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Effects of price promotions for high-speed rail (HSR) on the choice behaviours of
potential consumers are analysed for public transit marketing purposes. A question-
naire survey, with 300 valid samples collected from private vehicle drivers with long-
distance trips through freeways, is conducted. Factor analysis is employed to determine
the constructs of service quality, while a discrete choice model considering individual
heterogeneity, namely a mixed logit model, with stated preference is utilised to explore
the diversion of passengers from private vehicle drivers due to price promotions.
Analytical results reveal that service qualities, socio-economic characteristics and price
promotions significantly affect choice behaviours. Finally, some strategies are
developed from these analytical results to help a HSR operator increase its market
share.

Keywords: service quality; price promotions; high-speed rail; mixed logit model;
Taiwan

Introduction

Asian cities have experienced fundamental socio-economic changes resulting from rapid
population growth and expansion in the use of private vehicles. The relationships
between rising incomes, extensive car ownership and improvements in the road network
have increased private vehicle use (Asensio 2002). The rapid growth of private vehicle
ridership has had a negative impact on the quality of life through increases in accidents,
travel times, natural resource consumption, congestion and environmental damage. Since
promoting the sharing of public transport assists in mitigating pollution, reduces energy
consumption and encourages sustainable transportation (Kim, Ulfarsson, and Hennessy
2007), it is essential to determine an efficient and effective approach to improve mobility,
accessibility and environmental quality, by enhancing public transport design (Alterkawi
2006).

Taiwan is a narrow island stretching approximately 400 kilometres (km) from north to
south with over 95% of the population living in the Western corridor. The increasing
demand for intercity transportation in this corridor has attracted the attention of
authorities who are striving to provide the best solution. Along with two freeways
serving private vehicles, public transport services such as airways, freeway buses, the
railway and high-speed rail (HSR) have served to intensify the competition among
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different modes of transportation (Yang and Sung 2010). Most authorities recognise
bus-based systems as legitimate alternatives to rail systems (Wright and Hook 2006)
owing to the lower associated financial risks, including less potential for cost overruns
and greater responsiveness to forecast demand (Hensher 2007). However, previous
studies have concluded that investment in rail offers the best overall solution to public
transport problems (Hensher and Waters II 1994; Kain 1988).

Accordingly, an efficient high-speed mass transportation system is considered
necessary in order to meet anticipated demand for intercity and regional daily commuting
and business trips. The HSR linking the Western corridor of Taiwan with a total length of
345 km and eight stations commenced operation in January 2007. The THSR has cut
travel time between north and south to 90 minutes, meaning that most residents of Taiwan
can make one-day return trips. The substitutability between public transport modes has
caused a significant decline (by more than 50%) in the ridership of domestic airlines,
while freeway buses lost 13.2% of their passenger volume due to the HSR operations, as
shown in Figure 1. The Taiwan Railway Administration (TRA) has improved local
shuttle services to mitigate the effects of shifting passengers for long-distance trips. This
has allowed the TRA to retain its ridership although the average travel distance per
passenger has decreased by 16.4%, and revenues have fallen by 11.9%.

Private vehicles occupy about 65% of the mode share, largely because of the
advantages of door-to-door accessibility, mobility, amount of private space in a passenger
car (Anable 2005), inconvenience in transferring between modes of public transport, and
last but not least, the focus on development of car-oriented transportation in Taiwan.
Figure 1 illustrates that there was an insignificant decline of car users in 2009 whereas the
average load factor of the HSR was only 46%. This indicates that the shifting of
passengers from other modes of public transport is insufficient to assist the HSR in
achieving break-even operation. How to promote the competitive advantage of the HSR
over private vehicles rather than other forms of public transport becomes a crucial issue
for developing a sustainable transportation system. However, previous researchers have
focused on competition for the choice of modes (Hensher and Rose 2007; Román,
Espino, and Martín 2007). This study begins by investigating the critical factors
impacting the choice behaviour of potential HSR consumers (i.e. private vehicle users)
and then develops appropriate strategies for improving the market share of the HSR.

