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Abstract: Background: Scholars have indicated differences in the attitudes of urban and non-urban
populations, especially after the COVID-19 outbreak, which extend to their needs and expectations
regarding rail transport development. The aim of this study is to enhance the quality of train
services in the post-pandemic era, and multigroup analysis will be applied to achieve the difference
in area context. Methods: The research data were collected from rail transport users throughout
Thailand, consisting of 665 urban and 935 rural users. The questionnaires primarily focused on user
expectations regarding rail service quality and travel conditions in the post-pandemic landscape
using multigroup confirmatory factor analysis (MCFA). Results: The results unveiled significant
variations in user trends and needs across different contexts and areas. In urban settings, there
was a notably higher overall service expectation compared to rural areas. Specifically, urban users
prioritized factors such as accessibility and service empathy, whereas rural rail users placed greater
emphasis on staff quality and reasonable pricing. Conclusions: These findings furnish rail transport
service agencies with valuable insights and guidance for comprehending their users’ needs. They can
develop appropriate organizational strategies, service quality enhancements, and policy adjustments
tailored to the unique demands of urban and rural areas in the post-pandemic era, thereby ensuring
sustainability. Additionally, the methodology of multigroup analysis served as a significant scientific
contribution; this showed that the statistical analysis of different area contexts in the study should
not be ignored.

Keywords: COVID-19; SERVQUAL; confirmatory factor analysis; multigroup analysis; area context

1. Introduction

The COVID-19 epidemic has affected the transportation, logistics, and economic
sectors [1]. People’s tourism behavior has changed. Tourists or travelers are increasingly
interested in the health, hygiene, and safety of transport systems during travel [2-4]. For
this reason, the role of public transport is directly related to sanitation, health, and even
safety in travel. Since public transport is a form of service that has many users and connects
to many places, there should be special awareness of the health and safety of users. It is
possible that the attitudes and needs of passengers may undergo changes in the future.
Consequently, it is important to conduct a study on passengers’ attitudes towards public
transport post-pandemic. Transportation is key for moving people or goods from one place

Logistics 2023, 7, 93. https:/ /doi.org/10.3390/logistics7040093

https:/ /www.mdpi.com/journal/logistics


https://doi.org/10.3390/logistics7040093
https://doi.org/10.3390/logistics7040093
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/logistics
https://www.mdpi.com
https://orcid.org/0000-0002-8555-551X
https://orcid.org/0000-0001-6258-496X
https://orcid.org/0000-0002-9369-2741
https://orcid.org/0000-0002-4620-5058
https://doi.org/10.3390/logistics7040093
https://www.mdpi.com/journal/logistics
https://www.mdpi.com/article/10.3390/logistics7040093?type=check_update&version=2

Logistics 2023, 7, 93

20f22

to another; it plays a very important role in the development of a country, both socially and
economically, as the transport system can link together the social and economic systems of
the country. As society expands as a result of population growth, the demand for various
aspects related to transportation increases, i.e., the demand for travel, transport of goods,
etc. However, if each country lacks an efficient transport system, response to the needs
of the country’s social and economic systems will not be able to continue. Hence, it is
imperative to create transport services that can adeptly meet the needs of passengers for
the post-pandemic period.

Railway transportation, being the most ancient and economically viable mode of land
travel, is well-suited for individuals belonging to low- and middle-income brackets [5,6].
However, in some countries, the rail transport system has not yet developed standards and
services that adequately meet the expectations of these users, particularly in developing
nations [6]. Thailand, as a rapidly developing country, is currently experiencing significant
social, economic, and industrial growth. Moreover, Thailand serves as a central hub for
transportation and tourism in Southeast Asia [7]. Given these factors, Thailand represents
an appropriate location for studying user expectations regarding rail transport service
quality. Unfortunately, Thailand is currently grappling with a decline in public passenger
rail transportation, which has led to a consistent reduction in revenue at an approximate rate
of 2 percent per annum since 2017 (Figure 1). While these figures may not seem alarming in
absolute terms, this trend runs counter to the developmental goals set by the State Railway
of Thailand. The situation was further exacerbated by the onset of the COVID-19 pandemic,
which had a profound impact on train services. During the period of 20202021, the average
number of intercity train passengers across Thailand plummeted by a staggering 28% and
64%, respectively. Despite the passing of the pandemic, passenger numbers have yet to
recover to the expected levels (2022). Thailand’s railway report attributes this decline to a
decrease in passenger satisfaction with the service and concern about the potential risks
of future outbreaks [8]. Examples of issues in the Thai rail transportation system include
service insecurity, unsafe train and track conditions, delays, and uncleanliness inside the
trains, among others [5]. In order to address these problems and develop quality and
service improvement indicators for the rail transport system, it is essential to establish
principles and indicators that are contextually appropriate for the study area.

Intercity Train Passenger and Revenue Statistics
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Figure 1. Thai intercity train statistics.

The literature review underscores the significance of establishing appropriate quality
indicators for the railway transport system to promote the application and enhancement of
service quality. Within the realm of transportation services, two widely recognized concepts
are prevalent. The first is the traditional service quality concept, encompassing factors
related to general measures such as accessibility, infrastructure, pricing, information, and
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vehicles, among others. These factors have been employed in numerous research studies
pertaining to transport systems, exemplified by the work of Eboli and Mazzulla [9] and
Ibrahim et al. [10]. The second concept, SERVQUAL model, consists of tangible, reliable,
responsiveness, assurance, and empathy. It has recently garnered popularity for its ability
to enhance the quality of public transportation services [11,12]. Despite the potential for
both of these concept measures to contribute to the development of service quality, there
has not been a study that combines both concepts within the same research framework.
Consequently, introducing a fusion of these two concepts may serve to leverage their
respective strengths while mitigating their weaknesses. This approach can lead to the
refinement and increased efficiency of quality standard indicators for railway services,
rendering them more comprehensive and effective.

Furthermore, numerous studies have shed light on the significance of exploring dis-
parities between urban and rural settings, yielding compelling findings [13,14]. Previous
research has highlighted a notable disparity in population composition between urban and
rural regions, which could have implications for public transport usage. This inequality
may stem from disparities in access to transportation. Berg and Ihlstrom [15] found that
rural areas tend to have low population density and limited access to public transport
compared to urban areas. Consequently, rural dwellers have fewer opportunities to engage
in regular relationships and activities. McDonagh [16] further emphasized that limited
transportation options act as a barrier to accessibility and perceived service quality, particu-
larly for individuals residing in rural and sparsely populated areas. Furthermore, the study
conducted by Grisé and El-Geneidy [17] on the development of urban and rural regions
revealed notable disparities. One aspect of this problem is reflected in the quality of the
rail transport system, and enhancing the quality of trains according to the specific needs of
each area can contribute to improving the quality of life and economy of rural communities.
In Thailand, an official statistical report on passenger satisfaction and loyalty for intercity
rail services [18], uncovered noteworthy differences between passengers who accessed rail
services at urban and rural stations. The report highlighted variations in satisfaction levels
related to service quality. The findings elucidated that rural (or suburban) commuters
expressed satisfaction with various aspects of the service, encompassing stations, punctu-
ality of trains, vehicle conditions and quality, the performance of staff, and ticket selling
channels. In contrast, urban or metropolitan passengers primarily reported satisfaction
with punctuality, staff, comfort, and safety. These disparities in satisfaction ratings provide
valuable insights that warrant further investigation. Despite the fact that the intercity
rail transport service system in Thailand operates under the same network supervised by
the State Railway of Thailand, the discernible spatial disparities, variations in population
density, divergent travel demands, and other distinctive regional characteristics can lead to
differences in the operation and procedures governing rail service quality. These disparities
subsequently influence the perceptions of quality and service held by users. Furthermore,
it is essential to acknowledge that perceptions of rail transport service quality are not solely
shaped by the experience of using the service but can also be significantly influenced by the
socioeconomic characteristics of passengers. Consequently, it is evident that individuals in
diverse geographical areas possess distinct needs and attitudes toward the quality of rail
services. Neglecting to investigate this issue comprehensively could result in the omission
of valuable insights and incomplete research outcomes. Acknowledging the disparities
in user expectations for railway service quality in urban and rural areas emerges as an
imperative consideration.

