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Abstract: Digital railway transport systems increasingly integrate online ticketing, real-time passenger information,
digital payment, onboard connectivity, and customer support into the passenger journey. Their effectiveness depends
not only on the availability of these functions but also on how passengers experience and evaluate their interactions
with them. This study investigates the relationship between digital experience and railway passenger satisfaction
(RPS) and examines the parallel mediating roles of perceived value and digital trust in the Vietnamese railway context.
Survey data were collected from 348 passengers who had recently used at least one digital railway service and were
analysed using partial least squares structural equation modelling. Digital experience was positively associated with
passenger satisfaction (β = 0.452, p < 0.001) and accounted for significant variation in perceived value and digital
trust. Both mediating pathways were statistically significant, although the indirect effect through perceived value (β
= 0.175, p < 0.001) was stronger than that through digital trust (β = 0.113, p = 0.001). Together, digital experience,
perceived value, and digital trust explained 62.2% of the variance in RPS. These findings indicate that the passenger-
side performance of digital railway transport systems rests on the quality of integrated interactions across digital
touchpoints, particularly their convenience, reliability, security, and service value. The study provides a passenger-
centred framework for evaluating the implementation of digital railway services and identifies the user-related factors
that railway operators should consider when planning and prioritising digital system improvements.

Keywords: Digital railway transport systems; Passenger-centred evaluation; Digital experience; Railway passenger
satisfaction; Perceived value; Digital trust

1 Introduction

Rail transport is widely recognized as an efficient, climate-friendly mode for both passenger and freight movement.
Nevertheless, railways have experienced a steady decline in their share of the overall transport market in many
countries, including Vietnam [1]. Digitalization offers one route by which railway operators can respond to this
challenge. Contemporary railway transport systems increasingly incorporate online ticketing, electronic payment,
real-time passenger information, onboard connectivity, and digitally mediated customer support. These functions
form the user-facing layer of the transport system and connect passengers with information, transactions, and
operational services before, during, and after a journey. Their contribution cannot be judged solely by whether the
relevant technologies have been installed. It also depends on whether passengers can use them conveniently, rely on
the information and transactions they provide, and obtain value from the resulting interaction. A passenger-centered
evaluation is therefore necessary to determine how the implementation of digital railway systems is reflected in
perceived value, trust, and satisfaction. These user-side outcomes matter to the quality and competitiveness of
railway transport because they indicate whether digital functions operate as a coherent part of the passenger journey
rather than as a collection of isolated tools.

Since 2020, the Vietnam Railways Corporation (VNR) has introduced mobile online ticketing and payment
systems that allow passengers to select trains, reserve tickets, and choose payment methods through a digital
interface. The service environment now includes digital wallets and specialized applications such as Momo, the
“Ve Tau” App, VNPAY, Vimo e-wallet, and Viettel Money. VNR has also integrated its passenger services with the
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Zalo ecosystem. Taken together, these platforms represent an expanding digital interface between passengers and
the railway system, intended to make travel arrangements safer, more convenient, and more comfortable.

Within this ecosystem, the Zalo Notification Service (ZNS) uses passengers’ telephone numbers to deliver booking
confirmations and real-time itinerary information through the Zalo messaging interface. The Zalo Official Account
(Zalo OA) provides an authorized channel through which VNR can communicate with passengers on Vietnam’s most
widely used messaging platform. It serves as an information point for train schedules and fares and allows passengers
to obtain departure information and relevant travel rules. The embedded Zalo Mini App also permits passengers
to book journeys and receive electronic tickets without leaving the application. During service disruptions, the
same channels can communicate the status of an incident, remedial action, and instructions for alternative travel
arrangements. The ecosystem therefore combines transaction, information, and disruption-response functions within
a single passenger-facing environment.

VNR has concurrently incorporated other applications into its service delivery framework. Its multi-platform
payment environment combines different payment options with promotional incentives and is intended to improve
transaction convenience and security. Passenger information is distributed through Light Emitting Diode (LED)
displays at stations, while operational updates are issued through Short Message Service (SMS) and email. Onboard
Wi-Fi and entertainment services extend the digital environment into the train itself. Customer care has likewise
been digitized through social media and messaging platforms that receive passenger feedback and provide individual
support. These facilities span the principal stages of a journey, but their technical availability does not in itself show
whether passengers experience the combined system as useful, dependable, and responsive.