Research framework

The major difference between this and previous studies is that the utility of the HSR is
constructed by taking into account only private vehicle users rather than public transport
riders when determining insufficient services of HSR. Several HSR marketing scenarios
and alternatives are generated by means of a stated preference survey. Along with travel
cost and travel time, this study investigates some essential factors impacting mode choice
behaviour that have been omitted previously in the literature. According to the
preliminary survey, private vehicle users choose not to use HSR services owing to
problems with inaccessibility, cost, inconvenience, discomfort, time-consumption and
unreliability. This study uncovers factors impacting choice behaviour for the HSR based
on the literature review and extracts the principal components using factor analysis.
Moreover, the discrete choice model, involving marketing alternatives, essential impact
factors and socio-economic characteristics, is employed to examine the effect of
marketing strategies on HSR ridership. Figure 2 shows the research framework.
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Figure 1. Trends in mode ridership.
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Alternatives

Hensher and Prioni (2003) examined the shift in potential demand due to the introduction
of HSR services from Sydney to Canberra via a stated preference survey. The mode share
of passenger cars, buses, HSR and chartered buses was predicted according to the
preferences expressed by the respondents who comprise residents, domestic tourists and
commuters in the corridor. González-Savignat (2004) also explored the mode choice
behaviours of private vehicle drivers in Spain under the HSR operation scenario with a
stated preference study. A multinomial logit (MNL) model involving the different
distances and purposes of the trip was employed to estimate the critical variables
impacting car users in changing their mode of transport. The analytical results revealed
that most respondents are willing to shift to the HSR provided the impact factors are
acceptable with monetary cost considered the most crucial.

Ortúzar and Simonetti (2008) investigated the competition between the HSR and
domestic airways in Chile. They generated nine scenarios for various combinations of
stated preference, revealed preference and critical impact factors. A nested logit (NL)
model was applied to estimate parameters affecting choice behaviour of bus, railway and
airway passengers, with reliability being deemed the most important variable. Respon-
dents with a lower income level were more concerned with price than higher income
respondents. Furthermore, Román, Espino, and Martín (2007) utilised a discrete choice
model to assess the impact of HSR services on domestic airways in Spain. Stated
preference questionnaires were delivered to car drivers along with users of intercity bus
and railway services, whereas domestic airway users were asked to complete both stated
and revealed preference questionnaires. The results showed that domestic airways were
unable to regain remarkable consumer losses even after they significantly improved the
monetary cost and travel time.

Accordingly, pricing is the most critical controllable factor for enhancing the
competitiveness of the HSR. Sales promotion is a useful method for encouraging
customers to increase consumption ahead of time, and for acquiring potential consumers
in the short term. In fact, price is a major factor affecting both market share and profits.
Price promotion as an economic incentive can thus be employed to increase sales (Kotler
and Keller 2006). Wansink and Rohit (1998) concluded that price promotion assists
customers to decide whether or how much to consume. The degree of discount
significantly affects potential demand (Meyer and Assuncao 1990; Krishna 1994; Jedidi,
Mela, and Gupta 1999). The THSR Corporation (THSRC) has offered a variety of price
promotions including pricing discrimination, group tickets, ticking channels and
horizontal alliances. However, these price promotion strategies have a significant
attraction to consumers of modes of transport other than private vehicle drivers. To
improve the willingness of car users to switch as well as to increase the HSR share of the

Figure 2. Research framework.
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transportation market, price promotion strategies need to be developed that have a wider
appeal and are based on the demands/needs of private vehicle drivers. Although the HSR
has been in operation for only the past four years, this study emphasises the HSR’s
weakness from the car users’ perspective rather than simply determination of the mode
share in the Western Taiwan corridor. The target consumers in this case are private
vehicle drivers rather than existing HSR customers. Accordingly, this study proposes
alternative price promotion strategies arrived at from stated preferences.

Influence factors

Numerous scholars have discussed issues related to HSR operations. Besides cost–benefit
analysis (Bonnafous 1987; Coto-Millán, Inglada, and Rey 2007), discrete choice models,
including MNL, NL as well as the mixed logit (ML) model, have been used to explore
the behaviour of intercity travellers as shown in revealed or stated preference
questionnaires (González-Savignat 2004; Park and Ha 2006; Román, Espino, and Martín
2007; Yang and Sung 2010). Generally, the exogenous variables utilised in econometric
choice modelling of transportation systems include monetary cost, travel time, access-
ibility, frequency, safety, reliability and comfort (Asensio 2002; Hensher and Prioni 2003;
Espino, Martín, and Román 2008; González-Savignat 2004; Ortúzar and Simonetti 2008;
Román, Espino, and Martín 2007; Wang, Feng, and Hsieh 2010).

