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A B S T R A C T   

To increase the understanding of passenger choice of air-rail integrated services (ARIS), the 
present paper a) analyzes the profile of intermodal passengers by classifying them based on their 
socioeconomic and travel characteristics and (b) uncovers any heterogeneity in passenger satis-
faction with ARIS among different passenger groups. Through collecting 1,345 passenger satis-
faction questionnaires about ARIS, surveyed in Shijiazhuang, China, we first apply latent class 
clustering to classify passengers into three groups. Then, the key factors affecting passenger 
satisfaction and its subsequent effect on loyalty and complaints are identified using a partial least 
squares structural equation model. Finally, path heterogeneities in different passenger groups are 
explored using a multi-group analysis. The results show that the three passenger groups attach 
similar importance to ticket services, reliability, accessibility and comfort, while some noticeable 
differences in perception are identified in personalized services, information services, and 
connectivity.   

1. Introduction 

With the rapid construction of high-speed rail (HSR) across the world, HSR has rapidly become a major and strong competitor of air 
transportation in short- and medium-haul markets (Dobruszkes, 2011; Dobruszkes et al., 2014; Zhang et al., 2017). However, HSR and 
aviation are not only purely competitive. Recently, intermodal air-rail agreements have been implemented in many European 
countries, such as the Netherlands, Belgium, Germany, France, and Sweden, and in some Asian countries, such as China and Japan 
(Chiambaretto et al., 2013; Li et al., 2018). The agreements aim to achieve a win-win solution by encouraging appropriate cooperative 
operations among airlines, railway companies, and airports (Albalate et al., 2015; Takebayashi, 2016). Air-rail integrated services 
(ARIS) is an integrated service jointly provided by airlines, airports and railway companies. ARIS mainly provides passengers with 
combined air-rail tickets, coordinated timetables, luggage through-handling, and shuttle bus transfers (Chiambaretto et al., 2013). 
Several scholars (Lin, 2016; Xia and Zhang, 2017) have noted that in ARIS, airlines are responsible for the longest segments of the trip, 
while rails are responsible for the access/egress segments. Multimodality implies that passengers need to transfer between airports and 
HSRs. The HSR is the collector and distributor of the hub airport, thereby expanding the catchment area of the airport and alleviating 
congestion at the airport (Wan et al., 2016; Takebayashi, 2016). Intermodal passengers increase the load factors of cooperative HSR 
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lines, resulting in considerable profitability to some short-haul rail routes. Evidence from Japan, Schiphol Airport and Charles de 
Gaulle Airport suggests that HSR will substantially reduce or even completely eliminate short-haul flights between the hub airport and 
the smaller airports, but simultaneously, this process may gradually increase cooperation between these two modes in long-haul 
markets (Dobruszkes et al., 2014; Takebayashi, 2016; Zhang et al., 2019). 

The ARIS plays an important role in the integrated planning and construction of seamless transferring hubs, alleviating congestion 
and environment issues at larger-demand airports, and promoting the sustainable development of aviation and HSR (Li and Sheng, 
2016; Li et al., 2018; Zhang et al., 2018; Li et al., 2019a,b). However, this potential has not yet been realized as poor service quality of 
ARIS, low passenger satisfaction and high passenger complaints. Chiambaretto et al. (2013) noted that the number of air-rail inter-
modal passengers at Paris Charles de Gaulle Airport accounts for only 5% of the total number of passengers, and only 0.5% of pas-
sengers purchase integrated air-rail tickets. Similarly, Jiang et al. (2019) indicated that the willingness-to-pay for ARIS is low at 
Shijiazhuang Zhengding Airport (SJW), despite an investment of two million RMB between December 2012 and July 2013 to 
encourage passengers to take intermodal trip. Ultimately, only 75,000 intermodal passengers used ARIS, accounting for only 7% of the 
total number of passengers. To develop and implement more successful policies, we need to analyze intermodal passengers’ prefer-
ences and travel experience, identify passenger groups and isolate the key factors that positively or adversely affect passenger satis-
faction with ARIS. 

Satisfaction is the most intuitive assessment of travel services by passengers (Fornell et al., 1996; Yuan et al., 2021), and it plays a 
pivotal role in monitoring and reflecting perceived quality and passenger behavior intentions. If passengers are satisfied with the 
service of a certain traveling mode, their intentions to repeatedly choose and word of mouth recommendation will increase (Krizek and 
El-Geneidy, 2007; Mustelier Puig and Ming, 2017). As marketing research has shown, passenger satisfaction impacts passengers’ 
loyalty and complaints (Allen et al., 2019). Therefore, Antonucci et al. (2014) argued that passenger satisfaction is of great importance 
in monitoring operational market performance, attracting new customers, and retaining established customers. In addition, Gao et al. 
(2017) noted that ensuring passenger satisfaction during travel is of great significance for improving subjective well-being. Meanwhile, 
by monitoring passenger satisfaction with ARIS, some intermodal-friendly facilities and services, such as integrated hubs, integrated 
ticketing, seamless transferring and luggage-through handling, can be designed. Some airport and railway facilities and services can be 
integrated, which can be helpful for ensuring the sustainable development of HSR and air transportation. However, extant studies 
investigating passenger satisfaction either focus on single modes or ignore some unique characteristics of ARIS, such as transfer, 
connectivity, and luggage through-handling. Therefore, continued rigorous research investigating the determinants of intermodal 
passenger satisfaction and its subsequent impact on passenger loyalty and complaints is urgently needed. 

A central component of such studies concerns heterogeneity. Abenoza et al. (2017) found that even if passengers experience the 
same service, different passengers may evaluate the service differently and hence report different perceived satisfaction. Diana and 
Mokhtarian (2009) and Antonucci et al. (2014) found that gender, income, vehicle ownership, and travel frequency are associated with 
differences in service satisfaction. Studying the differences in passenger perception of ARIS plays an important role in passenger 
market segmentation, design of personalized services, and diversified ticketing. To explore the drivers of satisfaction for different 
intermodal passenger groups with specific socioeconomic and travel characteristics, it is necessary to classify passengers into different 
groups and analyze their heterogeneities in travel satisfaction. 

Therefore, the following two research questions are raised and addressed: a) What are the main passenger profiles in the ARIS 
market? b) What are the main differences in perceptions and behavioral intentions among different intermodal passenger groups? In 
addressing these questions, the present paper 1) analyzes intermodal passenger profiles according to their socioeconomic and travel 
characteristics and 2) explores the key determinants of passenger satisfaction and its subsequent effect in distinct passenger groups. 

The follow-up arrangement of this paper is as follows. First, relevant literature on passenger satisfaction and heterogeneity is 
discussed. Then, the different methods applied in this study (latent class clustering analysis, path model of passenger satisfaction, and 
IPMA) are introduced. The third section outlines the survey, scale construction, and data and discusses the results of the cluster 
analysis. Next, the results of the passenger satisfaction model are presented and interpreted. Finally, the conclusions and corresponding 
implications are discussed. 

2. Literature review 

To explore the impact of HSR on aviation, several scholars differentiated among competition, cooperation and integration 
(Takebayashi, 2016; Liu et al., 2019; Zhang et al., 2019). Regarding competition, Wan et al. (2016) studied the impact of HSR on air 
travel in Southeast Asia and found that the emergence of HSR had a substantial negative effect on medium- and short-haul flights but a 
relatively small effect on the long-haul market. Similarly, Zhang et al. (2017) explored the impact of HSR on three major airlines in 
China and concluded that HSR reduced the air travel demand for the corresponding short-haul flights of these airlines. Dobruszkes 
et al. (2014) analyzed the impact of HSR on flight service levels in Europe and found that HSR negatively affects the service levels of 
short-haul flights, but the impact decreases as the travel time of HSR increases. 

Regarding cooperation between HSR and air transportation, Givoni and Banister (2006, 2007) argued that while strong compe-
tition between HSR and air may exist in the market of short- and medium-haul flights, the gradual extension of HSR networks can 
provide a feeding service to long-haul air service at hub airports. Consistent with this contention, Takebayashi (2016) used numerical 
simulation to present plausible evidence suggesting that cooperation between HSR and smaller-demand airports can reduce congestion 
at larger-demand airports. 

Integration between HSR and air travel refers to integrated marketing, reservation and ticketing for air and HSR transportation. Li 
et al. (2018) indicated that integrated services should be a key aspect of cooperation. Socorro and Viecens (2013) explored the impact 
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of integrated air-rail services on environmental issues and social welfare and argued that integrated services lead to economic gains for 
both train and airline companies, but the environmental impact is related to the specific airport. Xia and Zhang (2017) analyzed the 
impact of connection time on the overall benefits of ARIS and its social welfare and found that seamless transfer hubs and short transfer 
times significantly increase passengers’ travel benefits. The above studies mainly used aggregate, market share data to analyze the 
relationships between air and HSR. Disaggregate analyses focusing on intermodal passenger preferences are virtually lacking, despite 
their relevance for improving passenger satisfaction in the ARIS market. 

Previous studies mainly used SP data to explore the significant factors that influence passengers’ choices of ARIS. Chiambaretto 
et al. (2013) explored the determinants of passenger preferences for ARIS and found that baggage through-handling, schedule inte-
gration and fares are key factors. While exploring passenger preferences for air-air vs. ARIS, Román and Martín (2014) concluded that 
the travel purpose, transfer time, and integrated ticket price are key influential factors. Similarly, Li and Sheng (2016) showed that 
passenger sensitivity to the transfer times decreases as the travel distance and total travel time increase. Jiang et al. (2019, 2020) 
combined historical data of intermodal passenger flows and stated choice data and found that access time, flight delays, and fares are 
the main factors that influence passengers’ ARIS travel demand. Although valuable conclusions have been obtained in previous studies, 
the use of SP data cannot reflect the real experiences of intermodal passengers, resulting in a judgment deviation. To accurately 
measure passengers’ satisfaction in existing intermodal markets, studies need to be supplemented by means of RP surveys. 

As an important indicator of service assessment, passenger satisfaction has received much attention in urban transit, railway, and 
air fields. Selected studies investigating travel satisfaction are shown in Table 1. In the HSR field, many scholars indicated that carriage 
cleanliness and tidiness, amenities, convenience, and safety are significant determinants to passenger satisfaction (De Oña et al., 2015; 
Losada-Rojas et al., 2019). Furthermore, many scholars have explored the key factors affecting air passenger satisfaction and found 
that employee service, reliability, and security are critical drivers of passenger satisfaction (Hussain et al. 2015; Farooq et al., 2018; 
Gupta et al., 2018). Previous studies on passenger satisfaction have focused mainly on a single transportation mode, while the studies 
on the relationships between satisfaction and behavioral intentions in the context of ARIS are virtually absent. 

Some studies have examined the heterogeneity in passengers’ assessment of transit service (Ren and Kwan, 2009; Abenoza et al., 
2017; Wang et al., 2021). It is found that passengers with different socioeconomic characteristics, travel habits and preferences may 
evaluate their travel experiences differently even if they experience the same services. Traditional cluster analysis methods are nor-
mally applied to classify passengers into different groups based on gender, age, income and other socioeconomic and travel charac-
teristics (Krizek and El-Geneidy, 2007; Diana and Mokhtarian, 2009). As presented in Table 2, studies related to ARIS passengers are 
nearly absent. 

In summary, previous studies investigating passenger satisfaction focused mainly on a single transportation mode, and the studies 
on passenger satisfaction with ARIS are extremely lacking. In particular, the heterogeneity underlying the potential path relationships 
among different passenger groups in the context of ARIS is scarcely studied. 