In light of the identified research gaps, both of which were discerned through a
comprehensive review of the existing literature, it becomes evident that these gaps present
an opportunity for achieving a more comprehensive understanding of the development of
train service quality for the post-epidemic period. Consisting of the integration of service
quality indicators and the unique variations in different urban and rural contexts, the
primary contribution of this study lies in its proactive approach to addressing these gaps.
This involves two key facets: (1) The application of both traditional service quality concepts
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and SERVQUAL to enhance the quality of rail services in the post-epidemic period. This is
accomplished through the utilization of confirmatory factor analysis (CFA); (2) The analysis
of disparities between distinct user groups, both within urban areas and outside them. This
multi-group analysis is employed to investigate whether expectations regarding the quality
of railway transport services can be categorized based on the contextual factors associated
with the area of service. The outcomes of this study are poised to serve as a valuable
guideline for the development of services tailored to the specific needs and perspectives
of service users. Furthermore, the application of multi-group analysis has the potential
to uncover spatial disparities or distinctive user groups. Consequently, service providers
can formulate policies and strategies that effectively accommodate the evolving needs and
trends of users in the post-pandemic era, while also taking into account the differences
between urban and rural areas. This approach aims to render train transport services more
efficient and sustainable, ensuring their resilience in the face of unprecedented challenges.

The remainder of this study is structured as follows: Section 2 outlines the research
indicators and relevant studies that serve as the theoretical foundation for this investigation.
In Section 3, we delve into the methodological approach, encompassing questionnaire
design, data collection procedures, and a detailed analysis of respondents’ characteris-
tics. Section 4 is dedicated to presenting the results derived from the statistical analysis.
Section 5 offers an insightful interpretation of the obtained results, shedding light on their
implications and significance. The final section, Section 6, draws the study to a conclu-
sion, summarizing key findings and outlining potential avenues for implementation and
future research.

2. Literature Review

This study reviewed service quality concepts for intercity rail service and found two
concepts that could be integrated to improve the quality of rail service, as follows:

2.1. Traditional Service Quality

The traditional railway transport service indicators encompass a range of critical
factors that are vital for the efficient and effective functioning of railway systems [10,19].
Their importance has been further accentuated in the context of the COVID-19 pandemic.
We explore the necessity or duty of certain indicators and their association with the
pandemic below:

Accessibility is a fundamental aspect of railway transport. Ensuring that railway
services are easily accessible to the population is not only a matter of convenience but also
a public duty [20]. Infrastructure: A well-maintained and modern railway infrastructure
is essential for providing reliable services [21,22]. Pricing is crucial for railway transport,
ensuring accessibility for a wide range of passengers, including those with limited finan-
cial means. During the COVID-19 pandemic, economic challenges intensified, making
affordable transportation even more critical. The findings of Yang et al. [23] indicate that
passenger demand is influenced by factors such as reasonable or lower fare prices. Timely
and accurate information is crucial for passenger safety and satisfaction. During the pan-
demic, passengers needed up-to-date information on service changes, safety measures,
and travel advisories. Safety has always been a paramount concern in railway transport,
and the pandemic heightened the importance of this factor. Safety is an essential task for
the passenger transport enterprise, and passengers often select the transport enterprise
which is safer according to their experience [19,24]. General service is essential for passen-
ger satisfaction. This encompasses factors such as timely scheduling, efficient ticketing
channels, and the availability of food and amenities [24]. During the pandemic, passen-
gers needed reliable and safe service more than ever. The quality of staff, including their
training, professionalism, and responsiveness to passenger needs, contributes significantly
to the overall passenger experience. Shen et al. [19] stated that staff not only contains
regular employees of rail transit operation companies but also includes security personnel
and cleaners. In times of crisis like COVID-19, passengers look to staff for guidance and
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reassurance. Railway operators have a responsibility to invest in staff training, especially
regarding health and safety protocols. Maintaining a fleet of well-functioning and sanitized
vehicles was essential for public safety and confidence. Regular maintenance and sanita-
tion of vehicles became a heightened priority [21]. Railway stations serve as important
transportation hubs and centers for social interaction. The responsibility of ensuring the
safety of these stations and their compliance with public health guidelines has gained
significant importance during the pandemic. The findings of Jomnonkwao et al. [5] suggest
that the quality of infrastructure and station facilities can serve as indicators of good service.
In summary, these traditional railway transport service indicators are not only essential
for providing efficient and reliable railway services but also for ensuring the safety and
well-being of passengers and staff, particularly in the face of challenges like the COVID-19
pandemic. Recognizing their association with the pandemic underscores their importance
in shaping the future of rail service in the post-epidemic situation.

2.2. SERVQUAL

This concept was developed by Parasuraman et al. [25] and suggests five key elements
of service quality, as follows:

Tangibility: This concerns the facet of business that encompasses the tangible elements
of its facilities, equipment, personnel, and communication materials. The findings of Sama
et al. [26] emphasized that the importance of tangible services has increased, especially in
the post-pandemic context. Reliability is a crucial element of service quality, referring to
the consistent and accurate provision of promised services. Wan et al. [27] expounded on
the significance of reliability components in public transport, as they greatly contribute
to overall service performance. In the post-pandemic era, the importance of reliability is
amplified within rail transport services. Responsiveness is willingness to help customers
and provide prompt service. This principle is substantiated by research findings from
Huang et al. [28] and Sama et al. [26], which underscore the significance of responsiveness
as a key indicator of rail service quality. Assurance encompasses the expertise, politeness,
and competency of staff members, all of which play a role in establishing trust and instilling
confidence in customers. Nguyen-Phuoc et al. [29] have highlighted the critical importance
of providing a safe public transportation environment in shaping passengers’ loyalty
intentions. The COVID-19 situation has intensified users” worries regarding safety and
well-being while traveling. Empathy refers to a firm’s capacity to deliver customer care
and attention. The research findings by Hamzah et al. [30] emphasize the importance
of empathy as a distinct and crucial element of service quality. It plays a central role in
enhancing passengers’ satisfaction with railway services in the post-epidemic period. In
conclusion, it is crucial to acknowledge that SERVQUAL collectively exerts a significant
impact on users’ experiences, particularly within the post-COVID-19 scenario.

