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A B S T R A C T   

Air-rail integration services (ARIS) are a promising solution for intermodal travel, but they also 
offer challenges such as trip complexity and uncertainty that may negatively impact passenger 
satisfaction. This paper addresses the quality evaluation of ARIS with a twofold purpose, spe-
cifically, (1) to explore the causal relationships between the psychological and behavioral vari-
ables of passengers and (2) to identify different passenger groups for precise service 
improvements. The relationships among passenger expectations, perceived quality, perceived 
value, satisfaction, complaints and loyalty are hypothesized and analyzed by using a passenger 
satisfaction index (PSI) model based on a representative sample of 1,345 intermodal passengers at 
Shijiazhuang Zhengding International Airport (SJW). Next, a finite mixture partial least squares 
(FIMIX-PLS) technique is applied to explore the heterogeneity. The results suggest that perceived 
quality, perceived value and passenger expectations have a positive effect on passenger satis-
faction, which, in turn, influences passenger loyalty and complaints. Moreover, three passenger 
segments are found, namely, “perceived value and expectation-oriented passengers”, “perceived 
quality-oriented passengers”, and “satisfied loyal-conscious passengers”. Interestingly, an overall 
similarity in the perceived quality among the three passenger segments is observed with the 
importance-performance map analysis (IPMA) method. Nevertheless, some noticeable differences 
in the psychological-behavioral relationships of the three passenger segments are identified. 
Finally, managerial implications are discussed.   

1. Introduction 

Due to its rapid extension and advantages such as reliability and network connectivity (Vespermann and Wald, 2011; Clewlow et al, 
2012; Zhang et al., 2017), high-speed rail (HSR) offers fierce competition to air transportation in short- and medium-haul markets 
(Adler et al., 2010; Behrens and Pels, 2012; Wan et al., 2016). However, the relationship between HSR and air transportation is more 
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than only pure competition, and in many countries, policies aim at supporting their integration and cooperation (Stubbs and Jegede, 
1998; Givoni and Banister, 2006; Albalate et al., 2015). For example, the European Union stated in their white paper that rail com-
panies, airlines and airport managers not only compete but also cooperate to achieve a win-win situation (Commission of the European 
Communities, 2001, see page 53). Authorities have firmly argued that air and HSR integration services will create more opportunities 
to transfer passengers who change from air travel to short-haul HSR trips (Román and Martín, 2014). On the one hand, integration 
services increase the loading factor of HSR and improve profitability on some railway routes. On the other hand, HSR can expand the 
catchment area of airports, increase its attraction, benefit air travel and thus lead to adverse environmental effects (Givoni, 2007; 
Zanin et al., 2012; Socorro and Viecens, 2013; Takebayashi, 2016). 

Air-rail integration services (ARIS) have been launched in Germany, France, China and other countries (Chiambaretto and Decker, 
2012). Among them, AiRail service, a successful product of ARIS, is prominently featured by its integrated ticketing and luggage 
through-handling in Germany (Román and Martín, 2014). When passengers purchase the AiRail service, they use the integrated ticket 
for the entire trip. Passengers can check in their luggage at the departure railway station and take their luggage from the terminal 
airport. Similar cross-border services exist between Schiphol airport in the Netherlands and the Belgium cities that involve the TGV 
train and similarly, between Belgium and the Paris CDG airport. The competition between HSR and air transportation has been argued 
to still exist in the short- and medium-haul markets, but in the long-haul market, HSR can be an important distribution component 
between spoke airports and a given hub airport (Givoni and Banister, 2007; Xia and Zhang, 2017; Zhang et al., 2018). 

There is general agreement that ARIS has important advantages in improving resilience (Li et al., 2019), enhancing complemen-
tarity (Zhang et al, 2018), promoting development (Zhang et al., 2019a, 2019b), alleviating airport congestion and environmental 
issues, and meeting the potential needs of intermodal passengers (Li and Sheng, 2016; Li et al., 2018). Notwithstanding, ARIS still has 
some shortcomings, such as a large investment but low demand, a long transfer time, complicated procedures and poor reliability 
(Chiambaretto et al., 2013; Román and Martín, 2014; Givoni and Chen, 2017). In practice, passengers’ demand and willingness-to-pay 
for ARIS is limited, and the market share of intermodal transportation is relatively low (Chiambaretto et al., 2013; Li and Sheng, 2016). 
Jiang et al. (2019) implied that the market share of ARIS was much lower than expected at Shijiazhuang Zhengding International 
Airport (SJW), which paid more than 2 million RMB in subsidies for only 75 thousand ARIS passengers between December 2012 and 
July 2013. Similarly, Chiambaretto et al. (2013) pointed out that only 5% of airport traffic involves intermodal passengers who use rail 
services in France, but this share falls to 0.5% when considering passengers who use ARIS. To increase the ridership of ARIS, the 
perceptions of passengers and the determinants of ARIS performance need to be investigated. 

Passengers are regarded as the best judge of assessing service performance (Berry et al., 1990; Chou et al., 2014; Yilmaz and Ari, 
2017). Therefore, there is an urgent need to evaluate ARIS performance from the passenger perspective. Kos Koklic et al. (2017), 
Farooq et al. (2018), and De Oña et al. (2019) indicated that when passengers’ demands are fully and promptly met, they feel satisfied 
with the service, which enhances their willingness to travel with the same mode again. In contrast, when passengers are dissatisfied 
with the intermodal service, they complain to their friends or family or even file formal complaints with authorities. The performance 
of an intermodal service plays an important role in retaining customers and attracting new users (Verbich and El-Geneidy, 2016; Zhang 
et al., 2019a, 2019b; Li et al., 2020). Moreover, diverse passengers with different genders, ages, incomes and travel purposes usually 
have different needs, and their perceptions of the same service performance also tend to be different (Abenoza et al., 2017; Groß, 2018; 
Yuan et al., 2018). If the heterogeneity among passenger perceptions is not understood, it is likely that only some intermodal pas-
sengers will be satisfied with the current service and that the demands of other passengers will not be met. By analyzing the het-
erogeneity in passengers’ service perceptions, the overall population of intermodal passengers can be divided into many segments, 
with each segment representing the different meaningful characteristics of the intermodal passengers. Thereafter, the formation 
mechanisms of satisfaction and complaints can be examined with respect to different passenger segments, which is helpful in providing 
precise recommendations and marketing actions. 

Therefore, this study attempts to develop a measure of passenger satisfaction for ARIS. For this purpose, this study has a twofold 
objective: (1) to identify the causal relationships between the psychological variables (perceived quality, perceived value, and 
satisfaction) and the behavioral intention variables (complaints and loyalty); and (2) to shed light on the unobserved heterogeneity in 
the path relationships and uncover the differences in the perception of ARIS among different passenger segments. To meet these 
objectives, we first construct a conceptual passenger satisfaction index (PSI) model of ARIS to empirically analyze the psychological- 
behavioral relationships by using intermodal service satisfaction data collected at SJW. Then, a finite mixtures partial least squares 
(FIMIX-PLS) analysis is applied to uncover the heterogeneity of intermodal passengers, and the differences in the perceived quality 
among different passenger segments are analyzed with importance-performance map analysis (IMPA). 

The rest of the paper is structured as follows. First, a review of ARIS and passenger satisfaction is presented. Next, the conceptual 
model for measuring perceived quality, perceived value, and passenger satisfaction are introduced, followed by a discussion of the 
method selected in this study. The third section continues by outlining the survey, measures and sample data. Then, the estimation 
results of the FIMIX-PLS and IMPA are discussed. Finally, we draw conclusions, emphasize some managerial implications, and discuss 
the limitations and future research directions. 

2. Literature review 

In light of studies on passenger’s preferences and willingness to pay for ARIS, Chiambaretto et al. (2013) identified the determinates 
of passengers’ willingness-to-pay for ARIS based on stated preference (SP) data. The results show that baggage through-handling, the 
connecting time, the coordination of timetables, and guarantees in cases of delay are identified as the key service attributes of ARIS. 
Roman and Martin (2014) investigated the preference of passengers for ARIS by focusing on the travel cost, transfer time, access time, 
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luggage through-handling, and in-vehicle time. The results indicate that schedule coordination and ticket price are crucial in attracting 
more intermodal passengers and reducing the connecting time. Furthermore, Li and Sheng (2016) forecasted the passenger travel 
demands for air and ARIS, and their results show that the total travel time and connection time are the primary determinants that affect 
the market share of ARIS. By using historical and SP survey data, Jiang et al. (2019) estimated the determinants of the market share of 
ARIS in China. They found that the numbers of destination cities and flights, ticket price, airport ground access time, and flight delays 
are important factors that influence the use of ARIS. Despite these interesting findings regarding ARIS, most research is based on SP 
data. However, now that ARIS has been operating for many years in many European and Asian countries, our understanding of 
consumer preferences and demand may benefit from complementary studies of actual choice behavior and consumer satisfaction in 
these real markets. 

For passenger satisfaction during traveling, previous studies mainly focused on a single travel mode such as public transit (Zhang 
et al., 2019a, 2019b; Huang et al., 2020), aviation (Park et al., 2004; Suki, 2014) or HSR (Cheng, 2011; Cheng and Huang, 2013). 
Among such studies, Hussain et al. (2015), Hapsari et al. (2016), Kos Koklic et al. (2017), Farooq et al. (2018), and Gupta (2018) 
proposed a conceptual model to demonstrate the causal relationships between passengers’ psychological perceptions (perceived 
quality and passenger expectations) of and their effects (passenger complaints and loyalty) on air transport. Furthermore, they 
identified employee service, reliability and security as the key determinants of air passengers’ perceived quality. In addition, Chou 
et al. (2011), Chou et al. (2014), Cheng and Huang (2014), and Yilmaz and Ari (2017) investigated the relationships among service 
quality, passenger satisfaction and loyalty regarding HSR service. They found that service quality has a significant positive impact on 
passenger satisfaction and plays an indirect role in affecting loyalty through satisfaction. Meanwhile, the service quality dimensions, 
such as cleanliness, seat comfort, punctuality and employee politeness, are identified as the main factors that affect overall passenger 
satisfaction. Although previous studies have drawn many valuable and interesting conclusions regarding passenger satisfaction, 
knowledge about the psychological-behavioral relationships of intermodal passengers is still limited. 

To explore the heterogeneity of passengers, previous studies have mainly divided passengers according to previously known 
categorical variables (observed heterogeneity) by using classic statistical methods such as a cluster analysis and discriminant analysis 
(Bhat, 1997; Cheng and Huang, 2014; De Oña et al., 2015; Kim et al., 2016), and they have more recently developed machine learning 
algorithms such as decision tables (Kim et al., 2018), regression and classification trees (Bordagaray et al., 2014; Rasouli and Tim-
mermans, 2014), and random forests (Rasouli and Timmermans, 2019). Then, a multi-group analysis is conducted for different data 
subsets (De Oña et al., 2016; Abenoza et al., 2017; Yuan et al., 2018). Abenoza et al. (2017) used a clustering method to aggregate 
public transit passengers into five segments according to their socio-demographics, travel patterns and accessibility measures and 
found significant differences in the travel demand and perceived service quality among the different passenger segments. Similarly, 
Diana and Mokhtarian (2009) stratified travelers based on their objective and subjective multimodal mobility levels, desired modal 
changes and socio-demographic characteristics. They found that users’ strong desires of a particular mode bring more balance to their 
modal consumption by decreasing the use of this mode and increasing the use of alternative travel modes. By using travel charac-
teristics, trip satisfaction, familiarity and age, Jacques et al. (2012) identified four passenger clusters and described them as utili-
tarianism, convenience, dedication and truly captive segments. 

