ABSTRACT

TOMPSON, CAROLINE ELIZABETH. Essays on School Transportation Preferences and Valuation. (Under
the direction of Dr. Roger von Haefen).

This dissertation consists of four essays regarding school transportation preferences and valuation. The
first essay encompasses the motivation, policy relevance, existing literature regarding school transportation,
the local context of Wake County, North Carolina, and documents the survey instrument used in data
collection. Details of the survey instrument development, partnership with the Wake County Public School
System (WCPSS), and example survey questions are presented. Data collected include revealed preference
data capturing real-world school transportation behavior and decisions, stated preference data collected via
choice experiments and a dichotomous choice question, debriefing questions, and demographic data. This

chapter concludes with a discussion of the data obtained and relevant descriptive tables and figures.

Chapter 2 introduces the empirical model before analyzing the data collected from WCPSS parents and
guardians who responded to the survey. Using revealed preference data reflecting real-world behaviors and
decisions, I find respondents trade roughly 48 minutes of weekly student travel time to avoid one delayed or
canceled school bus trip per week. When leveraging stated preference data collected via a series of choice
experiments, I find parents and guardians would trade an average of 82 minutes of weekly student travel
time to avoid one delayed or canceled trip. Across both the revealed preference and choice experiment data,
I find non-White and lower income respondents are willing to trade additional student travel time to avoid
one delay or cancellation of service, suggesting the impacts of service disruptions are heterogeneous across
household characteristics. Lastly, I identify willingness to pay measures related to school transportation by
leveraging data from the dichotomous choice question. On average, respondents have a willingness to pay of
$23.40 to reduce their student’s weekly travel time by one hour and $20.30 to avoid one delayed or canceled
school-related trip. This chapter ends with a brief discussion of overall findings, including back of the envelope

calculations quantifying the potential benefits of school bus service improvements.

In Chapter 3, I combine the revealed and stated preference data from the preceding two chapters to
conduct a joint analysis of respondents’ underlying preferences and provide further evidence to support my
estimated trade-offs and willingness to pay measures. The revealed and stated preference data were collected
from respondents at the same time through one survey instrument and both the revealed and stated preference
questions captured the school transportation choice. My findings suggest respondents answered revealed and

stated preference survey items consistently from the same underlying preferences for school transportation,



given the statistical insignificance of the estimated ratio of scale parameters across the data. Attribute
coeflicients and the marginal rate of substitution are within the range of results from Chapter 2, further
supporting the validity of both the survey answers and subsequent analyses. The estimated willingness to
pay measures are slightly higher than those in Chapter 2, $25.20 per hour of weekly student travel time and
$24.18 per service disruption, but have similar statistical precision. Back of the envelope calculations similar
to those in Chapter 2 are discussed, including additional context using data from the WCPSS 2023-24 budget.

Additional heterogeneity analysis is conducted to further examine the role of key household characteristics.

Chapter 4 turns to data collected via the Qualtrics Online Panel, focusing on parents and guardians
of current public school students in large school districts in Virginia, North Carolina, and South Carolina.
Given the unique characteristics of Wake County, North Carolina and WCPSS discussed in Chapter 1, the
results in Chapters 2 and 3 may have limited generalizability. Surveying respondents outside of WCPSS
may provide additional insights into the preferences for and valuation of school bus transportation. When
comparing summary statistics from the Southeastern survey to those of the WCPSS survey and available
state-level data, I find Southeastern survey respondents to be less educated, less wealthy, and have more
frequent instances of delayed or canceled school bus trips. The results from the revealed preference data in
this chapter are counterintuitive, suggesting that as service disruptions increase, respondents are more likely
to choose to use the school bus. This issue persists into the stated preference results, however it is somewhat
ameliorated upon splitting the sample by baseline travel mode. There is suggestive evidence this is due to
data provided by respondents whose students use the school bus. Estimates for willingness to pay measures
are small and imprecise, likely arising from the relatively small sample size of this chapter and the statistical
imprecision of the driver service attribute coefficients. Ultimately, more work is required to provide insight

into the external validity of the WCPSS estimates.

This dissertation ends with concluding remarks in Chapter 5, including key takeaways from both the

WCPSS and Southeastern surveys, limitations, and recommendations for future research.
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Chapter 1

A Survey Instrument to Examine
School Transportation in the Wake

County Public School System

1.1 Introduction

According to the Federal Highway Administration’s 2022 National Household Travel Survey, the majority of
the roughly 49 million public schoolchildren in the United States now travel to and from school in a private
vehicle, rather than via the school bus, walking, or riding a bicycle (Van Dam, 2024; National Center for
Education Statistics, n.d.). This marks the first year on record that private vehicles are more popular than
all other modes of transport combined. Yet, this fact is not so hard to believe. Both local and national
news outlets have chronicled the growing frustrations of the car rider line at public schools: increased traffic
around schools, hours spent waiting to pick up children, and, as a byproduct, increased vehicle idling (Clark,
2023; Collings, 2023; Hurley, 2024; Kurzyna, 2021; Rosenberg, 2023; Schmitt, 2023, for example).! Increasing
private vehicle use generates significant direct costs to the individual student’s household: more time spent
waiting in car lines, interruptions of workdays, more vehicle miles traveled, more gasoline used, and more

automotive wear and tear. Indeed, some estimates find that 10 to 14% of car trips during morning rush hour

IVehicle idling contributes to ground level air pollution, which can have e ects on students, their parents and families, and
the local community. The e ects of air pollution on students will be discussed further in the Prior Literature section.



are for school travel alone (O’Rourke, 2023). But, the costs of car lines are not limited to the households
of students; other individuals in the surrounding community face greater traffic congestion, longer commute
times, and higher emissions from both increased vehicle miles traveled and increased vehicle idling. Increased
emissions worsen local air quality, potentially harming both students and members of the community (North
Carolina Department of Environmental Quality, n.d.).? Thus, the costs of school transportation are not
limited to public schoolchildren and their families, but are borne by schoolchildren, their families, and the

wider community.

However, there is a way to negate some of these costs: the school bus. An almost universal component of
public school systems in the United States, the school bus is free to use, generally safer than a private vehicle,
and can provide an easy and efficient way to transport children to and from school (National Highway Traffic
Safety Administration, n.d.).> When students and their families choose to use the school bus, parents and
guardians avoid trips for drop-off and pickup, saving time, gasoline, and, indirectly, money, as well as reducing
emissions through these avoided trips. Other individuals, who share the same roads as household vehicles and
school buses, benefit from fewer vehicles on the roads, reductions in traffic and idling, and ultimately lower
emissions (Environmental Protection Agency, 2023; Barth & Boriboonsomsin, 2010). By reducing the number
of vehicle miles driven and the amount of idling-related emissions, local communities could see improvements
in air quality (State of Washington Department of Ecology, n.d.). While existing revealed preference data,
such as the National Household Travel Survey, and anecdotal evidence from local news outlets suggest private
vehicles are preferred to school buses by most parents and guardians under current conditions, the social
costs associated with private vehicle use may result in the bus being the socially optimal transportation
option. As with the costs of school transportation, the benefits accrue to students, their families, and the
communities where they live. However, these benefits are dependent upon households and students using the
bus both frequently and consistently. As the private vehicle rises in popularity, school bus service across the

United States faces increasing skepticism and scrutiny.

Local news reports from across the United States document long commute times, unreliable service,
and even double routes that result in children getting to school well after class begins.* Jefferson County

Public Schools in Kentucky made national headlines when its new bus routing system and network failed

2As noted by the St. Louis Federal Reserve, as vehicle miles traveled increases, emissions increase proportionally. See
https://fredblog.stlouisfed.org/2024/01/vehicle-miles-traveled-and-transportation-carbon-emissions/ for further information.

3School buses are designed to be safer than passenger vehicles in preventing crashes and injuries. See
https://www.nhtsa.gov/road-safety/school-bus-safety for more detail.

4A double route refers to a routing scheme wherein a school bus will perform one pick up or drop o route and upon
completion will perform another route. For morning pick up, the rst route of students typically leaves earlier in the morning
than compared to a single route scheme and for afternoon drop o , the second route of students typically arrive home later in
the afternoon.



dramatically on the first day of school, resulting in students arriving home hours late and several calls to local
police (Clark, 2023; Schreiner et al., 2023). In Illinois, Rockford Public School District modified school start
times to accommodate double routes in the mornings needed to provide all students bus service (Hagerty,
2023). At the start of the 2023-2024 school year, the Wake County Public School System (WCPSS) in North
Carolina announced that there would be over 3,000 students arriving late to school every day due to bus
driver shortages (Hui, 2023b). This delay in arrival would occur even if the busing system was running
without other issues on any given school day. Because issues of travel time, reliability, and other concerns
such as bullying, make the school bus an unattractive option, parents and guardians switch to driving their

children in a private vehicle, generating negative externalities.

Given the wide reaching impacts of school transportation, understanding household preferences for and
decision-making regarding school transportation and the value of the school bus system itself is vital to future
transportation and environmental policy, urban design, and the public education system as a whole. The
goal of this dissertation is to understand household preferences for school bus transportation in the Wake
County Public School System, the largest school district in North Carolina. To do so, I field a web-based
survey of parents and guardians to elicit their revealed and stated preferences for school transportation
services. The revealed preference data characterizes how households transport their children to and from
school under current conditions, and the stated preference data uses choice experiments and a dichotomous
choice question to elicit transportation preferences under a series of hypothetical scenarios. Taken together,
this information identifies the key factors that influence school transportation decisions and allows me to

quantify what parents and guardians are willing to pay for school bus service improvements.

