P  t ,   O  t ,   I  t ,   R  t                                                                                   ≥ 0                                                                                                                                                                                                                       ∀ t   ( 11 )


    P  t ,   O  t ,   I  t ,   R  t                                                                                   ≥ 0                                                                                                                                                                                                                       ∀ t   ( 11 )


  M i n i m i z e     Z 2 =     ∑  d    N  t  (   𝛼  A ∙   r  A , d ) +   ∑  d    N  t  (   𝛽  A ∙   o  A , d ) +   ∑  d    N  t  (   𝜗  A ∙   𝛿  A , d ) +   ∑  d    N  t  (   𝛼  B ∙   r  B , d ) +   ∑  d    N  t  (   𝛽  B ∙   o  B , d ) +   ∑  d    N  t  (   𝜗  B ∙   𝛿  B , d ) +   ∑  d    N  t  (   𝛼  C ∙   r  C , d ) +   ∑  d    N  t  (   𝛽  C ∙   o  C , d ) +   ∑  d    N  t  (   𝜗  C ∙   𝛿  C , d ) +  (   𝜌  d e m a n d ∙   S  d e m a n d ) +   𝜌  O T ∙  (   S  O T − +   S  O T + ) +  (   𝜌  C I P ∙   S  C I P )                                                                                         ( 12 )


    ∑  d  (   𝜑  A   r  A , d +   𝜑  B   r  B , d +   𝜑  C   r  C , d +   𝜑  A   o  A , d +   𝜑  B   o  B , d +   𝜑  C   o  C , d ) +   S  d e m a n d                     ≥   P  t                                                 ∀ t ( 13 )


    C  m


    ∑  d  (   𝜑  A   o  A , d +   𝜑  B   o  B , d +   𝜑  C   o  C , d ) +   S  O T − −   S  O T +                                                                                                                         = C ∙   O  t                                   ∀ t ( 14 )


    ∑  d  (   𝜑  A   o  A , d +   𝜑  B   o  B , d +   𝜑  C   o  C , d ) +   S  O T − −   S  O T +                                                                                                                         = C ∙   O  t                                   ∀ t ( 14 )


    𝛿  A , d                                                                                                                                                         ≥   y  A , d −     O  A , d − 1 6


  ∀ d   >   1   ( 15 )


    𝛿  B , d                                                                                                                                                         ≥   y  B , d −     O  B , d − 1 6


  ∀ d   >   1   ( 16 )


    𝛿  C , d                                                                                                                                                         ≥   y  C , d −     O  C , d − 1 6


  ∀ d   >   1   ( 17 )


    r  A , d                                                                                                                                                           ≤ 18


  ∀ d   ( 18 )


  C


    r  B , d                                                                                                                                                         ≤ 18


  ∀ d   ( 19 )


    r  C , d                                                                                                                                                         ≤ 18


  ∀ d   ( 20 )


    o  A , d                                                                                                                                                         ≤ 6


  ∀ d   ( 21 )


    o  B , d                                                                                                                                                         ≤ 6


  ∀ d   ( 22 )


    o  C , d                                                                                                                                                         ≤ 6


  ∀ d   ( 23 )


    𝜌  d e m a n d


  t


    𝜌  O T


    𝜌  C I P


    S  d e m a n d


    S  O T −


    S  O T +


    S  C I P


    r  i , d


  i


  d


    o  i , d


    C  r


  i


  d


    y  i , d


    y  i , d  {    1   Open   Production   Line   in   day   d   0   Close   Production   Line   in   day   d


    𝛿  i , d


    𝛿  i , d =    {    1             have   activity   Setup   in   day   d   0   have   no   activity   Setup   in   day   d


    u  d


    u  d =    {    1               have   activity   CIP   in   day   d   0   have   no   activity   CIP   in   day   d


