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Abstract: Most of intercity rapid trains in Japan supply different seat classes, (1) reserved 
seat, where passengers are completely guaranteed to have seating during the trip (2) non-
reserved seat, where passengers can sit anywhere if it is available. Because the assignment of 
these classes is usually fixed, the inefficient utilization is caused, for example, non-reserved 
seats are highly congested while there are still vacant seats in the reserved seat class. The 
study focuses on the seat class choice behavior on intercity train passengers for developing 
the flexible seat class assignment approach. Some analyses conducted in the study suggest 
that the choice behavior is influenced by some personal preference factors, such as 
importance on “complete seating during the trip” and so on. The disaggregate seat class 
choice models are also calibrated, which demonstrate that the consideration of heterogeneity 
of passengers’ preference for seat classes is efficient to describe the behavior. 
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1. INTRODUCTION 
 
Intercity rapid railway network in Japan is highly expected to play an important role on the 
intercity transportation system for developing low carbon society, because of its potential of 
low CO2 emission. To improve the environmental friendliness of the railway, increasing the 
utilization of existing intercity rapid trains is an important issue. As for the recent 
transportation policy in Japan, Japan Railway companies, which operate intercity rapid trains, 
can supply more variety of services to the passengers than before, because of the deregulation 
of the transportation field by the Government. Therefore, it is also necessary to increase the 
utilization of the existing intercity railway by supplying various services, which can 
adequately respond to passengers’ preference, of which concept is known as revenue 
management. 
 
Most of intercity rapid trains in Japan have two kinds of seat classes in commonly used 
ordinary cars (coach class cars), (1) reserved seat, where to seat is fixed and passengers are 
completely guaranteed to have seating during the trip. Passengers must pay around 500 yen 
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(equivalent to about 5 US$) in every boarding as an additional fare for a seat reservation. (2) 
non-reserved seat, where to seat is not fixed, passengers can sit anywhere if it is available. It 
means passengers take a risk of standing up on the train if non-reserved seats are fully 
occupied. In most cases, the split of two seat classes in every train type is fixed through a 
year, decided from previous experiences. The additional fare for a seat reservation is also 
fixed for a long time. Such a current seat class assignment causes the inefficient utilization, 
for example, non-reserved seats are highly congested while there are still vacant seats in the 
reserved seat class. In order to improve the utilization of facilities, the seat class assignment 
and the additional fare setting for a seat reservation should be changed flexibly with 
responding to the passengers’ preference. In the study, this approach is named as “flexible seat 
class assignment”, which is placed as one of the approaches of revenue management. 
 
Some studies to apply revenue management to intercity trains have been conducted and 
demonstrated some effectiveness (e.g. Ciancimino et al. (1999), Suh et al. (2001), Terabe et 
al. (2006), Bharill et al. (2008)). In aforementioned studies, unfortunately, taking 
consideration of the individual passenger behavior such as mode choice, fare type choice, seat 
class choice etc has not been tried. On the other hand, Terabe et al. (2007) has revealed that 
the demand estimation based on passenger behaviors can improve the capability of the seat 
inventory control, which is the major approach of revenue management. Therefore, the 
flexible seat class assignment is also expected to be more efficient by applying individual 
behavior models. That is why the describing the seat class choice behavior more accurately is 
one of the important issues for intercity railways. 
 
Thus, the study focuses on the seat class choice behavior of intercity rapid train passengers in 
Japan for developing the flexible seat class assignment approach. The study tries to analyze 
the characteristics of the seat class choice behavior, and then to develop individual behavioral 
models with the consideration of found characteristics. The purpose of the study is to find 
what kind of data should be collected and suggest effective models to describe the seat class 
choice behavior. 
 
 
2. SURVEY CONDUCTION OF SEAT CLASS CHOICE BEHAVIOR 
 
The current database used in most analyses related to intercity transportation planning in 
Japan usually comes from the Inter-Regional Net Flow Survey Data (e.g. Okumura et al. 
(2007)). The data is based on a nation wide trip survey conducted every five year from 1990. 
Collected trip data and OD tables are officially disclosed by Ministry of Land, Infrastructure 
Transport and Tourism. However, it can not be applied to analyses of the seat class choice 
behavior on intercity rapid train passengers, because the trip data does not include the 
revealed seat class choice. 
 