The remainder of this chapter is organized as follows: Section 2 covers directly relevant literature, Section
3 covers the background of the Wake County Public School System, the survey instrument development,
and recruitment of survey participants. Section 4 details the survey instrument itself, with figures showing
survey items included. Section 5 examines the data obtained from the survey instrument, including cleaning

procedures and summary statistics.

1.2 Prior Literature

There is little work regarding school transportation in economics. Available literature in economic focuses
on the interaction between school transportation and academic outcomes. Angrist and co-authors examine

school-related travel for non-neighborhood enrollments and subsequent effects on school integration, college



enrollment, and academic achievement in Boston and New York City (2022). While non-neighborhood enroll-
ments do increase integration at schools, the authors find null effects on achievement and college attendance
(Angrist et al., 2022). Cordes, Rick, and Schwartz focus on the impacts of school bus ride length on academic
performance and attendance for New York City students (2022). The authors find that Black students are
more likely to have longer bus rides, on average, and that effects on test scores and attendance are conditional
on school type.® Leveraging variation in timing across school districts in Georgia, Austin, Heutel, and Kreis-
man identify causal effects of school bus retrofits on student health and academic performance. They find
that retrofits, a tool used to reduce air pollution from diesel school buses, increase student aerobic capacity
by four percent, measured by a state-mandated physical fitness test, and increases in student English test

scores (2019). ©

Other work in economics focuses on the role public transit can play in roadway congestion. Anderson
finds that commuters who use public transit are “likely to be individuals who commute along routes with
severe roadway delays,” (2014). When transit service ceases entirely, the average highway delay increases
47%. Taken together, Anderson finds the net benefits of public transit are larger than previously thought,
given the impacts on high-congestion corridors, and the ability of transit to reduce roadway congestion is
significant (Anderson, 2014). Similarly, Adler and van Ommeren examine transit strikes in Rotterdam and
find the effects of transit strikes are most pronounced during rush hours (2016). Car flow increases by 9%
during rush hours, and travel times also increase. Together, these works suggest that public transit may have
high impacts on roadway congestion, but they do not provide insight into school-related travel or use of the

school bus.

Outside of economics, there is literature regarding equity and school busing. Weinsten et al. examine
equity of school bus service in New York City and nationwide. Nationally, the authors find districts with
higher shares of poor students spend a higher percent of total education expenditures on transportation,
suggesting a higher burden of providing transportation in these districts (2022). Additionally, using student-
level data in New York City, students of color are likely to live further from school and face longer bus
rides, aligning with the findings of Cordes, Rick, and Schwartz (2022). When analyzing the 2017 National
Household Travel Survey, Libde and coauthors find school bus use is declining, down to 32.8% in 2017 from
33.4% in 2009. At the same time, children from low income households have a longer average bus ride, and

Black children are more likely to ride the bus (2020).

5Speci cally, longer commute times decrease attendance and increase chronic absenteeism at district choice schools, but
there is no evidence of an impact on test scores. At charter schools, longer commute times have no e ect on attendance, but
may decrease reading test scores for poor students.

8This also links to existing literature on air quality and student performance. See, for example, Gardin and Requia (2023),
and Mohai et al. (2011).



Other literature in transportation does provide some insight regarding school transportation. Rafiq and
Mitra (2020) examine the determinants of carpooling in California. Using data from the 2012 California
Household Travel Survey, they find greater distances to school increase the likelihood of carpooling. House-
holds with female students, dual incomes, and higher levels of parental education are more likely to carpool,
as are household with more licensed drivers and greater vehicle access. However, this work is not without
limitations. First, the primary focus is carpooling, rather than school busing. While carpooling does increase
the number of students per vehicle, it is not as efficient as using the school bus and still relies on a parent or
guardian being available for school transportation. Second, the setting of California limits the external va-
lidity of the study. Children in California walk or bike to school at twice the rate of children nationwide, and
take the school bus about one-third as frequently as other children. (Rafiq & Mitra, 2020). Taken together,
this suggests that children in California travel in ways that are systematically different than children in the

rest of the United States.

In their Habitat International article, Bhatnagar and co-authors, motivated by equity issues, environ-
mental concerns, and a desire for more information for efficient route planning, investigate preferences for
school bus transportation in Delhi, India (2022). They survey parents about their priorities when considering
having their child use the bus and split their sample into bus users and non-bus users. As distance from
school increases, students are more likely to use the school bus (Bhatnagar et al., 2022). Parents of both bus
users and non-bus users state travel time is a significant concern, and non-bus users are especially concerned
with, as the authors put it, punctuality of service. While this work is far afield in geographic terms, it is, to

my knowledge, one of the most insightful works on households’ decisions for school transportation.

The school bus is a unique form of public transportation, with great potential to reduce congestion and
travel time. The dedication of household time and resources suggests there is a disconnect between current
school bus service and potential users. Simultaneously, there are important equity, academic, health, and
environmental considerations in improving school bus service and gaining investment in a vital component
of the American public education system. The school day begins when students leave their homes, not when
they arrive to school. In order to help address serious equity concerns, and further invest in the futures of both
students and the communities in which they reside, it is essential to understand the value of the school bus
system and the needs of its users. My work helps fill this substantial gap in the literature by providing novel
insight into household preferences for school bus transportation in an American school district, incorporating

the role service disruptions have in decision making, and examining the value of student travel time.



1.3 District Background, Survey Development, and Recruitment

of Participants

1.3.1 District and County Background

The survey instrument was designed for parents and guardians of current public schoolchildren in the Wake
County Public School System (WCPSS), located in the heart of North Carolina’s Research Triangle. The
district serviced just under 160,000 students through 198 public schools during the 2023-24 academic year,
making WCPSS the largest school district in the state (Wake County Public School System, n.d.).” Of the
198 schools, 119 were elementary schools, 38 were middle schools, and 31 were high schools. There are also

7 alternative schools, and 3 combined schools (either K-8th grade or 6-12th grade).?

Wake County is home to both the state capital, Raleigh, and is one of the anchors of the Research Triangle,
along with Durham and Chapel Hill. Together, Wake County attracts a highly educated and skilled workforce
with significantly higher incomes than the rest of the state and country (Rice, 2024). The median household
income in the county, in 2023 dollars, was $101,763, compared to the North Carolina median income of
$69,904 and $78,538 nationally, also in 2023 dollars (Census Bureau QuickFacts).® Wake County is also one
of the fastest growing counties in the United States as of 2023, with a population growth of 5.4% from April
1, 2020 to July 1, 2023 (Census & Demographics, n.d.). This fast growth has contributed to overcrowding in
some district schools and has annually resulted in reassignments of some students to different neighborhood

schools (Walkenhorst, 2023).

Busing in WCPSS has faced struggles and increased scrutiny in recent years, with the district having
eliminated 52 bus routes at the start of the 2022-23 school year and making remaining bus routes longer (Huli,
2022). Chronic bus driver shortages in the district, and indeed nationwide, have made it difficult for districts
to retain and recruit enough drivers to maintain school bus routes and service reliability. WCPSS warned
families in 2022 that bus routes may be canceled on a given day if there are high numbers of absent drivers
(Hui, 2022). Follow-up local news coverage chronicled specific frustrations regarding bus service. Parents
voiced complaints and concerns around the unreliability of school bus service, which often meant having to

interrupt the work day to do school pick up or drop off (Hui, 2023b). Parents were also concerned about the

7To be clear, charter schools are not included in WCPSS, or in this work in any way.

8The alternative schools service students who have special needs, need remedial schooling or specialized instruction, or who
have been reassigned schools due to disciplinary reasons.

9Additional di erences between Wake County and the rest of North Carolina and the United States will be discussed in
Section 1.5.2.



financial impacts poor bus service has on their household, whether it be through having to pay for a service
to transport their children or reducing their working hours to be available to do a school run. Teachers and
school bus drivers also voiced frustration over longer work days spent waiting with students at school or

driving four bus routes a day (Hui, 2023b).1°

School bus service continued to face limitations in the 2023-24 school year. With an estimated 90,000
students, over half of the student body, registered to ride the bus, and a reduction of 56 full-time drivers from
the year before, WCPSS was short 17 permanent drivers going in to the 2023-24 year. In an effort to address
this shortfall, on August 1, 2023 district administrators announced an “A /B schedule” for school bus service.
This plan, affecting secondary school students on the 17 routes without a driver, meant that students would
only receive bus service every other week (Hui, 2023a). School board members were “alarm[ed]” by the plan,
concerned for the potential effects on academic outcomes, and asked for options that would provide daily

bus service to all students on the 17 affected routes (Hui, 2023a).

Two weeks later a new plan that ensured all students had an assigned driver was announced. However,
this new initiative implied that 3,157 would arrive late to school every day.'* This plan, while replacing the
rejected A/B plan, may affect academic outcomes, a concern raised by at least one school board member.
Additionally, this plan was a “best case scenario” situation, and if any driver absences or other delays in
travel occurred more students would subsequently arrive late to school. A 10% absence rate among bus
drivers would mean 6,000 students “will have late or no bus service,” as noted by local news (Hui, 2023c).

It was in this context that the survey was developed and later fielded.

1.3.2 Survey Development

Development began in late 2022 with a skeletal outline of the survey instrument in Qualtrics. This outline
focused on what information was essential to understanding the economic factors at play when parents and
guardians decide to send their students to school by bus or by car: school bus travel time, the reliability of the
school bus, and the length of the driving commute. To better understand how parents and guardians trade
between travel time and service reliability, a series of questions experimentally examining these attributes
were designed.'? This skeletal outline and a two-page proposal were presented to WCPSS as a means of

convincing the district to help distribute this survey. Approval from the district was received in March 2023,

10A bus driver may run 4 routes a day if they are doing two double runs: two runs in the morning and two runs in the
afternoon.