Along with monetary cost and travel time, the analytical results of such studies reveal
that service quality is becoming ever more crucial in the transportation industry.
Qualitative studies of bus users suggest that it is necessary to improve the understanding
of traveller attitudes regarding public transport and explore perceptions of bus service
quality (Hensher and Prioni 2003; Hensher, Stopher, and Bullock 2003; Wall and
McDonald 2007). Moreover, much work has been done in the literature to assess the
service quality of airlines. Various constructs and measures have been used to analyse the
relationships amongst performance, competition, critical factors and customer satisfaction
(Liou and Tzeng 2007; Wang 2007; Espino, Martín, and Román 2008; Balcombe, Fraser,
and Harris 2009). Ortúzar and Simonetti (2008) made a comparison of competitiveness
between the HSR and domestic airways using NL, in which the revealed and stated
preference methods were considered simultaneously. Travel time and service quality were
found to be the most significant factors influencing consumer choice behaviours.

Nathanail (2008) addressed the importance of service quality for railway passengers.
Brons, Givoni, and Rietveld (2009) discussed the relationship between service quality
and railway ridership in the Netherlands and estimated the effects of customer satisfaction
on consumer behaviour intentions. Moreover, the socio-economic characteristics includ-
ing age, income level and number of children play an essential role as service quality for
mode choice behaviour (Dissanayake and Morikawa 2010). This study thus considers the
effects of quantitative cost and time, as well as qualitative service quality and socio-
economic characteristics for determining the selection of HSR services. Identifying the
demands of potential consumers and ranking them in terms of importance in the
consumption decision is critical to expanding market share (Chikweche and Fletcher
2010). To attract private vehicle users as HSR consumers, it is necessary to understand
their expectations of HSR services based on the demand perspective. This understanding
assists in analysing the mode choice behaviours of private vehicle users, developing
marketing strategies and improving operational processes.
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Research approaches

Discrete choice model

The discrete choice model has been extensively adopted to analyse the selection of one
among a set of alternatives by a decision maker, a household or an organisation – such as
a firm or government agency (Schmöcker et al. 2006; García and Hernández 2007;
Frenkel 2007; Wong, Wong, and Sze 2008). The principle of utility maximisation
assumes that an individual facing multiple discrete choices from a universal but finite
number of alternatives will select the alternative with the highest utility. The discrete
choice model may not be a newly advanced methodology; however, it is an appropriate
approach to easily determine the user behaviours through economic rationality (Si et al.
2010).

The utility of each alternative consists of an observable component and a random error
term. Let subscripts n and j represent individual n = 1, 2, …, N and alternative j = 1, 2, …,
J, respectively. The utility function of alternative j for individual n can be expressed as.

Ujn ¼ Vjn þ ejn; ð1Þ
where Ujn indicates the marginal utility associated with alternative j for individual n which
comprises an observable component of utility, Vjn, related to each alternative j for
individual n, as well as a random component εjn. Linear-in-parameter utility functions are
usually employed due to their computational simplicity and ease of interpretation in
parameter estimates. Equation (2) shows the observable component of utility involving a
vector of exogenous variables xjnk associated with different attributes k = 1, 2, …, Kj for
each alternative j and the parameter estimate βjk.

Vjn ¼
XKj

k¼1

bjk � xjnk : ð2Þ

Moreover, the random components of utility are assumed to possess an independently and
identically extreme value type I distribution. In the decision process, individual n ranks
combination i higher than non-i if Uin > Ui0n. Equation (3) defines the logit probability of
individual n choosing alternative i, Pn(i).

Pn ið Þ ¼ Pr Uin � Ui0nð Þ ¼ exp Vinð ÞPJ
j¼1 exp Vjn

� � : ð3Þ

Equation (3) shows that the independence of irrelevant alternatives (IIA) property is
inadequate when alternatives are correlated. The ML model allows parameters associated
with each observed variable to vary randomly across individuals, enabling heterogeneity
among individuals recognition. ML was introduced to bridge the gap between logit and
probit models by combining the advantages of both techniques. Equation (4) indicates the
ML probability of individual n choosing alternative i under the taste parameter vector B
specified according to a taste distribution function f(B), making the ML probability a
weighted average of the logit formula evaluated at different values of with the weights
given by the density f(B).