2.3. Related Studies on Rail Transportation Services

Within the domain of rail transportation service quality, numerous models have been
put forth in order to assess the levels of service as perceived by passengers utilizing rail
services. These models often revolve around two-dimensional concepts, namely, traditional
service quality and SERVQUAL [25]. An overview of these models, which reflect the
perceived service quality of railway users, is provided in Table A1, showcasing their
presence in the existing body of literature. Table A1l offers a summary of the literature
reviewed pertaining to structural factors or indicators within the context of railway services
over the past decade (2014-2023). A significant portion of the articles predominantly
concentrated on either one side (the traditional indicators) or the SERVQUAL model. The
outcomes of these related studies highlight certain limitations concerning passengers’
perceived service quality. However, it is worth noting that there are variances among
the individual sub-indicators of the two-dimensional concept. Consequently, disparities
persist among the indicators themselves. The position of the present study, in conjunction
with the existing literature, is rooted in its objective to address the gaps identified through
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the literature review. These gaps encompass not only limitations in the service quality
indicators but also research areas that warrant further exploration. To bridge these gaps,
this study endeavors to amalgamate various rail service quality models, thus offering a
more holistic range of service quality indicators. Additionally, through multigroup analysis,
this study aims to elucidate disparities in the perceived quality of rail services based on the
context of different areas.

3. Methods
3.1. Questionnaire Designs

The research questionnaire consists of two main sections that address pertinent aspects
of the study. The initial section covers general sociodemographic information, whereas the
rest investigates factors impacting the quality of rail transportation services, particularly
within the unique circumstances of the post-pandemic era. In Section 1, the questionnaire
gathers data on respondents’ general information, encompassing variables such as age,
gender, occupation, salary, and travel preferences, among others. This section serves
a twofold purpose: firstly, it aids in characterizing the nature of the respondents and
delineating their demographic profiles, and secondly, it facilitates the description of the
distribution of the sample. These sociodemographic details provide valuable insights into
the characteristics of the survey participants, offering a foundation for subsequent analyses.

Section 2 is focused on the identification of relevant variables by incorporating compo-
nent indicators derived from both general service indicators and the SERVQUAL model, as
informed by previous research. These variables are subsequently repositioned within the
framework for evaluating the factors that influence the quality of rail transport services.
Within the latent variable of the SERVQUAL model, an assessment is made of five cru-
cial dimensions: tangibility, reliability, responsiveness, assurance, and empathy, resulting
in a total of 19 observable indicators. Likewise, the general service indicators comprise
25 observed indicators, encompassing categories such as accessibility, infrastructure, price,
information, safety, general service, staff, vehicles, and stations, as outlined in Table A2.
Furthermore, in alignment with the research objectives, the questionnaire is tailored to
elicit responses related to service quality in a post-pandemic scenario. All the questions
within this section employ a 7-point Likert scale [31], the content of the questionnaire and
items were validated and passed by the index of item-objective congruence (IOC) of three
experts in service quality research.

3.2. Intercity Rail Link and Selected Criteria

The focus of this study centers on the domain of intercity rail transportation, specif-
ically within the framework of the State Railway of Thailand. The Thai intercity train
network is divided into four primary routes, known as the Northern, Northeastern, Eastern,
and Southern lines, collectively covering 47 out of the country’s 77 provinces, accounting for
approximately 61.04% of the nation’s territory. In Thailand, there are a total of 442 intercity
rail stations, which encompass 48% of all administrative districts [32]. The Northern Line
boasts a comprehensive network, spanning 10 provinces and covering a total distance of
751 km. It encompasses 22 main stations, both urban and rural in nature. The Northeastern
Line is subdivided into two primary segments, each with respective lengths of 575 km and
624 km, extending through 12 provinces and connecting with a total of 27 main stations.
The Eastern Line also features a dual division, spanning 131 km and 255 km in length and
serving 4 provinces, with access to 11 main stations. The Southern Line provides extensive
coverage across 14 provinces, with a combined length of 945 km, and includes a network
of 37 main stations. The train services operating on these lines can be categorized into
7 principal types, all powered by diesel engines. These types include special express trains
(operating at speeds of 120 km/h with 10 trains in operation), express trains (traveling at
speeds of 90-100 km /h with 9 trains), rapid trains (with similar speed characteristics, also
operating at 90-100 km /h, with 17 trains in service), ordinary trains (operating at 90 km/h
with 27 trains), commuter trains (reaching speeds of 120 km/h with 12 trains), local trains
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(traveling at 90 km/h with 24 trains), and excursion trains (operating at 90 km/h with
4 trains). According to the most recent passenger statistics provided by the State Railway
of Thailand in 2022, the total number of passengers using these rail services amounted to
17.55 million. The distribution of passengers across the lines revealed that the Southern
Line catered to the highest percentage at 28.38%, followed by the Eastern Line (25.57%),
the Northeastern Line (23.65%), and the Northern Line (22.40%), respectively. The visual
representation of the intercity rail network is illustrated in Figure 2.
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Figure 2. Intercity railway network of Thailand). (a) Main lines and stations; (b) Data collection
site (station).

However, the acquisition of data pertaining to the service quality of all these stations
is limited in scope. Consequently, this research aims to assess the quality of rail transport
services offered by the country’s principal and prospective railway stations, which are
under the purview of the State Railway of Thailand [33]. In light of the rail network
distribution presented in Figure 2a, this study has systematically identified study areas
(data collection sites) with significant potential for enhancing the quality of rail transport
services in a post-pandemic context. This selection was based on considerations such
as tourism volume and the frequency of train operations. In order to ensure that the
collected samples are representative of rail users across the country, this study adopted a
methodical approach. We chose to gather questionnaire data from the first four provinces
with the highest passenger volumes for each rail line. The Northern line encompasses
Chiang Mai, Lampang, Uttaradit, and Phitsanulok. The Northeastern line includes Nong
Khai, Khon Kaen, Nakhon Ratchasima, and Ubon Ratchathani. The Eastern line comprises
Prachin Buri, Sa Kaeo, Chachoengsao, and Chon Buri. Lastly, the Southern line is made
up of Phetchaburi, Prachuap Kiri Khan, Surat Thani, and Nakhon Si Thammarat, totaling
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16 provinces in all. Furthermore, in alignment with the research objectives aimed at
capturing the variations in attitudes between rural and urban rail users, data were collected
from two stations per province (considered station presented in Figure 2b). In addition to
station location, trip frequency per day was utilized as a criterion for classifying urban and
rural areas, following the categorization provided by the State Railway of Thailand [33].
Urban stations were characterized by an average schedule frequency of over 10 trips per
day, whereas rural stations had less than 10 trips per day. This is in accordance with the
average trip frequencies observed in this study, where urban stations averaged 15 trips per
day, while rural stations averaged 8 trips per day. Expanding on the significance of location
and trip frequency, it is worth noting that the core systems and operational standards for
urban and rural stations remain largely consistent, given their shared location on the same
railway network. Nevertheless, we cannot disregard the fact that users’ overall perception
of service quality is influenced by factors such as station popularity and the travel demand
experienced by each station. Therefore, conducting a comprehensive study on the service
quality expectations of railway users is crucial for developing service quality measures
from the user’s perspective.

3.3. Data Collection and Sampling

To attain an appropriate sample size for this study, Golob, T.E. [34] has recommended
sampling methodologies suitable for factor analysis. According to Pituch and Stevens [35],
this approach is based on the principle that the sample size needed to estimate the maximum
probability should be a minimum of 15 times the number of observable variables. Given
that the current study involves 44 observed variables, resulting in a requisite sample size of
660 individuals (44 multiplied by 15).

In this research, the samples encompassed railway service users, specifically passen-
gers at both urban and rural stations. During the data collection phase, meticulous efforts
were made to ensure representation across Thailand’s four rail transportation routes. As
previously mentioned regarding the minimum requirement, the study successfully gar-
nered responses from 1600 participants. Among these, 665 respondents originated from
urban stations, while 935 respondents hailed from rural stations. It is noteworthy that the
data collection process was conducted via face-to-face interviews administered by academic
staff. This approach was chosen to guarantee that the respondents fully comprehended
the research proposal and questionnaire details, thereby enhancing the overall quality of
data obtained. An overview of the respondents’ demographic characteristics is presented
in Table 1. It is essential to highlight that this research adhered to ethical guidelines and
was duly approved by the Suranaree University of Technology Institutional Review Board
(COA: 83/2565, 20 October 2022).