Existing railway research commonly examines individual digital functions rather than passengers’ integrated
experience across the full journey. As a result, there is limited evidence on how passengers evaluate a railway system
in which ticketing, payment, information, connectivity, and support are delivered through interconnected digital
touchpoints. Perceived value and digital trust are also often analyzed separately. This makes it difficult to determine
whether satisfaction arises primarily because passengers consider the system worthwhile or because they consider it
reliable and secure. The relative importance of these two mechanisms remains insufficiently understood. Evidence
from Vietnamese railway passenger services is particularly limited despite the rapid expansion of the country’ s
digital platforms. This study addresses these gaps by treating Digital Experience as a unified representation of
passengers’ interactions with the user-facing components of the digital railway transport system. Using survey
data from railway passengers, it examines perceived value and digital trust as parallel mediators between digital
experience and railway passenger satisfaction (RPS). The purpose is to provide a passenger-centered evaluation of
digital system implementation and evidence that can guide the prioritization of digital improvements in an evolving
railway market.

Four complementary theoretical perspectives explain the relationship between digital experience and passenger
satisfaction and the mediating roles of perceived value and digital trust. Together, they connect passengers’ interaction
with a digital railway system to their evaluation of its usefulness, quality, value, and dependability.

The technology acceptance model (TAM) [2] explains the acceptance and use of technology through perceived
usefulness and perceived ease of use. Rooted in the Theory of Reasoned Action and information systems research,
TAM proposes that the decision to use a system depends on whether users consider it useful and on the effort
required to operate it. Perceived usefulness refers to the expectation that a system will improve task performance,
whereas perceived ease of use concerns the effort involved in using it. These assessments shape attitudes toward a
technology and, subsequently, actual use behavior [3, 4]. TAM has been applied across a wide range of domains and
geographical settings and remains an established framework for explaining user behavior [5]. In railway transport,
it helps explain how passengers assess their interaction with digital touchpoints throughout a journey. Its adaptable
structure [6] also permits the inclusion of factors that are important in public transport, including information quality,
system reliability, perceived risk, and digital trust. Such factors are especially relevant in railway operations, where
failures in information or transactions may affect travel decisions beyond the digital interface itself. In this study,
TAM therefore provides the basis for explaining how passengers’ experience of digital railway functions shapes their
subsequent evaluations.

The theory of customer perceived value [7] provides a second perspective on post-use evaluation. Perceived value
is a passenger’s overall judgment of service utility based on what is received in relation to what is given. This judgment
weighs financial cost against non-monetary sacrifices, including time and mental effort [8]. The Perceived Value
(PERVAL) scale [9] develops this reasoning through emotional, functional, social, and economic dimensions. In
railway transport, digital interactions can create value by saving time, reducing uncertainty, simplifying transactions,
and giving passengers greater control over their journeys. They may also impose costs when an interface is difficult
to use, information is inconsistent, or a transaction fails. Perceived value therefore captures the passenger’s overall
assessment of the returns obtained from interacting with digital railway services. When these returns outweigh
the monetary and non-monetary costs, passengers are more likely to be satisfied and to continue using the service.
Perceived value consequently provides a mediating link between the quality of digital experience and passenger
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outcomes.
Trust is also central to interaction in a digital environment. Users must be able to rely both on the service provider

as an organization and on the operational capability of the technological system [10]. Organizational policies,
commitments, and protection mechanisms can support digital trust, but passengers encounter those commitments
through the actual performance of the system. Accurate transactions, consistent information, secure payment, and
appropriate handling of personal data make the system easier to rely on. Trust also reduces perceived risk when
users face the uncertainty associated with online interfaces [11]. Ladhari [12] shows that trust is related not only to
satisfaction following a positive service experience but also to the relationship between perceived service quality and
long-term usage intentions. Digital trust may therefore transmit part of the relationship between passengers’ digital
experience and RPS by reducing uncertainty and supporting a favorable evaluation of system interaction.

Service quality theory, represented by the Service Quality (SERVQUAL) model [13], defines service quality
through the gap between customers’ expectations and their perceptions after a service encounter. SERVQUAL
distinguishes five dimensions: tangibles, reliability, responsiveness, assurance, and empathy. These dimensions
describe how users judge a provider’s performance and the service encounter as a whole. In a digital setting, this
framework has been extended to include system, information, and service quality. The extension accounts for system
integrity, the reliability and accuracy of information, and the support available through digital channels [14, 15]. This
distinction is important for railways because passengers experience digital functions as part of the wider transport
service, not as an independent information system. Railway service quality must therefore be assessed through a
combination of conventional service performance and the quality of the digital experience [16].

These perspectives address different stages of the same passenger–system relationship. TAM explains the
initial assessment of usefulness and ease of use. Extended service quality theory identifies the system reliability,
information accuracy, responsiveness, assurance, and support through which digital performance is experienced.
Perceived value explains whether the resulting advantages justify the monetary and non-monetary costs, while
digital trust explains whether passengers are willing to depend on the provider and its technological system under
uncertainty. Their integration connects the performance of user-facing railway technologies with two distinct post-
use evaluations—whether the digital service is worthwhile and whether it is dependable—through which digital
experience is associated with RPS.