Therefore, the study conducts the web questionnaire survey regarding the seat class choice 
behavior in January-February 2008. Respondents are passengers who took Tokaido-Sanyo 
shinkansen trains within the past one month. Tokaido-Sanyo shinkansen is the representative 
intercity rapid rail lines in Japan, which connects many major cities, Tokyo, Nagoya, Osaka, 
Hiroshima and Hakata (Fukuoka), shown as Figure 1. The profile of the questionnaire is 
shown in Table 1. In order to observe the seat class choice behavior in detail, as well as the 
revealed seat class choice, five ranked (+1~+5) importance for each preference factor 
expected to be related to the seat class choice is questioned simultaneously in the survey. 
Finally, 3039 questionnaires were returned. 
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Figure 1 Route of the Tokaido-Sanyo shinkansen lines 

 
Table 1 The profile of the questionnaire 

Trip trip purpose, date of departure, itinerary 
experience origin and destination 
 departure time at origin, arrival time at destination 
 which shinkansen train the passenger took (train type and train No.) 
 revealed seat class choice 
 traveling route, access mode, egress mode 
 the number of accompanies and its category, fare, who pays 
Importance on Importance on preference factors for seat class choice (15 items) 
preference complete seating during the trip 
factor securing where to seat before departure (e.g. an aisle seat, a window seat) 
(+1~+5) selectability of departure time 
 changeability where to seat freely 
 selectability where to seat after departure 
 having a large baggage                               etc. 
 Importance on preference factors for mode choice (24 items) 
 ability of reaching rapidly 
 enjoyability of moving itself 
 accuracy of time schedule 
 easiness of loading baggage 
 safety 
 security 
 mobility                                                      etc. 
Socio-economic gender, rank of age, occupation 
Attributes a home address, car ownership 
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Year-end and New Year Holiday season is known as the one of the most congested seasons for 
intercity rapid trains in Japan. In such an unordinary circumstance, it seems to be difficult for 
many passengers to choose the seat class they want. Hence, samples traveled in such a season 
were excluded bringing the final sample size to 1176 (878 of reserved seat, 298 of non-
reserved seat). Figure 2 shows the data profile of the picked sample data. The questionnaire 
survey can observe every category of passengers, thus, the collected data seems to be valid for 
the study. 
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Figure 2 Data profile for analyses and modeling (N=1176) 

 
 
3. BASIC TENDENCY OF SEAT CLASS SHARE 
 
Figure 3 shows the relation between the observed share and travel time on Tokaido-Sanyo 
Shinkansen train (“travel time on board” from now on). If the sample got on more than two 
trains connected in the major terminal of the lines, travel time on board is derived from the 
time on the train which has the longest trip distance. The share of non-reserved seats increases 
in cases that the travel time on board is shorter than one hour. On the other hand, the share of 
reserved seats usually keeps high sharing rate around 80%, when the travel time is longer than 
one hour. It seems that the seat class choice behavior is influenced by the length of the travel 
time on board and one hour may be the preference threshold between a reserved seat and a 
non-reserved seat. 
 
As for the relationship between the observed share and importance on some preference 
factors, some tendencies are found in Figure 4. High importance on both “complete seating 
during the trip” and “securing where to seat before departure” leads to choose a reserved seat. 
On the contrary, the share of reserved seats sharply decreases when the passenger puts high 
priority on “changeability where to seat freely” and “selectability where to seat after 
departure”. 



Journal of the Eastern Asia Society for Transportation Studies, Vol.8, 2010 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 Relation between observed share and travel time on board 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Relation between observed share and importance on preference factor 
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In order to obtain further characteristics of preference factors, Multiple Indicator Multiple 
Cause (MIMIC) model, a kind of Structural Equation Modeling (SEM), as shown in Figure 5 
is calibrated. The MIMIC model is one of the popular techniques to identify the relationship 
between observed importance of preference factors and some trip and socio-economic 
attributes by the intermediary of latent variables. A MIMIC model is composed of a structural 
equation (1) and a measurement equation (2) formulated as follow: 
 

ζ+= Bsw                                                                                                                   
ε+= Λwy                                                                                                                  

where 
w  = vector of latent variables 
s  = vector of attributes identifying w in the structural equation 
y  = vector of importance on preference factors 

= vector of unknown parameters 
= random component of structural equation  

ε  = random component of measurement equation 
 
After estimating all unknown parameters of the MIMIC model and computing variance-
covariance matrix, estimated values of latent variables can be calculated using equation (3) 
for each sample. Additionally, these latent variables can be estimated by using only the 
structural equations in some virtual cases (Morikawa et al. (1993)). 
 