3. Methodology 

The analytical steps followed in the present study are shown in Fig. 1. First, considering the sociodemographic and travel char-
acteristics of intermodal passengers, we apply a latent class clustering analysis to classify passengers into different groups, summarize 
the characteristics of each passenger group and label the groups. Then, we formulate a passenger satisfaction model of ARIS. Sub-
sequently, we analyze and compare the path relationships using PLS-SEM and a multi-group analysis. Finally, IPMA is applied to divide 
service dimensions into four quadrants by different passenger groups. 

Table 1 
Factors affecting passenger satisfaction considered in selected studies.  

Field Authors Country/World region Factors affecting passenger satisfaction 

High Speed 
Rail 

Cheng and Huang 
(2013) 

Tainan and Kaohsiung Perceived risk, perceived usefulness, and perceived ease of use 

Cheng and Huang 
(2014) 

Taiwan, China Perceived risk, perceived benefit, and perceived ease of use 

De Oña et al. (2015) Seville, Spain Safety, cleanliness, comfort, information, and personnel service 
Eboli et al. (2015) Northern Italy Information, cleanliness, punctuality and frequency 
Yilmaz and Ari 
(2017) 

Eskişehir, Konya and Ankara, 
Turkey 

Air conditioning, comfort, clean and neat seats, comfortable waiting halls, on-time 
performance, and safety 

Losada-Rojas et al. 
(2019) 

Indiana and Chicago, United 
States 

Reliability, safety, ease of use, convenience, comfort, flexibility, cost, travel time, 
amenities 

Air Hussain et al. (2015) Dubai, United Arab Emirates Service quality, perceived value, brand image, reliability, tangibility, responsiveness 
and assurance 

Hapsari et al. (2016) Surabaya and Malang, 
Indonesia 

Perceived value, and service quality 

Kos Koklic et al. 
(2017) 

European Union Airline tangibles, quality of personnel, and airline type 

Gupta (2018) India Tangibles, reliability, security and safety, and ticket pricing 
Farooq et al. (2018) Malaysia Tangibles, employee service, empathy, and image  
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3.1. Latent class clustering 

Latent class clustering (LCC) is a method based on probability models that assumes that the complete data are divided into exclusive 
latent classes by an unobserved or latent categorical variable (Liu and Fan, 2020). Given a data sample of N intermodal passengers, it is 
assumed that there are C latent classes to be estimated based on J categorical items. Let Yi = (Yi1,Yi2,⋯,YiJ) denote passenger i’s 
responses to J categorical items, where the possible values of Yij are 1, 2, ⋯, rj. Let Ci = 1, 2,⋯,C represent the latent class membership 
of passenger i, and let I(yj = k) be an indicator function that equals 1 if yj equals k and 0 otherwise. The probability of observing a 
particular vector of passenger i can be calculated using Eq. (1). 

P(Yi = y) =
∑C

c=1
γc

∏J

j=1

∏Rj

rj=1
ρI(yj=rj)

j,rj |c (1)  

where γc is the membership probability of latent class c, and ρ is the item-response probability conditional on latent class membership. 
ρI(yj=rj)

j,rj |c represents the probability that a passenger has attribute rj of characteristic j conditional on membership in latent class c. 
Compared with traditional clustering methods, LCC has the following two notable advantages: (a) LCC can address clustering 

problems with different types of variables, such as counts and nominal, ordinal, and continuous variables, without standardization, 
and (b) the optimal number of clusters can be determined by the corresponding statistical parameters, such as Akaike’s information 
criterion (AIC), the Bayesian information criterion (BIC), the consistent Akaike’s information criterion (CAIC), and the modified AIC 
with Factor 3 (AIC3) (Abenoza et al., 2017). Therefore, LCC can better solve the problem of complex travel attributes and multiple 
types of variables in passenger group. In addition, the parameters of different clustering solutions can be compared through trial 
calculations to determine the optimal number of clusters. 

3.2. Model of passenger satisfaction  

(1) Selection of variables 

To analyze the determinants of passenger satisfaction with ARIS and its subsequent effect on passenger loyalty and complaints, we 
were inspired by the frameworks of passenger satisfaction models constructed for transit, rail and air (Chou et al., 2011; Yilmaz and 
Ari, 2017; Farooq et al., 2018). Under these frameworks, the key factors affecting passenger satisfaction can be identified, and re-
lationships between passenger satisfaction and behavioral intention variables can be explored deeply. The development of the selected 
variables is introduced as follows. 

Perceived quality reflects passengers’ assessment of different service dimensions using ARIS. Chou et al. (2011), Suki et al. (2014) 
and Kos et al. (2017) found that perceived quality is a key construct affecting passenger satisfaction. To accurately measure passengers’ 
assessments of the service quality, it is necessary to systematically determine the service dimensions of ARIS. First, we differentiated 
among the following four stages: the pre-travel stage, the air stage, the transfer stage and the HSR stage. Then, we preliminarily sorted 
service items related to different travel stages as shown in Table 3. 

Then, we asked intermodal passengers regarding their service items of concern with ARIS at Shijiazhuang Zhengding Airport 
(SJW). According to passengers’ responses, we prioritized the initial service items according to the survey results at SJW and sup-
plemented some dimensions, such as connectivity, reliability and operational schedule. And we invited three managers who work at 
Shijiazhuang airport and two experts who study intercity travel to assess the service items of ARIS separately through three rounds of 
Delphi method. Finally, we collated and coordinated the opinions of experts, and a nine-dimensional structure was constructed to 
assess perceived quality as shown in Fig. 2. 

Table 2 
Results of selected passenger segmentation studies.  

Authors Country/World region Variables Method Outcomes 

Krizek and El- 
Geneidy (2007) 

Twin Cities metropolitan, 
United States 

Travel habits and preferences K-means clustering Eight transit passenger groups are 
identified 

Diana and 
Mokhtarian 
(2009) 

San Francisco Bay Area, 
United States 

Socio-economic characteristics, different 
levels of car and transit use 

Cluster analysis Four groups are labeled 

Dell’Olio et al. 
(2011) 

Santander, Spain Socio-demographic characteristics of users 
and potential users 

Multi-group 
analysis 

Two groups are identified 

De Oña et al. (2014) Granada, Spain Socio-demographic characteristics and 
travel habits 

Latent class 
clustering 

Four clusters are found 

Zailani et al. (2016) Kuala Lumpur, Malaysia Travel purposes Multi-group 
analysis 

Three groups with distinct travel 
purposes are identified 

Fu and Juan (2017) Wenling, China Gender Comparison 
analysis 

Gendered differences are found 

Abenoza et al. (2017) Sweden Socio-demographics, travel patterns and 
accessibility measures 

Two-step cluster 
analysis 

Five groups are identified  
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Passenger satisfaction involves passengers’ judgments from the perceived service quality. When passengers experience better 
service quality, they are more satisfied. Chou et al. (2011), Suki et al. (2014) and Kos et al. (2017) found that passenger satisfaction is 
mainly affected by perceived quality and has a direct effect on behavioral intention variables. To accurately measure passenger 
satisfaction with ARIS, three observed indictors which include the overall satisfaction with ARIS, whether it is wise to purchase ARIS, 

Age
Travel

purpose

...

Travel
distance

Connection
time

Income

Occupation

...

Latent
class

clustering

EN

The optimal
cluster selection

Describing the 
profile of distinct

groups

Step 1: Clustering of intermodal passengers

AIC

BIC

CAIC

...

Different clustering 
solutions: K=2 - 8

Socio-demographics and 
travel characteristics

Evaluation of
measurement

model

Multi-group-
analysis

Analyze and 
interpret  results

Step 2:Constructing passenger satisfaction model

Model fitting of
PLS-SEM

Constructing model
framework 

Selection of
related 

variables

Path hypothesis
between 
variables

Evaluation of
structural

model

Multi-group analysis
in different groups

IPMA for different
passenger groups

Service
dimensions

division

Analyzing the
differences

among groups

Step 3:Importance-performance map analysis of service quality 

Coefficient calculation
of service dimensions

Calculation of
importance

weight

Calculation of
satisfaction 

index

Quadrant analysis of
service quality

Fig. 1. Analytical steps in this study.  
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and the gap with expectations are selected. 
Passenger loyalty, which is regarded as the willingness of passengers to choose or recommend ARIS to their friends or families, 

represents a vital indicators predicting passengers’ future choice behaviors. The results of previous studies show that high loyalty 
means the high possibility of repeatedly purchasing the same service (Zhang et al., 2019; Yuan et al., 2021). Therefore, passenger 
loyalty is an important indicator of maintaining market stability that should be studied. 

Passenger complaints are cathartic expressions generated after passengers feel dissatisfied with ARIS. Generally, this construct is 
measured by passengers’ complaints to families or friends or the filing of formal complaints with regulators. Previous studies have 
revealed that dissatisfied passengers are more likely to complaint or even sue the service (Yuan et al., 2019). Through the current 
developed social platform, passengers’ complaints spread quickly, which may adversely affect the attraction of new travelers (Allen 
et al., 2019). Hence, it is essential to study and manage passenger complaints.  

(2) Hypotheses regarding the paths between the variables 

Table 3 
Collected service items at different traveling stages in studies.  

Stage Author Field Items of service quality 

Pre-travel stage Chou et al. (2014) HSR Reservation, ticketing, and timetable information 
Cheng and Huang (2014) HSR Booking request and ticket purchasing 
Jiang et al. (2019) ARIS Ticket price, departure and access time 

Air stage Hussain et al. (2015) Air Reliability, tangibility, security and safety 
Farooq et al. (2018) Air Tangibles, personnel services, empathy and image 
Gupta et al. (2018) Air Employees’ service, assurances, and responsiveness 

Transfer stage Chiambaretto et al. (2013) ARIS Guarantee in the case of delay and connecting time 
Román and Martín (2014) ARIS Connecting time and baggage integration 
Li and Sheng (2016) ARIS Connection time and expenditures 

HSR stage Chou et al. (2011) HSR Attitude of attendants, facilities, and waiting space 
Yilmaz and Ari (2017) HSR Rail carriage, noise, temperature and information 
Zhen et al. (2019) HSR Information search, activities while traveling, waiting, travel time and line-haul  

Air 
stage

Shijiazhuang Zhengding 
International Airport

Shuttle Bus 

 Shijiazhuang
Railway Station

Transfer 
stage

HSR  
stage

Service items

• Meals on HSR and flight
• The security of the through-handling baggage
• Egressing to the HSR station

Pre-
travel
stage

• Journey planning information
• Inquiring ticket price
• Booking and purchasing the ticket 
• Accessing to the airport 

• Picking up the ticket
• The comfort of seats in the cabin
• Temperature and air 
• The noise and vibration in the cabin
• The safety in the cabin

• The shuttle bus service
• The recovery service in cases of delay
• The baggage through-handling service
• The transfer guidance signs
• The broadcast transfer information
• The inquiry service of staff 
• The security during transferring

• The time schedule of ARIS 
• The operation frequency of ARIS 
• The operation lines of ARIS

Service dimensions

PQ 1
Accessibility

PQ 2
Ticket service

PQ 3
Information 

service

PQ 4
Connectivity

PQ 5
Reliability

PQ 6
Operation 
schedule

PQ 7
Comfort

PQ 8
Personalized 

service

PQ 9 Safety 
and security

• Access time
• Accessing convenience   
• Accessing expenditures
• Ticket price
• Booking ticket   
• Picking up ticket
• Trips planning
• Transfer guidance
• Real-time information
• Shuttle bus service
• Transfer efficiency   
• Baggage-through handling  
• Arriving on time
• Departing on time 
• Recovery service
• Time schedule
• Operation frequency   
• Operation lines
• Seats
• Temperature and air  
• Noise and vibration
• Staff service attitude
• Meals and free Wi-Fi
• Baggage check-in service
• Safety in the cabin
• Transferring security 
• Security of baggage

Fig. 2. Dimensions of the service quality of ARIS.  
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Previous studies have analyzed the path relationships among the selected four latent variables related to transit, rail, and air travel 
as shown in Table 4. To apply a more systematic study on the satisfaction of intermodal passengers, we constructed a passenger 
satisfaction model that includes perceived quality, satisfaction, loyalty, and complaints and proposed several hypotheses regarding the 
key paths between the variables as shown in Fig. 3. 