In addition, many researchers have explored the heterogeneity of latent variables by applying structural equation multiple cause 
multiple indicator (SEM-MIMIC) and SEM-multi-group models to analyze passenger satisfaction for rail, metro, and air transport. 
Among them, Allen et al. (2020a, 2020b) adopted the SEM-MIMIC ordinal probit to identify the heterogeneity of air passengers in 
perceived quality. On the basis of the heterogeneity that existed in socio-economics, travel attitudes, and habits, passengers are 
classified as accessory and technology users. In addition, by analyzing the socio-economics and travel characteristics of transit pas-
sengers, Allen et al. (2019) used SEM multi-group analysis to explore the heterogeneity in passenger satisfaction. Furthermore, Allen 
et al. (2020a, 2020b) constructed a perceived quality model for railway passengers by applying SEM-MIMIC and found that hetero-
geneity is identified between passenger satisfaction and loyalty. 

However, Groß (2018) pointed out that the categorical variables that use traditional statistical methods can only partially reveal 
observed heterogeneity and that unobserved heterogeneity cannot be sufficiently analyzed. For example, some a priori unknown 
(unobserved) heterogeneity still exists in different age and gender groups. In addition, Sarstedt and Ringle (2010) argued that het-
erogeneity also exists in latent variables. Ignoring the heterogeneity of latent variables leads to a deviation of the model fitting results. 
Furthermore, they pointed out that traditional clustering methods usually assume that the variables are independent of one another. 
Therefore, when latent variables and interrelationships exist, the traditional cluster methods are not suitable for this analysis. How-
ever, few available studies on passenger satisfaction have attempted to gain deeper insights into the unobserved heterogeneity that 
derives from the postulated research model. To uncover the heterogeneity of latent variables, the FIMIX-PLS technique is applied in the 
present study to effectively overcome the fitting error caused by unobserved heterogeneity (Hahn et al., 2002; Sarstedt and Ringle, 
2010). 

Accordingly, this literature review suggests that previous studies on passengers’ preferences for ARIS are mostly based on SP data, 
and studies about passenger satisfaction are limited to a single travel mode such as HSR or aviation. However, the studies on inter-
modal passengers’ psychological-behavioral relationships among passenger satisfaction, perceived quality and passenger loyalty that 
use RP data are virtually absent. In addition, few available studies consider the unobserved heterogeneity among intermodal pas-
sengers, and the knowledge about the existence of passenger group differences is still limited. 
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3. Methodology 

3.1. Conceptual framework and hypotheses 

To empirically analyze passengers’ psychological-behavioral relationships, this paper constructs a conceptual framework to 
develop a passenger satisfaction index (PSI) model. This study is inspired by the framework of the PSI constructed for public transit, 
HSR and aviation (Shen et al., 2016; Yilmaz and Ari, 2017; Farooq et al., 2018; Yuan et al., 2018) that mainly includes passenger 
expectations, perceived quality, perceived value, passenger satisfaction, passenger complaints and passenger loyalty. In the PSI model, 
the causal relationships between passengers’ psychological perceptions (passenger expectations, perceived quality, perceived value, 
and passenger satisfaction) and behavioral intentions (passenger complaints and passenger loyalty) could be assumed and analyzed 
comprehensively. The definitions of the model constructs and their assumed causal relationships are developed as follows.  

(1). Passenger expectations 

Customer expectations are defined as customers’ psychological desires or wants regarding reliable or personalized services before 
purchasing a product (Zhang et al., 2019a, 2019b). Generally, customers’ expectations are formed by their previous purchasing ex-
periences, advertisements, and word-of-mouth promotions (Park et al., 2004; Hussain et al., 2015). In this paper, passenger expec-
tations can be understood as a forecast of the ability of ARIS to deliver its promises (Fornell, 1996; Shen et al., 2016; Zhang et al., 
2019a, 2019b). Shen et al. (2016) deemed passenger expectations to be an important antecedent of passenger satisfaction. Further-
more, a positive relationship between passenger expectations and satisfaction is confirmed by Zhang et al. (2019a), Zhang et al. 
(2019b) and Yuan et al. (2018). Therefore, passenger expectations are a primary construct in maintaining passenger satisfaction with 
ARIS, and more attention to passenger expectations is needed. In this regard, the following three hypotheses are proposed. 

H1. Passenger expectations have a positive effect on perceived value. 

H2. Passenger expectations have a positive effect on perceived quality. 

H3. Passenger expectations have a positive effect on passenger satisfaction.  

(2). Perceived quality 

Perceived quality refers to customers’ subjective judgments after a comparison between their expectations and the actual service 
that they received (Parasuraman et al., 1988; Yilmaz and Ari, 2017; Shen et al., 2016). Parasuraman et al. (1988) argued that perceived 
quality involves five aspects, which are tangibles, reliability, responsiveness, assurance, and empathy. Similarly, the perceived quality 
of ARIS can be regarded as a function of passengers’ perceived quality of its different dimensions. Additionally, Shen et al. (2016) 
found that perceived quality is positively associated with perceived value and satisfaction by constructing a rail PSI model. Similarly, 
Hapsari et al. (2016) implied that perceived value connects perceived quality and passenger satisfaction. Perceived value has a positive 
impact on satisfaction while it is positively affected by perceived quality. Zhang et al. (2019a), Zhang et al. (2019b) confirmed that 
passengers’ perceived quality has a significant positive impact on passenger satisfaction in the public transit field. Considering the 
causal relationship between perceived quality, perceived value, and passenger satisfaction, the following hypotheses are formulated. 

H4. Passengers’ perceived quality has a positive effect on perceived value. 

H5. Passengers’ perceived quality has a positive effect on passenger satisfaction.  

(3). Perceived value 

Perceived value is defined as a customer’s overall evaluation of a product’s utility based on the tradeoff between what is given and 
what is received. Generally, perceived value is measured using passengers’ assessment of the current service quality for the total ticket 
price paid and passengers’ assessment of the current ticket price for the service performance received (Woodruff, 1997). By trading off 
overall perceived service quality and paid ticket prices, perceived value is usually deemed as a descendant of passenger expectations 
and perceived quality and functions as an antecedent of passenger satisfaction (Hapsari et al., 2016; Zhang et al., 2019a, 2019b). 
Consequently, the mediating role of perceived value in perceived quality, passenger satisfaction, and loyalty must be investigated. The 
theory of passengers’ perceived value in ARIS leads to the following hypothesis. 

H6. Passengers’ perceived value has a positive effect on passenger satisfaction.  

(4). Passenger satisfaction 

Customer satisfaction is customers’ immediate psychological and emotional response using a comparison of their expectations 
before consumption and the perceived service performance after consumption (Woodruff, 1997; Reynoso, 2010). When the perceived 
service performance is higher than expected, passengers will have a positive emotional response; that is, passengers will be more 
satisfied with the service. Chou et al. (2011) and Kos Koklic et al. (2017) indicated that passenger satisfaction is influenced by pas-
senger expectations and perceived quality and has a direct impact on behavioral variables, such as passenger loyalty and complaints. 
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Passenger satisfaction, as an important mediating variable that connects perceived quality with passengers’ behavioral intentions, has 
been extensively investigated in relation to transportation modes, such as buses, metros, HSR, and aviation (Suki, 2014; Verbich and 
El-Geneidy, 2016; Shen et al., 2016; Yilmaz and Ari, 2017; Farooq et al., 2018). When passengers’ satisfaction is high, they are more 
likely to purchase or recommend the service to their family and friends. By contrast, when passengers’ satisfaction is low, they are 
more likely to complain about the service to their family and friends (Chou et al., 2011; Hussain et al., 2015). Therefore, passenger 
satisfaction and its subsequent role in ARIS should be more fully considered, and the following hypotheses are developed. 

H7. Passenger satisfaction has a positive effect on passenger loyalty. 

H8. Passenger satisfaction has a negative effect on passenger complaints.  

(5). Passenger complaints and loyalty 

Customer loyalty is regarded as a customer’s willingness to purchase the product again or recommend it to friends and family—one 
of the crucial constructs in predicting his or her future behavior (Woodruff, 1997). As an important behavioral intention variable 
influenced by passenger satisfaction, passenger loyalty has been extensively studied in relation to passenger satisfaction and perceived 
quality (Park et al., 2004; Chou et al., 2014; Shen et al., 2016). The results show that when passengers are loyal to a traveling mode, 
they are more likely to take it again. By contrast, when passengers’ loyalty is poor, they are more likely to use substitutes for future 
travel (Yilmaz and Ari, 2017; Zhang et al., 2019a, 2019b). As an essential construct for maintaining the stability of a company’s market 
and its ability to attract new passengers, passenger loyalty needs to be investigated. Furthermore, customer complaints are their 
cathartic expressions when they are not satisfied with a service and are mainly measured by whether customers complain to their 
family and friends or file formal complaints with regulators (Fornell et al., 1996; Woodruff, 1997). Previous studies have stated that 
passengers who are dissatisfied with a service will vent and complain to their family and friends by giving voice to their feelings in 
person or on social networks. Therefore, complaints about service delivery are quickly spread through developed social networks, 
which may have a significantly negative impact on potential passengers’ decision making (Chou et al., 2011; Hussain et al., 2015; 
Yilmaz and Ari, 2017). For the healthy development of the ARIS market, monitoring and responding to passenger complaints is 
essential. The hypothesis between passenger complaints and loyalty is expressed as follows. 

The framework of the intermodal PSI model is shown in Fig. 1. In the framework, we depict the exogenous latent variable as a 
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Fig. 1. Conceptual framework of the PSI model for ARIS.  
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dashed oval, the endogenous latent variables as solid ovals, and the observed variables as solid rectangles. In addition, the causal 
relationship between the latent variables is assumed to be connected by one-way arrows with a +/- sign, which indicate the hy-
pothesized positive or negative correlation between the latent variables. Limited by the width of the page, Fig. 1 shows only the nine 
service dimensions of perceived quality, and the corresponding observed indicators of the different service dimensions are not 
presented. 

3.2. Methodology of FIMIX-PLS 

To uncover the unobserved heterogeneity of the latent variables at the aggregate data level and to reveal different passenger 
segments, this paper uses the FIMIX-PLS segmentation method within the framework of the PSI model, as shown in Fig. 1. Unlike 
conventional clustering approaches, FIMIX-PLS is a model-based method that captures unobserved heterogeneity by estimating the 
probabilities of segment memberships for each observation and simultaneously estimates the path coefficients for all segments (Hahn 
et al., 2002). 

Before applying the FIMIX-PLS algorithm, the values of the latent variables need to be calculated using traditional SEM. SEM 
usually includes two parts: a measurement model that describes the relationships between the latent and observed variables and a 
structural model that describes the relationships between latent variables. 

The basic equation of the SEM structural model is defined as: 

η = Bη + Γξ + ς (1)  

where B is an m × m matrix of the path coefficients associated with η, Γ is an m × n matrix of the path coefficients associated with ξ, and 
ς is an m × 1 residual vector. 

The basic equations of the SEM measurement model are as follows: 

x = Λxξ + δ (2)  

y = Λyη + ε (3)  

where x is a q × 1 vector of the exogenous manifest variables, ξ is an n × 1 vector of the exogenous latent variables, Λx is a q × n factor 
loading matrix for the effects of the exogenous manifest variables on the exogenous latent variables, δ is a q × 1 vector of the measuring 
error, y is a p × 1 vector of the endogenous manifest variables, η is an m × 1 vector of the endogenous latent variables, Λy is a p × m 
factor loading matrix for the effects of the endogenous manifest variables on the endogenous latent variables, and ε is a p × 1 vector of 
the measuring error. 