Empirical studies show that digital platforms in public transport are associated with passenger experience and
satisfaction [17]. In railway transport, the digital experience extends across online ticketing and reservations,
real-time passenger information, smart payment and ticket validation, onboard connectivity, and digital customer
support. These functions correspond to different stages of the journey but are experienced by passengers as parts of
the same transport system. Online booking and reservation applications can reduce physical queuing and make travel
arrangements more flexible, convenient, and transparent [18]. Contactless smart ticketing can likewise simplify
purchasing and improve the efficiency of the service encounter [19, 20].

Passenger information systems provide a second point of interaction. Timely and accurate updates on train
schedules, platform changes, and expected arrival and departure times can support trust and improve the travel
experience [21]. The delivery of real-time information through mobile applications has also been associated with
higher passenger satisfaction [22]. By contrast, unreliable information can produce a sharp decline in satisfaction,
particularly among passengers prone to travel anxiety [23, 24]. Access to digital cues and information throughout a
journey can also provide greater psychological stability and reduce stress [25, 26]. Information quality is thus not
merely an interface feature; it affects how passengers interpret and respond to the operation of the transport system.

The onboard digital experience is especially important in rail transport because trains are widely used for long-
distance travel [27]. Seamless internet access through onboard Wi-Fi and related connectivity has been shown to
influence the satisfaction of long-distance passengers [28, 29]. During an extended journey, passengers may use their
travel time for work, entertainment, and social communication. Stable connectivity is therefore increasingly treated
as part of the onboard service rather than as an optional amenity. Complimentary Wi-Fi and infrastructure that
supports passengers’ own devices can make railway services more attractive and may influence modal choice [30].
Availability and stability are central to the quality of this function. Calastri et al. [31] found that reliable connectivity
encouraged participation in online activities and more productive use of travel time, which in turn contributed to the
value assigned to the journey and to the overall evaluation of the travel experience.

Information technology also allows customer care communications to be adapted to individual needs and
preferences, shaping passengers’ assessment of experience quality [20]. Artificial intelligence (AI) and Big Data
can support personalized itinerary planning and proactive management of service disruptions. These applications
give passengers greater access to relevant information and more control over their journeys, with consequences for
satisfaction [32, 33]. Across these settings, digital touchpoints connect passengers to the transaction, information,
connectivity, and support functions of the railway system. When those interactions reduce effort and uncertainty
and allow passengers to manage their journeys more effectively, the digital experience is expected to be positively
related to their overall assessment of the railway service. The first hypothesis is therefore stated as follows:
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H1. Digital Experience has a direct and positive effect on RPS.
Digital experience may be related to passenger satisfaction not only directly but also through perceived value

and digital trust. Perceived value captures the passenger’s assessment of the balance between the advantages
received—including convenience, time savings, reliability, and comfort—and the associated costs, such as fares,
waiting time, effort, perceived risk, and other inconveniences. Digital trust concerns the passenger’s willingness to
rely on the digital touchpoints and the organization responsible for them. A well-integrated digital experience can
increase perceived value through convenience, transparency, and lower time and effort, while supporting trust through
system stability, secure transactions, punctuality, and consistent information. Perceived value is one mechanism
through which technological utility is translated into passenger satisfaction and loyalty [34, 35]. Passengers who
find that the advantages of digital railway services outweigh their monetary and non-monetary costs are more likely
to report higher satisfaction. This reasoning leads to the following hypotheses:

H2a. Digital experience has a positive effect on perceived value.
H2b. Perceived value has a positive effect on RPS.
H2. Perceived value mediates the relationship between digital experience and RPS.
Evidence from Thailand reported by Wonglakorn et al. [36] identifies perceived value and digital trust as important

elements in the attitudinal and behavioral evaluation of railway services. Digital trust has also been positively related
to RPS in interactions conducted through digital platforms [37]. Passengers who trust the digital environment
are likely to regard such interactions as less risky and less psychologically demanding, which may lead to a more
favorable assessment of the service as a whole. Research on the Doha Metro [38] similarly identifies trust as an
important factor in experience evaluation and in the acceptance of technology-intensive urban rail services. These
findings suggest that digital trust reduces the uncertainty associated with the use of passenger-facing technologies
and thereby links digital experience to satisfaction. The corresponding hypotheses are as follows:

H3a. Digital experience has a positive effect on digital trust.
H3b. Digital trust has a positive effect on RPS.
H3. Digital trust mediates the relationship between digital experience and RPS.
Perceived value and digital trust are examined as parallel mediators because they represent distinct but

complementary assessments of the same passenger–system interaction. Perceived value concerns whether digital
railway services produce worthwhile returns, whereas digital trust concerns whether the services and the system
supporting them are reliable and secure. Comparing the two pathways makes it possible to determine which aspect
of passenger evaluation plays the larger role in connecting digital experience with RPS. The resulting conceptual
model is presented in Figure 1.