As shown in Fig. 3, the framework of the passenger satisfaction model for ARIS is constructed. The rounded rectangles indicate the 
latent variables, the arrows indicate the path hypotheses between the latent variables, and +/− indicates the positive/negative 
relationship between the latent variables.  

(3) Model estimation using PLS-SEM 

We apply a partial least squares-structural equation model (PLS-SEM) to estimate the passenger satisfaction model, as shown in 
Fig. 3. A multi-group analysis is adopted to analyze the path differences in the models of different passenger groups. 

The structural equation model usually consists of a measurement model and a structural model (Hair et al., 2011). Among them, the 
measurement model is used to describe the relationships between the latent variables and their corresponding observed indicators. In 
addition, the structural model is used to represent the relationships between latent variables. As shown in Fig. 3, the measurement 
model of the conceptual model of passenger satisfaction can be expressed in Eq. (2) and Eq. (3). 

(2)  

where PQi is the i–th dimension of perceived service quality, PQij is the j–th exogenous manifest variable of PQi, αPQij is the factor 

Table 4 
Selected studies on the hypothesized relationships with passenger satisfaction.  

Path Effect Field Authors 

Perceived 
Quality 

→ Passenger Satisfaction Positive Public transit Zhang et al. (2019) 
Positive Rail De Oña et al. (2015); Shen et al. (2016) 
Positive Air Hussain et al. (2015); Hapsari et al. (2016) 

Passenger Satisfaction → Passenger 
Loyalty 

Positive Public transit De Oña et al. (2014) 
Positive Rail Yilmaz and Ari (2017) 
Positive Air Farooq et al. (2018) 

Passenger Satisfaction → Passenger Complaint Negative Public transit Zhang et al. (2019) 
Negative Rail Eboli et al. (2015) 
Negative Air Hapsari et al. (2016); Farooq et al. (2018) 

Passenger Complaint → Passenger 
Loyalty 

Negative Public transit De Oña et al. (2014); Zhang et al. (2019) 
Negative Rail Shen et al. (2016) 
Negative Air Suki (2014); Farooq et al. (2018)  
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loading between PQi and PQij, δPQij is a measuring error of PQij. 
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(3)  

where PS, PL, and PC respectively represent passenger satisfaction, loyalty and complaints; αyj is the factor loading between the j-th 
endogenous manifest variable and its corresponding latent variable, and εyj is the error term. 

The equation of the structural model in the passenger satisfaction model for ARIS is defined in Eq. (4). 
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⎟
⎟
⎟
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⎞

⎠ (4)  

where βij is the path coefficients associated with the endogenous latent variables; γij is the path coefficients associated with the 
exogenous latent variables, and ςj is the residual. 

Compared with traditional methods, PLS-SEM has the following advantages: (a) PLS-SEM almost has no limitation on data 
assumption (Henseler et al., 2009; Hair et al., 2011; Sarstedt et al., 2011), and the passenger satisfaction data in this study are generally 
not normally distributed; (b) PLS-SEM can be used in the case of small samples (Hair et al., 2012, 2011), and this advantage is more 
applicable for the multivariate model in this study; and (c) the passenger satisfaction model of ARIS is still at the exploratory stage, and 
PLS-SEM has better predictive ability and can be better used to explore new theories (Hair et al., 2012; Sarstedt et al., 2014). 
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Fig. 3. Conceptual model of passenger satisfaction with ARIS.  

Y. Yuan et al.                                                                                                                                                                                                           



Transportation Research Part D 97 (2021) 102950

9

3.3. Importance-performance map analysis 

Finally, an importance-performance map analysis (IPMA) is applied to analyze the different service dimensions of ARIS. IPMA 
calculates the importance weight of each service dimension by the path coefficient between the corresponding service dimension and 
passenger satisfaction. The performance of j-th service dimension is calculated through the index PSIj included in Eq. (5). 

PSIj =

∑K
i=1αPQji yi −

∑K
i=1αPQji

(r − 1)
∑K

i=1αPQji

(5)  

where αPQji is the unstandardized weight of the i-th observed variable for the j-th dimension of perceived service quality; yi is the 
average value of the i-th observed variable, k is the number of observed variables, and r is the rating scale value. 

Then, by plotting importance on the X-axis and performance on the Y-axis, we calculate the importance weights and satisfaction 
indexes of the different service dimensions and plot the different service dimensions in this coordinate system. Subsequently, the two- 
dimensional map is divided into four quadrants by the average values of the satisfaction indexes and importance weights. According to 
the distinct natures of the different quadrants, corresponding management policies for different service dimensions can be provided. 

4. Data collection and passenger clustering 

4.1. Survey location 

We chose Shijiazhuang Zhengding International Airport (SJW) and Zhengding HSR Station as the survey locations, as shown in 
Fig. 4a. SJW is an important hub airport in the Beijing-Tianjin-Hebei agglomeration and plays an important role in alleviating pressure 
on the passenger flow of Beijing Capital International Airport (PEK). In addition, the Zhengding HSR station is only 2.9 km away from 
SJW and can be reached within six minutes by shuttle bus, as shown in Fig. 4b. 

Furthermore, the Zhengding HSR station is equipped with intermodal facilities, such as air baggage check-in and through-handling 
service windows to expedite intermodal passengers. SJW has become an important hub for intermodal passengers arriving at or leaving 
Beijing. Statistics show that the number of intermodal passengers reached 1.13 million, accounting for 10% of the total annual pas-
senger flow at SJW. Therefore, the selection of SJW and Zhengding HSR station as the survey locations of ARIS is representative. 

4.2. Survey designing 

In August 2019, we conducted a survey at the airport and HSR station in Shijiazhuang, China. In the survey, we divided the in-
terviewers into two groups, each with five people. And one group conducted surveys at the waiting room of the HSR station, and the 
other group conducted surveys at the airport. Furthermore, all interviewers were vulnerary postgraduate students who had a 
knowledge of transportation. They were all well trained on how to enquire, record, and collect questionnaires before the survey. 
Meanwhile, a face-to-face survey method was adopted to fill out the questionnaires. A respondent completed the ARIS evaluation with 
the help of his or her cooperating interviewer to ensure the accuracy and completion of the questionnaires. Finally, we collected 760 
valid questionnaires at the HSR station and 590 valid questionnaires at the airport. 

The questionnaire is divided into three parts. First, we asked about participants’ socio-economic characteristics. Second, the travel 

a Survey location of SJW b Transfer scene of SJW

Fig. 4. (a) Survey location of SJW. (b) Transfer scene of SJW.  
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characteristics were inquired, including transfer sequence, connection time, and travel purpose. Among them, the connection time 
represents the time interval for transfer between air travel and HSR, i.e., the passenger’s departure time by air at SJW minus the 
passenger’s arrival time by HSR to the Zhengding HSR station. Third, the participants’ perceptions regarding their perceived quality, 
satisfaction, and behavioral intentions toward ARIS were questioned. A five-point Likert scale ranging from 1 (“strongly disagree”) to 5 
(“strongly agree”) was adopted to assess the passengers’ satisfaction with different items. 

Table 5 presents the profile of the respondents. Most intermodal passengers are male (58%), young and middle-aged (94.1%), and 
are employees with a high monthly income (77.8%). In addition, most intermodal passengers take medium- or long-haul flights 
(84.5%) that involve a leisure trip (54.7%). The connection time tends to be less than 2.5 h (75.5%). There is a high proportion of group 
travel (74.1%). The most important factor for choosing ARIS is the travel time (52.4%). 

4.3. Passenger clustering 

The manifest variables of the socioeconomic and travel characteristics shown in Table 5 were selected to classify the intermodal 
passengers using a latent class clustering analysis. To determine the optimal number of clusters, the clustering criteria of different 
solutions were compared across consecutive numbers of clusters. The clustering results of M = 2–8 using Latent Gold Version 5.0 are 
shown in Table 6. It can be found that the results of the three-cluster solution have the better values of the entropy and information 
statistic than other solutions. Therefore, the three-cluster solution can be selected as a better initial clustering scheme. 

In addition, the distribution of the group sizes across the different clustering solutions was established as shown in Table 7. 
Regarding clustering solutions M = 5 to 8, the sample proportion of a certain cluster is less than 10% of the total sample size, suggesting 
that it is difficult to support the subsequent model fitting and interpretation. The proportions of the clusters of solution M = 3 are 
greater than 10% (P1 = 42%, P2 = 30%, and P3 = 28%), and the distribution of each group size is relatively uniform, further supporting 
the three-cluster solution. 

A summary of the estimated parameters and related statistics of the three-cluster solution is listed in Table 8. We found that except 
for the p-value of the transferring sequence, which was greater than 0.05, the p-values of other manifest variables are all lower than 
0.01, suggesting that these indicators significantly contribute to discriminating among the clusters. Compared with the other manifest 
variables, occupation, gender, age, net monthly income, travel purpose, and frequency have a larger R-squared value, indicating that 
the variances of these variables can be better explained by this three-cluster solution. 

The descriptive statistics of the socioeconomic and travel characteristics of the three groups are presented in Table 9. The first 
passenger group accounted for 42% of the total sample size, including total 586 passengers. This passenger group mainly consists of 
young and middle-aged (91%) female (59%) employees (67%) with a bachelor’s degree (67%) and a monthly income between 2000 
and 8000 CNY (73%). In addition, the annual air travel frequency ranges from 3 to 12 (57%), and the main travel purpose is leisure 
(58%). Most travel distance is less than 1500 km (75%). Most passengers face a connection time of less than 2.5 h (96%). The highest 
proportion of respondents traveled with 1–5 persons (79%). Therefore, the first passenger group can be named “employees who prefer 
to travel together for leisure on short and medium flights”. 

The passengers in the second group are mainly male (75%), middle-aged (63%), and employees (74%) with bachelor’s or master’s 

Table 5 
Profile of responding intermodal passengers (N = 1345).  