Table 1. Characteristics of respondents.

Urban (n = 665) Rural (n =935)

Code Definition
Frequency % Frequency %
Gender Male 337 50.7 490 524
Female 328 49.3 445 57.6
Marital status Married 268 40.3 399 427
Otherwise 397 59.7 536 57.3
Education Uneducated /Below bachelor 377 56.7 511 54.7
Bachelor and above 288 43.3 424 45.3
Occupation Government/State enterprise officer 89 13.4 106 11.3
Private company 159 239 235 25.1
Self-employed 136 20.5 180 19.3
Student 140 21.1 210 225
Others 140 21.1 204 21.8

Note: Average age; Urban = 33.52 years (SD = 12.2), Rural = 33.49 years (SD = 11.9). Average personal income;
Urban = 17,877 baht per month, Rural = 17,457.
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3.4. Statistical Method
3.4.1. Confirmatory Factor Analysis (CFA)

To validate the correlations among the components derived from the service quality in-
dicators, encompassing both general factors and SERVQUAL [25], we employed CFA. CFA,
originally developed by [36], serves as a tool to establish the consistency of measurements
with the scholarly understanding of associated factors. The primary aim of confirmatory
factor analysis (CFA) is to evaluate the degree of alignment between the gathered data and
the research hypotheses, as outlined by [37]. These analytical processes were carried out
utilizing the Mplus 7.2 software.

To evaluate the appropriateness of the component data, we subjected the results of
each indicator’s model to rigorous statistical testing. To this end, we relied upon the criteria
proposed by Fornell and Larcker [38] as well as [39], which involve the assessment of
the average variance extracted (AVE) and composite reliability (CR) values. In order to
achieve a valid fit, both the AVE and CR values should exceed the respective thresholds of
0.5 and 0.7. These critical statistical values can be computed using Equations (1) and (2), as

outlined below: )

n
T A4
AVE = ==, )

(X 0)?
R = 2
A+ (D1 d) ?

where A; denotes the component loading of each indicator and J; represents the error terms.

3.4.2. Multigroup Analysis

Multigroup analysis involves applying the same model to respondents with differing
characteristics, such as gender or culture, and subsequently comparing it with models
that possess an identical structure. As elucidated by Brown [40], multigroup analysis
represents a widely employed method for determining the validity of a structural equation
model (SEM) or CFA. The primary aim of the initial part of the questionnaire was to
assess the equivalence between two groups or measurement invariance [39]. The second
part was designed to compare the measurement models or engage in cross-validation by
contrasting various CFA parameters. These parameters include the number of constructs,
factor loadings, indicator means, and covariances.

To assess these comparisons, statistical values such as the chi-square difference (Delta—
x?) and differences in degrees of freedom (Delta—d f) were employed. This analysis aims
to test the multi-group confirmatory factor analysis (CFA), which has been noted for its
sensitivity in detecting measurement invariance. Significant differences identified through
these statistics were used to ascertain non-invariance between the two models [39]. The
application of multi-group analysis in the context of rail transport service quality permits
the examination of the same model in distinct populations, specifically urban and rural
societies. The objective is to determine whether differences exist between these populations,
resulting in two sets of comparisons.

3.4.3. Model Statistical Fit

To ensure the accuracy and adequacy of the model, the analysis must consider various
statistical measures that evaluate the model’s capability to elucidate the investigated
relationships. These values include the chi-square per degree of freedom (x?/df), which
ideally should not exceed 5 in the initial evaluation [41,42]. Moreover, it is imperative that
the root mean square error of approximation (RMSEA) remains under 0.07, as recommend
by Steiger [43], to signify a satisfactory fit. The Tucker-Lewis index (TLI) serves as an
alternative gauge of model fit, which should be equal to or greater than 0.80 [44]. The
comparative fit index (CFI) for the model should be equal to or greater than 0.90, while the
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standardized root mean square residual (SRMR) should be equal to or less than 0.08 [45,46].
These statistical testing values can be calculated using Equations (3)—(6), as outlined below.

SRMR = |33 ;f—" ®)

B Xz - dfT
RMSEA = m, @)
max [ (xF —dfr),0]
TLI=1— )
' max[( — dfe), (G — 474 0] ©
XY (%
CFI = <de) (dfT> 6)

2
(#) -

when 7 represents standardized residuals derived from a covariance matrix comprising
j rows and k columns, and p* denotes the count of non-repeated elements within this
covariance matrix, the x4 — x? values pertain to the target model, df; = df the target
model, x4 — x? values of the baseline model, and df; = df of the baseline model.

4. Results
4.1. Preliminary Statistics

To ensure the standardized distribution of the model and confirm that the representa-
tive sample in this study is suitable for analyzing the key measurements of rail operation
services in the post-epidemic period using CFA, preliminary analysis of respondents is
imperative. Table A2 presents the descriptive statistics, encompassing the mean, standard
deviation, skewness, kurtosis, and reliability test, segregated by study area (urban and rural
rail stations). These statistics were derived from the questionnaire responses across nine
groups of general indicators, which include accessibility, infrastructure, price, information,
safety, general service, staff, vehicle, and station, as well as the five elements of SERVQUAL:
tangibility, reliability, responsiveness, assurance, and empathy. The examination of de-
scriptive statistics aimed to assess the normal distribution of the data. According to [37], a
desirable skewness should fall within the range of —2 to 2, while kurtosis should range
between —7 and 7. Furthermore, as per [47], reliable data should exhibit a Cronbach’s alpha
value of 0.7 or higher. The statistical values in all four groupings were within acceptable
ranges for analysis.

Analyzing the sample statistics, the mean values for each indicator among rural and
urban respondents shed light on the factors of greatest concern to passengers. For urban
users, pricing appears to be the focal point of passenger intent. Notably, “the ticket price is
reasonable and tangible at any time” emerged as the highest-scoring factor (mean = 5.25)
among urban users’ priorities for quality of railway service in the post-epidemic period.
Conversely, accessibility was a significant influence for rural passengers. “Railway stations
should provide additional services to facilitate station access for the disabled and the
elderly during the epidemic” emerged as the highest-scoring factor (mean = 5.33) among
rural passengers’ priorities. As discussed earlier, these initial statistics provide insight into
passengers’ primary concerns. However, further in-depth analysis is required to thoroughly
examine these disparities. This study intends to employ Multigroup CFA to investigate
these differences.

Furthermore, in order to verify the distinction in CFA analysis for rail transportation
service quality between urban and rural areas, an invariance test between the two mod-
els must be conducted. Table 2 provides detailed comparisons of parameter estimates
between the measurement models for the same two characteristics as in the CFA, but
encompasses different characteristics of the population groups (urban and rural areas).
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The statistical model for invariance measurement yielded the following fit statistics for
the simultaneous model: )(2 (1602) = 4959.97, )(2 /df =3.10, CFI = 0.935, TLI = 0.923,
RMSEA= 0.052, and SRMR = 0.044. For the model (with loadings, intercepts, and paths
held equal across groups), the values were as follows: x% (1676) = 5178.96, (x%/d f=23.09),
CFI = 0.932, TLI = 0.923, RMSEA= 0.052, and SRMR = 0.049, respectively. The Delta—)(2
(74) = 218.99. These values were assessed in terms of statistical significance, which was
set at the 0.01 level. As the null hypothesis was rejected based on the significance level,
the service quality model unequivocally indicated that the population groups (urban and
rural) differed significantly.

