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A B S T R A C T

High-speed passenger rail (HSR) is seen as an ideal solution for fast, safe, and resource-efficient mobility for
intercity travel. For proposed HSR service, stated preference (SP) surveys are necessary to obtain the data needed
for ridership forecasting. In SP surveys, it may be helpful to include images of the options being examined to
support respondent decision-making. However, it is unclear from the current literature how images of a pas-
senger train included in an SP survey affect mode choice models developed from the resulting survey data. This
paper presents a case study examining the impacts of including images of proposed high-speed passenger trains
in SP surveys for HSR service planning activities based on a survey of residents in two communities in Central
Texas. Three groups were examined − a control group with a “text-only” description of proposed rail service, an
image of an average-quality train, and an image of a premium-quality train. Analysis of the survey responses
found that the value of time (VOT) for respondents viewing the premium image was nearly twice the VOT for the
text-only condition. However, the premium-quality train image had a lower error variance, resulting in a data set
that was less “noisy” than the other image or the base condition. This analysis provides a starting point for a
broader discussion on how HSR is portrayed in surveys and the potential for eliciting bias based on the images
displayed.

1. Introduction

High-speed passenger rail (HSR) is seen by many in the U.S. trans-
portation policy and planning communities as an ideal solution for fast,
safe, and resource-efficient mobility in high-demand intercity corridors
between 100 and 500 miles in total endpoint-to-endpoint length (FRA,
2009, 2010; Peterman et al., 2009). While this means of travel has been
implemented widely and with much success in Europe and Asia for
several decades (e.g., Givoni, 2006; Campos and de Rus, 2009), de-
velopment of a world-class HSR system in the U.S. has not been rea-
lized. In the U.S., passenger rail in the Northeast Corridor (Washington
D.C.–New York–Boston) can reach up to 150 miles per hour in some
places along the route, but average speeds are generally much lower,
resulting in an average speed of just over 80 miles per hour
(Schwieterman and Sheidt, 2007). Outside of the Northeast, although
efforts have been ongoing for several decades (e.g., Fisher and Nice,
2007; FRA, 1997; Schwieterman and Sheidt, 2007), HSR development
has been unsuccessful. Proposals across the U.S. totaling more than
15,000 route-miles have been identified as potential HSR corridors,

including major initiatives in California, the Midwest, and the South-
east as well as privately-led efforts in Florida and Texas.

A critical element of the planning and decision-making process for
transportation systems investments is understanding how travel de-
mand is impacted by a proposed investment. For example, the in-
troduction of a new travel mode can affect a mode shift for some tra-
velers, improve travel conditions for other travelers, and stimulate new
trips. Understanding these impacts is essential for informed decision-
making for new transportation investments. For new transportation
modes such as high-speed intercity passenger rail, it is difficult to
forecast potential ridership and mode shift, as well as the resulting
impacts on other parts of the transportation system, using historical
data where no such data exist. Additionally, it is difficult to isolate the
effects of certain factors such as travel time or travel cost from existing
data, where the many aspects of traveler decision-making are con-
founded and not easily measured. The use of stated preference (SP)
surveys can overcome these issues by presenting survey respondents
with hypothetical situations in an environment where the key variables
can be varied in a controlled manner such that the trade-offs can be
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accurately measured (Steer Davies Gleave, 2011a). Consequently, many
ridership studies for proposed HSR routes in the U.S. utilize SP data to
support mode choice modeling and ridership forecasting activities (e.g.,
AECOM Consulting and Wilbur Smith Associates, 2002; Cambridge
Systematics, 2008, 2012; Louis Berger Group Inc., 2015). SP mode
choice models for HSR services have also been discussed in the aca-
demic literature (e.g., Bhat, 1995, 1997a,b; González-Savignat, 2004;
Hensher, 1997; Outwater et al., 2010).

Recent developments in HSR and passenger rail expansion in the
U.S. have raised the conversation about the issue of forecasting accu-
racy and the uncertainties associated with ridership forecasting. The
accuracy of demand forecasting for “mega-projects” such as HSR in-
itiatives has been questioned (e.g., Flyvbjerg et al., 2005); international
experience in Korea (Lee and Chang, 2006) and Taiwan (Cheng, 2010)
has highlighted the issues of over-estimating HSR ridership at the
planning stages. Accuracy in mode choice modeling for HSR routes is
also essential to an accurate economic appraisal of proposed HSR in-
itiatives. For instance, one key benefit of HSR service is the time savings
realized by travelers using HSR instead of other modes. The monetary
value of this time savings is calculated using the expected value of time
(VOT) of the rail travelers, which is also estimated primarily from
stated preference models. Accurate estimates of rail traveler VOT are
essential to accurately calculating the economic benefits derived from
time savings (e.g., Brand et al., 1992, 2001; Hultkrantz, 2013; Steer
Davies Gleave, 2011b). Consequently, for numerous reasons, an accu-
rate mode choice model is critical to informed decision-making for HSR
projects.

One particular concern in the application of SP surveys for HSR is
the issue of familiarity of the individual taking the survey with all the
travel choices presented in the survey. Specifically, a respondent may
not be familiar with proposed HSR services that are the subject of the
survey and therefore may not have enough information to make a de-
cision when presented with a hypothetical travel choice (Steer Davies
Gleave, 2011a). To mitigate this concern, the design of the survey
would likely incorporate a description of proposed HSR services and the
features of the service on the basis that the respondent might be un-
familiar with HSR. Images of the proposed services may also be in-
cluded with the description. On one hand, including images provides
respondents with additional information which may be helpful in
aiding the respondent in making choices presented in the survey. On
the other hand, the presentation of the equipment may introduce an
unintended bias in the survey responses, particularly if the images do
not portray a realistic scenario in terms of how the actual HSR services
may appear. Understanding how images affect responses to an SP
survey for passenger rail planning is needed to understand how the
underlying mode choice models are impacted. At a minimum, it is
unclear from the current literature how images of a passenger train
included in an SP survey affect the development of mode choice models
from the resulting survey data. This paper seeks to add clarity to this
issue by presenting a case study examining the impacts of including
images of proposed high-speed passenger trains in SP surveys for HSR
service planning activities based on a survey of residents in two com-
munities in Central Texas.

2. Literature review

Stated preference surveys are used to obtain information for plan-
ning new travel modes or significant changes to existing travel modes
for which current behavioral data cannot adequately predict future
preferences. Because there are very few HSR routes in the U.S., SP
surveys are used to assist with demand forecasting and related service
planning activities. The quality of the data obtained from an SP survey
is related to a number of factors, one such factor being the level of
“realism” in the SP exercise. Since SP surveys are commonly undertaken
to study a hypothetical product or travel alternative, designers typically
wish to include as much information as possible to aid the respondent

in understanding the choice task. The main motivation for improving
the realism of the exercise is to reduce respondent burden, which in
turn improves both the quantity and the quality of the survey responses.
To this end, some literature suggests the use of visual representations of
attributes or alternatives in an SP survey to supplement verbal or
written descriptions. Several benefits of including pictorial re-
presentations of attributes or alternatives in choice experiments have
been identified in the literature (Bradley, 1988; Green and Srinivasan,
1978; Jansen et al., 2009):

• Certain attributes or alternatives may be difficult to describe with
text descriptions;

• Visualization may improve comprehension and understanding of the
choice task by reducing information overload, resulting in better
choices;

• Visualization may lead to higher perception homogeneity because
images may be open to less individual interpretation than written
descriptions; and

• The choice task may be more interesting or less fatiguing to re-
spondents.