Manifest variables Categories Percentage Categories Percentage 

Socioeconomic characteristics 
Gender Male: 1 58.0% Female: 2 42.0% 
Age ≤25 years: 1 29.0% 25–65 years: 2 65.1% 

≥65 years: 3 5.9%   
Education High school diploma 

or below: 1 
14.9% Bachelor degree: 2 57.6% 

Master degree or above: 3 27.5%   
Net monthly income <2,000 CNY: 1 22.2% 2,000–8,000 CNY: 2 50.1% 

>8,000 CNY: 3 27.7%   
Occupation Employee: 1 50.5% Student: 2 27.9% 

Self-employed: 3 12.7% Other: 4 8.9% 
Travel characteristics 
Travel purpose Business: 1 26.7% Leisure: 2 54.7% 

Study: 3 11.4% Other: 4 7.2% 
Travel distance <750 km: 1 15.5% 750–1500 km: 2 56.7% 

>1500 km: 3 27.8%   
Travel frequency (year) Less than 3 times: 1 26.8% 3–12 times: 2 50.1% 

More than 12 times: 3 23.1%   
Transfer sequence From rail to air: 1 43.9% From air to rail: 2 56.1% 
Connection time <2.5 h: 1 75.5% 2.5–5 h: 2 21.2% 

>5 h: 3 3.3%   
Number of people 

traveling together 
<1: 1 25.9% 1–5: 2 69.7% 
>5: 3 4.4%   

The most important factor 
for choosing ARIS 

Travel cost: 1 29.0% Travel time: 2 52.4% 
Travel comfort and other: 3 18.6%    
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degrees (92%) and a high monthly income (>8000 CNY, 62%). In addition, this passenger group has the highest proportion of taking 
more than 12 flights per year (62%), and their traveling is characterized by business (58%) and medium and long lines (93%). The 
connection time of this passenger group is mostly less than 2.5 h (74%), and the proportions of solo travel (37%) and preference for 

Table 6 
Summary of the model results by the number of selected clusters.  

Criteria M = 2 M = 3 M = 4 M = 5 M = 6 M = 7 M = 8 

LnL − 11090.00 − 10985.81 − 10908.85 − 10865.30 − 10829.00 − 10801.99 − 10776.72 
BIC 22446.54 22329.19 22360.65 22364.57 22414.44 22482.88 22554.81 
AIC 22253.99 21959.70 22079.63 21906.61 21868.01 21847.97 21831.43 
AIC3 22290.99 22030.70 22133.63 21994.61 21973.01 21969.97 21970.43 
CAIC 22483.54 22400.19 22414.65 22452.57 22519.44 22604.88 22693.81 
EN 0.86 0.92 0.87 0.80 0.77 0.75 0.76  

Table 7 
Group sizes in the different cluster solutions.  

Group M P1 P2 P3 P4 P5 P6 P7 P8 
∑M

m=1Pm  

2 0.72 0.28       1.00 
3 0.42 0.30 0.28      1.00 
4 0.29 0.28 0.27 0.16     1.00 
5 0.30 0.27 0.23 0.11 0.08    1.00 
6 0.27 0.23 0.20 0.12 0.10 0.08   1.00 
7 0.23 0.21 0.20 0.12 0.10 0.08 0.06  1.00 
8 0.21 0.21 0.12 0.12 0.11 0.10 0.08 0.06 1.00  

Table 8 
Estimated parameters of the three-cluster solution.  

Manifest variables Values S = 1 S = 2 S = 3 Wald p-value R2 

Gender Male: 1 − 0.48 0.65 − 0.17 91.88 <0.01 0.18  
Female: 2 0.48 − 0.65 0.17    

Age ≤25 years: 1 − 0.81 − 0.89 1.71 78.36 <0.01 0.22  
25–65 years: 2 0.48 0.85 − 1.33     
≥65 years: 3 0.34 0.04 − 0.38    

Education High school diploma or below: 1 0.06 − 0.57 0.51 56.51 <0.01 0.03  
Bachelor degree: 2 0.21 0.21 − 0.42     
Master degree or above: 3 − 0.27 0.36 − 0.09    

Occupation Employee: 1 1.56 1.54 − 3.10 82.00 <0.01 0.34  
Student: 2 − 2.31 − 1.71 4.02     
Self-employed: 3 0.46 0.56 − 1.01     
Other: 4 0.29 − 0.39 0.09    

Net monthly income <2,000 CNY: 1 − 0.86 − 1.50 2.35 284.16 <0.01 0.31 
2,000–8,000 CNY: 2 0.64 − 0.13 − 0.50    
>8,000 CNY: 3 0.22 1.63 − 1.85    

Travel frequency (Year) <3 times: 1 0.84 − 1.71 0.87 100.40 <0.01 0.13 
3–12 times: 2 0.59 − 0.77 0.18    
>12: 3 − 1.43 2.48 − 1.05    

Travel distance <750 km: 1 0.02 − 0.61 0.58 73.23 <0.01 0.12 
750–1500 km: 2 0.20 − 0.02 − 0.18    
>1500 km: 3 − 0.22 0.62 − 0.40    

Travel purpose Business: 1 − 0.34 0.99 − 0.65 141.24 <0.01 0.22 
Leisure: 2 0.11 − 0.61 0.50    
Study: 3 0.37 − 0.26 − 0.11    
Other: 4 − 0.14 − 0.12 0.27    

Transferring sequence From rail to air: 1 0.01 0.01 − 0.02 0.17 0.92 0.00 
From air to rail: 2 − 0.01 − 0.01 0.02    

Connection time <2.5 h: 1 0.05 − 0.02 − 0.04 9.52 <0.01 0.07 
2.5–5 h: 2 0.21 − 0.11 − 0.10    
>5 h: 3 − 0.26 0.12 0.14    

Number of people traveling together <1: 1 − 0.42 0.59 − 0.17 40.06 <0.01 0.10 
1–5: 2 0.14 − 0.01 − 0.13    
>5: 3 0.28 − 0.58 0.30    

The most preferred determinants Travel cost: 1 0.13 − 0.41 0.27 62.32 <0.01 0.11 
Travel time: 2 − 0.06 0.57 − 0.51    
Travel comfort and others: 3 − 0.08 − 0.16 0.24     
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travel time (71%) are the highest among the three passenger groups. Therefore, the second passenger group can be called “high-income 
passengers who travel for business on medium and long flights”. 

Finally, the third group contains 375 intermodal passengers and represents approximately a quarter (28%) of the total sample. 
Almost all passengers in this group are young students (99%), and the proportion of low monthly income (<2000 CNY, 72%) is the 
highest in three groups. The passengers in this group have the highest likelihood of taking airplanes less than three times a year (40%). 
These passengers mainly choose short and medium lines (83%) for leisure traveling. In addition, the third passenger group shows the 
highest proportion (79%) of choosing a connection time of less than 2.5 h and a higher proportion of traveling with 1–5 people (69%). 
This passenger group has the highest preference for travel cost (49%). Therefore, this passenger group can be characterized as “young 
students who travel for leisure on short and medium flights”. 

5. Estimation results 

According to the passenger clustering results, we first divided the total sample into three data subsets representing the different 
passenger groups. Then, PLS-SEM and a multi-group analysis were applied to compare and analyze the path relationships among the 
different passenger groups. Finally, an IPMA was adopted to explore how the determinants of the perceived service quality affect 
passenger satisfaction in the three passenger groups. 

5.1. Multi-group analysis of the satisfaction model  

(1) Analysis of the measurement model 

To evaluate the measurement model, we report the indicator reliability, internal consistency, convergent validity, and discriminant 
validity results (e.g., Hair et al., 2011, 2012; Sarstedt et al., 2014). 

Indicator reliability: Standardized loadings are used to assess the indicator reliability of the model. Table 10 shows the results of 
the confirmatory factor analysis (CFA). Hair et al. (2011) suggested that significant (p < 0.01) factor loadings are greater than 0.7, 
indicating good indicator reliability. Table 10 shows that all factor loadings meet this guideline, indicating good indicator reliability. 
In addition, we applied the one-sample Kolmogorov–Smirnov test to verify the normality of the sample. As shown in Table 10, the 
values of Kolmogorov–Smirnov test range between 0.19 and 0.54, and the p-values are all lower than 0.01, suggesting that the data in 
the sample does not obey normality assumption with 99% confidence. 

Internal consistency reliability: The Cronbach’s α (CA) coefficient and composite reliability (CR) were used to assess the reliability 
of the measurements. When the CA value is greater than 0.7 and the CR value is greater than 0.6, it indicates that the latent variable has 
good internal consistency reliability (Hair et al., 2011). Table 11 shows that the CA and CR values all surpass the cutoff values of 0.7 

Table 9 
Profiles of the three passenger groups.  

Manifest 
variables 

S = 1 (n =
586) 

S = 2 (n =
403) 

S = 3 (n =
376) 

Manifest variables S = 1 (n =
586) 

S = 2 (n =
403) 

S = 3 (n =
376) 

Gender Travel purpose 
Male: 1 41% 75% 54% Business: 1 16% 58% 10% 
Female: 2 59% 25% 46% Leisure: 2 59% 27% 78% 
Age Study: 3 17% 8% 6% 
≤25 years: 1 38% 29% 99% Other: 4 8% 6% 6% 
25–65 years: 2 54% 63% 1% Travel distance 
≥65 years: 3 9% 8% 0% <750 km: 1 16% 7% 24% 
Education 750–1500 km: 2 59% 50% 59% 
High school diploma or 

below: 1 
18% 8% 17% >1500 km: 3 24% 43% 17% 

Bachelor’s degree: 2 67% 64% 36% Transfer sequence 
Master’s degree or above: 3 15% 28% 47% From rail to air: 1 44% 44% 44% 
Net monthly income From air to rail: 2 56% 56% 56% 
<2000 CNY: 1 5% 0% 72% Connection time 
2000–8000 CNY: 2 73% 38% 28% <2.5 h: 1 74% 74% 79% 
>8000 CNY: 3 22% 62% 0% 2.5–5 h: 2 22% 22% 18% 
Occupation >5 h: 3 4% 4% 2% 
Employee: 1 67% 74% 0% Number of people traveling together 
Student: 2 0% 1% 99% <1: 1 17% 37% 27% 
Self-employed: 3 18% 17% 1% 1–5: 2 76% 61% 69% 
Other: 4 15% 8% 0% >5: 3 7% 2% 3% 
Travel frequency of 

riding the air(year) 
Most important factor 
when choosing ARIS 

Less than 3 times: 1 36% 2% 40% Travel cost: 1 34% 12% 49% 
3–12 times: 2 57% 37% 54% Travel time: 2 45% 71% 33% 
More than 12 times: 3 8% 62% 6% Travel comfort and 

others: 3 
20% 17% 17%  

Y. Yuan et al.                                                                                                                                                                                                           



Transportation Research Part D 97 (2021) 102950

13

and 0.6 in all passenger group models, indicating high internal consistency reliability. 
Convergent validity: we apply the average variance extracted (AVE) to estimate convergent validity. Fornell and Larcker (1981) 

recommended that convergent validity is acceptable while the AVE value exceeding the critical value of 0.5. Table 11 shows that the 
AVE values in the models all exceed the threshold value. Therefore, convergent validity is supported. 

Discriminant validity: According to the Fornell and Larcker criterion, a good discriminant validity requires that the values of a 
latent variable on the diagonal should be greater than the corresponding intervariable correlation of this latent variable. Tables 12–15 
show that the Fornell and Larcker criterion is reached in each model, demonstrating good results.  

(2) Analysis of the structural model 

The structural model was assessed. In PLS-SEM, we adopted R-squared value, standardized root mean square residual (SRMR) and 
root mean square residual covariance matrix (RMSTheta) to assess the overall explanatory power of the model. A larger R-squared value 
means a better fitting result. Henseler et al. (2009) suggested that when the R-squared value is greater than 0.32, it means that the 
fitting result of the model is acceptable. 

Table 10 
Results of the CFA of all passengers.  