Figure 1. Model and hypotheses
Note: DE—digital experience; PV—perceived value; RPS—railway passenger satisfaction; DT—digital trust.

2 Methodology

A quantitative research design and a structured questionnaire were used to examine the relationship between
passengers’ digital experience and railway service satisfaction, with perceived value and digital trust specified as
parallel mediators. The target population consisted of passengers who had used at least one digital service provided
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by VNR. Eligible participants included both frequent and occasional passengers who had traveled on the Vietnamese
railway network during the preceding six months. Non-probability purposive sampling was employed to obtain
responses from participants with relevant experience [39]. Snowball sampling was subsequently used to extend
recruitment to other eligible passengers. Initial respondents were asked to identify or invite individuals who met
the participation criteria, and this process continued until the target sample size was reached [40, 41]. No age-
based quotas or stratified sampling procedures were applied because eligibility was determined by recent use of at
least one digital railway service. The age distribution therefore reflected the passengers reached through purposive
and snowball recruitment rather than a predetermined allocation across age groups. This procedure ensured that
respondents had direct experience with the digital functions under examination, although recruitment through digital
and social networks may have resulted in a higher proportion of younger passengers.

Data were collected during November and December 2025. After the returned questionnaires had been screened,
348 valid responses were retained for analysis.

In addition to demographic questions, the questionnaire contained 21 observed indicators measured on a five-
point Likert scale (Appendix). The measurement items were adapted from previous studies and adjusted to the
context of railway passenger transport in Vietnam. All constructs included in the model were specified as reflective.
The questionnaire focused on the user-facing digital layer of the railway transport system. Digital Experience was
operationalized through railway-specific digital touchpoints covering timetable, fare, and journey-status information;
onboard connectivity; digital customer support; personalized journey suggestions; and real-time interaction and
response. These indicators captured passengers’ evaluations of the digital functions encountered across different
stages of the railway journey.

The minimum sample size was determined in accordance with power-analysis recommendations for PLS-
SEM [42]. At a significance level of 5% and a statistical power of 80%, a minimum of 124 observations was
required to detect an R2 value of approximately 0.10. The final sample of 348 valid responses exceeded this
requirement and was considered adequate for estimating the proposed model.

PLS-SEM was used to estimate the relationships among the constructs in the proposed model. The measurement
and structural models were analyzed using SmartPLS v.4.1.1.6. The measurement model was evaluated for indicator
reliability, internal consistency, convergent validity, and discriminant validity. Discriminant validity was assessed
using the heterotrait-monotrait ratio of correlations (HTMT). HTMT values below 0.90 were considered acceptable,
and the bootstrapped 95% confidence intervals were examined to confirm that they did not include 1.00. The
structural model was assessed using path coefficients, R2, f2, and variance inflation factor (VIF) values. The
mediating roles of perceived value and digital trust were examined through the specific indirect effects and their
bootstrapped confidence intervals.

3 Results

The final analytical dataset comprised 348 valid observations. Regarding gender, female respondents represented
64.94%, while male respondents accounted for 35.06%. Regarding age, respondents aged 18–34 formed the dominant
group and represented 81.32% of the sample (Table 1). Consequently, the study population is heavily skewed towards
a younger demographic. This segment is generally more familiar with online ticketing and may place greater value
on digital experiences and related technological benefits.

Table 1. Descriptive statistics

Category Frequency Percentage (%)

Gender Female 212 64.94
Male 136 35.06

Age
18–34 years 283 81.32
35–55 years 52 14.94
55+ years 13 3.74

Indicator quality was evaluated using outer loadings. For an indicator to demonstrate adequate relevance, an outer
loading of 0.70 or higher is generally recommended. The outer loadings reported in Table 2 show that most indicators
exceed 0.70 and therefore demonstrate adequate reliability in representing their latent constructs. Specifically,
indicators DE1–DE7 have outer loadings ranging from 0.716 to 0.831, indicating that the items adequately capture the
characteristics of Digital Experience. Perceived value, measured by four indicators, demonstrates strong convergence
with high outer loadings (ranging from 0.746 to 0.864). The outer loadings of RPS1–RPS5 range from 0.768 to 0.841,
suggesting a high degree of convergence among the five indicators representing RPS. For digital trust, indicator DT3
has an outer loading of 0.677, which is slightly below the 0.70 threshold. Despite this lower loading, the Digital
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Trust construct still demonstrates satisfactory composite reliability (ρc = 0.861) and convergent validity (Average
Variance Extracted—AVE is 0.554). Therefore, DT3 was retained to maintain the construct’s content validity.