11gpeci cally, the students would arrive after instructional time had begun, rather than just missing homeroom.

12g5ee the \Choice Experiments' sections below.



with survey development began in earnest in the following months. 13

Throughout development, two dimensions of reliability were identified: service delays and service cancel-
lations. Service delays mean the bus is late, but does run the assigned route. A cancellation means the bus,
for whatever reason, is unable to run that particular route at the time and no service is provided. Both are
currently issues in WCPSS (Hui, 2023a; Hui 2023b). Delays range in time, and can result in students being
late to school, subsequently causing them to miss instructional time. Cancellations run the risk of students

1.14 For the purposes of simplicity, I aggregate both delays

being late or being unable to attend school at al
and cancellations into one category: service disruptions. This has simplifying benefits: the choice experiments
discussed later do not have to deal with varying time, delays, and cancellations, but rather only time and

disruptions. This also reduces the cognitive burden on respondents.

Subject matter experts, parents of current public school students in large districts, and parents of former
public school students in large districts pilot tested versions of this survey and provided informal feedback.
As a result of this process, the second set of action plans were renamed using letters, and an additional
explanatory page was added during the choice experiment section. Verbiage was also changed to be more
hypothetical, and better reflect the fact that what the instrument asks may differ from a respondent’s true
behavior. Pilot testing also allowed for the instrument’s functionality to be evaluated, and subsequently some

piped text and mathematical errors were identified and corrected during this process.

1.3.3 Recruitment of Participants and Response

Participants were recruited via WCPSS’s weekly parent/guardian newsletter. The following announcement

was sent out via email on January 4, 2024:

We want your help! WCPSS is partnering with researchers at NC State University to learn more
about families’ preferences for transportation services. Complete this short, anonymous survey.
We want to hear from you whether your child currently receives district transportation services
or not. Results of this survey will be analyzed by researchers and shared with district leaders to

support future policy and planning.

An NC State affiliated link was used to direct respondents to the survey, placed via hyperlink in both the

13During an early stage progress meeting, o cials from the district suggested the use of \student" rather than \child,” given
that not all students in the district live with their parent(s). To be consistent with the survey instrument, | will continue to use
student rather than child for the remainder of this work.

145ee Van Dam, 2024 for a discussion on absenteeism.



title of the survey and the phrase “short, anonymous survey.” All parents and guardians in the district were
encouraged to take the survey on a personal device. To preserve the anonymity of respondents, one general

link was provided and the district handled all communication with potential respondents.

On January 5, 2024, one day after the survey was launched, local news station ABC 11 Eyewitness News
reported on the survey. Coverage included a handful of parent interviews that had positive and negative
reactions to the survey content (Athans, 2024). The local Raleigh paper, The News and Observer, then
began covering the survey. This reporting emphasized that the survey was not paid for by the district
and offered a chance to publicly clarify the purpose of the survey. The reporting also clarified that despite
concerns raised on social media, the district was not looking to use a driver or van service as a substitute or
supplement for school bus service (Hui, 2024). This media coverage is of note for two reasons: first, and most
practically, it may have affected how respondents viewed and answered the survey and may therefore affect
subsequent regression results.’® Second, the local coverage and social media discussion highlights that school
transportation is a salient issue in Wake County and efforts around school transportation are considered

newsworthy.

The survey was closed on February 2, 2024, following a significant decline in the number of new re-
sponses.’® I received 5,205 complete responses, and an additional 3,430 incomplete responses. With approx-
imately 159,00 students in the school district, and assuming this is roughly equivalent to the number of

possible respondents, 5.42% of respondents opened the survey and 3.27% completed the survey.’

1.4 Survey Structure

The survey instrument is a web-based survey powered by Qualtrics. There are eight parts: the screening and
consent, household structure, transportation behavior, choice experiment, driver service, magnet transporta-
tion, debriefing, and demographics. Figure 1.1 overviews the general survey flow, and the following section
discusses each element in detail. The first component, screening and consent, establishes that respondents are
in the target population and then informs respondents of the purpose and risks associated with the survey.
The target population is parents and guardians in WCPSS, and respondents must affirm they meet this

criteria to advance. The consent form language was reviewed by both WCPSS and the Institutional Review

15As will be noted later, 69.92% of observations in the nal dataset were collected prior to the news coverage.

1860nly 52 complete responses were recorded after January 18, 2024, two weeks after the survey launched.

17While there are multiple students in the same household, some households also have multiple parents and guardians on
the newsletter email list, and therefore using either the number of students or number of email recipients would be a slightly
inaccurate measure of the targeted population.



Board at NC State University. Respondents could terminate their participation in the survey at any time by

exiting their browser window.

1.4.1 Household Structure

After affirming that they meet the criteria to participate and consenting to the survey, respondents proceed
to the second component of the survey: household structure. In this section, respondents are asked how many
currently enrolled WCPSS students reside in the household during the school year ranging from “1 student,”
to “4 or more students.” The decision to cap the possible number of students at four was made to limit

survey length and complexity.

Respondents are asked the grade of each student, the name of the student’s school, the approximate one-
way driving distance in miles from their residence to the school, whether or not the student attends a magnet
school, and what modes of transportation the student typically uses. Possible modes of transportation are:
a school bus, driven by an adult or sibling who resides in the household, driven by an adult who resides
outside the household, vendor transportation, a private fee-for-service vendor, walking/biking/scootering,
public transportation, the student drives themself, and or other.’®These modes of transportation are a
“select all that apply” question, meaning that a respondent can select as many options as are appropriate. If
the school bus option is selected, respondents are asked to report how often the student rides the bus during
a typical school week, from 1 time to 10 times.*® If the “other” option is selected, a follow-up question is
presented asking the respondent to briefly describe this other way in a text box on the page. The most

common “other” option was a student outside of the household driving the respondent’s student to school.

For respondents with multiple students, upon completing the household structure questions for their
oldest student, the survey instrument “loops” the respondent back to the beginning of the household structure
section, as seen in Figure 1.1. The respondent then completes the household structure component as many
times as is needed to collect information on all students in the household. Respondents are explicitly told that
the questions will be presented again to ask about the next student in the household and question language
is updated to refer to the correct student.?? Once a respondent has completed the household structure for
all students in the household, the instrument randomly selects one student to be the focus of more detailed

questions. For a household with two students, there is an equal probability of the first or second student being

18\/endor transportation refers to transportation arranged by the district for students who have special transportation needs
and cannot take a typical school bus. A private fee-for-service vendor includes services like Uber or Lyft.

191n a typical week, there are 10 school-related trips: 5 in the morning and 5 in the afternoon.

20For example, a question asking about the \oldest" student in the household would then ask about the \second" student in
the household.
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selected. One caveat of this randomization is it is done independently of other respondents, which results in
an oversampling of first and second students, as they appear most frequently across household structures.
If a household only has one student, then that student is automatically selected by the instrument. For
the remainder of this work I will refer to the student randomly chosen by the instrument as the “selected

student.”

Termination of Respondents

The primary focus of this survey is the school bus and understanding household preferences for school bus
transportation, with the data collection focusing on school bus and private vehicle use. Therefore, if a student
does not have an assigned school bus, only walks or bikes to school, uses vendor transportation, or otherwise
does not use at least one of the main modes of transportation under study (the school bus and the private
vehicle), then the respondent is ineligible for the majority of survey items and is sent to the end of the survey,
effectively terminating the response. Figures 1.2 and 1.3 show survey flows that would skip a respondent to

the end of the survey instrument.

1.4.2 Detailed Transportation

Once a student is randomly selected, respondents are asked detailed transportation questions regarding how
the selected student gets to and from school during a typical week, with the questions based on earlier
answers about the student’s travel patterns. There are two branches of questions: one designed for selected
students who travel on the bus and another for selected students who travel in a private vehicle. If earlier
responses indicate the selected student uses both the bus and a vehicle, then both groups of questions are

presented. See Figure 1.1 for a visual reference.

In the group of questions focused on school bus use, respondents are asked if the selected student typically
rides the bus in the morning, in the afternoon, and if the student has any after school activities. I then solicit
travel time on the school bus, ranging from “10 minutes or less” to “90 minutes or more” for a typical
trip.?! Service disruptions solicited on a scale from zero, meaning no service disruptions, to ten, meaning two
disruptions a day, one in the morning and one in the afternoon. Travel time is measured at the trip level,

while service disruptions are measured at the weekly level.

21Morning and afternoon times are solicited separately and it is reasonable to think households using the bus would be aware
of travel time di erences.
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To build a richer picture of a respondent’s transportation options, respondents who report their student
uses the school bus are asked about commute time in a private vehicle. The private vehicle commute is split
into two questions: the first soliciting the time it would take to drive from the residence to the selected
student’s school, wait in the drop off line, and drop the student off; the second asks how long it would
take to return home after drop off. This allows for differentiation between a student’s travel time and a
respondent’s travel time. If a respondent reports they are unsure, follow up questions are presented to obtain
bounds on the commute time. Private vehicle travel time options range from “10 minutes or less,” to “60
minutes or more,” with 5 minute intervals between each option. The final question for bus users investigates
any concerns about using the school bus. The listed concerns are pickup time, drop-off time, time on the
bus, reliability of service, or other. If the “other” option is selected, a text entry window is presented, and

respondents are asked to briefly describe the concern.

The branch of questions focused on private vehicle use first solicits more information about who drives a
student, such as a sibling, a parent, a neighbor, or a paid childcare worker. If the respondent has indicated
the selected student is driven by a member of the household and someone outside the household, then

respondents are asked if they participate in a carpool, and if so, how frequently.