Table 2. Model of fit statistical and multi-group analysis.

Description

X

2 df  x¥df CFI  TLI  SRMR RMSEA (90%CI) Delta—y? Delta-df p-Value

Individual group;

Model 1: Urban

Model 2: Rural
Measurement of invariance;
Simultaneous model
Factors loading, intercept,
structural paths held equal
across group

1903.37 820 2.32 0.950 0.942 0.046 0.045 (0.042-0.048)
2708.72 821 3.30 0.940 0.931 0.047 0.050 (0.048-0.052)

4959.97 1602  3.10 0.935 0.923 0.044 0.052 (0.050-0.054)

218.99 74 0.000

517896 1676  3.09 0.932 0.923 0.049 0.052 (0.050-0.054)

4.2. Confirmatory Factor Analysis Results

As previously defined, the statistical test of fit indicated differences in terms of varia-
tions or characteristics as perceived by rail transport users. Consequently, an analysis of the
disparities in railway transportation services is warranted. The present conducted an analy-
sis of key measurement indicators of the rail service for the post-epidemic using multigroup
CFA. The results in this section are presented separately for two models representing urban
and rural areas, confirming the distinct characteristics of rail transport quality as perceived
by users in these contexts. We utilized Multigroup CFA to evaluate the appropriateness of
indicators obtained from railway users related to latent factors, which encompass general
indicators and the SERVQUAL model (using Mplus 7.2 software). The results indicated that
all indicators significantly measured rail service quality in the post-pandemic scenario for
both urban and rural areas (p-value < 0.01). Additionally, the AVE and CR are greater than
0.5 and 0.7, respectively, as previously established in the literature [38]. Prior research has
confirmed that these values are considered acceptable. The model fit statistics, as displayed
in Table 2, demonstrate a robust congruence between the models.

According to Table A3, all questionnaire items can be used as measurements of intercity
railway transport service quality with a significance level of 0.01. In the urban model, the
results illustrate that “accessibility” was the most important factor ( = 0.932) contributing
to urban rail service quality from the perspective of urban users. ACC4, which pertains to
a station’s easy accessibility in any situation, was the most influential factor in explaining
service accessibility. Following closely was “empathy” (3 = 0.927), with EMP1 (“The staff
are individually attentive, regardless of whether problems arise in any given situation”)
emerging as the most influential factor. Infrastructure (8 = 0.926) also played a significant
role, with INF1 (“The station has facilities for the disabled and the elderly, such as ramps
and handrails”) identified as the most representative indicator. Safety ( = 0.921) was
another crucial dimension, and the presence of enough officers or employees to ensure
safety was the most influential factor. The following factors are presented in Table A3.

Conversely, the results of the rural model shed light on crucial insights from the
perspective of intercity rail users regarding service quality. As indicated, railway staff
emerged as the most vital factor for rural users (3 = 0.932). Among staff indicators, STF1
(“Staff provide service with speed and agility all the time”) was identified as the most
representative indicator in this context. Following staff performance, pricing considerations
were also significant for rural rail users, with “PRI1” (“The ticket price is reasonable and
tangible at any time”) emerging as the most crucial indicator within the price factor of
service quality. Additionally, the rest of the factors are presented in Table A3.
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5. Discussion
5.1. The Key Indicators for Improving Urban Rail Service for Post-Pandemic

Regarding the urban model (as depicted in Figure 3), the aspect of “accessibility”
stands out as of utmost importance from the perspective of urban users. Even in the
aftermath of a major epidemic, improvements in service quality or cleanliness of urban
transport can be effectively implemented. However, if the service points or stations remain
a challenge to access during abnormal situations, it is likely that passenger demand will
decline. The accessibility indicator with the highest factor loading signifies the concerns
of rail transport users regarding the significance of connectivity from diverse locations to
the train station, particularly in unique or unusual situations, which urban users’ views
revealed that this performance was not yet effective enough. Given that railway stations
are relatively limited in number compared to other public transportation hubs, such as bus
terminals, enhancing ease of access and developing facilities, such as expanding the range
of transport feeder modes to improve accessibility to rail transport services, is a matter that
users are keenly aware of. Consequently, the quality of accessibility emerges as a pivotal
indicator for enhancing the quality of train services, especially within urban areas. This
finding is consistent with the perspective put forth by Jamei et al. [20], who underscored
the significance of perceived accessibility as a critical indicator in the development of public
transport. Subsequently, the factors of “infrastructure” and “safety” gained prominence.
It is undeniable that these two indicators constitute fundamental elements within any
public transport system, particularly in the wake of the COVID-19 outbreak. The behaviors
and attitudes of passengers have undergone transformation, with increased emphasis on
cleanliness and safety shaped by the post-pandemic landscape [2,3]. The higher scores
of expectations for rail service infrastructure indicated that the standard performance of
facilities might not meet the users’ needs. Hence, the modernization of infrastructure
and facilities within both stations and trains to align with contemporary technological
standards is pivotal. This modernization not only unlocks the inherent potential of the
rail system but also serves as a means to capture the interest and patronage of passengers.
As a result, improvements in infrastructure, which include amenities designed to assist
the elderly and disabled, coupled with the integration of cutting-edge equipment and
the utilization of various technologies to simplify processes like seat reservations, ticket
purchases, and payments, have the potential to elevate the quality of intercity train services.
In the aftermath of the pandemic, passenger safety expectations are poised to escalate,
encompassing considerations for life, property, and health, given the lingering impact
of COVID-19. These factors are expected to establish a new benchmark for maintaining
the safety of rail users even as the pandemic wanes. Consequently, investments in safety
measures take on paramount significance. This includes the implementation of rigorous
passenger screening protocols, the deployment of stable and precise thermometers, the
installation of an adequate network of CCTV cameras both on-site and within vehicles
to ensure safety, the provision of safety equipment for trains, and the cultivation of the
requisite skills and support among staff to effectively manage unusual situations. The
findings from research conducted by Eboli et al. [24] underscored the critical role of safety
measures in public transport services, particularly within a post-pandemic context [4]. In
the realm of the SERVQUAL concept, it becomes evident that urban users attach substantial
importance to the aspect of “empathy”. Empathy, which is considered a cornerstone of
exceptional service, pertains to a firm'’s capacity to deliver caring and personalized attention
to its customers [26]. Achieving this hinges on employee training aimed at providing
exceptional and empathetic service, marked by individual attentiveness and an unwavering
commitment to prioritizing passengers’ best interests [12]. Notably, research findings
by Hamzah et al. [30] underscore the significance of empathy as a specific and pivotal
component of service quality. Furthermore, several other factors emerge as noteworthy
indicators of urban rail service quality, encompassing tangibility, responsiveness, general
service, reliability, among others (as illustrated in Figure 3).
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Figure 3. Extended rail service quality for post-pandemic of urban users.