Pn ið Þ ¼
ð

exp Bxinð ÞPj
j¼1 exp Bxjn

� � f ðBÞdB: ð4Þ

The model can significantly improve the explanatory power and the precision of parameter
estimates simultaneously (Bhat 2000). The ML method is being implemented in a growing
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number of empirical studies (Termansen, Zandersen, and McClean 2008; Yagi and
Mohammadian 2008).

Questionnaire design

Revealed preference and stated preference data possess their own strengths and
weaknesses. In fact, revealed preference data are cognitively congruent with actual
behaviour (Walker and Ben-Akiva 2002) whereas stated preference surveys could present
reasonable and valid combinations of situational alternatives to the subjects and allow
them to evaluate the alternatives according to their own preferences. The strengths of both
data sources could be exploited and weaknesses ameliorated by pooling both data sources
in a joint model (Louviere, Hensher, and Swait 2000). Additionally, the data enrichment
process should provide more robust parameter estimates as well as increase the
confidence and accuracy of the predictions. A combined revealed preference and stated
preference questionnaire was thus designed to determine the choice behaviour for the
HSR from the private vehicle drivers’ perspective. Five alternatives related to HSR
services – namely, discount on a second ticket, round trip tickets, non-peak hour fares,
coupon tickets and THSRC e-tickets – were included in the discount scenarios.

THSRC provided a ‘buy four and get one free’ promotion in July 2009. However, this
offer which required four people to use the same origin–destination (O–D) pair on the
same train led to insignificant effects. Discount on a second ticket gives an average of
40% off for each ticket. Moreover, the THSRC also intends to provide 25% off round trip
tickets with horizontal alliances. The round trip ticket is thus a considered alternative.
Non-peak hour discounts (15% and 35%) were offered from November 2008 to June
2010. To simplify the set of choices, this study proposes using only a third alternative
(25% off) during non-peak hours. The fourth alternative is the offering of 45% off coupon
tickets for attracting frequent travellers with the same O–D pair. The last alternative, the
e-ticket, is useful to improve customer loyalty, providing 30% off each trip.

Regarding the individual characteristics influencing modal choice, the developed
questionnaire inquires about respondent demographics, including gender, age, personal
income, education, the number of children, household vehicles, driving experience and trip
purpose besides monetary cost and travel time. Determining attribute levels to compose
hypothetical alternatives is important in experimental design. Each variable is defined on
three variation levels to test whether the individual response is linear with regard to
variables of interest. The monetary costs of HSR alternatives are estimated by the product
of list price and discount of each alternative. For private vehicles, the gas prices and energy
efficiency from the Bureau of Energy, Ministry of Economic Affairs (2009) are considered
simultaneously along with average tolls to calculate the monetary costs, whereas the travel
time is defined in terms of the values declared by the individual in the pilot revealed
preference survey. The final values assigned to each level are shown in Table 1.

Factor analysis

Additionally, this study takes qualitative variables, for example, service quality, into
consideration in the choice behaviour model. This is helpful for determining precisely the
importance of HSR service quality from the car users’ perspective and for improving the
explanatory ability of the model. Factor analysis is employed to extract principal
components, investigate the item factor structure for identifying HSR service quality
characteristics and confirm the measurement fitness of the developed model. The purpose
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of factor analysis is to simplify the item factor structure by extracting the least constructs
with the greatest explanatory ability. These observed variables function as indicators of
their respective underlying latent constructs (Byrne 2009). An error term is associated
with each observed variables. The relationships leading from the construct to each of the
observed variables suggest that these score values are influenced by their respective
underlying constructs. As such, these path coefficients, also called factor loadings,
represent the magnitude of expected change in the observed variables for every change
in the related latent construct. The multi-item scales drawn from previous work are shown
in Table 2. All the constructs were measured with items previously used in the literature. In
some cases, the items were modified to adapt them to this research context. Respondents
were asked to indicate their perception of each attribute on a five-point Likert scale
anchored from ‘strongly disagree’ to ‘strongly agree’. Finally, the reliability and validity
were statistically tested to confirm the consistency and representability of the instrument.