Items Mean Std. Dev Kolmogorov- 
Smirnov 

Factor 
loadings 

Perceived quality (PQ) 
Accessibility 
I spend less time arriving at the station or airport 2.92 1.03 0.30*** 0.76*** 

It is convenient and efficient for me to arrive at the airport or station 2.80 0.92 0.29*** 0.78*** 

I spend less money to arrive at the airport or station 3.40 1.33 0.31*** 0.83*** 

Comfort 
I think the seat book on the trip is soft and comfortable 3.99 0.79 0.24*** 0.84*** 

I think the air and temperature in the cabin are comfortable 3.89 0.87 0.25*** 0.86*** 

I think the noise and vibration in the cabin are acceptable 3.76 0.89 0.24*** 0.85*** 

Connectivity 
I think the shuttle bus service is satisfactory 3.69 0.89 0.25*** 0.88*** 

I think the transfer between the airport and station is easy and convenient 3.86 0.83 0.23*** 0.85*** 

I think the luggage through-handling service during the transfer is satisfactory 3.70 0.86 0.24*** 0.84*** 

Information service 
I think the planning travel information is easy to search and smart 3.34 0.78 0.21*** 0.86*** 

I think the transfer signs and reminders are clearly in place 3.52 0.86 0.24*** 0.89*** 

I think the real-time information in travel is timely and accurate 3.58 0.83 0.20*** 0.88*** 

Operation schedule 
I think the operating schedule is more reasonable 2.88 0.83 0.25*** 0.87*** 

I am quite satisfied with the operating frequency 2.68 0.91 0.19*** 0.86*** 

I think that the existing operation lines can meet my travel needs 3.19 0.74 0.27*** 0.79*** 

Personalized service 
I think the attitude of the staff is friendly and polite 2.91 1.01 0.25*** 0.88*** 

I am quite satisfied with the meals and free Wi-Fi 3.40 1.02 0.22*** 0.86*** 

I think the baggage and security check are satisfactory 3.31 0.88 0.21*** 0.84*** 

Safety and security 
I think the safety of the cabin is higher 3.64 0.69 0.21*** 0.95*** 

I think the security in the station and airport is adequate and reliable 3.79 0.72 0.23*** 0.94*** 

I think the safety of checked baggage is trustworthy 3.67 0.76 0.22*** 0.90*** 

Service Reliability 
I think the on-time arrival/departing rate of flights or HSR is satisfactory 3.45 0.78 0.21*** 0.80*** 

I think delayed insurance services are satisfactory for reducing intermodal risks 3.56 1.04 0.23*** 0.78*** 

I think the delayed recovery service is satisfactory 3.60 0.91 0.24*** 0.82*** 

Ticket service 
I think the integrated fare is reasonable and acceptable 3.93 0.84 0.22*** 0.75*** 

I think booking and purchasing the integrated ticket is simple and easy 4.10 0.83 0.21*** 0.90*** 

I think it is convenient to pick up the integrated ticket 4.04 0.89 0.24*** 0.85*** 

Passenger satisfaction (PS) 
I think the overall ARIS is relatively satisfactory 3.78 0.81 0.25*** 0.81*** 

I think the gap between the ARIS and my expectations is relatively small 3.71 0.80 0.23*** 0.87*** 

I think it is wise to choose the ARIS 3.46 0.77 0.26*** 0.91*** 

Passenger complaints (PC) 
I will complain to my friends or family about the poor ARIS 0.25 0.44 0.46*** 0.77*** 

I will sue unsatisfactory ARIS 0.12 0.26 0.54*** 0.69*** 

Passenger loyalty (PL) 
I am more likely to choose the ARIS next time 3.94 0.87 0.25*** 0.94*** 

I am willing to take the ARIS if it can take me to my destination 3.80 0.88 0.24*** 0.96*** 

I would recommend ARIS to family and friends 3.88 0.86 0.26*** 0.95*** 

Note: ** indicates a p-value < 0.05; ***indicates a p-value < 0.01. 
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As presented in Table 16, the R-squared values in this study range between 0.33 and 0.50, indicating a good fit. Additionally, the 
SRMR (value < 0.08) and the RMSTheta (value < 0.12) are applied to estimate the overall fit of the model (Henseler et al., 2014). As 
shown in Table 16, the values of SRMR and RMSTheta of the models all meet the recommended cutoff values, indicating that the models 
have an acceptable overall goodness-of-fit. 

To explore the heterogeneities in the path relationships, a multi-group analysis is normally performed by using the permutation test 
in Smart PLS 3.0 (Hahn et al., 2002). When the permutation p-value is less than 0.01, the significant path differences can be supported 
with 99% confidence. The specific differences among the different groups are described as follows. 

In the total sample, the nine dimensions of perceived service quality all have significant and positive effects on PS. This finding 
supports hypotheses H1 to H9. Different dimensions have different impacts on PS. Reliability (0.33), ticket service (0.31), operation 
schedule (0.29), and connectivity (0.28) have larger and significant effects on PS, followed by personalized service (0.27), information 
services (0.22), accessibility (0.22), comfort (0.18) and safety and security (0.12). Furthermore, PS has a positive effect on PL (0.55; p 
< 0.01), and a negative effect on PC (-0.27; p < 0.01). Finally, PL is negatively affected by PC (- 0.08; p < 0.05), supporting H10, H11, 
and H12. 

Table 11 
Reliability analysis of the three passenger groups.  

Variables Cronbach’s α Composite reliability Average variance extracted 

Total S = 1 S = 2 S = 3 Total S = 1 S = 2 S = 3 Total S = 1 S = 2 S = 3 

Accessibility 0.72 0.79 0.73 0.74 0.81 0.73 0.86 0.84 0.58 0.59 0.68 0.64 
Comfort 0.83 0.83 0.81 0.84 0.90 0.90 0.89 0.90 0.75 0.75 0.73 0.75 
Passenger complaints 0.76 0.72 0.71 0.73 0.16 0.67 0.62 0.61 0.54 0.65 0.61 0.67 
Connectivity 0.83 0.81 0.82 0.83 0.90 0.89 0.89 0.90 0.75 0.72 0.74 0.75 
Information service 0.86 0.83 0.86 0.87 0.91 0.90 0.91 0.92 0.78 0.74 0.78 0.79 
Passenger loyalty 0.96 0.96 0.96 0.95 0.98 0.98 0.98 0.97 0.93 0.93 0.93 0.91 
Operation schedule 0.82 0.80 0.81 0.83 0.89 0.88 0.89 0.90 0.73 0.71 0.73 0.74 
Personalized service 0.82 0.80 0.83 0.83 0.89 0.88 0.90 0.90 0.74 0.71 0.75 0.75 
Reliability 0.71 0.70 0.75 0.74 0.84 0.83 0.81 0.85 0.63 0.62 0.59 0.65 
Safety and security 0.93 0.92 0.93 0.93 0.95 0.95 0.95 0.91 0.86 0.86 0.86 0.78 
Passenger satisfaction 0.86 0.84 0.87 0.86 0.91 0.90 0.92 0.92 0.78 0.76 0.79 0.79 
Ticket service 0.84 0.81 0.82 0.87 0.90 0.89 0.90 0.92 0.76 0.72 0.74 0.79  

Table 12 
Inter-correlations among the latent variables in the total sample.   

Acc Com PC Con Inf PL Ope Per Rel Saf Tic PS 

Acc 0.76            
Com 0.13 0.87           
PC − 0.01 − 0.05 0.58          
Con 0.12 0.74 − 0.07 0.86         
Inf 0.11 0.66 − 0.07 0.70 0.88        
PL 0.03 0.05 − 0.17 0.02 0.08 0.96       
Ope 0.10 0.72 − 0.05 0.77 0.69 0.06 0.86      
Per 0.09 0.68 − 0.08 0.71 0.68 0.02 0.68 0.86     
Rel 0.16 0.80 − 0.06 0.75 0.81 0.07 0.79 0.79 0.83    
Saf 0.12 0.70 − 0.09 0.70 0.68 0.09 0.75 0.70 0.69 0.80   
Tic − 0.01 − 0.01 0.02 0.02 0.00 0.03 0.03 0.03 0.04 0.03 0.93  
PS 0.15 0.72 − 0.06 0.68 0.67 0.09 0.70 0.63 0.81 0.65 0.02 0.87  

Table 13 
Inter-correlations among the latent variables in the first passenger group.   

Acc Com PC Con Inf PL Ope Per Rel Saf Tic PS 

Acc 0.70            
Com 0.08 0.87           
PC − 0.01 − 0.04 0.59          
Con 0.09 0.71 0.01 0.85         
Inf 0.09 0.63 − 0.03 0.69 0.86        
PL 0.05 0.01 0.12 0.10 0.02 0.96       
Ope 0.09 0.68 0.03 0.76 0.66 − 0.08 0.84      
Per 0.09 0.68 − 0.01 0.70 0.66 − 0.06 0.69 0.84     
Rel 0.14 0.77 0.02 0.74 0.80 − 0.06 0.69 0.79 0.68    
Saf 0.13 0.66 − 0.01 0.67 0.65 − 0.07 0.72 0.70 0.81 0.79   
Tic − 0.06 − 0.03 − 0.06 0.01 0.02 0.02 0.03 0.01 0.04 0.03 0.93  
PS 0.12 0.70 0.01 0.65 0.65 0.02 0.66 0.64 0.79 0.62 0.02 0.85  
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In the first passenger group, which is characterized as “employees who prefer to travel together for leisure on short- and medium- 
haul flights”, compared with the other passenger groups, personalized service (0.35 vs. 0.22 and 0.28; p < 0.01, 0.01, 0.01) has the 
largest positive impact on PS. In addition, the influences of accessibility (0.14 vs. 0.18 and 0.21; p < 0.01, 0.01, 0.01) and information 
services (0.23 vs. 0.27 and 0.29; p < 0.01, 0.01, 0.01) on PS are the smallest. 

For the second passenger group, which is characterized as “high-income passengers who travel for business on medium- and long- 
haul flights”, compared with the other passenger groups, reliability (0.37 vs. 0.25 and 0.32; p < 0.01, 0.01, 0.01), connectivity (0.35 

Table 14 
Inter-correlations among the latent variables in the second passenger group.   

Acc Com PC Con Inf PL Ope Per Rel Saf Tic PS 

Acc 0.83            
Com 0.07 0.85           
PC 0.04 − 0.05 0.64          
Con 0.04 0.73 − 0.06 0.86         
Inf 0.03 0.65 − 0.01 0.67 0.88        
PL − 0.12 − 0.19 − 0.07 − 0.21 − 0.12 0.97       
Ope − 0.04 0.67 − 0.04 0.75 0.65 − 0.12 0.86      
Per 0.01 0.65 − 0.08 0.69 0.70 − 0.18 0.64 0.86     
Rel 0.02 0.77 − 0.04 0.75 0.80 − 0.16 0.68 0.79 0.83    
Saf − 0.02 0.69 − 0.07 0.70 0.64 − 0.09 0.75 0.70 0.63 0.77   
Tic 0.00 0.00 0.01 0.02 − 0.02 − 0.01 0.03 0.07 0.02 0.04 0.93  
PS 0.04 0.69 − 0.02 0.68 0.68 − 0.13 0.71 0.62 0.80 0.64 0.04 0.86  

Table 15 
Inter-correlations among the latent variables in the third passenger group.   

Acc Com PC Con Inf PL Ope Per Rel Saf Tic PS 

Acc 0.80            
Com 0.16 0.87           
PC 0.00 − 0.13 0.60          
Con 0.10 0.76 − 0.13 0.87         
Inf 0.09 0.67 − 0.09 0.69 0.89        
PL 0.10 0.22 − 0.26 0.20 0.22 0.96       
Ope 0.14 0.79 − 0.15 0.78 0.73 0.26 0.91      
Per 0.08 0.67 − 0.13 0.70 0.64 0.17 0.68 0.86     
Rel 0.17 0.84 − 0.12 0.85 0.80 0.26 0.76 0.78 0.84    
Saf 0.11 0.75 − 0.15 0.70 0.71 0.26 0.79 0.65 0.70 0.81   
Tic 0.02 0.00 0.00 0.04 0.01 0.08 0.04 0.03 0.06 0.02 0.88  
PS 0.16 0.73 − 0.13 0.67 0.64 0.22 0.73 0.60 0.82 0.65 − 0.01 0.89 

Note: Acc: Accessibility; Com: Comfort; Con: Connectivity; Inf: Information service: Per: Personalized service; Ope: Operation schedule; Rel: Reli-
ability; Saf: Safety and security; Tic: Ticket service. 