Visual material in the name of improved realism is designed to aid
the respondent in understanding the choice task. In these applications,
the common phrase “a picture is worth a thousand words” is appro-
priate to describe the motivation for adding images to a survey. Most
research on the subject of adding images to SP surveys has focused on
topics where visual material may be useful to respondents. For example,
the work of Louviere et al. (1987) in the context of destination choice
for state parks found no difference between visual and verbal descrip-
tions of the state parks. In their study of consumer preferences for car
stereo equipment, Vriens et al. (1998) found that pictorial representa-
tions of the equipment improved respondents’ understanding of the
complex design attributes of the equipment while written representa-
tions resulted in greater predictive accuracy. As computing and gra-
phics technology have improved, the level of detail that can be ex-
amined in a research study on the impacts of images in SP surveys has
also increased. For example, Orzechowski et al. (2005) incorporated
visualization into text descriptions of housing choices and found that
the images had no effect on the validity of the survey responses and
provided greater reliability. Jansen et al. (2009) examined the impacts
of images in two small-scale studies of housing and neighborhood
preferences in the Netherlands. They found that including the images
resulted in differences in the choice models; these differences were
attributed to the accidental (i.e., extraneous) details included in the
images. Patterson et al. (2017) found that the use of virtual reality
material in a landscape preference survey resulted in more significant
variables and an improved model fit as compared to the text-only
model.

The use of visual material to add realism to the SP exercise in
transportation applications is not a new concept (e.g., Carson et al.,
1994) and appears to be standard practice, particularly for complex
situations. Visualization applications for SP surveys in the transporta-
tion realm include studies of crash risk on urban streets (Iragüen and
Ortúzar, 2004), non-motorized travel preferences (Clifton and Perez,
2015; Tilahun et al., 2007), and customer preferences for premium
transit options (Hensher and Mulley, 2015). The use of visualization in
the context of SP surveys for passenger rail planning also appears in the
literature, although far less common. Since the proposed rail service is
the hypothetical alternative in an SP survey, providing respondents
with some visual material describing the proposed rail service has been
mentioned in the literature. In a survey supporting the design of a very
fast train (VFT) system in Australia, Gunn et al. (1992) reported pro-
viding the respondent with a “realistic brochure describing the VFT
service, including a route map, a timetable, a picture of the train, and a
description of some service features.” In their questionnaire, Gehrt and
Rajan (2007) reported providing the respondent with “color photos of
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the exterior and the interior of an HSR train” with the intention of
making the response setting “more tangible” to respondents.

However, research into the specific effects of incorporating visual
material to add realism to SP surveys for travel mode choice models has
been fairly limited. Three studies identified in the transportation lit-
erature which specifically examined the impacts of adding visual in-
formation to an SP survey are Arentze et al. (2003), Rizzi et al. (2012),
and Harline and Burris (2014). In Arentze et al. (2003), the purpose of
the study was to improve the quality and validity of SP data from re-
spondents with limited literacy skills. They developed a mode choice
model for commuters in South Africa and found that the use of pictorial
material supplementing a verbal description of attributes had no impact
on the error variance or measurement of attribute weights. Conse-
quently, they concluded that the effort necessary to develop and present
pictorial material was not compensated by better quality data. In Rizzi
et al. (2012), the authors examined how displaying images of heavy
traffic congestion during a stated preference survey affected the value
of travel time savings (VTTS) estimated from the resulting mode choice
model. Specifically, given that many SP surveys desire to estimate VTTS
for free-flow traffic conditions and congested traffic conditions sepa-
rately, they speculated that the inclusion of images would aid the re-
spondent in understanding the context of “congested” traffic conditions
and thus would provide a better estimate of the congested VTTS. They
found that, for the survey respondents who were presented with
images, the free-flow VTTS was $5.70 per hour and the congested VTTS
was $7.40 per hour. However, for the survey respondents without
images, the free-flow and congested VTTS were approximately equal to
$5.90 per hour. The conclusion from Rizzi et al. (2012) was that in-
cluding the traffic images in the SP survey can “substantially influence
how traffic conditions associated with hypothetical travel times are
perceived,” as evidenced by the VTTS differences. Harline and Burris
(2014) used images of traffic in an SP survey of drivers in Houston,
Texas, and found no evidence that the image presentation had a sig-
nificant effect on the VTTS derived from the model estimates.

The use of visual material in traveler surveys appears to be typical
practice in situations where survey designers perceive the need to
support the text or verbal content with pictures or images. For example,
given that potential travelers in the U.S. may be unfamiliar with the
qualitative attributes of Asian- or European-style HSR, the use of visual
material describing these attributes may be helpful for respondents to
better-understand the hypothetical travel context of a proposed rail
service. However, the use of such material in the presentation of the
attributes or alternatives (i.e., a pictorial representation of the proposed
HSR alternative) may effectively bias the SP survey data. As Roth
(1998) notes:

However, the way in which new [high-speed rail] services are
presented must be carefully considered. Even with a simple and clear
presentation, there is likely to be a certain amount of “justification bias”
− the tendency for respondents to stick with their present mode choice
regardless of the attributes of competing alternatives. On the other
hand, if the presentation is rather flashy and its features overly stressed,
an opposite “policy bias” may be created (Page 58).

The last sentence of the above quote suggests that the policy bias
created by the visual presentation of the hypothetical HSR alternative
could serve to overstate the potential use of new rail services. A similar
issue was raised in a report on the development of a survey for the
proposed California HSR system by Botimer et al. (1994). In their dis-
cussion of the use of SP questions and data in the survey, they noted the
following concern about respondent experience with passenger rail and
potential for bias:

Of those respondents who have taken interregional train voyages,
many are likely to have taken them abroad. All respondents who have
ridden high speed rail trains have done so abroad. The underdeveloped
nature of the passenger rail system in the United States, and especially
in the West, makes a discussion of the relative preference of rail service
based upon perceptions references to the European or Japanese rail

system likely to introduce significant bias as well. For instance, people
who have traveled extensively in Europe using the greatly inter-
connected passenger rail system may mistakenly attribute the char-
acteristics of such a rail system to the proposed system that is currently
being evaluated in California (Page 158).

Theoretically, the inclusion of strategically-selected images pre-
senting a “flashy” new alternative travel mode in the survey in-
corporates additional information in the choice process, thereby di-
verting at least a portion of the respondents’ focus away from trading-
off between the actual attributes considered in the survey. On the
surface, this appears to be an overly skeptical position − after all, all
surveys are designed with the full-faith assumption that the responses
provided reflect legitimate and honest decision-making processes on
the part of respondents who consider only the questions given and are
not distracted by “noise” on the survey instrument. However, surveys
that include visual aids for survey respondents with no intention of
biasing the resulting data may do more harm than good by including
visual material which might compel responses in a particular direction.
Alternatively, visual material may reduce the variability in the data by
providing all respondents with the same representation of a hypothe-
tical scenario, rather than forcing respondents to create such re-
presentations individually. At a minimum, the true effects of adding
such material are not fully understood by planners.