The internal consistency and convergent validity of the measurement scales were evaluated using Cronbach’s
alpha, Composite reliability ρa, and Composite reliability ρc (CR). According to established guidelines, values
between 0.60 and 0.70 are acceptable for exploratory research, whereas the optimal range is 0.70 to 0.90 [43]. As
illustrated in Table 3, all constructs exhibited robust reliability, with Cronbach’s alpha coefficients ranging from 0.797
to 0.892. This indicates a strong cohesion among the observed items within each scale. Furthermore, the Composite
Reliability values surpassed the recommended threshold of 0.70, with a minimum recorded value of 0.803. These
findings confirm that the latent variables possess high reliability, thereby ensuring the stability and robustness of the
measurement model.

Table 2. Outer loadings of the measurement model

DE DT PV RPS
DE1 0.716 – – –
DE2 0.809 – – –
DE3 0.767 – – –
DE4 0.748 – – –
DE5 0.765 – – –
DE6 0.811 – – –
DE7 0.831 – – –
DT1 – 0.740 – –
DT2 – 0.823 – –
DT3 – 0.677 – –
DT4 – 0.757 – –
DT5 – 0.717 – –
PV1 – – 0.746 –
PV2 – – 0.817 –
PV3 – – 0.843 –
PV4 – – 0.864 –

RPS1 – – – 0.841
RPS2 – – – 0.790
RPS3 – – – 0.816
RPS4 – – – 0.793
RPS5 – – – 0.768

Note: DE—digital experience; DT—digital trust; PV—perceived value; RPS—Railway Passenger Satisfaction; an endash indicates “no data” or
“not applicable”.

The AVE in Table 3 indicates the extent to which a measure is positively associated with alternative measures
of the same construct. AVE values of 0.50 or higher indicate that each construct accounts for at least half of the
variance in its indicators and therefore satisfies the criterion for convergent validity.

Table 3. Construct reliability and convergent validity

Cronbach’s Alpha Composite
Reliability (ρa)

Composite
Reliability (ρc)

Average Variance
Extracted (AVE)

DE 0.892 0.893 0.915 0.607
DT 0.797 0.803 0.861 0.554
PV 0.835 0.837 0.890 0.670

RPS 0.861 0.865 0.900 0.643
Note: DE—digital experience; DT—digital trust; PV—perceived value; RPS—Railway Passenger Satisfaction.

Discriminant validity was assessed using the HTMT criterion. The HTMT values ranged from 0.506 to 0.835,
all below 0.90, and none of the bootstrapped 95% confidence intervals included 1.00. Therefore, the four constructs
demonstrated satisfactory discriminant validity.

To evaluate potential multicollinearity among the indicators, the VIF was calculated. As reported in Table 4,
all indicators exhibit VIF values below 5 (ranging from 1.625 to 2.648), indicating that multicollinearity is not a
concern in this model. The measurement indicators therefore provide an appropriate basis for analyzing the structural
relationships among constructs.
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The overall measurement-model assessment confirmed that all observed indicators and latent constructs
satisfactorily established reliability, convergent validity, and discriminant validity. Furthermore, the analysis verified
the absence of multicollinearity. Based on these results, the structural model was then evaluated to test the
hypothesized relationships specified in the research framework.

Table 4. Collinearity statistics

VIF
DE1 1.625
DE2 2.146
DE3 1.898
DE4 1.851
DE5 2.137
DE6 2.343
DE7 2.648
DT1 1.497
DT2 1.940
DT3 1.377
DT4 1.704
DT5 1.509
PV1 1.616
PV2 2.018
PV3 2.121
PV4 2.346

RPS1 2.378
RPS2 1.993
RPS3 1.978
RPS4 1.853
RPS5 1.664

Note: VIF—Variance Inflation Factor, DE—digital experience, DT—digital trust, PV—perceived value, RPS—Railway Passenger Satisfaction.

To examine potential collinearity among the independent constructs (inner VIF), all VIF values were below 3
(Table 5), indicating that the structural model is not affected by collinearity issues. Specifically, the effects of Digital
Experience on Digital Trust and Perceived Value both show VIF values of 1.000. For the paths predicting RPS
from DE, DT, and PV, the highest VIF value is 2.153. These results indicate that the independent constructs provide
sufficiently distinct explanatory information for the dependent construct.