Respondents viewing the driving questions report they typically drive their student, at least some of the
time, and are asked about the typical travel times to and from school when driving in a car. The first question
asks how long the trip to school would take from leaving the residence to when the student is dropped off,
including time spent waiting in a drop off line. Then, the respondent is asked how long it would take to
return home, arrive at work, or reach whatever destination they normally go to after drop off. This allows
for differentiation between student and respondent travel time, given that the respondent’s trip continues

after the student is dropped off at school. Similar questions are asked regarding the afternoon commute.

To gauge a respondent’s potential time savings, I then ask each respondent what they would do if they
did not have to drop their student off on a typical morning. For respondents who report remaining at home,
their time savings would be equal to their current travel time. For respondents who report they would drive
directly to a destination such as work, I ask how much additional time it takes to drop the selected student
off at school. Similar questions are asked regarding picking up the student from school in the afternoon,

allowing for a more precise calculation of respondents’ potential time savings.

Respondents who receive the driving-focused questions are still asked about the selected student’s school
bus. Both school bus travel time and service disruptions are solicited in a similar manner as in the bus-focused

questions, with the same ranges of travel time and service disruptions. In this instance, if respondents are
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unsure of the school bus travel time or service disruptions, a followup question is presented to gauge a
rough estimate of travel time and or the number of service disruptions.?? Lastly, the detailed transportation
questions end by asking respondents if they have other concerns about the school bus. This question is

identical to the one found in the bus focused questions in both wording and potential responses.

1.4.3 Stated Preference Sections

The survey has two stated preference sections. The first presents choice experiments, referred to as hypo-
thetical “Action Plans” that would alter the selected student’s school bus route by changing the number of
school bus service disruptions and the travel time on the bus. The second is the driver service section, which
presents information about a hypothetical third-party service that would drive the selected student to and

from school for weekly fee. Both of these sections are discussed in detail below.

Choice Experiments

Choice experiments are commonly used in non-market valuation settings to estimate economic values for
characteristics or attributes of a good or service and provide insight into the “which one” component of
choice (Phaneuf and Requiate, 2017; Holmes et al., 2017). When designing the choice experiment questions,
the researcher implements an experimental “design,” which is intended to create exogenous variation in
attribute levels and improve statistical efficiency when modeling and analyzing the data. When answering
the choice experiment question, the “choice task,” respondents select their most preferred option from a
set of alternatives with varying characteristics. Typically, the respondent is asked to answer a series of
these questions with the goal of providing the researcher insight into respondents’ preferences and trade-
offs (Holmes et al., 2017; Ferrini and Scarpa, 2007). Choice experiments have several advantages: choice
experiment attribute levels can be tailored to be consistent with real world conditions, potentially create
combinations of attribute levels that are not currently seen in baseline data, and often have relatively low
cognitive burden for respondents (Holmes et al., 2017). Choice experiments have been used in marketing,
recreation, transportation, development, and health settings, among others (Holmes et al., 2017; Ferrini and

Scarpa, 2007; Lareau and Rae, 1989; Carlsson and Martinsson, 2003, among others).

In this survey, choice experiments present hypothetical “action plans” describing potential new bus routes

22|f the selected student does not have an assigned school bus, there is a corresponding option that respondents may select.
In this version of the school bus travel time question, respondents are not asked about the morning and afternoon commutes
individually, as respondents are less likely to be aware of any di erences between the two.
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for the selected student. Each action plan has two attributes: school bus travel time and service disruptions.
There are two sets of action plans: school bus service improvements and school bus service deteriorations.
The improvements reduce travel time and the number of service disruptions, while the deteriorations increase
travel time and the number of service disruptions. That is, for an improvement in service, the design applies
a negative change to the baseline conditions and a deterioration applies a positive change. There are no

cross-changes where one attribute improves while another deteriorates.

In order to present meaningful changes, travel time is presented at the weekly level, rather than at a
trip or daily level. For additional simplicity, the assumption of ten trips per week is made in the travel time
calculations. Baseline school bus travel time ranges from 10 minutes or less to 90 minutes or more. Therefore,
when travel time is scaled to the weekly level, the minimum possible baseline school bus travel time is 100
minutes per week and the maximum is 900 minutes per week. This assumption was repeatedly communicated
to respondents in the experimental section using both in-text explanations and a table, as shown in Figure
1.5. This aggregation is not implemented to the service disruptions measure as it is already at the weekly
level by construction. The service disruption measure ranges from zero, meaning no delays or cancellations

of service, to 10, meaning a delay or cancellation every trip during a standard 5-day school week.

Respondents are sorted into alternative framings of action plans based on the information they report in
the detailed transportation section. Those who only report only using the private vehicle see a series of plans
that improve bus service by reducing travel time and the number of service disruptions. Those who report
only school bus use see a series of plans that degrade bus services through longer travel times and increasing
the frequency of service disruptions. For respondents who report using both the school bus and a private
vehicle, both sets of questions are presented with a brief reminder page after the first three questions. See

Figure 1.1 for a visual representation of this flow.

The introduction to the choice experiments is shown in Figure 1.4. While this figure uses the term
“oldest,” respondents would have seen a descriptive that matches their selected student (such as “second,” if
the second student in the household was selected). Additionally, respondents are shown a preamble explaining
the travel time calculations and a table summarizing their current travel situation, shown in Figure 1.5. After
respondents have reviewed their currently weekly travel times and level of service disruptions, the first of
the action plans is presented. Action plans that improve bus service are labeled 1, 2, and 3, and action plans
that worsen bus service are labeled A, B, and C. The preamble and table presented remain the same across
all action plans. An example of an action plan is shown in Figure 1.6. Respondents have three potential

answers: use the bus every day, drive every day, or use the bus some of the time and drive some of the time.
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If respondents select the last option, a follow up question asks how often the respondent would have their
student use the school bus in a typical week.?® After respondents have completed the choice experiments,

they move to the second of the experimental sections: the driver service.

Driver Service

After completing the choice experiment sections, respondents then see the driver service section. This section
holds school bus service fixed at its current baseline level and presents respondents with a hypothetical service
that would transport their selected student to and from school for a fixed fee. The attributes of the driver
service are monetary price, student travel time, and service reliability, with each attribute randomly varied.
While there are 16 possible versions of the driver service question, each respondent sees only one. Figure 1.7
shows the preamble and one version of the driver service question. Respondents have three possible answers:

enroll in the service, not enroll, or report they are not sure.

A student’s driver service travel time is calculated by taking the student’s private vehicle travel time and
adding either 25 or 50 minutes (the two possible changes). The levels of reliability and price are chosen purely
at random, without regard to baseline school bus reliability or household income. When the respondent’s
potential time savings are known, based on prior answers, the potential time savings are also presented in
the driver service question, as seen in Figure 1.7. This information is not known for some respondents, given
that a respondent’s time savings is only collected in the driver focused questions. If the selected student only
uses the school bus, then the respondent does not see a reminder of potential time savings in this section.

All other components and information in the driver service question remain the same.

1.4.4 Magnet School Transportation

Early in the development process, district officials requested the inclusion of a question focused on the role
transportation plays in current magnet school enrollment. In the interest of maintaining similar length and
content across respondents, two versions of a magnet school transportation question were included in the
survey: one for respondents whose selected student is currently enrolled in a magnet school, and one for
respondents whose selected student is not currently enrolled in a magnet school. Respondents are presented
one question based on their earlier answers. The version for current magnet students is shown in Figure 1.8.

Respondents may report whether or not they would continue to send their student to the student’s current

23To see how often respondents select the school bus exclusively, see Tables Al and A2 in Appendix A
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school, or if they are unsure.

The version for non-magnet students changes only the question, and leaves introductory statements as
shown in Figure 1.8. The question becomes, “If school bus transportation were to improve, would you be
more likely to consider sending your [selected] student to a magnet, early college, or application school?”

The response options are identical to the magnet version of the question.

1.4.5 Debrief

The debriefing section contains four statements in a Likert scale matrix, intended to help understand re-

spondents’ views about the survey. There are four statements as follows:

e “I believe my answers to this survey might influence the design of future policies.”
e “When considering each action plan, I considered both my travel time and my student’s travel time.”

e “I have doubts that the school district will be able to change school bus transportation as described

in the action plans.”

e “To me, busing reliability is the most important factor when deciding to use the school bus, rather

than my student’s travel time.”

Respondents then rate their agreement or disagreement with each statement on a five-point scale. These

statements were designed to assess consequentially of the survey, as well as a respondent’s general thinking.

1.4.6 Demographics

Demographic questions are the final component of the survey. Respondents are asked their age and income
in ranges similar to those used by the U.S. Census. Questions regarding race also follow the U.S. Census
categories: American Indian or Alaska Native, Black or African American, White, Asian, and Native Hawaiian
or Pacific Islander. In a separate question, I ask about Hispanic status. Additionally, respondents are asked
about the number of adults and children in the household. Following the literature, questions about the
number of licensed drivers in the household and the number of vehicles the household has access to are

included (Rafiq & Mitra, 2020 for example). The final page of the survey is a short response text box asking
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for final comments, shown in Figure 1.9. There were 1,312 comments, which vary significantly in length and

content. Selected comments are included in Appendix B.