3. Case study setting

The setting of this case study was two communities in the U.S state
of Texas, Waco and Temple. These communities are located in the
Central Texas region along Interstate 35 between Dallas/Fort Worth
and Austin. The 2010 U.S. Census population was 124,805 for Waco
and 66,102 for Temple (U.S. Census Bureau, 2010). The Interstate 35
highway corridor passes through the study communities on its path
between Dallas/Fort Worth and Austin. In addition to automobile
travel, intercity transportation alternatives in the study communities
included intercity bus, conventional Amtrak intercity rail service, and
regional airline service. Intercity bus service by Greyhound Lines and
others served the communities with a route along Interstate 35. Am-
trak’s Texas Eagle long-distance train makes daily stops in both direc-
tions in Temple and McGregor (20 miles southwest of Waco). Regional
airline service was available near both communities, connecting to
Dallas/Fort Worth and Houston.

Although the region is served by the once-daily Amtrak Texas Eagle
passenger rail route, the large population and economic significance of
the region often called the Texas Triangle (formed by linking Dallas-
Fort Worth, San Antonio, and Houston) has resulted in a number of
proposed high-speed or higher-speed intercity passenger rail initiatives
for the region. In 1990, the Texas High-Speed Rail Authority solicited
franchise applications to establish HSR service through the region;
however, the project was cancelled in 1994. The two communities are
also located within the route of the South Central High-Speed Rail
Corridor (SCHSRC) which was designated in 2000 by the U.S. DOT to
link Dallas/Fort Worth with Austin and San Antonio (FRA, 2013). Even
with the federally-designated corridor, however, passenger rail service
along the corridor has not changed substantially since 2000 and the
federally-designated corridors program was eliminated in 2012. In
2013, the Texas-Oklahoma Passenger Rail Study (TOPRS) was initiated
to study the costs, benefits, and impacts of different types of passenger
rail options for the Interstate 35 corridor between Oklahoma City and
South Texas. The study area for the project included the communities
examined in this case study. Three alternative corridor concepts have
been established as part of this study with all three concepts including
Waco and Temple as proposed station locations (TxDOT, 2016).

The two communities selected for detailed study as part of this re-
search were ideal for an inquiry into the impacts of HSR equipment
images on SP survey outcomes. The two communities are located in a
corridor that has some intercity passenger rail service currently but is
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also being considered for HSR improvements. However, at the time of
the survey, no detailed plan for service had been developed − in-
cluding cities to be served with new rail service, the type of equipment
to be used, and a timetable schedule. Therefore, an SP survey would be
the only method of determining how residents value time while tra-
veling and potential usage of new rail services. Additionally, with no
specific plan announced with respect to the type of equipment that
would be used on new service, the descriptions (and images) would
likely be the only information that the respondent had regarding the
quality of the rail equipment being planned for HSR improvements.

4. Research methods

4.1. Research methods overview

The research methods utilized in this case study included the fol-
lowing elements:

• Design of a survey questionnaire to identify travel patterns and
potential usage of intercity passenger rail service in the two case
study communities;

• Design of an experiment, to be inserted into the survey ques-
tionnaire, to test the effects of adding visual supporting material to
SP surveys in the context of passenger rail planning;

• Administration of the survey questionnaire via the Internet;

• Preliminary statistical analysis of the survey data set; and

• Development of a mode choice model to identify the effects of rail
equipment visualization in surveys on model outcomes, such as
value of time derived from model parameters.

This section provides the details of the first three elements listed
above, while the final two elements listed above are discussed in
Sections 5 and 6, respectively.

4.2. Survey questionnaire design

A survey questionnaire was developed and targeted to residents in
the two study communities. The survey was implemented as an online
survey and contained a total of 19 questions, sequentially organized as
follows:

Identification of the respondent’s home community.

• A question related to the frequency of travel (within the preceding 6
months) via automobile between the respondent’s home community
and five large urban areas in Texas (Austin, Dallas, Fort Worth,
Houston, and San Antonio) by purpose of travel (business and non-
business).

• Six SP questions asking the respondent to choose automobile or
intercity train for a hypothetical non-business trip between the re-
spondent’s home community and central Dallas. Theoretical travel
costs and travel times for automobile and train trips, as well as the
frequency of service for the train, were incorporated into the six SP
questions to add realism to the questions.

• A question about the respondent’s experience with various rail
transportation modes ranging from urban rail transit service in
Texas to intercity passenger rail in the U.S. and high-speed intercity
passenger rail in Europe or Asia, measured on a four-point sa-
tisfaction scale.

• A question containing a series of eight statements about the re-
spondent’s potential use of new passenger rail service in their
community as well as their opinion on certain aspects of travel via
passenger rail relative to automobile travel, measured on a seven-
point agreement scale.

• A question containing a series of six statements related to the re-
spondent’s opinion on the potential impacts of new passenger rail
service in their home community on various aspects of the quality of

life, business and employment, and tourism, measured using the
seven-point agreement scale as the previous question set.

• Eight questions related to the respondent’s socio-economic back-
ground.

4.3. Visualization of high-speed passenger rail alternatives

Literature on the design of SP experiments has suggested the use of
visual material to support text descriptions of alternatives or attributes
in the exercise. The motivation for adding photos or other graphics to
the SP exercise is that such material might aid the respondent’s deci-
sion-making process by making the choices more tangible to the re-
spondent. In the case of alternatives that do not yet exist (such as new
HSR), visual aids may also be used to “introduce” the respondent to the
hypothetical alternative. In this context, it has been suggested that vi-
sual material could be used to portray the new rail mode as “flashy” and
overstress its attractive features − effectively distracting the re-
spondent from considering the attributes of the various alternatives by
creating extra “noise” in the exercise (Roth, 1998). Furthermore, por-
traying proposed rail service as “flashy” when “typical” equipment
might actually be used on the route represents a potential situation
where the survey design could bias responses by presenting the rail
service in a highly-attractive manner. This case study considered the
effects of adding such visual material by dividing the survey re-
spondents into three randomly-assigned groups, with each group
varying only on the presentation of the hypothetical passenger rail al-
ternative in the SP exercise.

Immediately prior to the start of the SP portion of the survey, the
respondent was presented with a description of a hypothetical intercity
passenger rail service connecting his or her home community with
central Dallas. The following text was used to describe the hypothetical
service:

A new passenger rail system is being planned for Texas. The system
would connect< home community> to cities along the Interstate
35 corridor including Austin, Dallas, and San Antonio. Stations in
those cities would be in or near the downtown areas of those cities,
and would be connected to major businesses and tourist attractions
via local transportation options or within walking distance.

Passenger trains would consist of the following amenities:

• Modern and spacious passenger coach cars, containing two wide,
comfortable, reclining seats on each side of a center aisle

• Electronic outlets at each seat for laptop computers or other devices

• Free high-speed wireless internet access

Passengers would be free to move around the train at all times while
traveling. Each train car would include restrooms, and each train
would have a café car with food and drinks available for purchase.

Respondents in the first group had intercity passenger rail presented
in a “text-only” format using the above text as the exclusive description
of the passenger rail alternative. The remaining respondents also were
presented with the above text description, but also had a package of
two images displaying the exterior and interior of an intercity passenger
train that could be feasibly deployed in the study corridor and capable
of speeds up to 125 MPH to supplement the text description.
Respondents in the second group were shown a photo package that
resembled “typical” intercity passenger rail equipment, as shown in
Fig. 1(a). The third group of respondents was shown a photo package
that resembled “flashy” intercity passenger rail equipment, as depicted
in Fig. 1(b).

The specific equipment type portrayed in the “Typical” package was
the Talgo-built equipment operated by U.S. railroad Amtrak in its
Pacific Northwest routes. The specific equipment portrayed in the
“Flashy” package was the Siemens-built Velaro E series, operated by the
Spanish railroad Renfé as the AVE S103 series on various routes in
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Fig. 1. “Typical” and “Flashy” Image Packages
Shown to Survey Respondents.