Results and discussion

Questionnaires were distributed at freeway service areas nearby HSR stations to 350
private vehicle drivers travelling distances exceeding 200 km and 300 effective responses

Table 1. Values of each attribute level.

Attributes Levels

Price promotions of THSRC

Private
vehicles

Discount on
second ticket

Round
trip
ticket

Discount in
non-peak
hours

Coupon
tickets

THSRC
e-tickets

Monetary
cost
(NTDa)

0 845 920 1070 770 995 1320
1 895 970 1120 820 1045 1370
2 995 1070 1220 920 1145 1470

Travel time
(minutes)

0 100 100 100 100 100 255
1 120 120 120 120 120 285
2 140 140 140 140 140 315

aNew Taiwan dollar (NTD) 1 is approximately equivalent to USD 0.032.

Table 2. Description of the research variables and basic statistics.

Items for service quality Mean SD Min Max

SQ1 The monetary cost for the trip is reasonable 2.69 1.07 1 5
SQ2 The travel time of the vehicle is acceptable 3.26 1.13 1 5
SQ3 You can easily arrive at your destinations with this vehicle 2.68 1.05 1 5
SQ4 It is convenient for you to transfer to other modes of transport 2.62 1.01 1 5
SQ5 You can easily access the vehicle anytime 2.32 0.93 1 5
SQ6 The seats are comfortable 2.28 0.81 1 5
SQ7 The air-conditioning systems are appropriate 2.19 0.75 1 5
SQ8 It is rare to have an accident on trips with this vehicle 2.29 0.78 1 5
SQ9 The vehicle rarely fails 2.26 0.75 1 5
SQ10 The vehicle takes you to your destinations on schedule 2.21 0.77 1 5
SQ11 The response in case of an accident is immediate 2.43 0.74 1 5
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being obtained, yielding an 86% response rate. About 57% of the drivers in the sample
were aged 25–44 and 59.7% were male. About 79% of the respondents had more than
three years of driving experience of which 36.7% had more than 10 years. The trip
purpose revealed the following: business (23.0%), recreation (20.7%) and return
hometown (20.3%), followed by visiting (12.0%), whereas 10.7% were commuters and
9.0% of trips were for purposes of health care.

Factor analysis

Besides monetary cost and travel time, the quality of the HSR service has an influence on
traveller demand choice in the developed model. However, numerous correlated
indicators in the choice models may lead to a multi-collinear problem. A common
approach to dealing with this type of problem is factor analysis where a few latent
constructs are used to represent a large number of observable indicators. Following
orthogonal rotation with the maximum variance method, those components with
eigenvalues exceeding 1 (Kaiser 1960) are adopted. Table 3 lists the four components
for the factor analysis. The first principal component explains 27.32% of the total
variance, with four items having positive loadings ranging from 0.76 to 0.92. Since all
items express the aspects of reliability, the construct is named ‘Reliability’. The second
component, consisting of three items, explains 18.73% of the total variance, and has
factor loadings ranging from 0.71 to 0.81. This construct is termed ‘Accessibility’
because its strong loading items express the convenience of access of the mode.
Additionally, the third component explains 16.35% of the total variance, with two items
whose loadings range from 0.90 to 0.91. Since all items express the perception of
comfortable trips, the construct is labelled ‘Comfort’. The final component, comprising
two items, explains 15.55% of the total variance, and has factor loadings ranging from
0.65 to 0.89. It is labelled ‘Efficiency’ according to the features of stronger loading items.

First of all, the reliability and validity of the measurement must be tested. Cronbach’s
(1951) alpha values for all constructs are above 0.70, indicating strong scale reliability.
Moreover, the measures adopted with factor loading, ranging from 0.65 to 0.92, exceed
the suggested threshold of 0.4 (Cortina 1993). The content validity is measured by
considering the relationship between the semantic meaning of the measures and the
constitutive definitions of the constructs (Bagozzi, Yi, and Phillips 1991). The items were
adapted from the previous literatures as well as from an in-depth interview process then
validated by exploratory factor analysis (EFA) to infer content validity.

Table 3. Results of factor analysis.