Then, the specific segment distributional function as Eq. (4) is employed to divide the aggregate data set into different data subsets 
according to the membership probabilities, and finally, different data subsets are used to fit the model separately (Ringle et al., 2010, 
2014, 2018). 

ηi ∼
∑S
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where Ψs is the matrix of each segment’s regression variances of the structural model on the diagonal, zero else; J is the number of 
endogenous latent variables in the structural model; the mixing proportion πsdetermines the relative size of segment s(s = 1,⋯, S) with 
πs > 0∀s and 

∑S
s=1πs = 1. 

As shown in Fig. 1, the variables and their hypothetical relationships in the passenger satisfaction index model are described. 
According to the path relationships of PSI model, the equations of structural model and measurement model are specified, that is 
formulas (1)-(3) are correspondingly written as formulas (5)-(7): 
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(5)  

where E, Q, V, S, C, L respectively represent passenger expectation, perceived quality, perceived value, passenger satisfaction, pas-
senger complaints and passenger loyalty. γij andβij are path coefficients, and ςj is residual of the equation. 
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where Ei is the i-th manifest variable of E, αEi is the corresponding coefficient which is called loading coefficient, and δEi is the 
measuring error. 
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(7)  

where Qi, Vi, Si, Ci and Li respectively denote the i-th manifest variable of Q, V, S, C, and L, αyi is the corresponding coefficient which is 
also called loading coefficient, and εyi is the measuring error. 

There are two main reasons to select FIMIX-PLS for segmentation. First, there are many latent variables in the PSI model, and the 
interrelationships between them are complex. In practice, obvious differences in psychological-behavioral relationships exist among 
different passenger segments, which may cause unobserved heterogeneity among the paths of the latent variables. Second, since ARIS 
is still in its infancy and it is difficult to substantially interview intermodal passengers, FIMIX-PLS is more flexible in the data size and 
data assumptions than conventional clustering methods such as k-means or latent class approaches. 

3.3. Analytical procedures of FIMIX-PLS in the PSI model 

To fit and analyze the PSI model constructed in Fig. 1 using the FIMIX-PLS algorithm, we mainly follow four steps, as shown in 
Fig. 2. First, we adopt standard partial least squares SEM (PLS-SEM) to fit the PSI model and evaluate the path coefficients and values of 
the latent variables through the aggregated passenger satisfaction sample. Two main algorithms are used for the SEM estimation 

Standard PLS-SEM modeling for PSI: the basic PLS algorithm provides path 
model estimates on the aggregated data level of passenger satisfaction

Step 1

Scores of latent variables in the PSI model are used as input
for the FIMIX-PLS procedure

Step 2
Number of

classes K = 2

FIMIX-PLS

Number of
classes K = 3

FIMIX-PLS

Number of
classes K = 4

FIMIX-PLS

Number of
classes K =...

FIMIX-PLS

Evaluation of results and identification of an appropriate 
number of passenger segments

A segment-specific estimation of the PLS path model for PSI

Step 3

Evaluation and interpretation of segment-specific PLS results

Importance-performance map analysis of segment-specific dataStep 4

Fig. 2. Analytical procedures of FIMIX-PLS in the PSI model.  
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methods: a covariance-based SEM (CB-SEM) method and a partial least squares SEM (PLS-SEM) method (Hair et al., 2011, 2012; 
Sarstedt et al., 2014; Ringle et al., 2018). In this paper, the PLS-SEM method is selected based on the following considerations. (1) 
Compared with the CB-SEM method, the PLS-SEM method has a more flexible data assumption, and meeting the normal distribution 
assumption in practice using passenger satisfaction data is difficult. (2) The PLS-SEM method can be used to fit a small sample of data 
with numerous variables. This advantage is more prominent for the complicated model structure in this study with 15 latent con-
structs. (3) The PLS-SEM method is more likely to be used when exploring a new theory using a prediction orientation, which is 
consistent with the exploration of new psychological-behavioral relationships of intermodal passengers. 

In the second step, the scores of latent variables in the PSI model are used as input to the FIMIX-PLS algorithm. To be noted is that 
the optimal number of passenger classifications is unknown before running the FIMIX-PLS algorithm. To identify an appropriate 
number of passenger segments, Hair et al. recommended that the information and classification criteria of different segment solutions 
can be compared using repeated operation of FIMIX-PLS with consecutive numbers of latent segments K (e.g., 2–9). By estimating and 
comparing the classification criteria of different solutions, a reasonable number of passenger segments can be determined. Next, all 
passengers are divided into specific segments according to the FIMIX-PLS algorithm, and then PLS-SEM is used to fit and estimate the 
PSI model using a sample of different passenger segments. 

Finally, IPMA is subsequently applied to analyze the perceived quality of different passenger segments revealed by the FIMIX-PLS 
approach. By using the IPMA method, segment-specific recommendations for more precise intermodal marketing activities can be 
made (Groß, 2018). The IPMA method has become one of the important complementary tools based on the results obtained by using 
the PLS-SEM approach (Chou et al., 2011; Shen et al., 2016; Farooq et al., 2018; De Oña et al., 2019). In IPMA, the importance of each 
service dimension is calculated by the path coefficient between different service dimensions and the overall perceived quality calculate 
by the PLS-SEM, and the performance of each service dimension is calculated through the satisfaction index presented by Eq. (8). 

PSI =

∑k
i=1wiyi −

∑k
i=1wi

(r − 1)
∑k

i=1wi
× 100 (8) 

In this formula,wi is the unstandardized weight of the measured indicators i for latent passenger satisfaction, yi is the mean value of 
the measured indicators i, k is the number of corresponding measured indicators, and r is the Likert scale value used. 

By calculating the mean values of the importance and performance of all service dimensions, the two-dimensional importance- 
satisfaction plane is divided into four quadrants. Therefore, according to the values of importance and performance, different service 
dimensions are assigned to the four quadrants of I, II, III, and iV, which are named “Keep up the good work”, “Concentrate here”, 
“Lower priority”, and “Possible overkill”, respectively. Among them, Quadrant I means that the customers value courteous and friendly 
service and are pleased with the provider’s performance, while Quadrant II contains the service attributes that customers feel are 
important but are dissatisfied with. The attributes that fall in Quadrant III have below-average importance weights; customers do not 
perceive the feature to be very important or are not satisfied with the provider’s performance. In contrast, the service attributes to 
which customers attach little importance fall within Quadrant IV. 

4. Survey and data preparation 

4.1. Characteristics of the survey location 

The selected survey location was Shijiazhuang Zhengding International Airport (SJW) in mainland China, as indicated in Fig. 3. 

Fig. 3. The geographical information of ARIS-SJW.  
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SJW, Beijing Capital International Airport (PEK) and Tianjin Binhai International Airport (TSN) are the three main civil airports in the 
Beijing-Tianjin-Hebei Metropolitan Region. Actually, PEK is overloaded, while the other two airports (TSN and SJW) have reserve 
capacity. To improve the revenue of SJW and release the overload at PEK, the Beijing Railway Bureau and Spring Airlines launched an 
ARIS at SJW (ARIS-SJW) on December 26, 2012, which was the first ARIS in China. According to ARIS-SJW, passengers who depart 
from Beijing can directly travel to SJW by HSR in 70 min for 115 RMB/person, then take a free shuttle bus to transfer, and finally take a 
plane to their destination. Statistics show that more than 4 million passengers purchased ARIS-SJW from 2012 to 2019. Moreover, the 
number of ARIS passengers increased from 7,800 in January 2013 to 98,333 in January 2018, for a monthly average rate of increase of 
4.2%. Although the number of passengers who use ARIS increased during the past seven years in response to intermodal subsidies, the 
number of ARIS passengers was lower than expected. 

The intermodal service gives passengers from Beijing or other cities in Hebei Province the possibility of buying ARIS tickets from 
the website of Spring Airlines, which means that a passenger needs to buy only a single ticket for the trip from the Beijing West Railway 
Station or other stations in Hebei to their final destination, as described in Fig. 4. ARIS passengers can enjoy more than ten intermodal 
preferential services, such as free shuttle buses, intermodal fare discounts, and baggage through-handlings. 

4.2. The design of the survey 

From August 7 to August 26, 2019, our research team conducted a 20-day survey of ARIS at SJW. In the survey, interviewing 
occurred in the airport waiting room, and the survey periods covered morning to evening flights on weekdays and weekends. The 
passengers were first asked whether they purchased ARIS. If passengers replied yes, they were invited to finish the ARIS questionnaire. 
The questionnaire was divided into three main parts, specifically, personal socio-economic characteristics, general intermodal trip 
information and the perceived attributes of ARIS. First, the respondents were asked to report their personal socio-economic charac-
teristics, such as gender, age, and monthly income. Second, we asked about general intermodal trip information that encompassed the 
trip purpose, trip frequency, and total travel time. Third, according to the indicators of the latent variables in the conceptual 
framework, passengers were invited to answer different questions about passenger expectations, perceived quality, perceived value, 
passenger satisfaction, complaints and loyalty. 

A total of 1,800 air-rail intermodal passengers were invited to complete the survey. In total, 1,500 questionnaires were collected. 
After eliminating the invalid and incomplete questionnaires, 1,345 valid passenger satisfaction questionnaires were received, with an 
effective response rate of almost 75%. Table 1 presents the basic statistical characteristics of the survey data. The response rate of male 
passengers (52%) is higher than the response rate of female passengers (48%). Passengers younger than 40 years old (74%) are one of 
the main groups that use ARIS. Older travelers (≥55 years) represent a small segment (6%) of the ARIS market. Moreover, the pro-
portion of passengers with a Bachelor’s degree or above is relatively high (85%), which may be caused by the complexity of the trip and 
because planning the trips requires more knowledge and computer skills. Note that 63% of the passengers are employees, and 39% 
have a monthly income higher than 6,000 RMB, which indicates that ARIS is preferred more by higher income employees. 

4.3. Data preparation 

All constructs except passenger complaints were rated on a five-point scale that ranged from 1 to 5 that indicates from “strongly 
disagree” to “strongly agree”. Furthermore, the passengers’ complaints were also observed, that is, whether or not the respondents 
have complained about or have sued ARIS. The specific statement for each indicator is summarized in Table 2. To comprehensively 
assess the perceived quality of ARIS, the relevant service dimensions of HSR, aviation and airports were referred to (Cheng and Huang, 
2013; Suki, 2014; Hussain et al., 2015), and three managers and two engineers who work at SJW and three professors who study 
intermodal trips were invited to delete, add or modify the service dimensions of ARIS. Based on the characteristics of ARIS and the 
recommendations of the experts, nine service dimensions are measured, namely, safety and security, service reliability, connectivity, 
accessibility, comfort, ticket service, information service, operation schedule, and personalized service. A detailed explanation of these 
dimensions is as follows. 

ARIS Ticket

Zhengding
Railway Station

Shijiazhuang Zhengding 
International Airport

Destination 
cities

Shuttle Bus 

Beijing West
Railway Station

ARIS TicketOther
Railway Station

Fig. 4. Traveling process of ARIS at SJW, China.  
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(1). Safety and security: ARIS involves multiple stages for passengers, which increases the risk of personal safety and luggage se-
curity. Therefore, to evaluate the safety and security of ARIS, passengers are asked about their perceptions of safety in the 
transfer hub and cabin (air and HSR) and the security of through-handling luggage.  