Table 5. Structural model collinearity assessment

VIF
DE → DT 1.000
DE → PV 1.000

DE → RPS 2.153
DT → RPS 1.612
PV → RPS 1.622

Note: VIF—Variance Inflation Factor, DE—digital experience, DT—digital trust, PV—perceived value, RPS—Railway Passenger Satisfaction.

The results of the structural path analysis and hypothesis testing are summarized in Table 6. The relationships
among the model’s constructs were evaluated based on t-statistics and p-values. A structural path is considered
statistically significant at the 95% confidence level when the t-statistic exceeds 1.96, and the p-value is less than 0.05.
Digital experience exerted a substantial positive influence on the mediating variables, digital trust and perceived
value, with standardized path coefficients of 0.614 and 0.617, respectively. Regarding RPS, digital experience had
the largest direct path coefficient (β = 0.452), followed by perceived value (β = 0.283) and digital trust (β = 0.184).
All direct paths were statistically significant at p < 0.001.

The coefficient of determination (R2) indicates the proportion of variance in the dependent construct explained by
the independent constructs. The results reported in Table 7 indicate that the proposed model demonstrates substantial
explanatory power for RPS, with an R2 of 0.622. This implies that digital experience, digital trust, and perceived
value jointly explain 62.2% of the variance in RPS. The mediating constructs digital trust and perceived value yield
R2 values of 0.377 and 0.381, respectively, suggesting that digital experience explains a substantial proportion of
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variance in both mediators. In addition, the adjusted R2 values are close to the corresponding R2 values, indicating
little reduction after adjustment for model complexity.

Table 6. Structural path coefficients and hypothesis testing

Original
Sample (O)

Sample
Mean (M)

Standard
Deviation
(STDEV)

t-Statistics p-Values

DE → DT 0.614 0.615 0.046 13.440 0.000
DE → PV 0.617 0.619 0.038 16.417 0.000

DE → RPS 0.452 0.450 0.060 7.579 0.000
DT → RPS 0.184 0.186 0.049 3.730 0.000
PV → RPS 0.283 0.283 0.053 5.396 0.000

Note: DE—digital experience; DT—digital trust; PV—perceived value; RPS—Railway Passenger Satisfaction.

Table 7. R2 and adjusted R2 values of the endogenous constructs

R2 R2 Adjusted
DT 0.377 0.376
PV 0.381 0.379

RPS 0.622 0.619
Note: DE—digital experience, DT—digital trust, PV—perceived value, RPS—Railway Passenger Satisfaction.

The effect size (f2) assesses the practical magnitude of each exogenous construct’s contribution to the variance
explained in the endogenous construct. Table 8 reports the relative role of each construct in the structural model.
The effects of digital experience on the mediators are substantial, with f2 = 0.606 for digital trust and f2 = 0.616
for perceived value. For RPS, digital experience has a medium effect (f2 = 0.251), perceived value has a small
effect approaching the medium threshold (f2 = 0.131), and digital trust has a small effect (f2 = 0.055). These
results indicate that the direct contribution of digital experience to satisfaction is comparatively stronger, while both
mediators provide additional explanatory value.

Table 8. f2 matrix

DE DT PV RPS
DE – 0.606 0.616 0.251
DT – – – 0.055
PV – – – 0.131

RPS – – – –
Note: DE—digital experience, DT—digital trust, PV—perceived value, RPS—Railway Passenger Satisfaction.

The mediation analysis was conducted to isolate and evaluate the indirect pathways operating through the two
intervening variables: digital trust and perceived value. Table 9 delineates the results of the specific indirect effects
assessment. Specifically, the pathway mediated by perceived value exhibited a specific indirect effect coefficient (β)
of 0.175. Concurrently, the pathway mediated by digital trust demonstrated an indirect effect of 0.113. Crucially,
both mediating mechanisms were confirmed to be highly statistically significant (p < 0.001).

Table 9. Evaluating the specific indirect effects

Original
Sample (O)

Sample
Mean (M)

Standard
Deviation
(STDEV)

t-Statistics p-Values

DE → PV → RPS 0.175 0.175 0.034 5.198 0.000
DE → DT → RPS 0.113 0.115 0.034 3.368 0.001

Note: DE—digital experience; DT—digital trust; PV—perceived value; RPS—Railway Passenger Satisfaction.

The assessment of total indirect effects indicates the combined mediating influence of perceived value and digital
trust in transmitting the effect of the independent construct digital experience to the dependent construct RPS. As
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reported in Table 10, the total indirect effect of digital experience on RPS is 0.288 and is highly statistically significant
(p = 0.000), providing strong evidence for the presence of mediation in the proposed model.