Component
Percentage of

variance
Cumulative
percentage Items (factor loading)

Cronbach’s
alpha

1 27.32 27.32 SQ8 (0.762), SQ9 (0.916), SQ10

(0.888) and SQ11 (0.783)
0.882

2 18.73 46.05 SQ3 (0.784), SQ4 (0.805) and
SQ5 (0.709)

0.763

3 16.06 62.11 SQ6 (0.911) and SQ7 (0.895) 0.875
4 12.39 74.50 SQ1 (0.653) and SQ2 (0.885) 0.702
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The 11 items used to measure four latent constructs are subjected to confirmatory
factor analysis to verify reliability and validity. Reliability can reflect the internal
consistency of the indicators used to measure given factors. Internal consistency is
assessed using the average variance extracted (AVE) and composite reliability (CR), as
shown in Table 4. In this study, all standardised factor loadings ranging from 0.51 to 0.98
exceed the 0.5 threshold value (Rivard and Huff 1998). Moreover, the CR of each
construct significantly exceeds the 0.7 minimum value suggested by Nunnally (1978),
and AVE is higher than the benchmark of 0.5 recommended by Fornell and Larcker
(1981), respectively. This study thus infers that the four constructs are internally
consistent and have strong scale reliability. Besides, convergent validity is achieved if
strongly correlated scores are obtained when using various indicators to measure the same
construct. The structural equation model can assess convergent validity by reviewing the
t-tests for the factor loadings (Hatcher 1994). The t-values in Table 4 reveal statistical
significance for all factor loadings for indicators measuring the same construct, indicating
that all indicators effectively measure their corresponding constructs and exhibit good
convergent validity. Additionally, the values of the conventional model fit indices – such
as the goodness-of-fit index (GFI) (0.92), the normed fit index (NFI) (0.91), the non-
normed fit index (NNFI) (0.91) and the comparative fit index (CFI) (0.93) – exceed the
threshold value of 0.9. The parsimony goodness-of-fit index (PGFI) (0.53) also exceeds
the value of 0.5 suggested by Mulaik et al. (1989), referring to the model’s excellent fit to
the data.

Discrete choice model

The initial utility function specification includes alternative specific constants, generic
variables and alternative specific variables. The average values of the latent constructs
utilised in the choice model are calculated from the sum of each involved item score
multiplied by its standardised factor loading. Analogous to the t-test in linear regression,

Table 4. Construct validation.

Construct Items Standardised factor loading t-Value Measurement error CR AVE

Efficiency 0.755 0.621
SQ1 0.59 8.43 0.75
SQ2 0.98 11.25 0.05

Accessibility 0.750 0.510
SQ3 0.80 14.58 0.40
SQ4 0.51 8.27 0.88
SQ5 0.84 15.53 0.26

Comfort 0.917 0.847
SQ6 0.89 17.42 0.14
SQ7 0.87 16.97 0.14

Reliability 0.926 0.759
SQ8 0.69 13.09 0.32
SQ9 0.89 19.04 0.11
SQ10 0.84 17.24 0.18
SQ11 0.78 15.55 0.21
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the asymptotic t-test (valid only for large samples) is used to test whether a particular
parameter differs from zero. The likelihood ratio test can provide joint tests of several
parameters and allow assessment of overall goodness-of-fit of the model. The likelihood
ratio index (rho-squared), a goodness-of-fit measure similar to R2 in linear regression, is
employed to compare different model specifications. The estimation results of the MNL
and ML are indicated in Table 5.

Based on Table 5, it can be seen that all parameter estimates are robust, statistically
significant and of the right sign. Monetary cost and travel time have a significantly

Table 5. Estimation results of the choice models.

Parameter estimates (t-value)

Attribute MNL ML

Alternative specific constant
Discount on second ticket −6.819 −7.585
Discount on second ticket (standard deviation) − 1.623 (3.71)
Round trip ticket −8.826 −10.165
Discount in non-peak hours −5.492 −6.384
Coupon tickets −11.552 −13.303
THSRC e-tickets −9.116 −10.447
Private vehicles (baseline) − −

Generic variables
Monetary cost −1.688 (−19.79) −1.929 (−14.39)
Monetary cost (standard deviation) − 0.212 (2.90)
Travel time −2.424 (−7.97) −2.851 (−7.73)
Efficiency 0.389 (3.20) 0.310 (2.05)
Accessibility 0.320 (3.80) 0.334 (3.20)
Comfort 0.278 (2.55) 0.376 (2.92)
Reliability 0.202 (2.18) 0.218 (2.03)