(2). Reliability: The delay or cancellation of flights in ARIS will have a serious impact on passengers’ subsequent transfer and HSR 
trip. Therefore, it is necessary to control the risk of uncertain factors as much as possible. Here, the reliability of ARIS is assessed 
through the punctual rate of flight departures/arrivals and recovery services such as compensation and schedule arrangements 
in cases of delay.  

(3). Connectivity: Passengers need to transfer from HSR stations to airports. In practice, airports and HSR stations are spatially 
separated. To evaluate the connectivity of ARIS, passengers need to assess the transfer time and whether they feel that trans-
ferring between the HSR station and the airport is efficient and convenient.  

(4). Accessibility: Passengers need to arrive or leave the HSR station or airport during their intermodal trip. However, HSR stations or 
airports are mostly built in the suburbs, which makes it inconvenient for passengers to arrive or leave the stations. To fully 
analyze the accessibility of ARIS, we use the time, cost and convenience of arriving or leaving hubs as the primary indicators of 
accessibility.  

(5). Comfort: The cooperation between low-cost carriers (LCC) and railway departments in ARIS is essential, which may result in a 
smaller seat size and a poor experience for passengers. To investigate the effects of comfort on the use of ARIS, the experiences of 
seat softness and size, on-board noise and vibration, and the air and temperature in the cabin (air and HSR) were selected as 
indicators.  

(6). Ticket service: Passengers need to buy an intermodal ticket from a website. During the process of purchasing or picking up 
tickets, passengers may encounter queuing and changing that can result in a poor experience. Therefore, passengers’ percep-
tions of the convenience of online purchasing, offline picking up, and integrated ticket prices are chosen as indicators of ticket 
service.  

(7). Information service: Intermodal trips are more complex than unimodal trips; thus, passengers need more trip information for 
planning and guidance. To investigate the information service of ARIS, the guidance signs, transfer information, and real-time 
information of ARIS are selected as the indicators to evaluate information services.  

(8). Operation schedule: The coordination between air and HSR schedules and sufficient operational routes and frequency can make 
intermodal trips more efficient and reliable. To accurately measure the operation schedule of ARIS, the time schedule, operation 
frequency and operation lines of ARIS are selected as indicators. 

(9). Personalized service: Personalized service plays an important role in alleviating passengers’ fatigue and making the trip plea-
surable. In this study, we use the choice of meals, luggage through-handling and the attitude of staff as indicators to assess 
personalized service. 

5. Estimation results 

Several statistical methods are adopted and analyzed step-by-step in this section. First, the measurement model must be evaluated 
to examine the relationship between the latent variables and the observed variables, and a reliability and validity analysis is conducted 
to confirm that the measurement model is valid and reliable. Second, the structural model needs to be estimated to verify and analyze 
the hypotheses and relationships in the PSI model by calculating the specific evaluation criteria. Subsequently, the FIMIX-PLS tech-
nique is employed to examine unobserved heterogeneity and to find passenger segments. Finally, IPMA is applied to analyze the 
perceived quality of different passenger segments. 

Table 1 
Summary statistics of the sample (N = 1,345).   

Observations Percentage  Observations Percentage 

Gender Occupation 
Male 699 52% Student 377 28% 
Female 646 48% Employee 847 63% 
Age Self-employed 67 5% 
≤ 24 years 592 44% Unemployed 40 3% 
25–39 years 404 30% Other 13 1% 
40–54 years 269 20% Trip purpose 
≥55 years 81 6% Leisure 457 34% 
Education Business 363 27% 
High school diploma or below 200 15% Study 296 22% 
Bachelor’s degree 775 58% Visit friends 148 11% 
Master’s degree or above 370 27% Other 81 6% 
Net monthly income Trip frequency (Year) 
< 2000 RMB 299 22% <3 363 27% 
2000 – 4000 RMB 227 17% 4–6 457 34% 
4001–6000 RMB 296 22% 7–10 215 16% 
6001–8000 RMB 150 19% 11–14 94 7% 
> 8000 RMB 373 20% More than 14 215 16%  
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Table 2 
Confirmatory factor analysis result.  

Latent variables and measured indicators Mean(St. Dev) StandardizedLoadings  

Passenger expectations (PE)  
Have a high expectation of the overall service before taking ARIS 3.75 (0.82)  0.92***  

Highly expect the personalized service to meet the demand before taking ARIS 3.92 (0.78)  0.90***  

Have a high expectation of service reliability before taking ARIS 3.89 (0.81)  0.91***  

Perceived quality (PQ)  
Safety and security  
The safety in the cabin of ARIS is very satisfactory 2.94 (0.69)  0.95***  

The security at the transfer hub is very satisfactory 3.38 (0.72)  0.94***  

The security of the through-handling baggage is very satisfactory 3.27 (0.76)  0.90***  

The overall safety and security of ARIS is very satisfactory 3.82 (0.76)  0.74***  

Comfort  
The ARIS seats are very comfortable 3.87 (0.79)  0.84***  

The temperature and air quality in the cabin are very comfortable 3.67 (0.87)  0.86***  

The on-board noise and vibration are not very strong 3.76 (0.89)  0.85***  

The overall riding experience of ARIS is comfortable 3.92 (0.83)  0.80***  

Personalized service  
The baggage through-handling service is very convenient 2.71 (1.00)  0.88***  

Meals on ARIS are very satisfactory 3.00 (1.02)  0.86***  

The inquiry service of staff is friendly and enthusiastic 3.19 (0.88)  0.84***  

The overall personalized service of ARIS is very satisfactory 2.88 (0.97)  0.75***  

Information service  
The transfer guidance signs in the airport and rail station are clear 4.00 (0.78)  0.86***  

The broadcast transfer information at the station is sound and timely 3.78 (0.86)  0.89***  

The display of real-time operation information of ARIS is timely and accurate 3.98 (0.83)  0.88***  

The overall information service of ARIS is very satisfactory 3.72 (0.91)  0.76***  

Service Reliability  
The flight or rail usually arrives on time 2.96 (1.04)  0.80***  

The flight or rail usually departs according to schedule 3.23 (0.78)  0.78***  

The recovery service in cases of delay is very satisfactory 2.56 (0.91)  0.82***  

The overall reliability of ARIS is very satisfactory 3.93 (0.82)  0.82***  

Ticket service  
The integrated ticket price is reasonable 2.73 (0.84)  0.75***  

Buying the integrated ticket is very easy 3.87 (0.83)  0.90***  

Picking up the integrated ticket is very convenient 3.53 (0.89)  0.85***  

The overall ticket service of ARIS is very satisfactory 4.00 (0.84)  0.70***  

Connectivity  
The shuttle bus between the airport and rail station is efficient 3.54 (0.86)  0.88***  

The transfer time between the airport and rail station is not very long 3.49 (0.89)  0.85***  

Transferring to an airport or rail station is easy and convenient 3.34 (0.83)  0.84***  

The overall connectivity between the airport and rail station is satisfactory 3.86 (0.83)  0.83***  

Operation schedule  
The time schedule of ARIS is reasonably set 2.78 (0.91)  0.87***  

The operation frequency of ARIS is appropriately arranged 2.56 (0.91)  0.86***  

The operation lines of ARIS are sufficient 2.79 (0.90)  0.79***  

The overall operation schedule is very satisfactory 3.01 (0.95)  0.83***  

Accessibility  
The access time to the airport or high-speed rail station is not very long 2.32 (1.03)  0.76***  

The access to the airport or high-speed rail station is easy and convenient 2.87 (1.00)  0.78***  

The expenditures for the airport or rail station are not very expensive 2.47 (0.96)  0.83***  

The overall accessibility of ARIS is very satisfactory 2.32 (0.92)  0.72***  

Perceived value (PV)  
The perceived service weighs the current ticket price 3.87 (0.81)  0.86***  

The ticket price is set well considering the current service 3.83 (0.79)  0.93***  

Passenger satisfaction (PS)  
ARIS overall is very satisfactory 3.53 (0.80)  0.81***  

The provided service does not differ much from my expectations 3.17 (0.81)  0.87***  

It is wise to take ARIS for intercity travel 3.26 (0.77)  0.91***  

Passenger complaints (PC)  
Did you express complaints about ARIS to your family or friends 0.61 (0.44)  0.77***  

Did you sue ARIS 0.25 (0.26)  0.69***  

Passenger loyalty (PL)  
I’m willing to take ARIS next time 3.54 (0.89)  0.94***  

I’m willing to take ARIS if it can take me to my destination 3.28 (0.87)  0.96***  

I would recommend ARIS to family and friends 3.60 (0.86)  0.95***  

Note: ***indicates significant values at the 0.01 level. 
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5.1. Evaluation of the measurement model 

Hair et al. (2011, 2012) and Sarstedt et al. (2014) recommended using specific quality criteria such as indicator reliability, internal 
consistency reliability, convergent validity, and discriminant validity to assess a measurement model. First, a confirmatory factor 
analysis (CFA) is used to fit the factor loadings between different latent variables and the corresponding observed variables, and it is 
applied to analyze the indicator reliability of the model. Hair et al. (2011) suggested that when all standardized factor loadings are 
consistently greater than the threshold of 0.7 and are significant (P < 0.01), this indicates a good indicator reliability. Table 2 shows 
the results of CFA by using Smart PLS software 2.0. All factor loadings are greater than 0.7 and are statistically significant (P < 0.01), 
which indicates good indicator reliability. The Cronbach’s α (CA) coefficient and composite reliability (CR) are the most commonly 
used criteria to assess the internal consistency reliability. A higher value means better internal consistency reliability. Hair et al. (2011) 
indicated that the CA value should be at least greater than the threshold of 0.7, and the CR value should be at least 0.6, which indicates 
a good internal consistency reliability. Table 3 shows the results of the reliability and validity tests in which the CA values of the latent 
variables are between 0.76 and 0.96, and the CR values are between 0.73 and 0.93, which indicate good internal consistency 
reliability. 

Furthermore, the average variance extracted (AVE) is generally selected to assess convergent validity. When the AVE value is 
greater than 0.5, the convergent validity is acceptable, which means that the latent variables can explain at least 50% of the total 
variance through the corresponding manifest items. The AVE values of different latent variables in the measurement model are be-
tween 0.69 and 0.93, which indicate that the convergent validity is adequate. For the assessment of discriminant validity, the Fornell 
and Larcker criterion is adopted. According to the criterion, each latent construct’s square root of the AVE value should be greater than 
the inter-construct correlation (a measure of shared variance) of this construct with all other constructs in the structural model. Table 4 
shows the results of the discriminant validity. It indicates that the correlations between the latent variables are less than the square root 
of the AVE values, which demonstrate good discriminant validity. 

5.2. Evaluation of the structural model 

After finishing the evaluation of the measurement model, the assessment of the structural model follows. In the PLS-SEM, the 
evaluating parameters such as the coefficients of determination (R-squared), predictive relevance (Stone-Geisser’s Q-squared), stan-
dardized root mean square residual (SRMR) and root mean square residual covariance matrix (RMSTheta) are used to assess the per-
formance of the structural equation model. The coefficient of determination represents the amount of explained variance of the 
endogenous latent variable that is determined by the overall linked latent variable. A larger value of the R-squared represents a better 
fit. According to the threshold values of the R-squared (0.19, 0.33, and 0.67), Henseler et al. categorized the model fit into weak 
(0.19–0.32), moderate (0.33–0.66) and sufficient (≥0.67). In the structural model, the R-squared values of perceived value, passenger 
satisfaction and loyalty are between 0.37 and 0.46, and the R-squared value of perceived quality is 0.92, which indicate a good fit. 