1.5 Data

1.5.1 Cleaning

Of the 8,635 individuals opened the survey, 5,205 provided complete responses. Of the 3,430 incomplete
responses, there are 100 observations where the respondent reached the final comments page of the survey
and 188 observations where respondents reached the demographics section of the survey, meaning these
observations completed all, or nearly all, of the instrument. Additionally, 60 observations did not meet the
criteria for the experimental sections and were skipped forward to the end of the survey. These observations
were recorded as incomplete, but the respondents answered all available questions. See Figures 1.2 and 1.3
for reference on how respondents may be skipped forward in the survey. Together, these 348 observations
can be considered “effective completes,” and are kept for analysis. Remaining incomplete observations are
dropped from the sample, leaving 5,553 observations. After screening for non-responsiveness and speeding,
defined as completing the survey in three minutes or less, the resulting dataset includes 5,452 observations.
The survey response rate is 5.31%24. When examining the dates of collection, 69.92% of responses, or 3,812

observations, were collected prior to the publication of the ABC 11 Eyewitness News article. 2°

1.5.2 Descriptive Statistics

Figure 1.10 presents the percent of survey respondents living in each Wake County ZIP code in the left
map and the percent of WCPSS households living in each ZIP code on the right.?® When contrasting the
two maps, it becomes apparent that areas of western and northern Wake County were over-sampled, while
areas of eastern and central Wake County were under-sampled. Using the information on how many WCPSS
households live in each ZIP code, ZIP code level weights are applied to the data and subsequent analyses to

correct for this geographic over- and under-sampling.?’

24Communications with WCPSS indicate there are 102,675 households in the district

25\When calculating the response rate using the number of individuals opening the survey, the rate increases to 8.41%. Counting
only the original complete responses, the response rate is 5.1%

26The data on ZIP code level household counts was provided by WCPSS via private communication.

27speci cally, the weights were designed by totaling the number of households across the district and then dividing the ZIP
code level count by the total. Therefore, the sum of the weights is equal to one.
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Table 1.3 presents summary statistics, where Column 1 includes weights for the number of children in the
household and Column 2 includes weights for the number of children and the share of WCPSS households
living in the respondent’s ZIP code. After applying the ZIP code weights, both the average time spent on
the school bus (Student Weekly Travel Time on School Bus) and the number of service disruptions (Service
Disruptions) decreases, while travel times in the private vehicle (Student Weekly Travel Time in Private
Vehicle and Respondent Weekly Travel Time in Private Vehicle) remain relatively unchanged. Of note, the
percentage of White respondents (White), decreases from .791 to .762, suggesting an oversampling of White
households in the survey. The percent of Hispanic respondents (Hispanic) increases slightly. A caveat with
these summary statistics is the survey was only offered in English, and, based on communications with
WCPSS, 21.4% of households report having at least one member who does not speak English. This makes it
likely that the survey was inaccessible for some households and they are therefore not present in the data.

For the remainder of this chapter, when presenting summary statistics the weighted data will be used.

Column 3 of Table 1.3 notes the number of observations recorded for each variable. While the data
have 5,452 observations, not every respondent was asked about their travel time and service reliability. 1,156
observations were ineligible for the detailed transportation section, which explains the majority of the missing
data for these items. Respondents may have been ineligible for detailed transportation if they reported their
student has no assigned school bus, or if the respondents reported they do not typically use the school bus
or the private vehicle.?® The remaining missing observations may be due to a respondent answering only one
question needed to complete the travel time calculation.?® Every respondent saw the demographic questions
in the survey, meaning in theory there should be 5,452 observations for each demographic variable. However,
as seen in Table 1.3, this is not the case. Respondents were apparently reluctant to answer the household
income question, even when the possible responses were income ranges. The question about race also had a
lower response level.3° Hispanic status was asked in a separate question from race and had a “prefer not to
say” option. 255 respondents skipped this question and 280 selected “prefer not to say.” Number of Children
in Household refers to any person residing in the household who is 17 years old or younger and could include
children not currently enrolled in WCPSS.3* Employed full-time and retired are indicators generated from
the same question. Respondents were also asked their residential ZIP code and 5,118 respondents answered

the ZIP code question. Taken together, respondents may have been reluctant to disclose what they felt was

28gee Figures 1.2 and 1.3 for a visual representation of a respondent’s path through the survey under these conditions.

29For example, in the bus focused questions there are two questions about travel time, one for the morning trip and one
for the afternoon trip. If the respondent skips the afternoon trip question, then the weekly travel time calculation cannot be
completed and the observation appears as missing in the dataset.

30While the question about race was a \select all that apply" question, White in Table 1.3 is an indicator variable. It equals
one of the respondent picked the \White" option and zero if that option was not selected.

31suych as an infant or toddler too young to enroll in WCPSS kindergarten.
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sensitive or personal information in this survey.

Table 1.4 presents summary statistics based on baseline travel behavior. Column 1 corresponds to mixed
mode respondents who report using both the school bus and a private vehicle in a typical week. Column
2 represents respondents who report exclusively using the school bus and Column 3 represents respondents
who exclusively use a private vehicle. Mixed mode respondents report the lowest average number of Service
Disruptions, while households using only the car have the highest average number of Service Disruptions.
Mixed mode and car rider respondents report higher average travel times on the school bus and in the private
vehicle.3? Respondents who report using the bus exclusively are, on average, less likely to be White, have
fewer household vehicles, and have lower household incomes. This is consistent with prior work (Weinstein et
al, 2022; Libde et al., 2020 for example). Table 1.5 shows the current travel behavior for selected students in
the survey sample. Respondents may report multiple travel modes for their student, so these categories are
not mutually exclusive. Figure 1.11 presents the distribution of baseline school bus travel time and student
private vehicle travel time, and Figure 1.13 presents the reported number of service disruptions in a typical
week. Figure 1.13 presents the frequency the selected students use the school bus in a typical week, with the

dashed line denoted the mean frequency of 5.6.

Table 1.5 uses the 2023 American Community Survey (ACS) 5-Year Sample to provide additional context
to the survey results. To make the ACS sample more comparable, I restrict the data to include adults at least
18 years old with at least one school age child in the household.®® The variables in Table 1.5 are selected
based on comparability across the two surveys, with the top panel examining household characteristics and
the bottom panel examining individual characteristics.®* Respondents of the WCPSS survey are compared
to adults with school age children in the Southeast region, the state of North Carolina, and Wake County,
respectively Columns 1-3, in Table 1.5.3% While WCPSS respondents are, on average, wealthier than their
regional and statewide counterparts, the average household income of WCPSS respondents and the ACS
sample’s Wake County respondents are nearly identical. Additionally, households across all four columns
have similar numbers of children and household vehicles. On an individual level, WCPSS respondents have
similar educational attainment to individuals with school-age children in the region and across the state, but

are less likely to be employed full-time. Overall, WCPSS respondents are similar at the household-level to

32There may be some reporting or recall bias in these travel time estimates. However, if the respondent perceives these travel
times to be accurate, then these travel times are used in the decision making process and should therefore be utilized in analysis.

335chool age child means a child aged 4 years of age up to 17 years of age.

34subsequently, the household characteristics panel uses the household replicate weights, while the individual characteristics
panel uses the person replicate weights. For the household panel, following best practices notes from IPUMS, only one indi-
vidual is kept from each household. See https://usa.ipums.org/usa-action/variables/hhwt#tdescription_section for additional
information.

35Formally, the ACS de nes the Southeast region as Delaware, the District of Columbia, Florida, Georgia, Maryland, North
Carolina, South Carolina, Virginia, and West Virginia.
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the underlying population across key characteristics, but the individual respondent in the WCPSS sample is

more likely to be White and female.

Table 1.6 reports the number of students in a respondent’s household and Table 1.7 presents the dis-
tribution of the randomly selected students. The majority of selected students are oldest students in the
household, as to be expected given the high number of only students reported by respondents. Table 1.8
presents the distribution of the selected student’s grade level. Not all households in WCPSS enroll in pre-
kindergarten, and 12th grade students are more likely to drive themselves to school or ride with a friend to
and from school. Thus, the limited number of selected students in pre-kindergarten and the 12th and 13th

grades are to be expected.®

1.6 Discussion

The purpose of this chapter is to motivate the study of household preferences for school bus transportation,
provide the context of Wake County and the Wake County Public School System (WCPSS), describe the
survey instrument utilized, and summarize the collected data. School transportation can affect students,
families, and the wider community via traffic conditions, commute time, and impacts on air quality. There
is little to no work within economics examining school busing, or preferences for school transportation. In
the broader literature, there is evidence that household structure and vehicle access can affect the school
transportation decision and that travel time and reliability of school bus service are concerns for parents and

guardians (Rafiq & Mitra, 2020; Bhatnagar et al., 2022).

My survey instrument collects both revealed and stated preference data from parents and guardians
about school transportation, focusing specifically on usage of the school bus and the private vehicle. These
are the two main transportation alternatives and collecting this data lays the foundation for understanding
households’ trade-offs and preferences. The detailed transportation section of the survey, as discussed in
Section 4.2, collects a respondent’s baseline travel conditions, including information on both the school bus
and the private vehicle. This revealed preference data will be analyzed in Chapter 2 of this work. The choice
experiments, discussed in section 4.3, present hypothetical new bus routes for the respondent’s selected
student and generate the stated preference dataset that will be analyzed in the following chapter. Finally, I

designed a driver service question to identify the cost-travel time trade-off.

36Some WCPSS o er a 13th grade wherein students take courses at the local community college in addition to a course at
the high school.
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The survey was fielded in January 2024, with over 5,000 complete responses collected. The data are
weighted using ZIP code level counts of WCPSS households to correct for geographic under- and over-
sampling, as shown in Figure 1.10. Subsequent analyses will also leverage these ZIP code weights. While
the survey was slightly limited in its reach by potential language barriers, this dataset will provide novel
insight into preferences for school transportation and allow me to conduct what is, to my knowledge, the

first valuation of school bus service reliability and a student’s travel time.
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Table 1.1: Choice Experiment Attributes.

(1) (2)
Low Level Deltas High Level Deltas

Weekly School Bus Travel Time (minutes) -90, -60, -30 or -180, -90, -45 or

30, 60, 90 45, 90, 180
Service Disruptions (trips per week) -1,-0.5, 0 or -2,-1, 0 or
0,0.5,1 0, 1,2

Table 1.2: Driver Service Attributes.