Alternative specific variables
Age – specific to round trip ticket 0.835 (3.42) 0.928 (3.42)
Education – specific to coupon tickets 0.946 (2.27) 1.030 (2.25)
Children – specific to round trip ticket −1.163 (−5.13) −1.354 (−5.16)
Children – specific to non-peak hours −1.977 (−5.63) −2.221 (−5.80)
Children – specific to e-tickets −1.025 (−3.26) −1.147 (−3.26)
Household cars – specific to second ticket −0.883 (−4.39) −1.186 (−4.19)
Household cars – specific to non-peak hours −0.697 (−2.91) −0.785 (−3.14)
Household cars – specific to coupon tickets −1.065 (−4.48) −1.242 (−4.55)
Driving experience – specific to second ticket −0.710 (−2.57) −0.714 (−1.96)
Driving experience – specific to coupon tickets −1.306 (−3.92) −1.427 (−3.80)
Driving experience – specific to e-tickets −1.050 (−3.53) −1.184 (−3.66)

Observable heterogeneity
Efficiency × purpose – back home − 1.007 (2.53)
Log-likelihood at zero −1605.416 −1605.416
Log-likelihood at convergence −862.627 −812.759
Likelihood ratio index (rho-squared) 0.463 0.469
Sample size 300 300
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negative impact on utility. This implies that the probability of choosing modes to finish a
trip is reduced with increasing travel cost or time. In contrast, all the constructs of service
quality possess a significantly positive influence on choice behaviours. In fact, most car
drivers are concerned with the accessibility of HSR stations, which are located in
suburban areas, so must depend on the provision of feeder buses. Older respondents are
more likely to choose the HSR if round trip tickets are available, whereas respondents
with higher education are more likely to utilise HSR services if coupon tickets are
provided.

The number of children significantly decreases the willingness to select the HSR even
with the round trip ticket, THSRC e-tickets and non-peak hour discount price promotion
strategies, whereas the group discount alternative is insignificantly negatively affected by
children. Furthermore, the user utility is negatively correlated to those with more
available cars per household and more driving experience. As expected, such users are
more accustomed to driving rather than taking the HSR to make a trip.

The ML improves the accuracy of the simulation of individual log-likelihood functions
and reduces simulation variance of the maximum simulated log-likelihood estimator.
Random parameters for this ML model are estimated as normally distributed parameters.
This is done in order to allow parameters to both negative and positive values. Both
observed attributes associated with the mode alternative, and individual along with the
unobserved attributes were tested by introducing random parameters. The significant cross
relationship between efficiency and the back home trip indicates the observable
heterogeneity. Most back home trips occur during vacations and entail more monetary
cost and travel time regardless of whether the HSR or a private vehicle is used. Such
travellers thus attach more importance to efficiency than other trip purposes.

The results of the estimated ML model are shown in Table 5. The likelihood ratio
index is 0.469, indicating a good model fit with statistically significant parameters.
Furthermore, estimated standard deviations of the random parameters of the variable
representing the monetary cost and the constant specific to the discount on the second
ticket are statistically significant in the model at the 95% confidence level. The significant
t-statistics for these standard deviations indicate that these are likely to be statistically
different from zero, confirming that parameters indeed vary across individuals. Features
of the other variables and the implications are generally similar to those in the MNL
model.

Different levels of monetary cost and travel time are simulated by offering a range of
behaviour choices from 10% to 10%, respectively. Figure 3 shows the result of a
sensitivity analysis of travel costs for car drivers. The variations in mode share for the car
vary from 16.46% to 9.80%. The mode share for a car is slightly inversely proportional to
travel time, since most drivers consider cost and accessibility to be more crucial than
travel time. Notably, the increasing monetary cost for car use essentially leads to the
switching of trips from private vehicles to HSR services. In comparison, choice behaviour
insignificantly varies with reduction in car use cost, suggesting that push strategies for
private vehicles might be more effective than pull strategies from the HSR.

Management implications

From the HSR operator’s perspective, understanding the demands of potential consumers
helps in the development of marketing strategies and thus increases their market share.
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Based on the analytical results, some marketing implications are suggested given the
diverse characteristics, strengths and weaknesses that affect competition.