Fig. 2. Screen Shot of “Travel Choices Introduction” Survey Page Showing Images.
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Spain. The photos were edited prior to their use in the survey to ensure
as much consistency between the two photo packages, reducing the
potential for variation caused by inconsistencies in the color of the
equipment, interior lighting, and background and foreground elements.
Fig. 2 shows an example of the combined text and image description of
the hypothetical intercity passenger rail service on the “Travel Choices
Introduction” page of the survey questionnaire with the “Flashy” image
package displayed.

4.4. Survey administration

The survey questionnaire was administered to a sample of residents
in each community via the Internet in the summer of 2011. Subject
recruitment was achieved through invitations sent through e-mail dis-
tribution lists of area employers and community organizations as well
as news articles and advertisements in local newspapers. These efforts
were supplemented with field visits to each community to directly re-
cruit subjects to participate in the study and to provide community
residents who might not have access to a computer with Internet cap-
abilities the opportunity to participate in the study. To improve overall
participation in the survey, three gift cards valued at $250 each were
offered to three randomly-selected study participants once the survey
period was complete. The survey questionnaire was open and accessible
to receive responses for 91 days of data collection during which a total
of 1027 surveys were obtained .

5. Preliminary analysis

5.1. Demographic profile of survey respondents

Table 1 reports the key demographic characteristics of the survey

sample for each community as well as the total survey sample. A total of
1027 surveys were completed, of which 565 (55 percent) were from
Waco-area residents and 462 (45 percent) were from Temple-area re-
sidents.

Approximately one-third of respondents received each image
package (text-only, typical image package, flashy image package) and
no significant difference was observed in the distribution of image
package between the two communities (χ2 = 0.97, p = 0.616, df = 2).
As such, no variation in survey responses with respect to image package
can be attributed to differences in responses between communities.
Examining the distribution of key demographic variables, approxi-
mately 63 percent of the survey respondents were female. Most re-
spondents in the sample reported an age between 45 and 64 years with
the median age of approximately 50 years. The number of vehicles,
number of adults, and number of children in the respondents’ house-
holds was consistent between the two communities. With respect to
annual household income, the most frequently reported income group
among respondents in all three communities was the $50,000 to
$74,999 group, suggesting a relative level of affluence among the
sample. The median household income among the survey sample was
estimated to be $68,500. The data from Table 1 indicate that no sig-
nificant differences were observed between the two study communities
with respect to the key variables that could influence travel choice,
notably age (χ2 = 7.46, p = 0.188, df = 5) and household income
(χ2 = 2.11, p = 0.909, df = 6). Therefore, survey responses from the
two communities could be combined into a single pooled data set for
more detailed analysis.

One of the main drawbacks of conducting Internet surveys is that
there is typically a difference between the characteristics of the popu-
lation as a whole and the characteristics of the segment of the popu-
lation that has the ability to conveniently access a computer connected
to the Internet. Consequently, data from an Internet survey should be
carefully examined to ensure that the sample is representative of the
population as a whole, or to develop and apply sample weights to adjust
for bias as appropriate. Two variables that have been identified as in-
dicators of Internet accessibility are age and household income (Pew
Research Center, 2014). To examine the potential for bias in the In-
ternet survey data, the distribution of age group and annual household
income between the survey sample and the population for the two
communities was examined in greater detail. Community-level data for
age group were obtained from the 2009 American Community Survey
data for household income and the 2010 U.S. Census data for age (U.S.
Census Bureau, 2010). Comparison between the survey sample and the
population-level data for the two communities confirmed that the
characteristics of the survey sample were different than the population
as a whole (see Table A1 in Appendix A). In both Waco and Temple,
residents in the sample had a higher median age than the community as
a whole. This was an interesting outcome, as Internet access is typically
greater among younger populations (Pew Research Center, 2014). The
median income among the survey sample was also higher than the
median income for the population as a whole. This was not surprising,
as individuals with access to a computer with the Internet are likely to
be more affluent than the general population (Pew Research Center,
2014).

Given the existence of bias in the survey sample, it was necessary to
calculate a set of sample weights to adjust the survey responses to reflect
the community-level distributions of age group and household income.
Using the population-level distributions of age group and annual house-
hold income, a raking algorithm (Brackstone and Rao, 1976; Deming and
Stephan, 1940; Lohr, 2010) was used to compute community-specific
sample weights for each age group and household income pair contained
in the sample. The raking algorithm was necessary in this case because
only the marginal distributions of community-level age group and annual
household income were available. The sample weights ranged between
0.161 and 15.459 for Waco and between 0.406 and 13.459 for Temple
(see Table A2 in Appendix A). The inclusion of the sample weights resulted

Table 1
Characteristics of Survey Respondents.

Waco Temple Total

Number of Surveys 565 462 1027

Image Package Viewed

•Text-Only (%) 33.1 33.8 33.4

•Typical Image (%) 31.9 34.0 32.8

•Flashy Image (%) 35.0 32.3 33.8
Gender (% Female) 60.4 65.3 62.6

Age Group

•Median Age (Years) 50.5 50.1 50.3

•18 to 24 years (%) 3.0 2.4 2.7

•25 to 34 years (%) 17.4 15.4 16.5

•35 to 44 years (%) 15.2 18.6 16.8

•45 to 54 years (%) 26.4 26.6 26.5

•55 to 64 years (%) 28.1 23.6 26.1

•65 years and over (%) 9.9 13.4 11.5
Number of Household Vehicles (Average) 2.2 2.2 2.2
Number of Adults in Household (Average) 2.1 2.1 2.1
Number of Children in Household (Average) 0.6 0.7 0.6

Educational Attainment

•Less than High School (%) 0.4 0.0 0.2

•High School Graduate or Equivalent (%) 5.9 8.1 6.9

•Some College or Associate's Degree (%) 27.0 24.2 25.8

•Bachelor's Degree (%) 32.5 40.6 36.1

•Graduate or Professional Degree (%) 34.3 27.1 31.1

Annual Household Income

•Median Household Income $67,600 $69,700 $68,500

•Less than $25,000 (%) 7.1 7.6 7.3

•$25,000-$49,999 (%) 23.0 22.1 22.6

•$50,000-$74,999 (%) 28.3 25.8 27.2

•$75,000-$99,999 (%) 15.8 17.5 16.6

•$100,000-$149,999 (%) 16.6 16.2 16.5

•$150,000-$199,999 (%) 5.7 6.3 5.9

•$200,000 or More (%) 3.5 4.6 4.0

Non-weighted results; columns may not sum to 100 percent due to rounding.
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in the distribution of age group and household income in the data set
being nearly identical to the population-level distributions. Thus, the
weighted survey responses were considered to be more representative of
the two communities as a whole.

5.2. Resident attitudes toward passenger rail

The survey included two sections in which the respondent indicated
his or her level of agreement with a series of statements regarding their
potential use of passenger rail service, their attitudes toward travel on
passenger rail as compared to driving, and their attitudes toward the
potential impacts of passenger rail development on their local com-
munity. Respondents were asked to indicate their level of agreement
with the statements on a seven-point scale ranging from Strongly
Disagree (1) to Strongly Agree (7). These questions were presented in
the survey after the stated preference questions; therefore, responses to
these questions may have been influenced by the presence of the images
in the introduction section of the SP questions. Consequently, analysis
of these responses provides some insight into how the images may have
influenced the attitudes of the respondents toward passenger rail de-
velopment.