Table 16 
Results of the path coefficients in three passenger groups.  

Hypotheses of path relationships Path coefficients Permutation p-value 

Total S = 1 S = 2 S = 3 S1/S2 S1/S3 S2/S3 

H1: Acc → PS 0.22*** 0.14*** 0.18*** 0.21*** 0.05** 0.03** 0.05** 

H2: Com → PS 0.18*** 0.22*** 0.17*** 0.24*** 0.03** 0.05** 0.04** 

H3: Con → PS 0.28*** 0.24*** 0.35*** 0.20*** 0.03** n.s. 0.02** 

H4: Inf → PS 0.22*** 0.23*** 0.27*** 0.29*** 0.04** 0.03** 0.02** 

H5: Ope → PS 0.29*** 0.29*** 0.33*** 0.25*** 0.02** 0.04** 0.04** 

H6: Per → PS 0.27*** 0.35*** 0.22*** 0.28*** 0.03** 0.04** 0.04** 

H7: Rel → PS 0.33*** 0.25*** 0.37*** 0.32*** 0.03** 0.02** 0.04** 

H8: Saf → PS 0.14*** 0.17*** 0.12*** 0.26*** 0.03** 0.02** 0.02** 

H9: Tic → PS 0.31*** 0.32*** 0.28*** 0.37*** 0.05** 0.04** 0.03** 

H10: PS → PC − 0.27*** − 0.23** − 0.18*** − 0.36*** 0.03** 0.04** 0.02** 

H11: PS → PL 0.55*** 0.52*** 0.57*** 0.52*** 0.04** 0.03** 0.04** 

H12: PC → PL − 0.08** − 0.09** n.s. − 0.17*** n.s. n.s. 0.01** 

R-squared PS 0.36 0.50 0.41 0.45 – – – 
PC 0.33 0.35 0.33 0.43 – – – 
PL 0.41 0.47 0.48 0.49 – – – 

SRMR 0.07 0.06 0.05 0.05 – – – 
RMSTheta 0.12 0.10 0.09 0.09 – – – 

Note: ** indicates a p-value < 0.05, *** indicates a p-value < 0.01, and n.s. indicates non-significant. 
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vs. 0.24 and 0.20; p < 0.01, 0.01, 0.01) and the operation schedule (0.33 vs. 0.29 and 0.25; p < 0.01, 0.01, 0.01) have the largest 
positive effect on PS. In contrast, personalized service (0.22 vs. 0.35 and 0.28; p < 0.01, 0.01, 0.01), comfort (0.17 vs. 0.22 and 0.24; p 
< 0.01, 0.01, 0.01) and safety and security (0.12 vs. 0.17 and 0.26; p < 0.01, 0.01, 0.01) have the smallest positive effects on PS. 
Furthermore, PS has the largest positive effect on loyalty (0.57 vs. 0.52 and 0.52; p < 0.01, 0.01, 0.01) and the smallest negative effect 
on PC (-0.18 vs. − 0.23 and − 0.36; p < 0.01, 0.01, 0.01). 

In the third passenger group, which is characterized as “young students who travel for leisure on short- and medium-haul flights”, 
compared with the other passenger groups, ticket service (0.37 vs. 0.32 and 0.28; p < 0.01, 0.01, 0.01), accessibility (0.21 vs. 0.14 and 
0.18; p < 0.01, 0.01, 0.01), comfort (0.24 vs. 0.22 and 0.17; p < 0.01, 0.01, 0.01) and information services (0.29 vs. 0.23 and 0.27; p <
0.01, 0.01, 0.01) have the largest positive effect on PS. In addition, PS has the largest negative impact on PC (− 0.36 vs. − 0.18 and 
− 0.23; p < 0.01, 0.01, 0.01) and the smallest positive impact on PL (0.52 vs. 0.57 and 0.52; p < 0.01, 0.01, 0.01). Furthermore, PC 
have the largest negative impact on PL (− 0.17; p < 0.01). 

5.2. Results of the IPMA 

Fig. 5a shows that the satisfaction index of all dimensions of the service quality across all respondents is relatively low (all less than 
80), suggesting that the service level of the ARIS is judged as relatively poor. Among them, ticket service and connectivity are viewed as 
the operational advantage factors with higher importance weight and passenger satisfaction index. Personalized services, reliability, 
and operation schedules fall into the second quadrant, indicating high importance but low performance. Information service and 
accessibility have low importance and low performance and fall into the third quadrant. Finally, on average, passengers judge comfort 
and safety and security as high performing with low importance. 

a Total sample  b First passenger group

c   Second passenger group d Third passenger group

Fig. 5. (a) Total sample. (b) First passenger group. (c) Second passenger group. (d) Third passenger group.  
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Examining all three passenger groups, ticket service (Quadrant I), reliability (Quadrant II), accessibility (QuadrantIII) and comfort 
(Quadrant IV) all fall into the same quadrant. This finding indicates that the importance and performance of these four service de-
terminants are similar among all three groups. However, Fig. 5 also shows differences in the importance and performance of the other 
determinants of the perceived service quality. As presented in Fig. 5b, in the first passenger group, connectivity falls into the oper-
ational advantage area (Quadrant I), personalized service belongs to the priority improvement factor (Quadrant II), safety and security 
is a suboptimal improvement factor (Quadrant III), while information service belongs to “possible overkill” factors (Quadrant IV). This 
finding is consistent with the characteristics of the first passenger group in terms of leisure traveling in groups. Passengers on leisure 
trips usually carry more luggage and have ample time than passengers on business trips. Compared with traveling alone, passengers 
traveling in groups have stronger schedule planning and more comprehensive travel information. Therefore, the passengers in this 
group have a more important perception of personalized services, such as luggage through-handling, meals, and transfer services, but 
have a lower perception of the importance of dimensions, such as route instructions and security checks. 

As shown in Fig. 5c, information service is deemed an operational advantage factor (Quadrant I), operational schedule and con-
nectivity are viewed as priority improvement factors (Quadrant II), and safety and security and personalized services are classified as 
suboptimal improvement factors (Quadrant III) in the second passenger group. The passengers in the second passenger group, which is 
characterized as high-income passengers with medium- and long-distance business traveling, have better economic conditions, and 
traveling expenses are mostly reimbursed by their companies. Passengers on business trips carry less luggage than passengers on 
leisure trips, and the trip schedule is more compact. Therefore, the passengers in this group place more importance on the trip schedule 
and time spent during the journey. 

As presented in Fig. 5d, information service is regarded as an operational advantage factor (Quadrant I), personalized service is 
viewed as a priority improvement factor (Quadrant II), and connectivity and operational schedule are regarded as suboptimal 
improvement factors (Quadrant III). Finally, safety and security are deemed possible overkill factors (Quadrant IV). The passengers in 
the third passenger group, who are young students who prefer short- and medium-distance leisure travel, have relatively poor eco-
nomic conditions but a strong ability to accept novelty in ARIS and are more inclined to travel together for leisure trips. There is a 
higher demand in this passenger group for information services and money spent on leisure travel. Therefore, the passengers in this 
group have a stronger perception of the importance of services, such as real-time information broadcasting, travel planning, luggage 
through-handling, and ticket prices. 

6. Discussion 

The results show that the socioeconomic and travel characteristics of the different passenger groups significantly differ. In addition, 
different passengers have different service quality perceptions of ARIS, and there are also heterogeneities in the path relationships 
between passenger satisfaction, loyalty, and complaints. 

Most passengers in the first group are young and middle-aged employees with a medium monthly income. In addition, the pas-
sengers in this group prefer to choose short and medium lines to travel for leisure accompanied by other people. Regarding passenger 
satisfaction, the results revealed that these passengers pay the most attention to personalized services but have the least preference for 
accessibility and information services. In practice, we found that the passengers in the first group have a stronger consciousness of 
travel planning, less decision-making randomness, and more luggage. If such passengers are dissatisfied with ARIS, they will expand 
their complaints through group discussions, which could lead to a loss of intermodal passengers in the future. Therefore, proposals for 
cultivating the loyalty of this passenger group include a) designing group tickets for leisure trips with more discounts on fares and 
baggage allowances and b) providing group security checks, luggage through-handling, and personal travel guide services. 

The passengers in the second group mainly travel for business, and take medium- and long-lines. And they prefer shorter transfer 
times and total travel times rather than travel costs. In addition, they carry less luggage and require a stricter travel schedule. 
Furthermore, we found that reliability, connectivity and the operational schedule are key determinants to passenger satisfaction in this 
group, while personalized service, comfort and safety have the smallest positive effect on passenger satisfaction. Furthermore, pas-
senger satisfaction in this group has the greatest positive effect on loyalty and the least negative effect on complaints. Therefore, the 
passengers in this group are more likely to be cultivated as loyal passengers of ARIS and are less likely to complain about ARIS. The 
recommendations for managers include a) designing business-oriented intermodal tickets to make trips more efficient, reliable, and 
convenient and b) providing more efficient and comfortable transfer services for business travelers between stations and airports. 

Compared with the other passengers, “young students who travel for leisure on short and medium flights” are younger and have 
poor economic conditions and a stronger acceptance of novelty, and their preference for travel cost is far greater than their preference 
for travel time. In addition, passenger satisfaction is more positively determined by ticket services, accessibility, comfort and infor-
mation services. In this group, passenger satisfaction has the greatest negative impact on passenger complaints and a smaller positive 
impact on passenger loyalty. Finally, passenger complaints have the greatest negative impact on loyalty. The service evaluation of this 
passenger group is relatively radical, and these passengers have a strong intention to complain about poor travel experience; 
furthermore, their loyalty to ARIS is not strong. Therefore, some suggestions include a) providing cheap student tickets and giving 
students appropriate discounts, b) improving the accessibility of airports and HSR stations by establishing special joint public transit 
for intermodal passengers, and c) building a smarter information guidance platform to broadcast the real-time status of ARIS. 
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7. Conclusions and managerial implications 

7.1. Conclusions 

There is a lack of knowledge regarding the intermodal socioeconomic and behavioral passenger profiles in the ARIS market, and 
studies investigating the heterogeneity in the path relationships are virtually absent. To fill these gaps, latent class clustering was 
applied to classify intermodal passengers based on their socioeconomic and travel characteristics. In addition, a passenger satisfaction 
model for ARIS was constructed. A multi-group analysis was performed to analyze the path heterogeneities among the three passenger 
groups. The main conclusions of the study are as follows. 

We found that passengers can be clustered into different groups by considering their heterogeneities in socioeconomic attributes 
and travel characteristics. In addition, the profiles of the three passenger groups are quite different. By analyzing the passengers’ 
socioeconomic characteristics like gender, education and occupation, and travel characteristics like travel distance, transfer sequence, 
and connection time, we classify passengers three groups: “employees who prefer to travel in a group for leisure on short and medium 
flights”, “high-income passengers who travel for business on medium and long flights”, and “young students who travel for leisure on 
short and medium flights”. 