According to the results of the sensitivity analyses of the proposed discrete choice
model, to achieve a reduction of car trips, customers would prefer a discount on the
second ticket and round trip ticket to other HSR alternatives. The discount on a second
ticket releases a higher threshold of participants than for the previous ‘buy four and get
one free’ offer. The next most effective at interesting car drivers in HSR services is the
round trip ticket without limitations and departure time. Discounts on non-peak hour
tickets, such as has been provided in the past, possess insignificant influence on attracting
people to change their mode of transport on long-distance trips. Except for inelastic
business demands, that is, peak hours, trips are usually made during vacations, so such
discounts attract less attention from car drivers.

Because most respondents consider HSR services to be inaccessible and unreliable,
operators should improve the quality of accessibility and reliability immediately. High
speed is the major advantage of HSR services. However, delayed passenger arrival due to
unreliability caused by failure of infrastructure is unacceptable. The THSRC should
construct effective redundancies and comprehensive emergency response plans for
improving the flexibility and mitigating the impact of external factors on HSR operations.
Furthermore, the THSRC should also cooperate with local transit operators to provide
efficient shuttle services along appropriate routes at sufficient frequencies for tackling the
essential inaccessibility issues.

Due to the differences between the preference of travellers with various socio-
economic and trip characteristics, various price promotion strategies are suggested for
market segmentation. For instance, the THSRC could adopt miles earned e-tickets for

Figure 3. Sensitivity analysis of travel costs.
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business class upgrade or free tickets to retain the loyalty of both enterprise members and
frequent consumers. Moreover, a HSR package tour deal could be provided through
horizontal alliances with travel agencies, operators of recreation areas and hotels, as well
as local government tourism activities. For passengers with accompanying children,
strategies could include park and ride discounts or alliances with car rental firms to bridge
the gaps of inaccessibility along with the inconvenience of HSR services. From the
authority perspective, subsidies are infeasible because the THSRC is based on the ‘build-
operate-transfer’ mechanism of ownership. However, releasing the road rights of shuttle
services would be helpful to mitigate inaccessibility problems and encourage sustainable
transportation. Additionally, it could be effective to levy congestion charges along
the HSR corridor as a push strategy to encourage private vehicle users to switch.

Conclusions

This study has discussed the influence of HSR price promotion strategies and market
structure on mode choice behaviour. The joint stated preference and revealed preference
methods were utilised to collect data on intercity travellers and validate the proposed
mode choice behaviour of potential consumers with heterogeneity. This study has
suggested the most effective marketing strategy choices for HSR operators, determining
the impact of the qualitative service qualities, including efficiency, accessibility, comfort
and reliability, extracted from 11 items to determine the mode choice behaviour of long-
distance travelling in the Western Taiwan corridor.

MNL and ML models were employed to discuss the relative advantages and
weaknesses of the HSR’s price promotion alternatives from the perspective of private
vehicle drivers. The logit model, which may not be the most advanced choice of modelling
method, has become a favourite research tool, and was used here. Whereas monetary costs
and travel time significantly negatively impacted utility, the service quality constructs as
the generic variables significantly influenced the mode choice preference. Based on the
estimated parameters, the critical barriers causing private vehicle drivers shifting to HSR
service were inaccessibility and high monetary cost.

The possible interactions of demographics and operational characteristics with the
sensitivity measures were identified by market segmentation analysis. Age, educational
level, number of children, number of cars per household and driving experience are
noticeably associated with driver perceptions of the increase in penalty level for shifting
to HSR services. For example, the number of children significantly decreases the
willingness to select the HSR due to the insufficient facilities and lack of shuttle services.
The utility was also negatively correlated with more available cars per household and
more driving experience.

The results of sensitivity analyses indicated that the mode share of cars is slightly
inversely proportional to travel time since most drivers consider that cost and accessibility
is much more crucial than travel time. Accordingly, some management implications such
as the formation of horizontal alliances, taking advantage of market segments and
improvement of service quality were suggested as mean for HSR operators and
authorities to effectively attract car users from private vehicles.

In future, longitudinal studies should be considered to enrich the results and illustrate
the complexity of the direction in the links between the variables and take into account
the dynamics. In addition, the actual mode share effect should involve calibration of the
behaviour of the transportation infrastructure and services in competition with each other.
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