Table 2 reports the average scores for each group of respondents
(text-only, typical image package, flashy image package) related to the
respondents’ potential use of intercity passenger rail service and atti-
tudes toward travel by passenger rail as compared to driving. The first
set of statements focused on how the respondent might utilize pas-
senger rail service if it was established in his or her community. The
first statement of potential use referred to the possibility of traveling
out of town more often if rail services were available. Average scores for
this question fell between Somewhat Agree (5) and Agree (6) but did
not vary between the different image groups. The second statement of
potential use attempted to measure the possibility of “novelty trips” via
intercity rail, or trips made for the sole purpose of experiencing rail
travel. The average score on this statement was highest among those
respondents that viewed the “Flashy” image group, indicating that the
“novelty factor” would be highest for the premium equipment. The final
statement of potential use referred to the possibility of new intercity
passenger rail service not influencing how residents travel out of town.
Average scores on this statement were between Somewhat Disagree (3)
and Neither Agree or Disagree (4). However, the “Typical” image group
had the highest average scores suggesting that the average-type
equipment portrayed in the image may have influenced respondents’
belief that new rail service would not impact their out-of-town travel
behavior.

The second set of statements analyzed in Table 2 focused on the
attitudes toward travel by passenger rail as compared to driving. The
average scores on these statements across the three image groups
showed mixed results. Respondents viewing the “Flashy” images as well

as the text-only group felt that rail would be safer and more efficient
than driving than respondents viewing the “Typical” image group. No
significant difference was detected in the average scores of the “More
enjoyable than driving” statement across the three image groups. The
text-only group had higher average scores for the “More reliable than
driving” and “More environmentally-friendly than driving” statements
as compared to either of the image groups.

5.3. Resident attitudes toward community impacts of rail service

Residents were also asked to indicate their level of agreement with a
series of six statements relating to their perception of the impacts that
new passenger rail service might have on various aspects of life in their
community. Using the same seven-point agreement scale as previously
discussed, items considered in this question reflected potential impacts
on the quality of business and personal life in the community. All six
statements used in this question set were positive, that is, agreement
with the statements indicated an agreement on the part of the re-
spondent that new passenger rail service would positively impact his or
her community; the manner in which new rail services are portrayed
could have an impact on attitudes. Table 3 shows the average scores for
each of the six community impact statements for each of the three
image groups.

The results presented in Table 3 do not support the argument that a
“flashy” portrayal of proposed HSR service would have a positive im-
pact on community attitudes, as compared to other portrayals. The

Table 2
Comparison of Attitudes toward Intercity Passenger Rail Travel.

Text-Only “Typical” Images “Flashy” Images

Potential Use of Intercity Passenger Rail Service

•I would travel out of town more often if I could use passenger rail for some trips. 5.20 5.15 5.22

•If new intercity passenger rail service was established in my community, I would ride it once or twice just to see what it is
like.*

5.73 5.82 5.98

•New intercity passenger rail service in my community would not affect how I travel for trips out of town.* 3.27 3.69 3.34
Travel on Intercity Passenger Rail Would be…

•Safer than driving* 5.62 5.48 5.60

•More efficient than driving* 5.45 5.24 5.54

•More enjoyable than driving 5.35 5.38 5.30

•More reliable than driving* 5.03 4.79 4.61

•More environmentally friendly than driving* 5.99 5.72 5.87

Weighted average response shown; Responses ranged from Strongly Disagree (1) to Strongly Agree (7).

Table 3
Comparison of Attitudes toward Community Impacts of Passenger Rail Service.

Text-Only “Typical”
Images

“Flashy”
Images

New Intercity Passenger Rail Service Would…

•Attract new businesses and jobs
to my community*

5.53 5.40 5.18

•Allow local businesses to be
more competitive

5.30 5.29 5.14

•Attract out-of-town visitors and
tourists to my community

5.62 5.43 5.42

•Improve the quality of life in
my community*

5.29 5.28 4.99

•Impact my personal life in a
positive manner*

5.20 5.11 4.91

•Impact my business or
employment in a positive
manner*

4.94 4.89 4.59

Weighted average response shown; Responses ranged from Strongly Disagree (1) to
Strongly Agree (7).

* Analysis of Variance (ANOVA) test significant at α = 0.05.
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average scores on the “Flashy” image package were the lowest among
the three image packages for each of the six statements presented in this
portion of the survey. The highest average scores across all six state-
ments were obtained from respondents viewing the “text-only” package
with the “Typical” package falling in between.

6. Mode choice model analysis

The SP portion of the online survey contained a series of questions
where the respondent was asked to consider a choice between auto-
mobile and proposed intercity passenger rail service for a hypothetical
personal trip between his or her home community and the central
business district of Dallas, Texas. While it would have been preferable
for the respondent to consider an actual trip recently made by him or
her from their home community to Dallas in these exercises, it was not
practical to do so given that the survey was targeting all community
residents and not necessarily recent or frequent intercity travelers.
Conducting traveler-intercept style surveys would have been difficult
for this case study due to the difficulty in identifying locations where
travelers making this relatively short trip would be stopped with suf-
ficient time and facilities available to complete the survey.
Furthermore, using a hypothetical trip decreased the inherent varia-
bility in the survey attributed to different types of intercity trips and
destinations that might be found among respondents. Nevertheless, the
survey responses showed that a majority of those residents surveyed
had made at least one personal-related trip to the Dallas area within the
six months prior to taking the survey, indicating some level of famil-
iarity with this trip.

6.1. Mode choice model formulation

Utility equations for the automobile and intercity passenger rail
travel modes were developed, assuming that the utility of a particular
mode for an intercity trip is a function of the expected travel time,
travel cost, the availability of a travel mode (for the HSR alternative),
and traveler characteristics. The mathematical formulation of the mode
choice model is given as follows. Let j refer to the number of alter-
natives (travel modes) j= 1, 2,…, J and s refer to the choice task s = 1,
2, …, S faced by the respondent. The utility possessed by an individual
for alternative j in choice task s is denoted by Ujs and is given in Eq. (1):

= +U V εjs js js (1)

The utility Ujs consists of two components, the observed component
of utility for each alternative j in choice task s (Vjs) and an error com-
ponent (εjs) that is unobserved by the analyst. A distinction is made
between parameters that are equal across all alternatives J (known as
generic) and parameters that are specific to a particular alternative j
(known as alternative-specific). Let β*k denote the parameter weights for
the generic parameters k= 1, …, K* and β*jk denote the parameter
weights for the alternative-specific parameters k = 1, …, Kj. The at-
tribute levels for the generic and alternative-specific parameters are
given by x*jks and xjks, respectively, for each choice task s. Generic
parameters include modal characteristics such as travel time, travel
cost, and service frequency as well as personal characteristics of the
travelers such as age and household income. The alternative-specific
constant term captures the intrinsic or unobserved preferences for a
given alternative relative to the other alternatives. The observed com-
ponent of the utility given in Eq. (1) is given as follows:

∑ ∑= + ∀ = ∀ =
= =

V β x β x* * , j 1,..., J, s 1,..., Sjs
k

K

k jks
k

K

jk jks
1

*

1

j

(2)

The utility of a mode as estimated in Eq. (2) is referred to as the
relative utility because it is the utility of that mode relative to the other

modes in the choice set. Typically, the unobserved error component (εjs)
is assumed to take a distribution that is independently and identically
Type I extreme value, allowing for this term to drop out of Eq. (1) to
estimate the probability of a traveler choosing a particular mode based
solely on the calculations of Eq. (2). The β values are estimated using
maximum log likelihood approach. The reader is referred to Sperry
(2012) for additional details on the design of the SP questions and the
formulation of the utility models described in this section.