(1)
Levels
Price $100, $150, $200, or $250
Travel Time Delta 25 or 50 minutes
Service Disruptions 0.5 or 0.25 per week
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Table 1.3: Unweighted versus Weighted Summary Statistics.

(1) (2) (3)
Unweighted Weighted Number of
Observations Observations Observations

Student Weekly Travel Time on School Bus 312.1 298.0 4,234
(194.4) (191.0)

Service Disruptions (per week) 2.79 2.62 4,147
(2.863) (2.794)

Student Weekly Travel Time in Private Vehicle 215.3 213.2 4,223
(106.8) (105.5)

Respondent Weekly Travel Time in Private Vehicle 361.5 358.6 4,199
(192.1) (191.3)

Age 44.35 44.43 5,262
(6.559) (6.536)

College Degree 0.842 0.846 5,192
(0.365) (0.361)

Employed Full-Time 0.734 0.734 5,270
(0.442) (0.442)

Retired 0.00847 0.00867 5,270
(0.0916) (0.0927)

Female 0.783 0.777 5,201
(0.412) (0.416)

Hispanic 0.054 0.055 5,197
(0.225) (0.228)

White 0.791 0.762 5,026
(0.407) (0.426)

Household Income (2022) 164,984 165,432 4,776
(84,915) (84,546)

Number of Adults in Household 2.05 2.07 5,258
(0.582) (0.594)

Number of Children in Household 2.16 2.17 5,259
(0.926) (0.948)

Number of Licensed Drivers in Household 2.05 2.07 5,254
(0.699) (0.694)

Number of Household Vehicles 2.07 2.08 5,249
(0.733) (0.736)

1 Mean coe cients reported; standard deviations in parentheses
2 Both columns include weights for the number of students in the household. Column 2 includes ZIP Code-level
weights.
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Table 1.4: Split Sample Summary Statistics.

M ®) ®
Mixed Mode Bus Riders Car Riders
Student Weekly Travel Time on School Bus 304.3 268.8 371.3
(209.1) (162.7) (217.1)
Service Disruptions (per week) 2.34 2.50 3.55
(2.607) (2.979) (2.344)
Student Weekly Travel Time in Private Vehicle 222.6 203.6 227.9
(95.7) (110.1) (103.9)
Respondent Weekly Travel Time in Private Vehicle 386.8 327.8 405.5
(157.9) (206.5) (175.6)
Age 44.77 44.34 44.31
(6.107) (6.606) (6.801)
College Degree 0.891 0.822 0.855
(0.312) (0.382) (0.352)
Employed Full-Time 0.748 0.777 0.658
(0.434) (0.416) (0.475)
Retired 0.00752 0.01003 0.00588
(0.0864) (0.0997) (0.0765)
Female 0.776 0.746 0.820
(0.417) (0.435) (0.384)
Hispanic 0.054 0.058 0.046
(0.226) (0.234) (0.209)
White 0.807 0.692 0.851
(0.395) (0.462) (0.356)
Household Income (2022) 180,226 158,416 174,624
(83,208) (84,712) (84,059)
Number of Adults in Household 2.1 2.06 2.04
(0.573) (0.629) (0.503)
Number of Children in Household 2.18 2.16 2.24
(0.942) (0.932) (0.98)
Number of Licensed Drivers in Household 2.07 1.98 2.14
(0.612) (0.691) (0.666)
Number of Household Vehicles 2.10 1.94 2.26
(0.610) (0.712) (0.798)
N 1,154 2,214 814

1 Mean coe cients reported; standard deviations in parentheses
2 Households who are ineligible for the school bus have been excluded from this table.
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Table 1.5: Comparative Descriptive Statistics: American Community Survey

M @) ® @
Southeast North Wake WCPSS
Region Carolina County Survey
Household Characteristics
Household Income (2023) 123,423 115,495 166,442 165,432
(126,349)  (118,773) (138,562) (84,546)
Number of Children in Household 2.10 2.10 2.04 2.17
(0.984) (0.983) (0.901) (0.948)
Number of Household Vehicles 2.42 2.48 2.35 2.08
(1.57) (1.53) (1.30) (0.736)
N 222,678 37,362 4,487 5,026
Individual Characteristics
Age 41.72 41.34 43.11 44.43
(8.11) (8.05) (7.38) (6.54)
College Degree 0.833 0.846 0.732 0.846
(0.373) (0.361) (0.443) (0.361)
Employed Full-Time 0.805 0.798 0.813 0.734
(0.396) (0.402) (0.39) (0.442)
Female 0.552 0.553 0.531 0.777
(0.497) (0.497) (0.499) (0.416)
White 0.668 0.683 0.650 0.762
(0.471) (0.465) (0.477) (0.426)
Hispanic 0.192 0.139 0.124 0.055
(0.3994) (0.346) (0.33) (0.228)
N 417,274 69,117 8,389 5,026

1 Mean coe cients reported; standard deviations in parentheses

2 Columns 1-3 generated using the 2023 American Community Survey 5-Year Sample via IPUMS
USA. Sample is restricted to adults over 18 years old with at least one school-age child in the
household. School age child is de ned as being aged 4 to 17 years old in survey data.

3 Column 4 uses WCPSS survey data and is weighted for both number of students in household
and ZIP Code. Individual WCPSS respondents are treated as being representative of their
households.

4 Variables were chosen based on comparability across surveys.
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Table 1.6: Travel Modes of Selected Students.

M
Share of Selected Students
School Bus 0.647
(0.478)
Driven in Private Vehicle by Household Adult 0.487
(0.500)
Driven in Private Vehicle by Non-Household Adult 0.0706
(0.256)
Vendor Transportation 0.0129
(0.113)
Private Fee-for-Service Vendor (e.g., Uber) 0.0103
(0.101)
Walk, Bike, or Scooter 0.0574
(0.233)
Public Transportation (e.g., GoRaleigh) 0.0023
(0.0478)
Student Drives Themself 0.0407
(0.1976)
Other Means 0.0165
(0.127)
N 5,452

1 Mean coe cients reported; standard deviations in parentheses

2 Respondents may report using multiple modes of transports. These categories are not exclusive.

3 ZIP Code and number of student weights applied. Respondents who did not report ZIP Code
are dropped from this table.
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Table 1.7: Reported Number of Students in Household.

(1)
Number of Students in Household
1 2,487
2 2,329
3 535
4 or more 101
N 5,452

Table 1.8: Distribution of Student Selected For Detailed Questions.

(1)

Student Selected

Oldest 3,845
Second 1,375
Third 208
Fourth 24
N 5,452
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Table 1.9: Distribution of Selected Student’s Grade.

(1)

Grade
Pre-Kindergarten 60
Kindergarten 423
1st Grade 420
2nd Grade 401
3rd Grade 407
4th Grade 419
5th Grade 434
6th Grade 490
7th Grade 471
8th Grade 420
9th Grade 486
10th Grade 460
11th Grade 365
12th Grade 192

13th Grade/Super Senior 4

N 5,452
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Figure 1.2: Termination of Respondents: No Bus or Car Use Reported.
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Figure 1.3: Termination of Respondents: No Assigned School Bus.
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Action Plans

WCPSS is committed to providing safe and efficient transportation services to all Wake
County students and their families. From time to time, the school district considers new
action plans that enhance the transportation services it provides. We would now like to ask
you about potential action plans that WCPSS is not currently considering, but might
consider in the future.

We will present each of the action plans separately on the following pages. For each action
plan, we will present the travel time and reliability that your oldest student would experience
if they rode the bus to and from school every morning and afternocon during a typical week.
For reference, we also provide the travel time and reliability you currently experience from
busing services.

Assuming that the potential action plan is implemented, we want to know whether you
would:

» have your oldest student ride on the bus;
= drive your oldest student;
» choose a combination of riding the school bus and driving to school.

Figure 1.4: Introduction to Action Plans.
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Current Weekly Travel Times and Reliability

In the table below, "Your Oldest Student's Travel Time on the School Bus Per Week"
assumes that your oldest student rides the bus in the morning and the afternoon five days a
week. That means the table assumes your oldest student makes ten fotal trips on the

school bus, five in the morning and five in the afternoon.

When the table refers to "Your Oldest Student's Travel Time in the Car Per Week" and
"Your Travel Time in the Car Per Week," it is assumed that you are driving your oldest
student to and from school five days a week in both the morning and the afternoon. This

means there are fen fotal trips to and from school.

As a reminder, we define service disruptions as a delay of more than 5 minutes or a

cancellation of school bus service.

Current Travel Times and Service Disruptions Per Week

Your Oldest Student's Travel Time on the School Bus Per Week | 350 minutes
Service Disruptions Per Week 4

Your Oldest Student's Travel Time in the Car Per Week 250 minutes

Your Travel Time in the Car Per Week 400 minutes

Figure 1.5: Current Travel Times and Reliability.
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Action Plan A

Below, we present the potential new route your oldest student would have under this action
plan. As a reminder, when we say service disruptions, we are referring to delays of more
than 5 minutes or outright cancellations of service. When we say travel time per week, we
are referring to the travel time your student would experience if they rode the bus to and
from school every morning and afternoon during_a typical school week.

Under this action plan, only your oldest student's school bus route would change. If you
have other students in your household who attend a different school and therefore have a
different bus route, their bus route would remain the same as it is currently.

As a reminder, your oldest student's currently weekly travel time on the school bus is 350
minutes.

You also report that your oldest student's school bus route has 4 service disruptions per
week.

If this plan were to be implemented, would you have your student use the school bus or be
driven to school?