Table 10. Total indirect effects

Original
Sample (O)

Sample
Mean (M)

Standard
Deviation
(STDEV)

t-Statistics p-Values

DE → RPS 0.288 0.290 0.046 6.274 0.000
Note: DE—digital experience; RPS—Railway Passenger Satisfaction.

4 Discussion

The measurement and structural model results showed that the proposed model explained 62.2% of the variance
in RPS. Digital experience was closely associated with passengers’ evaluations of both perceived value and digital
trust, which in turn were related to their satisfaction with railway services. Digital experience also explained 38.1%
and 37.7% of the variance in perceived value and digital trust, respectively. These results show that passengers’
assessment of the user-facing digital layer of the railway transport system involves more than the availability of
individual functions. It also reflects whether interactions with ticketing, payment, information, connectivity, and
support services are considered worthwhile and dependable.

Digital experience had a positive and statistically significant association with RPS (β = 0.452, p < 0.001),
with a medium effect size (f2 = 0.251). This result is consistent with previous evidence that railway applications,
online ticketing, real-time passenger information, and electronic service quality are related to passenger convenience
and satisfaction [16, 17, 22, 33]. From a passenger-centered system perspective, the result indicates that digital
functions are not experienced as separate technical additions to the core transport service. Instead, they form part
of the operational interface through which passengers plan journeys, complete transactions, obtain information, and
respond to changes in railway operations. The result is also consistent with electronic service quality theory, which
identifies efficiency and fulfillment as important elements of users’ overall service quality assessments [15].

In the Vietnamese railway context, the positive association may reflect the contrast between conventional service
processes and the expanding digital service environment. Online booking, mobile payment, electronic tickets, and
real-time information reduce the need for physical transactions and give passengers more direct access to journey-
related information. However, the demographic composition of the sample should be considered when interpreting
the strength of this relationship. Respondents aged 18–34 represented more than four-fifths of the sample. The
estimated association may therefore reflect, in part, the evaluations of younger passengers who are more accustomed
to online booking, mobile payment, and real-time information services. The result should not automatically be
generalized to older passenger groups or passengers with limited experience of digital technology.

The mediation analysis showed that perceived value significantly mediated the relationship between digital
experience and RPS, with an indirect effect of β = 0.175 (p < 0.001). This pathway was stronger than the
corresponding pathway through digital trust, for which the indirect effect was β = 0.113 (p = 0.001). The result is
consistent with previous railway studies identifying perceived value as an important factor in passenger satisfaction
and loyalty [34–36]. It suggests that part of the relationship between digital experience and RPS operates through
passengers’ assessment of what they receive from the digital railway service in relation to the time, effort, cost, and
uncertainty involved in using it.

The direct path from digital experience to RPS remained positive and statistically significant after perceived
value was included in the model, indicating partial complementary mediation. In the Vietnamese context, this
result may be associated with the practical changes produced by the transition from paper tickets and station-based
transactions to electronic tickets, online payment, and mobile access to journey information. These functions can
reduce transaction time, simplify travel preparation, and give passengers greater control over their journeys. The
stronger indirect pathway through perceived value indicates that convenience, time savings, and value for money
play a particularly important role in passengers’ evaluations of digital railway services. For the implementation of
digital railway systems, this finding means that adding further functions is unlikely to be sufficient unless passengers
can recognize a clear practical value in using them.

Digital trust also had a significant mediating role, with a specific indirect effect of 0.113 (p = 0.001). Although
this indirect effect was smaller than that of perceived value, digital trust remained relevant to passenger satisfaction in
the digital service environment. Digital experience was strongly associated with digital trust (β = 0.614, p < 0.001),
while digital trust was positively associated with RPS (β = 0.184, p < 0.001). These relationships are particularly
relevant to digital railway services because passengers must rely on the system to process payments accurately,
protect personal information, issue valid electronic tickets, and provide consistent operational information.
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Passengers are more likely to evaluate digital railway services positively when transactions are secure, personal
information is handled appropriately, and the services delivered correspond to the information displayed through
digital channels. Conversely, inconsistent information, failed payments, unstable applications, or unclear privacy
practices may weaken trust even when the required digital functions are technically available. The present results are
consistent with previous evidence reported by Dewi et al. [37], Flores et al. [38], and Wonglakorn et al. [36]. Taken
together, the two mediators represent complementary dimensions of passenger-system interaction. Perceived value
indicates whether passengers consider digital railway services worthwhile, whereas digital trust indicates whether
they consider those services and the systems supporting them reliable and safe. Their simultaneous inclusion provides
a more complete passenger-side evaluation of digital railway system implementation than either mechanism would
provide separately.