5.2. The Key Indicators for Improving Rural Rail Service for Post-Pandemic

However, the awareness of rural users regarding significant factors for enhancing rail
transport quality in the new travel era slightly differs from that of urban users. Figure 4
illustrates the principal indicators for enhancing rural rail transport services, highlighting
the paramount importance of the quality of railway “staff”. While rail service staff receive
training that adheres to acceptable standards, a noticeable gap persists between the ele-
vated expectations of rural users and the actual performance of railway staff. Pertinent
research [15] underscores the prevalence of knowledge gaps and limited access as common
challenges in rural areas, which can create hindrances, particularly in exceptional circum-
stances, for utilizing public transportation. Consequently, offering attention and support
to rural users emerges as a significant asset in alleviating user concerns and significantly
elevating the quality of railway services in the post-pandemic era. The findings of this
study underscore users’ desire for employees capable of delivering swift assistance. The
courtesy, competence, and quality of the company’s staff assume pivotal roles in providing
support and disseminating information to passengers. This, in turn, serves to bridge the
gaps between passengers and railway operators, thereby contributing to an overall enhance-
ment of service quality. This interpretation aligns with the findings of [19]. Subsequently,
“price” emerges as the next influential factor, emphasizing the significance of offering public
transport tickets or products at reasonable and tangible prices to attract users in various cir-
cumstances. The matter of pricing exerts a significant influence on rural rail services, even
though railway fares are standardized across the network and are determined by factors
such as trip distance and the type or function of the vehicle [8]. However, rural passengers
bear a greater burden of hidden costs associated with rail transport compared to their
urban counterparts. It is essential to acknowledge that suburban and rural areas differ from
urban areas in terms of demographics and income, as evidenced in Table 1. Furthermore,
several studies have indicated that suburban populations typically have lower average
incomes compared to their urban counterparts [48-50]. This income disparity can serve as a
significant barrier to the use of rail services. Hence, it becomes evident that the formulation
of policies aimed at establishing reasonable and affordable fares or introducing special
promotions designed to attract rural users holds substantial importance in the pursuit of
improving service quality within the given context. Machado-Leoén et al.’s [22] research
results substantiate the pivotal role of price as a key contributing factor in attracting users
and advancing public transportation [23]. Additionally, the components of SERVQUAL and
other general indicators (as depicted in Figure 4) assume importance in the enhancement
of rural railway services after the epidemic.
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Figure 4. Extended rail service quality for post-pandemic of rural users.

5.3. Difference in Urban and Rural User Contexts

As indicated in the results presented in the previous section, the multigroup CFA
conducted to assess rail transport service quality highlighted that users from both urban
and rural settings harbor distinct expectations concerning the quality of rail service. These
differing expectations may be attributed to a variety of factors, including local contextual
variations. Numerous studies have underscored that distinctions in geographic context,
encompassing urban and rural environments, correlate with disparities in population
perceptions, expectations, needs, and behavioral characteristics [51-53]. According to the
present study, urban areas have an abundance of pre-existing facilities and experience
prevalent competition among various modes of public transportation. These areas tend
to undergo efficient development across multiple domains, resulting in a more advanced
and organized environment compared to rural regions [54,55]. Consequently, enhancing
the quality of urban railways often involves expanding access limits and developing
modern facilities and machinery, as previously discussed in Section 5.1. Increasing the
convenience of access and developing modern equipment and tools will help the railway
compete for market share in urban areas with high business competition. Conversely, rural
areas typically exhibit lower levels of prosperity, income, and knowledge compared to
urban counterparts. Therefore, the necessity for reasonable pricing and the presence of
knowledgeable staff offering essential information can be instrumental in attracting users
and promoting the improved quality of rural railway services, as previously mentioned in
Section 5.2. This evidence can support the research findings that transport users in urban
and rural contexts exhibit distinct attitudes and perspectives, which ultimately result in
variations in their needs and service expectations in a post-pandemic scenario.

6. Conclusions and Recommendations

This study aimed to develop the quality of rail transport services in the context of
post-pandemic era, which might differ in terms of users’ expectation, by examining the
combination of general service quality indicators and SERVQUAL model [25]. Furthermore,
this study captured how the perception of these factors were different between urban and
rural areas to help the relevant authorities develop strategies and policies in accordance
with the area context. Data were derived from 665 urban and 935 rural railway passengers.
Analysis results indicated that general service quality indicators and SERVQUAL model
were good representative measures of rail service quality for the post-COVID-19 situation.
Model results of CFA confirmed that all observed indicators serve as legitimate measures
of rail transport service. Additionally, these parameters demonstrate differences in priority
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between the contexts of service users’ areas. Moreover, we explored that the context of areas
(urban and rural) plays an important role in representing passengers’ point of view. The
findings illustrated that “accessibility” and “empathy” were the most influential measures
for rail transport service in views of urban passengers, and “staff” and “price” represented
the most concerns of rural passengers.

For practical implications, the findings provided related authorities (e.g., the Ministry
of Transport (MOT), the State Railway of Thailand (SRT), etc.) with insight about the
necessity of nine traditional factors and five elements of SERVQUAL. In the urban model,
“accessibility” is the most important factor in the minds of rail users. Notably, the authorities
should focus on improving rail transport access. This may involve making it easier to
reach a station, enhancing connections to other modes of transport, and implementing
various service strategies. Such measures can raise awareness among users that rail travel
is easy and convenient to access [20]. Following accessibility, the factors of infrastructure
and safety were also significant contributors. Relevant agencies need to develop safety
levels whether it is about measures to prevent disease or crime. This will increase the
confidence of service users. As discussed earlier, the heightened expectations in these
aspects underscore the disparity between the current performance of rail transport and the
requirements as perceived by service users. Promptly addressing these critical concerns is
imperative for enhancing the implementation of urban rail services.

In contrast, the results of the CFA for rural areas revealed some differences in the
aspects of rail users” expectations compared to the urban model. The varying expectations
observed in urban and rural contexts, as uncovered in this study, are influenced not solely
by the quality of train services in each location but also by the demographic composition of
passengers. In cases where service users are relatively scarce in a particular area, it can lead
to heightened demands on various dimensions of service. Consequently, issues pertaining
to the accessibility of rail services and their affordability give rise to a pronounced need for
improvements in terms of “staff” and “price”. Therefore, rail agencies should pay attention
to the quality of railway staff, including providing courteous and efficient service. Staff
not only include regular employees of rail transit operation companies but also security
personnel and cleaners [19]. During times of crisis, such as the COVID-19 pandemic,
passengers rely on staff for guidance and reassurance. As a result, railway operators
have a responsibility to invest in staff training, particularly in relation to health and safety
protocols. In addition, when developing quality services, train operators should consider
implementing reasonable pricing or ticket options while still maintaining a reasonable price
base. These measures can enhance the perception of quality and care among rural users [23].
This confirms the importance of all measures (general indicators and SERVQUAL) for
enhancing rail service quality post COVID-19. In terms of the methodology employed,
the multigroup CFA provided valuable insights: incorporating multiple sample groups or
utilizing multilevel models in the analysis can illuminate the intricacies of respondents’
perspectives within any research field. It is recommended that future studies consider
incorporating cross-sectional studies, such as multigroup or multilevel analysis, to further
explore and uncover significant findings.