Potential New School Bus Route

Your Qldest Student's Travel Time Per Week 395 minutes

Service Disruptions Per Week 4

Figure 1.6: Action Plan A.
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An Alternative to Busing - Driver Service
Some WCPSS families currently hire drivers to transport their student to and from school.
Families that pay for these services have found them to be safe and efficient means of
transportation, and they appreciate the time savings to both parents/guardians and
students.
Suppose that you were able to hire a driver to transport your student to and from their

school every morning and every afternoon during a typical school week, for a total of 10
trips per week. This service would

» cost you $150 per week
* save you 575 minutes per week

The travel time for your student would be 300 minutes per week.
This service would have one service disruption every month, on average.

Would you enroll your oldest student in this service?

Figure 1.7: Driver Service Question.

School Busing and Magnet Schools

We would now like to ask you about the role school bus transportation plays in your
decision to enroll your oldest student in a magnet, early college, or application school.

We recognize that there are a variety of factors that affect the decision to enroll in a
magnet, early college, or application school. One of these factors may be school bus
transportation.

If the bus service to your student's magnet, early college, or application school was
eliminated, would you continue to send your oldest student to their current school, or
would you send your oldest student to another school with bus service?

Figure 1.8: Magnet School Transportation.
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Thank you for your help.

We are interested in your feedback about the survey. If you have any comments, please
share below.

Figure 1.9: Final Comments.
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LE

Figure 1.10: WCPSS Households and Survey Respondents by ZIP Code.



Figure 1.11: Distribution of Baseline Student Travel Times in WCPSS.
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Figure 1.12: Distribution of Baseline Service Disruptions in WCPSS.
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Figure 1.13: Distribution of Baseline Bus Use in WCPSS.
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Chapter 2

Analysis of Household Preferences for
School Bus Transportation in the

Wake County Public School System

2.1 Introduction

This chapter empirically investigates household preferences for school bus transportation services in Wake
County, NC. Using the revealed and stated preference data described in Chapter 1, | estimate a series of
discrete choice models that identify how households trade o travel time and school busing service disruptions.

| begin by examining households' revealed preferences (i.e., actual choices) for whether to transport their
student via a private vehicle or a publicly provided school bus. Because the revealed preference variation
in travel time and school bus service disruptions has limited range and may be correlated with unobserved
factors, | then use stated preference data collected through a series of choice experiments to estimate these
same parameters. Both analyses allow me to recover the marginal tradeo between travel time and service
disruptions, but they do not have a clear monetary interpretation. | therefore conduct a third analysis that
uses stated preference, contingent valuation data on a hypothetical driver service program where a private
vendor would charge households a fee to transport their student to and from school. The driver service

program represents a third option, in addition to the private vehicle and the school bus, and thus | estimate
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a conditional logit model of transportation mode choice. Parameter estimates from this model allow me to
construct willingness-to-pay (WTP) measures for reductions in student travel time and disruptions in busing
services. These welfare measures may be of value to policymakers when assessing the bene ts to households
of improving school busing relative to costs. Across all three models, | explore how key parameters vary
heterogeneously across di erent household characteristics to assess whether particular subpopulations are

disproportionately impacted.

The remainder of this chapter is as follows: Section 2.2 outlines the empirical model used in the analyses.
Section 2.3 details the revealed preference data and analytic results. Section 2.4 summarizes the stated
preference data, the choice experiment design, and the results of various analyses. Section 2.5 details the

driver service data, design, and results. This chapter concludes with a discussion in Section 2.6.

2.2 Empirical Model

The following generic model will be employed in later sections for the analysis of revealed preference and

choice experiment data. When applicable, deviations from this model will be noted in the appropriate section.

Consider a representative parent/guardian, n, with J = 2 transportation alternatives for transporting
their student to school. Let j = 1 refer to the school bus andj = 2 refer to the private vehicle. Each
transportation alternative provides the respondent some level of utility, with the di erence in utility, Up1

Un2; denoted by

U= Va+ n= o+ 1 TTa+ 2SDni+ Z 4+ 4 (2.1)

where TT, denotes the di erence in weekly travel time between the school bus and the private vehicle,
SDn; denotes the number of service disruptions in school bus service in a typical week,, is a vector of
observable respondent characteristics, and, represents idiosyncratic factors in uencing the school trans-

portation decision.!

Assuming |, is iid logistically distributed, and assuming random utility maximization (i.e., respondents
choose the school bus if U, > 0),the probability of respondent n selecting the school busj = 1, for any

given trip is:

1The private vehicle is assumed to have zero disruptions in a typical school week. For a full derivation of this equation, see
Appendix A.
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exp(Vor)  _exp(_Va)
exp(Vo1) + exp(Vnz) 1+ exp( V)

- (2.2)

where P, ; represents the probability of respondentn choosing the school bus.

Respondent travel time is not included in the above model due to measurement and accuracy concerns.
Conceptually, respondents who drive their student to and from school are incurring costs by doing so,
including by dedicating their own time to school transportation. If students took the school bus, this would
allow the respondent to avoid a school-related trip, therefore saving them time. To capture potential time
savings, respondents who report driving their student to and from school were asked to report how much
additional time they spend in the car on school related travel, as opposed to, say, driving directly from their
residence to their workplace. However, respondents whose students use the school bus were only asked how
long the hypothetical drive to and from their student's school is, with no information collected regarding
potential out of the way travel (such as drop o s on the way to work). Therefore, a meaningful measurement
of respondent's travel time is only available for respondents whose students fall in the \car rider" category.
The omission of respondent travel time may alter the meaning of travel time in the above utility function.
Respondents may view any utility arising from travel time in the private vehicle as a combination of the
value of their own time and their student's time as they travel together. If respondents value travel time
spent with their student, this may increase the utility of the private vehicle and thus, at least conceptually,

increase their likelihood of choosing to travel in the private vehicle.

2.3 Revealed Preference Analysis

In this section, | analyze revealed preference data (actual choices) for households who are eligible for school
bus transportation. This includes households who exclusively use a private vehicle, households who use a
mix of the school bus and a private vehicle, and households who exclusively use the school bus. Therefore, |
exclude any respondent who reports their student does not have an assigned school bus and any respondent
who does not use a private vehicle and does not use the school bus (i.e., the student only walks to school).
Baseline travel data collected in the survey includes information about mode(s) of transport are currently
used, the frequency of school bus use (if applicable), travel times for the school bus and private vehicle, and
the number of service disruptions in a typical week (regardless of whether the school bus is used). These

data re ect a respondent's revealed preference behavior during the 2023-2024 academic year. For mixed
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mode observations, share-based weights are used. For example, riding the school bus six times in a typical
week would weight P,; with six in the empirical model, and weight 1  P,; with four. Respondents who
report using only the school bus or only the private vehicle are given a weight of ter. All observations are
also adjusted with sampling weights that correct for the over-sampling and under-sampling of certain ZIP
codes and for variation in the number of students in each household.For respondents who did not provide
demographic information, the mean of the demographic variable is imputed. This imputation is not done for

any travel time variable, service disruptions, or frequency of school bus use.

From the initial 5,452 observations, 1,385 observations were dropped from the original sample due to
missing data regarding baseline travel times or service disruptions. 501 observations are dropped because
the baseline frequency of school bus use is incompleteAn additional 212 observations are dropped due to
respondents skipping the frequency of school bus use question. This leaves 3,354 observations in the revealed

preference estimation.

2.3.1 Revealed Preference Results

The revealed preference results are presented in Table 9. Column 1 includes only the transportation attributes
of student travel time and service disruptions, while Column 2 adds respondent characteristics and household
information. The dependent variable in these regressions is modal choice between the school bus and private
vehicle® As expected, the coe cient on Travel Time is negative. Therefore, as the di erence between travel
time on the bus and in the private vehicle increases, the probability of choosing the school bus declines. The
same is true forService Disruptions: as the number of service disruptions increases, the likelihood of choosing
the school bus decreases. Additionally, the results in Column 2 suggest White respondents and respondents
with additional household vehicles are less likely to use the school bus, aligning with the existing literature

(Ra q & Mitra, 2020).

Using the results in Table 1 Column 1, the marginal rate of substitution between travel time and service

disruptions is -33.00, with a standard error of 9.06. Conceptually, this means a respondent would be willing

2To be more detailed, the row corresponding to a mixed mode respondent is duplicated. The rst row represents choosing
the school bus and is weighted based on frequency of school bus use. The second row represents choosing the private vehicle
and is based on the number of remaining trips in a typical ten trip school week.

3Households with two students are weighted more than households with one student, for example.

4This information is incomplete due to an error in the original survey instrument. These 501 observations are one student
households who report using both the private vehicle and the school bus, and therefore their frequency of bus use cannot be
determined. Because of the critical nature of this baseline information and the likelihood that one student households travel
di erently than multi-student households, the average frequency of school bus use cannot be used to replace these missing
values. 966 one student households report only using the school bus, and therefore their frequency of use is assumed to be 10.

5To be more detailed, the choice indicator equals one if the school bus is chosen and equals zero if the private vehicle is
chosen.

44



to trade a roughly 33 minute increase in student weekly travel time for a one trip reduction in service
disruptions. After controlling for demographics in Column 2, the marginal rate of substitution rises to -47.71
minutes, with a standard error of 10.70. Both results are statistically signi cant and suggest respondents are

willing to trade substantial amounts of student travel time to avoid service disruptions.