Responses to the SP questions were analyzed using a random
parameters logit model formulation using the BIOGEME software pro-
gram (Bierlaire, 2003). The parameter for travel time was assumed to
be a random parameter taking a normal distribution (constrained to be
less than zero) while the travel cost, rail service frequency, rail alter-
native-specific constant were fixed parameters. Specification of the
travel time parameter as a random parameter is consistent with best
practices in the development of mode choice models (e.g., Hensher and
Greene, 2001; Train, 2002), which recognize that the actual travel time
experienced by travelers, as well as the underlying distribution of VOT
among travelers, is not fixed. Estimation of the random parameter for
travel time was achieved using 1000 draws based on a Halton sequence.
Different combinations of individual traveler characteristic variables
from the survey data were examined until a suitable combination was
identified. Additionally, two continuous variables related to the re-
sident attitude statements were obtained using an exploratory factor
analysis and included in the model. A single factor variable was ex-
tracted from each set of questions, allowing the responses from these
multi-item questions to reduce to two individual variables that were
continuous (rather than discrete) while also capturing the variability
within a particular respondent with a single variable. All attitude
statements included in each set of questions (a total of 5 for the “Rail
Travel” factor and 6 for the “Rail Community Impacts” factor) were
included in their respective factor scores, with factor loadings greater
than 0.75 in all cases. MANOVA analysis on the factor variables in-
dicated that the factor scores did vary significantly across the three
image packages (Wilks’ λ= 0.978, p < 0.001); however, the between-
subjects effects analysis indicated that the average factor scores for the
“Rail Travel” factor were not different across the three image packages
(p = 0.204) but were different for the “Rail Community Impacts” factor
variable (p = 0.022). In particular, the average factor score for the
“Rail Community Impacts” factor was significantly lower among those
respondents viewing the “flashy” image package, a result consistent
with the analysis presented in Table 3. Incorporating the factor analysis
variables reduced the dimensionality of the modeling problem by only
having to examine these variables rather than a much larger set of in-
dividual dummy variables corresponding to different response levels.
Additional details of the factor analysis variables are provided in Table
A3 in Appendix A.

The specification of the mode choice model provided an opportunity
to examine the key issue examined in this case study (the impacts of rail
equipment images on SP models) in greater detail. To account for the
different factors being examined, an interaction term was added to key
model variables (travel time, the rail alternative-specific constant, and
the two factor analysis variables). Testing the interaction effects of
study community revealed no differences between the two commu-
nities. This finding confirmed previous assumptions that a pooled data
set was suitable for analysis. Interaction variables for the “Typical” and
“Flashy” image packages (using the text-only group as base case) were
found to be reasonably significant. A three-way interaction (consisting
of both community and image package simultaneously) was not sig-
nificant.

6.2. Mode choice model analysis

Table 4 shows the mode choice model parameter estimates obtained
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from the BIOGEME analysis of the SP data obtained in this study. A
single model in the form of Eq. (2) was estimated to include all relevant
travel mode variables, significant respondent characteristic variables,
and the interaction terms providing insight on the impacts of the dif-
ferent image groups. The final model included nine significant variables
plus the standard deviation of the random parameter for travel time
corresponding to the base condition (i.e., the “text-only” group). In-
dividual demographic variables included in the final model specifica-
tion for the automobile choice model were dummy variables for re-
sidents with household incomes over $50,000 and residents with one
child living in the household. Other demographic variables collected on
the survey were not significant in the final model. The rail model
contained one continuous variable corresponding to the age of the re-
sident. Also included in the rail model was two variables obtained from
a factor analysis of the questions on the survey related to the positive
view of travel by train compared to personal vehicle (see Table 2) and
positive attitudes toward passenger rail development on the re-
spondent’s community (see Table 3). The adjusted rho-squared, a
goodness-of-fit metric for mode choice models, was 0.239, an accep-
table value for this type of model.

Examining the mode choice model coefficient estimates presented in
Table 4, the signs of the travel time, travel cost, and service headway
variables are consistent with expectations. Increasing travel time, travel
cost, and number of hours between services decreases the utility of rail

service relative to automobile travel. The rail alternative-specific con-
stant is positive, reflecting a preference for rail if all other factors are
equal. Households with an annual income greater than $50,000 or with
one child in the household have a preference for automobile while in-
creasing traveler age is positively related to the utility of rail service.
Both of the factor analysis variables are positive, indicating that a
community resident with positive view of travel by rail and/or a po-
sitive view of the potential community impacts of rail service would be
more likely to choose the rail service for travel out of town. Although
the standard deviation of the random parameter was not significant
(p = 0.64), it is retained in the model to maintain consistency with
state-of-the-practice for mode choice modeling for VOT estimation.

The effect of visualization of the passenger rail service alternative
on mode choice model estimates is presented in Table 4 by using eight
variables interacting a dummy variable for the image shown (“Typical”
or “Flashy”) with travel time, the rail alternative-specific constant, and
the two factor variables. Based on the likelihood ratio test, the addition
of these eight variables increased the log-likelihood of the model sig-
nificantly as compared to the model not containing these variables
(χ2 = 21.98, p = 0.005, df = 8). Examining the sign and magnitude of
the parameters for these eight variables reveals how the different
images impact the relative utility of the rail service. The travel time
interaction variable is not significant at the traditional 95% level for
both image groups. The rail alternative-specific constant accounts for
all deterministic components of utility not included in the model spe-
cification. For the “Typical” image group, the rail constant is a negative
value indicating that the rail utility is lower under this condition. The
rail constant is positive for the “Flashy” image group suggesting that the
unexplained factors are a significant element of the overall rail utility
when viewing this image set. The interaction variables for the “Rail
Travel Factor” are negative for both image groups, suggesting that the
visualization actually reduces the relative utility of rail as compared to
the text-only case for respondents that have a positive view of rail travel
as compared to driving. The “Rail Community Impacts” factor inter-
action variable was not significant at the traditional 95% level for either
image group. Trends presented in the stand-alone analysis of the re-
sponses to the underlying questions presented in Tables 2 and 3, as well
as the MANOVA analysis of the factor scores presented in the previous
section, do not materialize in the mode choice model parameters for the
factor-image group interaction variables. In particular, the “Rail
Travel” factor scores were not significantly different among the three
image packages, yet the “Rail Travel Factor” interaction variables were
significant in the mode choice model (with the opposite effect being
observed for the “Rail Community Impacts” factor). This result high-
lights the complexity of the underlying decision process faced by the
traveler when presented with new travel options, with particular em-
phasis on the relationship between the traveler’s perception of new
travel options and mode choice when controlling for more relevant
variables such as travel time, travel cost, and service frequency.