  M i n i m i z e     Z 1 =     ∑  t    C  r   R  t +   ∑  t    C  o   O  t +   ∑  t    C h   I  t +   ∑  t    C  m   P  t                                                                                                                                                       ( 1 )


  C ×  (   R  t +   O  t −   A  t −   C I P  t ) −   P  t       ≥ 0                                                                                                                                                                                                                           ∀ t   ( 2 )


    C  o


    R  t +   O  t −   A  t −   C I P  t                                                 ≥ 0                                                                                                                                                                                                                           ∀ t   ( 3 )


    R  t +   O  t −   A  t −   C I P  t                                                 ≥ 0                                                                                                                                                                                                                           ∀ t   ( 3 )


    P  t +   I  t − 1 −   I  t −   D  t                                                       ≥ 0                                                                                                                                                                                                                           ∀ t   ( 4 )


    P  t +   I  t − 1 −   I  t −   D  t                                                       ≥ 0                                                                                                                                                                                                                           ∀ t   ( 4 )


      I  t    D  t                                                                                                                     ≤ 0 . 02                                                                                                                                                                                                               ∀ t   ( 5 )


      I  t    D  t                                                                                                                     ≤ 0 . 02                                                                                                                                                                                                               ∀ t   ( 5 )


      O  t    N  t                                                                                                                     ≤ 6                                                                                                                                                                                                                           ∀ t   ( 6 )


      O  t    N  t                                                                                                                     ≤ 6                                                                                                                                                                                                                           ∀ t   ( 6 )


  𝛼


  P a r t i c i p a t i o n   I n t e n t i o n   =   𝛽 ₀   +   𝛽 ₁ R A   +   𝛽 ₂ S I   +   𝛽 ₃ I S   +   𝛽 ₄ R I   +   𝛽 ₅ E M   +   𝜀


    S  t


    r  C I P , d                                                                                                                                                   = 5 . 5 ×   u  d  


  ∀ d   ( 24 )


    ∑  d    r  C I P , d +   S  C I P                                                                                                             ≥     C I P  t


  ∀ t   ( 25 )


    r  A , d +   o  A , d +   r  C I P , d + 𝛾 ∙   𝛿  A , d + 𝜕 ∙   y  A , d                       ≤ 24 ∙   y  A , d


  ∀ d   ( 26 )


    r  B , d +   o  B , d +   r  C I P , d + 𝛾 ∙   𝛿  B , d + 𝜕 ∙   y  B , d                     ≤ 24 ∙   y  B , d


  ∀ d   ( 27 )


    r  C , d +   o  C , d +   r  C I P , d + 𝛾 ∙   𝛿  C , d + 𝜕 ∙   y  C , d                       ≤ 24 ∙   y  C , d


  ∀ d   ( 28 )


    A  t


    y  i , d                                                                                                                                                           = 0


  ∀ i   ∈    { A ,   B ,   C } ,   ∀ d   ∈    {  S sun }   ( 29 )


    ∑  k = d  d + 5    u  k                                                                                                                                         ≤ 1


  ∀ d   ∈    { 1 , 2 , 3 , 4 , 5 ,   … ,    M  t − 5 }   ( 30 )


    r  A , d ,   r  B , d ,   r  C , d ,     o  A , d ,   o  B , d ,   o  C , d                                                                 ≥ 0


  ∀ d   ( 31 )


    y  i , d


    𝛿  i , d


    u  d


    C I P  t


    D  t


    N  t


    P  t


    I  t


    O  t


    R  t


  l


  𝛽


  P a r t i c i p a t i o n   I n t e n t i o n   =   0 . 137   +   0 . 267 R A   +   0 . 169 S I   +   0 . 230 I S   +   0 . 134 R I   +   0 . 164 E M


  d


  k


    𝛼  i


  i


    𝛽  i


  i


    𝜗  i


  i


    𝜑  i


  i


  𝜗


    P  t


    O  t


    C I P  t


  C


  𝛾


  𝜕


    S  s u n


    N  t


    M  t