( ) ( )sBΛyΘΛΨΛΛΨsBw ˆˆˆˆˆˆˆˆˆˆ
1

−+′′+=
−

                                                                          
 
Estimated parameters of the MIMIC model are shown in Figure 6. Experimentally, it can be 
shown that over five categorical data can be used as a continuous quantity (Toyoda (1998)). 
Therefore, importance on each preference factor is inputted “as is” in a vector y. GFI is 
goodness-of-fit index of the estimated model, and AGFI is Adjusted GFI. From the fitness 
shown by GFI and AGFI, the model shows the relationship between objectively observed 
attributes, intuitively answered preference factors and intervening latent variables with 
enough accuracy.  
 
The measurement equation shows that the latent variable #1 is composed with “complete 
seating during the trip” and “securing where to seat before departure”. Therefore, it should be 
named “guarantee of seating”. The latent variable #2 is influenced by “changeability where to 
seat freely” and “selectability where to seat after departure”. Therefore it is named “flexibility 
of seating” by authors. The structural equation shows the influent weight of each attribute to 
each latent variable. The sign of each parameter is consistent with their intuitive effects. For 
some examples, the longer time on board makes the “guarantee of seating” more important 
for the passenger in comparison with the “flexibility of seating”. When he/she travels with 
baby (age 0), he/she tends to put importance on “guarantee of seating”. On the contrary, 
“flexibility of seating” is more important for the passenger in case of traveling with infant 
(age 1~6). 
  
Figure 7 indicates the relation between the observed share and the difference of latent 
variables estimated by the MIMIC model (in this case, “guarantee of seating” minus 
“flexibility of seating”). The positive sign of the difference means the “guarantee of seating” 
is more important than “flexibility of seating” and negative sign indicates the opposite 
meaning. The choice tendency clearly changes by the relative difference between these two  

ζ ( )Ψ,0/ MVNWA
( )Θ,0/ MVNWA

Λ,Β

(1)
(2)

(3)
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Figure 5 Path diagram for the MIMIC model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Estimated parameters of the MIMIC model 
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latent variables. This indicates that introducing heterogeneity of passengers’ preference 
explained by intangible latent variables have possibility of describing the seat class choice 
behavior more accurately. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Relation between observed share and difference of latent variables 
 
 

4. DEVELOPMENT OF SEAT CLASS CHOICE MODEL 
 
Some attempts to analyze choice behaviors considering intangible preference factors have 
been made since the disaggregate modeling system appeared (e.g. Lovelock (1975)). The 
methodology of estimating a disaggregate models with applying MIMIC model to introduce 
indirectly determined latent variables into behavioral model was proposed by Morikawa et al. 
(1993). In this procedure, these latent variables estimated by equation (3) are added as 
explanatory variables in a utility function of the disaggregate model. 
 
The calibrated parameters of disaggregate seat class choice models between a reserved seat 
and a non-reserved seat are shown in Table 2. The explanatory variable “travel time on board” 
has no difference between choice alternatives, usage of a reserved seat and usage of a non-
reserved seat. Then, the variable “travel time on board” is installed in the reserved seat utility 
function as an alternative specific variable. The parameter for “travel time on board” is 
estimated as a positive sign parameter in both models, which means that passengers taking 
longer time on board tend to prefer to a reserved seat. This is correspondent to the tendency of 
the relationship between observed share and travel time on board (Figure 3). On the other 
hand, the explanatory variable “travel cost” has a difference between choice alternatives, then, 
it is installed in utility functions as a common variable. The parameter for “travel cost” is 
estimated as a negative sign parameter in both models, which shows the tendency that travel 
cost has the negative effect for the seat class choice behavior. The negative sign of the 
parameter is consistent with the intuitive effects, well known generally in calibrating utility 
functions for mode choice, route choice behavior and so on. 
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As for the goodness-of-fit, even the Ordinary logit model, without introducing latent 
variables, has the significant goodness-of-fit shown by 2

ρ .  On the other hand, the Model with 
latent variables has more significant goodness-of-fit in comparison with the Ordinary logit 
model. This suggests that these latent variables have a profound effect on the seat class choice 
behavior and installing such latent variables is meaningful for modeling the seat class choice 
behavior. 
 
Moreover, the parameter of “travel cost” on the Ordinary logit model has insignificant 
statistical t-value. The reason of this insignificant estimation may be that there is a little and 
static difference between the “travel cost” of a reserved seat and a non-reserved seat because 
of the almost fixed additional fare for a seat reservation. On the contrary, the parameter of 
“travel cost” on the Model with latent variables has significant statistical t-value. The reason 
of this overcoming the insignificant estimation of the “travel cost” variable may be that wide 
variation among samples of personal latent variables makes variety relative difference 
between “travel cost” and other factors among samples. This may elicit the influence of the 
“travel cost” to the seat class choice behavior. As above, also in estimation of a parameter of 
“travel cost”, introduction of heterogeneity of passengers’ preference is stable and valid. 
 