Following the work of Swait and Louviere (1993) and Train (2002),
a scale parameter relating the variance of the unobserved error com-
ponent (εjs) was estimated simultaneously with the β values to provide
more insight into how the variance of the unobserved factors differs
among different sub-samples (in this case, different image groups) of a
data set. Estimates of the scale parameters corresponding to the two
image packages (assuming “text-only” as a base condition) are also
shown in Table 4. Addition of these two variables to the prediction
model were significant based on the likelihood ratio test (χ2 = 8.24,
p = 0.016, df = 2). For both image groups, the scale parameters are
greater than one, indicating that the error variance among the re-
spondents viewing the images was smaller than the text-only re-
spondents. The scale parameter was significantly greater than one for
the “Flashy” image group. A smaller error variance suggests that the
presence of images, particularly the “Flashy” image, resulted in a data
set with less “noise” relative to the text-only data.

Table 4
Estimates for Mixed Logit Mode Choice Model Coefficients.

Model Variables Coefficient P-Value

Travel Mode Variables
Travel Time (Minutes) −0.0107 <0.01
Travel Cost ($) −0.0605 <0.01
Rail: Service Headway (Hours) −0.177 < 0.01
Rail: Alternative-Specific Constant 0.578 < 0.01

Individual Resident Characteristics Variables
Auto: Household Income>$50,000 Dummy 0.297 < 0.01
Auto: One Child in Household Dummy 0.708 < 0.01
Rail: Age 0.013 < 0.01

Factor Analysis Variables
Rail: Rail Travel Factor 0.596 < 0.01
Rail: Rail Community Impacts Factor 0.620 < 0.01

Effects of Visualization of HSR Alternatives
Travel Time * Typical Image 0.0895 0.20
Travel Time * Flashy Image −0.0093 0.11
Rail: Alternative-Specific Constant * Typical Image −0.562 0.21
Rail: Alternative-Specific Constant * Flashy Image 0.730 0.05
Rail: Rail Travel Factor * Typical Image −0.460 0.01
Rail: Rail Travel Factor * Flashy Image −0.576 < 0.01
Rail: Rail Community Impacts Factor * Typical Image 0.138 0.48
Rail: Rail Community Impacts Factor * Flashy Image 0.233 0.20

Standard Deviation of Random Parameters
Travel Time (Minutes) 0.005 0.64

Scale Parameters (Text-Only = 1.00)
Typical Image Subset 1.18 0.27
Flashy Image Subset 1.48 0.01

Model Fit Summary
Number of Observations 2975
Log-Likelihood (Constants Only) −2015.687
Log-Likelihood (Model) −1514.705
Adjusted ρc2 0.239
Estimated VOT − Base Case (Text-Only) $ 10.61
Estimated VOT − “Typical” Images Case $ 1.74
Estimated VOT − “Flashy” Images Case $ 19.83

*Interaction between the two variables shown where Typical Image = 1 if the Typical
Image was shown, 0 otherwise and Flashy Image = 1 if the Flashy Image was shown, and
0 otherwise.
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7. Discussion and conclusions

7.1. Value of time considerations

Traveler value of time (VOT) is an important element of the eco-
nomic appraisal for transportation projects, including high-speed rail
projects. As Roth (1998) argues, an individual traveler’s VOT could be
considered the most important factor in determining his or her choice of
modes for a particular trip because it represents the trade-off an in-
dividual is willing or able to make between travel time and travel cost.
VOT is also used as an input to travel demand models for proposed
high-speed intercity passenger rail services. Furthermore, traveler VOT
is a key component in the assessment of traveler costs in benefit-cost
analyses or other economic appraisals of proposed or existing high-
speed intercity passenger rail projects (e.g. Brand et al., 2001; De Rus
and Inglada, 1997; FRA, 1997; Hultkrantz, 2013; Levinson and Gillen,
1998). The capital costs for new high-speed intercity passenger rail
investments are very large, with typical estimated costs between $7 and
$35 million per mile (Peterman et al., 2009). Therefore, accurate eco-
nomic appraisals for proposed HSR projects are critical to ensure in-
formed decision-making and responsible use of scarce public resources
for transportation infrastructure projects. The resident survey and
subsequent analysis presented in this case study offers an opportunity to
evaluate the VOT effects of visualization of travel alternatives in an SP
survey.

The VOT figures derived from the mode choice models presented in
Table 4 allow for a thoughtful discussion of how VOT is affected by the
quality of rail equipment images in the SP survey. The premise of ex-
amining the impacts of images of a proposed high-speed intercity pas-
senger train on travel demand models is that the presence of an image,
or the quality of the train equipment displayed in the image, may in-
troduce a “policy bias” that affects model outcomes (e.g., Roth (1998)).
It is not clear, however, what impact this policy bias might have on the
resulting VOT drawn from models estimated with data from re-
spondents viewing different images. On one hand, the presence of an
image or the quality of the equipment shown in an image may compel a
respondent to accept a greater trade-off between time and cost that
otherwise would not be accepted, resulting in a higher VOT. On the
other hand, if the respondent views the context provided by the image
in the survey as a pleasant travel experience, the VOT may be lower
because the respondent may be willing to take more time on the train
for this experience.

The implied VOT was estimated to be $10.61 per hour for the base
condition consisting of respondents viewing the “text-only” description
of proposed high-speed rail service. Considering the interaction terms
for the specific image groups in the calculation yields a value of time of
$1.74 per hour for the “Typical” image group and $19.83 per hour for
the “Flashy” image group. Even though neither interaction term for
travel time was significant at the traditional level of α = 0.05, the
“Flashy” image group VOT as derived from a reasonably defensible
significance level of α= 0.11 was nearly double of the base case VOT.
It is evident that the presentation of the proposed rail service equipment
affected the VOT derived from the mode choice model. Respondents
viewing the “Flashy” image group appear to be more willing to pay for
perceived comfort or luxury portrayed by the “Flashy” equipment. The
travel time parameter for respondents viewing the “Typical” image
package was insignificant in the mode choice model. This indicates that
having an image similar to the “Typical” image package used here is
essentially no different than having no image at all, at least from a VOT
perspective.

7.2. Other mode choice model considerations

The impacts of including images in the SP survey were evident in
other model aspects beyond the VOT analysis. The alternative-specific

constant values, when interacted with the different image groups, in-
dicated a positive contribution to utility for the “flashy” image group
but a negative contribution to relative utility for the “typical” image
group. This finding suggests that the intrinsic or unobserved pre-
ferences for the rail alternative relative to the automobile alternative
were significantly impacted by the presence of images. Additionally,
the scale of the error variance was higher when images were present in
the survey, particularly for the “Flashy” image group. A larger value for
the scale of the error variance for a particular sub-sample indicates a
situation where the error variance is smaller for that sub-sample. From
the results of this case study, it appears that the presence of images had
a significant effect on reducing the variance of the error term, resulting
in a data set with less “noise” as compared to the base text-only con-
dition. This may the result of respondents having a consistent visual
reference for the “look and feel” of the hypothetical rail service, instead
of relying on their own vision of what the rail service would look like.
The mode choice model results also demonstrate the value in devel-
oping models that account for traditional policy-focused variables (i.e.,
travel time, cost, service frequency) as well as attitudinal dimensions,
which provide new insights and clarity on the complexity of the tra-
veler’s choice process when new mode options are introduced. This
result is consistent with studies of other mass transportation modes
(e.g., the study of a Spanish urban bus system by dell’Olio et al. (2011)),
which have found that the perceived and actual quality of the service to
be as significant to the overall choice model exercise as the policy-or-
iented variables.