5 Conclusions

This study investigated the relationship between digital experience and RPS and examined the parallel mediating
roles of perceived value and digital trust. PLS-SEM analysis of survey responses from 348 passengers showed that
digital experience was directly associated with RPS and was also indirectly associated with satisfaction through both
mediators. The pathway through perceived value was stronger than the pathway through digital trust. These findings
indicate that the passenger-side performance of digital railway transport systems depends not only on the availability
of digital functions but also on whether passengers find their interactions with those functions worthwhile, reliable,
and secure.

The study contributes to research on technology acceptance and electronic service quality by conceptualizing
digital experience as an integrated evaluation of the user-facing digital touchpoints encountered throughout a railway
journey. Rather than treating online ticketing, payment, passenger information, onboard connectivity, and customer
support as unrelated services, the proposed model considers them components of the same passenger-system
interaction. The simultaneous examination of perceived value and digital trust identifies two distinct mechanisms
connecting this interaction with RPS. Their different mediation strengths further show that the practical value
passengers obtain from digital services and their willingness to rely on those services do not play identical roles in
satisfaction formation.

For railway operators, the findings indicate that digital transformation should be managed as an integrated part
of the passenger transport system rather than as a series of independent technology projects. Usability, transaction
efficiency, transparent fare and itinerary information, and appropriately personalized services are central to making
the value of digital functions visible to passengers. At the same time, payment stability, consistency of information
across channels, protection of personal data, and timely customer support are necessary for maintaining digital trust.
Decisions concerning digital investment should therefore consider how each proposed function contributes to the
continuity of the passenger journey, reduces the time and effort required from users, and supports confidence in the
wider railway service.

This study has several limitations. First, purposive and snowball sampling may have introduced selection, self-
selection, and network-related biases. Respondents aged 18–34 accounted for 81.32% of the sample, limiting its
representativeness. The findings therefore largely reflect the assessments of younger passengers, who are generally
more familiar with digital technology. Second, the cross-sectional design does not establish temporal or causal
relationships among the constructs. The use of self-reported data may also have introduced response bias. Future
studies should use probability, stratified, or quota sampling; recruit samples with a more balanced demographic
composition; and employ longitudinal or multi-source data to examine whether the proposed relationships remain
stable across passenger groups and over time.
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Appendix

Table A1. Survey items

Symbol Scales Sources
Digital experience (DE)

DE1 The app/website is easy to navigate and allows me to complete transactions
quickly. [6], Authors’ development

DE2 Information regarding train schedules, fares, and trip status is accurate and
timely.

[14, 22, 25], Authors’
development

DE3 The system is stable, with reliable in-train Wi-Fi and real-time connectivity
during the journey.

[14, 16, 28], Authors’
development

DE4 Digital customer support effectively handles my inquiries and technical
issues.

[14, 15, 37], Authors’
development

DE5 The platform provides personalized travel suggestions and offers based on
my history. [32, 37], Authors’ development

DE6 I can easily interact with the service provider through two-way channels
(chatbots, feedback).

[15, 37, 38], Authors’
development

DE7 The system provides immediate responses and real-time updates for my
requests.

[15, 22, 26], Authors’
development

Perceived value (PV)

PV1 Using digital services is convenient, saves time, and helps me achieve my
travel goals. [9], Authors’ development

PV2 I feel secure and comfortable when using the company’s digital services. [9, 12], Authors’ development

PV3 Using modern digital services enhances my social status/image as a savvy
traveler. [9], Authors’ development

PV4 The service provides good value for money through discounts and overall
cost savings. [9, 34], Authors’ development

Digital trust (DT)
DT1 I trust that the digital platform processes my transactions accurately. [10, 37], Authors’ development

DT2 I believe the railway company is honest regarding its information and
policies. [10, 37], Authors’ development

DT3 I trust that the platform genuinely cares about the best interests of its
customers. [10, 37], Authors’ development

DT4 I am confident that my personal information is kept private and confidential. [37, 38], Authors’ development
DT5 I believe the online payment system is secure and safe to use. [11, 20], Authors’ development

Railway Passenger Satisfaction (RPS)

RPS1 I am satisfied with my digital booking and payment experience. [16, 17, 37], Authors’
development

RPS2 I am satisfied with the trip-related information provided by the company. [22, 25, 26], Authors’
development

RPS3 I am satisfied with the customer support services I received. [15, 37], Authors’ development

RPS4 I am satisfied with the railway company’s commitment to system safety. [1, 34, 36], Authors’
development

RPS5 Overall, I am completely satisfied with the railway service. [1, 35, 36], Authors’
development
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