In addition, the predictive relevance is mainly used to evaluate the predictive accuracy of the R-squared value. If the value of the 
Stone-Geisser’s Q-squared is greater than 0, this means that the latent variables have more accurate predicted abilities of the R-squared 
value. In this study, the Stone-Geisser’s Q-squared is calculated with the blindfolding procedure. The results show that the Stone- 
Geisser’s Q-squared values of passenger satisfaction, loyalty and complaints are 0.34, 0.12 and 0.27, respectively, which are greater 
than the threshold value of 0 and indicate an appropriate predictive validity. Furthermore, the overall fit of the model is assessed 
through the standardized root mean square residual (SRMR < 0.08) and the root mean squared residual covariance matrix of the outer 
model residuals (RMSTheta < 0.12). The SRMR and RMSTheta of the structural model are 0.07 and 0.10, respectively, which show an 
acceptable overall goodness-of-fit. 

By using the bootstrapping procedure with 5,000 samples in Smart PLS 2.0, the path coefficients and statistical significance of the 
hypotheses that are reflected in the structural model are estimated, as shown in Table 5. When the path coefficient is consistent with 
the direction of the postulated relationship and is significant at conventional levels (P < 0.05), the hypothesis is supported. Fig. 5 
shows the estimated standardized path coefficients and t-values for the structural model. It shows that all hypothesized relationships 
between the psychological and behavioral constructs are significant at P < 0.05 and in line with the postulated direction, with one 
marginal exception: the relationship between passenger expectations and perceived quality is not supported at the 0.05 level. 

Specifically, the results show that passenger expectations have the greatest significant and positive effect on passenger satisfaction 
(path coefficient = 0.18; P < 0.01) and have a positive impact on perceived value (0.15; P < 0.01). This supports hypotheses H1 and H3. 

Table 3 
Results of the reliability and validity analysis.  

The latent variables CA CR AVE R Squared Stone-Geisser’s Q Squared 

Passenger Expectations  0.93  0.93  0.88 – – 
Perceived Value  0.89  0.90  0.90 0.45 0.23 
Passenger Satisfaction  0.86  0.91  0.78 0.46 0.34 
Passenger Complaints  0.76  0.73  0.69 0.27 0.27 
Passenger Loyalty  0.96  0.91  0.93 0.37 0.12 
Perceived Quality  0.82  0.87  0.84 0.92 0.45 

Note: CA: Cronbach’s α; AVE: average variance extracted; CR: composite reliability; –: non-value. 
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Table 4 
Inter-correlations among the model variables.   

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

PC  0.58               
PE  − 0.14  0.94              
PL  − 0.17  0.60  0.96             
PQ  − 0.06  0.05  0.07  0.89            
PS  − 0.27  0.59  0.55  0.04  0.88           
PV  − 0.24  0.65  0.63  0.07  0.63  0.95          
Per  − 0.08  0.02  0.02  0.79  0.02  0.04  0.86         
Inf  − 0.07  0.09  0.08  0.80  0.08  0.11  0.68  0.88        
Acc  − 0.01  − 0.01  0.03  0.16  − 0.04  − 0.02  0.09  0.11  0.76       
Rel  − 0.09  0.07  0.09  0.83  0.05  0.08  0.70  0.68  0.12  0.80      
Saf  0.02  − 0.01  0.03  0.04  0.00  − 0.02  0.03  0.00  − 0.01  0.03  0.93     
Tic  − 0.06  0.07  0.09  0.81  0.06  0.10  0.63  0.67  0.15  0.65  0.02  0.87    
Com  − 0.05  0.04  0.05  0.80  0.03  0.07  0.68  0.66  0.13  0.70  − 0.01  0.72  0.87   
Sch  − 0.05  0.04  0.06  0.69  0.02  0.06  0.68  0.69  0.10  0.75  0.03  0.70  0.72  0.86  
Con  − 0.07  0.00  0.02  0.85  0.01  0.03  0.71  0.70  0.12  0.70  0.02  0.68  0.74  0.77  0.86 

Note: Inf: Information service: Tic: Ticket service; Rel: Reliability; Con: Connectivity; Saf: Safety and security; Ope: Operation schedule; Com: Comfort; PQ: Perceived quality; PE: Passenger expectations; 
PV: Perceived value; PS: Passenger satisfaction; PC: Passenger complaints; PL: Passenger loyalty. 
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Compared with perceived value (0.23; P < 0.01), passenger satisfaction is more positively affected by perceived quality (0.41; P <
0.01). In addition, perceived quality has a significant and positive impact on perceived value (0.24; P < 0.01). These findings support 
hypotheses H4, H5 and H6. Furthermore, passenger satisfaction has a significant and positive effect on passenger loyalty (0.48; P <
0.01) and a significant and negative impact on passenger complaints (− 0.27; P < 0.01). Finally, passenger loyalty is significantly and 
negatively affected by passenger complaints (− 0.09; P < 0.05), which confirms H7, H8, and H9. Additionally, different service di-
mensions have different impacts on perceived quality. Among them, the operation schedule (0.25; P < 0.01), ticket service (0.18; P <
0.01), connectivity (0.17; P < 0.01) and reliability (0.16; P < 0.01) have a greater and significant effect on perceived quality, followed 
by information services (0.14; P < 0.01), accessibility (0.13; P < 0.01), safety and security (0.12; P < 0.01) and comfort (0.09; P <
0.01). 

Table 6 shows the direct, indirect, and total effects among the latent variables in the structural model. Perceived quality has not 
only a direct and positive effect on passenger satisfaction (0.41; P < 0.05) but also an indirect and positive effect on passenger 
satisfaction (0.07; P < 0.05) through perceived value. In addition, passenger satisfaction has a direct positive effect on loyalty (0.48; P 

Table 5 
Standardized path coefficients and t-values for the structural model.  

Hypothesis Path Pathcoefficients t-values Testresults 

H1 Passenger Expectations → Perceived Value 0.15 2.83** Support 
H2 Passenger Expectations → Perceived Quality 0.09 0.88 Not support 
H3 Passenger Expectations → Passenger Satisfaction 0.18 8.48*** Support 
H4 Perceived Quality → Perceived Value 0.24 7.67*** Support 
H5 Perceived Quality → Passenger Satisfaction 0.41 5.87*** Support 
H6 Perceived Value → Passenger Satisfaction 0.23 13.50*** Support 
H7 Passenger Satisfaction → Passenger Complaints − 0.27 5.20*** Support 
H8 Passenger Satisfaction → Passenger Loyalty 0.48 6.62*** Support 
H9 Passenger Complaints → Passenger Loyalty − 0.09 2.09** Support 
– Perceived Quality → Safety and security 0.12 11.23*** – 
– Perceived Quality → Comfort 0.09 2.90*** – 
– Perceived Quality → Personalized service 0.11 8.93*** – 
– Perceived Quality → Accessibility 0.13 3.31*** – 
– Perceived Quality → Reliability 0.16 12.24*** – 
– Perceived Quality → Ticket service 0.18 13.04*** – 
– Perceived Quality → Connectivity 0.17 12.36*** – 
– Perceived Quality → Operation schedule 0.25 22.84*** – 
– Perceived Quality → Information service 0.14 9.98*** – 

Note:** indicates significant values at the 0.05 level; *** indicates significant values at the 0.01 level, –: non-value. 
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Fig. 5. Standardized estimation results of the PSI model.  
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< 0.05) and an indirect and positive (0.07; P < 0.05) impact on loyalty through passenger complaints. Moreover, perceived value 
(0.24; P < 0.05), passenger expectations (0.13; P < 0.01) and perceived quality (0.08; P < 0.05) have indirect and positive effects on 
passenger loyalty. However, perceived quality (− 0.14; P < 0.05) and perceived value (− 0.12; P < 0.05) have indirect and negative 
effects on passenger complaints. For the total effects, passenger satisfaction (0.50; P < 0.05) is the most important driver construct with 
respect to loyalty, followed by perceived value (0.24; P < 0.05) and perceived quality (0.18; P < 0.05), and passenger expectations 
(0.13; P < 0.05) are the least important. Furthermore, passenger complaints are mostly explained by passenger satisfaction (− 0.27; P 
< 0.05), followed by perceived quality (− 0.14; P < 0.05) and perceived value (− 0.12; P < 0.05). 

5.3. FIMIX-PLS segmentation 

After the analysis of reliability, validity and the path hypothesis in the structural model, a FIMIX-PLS segmentation was applied to 
investigate the unobserved heterogeneity at the aggregate level. FIMIX-PLS segmentation is a multi-stage method of analysis that 
generally includes a determination of the optimal number of segments, validation, explanation, and specific-segment estimations of the 
path models (Ringle et al., 2010). 

As the optimal number of segments is unknown a priori, Hair et al. recommended that the information and classification criteria of 
different segment solutions can be compared through a repeated operation of FIMIX-PLS with consecutive numbers of latent segments 
K (e.g., 2–9). In this study, the FIMIX-PLS procedure in Smart PLS 2.0 was run six times for K and ranged from 2 to 7. For the segments’ 
statistical adequacy and interpretability, three information criteria, namely, the Akaike information criterion (AIC), Bayesian infor-
mation criterion (BIC) and modified Akaike information criterion with factor 3 (AIC3), and two classification criteria, specifically, the 
entropy statistic (EN) and log likelihood (LnL), were calculated for different segment solutions. The results are shown in Table 7. 

An appropriate segmentation is found when the values for the information and classification criteria are as low as possible, with one 
exception: the value of EN should be as high as possible. The EN value is generally regarded as the most important and powerful 
classification criterion. When it is above the critical value of 0.5, an unambiguous segmentation is obtained. A determination of the 
optimal number of segments should consider not only the values of the classification and information criteria but also the inter-
pretability of the segment differences. As presented in Table 7, compared with other classification solutions, the segmentation with K 
= 3 has the largest EN value (0.90) and smallest information criteria (AIC = 9392.51; BIC = 9762.01; AIC3 = 9463.51). Therefore, the 
segmentation with K = 3 can be preliminarily regarded as the optimal segmentation. 

To ensure a sufficient sample size in each segment, Hair et al. (2011) suggested that the minimum sample size in the PLS-SEM 
approach should meet the following requirements: (1) ten times the maximum number of observed variables that correspond to the 
latent variables in the measurement model; and (2) ten times the maximum number of paths that correspond to the latent variables in 
the structural model. In the framework of the PSI, perceived quality has the largest number of indicators (number = 9), and passenger 
satisfaction has the largest number of paths (number = 5). Therefore, the minimum number of the sample size is required to be 90. 
When the samples size of a certain segment in less than 7% of the total sample size, this means that the sample subsets will not fit well 
to the model complexity; thus, a reasonable segment-specific PLS path analysis is not supported. As shown in Table 8, in the case of K =
6 or 7, the sample size of a certain segment is less than 7% of the total sample size, which means that these solutions should be avoided. 
However, the sample proportion of each segment of the segmentation with K = 3 is greater than 7% of the total sample size (Segment 1 
= 45%, Segment 2 = 27%, Segment 3 = 28%), which further supports the feasibility of the segmentation solution with K = 3. 

After determining the three-segment solution (K = 3) as the best option, it is necessary to classify each respondent to a certain 
segment. The FIMIX-PLS method calculates the probability of each respondent belonging to each segment and allocates the re-
spondents to the segment with the highest probability. Table 9 shows the number of respondents who belong to a segment with a 
certain membership probability. Groß (2018) indicated that a membership probability should be as unique as possible for one specific 

Table 6 
Direct, indirect and total effects in the structural model.   