7.3. Conclusions & recommendations

The primary objective of this case study was to determine the im-
pact of images on stated preference survey outcomes in the context of
HSR planning and mode choice surveys. A simple SP survey was ad-
ministered to a sample of residents of two communities in Central Texas
randomly-divided into three groups: a text-only group and two image
groups. The analysis found VOT differences among respondents that
viewed the different image packages. Specifically, the VOT for re-
spondents viewing the “Flashy” image group was nearly double the
base condition. Furthermore, the travel time interaction parameter was
not significant for the “Typical” group, indicating no difference from
the base case VOT for those respondents. This finding is consistent with
the work of Rizzi et al. (2012) who found VOT differences when images
of highway congestion were displayed in the survey. However, re-
spondents viewing the “Flashy” image group had a lower error variance
than the other two groups, suggesting that the images provided some
consistency for respondents trying to create a picture in their minds of
the hypothetical rail service. This finding is not consistent with the
work of Arentze et al. (2003), who found that the presence of images
had no impact on the scale of the error variance in SP surveys. In light
of these findings, it is recommended that images be used to improve
realism in SP surveys for high-speed intercity passenger rail planning,
particularly where no rail services currently exist and travelers may be
unfamiliar with rail transportation or other instances where the use of
images to support respondent decision-making may be otherwise jus-
tified. However, if images are used, every effort should be made to
make the images as realistic as possible in terms of portraying the type
of equipment to be used on a proposed rail line in order to elicit the
most accurate mode choice model parameters and the resulting traveler
valuations. This recommendation echoes the conclusions of previous
studies on the impacts of images in SP or similar surveys (e.g., Jansen
et al., 2009) in that images should be used only if the images are ac-
curate portrayals of the subject matter and that extraneous details (i.e.,
those not related to the immediate survey question at hand) have been
edited to reduce variability and improve respondent focus on the survey
task.
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7.4. Future research directions

Given the revived interest in high-speed and other forms of intercity
passenger rail among planners, policymakers, and the general public,
future research opportunities on increasing the accuracy of ridership
estimates for new intercity passenger rail lines and improving SP sur-
veys used for intercity passenger rail planning activities are abundant.
Future research could also address some of the limitations that are in-
herent in the present study. While the use of the Internet in this survey
provided key benefits to the research, limitations on the generalizability
of the research findings stemming from the use of the Internet could be
overcome with a more robust (i.e. probability-based) sampling ap-
proach. While some issues with generalizability were addressed in the
sample weighting by age and income, other factors, such as social de-
sirability or demand effect, may have also introduced bias in the re-
presentativeness of the results. However, these biases would most likely
affect any HSR planning survey as the purpose of such surveys would be
difficult to conceal. Although surveys with controversial or compelling
subjects will always be affected by some degree of respondent self-se-
lection, a more robust sampling plan should overcome some of those
issues as well. Another limitation of this work is that the SP responses
were based on a purely hypothetical proposed intercity passenger rail
system and a hypothetical trip made by the respondent between their
home community and central Dallas. If the survey described in this case
study could have been deployed effectively as an intercept-style survey
of travelers making an actual trip between the study communities and
central Dallas, more realistic values for the travel time and travel cost
faced by the respondent while traveling by automobile could have been
included in the survey, allowing for a more accurate assessment of the
trade-offs analyzed in the mode choice model.

Perhaps the area that holds the most promise for future research is
the effects of images or other multimedia on SP responses for all modes
of transportation. Building upon the limited amount of existing research
on this topic, advances in survey deployment technology, increasing
computing power in personal devices, and greater penetration for in-
ternet connectivity should allow for plentiful opportunities for future
research in this area. Beyond comparing the travel mode choice models
built using data from different types of images, future surveys could
also include a consistent set of questions specifically evaluating how the
respondent reacted to the presence of images. Regardless, the goal of
future research in this area should be to better understand the potential
limitations and biases associated with ridership estimates for high-
speed intercity passenger rail projects and the methods used to develop
such estimates, always bearing in mind the main goal of transportation
planning: supplying decision-makers with timely and accurate in-
formation with which to make decisions on the allocation of scarce
public resources for transportation infrastructure investment.
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Appendix A

Table A1
Comparison of Age Group and Household Income by Sample and Population.

Characteristic Waco Temple

Sample Population Sample Population

Age Group
Median Age (Years) 50.5 38.4 50.1 45.8

•18 to 24 years (%) 3.1 26.3 2.4 12.5

•25 to 34 years (%) 16.9 18.9 15.4 20.2

•35 to 44 years (%) 14.9 13.8 18.6 15.9

•45 to 54 years (%) 26.6 14.4 26.6 17.9

•55 to 64 years (%) 28.3 11.6 23.6 14.7

•65 years and over (%) 10.2 15.0 13.4 18.8
χ2 Test Statistic 318.1 96.8
p-value (df = 5) < 0.001 <0.001

Annual Household Income
Median Income $67,600 $34,200 $69,700 $47,400

•Less than $25,000 (%) 7.1 39.9 7.6 28.7

•· $25,000-$49,999 (%) 23.0 27.4 22.1 23.8

•$50,000-$74,999 (%) 28.3 15.4 25.8 17.9

•$75,000-$99,999 (%) 15.8 7.8 17.5 11.5

•$100,000-$149,999 (%) 16.6 6.5 16.2 11.5

•$150,000-$199,999 (%) 5.7 1.3 6.3 4.0

•$200,000 or More (%) 3.5 1.6 4.6 2.6
χ2 Test Statistic 446.0 124.6
p-value (df = 6) < 0.001 <0.001

Columns may not sum to 100 percent due to rounding.
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Factor Analysis of Resident Attitudes Questions.

Extracted Factor Information Variance Explained/ Factor Loading/ Factor Scores

Extracted Factor: Rail Travel Factor
Percent of Variance Explained with Single Extracted Factor 68.8%
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Factor Loading: More efficient than driving 0.855
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Factor Loading: Improve the quality of life in my community 0.900
Factor Loading: Impact personal life in positive manner 0.874
Factor Loading: Impact business or employment in positive manner 0.794
Average Factor Score (Choice = Auto) −0.264
Average Factor Score (Choice = Rail) 0.405
Average Factor Score (Text-Only) 0.173
Average Factor Score (“Typical” Image Package) 0.116
Average Factor Score (“Flashy” Image Package) −0.029

Table A2
Sample Weights.

Age Group/ Household Income Less than $25,000 $25,000–$49,999 $50,000–$74,999 $75,000–$99,999 $100,000–$149,999 $150,000–$199,999 $200,000 or More

Waco
18 to 24 years 15.459 4.511 2.517 0.000 1.954 0.000 0.000
25 to 34 years 4.093 1.194 0.666 0.634 0.517 0.326 0.600
35 to 44 years 4.667 1.362 0.760 0.723 0.590 0.372 0.684
45 to 54 years 2.571 0.750 0.419 0.398 0.325 0.205 0.377
55 to 64 years 2.016 0.588 0.328 0.312 0.255 0.161 0.295
65 years and over 4.550 1.328 0.741 0.705 0.575 0.363 0.667

Temple
18 to 24 years 13.459 3.770 0.000 2.584 3.165 2.521 0.000
25 to 34 years 4.589 1.285 0.994 0.881 1.079 0.859 0.000
35 to 44 years 3.158 0.885 0.684 0.606 0.743 0.591 0.683
45 to 54 years 2.387 0.669 0.517 0.458 0.561 0.447 0.516
55 to 64 years 2.169 0.608 0.470 0.416 0.510 0.406 0.469
65 years and over 4.658 1.305 1.009 0.894 1.095 0.872 1.008
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