Among all intermodal passengers, we found that passengers are more concerned about reliability, ticket service, operation 
schedule, and connectivity. Furthermore, the results showed that passenger satisfaction has a positive effect on passenger loyalty and a 
negative effect on passenger complaints. Additionally, a negative relationship between passenger complaints and passenger loyalty 
was observed. 

The present study also uncovered path heterogeneities in the passenger satisfaction model among the three passenger groups. 
Therefore, the key factors affecting satisfaction and its subsequent effect on loyalty and complaints differ among the three passenger 
groups. Regarding the first passenger group, passengers are more loyal to the ARIS and complain about the ARIS less than passengers in 
the third group. However, passengers in the second group are most willing to continue purchasing the ARIS next time and recom-
mending the ARIS to friends and family after experiencing satisfactory services. Meanwhile, passengers in the second group are the 
least likely to complain to friends and sue after experiencing poor services. Regarding the third passenger group, passengers are most 
likely to complain about the ARIS while their satisfaction is low. Meanwhile, they have the lowest willingness to continue to choose the 
ARIS and recommend it to others. 

The results also indicated that the different passenger groups have different perceptions of the importance and performance of 
connectivity, personalized services, and information services. Among the groups, the first passenger group regards personalized service 
as a priority improvement factor. However, the passengers in the second group with high incomes who travel for business in medium- 
and long-line trips views operational schedules and connectivity as priority improvement factors. In addition, the young student 
passengers taking leisure trips in the third group prefer to accept novelty things and deem ticket and information services as opera-
tional advantage factors. 

7.2. Managerial implications 

Among all passengers, we found that reliability, ticket service, operation schedule, and connectivity are key dimensions to pas-
senger satisfaction. Therefore, some recommendations for managers are a) including delay insurance in ARIS, increasing the 
compensation for flight delays, and setting a reasonable connecting time to improve reliability in ARIS, b) formulating reasonable 
intermodal ticket prices and preferential measures and establishing automatic vending/ticketing machines at interchange stations, and 
c) synchronizing the operational schedules of HSR and air travel to ensure passengers’ basic demands for routes, transfer times, and 
frequencies during travel. 

To cultivate stronger passenger loyalty and reduce complaints about ARIS, some suggestions include a) regularly conducting 
satisfaction surveys among intermodal passengers to understand passengers’ experiences and perceptions of ARIS in a timely manner, 
b) building an advanced online service evaluation system to dynamically monitor passenger flow, travel experience and other data in 
real time, and c) establishing a passenger complaint processing agency to record passenger complaints and provide reasonable 
compensation to passengers in a timely manner. 

For the different passenger groups, it is necessary to formulate more flexible services that meet the different travel demands and 
preferences of the various passenger groups. Some recommendations for managers include a) fulfilling the requirements of passengers 
traveling for leisure in a group for more luggage check-ins, through-handling, meals, and transfer services with more discounts and 
personalized services in ARIS, b) paying attention to the time and schedule planning of business travelers in the process of intermodal 
travel and providing more comfortable, reliable and efficient services in transferring, waiting, luggage checking and station security, 
and c) releasing low-cost tickets with more baggage allowances for young students and providing real-time travel information services 
and free Wi-Fi during the entire journey. 

7.3. Limitations and future research needs 

The first limitation in this paper is that we only analyzed ARIS at Shijiazhuang Zhengding Airport, but ARIS shows regional dif-
ferences. Therefore, it could be of interest to replicate this study in other regions and examine the spatial transferability of the current 
findings. Additionally, we mainly clustered passengers based on their intermodal trip characteristics, which may lead to inaccurate 
descriptions of the entire customer journey and experience. It would be of interest in future research to include the entire customer 
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journey and experiences, including information search, ordering and purchasing of tickets, access and egress time and trip charac-
teristics to the train station, and availability and attributes of alternatives. 
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De Oña, R., López, G., de los Rios, F.J.D., De Oña, J., 2014. Cluster analysis for diminishing heterogeneous opinions of service quality public transport passengers. 
Procedia - Soc. Behav. Sci. 162, 459–466. https://doi.org/10.1016/j.sbspro.2014.12.227. 

De Oña, R., MacHado, J.L., De Oña, J., 2015. Perceived service quality, customer satisfaction, and behavioral intentions structural equation model for the Metro of 
Seville. Spain. Transp. Res. Rec. 2538, 76–85. https://doi.org/10.3141/2538-09. 

Dell’Olio, L., Ibeas, A., Cecin, P., 2011. The quality of service desired by public transport users. Transp. Policy 18, 217–227. https://doi.org/10.1016/j. 
tranpol.2010.08.005. 

Diana, M., Mokhtarian, P.L., 2009. Grouping travelers on the basis of their different car and transit levels of use. Transportation 36, 455–467. https://doi.org/ 
10.1007/s11116-009-9207-y. 

Dobruszkes, F., 2011. High-speed rail and air transport competition in Western Europe: A supply-oriented perspective. Transp. Policy 18, 870–879. https://doi.org/ 
10.1016/j.tranpol.2011.06.002. 

Dobruszkes, F., Dehon, C., Givoni, M., 2014. Does European high-speed rail affect the current level of air services? An EU-wide analysis. Transp. Res. Part A Policy 
Pract. 69, 461–475. https://doi.org/10.1016/j.tra.2014.09.004. 

Eboli, L., Mazzulla, G., 2015. Relationships between rail passengers’ satisfaction and service quality: a framework for identifying key service factors. Public Transp. 7, 
185–201. https://doi.org/10.1007/s12469-014-0096-x. 

Farooq, M.S., Salam, M., Fayolle, A., Jaafar, N., Ayupp, K., 2018. Impact of service quality on customer satisfaction in Malaysia airlines: A PLS-SEM approach. J. Air 
Transp. Manag. 67, 169–180. https://doi.org/10.1016/j.jairtraman.2017.12.008. 

Fornell, C., Johnson, M.D., Anderson, E.W., Cha, J., Bryant, B.E., 1996. The American Customer Satisfaction Index: Nature, purpose, and findings. J. Mark. 60, 7–18. 
https://doi.org/10.2307/1251898. 

Fu, X., Juan, Z., 2017. Exploring the psychosocial factors associated with public transportation usage and examining the “gendered” difference. Transp. Res. Part A 
Policy Pract. 103, 70–82. https://doi.org/10.1016/j.tra.2017.05.017. 

Gao, Y., Rasouli, S., Timmermans, H., Wang, Y., 2017. Understanding the relationship between travel satisfaction and subjective well-being considering the role of 
personality traits: A structural equation model. Transp. Res. Part F Traffic Psychol. Behav. 49, 110–123. https://doi.org/10.1016/j.trf.2017.06.005. 

Givoni, M., Banister, D., 2007. Role of the railways in the future of air transport. Transp. Plan. Technol. 30, 95–112. https://doi.org/10.1080/03081060701208100. 
Givoni, M., Banister, D., 2006. Airline and railway integration. Transp. Policy 13, 386–397. https://doi.org/10.1016/j.tranpol.2006.02.001. 
Gupta, H., 2018. Evaluating service quality of airline industry using hybrid best worst method and VIKOR. J. Air Transp. Manag. 68, 35–47. https://doi.org/10.1016/ 

j.jairtraman.2017.06.001. 
Gupta, H., 2018. Evaluating service quality of airline industry using hybrid best worst method and VIKOR. J. Air Transp. Manag. 68, 35–47. https://doi.org/10.1016/ 

j.jairtraman.2017.06.001. 
Hair, J.F., Ringle, C.M., Sarstedt, M., 2011. PLS-SEM: Indeed a silver bullet. J. Mark. Theory Pract. 19, 139–152. https://doi.org/10.2753/MTP1069-6679190202. 
Hair, J.F., Sarstedt, M., Pieper, T.M., Ringle, C.M., 2012. The Use of Partial Least Squares Structural Equation Modeling in Strategic Management Research: A Review 

of Past Practices and Recommendations for Future Applications. Long Range Plann. 45, 320–340. https://doi.org/10.1016/j.lrp.2012.09.008. 
Hapsari, R., Clemes, M., Dean, D., 2016. The Mediating Role of Perceived Value on the Relationship between Service Quality and Customer Satisfaction: Evidence 

from Indonesian Airline Passengers. Procedia Econ. Financ. 35, 388–395. https://doi.org/10.1016/s2212-5671(16)00048-4. 
Henseler, J., Ringle, C.M., Sinkovics, R.R., 2009. The use of partial least squares path modeling in international marketing. Adv. Int. Mark. 20, 277–319. https://doi. 

org/10.1108/S1474-7979(2009)0000020014. 
Hussain, R., Al Nasser, A., Hussain, Y.K., 2015. Service quality and customer satisfaction of a UAE-based airline: An empirical investigation. J. Air Transp. Manag. 42, 

167–175. https://doi.org/10.1016/j.jairtraman.2014.10.001. 

Y. Yuan et al.                                                                                                                                                                                                           

https://doi.org/10.1016/j.tra.2016.11.011
https://doi.org/10.1016/j.jtrangeo.2014.07.003
https://doi.org/10.1016/j.tranpol.2019.01.005
https://doi.org/10.1007/s11135-012-9771-7
https://doi.org/10.1007/s11135-012-9771-7
https://doi.org/10.1016/j.tra.2014.05.006
https://doi.org/10.1016/j.tra.2014.05.006
https://doi.org/10.1016/j.trc.2013.02.001
https://doi.org/10.1016/j.trc.2013.02.001
https://doi.org/10.1016/j.jairtraman.2012.10.003
https://doi.org/10.1016/j.jairtraman.2012.10.003
https://doi.org/10.1016/j.tre.2010.12.004
https://doi.org/10.1080/23249935.2014.915247
https://doi.org/10.1016/j.sbspro.2014.12.227
https://doi.org/10.3141/2538-09
https://doi.org/10.1016/j.tranpol.2010.08.005
https://doi.org/10.1016/j.tranpol.2010.08.005
https://doi.org/10.1007/s11116-009-9207-y
https://doi.org/10.1007/s11116-009-9207-y
https://doi.org/10.1016/j.tranpol.2011.06.002
https://doi.org/10.1016/j.tranpol.2011.06.002
https://doi.org/10.1016/j.tra.2014.09.004
https://doi.org/10.1007/s12469-014-0096-x
https://doi.org/10.1016/j.jairtraman.2017.12.008
https://doi.org/10.2307/1251898
https://doi.org/10.1016/j.tra.2017.05.017
https://doi.org/10.1016/j.trf.2017.06.005
https://doi.org/10.1080/03081060701208100
https://doi.org/10.1016/j.tranpol.2006.02.001
https://doi.org/10.1016/j.jairtraman.2017.06.001
https://doi.org/10.1016/j.jairtraman.2017.06.001
https://doi.org/10.1016/j.jairtraman.2017.06.001
https://doi.org/10.1016/j.jairtraman.2017.06.001
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1016/j.lrp.2012.09.008
https://doi.org/10.1016/s2212-5671(16)00048-4
https://doi.org/10.1108/S1474-7979(2009)0000020014
https://doi.org/10.1108/S1474-7979(2009)0000020014
https://doi.org/10.1016/j.jairtraman.2014.10.001


Transportation Research Part D 97 (2021) 102950

20

Jiang, Y., Gao, S., Guan, W., Yin, X., 2020. Bass+BL+Seasonality Forecasting Method for Demand Trends in Air Rail Integrated Service. Transp. A Transp. Sci. 1–26. 
https://doi.org/10.1080/23249935.2020.1799111. 