Passenger Satisfaction Passenger Loyalty Passenger Complaints  

DirectEffect Indirecteffect Totaleffect Directeffect Indirecteffect Totaleffect Directeffect Indirecteffect Totaleffect 

Expectations 0.18*** 0.28** 0.46*** –  0.13***  0.13*** – − 0.16 − 0.16 
Perceived quality 0.41** 0.07** 0.48** –  0.18**  0.18** – − 0.14** − 0.14** 

Perceived value 0.23** – 0.23** –  0.24**  0.24** – − 0.12** − 0.12** 

Satisfaction – – – 0.48**  0.02**  0.50** − 0.27** – − 0.27** 

Note:** indicates significant values at the 0.05 level; *** indicates significant values at the 0.01 level; –: non-value. 

Table 7 
The information and classification criteria for the number of segments selection.  

Criteria K ¼ 2 K ¼ 3 K ¼ 4 K ¼ 5 K ¼ 6 K ¼ 7 

AIC (Akaike’s Information Criterion)  10579.03  9392.51  8736.50  8700.21  8104.47  7881.12 
BIC (Bayesian Information Criteria)  10823.62  9762.01  9230.90  9319.50  8848.67  8750.21 
AIC3 (Modified AIC with Factor 3)  10626.03  9463.51  8831.50  8819.21  8247.47  8048.12 
EN (Entropy Statistic (Normed))  0.88  0.90  0.83  0.81  0.75  0.72 
LnL (Log Likelihood)  − 4842.51  − 4925.26  − 4273.25  − 4231.11  − 3909.24  − 3773.56  

Y. Yuan et al.                                                                                                                                                                                                           



Transportation Research Part A 147 (2021) 133–158

148

segment with a probability of almost 1 in a theoretical sense, but much lower membership probabilities are common in reality. Hahn 
et al. (2002) found that a lower membership probability value exemplifies the complexity of measuring response-based variables, and 
probability ranges above 50% should be focused. As presented in Table 9, for the three-segment solution, 1,345 out of 1,345 re-
spondents (100%) belong to a specific passenger segment with a probability of above 50%, and 1,270 out of 1,345 respondents (94%) 

Table 8 
Segment sizes for the different evaluated numbers on the segment solutions.  

Segment K P1 P2 P3 P4 P5 P6 P7 
∑

KPk  

2  0.55  0.45       1.00 
3  0.45  0.27  0.28      1.00 
4  0.31  0.27  0.27  0.15     1.00 
5  0.31  0.24  0.19  0.15  0.12    1.00 
6  0.29  0.23  0.15  0.15  0.11  0.07   1.00 
7  0.26  0.18  0.18  0.15  0.11  0.10  0.03  1.00  

Table 9 
Membership probabilities for the three latent segment solution.  

Membership probability K ¼ 1(45%) K ¼ 2(27%) K ¼ 3(28%) Total Relative 

≥ 50%  623.00  304.00  418.00  1345.00 100% 
≥ 60%  619.00  274.00  377.00  1270.00 94% 
≥ 70%  613.00  243.00  299.00  1155.00 86% 
≥ 80%  610.00  225.00  159.00  994.00 74% 
≥ 90%  586.00  203.00  54.00  843.00 63%  

Table 10 
Summary statistics of the three passenger segments.  

Attributes of passengers K ¼ 1(n ¼ 605) K ¼ 2(n ¼ 363) K ¼ 3(n ¼ 377) 

Gender 
Male 58% 62% 54% 
Female 42% 38% 46% 
Age 
≤ 24 years 27% 32% 27% 
25–39 years 37% 38% 36% 
40–54 years 30% 26% 30% 
≥55 years 6% 8% 6% 
Education*** 

High school diploma or below 26% 15% 23% 
Bachelor’s degree 52% 52% 49% 
Master’s degree or above 22% 33% 28% 
Net monthly income** 

< 2000 RMB 24% 20% 21% 
2000–4000 RMB 17% 15% 20% 
4001–6000 RMB 22% 19% 23% 
6001–8000 RMB 19% 22% 16% 
> 8000 RMB 18% 24% 20% 
Occupation 
Student 28% 29% 25% 
Employee 60% 61% 65% 
Self-employed 3% 10% 5% 
Unemployed 4% 3% 3% 
Other 5% 1% 2% 
Trip purpose** 

Leisure 37% 31% 28% 
Business 27% 25% 36% 
Study 21% 25% 20% 
Visit friends 10% 15% 11% 
Other 5% 4% 6% 
Trip frequency (Year) 
Less than 3 28% 27% 25% 
4–6 34% 31% 36% 
7–10 15% 18% 16% 
11–14 6% 8% 8% 
More than 14 17% 16% 15% 

Note:** indicates significant values at the 0.05 level; *** indicates significant values at the 0.01 level. 
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belong to one segment since the membership probability is above 60%. Moreover, for 843 respondents (63%), the membership 
probability is even higher than 90%. The results indicate a proper partitioning has been reached for the three-segment solution. 

When the appropriate number of passenger segments is determined, the explanatory variables that best characterize the segments 
need to be determined. The summary statistics of the three passenger segments are presented in Table 10, and a one-way ANOVA is 
applied to test the significant differences in the socio-economic and travel characteristics among the different segments. 

According to Table 10, the results indicate that “education,” “net monthly income,” and “trip purpose” show the greatest potential 
for a meaningful segmentation. The first passenger segment has the lowest proportion of net monthly income higher than 8,000 RMB 
(18%), the highest proportion of leisure trips (37%), and a low educational level (26%). Passengers in the second segment have the 
highest proportion of a master’s degree or higher (33%) and study trips (25%). Passengers in the third segment have the highest 
proportion of business trips (36%). 

The results of the measurement and structural model for the aggregate data and segment-specific data subsets are provided in 
Table 11. As shown in Table 11, the results of the reliability and validity tests of the measurement models for different segments are all 
acceptable, and the R-squared values of the latent variables in the segment-specific models increase compared with the global model, 
which range between 1% (“Perceived quality”) and 81% (“Perceived value”) and signifies that the data subsets of different passenger 
segments fit the PSI model well. 

A multi-group analysis that tests the statistically significant differences in the path relationships among all passenger segments is 
normally used to evaluate the structural model (Hahn et al., 2002). Sarstedt and Ringle (2010) recommend that a partial least-squares 
multi-group analysis (PLS-MGA) can be applied by using the permutation test. In this study, the number of permutations was set to 
5,000. The t-values were used to determine the significant differences in the path relationships between different passenger segments. 
The psychological-behavioral relationships of different passenger segments were analyzed using the PLS-MGA, and the results are 
presented in Table 11. The results show that 23 out of 27 key hypothetical path relationships are statistically different with a p-val-
ue<0.05 across all segments. In addition, 12 out of the 27 path relationships relate to perceived quality, indicating that passengers in 
different segments exhibit significant differences in the dimensions of perceived service quality. The results once again support a more 
or less sufficient segment distinction. 

The three passenger segments can be characterized as follows. The first segment includes 605 intermodal passengers, which 
represent almost half of the sample (45%). The passengers in the first segment show the lowest proportion of holding a master’s degree 

Table 11 
FIMIX-PLS results of the three latent segment solution.  

Hypotheses and path relationships FIMIX segmentation a t-value [mgp] c 

Globalmodel K ¼ 1 K ¼ 2 K ¼ 3 K1/K2 K1/K3 K2/K3 

Passenger Expectations → Perceived Value 0.15*** 0.11*** 0.27*** 0.31*** 2.78*** 3.21*** 1.58n.s 
Passenger Expectations → Perceived Quality 0.09n.s. 0.03n.s. 0.04** 0.02n.s. 2.01** 1.06n.s 2.67*** 

Passenger Expectations → Passenger Satisfaction 0.18*** 0.64*** 0.14*** 0.45*** 3.24*** 2.23** 1.99** 

Perceived Quality → Perceived Value 0.24*** 0.03n.s. 0.24*** 0.08n.s. 2.89*** 1.01n.s. 2.34** 

Perceived Quality → Passenger Satisfaction 0.41*** 0.09** 0.43*** 0.12** 3.25*** 2.36** 3.37*** 

Perceived Value → Passenger Satisfaction 0.23*** 0.65*** 0.29*** 0.24*** 4.01*** 3.56*** 2.22** 

Passenger Satisfaction → Passenger Complaint − 0.27*** − 0.22*** − 0.37*** − 0.04** 2.32** 4.34*** 4.82*** 

Passenger Satisfaction → Passenger Loyalty 0.48*** 0.38*** 0.28*** 0.68*** 2.01** 3.75*** 4.56*** 

Passenger Complaints → Passenger Loyalty − 0.09*** − 0.03** − 0.05n.s. − 0.03n.s. 3.56*** 3.21*** 0.89n.s 
Perceived Quality → Safety and security 0.12*** 0.10*** 0.14*** 0.10*** 1.67n.s 0.34n.s. 1.78n.s 
Perceived Quality → Comfort 0.09*** 0.09*** 0.10*** 0.09*** 1.32n.s 1.45n.s 1.27n.s 
Perceived Quality → Personalized service 0.11*** 0.14*** 0.17*** 0.09*** 2.32** 2.15** 3.01*** 

Perceived Quality → Accessibility 0.13*** 0.11*** 0.12*** 0.14*** 0.78n.s 1.26n.s. 1.31n.s 
Perceived Quality → Reliability 0.16*** 0.18*** 0.15*** 0.16*** 2.21** 1.99** 1.87n.s 
Perceived Quality → Ticket service 0.18*** 0.16*** 0.19*** 0.21*** 2.01** 2.45** 1.59n.s 
Perceived Quality → Connectivity 0.17*** 0.16*** 0.14*** 0.23*** 1.96** 2.33** 2.47** 

Perceived Quality → Operation schedule 0.25*** 0.26*** 0.28*** 0.27*** 0.98n.s 0.63n.s. 0.87n.s 
Perceived Quality → Information service 0.14*** 0.13*** 0.23*** 0.10*** 2.14** 1.58n.s. 2.59** 

R-squared b Perceived Quality 0.94 0.93 0.96 0.94 – – – 
Passenger Satisfaction 0.46 0.65 0.26 0.47 – – – 
Perceived Value 0.42 0.76 0.17 0.11 – – – 
Passenger Complaint 0.07 0.06 0.15 0.01 – – – 
Passenger Loyalty 0.31 0.51 0.13 0.33 – – – 

Measurement model assessment d 

Convergent validity (AVE) + + + + – – – 
Reliability (CR and CA) + + + + – – – 
Discriminant validity (Fornell and Larcker criterion) + + + + – – – 

Note: 
a Results based on bootstrapping with 5,000 samples show the path coefficients and their significant values with ** p < 0.05, *** p < 0.01, and n.s. 

non-significant (two-sided). 
b Results based on bootstrapping with 5,000 samples show the values of the R squared. 
c t-value [mgp] = t-values for multi-group analysis with 5,000 permutations with ** p < 0.05, *** p < 0.01, and n.s. non-significant (two-sided). 
d +/– means that the criterion for the measurement model assessment is fulfilled/not fulfilled; – means no value. 
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or higher (22% vs. 33% and 28%) and the highest proportion of holding a high school degree or lower (26% vs. 15% and 23%). 
Meanwhile, the proportion of net monthly income greater than RMB 6,000 is lower (37% vs. 46% and 36%) than other segments. The 
proportion of leisure trips in this segment is the highest (37% vs. 31% and 28%). The first passenger segment is characterized by a low 
education level and low net monthly income, and these passengers mainly take leisure intercity trips. Regarding psychological- 
behavioral features, this segment can be characterized as “perceived value and expectation-oriented passengers.” Passenger satis-
faction in this segment is determined more by their expectations (0.64, P < 0.01) and perceived value (0.65, P < 0.01) than by 
perceived quality (0.09, P < 0.05); the ability of self-service judgment is weaker in perceived value and expectation-oriented pas-
sengers than in the other two passenger segments, and their satisfaction is more vulnerable to advertising or friends’ recommendations. 
In addition, they pay more attention to the ratio of the price to quality of intermodal services. That is, passengers in this segment have 
certain expectations about the reliability and personalized service of ARIS before travelling and are more easily attracted by the price/ 
quality ratio. Moreover, these passengers are more concerned about perceived quality such as the operation schedule (0.26, P < 0.01), 
reliability (0.18, P < 0.05) and ticket service (0.16, P < 0.01). Therefore, the inference can be made that passengers with poorer socio- 
economic conditions and greater travel time flexibility are more satisfied with ARIS when their perceived expectations and perceived 
values are higher. Meanwhile, they are more concerned about the perceived quality of ticket services and operating schedules than 
others. 