As per limitations, this study focuses on intercity rail transportation, which restricts
the generalizability of the finding to other transport modes. It is reasonable to assume that
various users of transportation may harbor different viewpoints and dispositions regarding
the country’s overall transport system. To mitigate this limitation, the inclusion of a wider
spectrum of transportation modes can offer a more exhaustive comprehension of users’
attitudes. Furthermore, our study presented the key indicators of rail transportation in a
singular dimension. In the future, it would be advantageous to employ multilevel analysis,
as this approach allows for comparative evaluation of different policies between different
area contexts, which may influence the expectations and perceptions of transport users.
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Appendix A
Table Al. Summary of related study and indicators.
Authors Location Infrastructure  Service Staff  Vehicle Safety Fare Information Tangibility Reliability Assurance Responsiveness Empathy Method
Eboli and Mazzulla [9] Italy v v v v v SEM
de Ona et al. [56] Ttaly v v v v v Decision tree
Hundal and Kumar [11] India v v v v v Gap analysis
Eboli et al. [24] Ttaly v v v v Fuzzy evaluation
Shen et al. [19] China v v v v v v SEM
Putra and Sitanggang [57] Indonesia v v v Gap analysis
Machado-Leon et al. [22] Algeria v v v IPA
Miranda et al. [58] Portugal v v v v Regression
Jomnonkwao et al. [5] Thailand v v v EFA
Yuda Bakti et al. [59] Indonesia v v v v Hedonic model
Wang et al. [60] China v v SEM
Wonglakorn et al. [21] Thailand v v v v v SEM
Ibrahim et al. [10] Malaysia v v v v v Neural network
Shi et al. [61] China v v v Evaluation method
Yang et al. [23] China v v v Regression
Hidayat and Choocharukul [62]  Thailand and Indonesia v v v v v SEM
Gopal Vasanthi et al. [12] India v v s s v Hierarchical regression
This study Thailand v v v v v v v v v v v v Multigroup CFA

Note: IPA = important performance-analysis; SEM = structural equation modeling; EFA = exploratory factor analysis; CFA = confirmatory factor analysis.

Table A2. Descriptive statistics.

Urban (665 Respondents)

Rural (935 Respondents)

Codes Description (Cronbach’s Alpha)
Mean SD SK KU Mean SD SK KU
Accessibility (0.711)
ACC1 The.train statipn can be accessed in a variety of ways and has not encountered access problems 444 143 012 o071 439 1.54 0.20 _088
during the epidemic.
ACC2 The station’s location is easily accessible in any situation. 4.84 1.34 0.14 —0.87 4.79 1.32 0.12 —0.90
Infrastructure (0.920)
INF1 The station has facilities for the disabled and the elderly, such as ramps and handrails. 4.28 1.62 0.29 —0.93 4.10 1.66 0.44 —0.81
INEF2 }I;i);ztfgrtrﬂ: 3‘1; r?qmpped with facilities or accessories for disabled and elderly people, such as ramps to 423 1.50 036 —065 4.07 1.65 0.40 —080
INF3 Stations and trains have state-of-the-art equipment and infrastructure. 414 1.53 0.28 —0.64 3.95 1.69 0.36 -0.72
INF4 The station has a suitable size and can accommodate a sufficient number of users. 4.56 1.39 —-0.01 —-0.38 441 1.57 —-0.04 —0.62
Safety (0.842)
SAF1 E}aiirzz?tzzgzo?s have appropriate screening measures for passengers, according 453 156 0.22 110 441 1.70 0.23 126
SAF2 While traveling, the train has measures to prevent serious accidents or disease outbreaks. 4.25 1.49 0.28 -0.77 4.00 1.52 0.48 —0.68
SAF3 There are enough officers or employees to take care of your safety. 4.19 151 0.27 —0.76 3.99 1.55 0.37 —0.81
SAF4 Appropriate epidemic control measures are in place, such as cleaning the seats inside the train or building 440 1.35 0.19 073 431 1.45 0.25 —092
after each use.
Price (0.798)
PRI1 The ticket price is reasonable and tangible at any time. 5.25 1.04 0.15 —0.63 5.32 1.10 —-026 —0.05
PRI2 The price of train tickets is not too expensive to pay during the epidemic. 5.20 1.07 0.04 —0.47 5.32 1.03 —-0.04 —-034
General service (0.782)
SER1 The travel schedule has a suitable frequency for every situation. 4.77 0.99 0.20 0.36 4.79 1.05 —-0.19 1.04
SER2 There are adequate and appropriate ticketing channels that are easily accessible at all times. 4.90 1.06 0.13 0.18 4.90 1.11 0.09 0.11
SER3 The price of food on the train is appropriate in every situation. 4.78 1.11 0.05 0.48 4.83 1.08 —0.06 0.62
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Table A2. Cont.
Urban (665 Respondents) Rural (935 Respondents)
Codes Description (Cronbach’s Alpha)
Mean SD SK KU Mean SD SK KU
Staff (0.830)
STF1 Staff provide service with speed and agility all the time. 4.89 1.18 —0.15 0.42 5.01 1.14 0.16 —0.18
STEF2 Staff provide courteous service every time. 4.98 115 0.07 —0.16 5.02 1.15 —0.05 0.20
Vehicle (0.905)
VEH1 The cabin has ample lugga§e space and is sufficient in any situation. 4.21 1.54 0.34 -0.77 3.98 1.55 0.42 —0.70
VEH2 Train seats and toilets are clean and comfortable, even under unusual circumstances. 3.99 1.48 0.23 —0.43 3.90 1.51 0.43 —0.52
VEH3 Windows and doors are in good working condition in all situations. 3.88 1.45 0.41 —0.33 3.72 1.51 0.57 —0.33
Station (0.814)
STA1 The station is clean all the time. 4.75 1.51 —-0.03 —-0.84 4.54 1.53 0.01 -0.77
STA2 The station has ample and sufficient parking. 4.69 1.43 -028 —0.21 443 1.62 —-0.14 —-0.57
Information (0.782)
IFO1 Sufficient information on travel and epidemic prevention is provided while traveling by train. 4.69 1.45 0.06 —0.81 4.55 1.46 0.30 —1.08
IFO2 There are channels for complaints in every situation. 4.67 1.36 0.38 —-1.03 4.73 1.49 0.29 —-1.30
IFO3 Information on train services is readily available and accessible, even in unusual situations. 4.84 1.25 0.28 —-0.72 4.82 1.32 0.10 —-0.77
Tangibility (0.875)
TAN1 Railway personnel demonstrate clear and accurate communication in any situation. 4.44 1.45 0.09 —0.68 4.32 1.52 0.25 —-0.87
TAN2 Schedules, information displays, etc. remain attention-grabbing, even in unconventional circumstances. 4.40 1.47 0.15 —0.62 4.28 1.58 0.26 —0.82
TAN3 Terminals and toilets are kept clean, even under unusual circumstances. 4.29 1.45 0.16 —0.51 4.22 1.51 0.33 —0.68
Reliability (0.875)
REL1 The train consistently adheres to its schedule, departing and arriving punctually under all circumstances. 4.25 1.42 —0.11 —-0.27 421 1.43 —-0.05 —0.39
REL2 Provide equitable service and refrain from exploiting passengers or users. 451 1.35 0.04 —0.38 4.46 1.43 —0.02 —-0.53
REL3 In the event of an issue, railway personnel demonstrate sincerity by resolving your problem. 4.50 1.33 0.08 —0.38 4.39 1.36 0.15 —0.42
REL4 The train did not experience any breakdowns throughout the journey. 4.06 1.52 0.33 —0.46 3.78 1.54 0.54 -0.33
Responsiveness (0.882)
RES1 Staff are happy to help immediately. 5.00 1.11 0.14 —0.05 497 1.05 0.15 0.16
RES2 Staff is accessible for assistance and modifications, with advance communication. 5.01 1.07 0.23 —0.36 4.79 1.04 0.21 0.42
RES3 The train staff are there to respond or assist you even when you are busy. 491 1.11 0.23 —0.20 4.82 1.06 0.16 0.13
RES4 The staff provides service that is both prompt and efficient. 4.96 111 0.24 —0.09 4.89 1.05 0.13 0.57
Assurance (0.863)
ASS1 Traveling via rail transport instills a sense of security, even when faced with uncommon situations. 4.89 1.22 0.11 —0.57 4.77 1.19 0.09 —0.54
ASS2 Railway employees are courteous in service. 4.95 1.13 0.16 —0.26 4.90 1.17 0.18 —0.30
ASS3 Employees have in-depth training and knowledge. 4.95 1.09 0.33 —0.32 4.86 1.06 —0.05 0.47
ASS4 The behavior of staff builds confidence in passengers. 4.92 1.06 0.38 —0.07 4.88 1.06 0.08 0.35
Empathy (0.789)
EMP1 The staff are individually attentive, regardless of whether problems arise in any given situation. 4.88 1.30 -0.03 -0.83 4.89 1.28 -0.09 -0.87
EMP2 Rail transport proves convenient for all users, including children, the elderly, individuals with disabilities, 4.82 1.28 0.03 066 474 132 0.02 074
and expectant mothers.
EMP3 The provider always consistently prioritizes the best interests of users. 4.87 1.25 0.11 —0.80 4.87 1.26 —-0.05 —0.69
EMP4 Rail operators make it easy to plan your trip. 4.83 1.21 0.09 —0.80 4.81 1.25 0.07 —0.85