Jiang, Y., Timmermans, H.J.P., Chen, C., Sun, J., Yao, B., 2019. Determinants of air-rail integration service of Shijiazhuang airport, China: analysis of historical data 
and stated preferences. Transp. B 7, 1572–1587. https://doi.org/10.1080/21680566.2019.1670117. 

Kos Koklic, M., Kukar-Kinney, M., Vegelj, S., 2017. An investigation of customer satisfaction with low-cost and full-service airline companies. J. Bus. Res. 80, 188–196. 
https://doi.org/10.1016/j.jbusres.2017.05.015. 

Krizek, K., El-Geneidy, A., 2007. Grouping Preferences and Habits of Transit Users and Non-Users. J. Public Transp. 10, 71–94. https://doi.org/10.5038/2375- 
0901.10.3.5. 

Li, T., Rong, L., Yan, K., 2019a. Vulnerability analysis and critical area identification of public transport system: A case of high-speed rail and air transport coupling 
system in China. Transp. Res. Part A Policy Pract. 127, 55–70. https://doi.org/10.1016/j.tra.2019.07.008. 

Li, X., Jiang, C., Wang, K., Ma, J., 2018. Determinants of partnership levels in air-rail cooperation. J. Air Transp. Manag. 71, 88–96. https://doi.org/10.1016/j. 
jairtraman.2018.06.002. 

Li, Y., Fan, W (David)., 2019b. Modelling severity of pedestrian-injury in pedestrian-vehicle crashes with latent class clustering and partial proportional odds model: A 
case study of North Carolina. Accid. Anal. Prev. 131, 284–296. https://doi.org/10.1016/j.aap.2019.07.008. 

Li, Z.C., Sheng, D., 2016. Forecasting passenger travel demand for air and high-speed rail integration service: A case study of Beijing-Guangzhou corridor, China. 
Transp. Res. Part A Policy Pract. 94, 397–410. https://doi.org/10.1016/j.tra.2016.10.002. 

Lin, L., 2016. The Integration of Air and Rail Technologies: Shanghai’s Hongqiao Integrated Transport Hub. J. Urban Technol. 23, 23–46. https://doi.org/10.1080/ 
10630732.2015.1102418. 

Liu, P., Fan, W., 2020. Exploring injury severity in head-on crashes using latent class clustering analysis and mixed logit model: A case study of North Carolina. Accid. 
Anal. Prev. 135, 105388 https://doi.org/10.1016/j.aap.2019.105388. 

Liu, S., Wan, Y., Ha, H.K., Yoshida, Y., Zhang, A., 2019. Impact of high-speed rail network development on airport traffic and traffic distribution: Evidence from China 
and Japan. Transp. Res. Part A Policy Pract. 127, 115–135. https://doi.org/10.1016/j.tra.2019.07.015. 

Losada-Rojas, L.L., Gkartzonikas, C., Pyrialakou, V.D., Gkritza, K., 2019. Exploring intercity passengers’ attitudes and loyalty to intercity passenger rail: Evidence from 
an on-board survey. Transp. Policy 73, 71–83. https://doi.org/10.1016/j.tranpol.2018.10.011. 

Mustelier Puig, L.C., Ming, X., 2017. Experience Value, Satisfaction and Loyalty of International Tourists in Shanghai: A PLS-SEM Analysis. Int. Bus. Res. 10, 114. 
https://doi.org/10.5539/ibr.v10n8p114. 

Ren, F., Kwan, M.P., 2009. The impact of the Internet on human activity-travel patterns: analysis of gender differences using multi-group structural equation models. 
J. Transp. Geogr. 17, 440–450. https://doi.org/10.1016/j.jtrangeo.2008.11.003. 

Román, C., Martín, J.C., 2014. Integration of HSR and air transport: Understanding passengers’ preferences. Transp. Res. Part E Logist. Transp. Rev. 71, 129–141. 
https://doi.org/10.1016/j.tre.2014.09.001. 

Sarstedt, M., Henseler, J., Ringle, C.M., 2011. Multigroup analysis in partial least squares (PLS) path modeling: Alternative methods and empirical results. Adv. Int. 
Mark. 22, 195–218. https://doi.org/10.1108/S1474-7979(2011)0000022012. 

Sarstedt, M., Ringle, C.M., Smith, D., Reams, R., Hair, J.F., 2014. Partial least squares structural equation modeling (PLS-SEM): A useful tool for family business 
researchers. J. Fam. Bus. Strateg. 5, 105–115. https://doi.org/10.1016/j.jfbs.2014.01.002. 

Shen, W., Xiao, W., Wang, X., 2016. Passenger satisfaction evaluation model for Urban rail transit: A structural equation modeling based on partial least squares. 
Transp. Policy 46, 20–31. https://doi.org/10.1016/j.tranpol.2015.10.006. 

Socorro, M.P., Viecens, M.F., 2013. The effects of airline and high speed train integration. Transp. Res. Part A Policy Pract. 49, 160–177. https://doi.org/10.1016/j. 
tra.2013.01.014. 

Suki, N.M., 2014. Passenger satisfaction with airline service quality in Malaysia: A structural equation modeling approach. Res. Transp. Bus. Manag. 10, 26–32. 
https://doi.org/10.1016/j.rtbm.2014.04.001. 

Takebayashi, M., 2016. How could the collaboration between airport and high speed rail affect the market? Transp. Res. Part A Policy Pract. 92, 277–286. https://doi. 
org/10.1016/j.tra.2016.06.010. 

Wan, Y., Ha, H.K., Yoshida, Y., Zhang, A., 2016. Airlines’ reaction to high-speed rail entries: Empirical study of the Northeast Asian market. Transp. Res. Part A Policy 
Pract. 94, 532–557. https://doi.org/10.1016/j.tra.2016.10.014. 

Wang, Z., Liu, H., Zhu, Y., Zhang, Y., Basiri, A., Büttner, B., Gao, X., Cao, M., 2021. Identifying Urban Functional Areas and Their Dynamic Changes in Beijing: Using 
Multiyear Transit Smart Card Data. J. Urban Plan. Dev. 147, 04021002. https://doi.org/10.1061/(asce)up.1943-5444.0000662. 

Xia, W., Zhang, A., 2017. Air and high-speed rail transport integration on profits and welfare: Effects of air-rail connecting time. J. Air Transp. Manag. 65, 181–190. 
https://doi.org/10.1016/j.jairtraman.2017.06.008. 

Yilmaz, V., Ari, E., 2017. The effects of service quality, image, and customer satisfaction on customer complaints and loyalty in high-speed rail service in Turkey: a 
proposal of the structural equation model. Transp. A Transp. Sci. 13, 67–90. https://doi.org/10.1080/23249935.2016.1209255. 

Yuan, Y., Yang, M., Feng, T., Rasouli, S., Li, D., Ruan, X., 2021. Heterogeneity in passenger satisfaction with air-rail integration services: Results of a finite mixture 
partial least squares model. Transp. Res. Part A Policy Pract. 147, 133–158. https://doi.org/10.1016/j.tra.2021.03.003. 

Yuan, Y., Yang, M., Wu, J., Rasouli, S., Lei, D., 2019. Assessing bus transit service from the perspective of elderly passengers in Harbin, China. Int. J. Sustain. Transp. 
13, 761–776. https://doi.org/10.1080/15568318.2018.1512691. 

Zailani, S., Iranmanesh, M., Masron, T.A., Chan, T.H., 2016. Is the intention to use public transport for different travel purposes determined by different factors? 
Transp. Res. Part D Transp. Environ. 49, 18–24. https://doi.org/10.1016/j.trd.2016.08.038. 

Zhang, A., Wan, Y., Yang, H., 2019. Impacts of high-speed rail on airlines, airports and regional economies: A survey of recent research. Transp. Policy 81, A1–A19. 
https://doi.org/10.1016/j.tranpol.2019.06.010. 

Zhang, F., Graham, D.J., Wong, M.S.C., 2018. Quantifying the substitutability and complementarity between high-speed rail and air transport. Transp. Res. Part A 
Policy Pract. 118, 191–215. https://doi.org/10.1016/j.tra.2018.08.004. 

Zhang, Q., Yang, H., Wang, Q., 2017. Impact of high-speed rail on China’s Big Three airlines. Transp. Res. Part A Policy Pract. 98, 77–85. https://doi.org/10.1016/j. 
tra.2017.02.005. 

Zhen, F., Cao, X., Tang, J., 2019. The role of access and egress in passenger overall satisfaction with high speed rail. Transportation (Amst). 46, 2137–2150. https:// 
doi.org/10.1007/s11116-018-9918-z. 

Y. Yuan et al.                                                                                                                                                                                                           

https://doi.org/10.1080/23249935.2020.1799111
https://doi.org/10.1080/21680566.2019.1670117
https://doi.org/10.1016/j.jbusres.2017.05.015
https://doi.org/10.5038/2375-0901.10.3.5
https://doi.org/10.5038/2375-0901.10.3.5
https://doi.org/10.1016/j.tra.2019.07.008
https://doi.org/10.1016/j.jairtraman.2018.06.002
https://doi.org/10.1016/j.jairtraman.2018.06.002
https://doi.org/10.1016/j.aap.2019.07.008
https://doi.org/10.1016/j.tra.2016.10.002
https://doi.org/10.1080/10630732.2015.1102418
https://doi.org/10.1080/10630732.2015.1102418
https://doi.org/10.1016/j.aap.2019.105388
https://doi.org/10.1016/j.tra.2019.07.015
https://doi.org/10.1016/j.tranpol.2018.10.011
https://doi.org/10.5539/ibr.v10n8p114
https://doi.org/10.1016/j.jtrangeo.2008.11.003
https://doi.org/10.1016/j.tre.2014.09.001
https://doi.org/10.1108/S1474-7979(2011)0000022012
https://doi.org/10.1016/j.jfbs.2014.01.002
https://doi.org/10.1016/j.tranpol.2015.10.006
https://doi.org/10.1016/j.tra.2013.01.014
https://doi.org/10.1016/j.tra.2013.01.014
https://doi.org/10.1016/j.rtbm.2014.04.001
https://doi.org/10.1016/j.tra.2016.06.010
https://doi.org/10.1016/j.tra.2016.06.010
https://doi.org/10.1016/j.tra.2016.10.014
https://doi.org/10.1061/(asce)up.1943-5444.0000662
https://doi.org/10.1016/j.jairtraman.2017.06.008
https://doi.org/10.1080/23249935.2016.1209255
https://doi.org/10.1016/j.tra.2021.03.003
https://doi.org/10.1080/15568318.2018.1512691
https://doi.org/10.1016/j.trd.2016.08.038
https://doi.org/10.1016/j.tranpol.2019.06.010
https://doi.org/10.1016/j.tra.2018.08.004
https://doi.org/10.1016/j.tra.2017.02.005
https://doi.org/10.1016/j.tra.2017.02.005
https://doi.org/10.1007/s11116-018-9918-z
https://doi.org/10.1007/s11116-018-9918-z

	Analyzing heterogeneity in passenger satisfaction, loyalty, and complaints with air-rail integrated services
	1 Introduction
	2 Literature review
	3 Methodology
	3.1 Latent class clustering
	3.2 Model of passenger satisfaction
	3.3 Importance-performance map analysis

	4 Data collection and passenger clustering
	4.1 Survey location
	4.2 Survey designing
	4.3 Passenger clustering

	5 Estimation results
	5.1 Multi-group analysis of the satisfaction model
	5.2 Results of the IPMA

	6 Discussion
	7 Conclusions and managerial implications
	7.1 Conclusions
	7.2 Managerial implications
	7.3 Limitations and future research needs

	CRediT authorship contribution statement
	Acknowledgment
	References