The second passenger segment accounts for nearly one-quarter of the total sample (n = 363, 27% of the sample). Compared with 
other passenger segments, passengers in the second segment show the largest proportion of holding a master’s degree or higher (33%), 
the largest proportion of net monthly income of more than RMB 6,000 (46%), and the largest proportion of study and business (50%) 
trips. Therefore, passengers in the second segment are characterized by higher education level and net monthly income and mainly 
travel to study and for and business. Furthermore, compared with passenger expectations (0.14, P < 0.05) and perceived value (0.29, P 
< 0.05), perceived quality (0.43, P < 0.01) is the most important driver of passenger satisfaction in this segment. This indicates that 
this segment pays more attention to the perceived service dimensions and is less affected by advertising and perceived value than the 
other segments. Therefore, the evaluation of the intermodal service made by this passenger segment is more objective and rational. In 
addition, compared with other passengers, the passenger satisfaction of this segment has the most negative impact on complaints 
(− 0.37, P < 0.01). This means that if these passengers are dissatisfied with ARIS, then they will be more inclined to complain to or sue 
the authorities. Hence, passengers in the second segment can be described as “perceived quality-oriented passengers.” Finally, this 
second passenger segment views the operation schedule (0.28, P < 0.01), information service (0.23, P < 0.01), and personalized 
service (0.17, P < 0.01) to be more important. Therefore, we can infer passengers’ perceived satisfaction with better socio-economic 
conditions and less travel time flexibility during intermodal travel is more affected by the perceived quality and has the strongest 
negative impact on complaints. 

Finally, the third segment includes 377 passengers, which account for approximately one-quarter (28%) of the total sample. Among 
them, the proportion of passengers with a master’s degree or higher is larger (28%), the proportion of passengers with net monthly 
income greater than RMB 6000 is the lowest (36%), and the segment has the highest proportion of travel for business and studying 
(56%). Hence, passengers in this segment could be characterized as having a higher educational level and a lower income level, and 
mainly travel to study and for business. In terms of psychological-behavioral segmentation, passengers in this segment are labeled 
“satisfied loyal-conscious passengers.” That is, passenger satisfaction in this segment is explained more by passenger expectations 
(0.31, P < 0.01) and perceived value (0.24, P < 0.01) than by perceived quality (0.15, P < 0.01). This segment exhibits a substantial 
and positive relationship between passenger satisfaction and loyalty (0.68, P < 0.05) and a weaker relationship with complaints 
(− 0.04, P < 0.05). This means that when such passengers are satisfied with ARIS, their willingness-to-pay for ARIS the next time is 
stronger than for the other two passenger segments, and the probability of complaining to friends or suing authorities is least strong 
than for the other two segments. Moreover, this segment of passengers is more concerned about service dimensions such as the 
operation schedule (0.27, P < 0.01), connectivity (0.23, P < 0.01) and ticket service (0.21, P < 0.01). Therefore, we can infer that 
passengers with poor social and economic conditions and less flexibility in travel time show higher satisfaction and loyalty to ARIS. 

5.4. Importance-performance map analysis (IPMA) of perceived quality 

Figs. 6–9 present the results of the IPMA of perceived quality for all passengers and different segments. The “global passengers” in 
Fig. 6 are depicted using the total sample of intermodal passengers (N = 1345). As shown in Fig. 6, the performance of the nine service 
dimensions of global passengers is relatively low (all<80), which indicates that the performance of ARIS is relatively poor and urgently 
needs to be improved. Specifically, for the perceived value and expectation-oriented passengers and satisfied loyal-conscious pas-
sengers, ticket service and connectivity belong to the first quadrant, which indicate that these attributes have a high importance and 
performance. This is consistent with the airport’s better transfer facilities and the affordable services at SJW. In addition, information 
service is regarded as more important in the perceived quality-oriented passengers. This may be caused by higher requirements of 
service quality in this segment, and the passengers in this segment need more information to guide their trips than other passengers. 

For the attributes in the second quadrant, reliability and the operation schedule are accepted with high importance but with low 
performance for all passengers. This is consistent with the fact that the poor coordination of timetables, a limited number of destination 
cities, and a low punctuality rate exist at SJW. In addition, personalized service also appears in the second quadrant for the passengers 
in the second segment. This finding may be related to the perceived quality-orientation of this segment, which needs further study. 

The third quadrant covers the dimensions that are low in both importance and performance for all passenger segments, which 
indicates a low priority for intervention for improvement. Fig. 4 shows that accessibility has the worst performance, which is consistent 
because both the airport and HSR station were built in the suburbs. The shortest access time between the airport and HSR station varies 
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Fig. 6. Global passengers.  

Fig. 7. Segment 1: Perceived value and expectation-oriented passengers.  

Fig. 8. Segment 2: Perceived quality-oriented passengers.  
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from 70 to 90 min according to the airport bus timetable at SJW. Personalized service also belongs to the third quadrant for the 
perceived value and expectation-oriented passengers and satisfied loyal-conscious passengers. This may be because these two segments 
of passengers pay more attention to perceived value and have a relatively low need for personalized service. 

Finally, comfort is assigned to the fourth quadrant with a high performance and low importance for the three passenger segments. 
The results may imply excessive investment in enhancing passengers’ perceived comfort. Furthermore, safety and security fall into the 
fourth quadrant for the perceived value and expectation-oriented passengers and satisfied loyal-conscious passengers, but it belongs to 
the third quadrant for the perceived quality-oriented passengers. Thus, the resources invested in seats and air conditioning in ARIS can 
be allocated to other dimensions. 

6. Discussion and conclusions 

Driven by the lack of a psychological-behavioral understanding of the satisfaction of intermodal passengers and the absence of 
sufficient knowledge about unobserved heterogeneity in different passenger segments, this paper contributes to the contemporary 
research on ARIS in two ways: 

6.1. Causal relationships in the PSI model 

First, to answer the question regarding how to assess passenger’s satisfaction with ARIS, a conceptual framework that includes nine 
service dimensions (connectivity, reliability, safety and security, etc.), passenger expectations, perceived quality, passenger satis-
faction, passenger loyalty and complaints is constructed, and their relationships are examined. By using the aggregate data from 1,345 
respondents, the evaluation results strongly support the causal relationships between the psychological and behavioral constructs 
hypothesized in the theoretical framework. The results show that perceived quality, perceived value and passenger expectations have a 
significant positive impact on passenger satisfaction toward ARIS. Similar results were also obtained by Chou et al. (2011), Shen et al. 
(2016), and Yuan et al. (2018). Passenger satisfaction is determined more by perceived quality than by perceived value and passenger 
expectations. Therefore, managers and planners need to pay more attention to different service dimensions to improve passengers’ 
travel experiences. Passenger expectations that include expected reliable and personalized service as promoted by advertisements 
should be guaranteed in reality. 

In addition, we found that perceived quality is determined more by the operation schedule, ticket service, connectivity and reli-
ability. Jiang et al. (2019) also found similar determinants on the market share of ARIS. The average flight delay of China’s civil 
airports was observed to be 29 min, and the punctuality rate of SJW was only 56.8%, lower than the punctuality rate of other large 
airports in China of the same scale. Therefore, flight delays and the punctuality rate seriously affect passengers’ travel experiences with 
ARIS and urgently need to be improved. Moreover, only a few low-cost carriers (LCC), such as Spring Airlines and Hebei Airlines, have 
cooperation agreements with some HSR lines with a frequency of up to 34 times per day at SJW, causing a difficult timetable and line 
coordination between air and rail. Thus, the operating schedule of ARIS needs to be more closely considered. Therefore, some policy 
recommendations can be given based on these results that may be beneficial to improve the operation performance of ARIS-SJW: a) 
increasing the number of destination cities, b) adjusting the coordination time tables, c) ensuring the punctuality rate of flights, and d) 
reducing the transfer time and cost. 

Fig. 9. Segment 3: Satisfied loyal-conscious passengers.  
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Furthermore, passenger satisfaction is found to have a significant positive impact on loyalty, and a negative impact on complaints. 
Previous studies on transit have reached similar conclusions (Yilmaz and Ari, 2017; Kos Koklic et al., 2017; Farooq et al., 2018). Among 
them, Allen et al. (2019) also found that passenger loyalty was positively affected by passenger satisfaction by considering the in-
fluence of transit passengers’ complaints as critical incidents. In addition, Allen et al. (2020a, 2020b) explored the effect of critical 
incidents on passenger loyalty and complaints and indicated that critical incidents negatively affect passenger loyalty but that transit 
service quality attributes, such as reliability and added value services, positively affect passenger satisfaction and loyalty. This means 
that passengers’ satisfaction has a significant impact on their willingness to pay for ARIS. To reduce passengers’ complaints or lawsuits, 
managers need to improve the quality of the provided services at different stages. Moreover, the results show that passenger loyalty 
and complaints are also indirectly driven by perceived quality, perceived value and passenger expectations. Similar results were also 
obtained by Chou et al. (2011), Shen et al. (2016), and Yuan et al. (2018). To systematically cultivate passenger loyalty and minimize 
complaints, managers need to be more concerned about improving the performance of ARIS, meeting passengers’ perceived value and 
managing passengers’ expectations. 

6.2. Heterogeneity among three passenger segments 

To further explore the unobserved heterogeneity in the psychological-behavioral relationships among different types of passengers, 
a FIMIX-PLS approach was applied to divide passengers into the three segments of perceived value and expectation-oriented pas-
sengers (45%), perceived quality-oriented passengers (27%), and satisfied loyal-conscious passengers (28%). Then, with subsets of the 
three passenger segments, the causal relationships between the latent variables of psychological and behavioral perceptions were 
verified and compared, and the multidimensional framework was additionally confirmed. Compared with the heterogeneity in 
perception caused by passengers’ socioeconomic factors such as gender, age, income and travel purpose (Jacques et al., 2013; Cheng 
and Huang, 2014; De Oña et al., 2015; Abenoza et al., 2017), the unobserved heterogeneity in the psychological-behavioral re-
lationships is observed in the present study. 

By analyzing the unobserved heterogeneity in the psychological-behavioral relationships among the different passenger segments, 
we find that passengers have different formation mechanisms of satisfaction and complaints based on their belonging to a specific 
segment. Similar results were also found by De Oña et al. (2015) and Abenoza et al. (2017). Passenger satisfaction in the first segment is 
explained more by passenger expectations and perceived value than by perceived quality, which suggests that the ability of perceived 
value and expectation-oriented passengers to judge services is weaker and that their satisfaction is more vulnerable to being affected by 
advertising or the recommendations of friends. Moreover, they are more concerned about the price/quality ratio of ARIS. 