Table 2 Estimated parameters on seat class choice models 
variables Ordinary 

logit model 
Model with 

latent variables
common 
variable 

travel cost 
(10,000yen) 

-2.891 
(-1.46) 

-10.85 
(-4.23) 

alternative 
specific 
variables 

reserved 
seat 

travel time  
on board (hour) 

0.727 
(7.98) 

0.438 
(4.22) 

guarantee of seating 
(latent variable) *** 1.037 

(11.9) 

non-reserved 
seat 

flexibility of seating 
(latent variable) *** 0.894 

(10.3) 
2

ρ  0.220 0.342 
hit ratio (%) 75.1 79.1 

No. of samples 1176 1176 
( ) : t-value 

 
Sensitivity analysis is also done with the Model with latent variables as shown in Figure 8. 
For this analysis, these three assumptions are applied as follow: 
 
(1) Two important variables for the flexible seat class assignment “additional fare for a seat 

reservation” and “travel time on board” are fluctuated in realistic width. 
(2) Average amount of all samples is substituted in explanatory variables of the structural 

equation except for the variable “travel time on board”. 
(3) Two latent variables are predicted indirectly using only the structural equations for each 

sample (Morikawa et al. (1993)). 
 
In case of the actual additional fare for a seat reservation, the estimated share of a reserved 
seat changes sharply from 39% to 96% in accordance with increasing of the travel time. On 
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Figure 8 Sensitivity analysis of the Model with latent variables 
 
the other hand, if the additional fare is set 4,000 yen, the share changes from 2% to 34% 
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travel time is around 2.5 hours, the share changes from 74% to 2% (-72%) more sharply than 
the former. 
 
As above, this model can calculate the share changing in accordance with the increasing and 
decreasing of both additional fare for a seat reservation and travel time. Hence, it can be 
applied for evaluation of the flexible seat class assignment, when the observed or estimated 
OD pattern for each train is given. 
 
 
5. CONCLUTION 
 
The study focuses on the seat class choice behavior on intercity rapid train passengers in 
Japan for developing the flexible seat class assignment approach, which is expected to 
improve the utilization of intercity rapid trains. Applying the disaggregate choice model with 
latent variables derived from the MIMIC model reveals that the seat class choice behavior is 
greatly influenced by not only travel time on board but also intangible latent variables such as 
“guarantee of seating” and “flexibility of seating”. Moreover, the estimated parameters of the 
MIMIC model indicate some tendencies of these important latent variables, such as a 
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passenger with baby tends to put more importance on “guarantee of seating”. These 
tendencies mentioned by the model parameters can be fundamental information for making 
seat class assignment more suitable for passengers’ preference. Even the calibrated model 
itself can offer some beneficial suggestions for discussing the seat class assignment strategy. 
 
The individual models established in the study also suggest that modeling with the 
consideration of heterogeneity of passengers’ preference explained by these intangible latent 
variables is stable and efficient in comparison with the Ordinary logit model. Furthermore, 
sensitivity analysis of the Model with latent variables shows that the model can calculate the 
share changing in accordance with the increasing and decreasing of both additional fare for a 
seat reservation and travel time. Therefore, the calibrated model is expected to be the 
powerful tool for the demand estimation of the flexible seat class assignment approach. 
 
In Eastern Asia, some intercity rapid trains have similar seat class assignment and fare setting 
to the Japanese rapid trains (e.g. Taiwan High Speed Rail (THSR), Korean Train eXpress 
(KTX)). Hence, aforementioned suggestions presented by the study are expected to be 
beneficial also for these intercity rapid trains. 
 
Finally, this paper concludes 
 
(1) The model established in the study reveals that the seat class choice behavior is greatly 

influenced by intangible latent variables, “guarantee of seating” and “flexibility of 
seating”. Hence, the individual modeling with consideration of heterogeneity of 
passengers’ preference explained by these intangible latent variables is efficient for 
describing the seat class choice. 

(2) The model also demonstrates some tendencies of passengers’ preference, which can offer 
beneficial suggestions for the seat class assignment. 

(3) For understanding and modeling the seat class choice behavior, collecting such intuitive 
answered preference data from passengers is recommended. 

 
The evaluation method for the flexible seat class assignment can be formulated as a 
mathematical optimization problem. The evaluation system for the flexible seat class 
assignment based on the genetic algorithm (GA) approach, where the seat class choice model 
calibrated in the study is applied to the demand estimation procedure, is under development 
by the authors (Shibata et al. (2009)). It is expected to show the effectiveness of this flexible 
seat class assignment approach for intercity rapid trains in Japan and Eastern Asia. 
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