Note: SD = standard deviation; SK = skewness; KU = kurtosis.
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Table A3. Model estimation results for multigroup CFA.

Urban Rural
Codes Std. Coef.  Std. Error p-Value Std. Coef.  Std. Error p-Value
First-Order CFA

Accessibility [0.425] (0.964) Accessibility [0.465] (0.976)

ACC1 0.565 0.036 <0.001 0.672 0.023 <0.001

ACC2 0.728 0.027 <0.001 0.691 0.022 <0.001
Infrastructure [0.716] (0.995) Infrastructure [0.764] (0.997)

INF1 0.914 0.015 <0.001 0.919 0.007 <0.001

INF2 0.863 0.013 <0.001 0.895 0.008 <0.001

INF3 0.844 0.014 <0.001 0.878 0.009 <0.001

INF4 0.756 0.019 <0.001 0.800 0.014 <0.001
Safety [0.542] (0.990) Safety [0.552] (0.992)

SAF1 0.633 0.025 <0.001 0.634 0.021 <0.001

SAF2 0.818 0.017 <0.001 0.804 0.014 <0.001

SAF3 0.834 0.016 <0.001 0.824 0.013 <0.001

SAF4 0.635 0.025 <0.001 0.693 0.019 <0.001
Price [0.691] (0.987) Price [0.664] (0.988)

PRI1 0.859 0.017 <0.001 0.833 0.015 <0.001

PRI2 0.802 0.019 <0.001 0.796 0.016 <0.001
General service [0.521] (0.984) General service [0.599] (0.991)

SER1 0.544 0.031 <0.001 0.707 0.019 <0.001

SER2 0.865 0.018 <0.001 0.859 0.013 <0.001

SER3 0.720 0.023 <0.001 0.748 0.018
Staff [0.677] (0.987) Staff [0.906] (0.911)

STF1 0.817 0.018 <0.001 0.846 0.013 <0.001

STF2 0.829 0.018 <0.001 0.834 0.014 <0.001
Vehicle [0.658] (0.991) Vehicle [0.732] (0.995)

VEH1 0.883 0.014 <0.001 0.889 0.009 <0.001

VEH2 0.767 0.020 <0.001 0.859 0.011 <0.001

VEH3 0.778 0.018 <0.001 0.817 0.013 <0.001
Station [0.692] (0.988) Station [0.931] (0.992)

STA1 0.845 0.016 <0.001 0.834 0.013 <0.001

STA2 0.819 0.017 <0.001 0.875 0.011 <0.001
Information [0.408] (0.975) Information [0.418] (0.980)

IFO1 0.565 0.037 <0.001 0.575 0.029 <0.001

TFO2 0.676 0.026 <0.001 0.686 0.025 <0.001

IFO3 0.670 0.03 <0.001 0.672 0.024 <0.001
Tangibility [0.732] (0.994) Tangibility [0.748] (0.995)

TAN1 0.858 0.014 <0.001 0.854 0.011 <0.001

TAN2 0.860 0.015 <0.001 0.854 0.011 <0.001

TAN3 0.849 0.014 <0.001 0.886 0.009 <0.001
Reliability [0.652] (0.994) Reliability [0.659] (0.995)

REL1 0.685 0.022 <0.001 0.767 0.015 <0.001

REL2 0.874 0.013 <0.001 0.870 0.010 <0.001

REL3 0.869 0.012 <0.001 0.880 0.009 <0.001

REL4 0.788 0.018 <0.001 0.720 0.017 <0.001
Responsiveness [0.694] (0.995) Responsiveness [0.604] (0.994)

RES1 0.857 0.012 <0.001 0.819 0.013 <0.001

RES2 0.826 0.014 <0.001 0.714 0.018 <0.001

RES3 0.809 0.016 <0.001 0.768 0.016 <0.001

RES4 0.839 0.014 <0.001 0.804 0.014 <0.001
Assurance [0.653] (0.994) Assurance [0.603] (0.994)

ASS1 0.735 0.02 <0.001 0.646 0.021 <0.001

ASS2 0.838 0.014 <0.001 0.814 0.013 <0.001

ASS3 0.850 0.013 <0.001 0.822 0.013 <0.001

ASS4 0.804 0.016 <0.001 0.810 0.013 <0.001
Empathy [0.512] (0.988) Empathy [0.492] (0.990)

EMP1 0.769 0.022 <0.001 0.759 0.019 <0.001
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Table A3. Cont.

Urban Rural
Codes Std. Coef.  Std. Error p-Value Std. Coef.  Std. Error p-Value
EMP2 0.634 0.027 <0.001 0.584 0.024 <0.001
EMP3 0.762 0.020 <0.001 0.718 0.019 <0.001
EMP4 0.688 0.026 <0.001 0.731 0.020 <0.001

Second-order CFA.
General Indicators measured by; [0.714] (0.995) General Indicators measured by; [0.775]

(0.997)

Accessibility ~ 0.932 0.037 <0.001 0.853 0.024 <0.001
Infrastructure 0.926 0.072 <0.001 0.894 0.043 <0.001
Safety 0.921 0.027 <0.001 0.884 0.013 <0.001
Price 0.841 0.034 <0.001 0.914 0.024 <0.001
General 0.867 0.021 <0.001 0.852 0.015 <0.001
service

Staff 0.810 0.023 <0.001 0.932 0.021 <0.001
Vehicle 0.625 0.032 <0.001 0.869 0.013 <0.001
Station 0.830 0.024 <0.001 0.880 0.013 <0.001
Information 0.808 0.030 <0.001 0.841 0.026 <0.001
SERVQUAL measured by; [0.766] (0.994) (SOE §9V5?UAL measured by; [0.716]
Tangibility 0.898 0.021 <0.001 0.832 0.023 <0.001
Reliability 0.853 0.017 <0.001 0.838 0.018 <0.001
Responsiveness 0.882 0.035 <0.001 0.845 0.017 <0.001
Assurance 0.811 0.017 <0.001 0.840 0.016 <0.001
Empathy 0.927 0.026 <0.001 0.875 0.018 <0.001

Note: Std. Coef. = standardized coefficient; Std. Error = standard error; AVE presented in [bracket] and CR
presented in (parentheses).
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