However, passenger satisfaction in the second segment is affected more by perceived quality. This result means that these perceived 
quality-oriented passengers are more concerned with their real perceptions of the service dimensions and are less affected by 
advertising and perceived value than other passengers. In addition, compared to the other segments, passenger complaints in this 
segment are more negatively determined by passenger satisfaction. For the third passenger segment, passenger satisfaction is affected 
more by passenger expectations and perceived value, while satisfaction has the greatest positive impact on loyalty compared to the 
other segments. These results indicate that when these satisfied loyal-conscious passengers are satisfied with ARIS, their willingness to 
pay for ARIS again will be stronger compared to the other two passenger segments. Additionally, the probability of complaining to 
friends or filing complaints with authorities will be the lowest. 

These findings that arise from the application of the FIMIX-PLS methodology can be very useful for service operators of ARIS in 
identifying the strategy to be adopted for improving ARIS by considering the different passenger segments. Once they know the 
preferences and demands of specific passenger segments whose loyalty they are seeking, they will be able to perform more successful 
interventions. 

6.3. Importance-performance map analysis and practical implications 

According to the IMPA quadrant analysis, the passengers who constitute the first segment perceive the reliability and operation 
schedule of ARIS to have a low performance but high importance. Similar results were also obtained by Chiambaretto et al. (2013) and 
Jiang et al. (2019). The trip complexity and uncertainty of ARIS make planning the operating schedule more difficult, and the 
probability of uncertain events such as flight delays or cancellations will increase. Therefore, managers are recommended to prioritize 
improving the punctuality rate, delay compensation, operation lines and timetables. 

Furthermore, personalized services and accessibility belong to the “lower priority” quadrant and have a low performance and 
importance. This low priority is the result of the airport and high-speed railway station being generally built in the suburbs, far away 
from the city center. Passengers need to spend more time and energy accessing or egressing when experiencing ARIS. Meanwhile, the 
ARIS is provided by multi-parts, which mainly includes airports, flights, and high-speed rail at SJW. The negligence of personalized 
services at any of these parts results in a poor travel experience. Therefore, performance in terms of HSR accessibility, the connectivity 
between intercity and intra-city transportation, baggage check-in and meals should be improved later. 

Passengers in the second segment not only are concerned about reliability and the operation schedule but also regard personalized 
and information services to be important dimensions. To facilitate the planning and guidance of intermodal passengers, intelligent 
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information services and ticketing systems are recommended for adoption in ARIS. In addition, to meet the demands of the perceived 
quality-oriented passengers, we suggest that managers need to urgently focus on service dimension aspects such as luggage through- 
handling, meals, staff attitude, and real-time information broadcasting. Meanwhile, safety and security are perceived as having low 
performance, and it is necessary to strengthen the safety and security of passengers and luggage in all processes. 

Furthermore, the ticket services and connectivity dimensions are categorized into the “keep up the good work” quadrant for the 
first segment. In practice, the operator of SJW provides an average 15.92% discount to the air ticket price, together with a free HST 
ticket (the price of a second-class HST ticket is 111.5 RMB) to ARIS passengers (Jiang et al., 2019). The average transfer time between 
an HSR station and an airport is 1.5 h (including the transit, transfer, and waiting times), which may result from the relatively sufficient 
integration facilities and services at SJW. Therefore, these service dimensions are considered to be operational advantages for ARIS. 
Thus, managers need to maintain the current performance of ticket prices, ticket purchasing, bus transfers and connectivity services. 

Moreover, compared to the other dimensions, the accessibility and personalized service dimensions are perceived as having a lower 
performance. Roman and Martin (2014) and Li and Sheng (2016) found similar results in their studies. Therefore, improving the 
accessibility of HSR stations or airports and reducing the time and cost for passengers to access or egress are recommended to ARIS 
managers. Finally, safety, security, and comfort belong to the “possible overkill” quadrant. Passengers and luggage are strictly checked 
to ensure safety and security at both the airport and HSR stations in China. Passengers may become tired of the security checks in ARIS. 
Therefore, managers need to consider synchronized security checks to improve passengers’ travel satisfaction. 

Finally, some actual transport policies developed for ARIS are recommended according to the IPMA result. 1) Because of higher 
perceived importance of transfer time, transfer distance, and transfer mode in ARIS, it is recommended that rail and airport stations 
should engage in coordinated planning, and a multi-mode integrated hub for high-speed railways and aviation should be designed, 
constructed, and managed. 2) The perceived importance of ticket purchases, ticket prices, travel information queries, and real-time 
operation broadcasts is higher; thus, developing an integrated information and ticketing platform for ARIS is an urgent task. 
Similar to the mobility as a service (MaaS) in the city, this integrated platform can provide some intelligent ARIS, such as integrated 
ticketing, travel schedule planning, and inquiring about and recommending plans. 3) Intermodal passengers are more concerned with 
the operating line, operating time, and frequency, but their satisfaction with these services is relatively low. Therefore, ARIS planners 
and operators can strengthen the coordinated schedule, operating time, and frequency of rail and flight and design a more reasonable 
ARIS timetable in line with the travel preferences of intermodal passengers. 4) The psychological-behavioral heterogeneity among 
intermodal passengers requires managers to pay attention to their distinct travel demands and formulate various ticketing schemes for 
different passenger groups. 

6.4. Limitations and future directions 

This study has some limitations that need to be further examined. First, the explained variance of the endogenous latent variables is 
relatively weak. Possible explanations for this are important constructs that are missing or non-linear relationships between the 
constructs. Additional construct candidates that could be examined in future research are company image and perceived usefulness. 
Estimating non-linear relationships requires advancing the structural equation models. Second, the findings and number of segments 
were influenced by the current sample size. A larger sample may lead to more meaningful and distinct passenger segments. 
Furthermore, reliability, connectivity, and accessibility are own attributes of ARIS (Li et al., 2019, 2020; Liu et al., 2019) that are 
strongly affected by the layout of train stations and airports in different areas. Further studies can evaluate passenger satisfaction with 
ARIS in different regions. Finally, this study mainly assesses passengers’ psychological perceptions of ARIS, but self-reported measures 
are relatively subjective in the practice. Therefore, follow-up studies can attempt to collect some objective data such as passengers’ 
real-time tracking and ticket information. 

CRediT authorship contribution statement 

Yalong Yuan: Conceptualization, Methodology, Software, Writing - original draft. Min Yang: Data curation, Writing - review & 
editing. Tao Feng: . Soora Rasouli: Supervision, Writing - review & editing. Dawei Li: Validation, Supervision. Xinpei Ruan: Writing 
- review & editing. 

Acknowledgment 

This research is funded by the National Key R&D Program of China (2018YFB1601300), National Natural Science Foundation of 
China (52072066), Jiangsu Province Science Fund for Distinguished Young Scholars (BK20200014), Jiangsu transportation science 
and technology program(2020Y12), and Postgraduate Research＆Practice Innovation Program of Jiangsu Province (No. 
KYCX19_0105). 

Y. Yuan et al.                                                                                                                                                                                                           



Transportation Research Part A 147 (2021) 133–158

155

Appendix A 

Y. Yuan et al.                                                                                                                                                                                                           



Transportation Research Part A 147 (2021) 133–158

156

References 

Abenoza, R.F., Cats, O., Susilo, Y.O., 2017. Travel satisfaction with public transport: determinants, user classes, regional disparities and their evolution. Transp. Res. 
Part A: Policy Pract. 95, 64–84. 

Adler, N., Pels, E., Nash, C., 2010. High-speed rail and air transport competition: Game engineering as tool for cost-benefit analysis. Transp. Res. Part B: Methodol. 44 
(7), 812–833. 

Albalate, D., Bel, G., Fageda, X., 2015. Competition and cooperation between high-speed rail and air transportation services in Europe. J. Transp. Geogr. 42, 166–174. 
Allen, J., Bellizzi, M.G., Eboli, L., Forciniti, C., Mazzulla, G., 2020a. Service quality in a mid-sized air terminal: A SEM-MIMIC ordinal probit accounting for travel, 

sociodemographic, and user-type heterogeneity. J. Air Transp. Manage. 84, 101780. 
Allen, J., Eboli, L., Forciniti, C., Mazzulla, G., Ortúzar, J.D.D., 2019. The role of critical incidents and involvement in transit satisfaction and loyalty. Transp. Policy 75, 

57–69. 
Allen, J., Eboli, L., Mazzulla, G., Ortúzar, J.D.D., 2020b. Effect of critical incidents on public transport satisfaction and loyalty: an Ordinal Probit SEM-MIMIC 

approach. Transportation 47 (2), 827–863. 
Behrens, C., Pels, E., 2012. Intermodal competition in the London-Paris passenger market: High-Speed Rail and air transport. J. Urban Econ. 71 (3), 278–288. 
Berry, L.L., Parasuraman, A., Zeithaml, V.A., 1990. Five imperatives for improving service quality. Quality Control Appl. Stat. 36, 423–426. 
Bhat, C.R., 1997. An endogenous segmentation mode choice model with an application to intercity Travel. Transp. Sci. 31 (1), 34–48. 
Bordagaray, M., Dell’Olio, L., Ibeas, A., Cecín, P., 2014. Modelling user perception of bus transit quality considering user and service heterogeneity. Transp. A: Transp. 

Sci. 10 (8), 705–721. 
Cheng, Y., 2011. Evaluating web site service quality in public transport: Evidence from Taiwan high speed rail. Transp. Res. Part C: Emerg. Technol. 19 (6), 957–974. 
Cheng, Y., Huang, T., 2013. High speed rail passengers’ mobile ticketing adoption. Transp. Res. Part C: Emerg. Technol. 30, 143–160. 
Cheng, Y., Huang, T., 2014. High speed rail passenger segmentation and ticketing channel preference. Transp. Res. Part A: Policy Pract. 66, 127–143. 
Chiambaretto, P., Baudelaire, C., Lavril, T., 2013. Measuring the willingness-to-pay of air-rail intermodal passengers. J. Air Transp. Manage. 26, 50–54. 
Chiambaretto, P., Decker, C., 2012. Air–rail intermodal agreements: Balancing the competition and environmental effects. J. Air Transp. Manage. 23, 36–40. 
Chou, J., Kim, C., Kuo, Y., Ou, N., 2011. Deploying effective service strategy in the operations stage of high-speed rail. Transp. Res. Part E 47 (4), 507–519. 
Chou, P., Lu, C., Chang, Y., 2014. Effects of service quality and customer satisfaction on customer loyalty in high-speed rail services in Taiwan. Transp. A: Transp. Sci. 

10 (10), 917–945. 
Clewlow, R.R.L., Sussman, J.M., Balakrishnan, H., 2012. Interaction of high-speed rail and aviation. Transp. Res. Rec.: J. Transp. Res. Board 2266 (1), 1–10. 
Commission of the European Communities, 2001. European Transport Policy for 2010: Time to Decide. Commission of the European Communities, Brussels, COM 

(2001) 370, September. 
De Oña, J., De Oña, R., Eboli, L., Mazzulla, G., 2015. Heterogeneity in Perceptions of Service Quality among Groups of Railway Passengers. Int. J. Sustain. Transp. 9 

(8), 612–626. 

Y. Yuan et al.                                                                                                                                                                                                           

http://refhub.elsevier.com/S0965-8564(21)00058-6/h0005
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0005
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0010
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0010
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0015
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0020
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0020
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0025
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0025
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0030
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0030
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0040
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0050
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0055
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0060
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0060
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0065
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0070
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0075
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0085
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0090
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0095
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0100
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0100
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0105
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0120
http://refhub.elsevier.com/S0965-8564(21)00058-6/h0120


Transportation Research Part A 147 (2021) 133–158

157
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