To further understand these results and potential policy implications, | run a series of analyses to examine
possible heterogeneity of trade-o s by interacting the demographic characteristic of interest with travel time.
First, | examine White versus non-White respondents in it the lop left panel of Figure 2.1. White respondents
trade roughly 42 minutes to avoid a delayed or canceled trip, about 6 minutes less than the full sample.
Non-White respondents trade about 74 minutes to avoid a delayed or canceled trip, but the con dence
interval encompasses both the baseline and White estimates entirely. Given there are only 828 non-White
respondents in the revealed preference data, this is likely due to the relatively small sample size compared
to White respondents (2,868 observations in the revealed preference data). Both estimates are statistically
signi cant, and suggest non-White respondents may be disproportionately impacted by unreliable school bus

service.

In the top right panel of Figure 2.1, | focus on education status, comparing respondents with at least a
college degree to those without one. Respondents with a college degree trade about 45 minutes to avoid a
delay or cancellation of school bus service, while respondents without a college degree trade about 78 minutes
to avoid a delay or cancellation. While these results are statistically signi cant, it is worthwhile to note that
nearly 85% of respondents in the revealed preference analysis have a college degree, which may contribute

to the wider con dence intervals on the \No College Degree" estimation.

| then turn to employment status and compare respondents who are employed full-time with those who
are not (76.4% of the revealed preference sample is employed full-time and 23.6% are not employed-full
time). Respondents who are employed full-time trade, on average, about 55 minutes to avoid a delay or
cancellation of school bus service, while respondents who are not employed-full time trade 36 minutes. These

results suggest disruptions are more costly to employed respondents, on average.

Lastly, | aggregate income levels into four quartiles based on the underlying income distribution of the
sample® The rst quartile includes household incomes ranging from$20,000 to$124,999. The second quartile
includes incomes from$125,000 to$174,999. The third quartile includes incomes from$175,000 t0$224,999,

and the fourth quartile includes incomes $225,000 or greater. Respondents in the rst quartile trade, on

8That is, the quartiles are de ned by the reported household incomes of all survey respondents, rather than based on the
possible range of incomes.
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average, about 56 minutes of weekly student travel time to avoid a delay or cancellation of school bus
service. This is higher than all other bins and the baseline, with second quartile respondents trading about
43 minutes of weekly student travel time to avoid one disruption, third quartile respondents trading about
23 minutes, and fourth quartile respondents trading about 34 minutes. While each income level's con dence
interval includes the baseline estimates, the point estimates suggest that households in the lowest 25% of
the income distribution are more a ected by service disruptions (delays or cancellations) than other income

ranges.

2.3.2 Robustness Checks

As mentioned in Section 2.3, there are 501 observations where the baseline frequency of school bus use
is not recorded. To better understand how these missing observations may a ect the results, | run three
robustness checks. In the baseline travel information, these 501 respondents reported their student uses both
the school bus and the private vehicle. Therefore, school bus use can range anywhere from one trip in a
typical week to nine trips in a typical week. To test the sensitivity of the previous results and maintain
validity with respondents’ prior answers, | impute values of one trip per week, ve trips per week, and nine
trips per week.” These imputations were run on the same model as presented in Table 2.1, and the results are
reported in Table 2.28 As suggested by the parameter estimates in Columns 1-3, the di erent imputations
are roughly similar to those found in the baseline speci cation, and range from -45.14 (Column 1) to -49.58

(Column 3).

| run the same analysis using only responses recorded prior to January 5, 2024, when the local media
began reporting on the survey. By this date, 70% of my sample had completed the survey. These results are
presented in Table A4 in Appendix A. As in the main revealed preference model, the outcome of interest
is choosing to use the school bus. The results are qualitatively similar to those in Table 2.1, aService
Disruptions and Student Travel Time have the expected negative signs and are similar in magnitude to the
mainline results. When restricting to responses prior to local news coverage, the marginal rate of substitution

is -40.50, with a standard error of 11.59. This is about 15% lower than the results in Table 2.1.

As a nal robustness check, | drop the ZIP code level weights in Table A5. As with the pre-news sample,
the results in Table A5 are qualitatively similar to those in Table 2.1. The marginal rate of substitution

in Table A5 Column 2, -48.14, is only about 1% larger than the estimate in Table 2.1, -47.71. Together,

7 As stated previously, in a standard ve day school week there are ten total trips to and from school.
8That is, the imputations were run using the model with ZIP code level weights.

46



these results suggest the results in Table 2.1 are robust to di erent sample speci cations and the missing

501 observations in Table 2.2 would not have seriously altered the main results.

2.4 Stated Preference Analysis - Choice Experiments

While the previous section focused on revealed preference data, the current section now turns to stated
preference data gathered with discrete choice experiments. Respondents who are eligible for school bus
transportation are presented choice experiments hypothetically altering their selected student's school bus
route. These choice experiments are referred to as action plans within the instrument. These experiments are
designed to identify the marginal rate of substitution between a student's school bus travel time and school
bus service disruptions and examine the likelihood of choosing the school bus under di ering conditions. The
impact of certain demographic characteristics is examined using both the full sample and sub-samples based

on household composition.

1,212 respondents did not answer the choice experiment questions and are dropped from the sample.
This includes respondents who report their student does not have an assigned school bus, exclusively walk
to school, and any respondents who skipped the choice experiment questions. 184 additional observations
are dropped due to missing baseline school bus travel time, service disruptions, and or baseline student
private vehicle time. 622 observations are dropped because respondents saw implausible reliability levels in

the choice experiment questions. The resulting sample has 3,434 observations.

2.4.1 Experimental Design

The experimental design was generated using the Choice Metrics software Ngene. The design used a multi-
nomial logit model with Bayesian priors, and was programmed to nd the design with the minimum mean of
the D-error. Put di erently, the design was implemented to be D-e cient. Ngene's blocking procedure splits

a larger e cient design into groups of 3 choice experiments that have balanced levels of attributes across
choice tasks!® While each block is not e cient on its own, the combination of all blocks is e cient. | then
programmed the resulting Ngene output into Qualtrics as combinations of attribute level changes. Because

attributes move in the same direction, either increasing or decreasing, the same design is implemented for

9These respondents had either very high or very low levels of service disruptions and the changes applied by the experimental
design presented negative levels of service disruptions or levels of 11 or 12 disrupted trips. Given that there cannot be negative
levels of disruptions and there are only 10 trips in a school week, these responses are dropped.

10 A \choice task" in this survey is simply a choice experiment question.
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both the service improvement and service deterioration questionst?

While the service improvements and deteriorations each contain three questions, each choice experiment
guestion captures information regarding a typical week with ve school trips in the morning and ve school
trips in the afternoon. The question asks a respondent to choose between using the school bus, the private
vehicle, or a combination of the two. Given that there are 10 trips in a typical school week, a respondent's

answer to the choice experiment question provides information on all of these 10 trips.

The choice experiments, as discussed in the prior chapter, have two attributes: a student's weekly travel
time on the school bus and the service disruptions of the school bus. Travel time is measured in minutes
and service disruptions measures the number of disrupted trips in a typical week. The experimental design
then applies a change to the baseline attribute level. Possible attribute changes are presented in Table 2.
The direction of the change is determined by current travel behavior: if the respondent's selected student
currently rides the school bus, then travel time and the number of service disruptions is increased. If the
selected student currently travels in a private vehicle, then travel time and the number of service disruptions
is decreased. In the instances where a respondent's selected student uses both a school bus and a private
vehicle for travel in a typical week, the respondent sees all six choice experiments, three with increased

attribute levels and three with decreased attribute levels.

In the baseline data, weekly school bus travel time ranges from 100 minutes or less to 900 minutes, as the
per trip ranges were ten minutes or less to 90 minutes or more. For service disruptions, already measured at
the weekly level, a respondent may report anywhere from zero to ten disruptions per week. Given the wide
range of possible baseline levels, the magnitude of the attribute change is strati ed into high and low levels,
as shown in Table 1. If a respondent reports the baseline weekly school bus travel time is greater than 300
minutes, then they are sorted into the high travel time category. Weekly travel times of 300 minutes or less
are sorted into the low travel time category. Similarly, if a respondent reports baseline school bus service has
more than three service disruptions per week, then the respondent is sorted into the high level category for

service disruptions. Disruptions of three trips or less are the low level category.

11put di erently, because travel time will not increase while the number of service disruptions decreases, the improvement
design mirrors the deterioration design.
12 A disruption is a delay of ve minutes or more, or an outright cancellation of school bus service on any given trip.

48



2.4.2 Empirical Analysis

Because respondents may report they will only use the bus, only use a private vehicle, or use some mix
of the two modes in a typical week, responses to the choice experiment questions are weighted based on
the hypothetical school bus use'® If a respondent uses both the school bus and private vehicle, then the
observation is duplicated, with one duplicate being treated as choosing the school bus and the other as
choosing the private vehicle. Responses are also weighted by the number of students in the household, with
2 student households getting double the weight of 1 student households, 3 student households getting triple
the weight of 1 student households, and so on. Lastly, | weight observations using the inverse of the number
of choice tasks seen: 1/3 if three action plans were seen by the respondent and 1/6 if six action plans were

seen by the respondent.

2.4.3 Choice Experiment Results

Table 2.6 presents results using the stated preference data, with Column 1 including only the choice experi-
ment attributes and Column 2 incorporating demographic characteristics. Across both columns, astudent
Travel Time and Service Disruptions increase, respondents are less likely to choose the school bus. Using the
results in Column 2, the marginal rate of substitution is -81.91, with a standard error of 16.02. On average,
respondents would trade roughly 82 minutes of student travel time per week to avoid one delayed or canceled

school bus trip in the stated preference data.

Figure 2.3 presents heterogeneous marginal rates of substitution, where each panel of the gure focuses on
one demographic characteristic of interest. In the top left panel, White respondents would trade, on average,
slightly less time (about 74 minutes) to avoid a service disruption as compared to the baseline estimates
(about 81 minutes). Non-White respondents would trade about 147 minutes to avoid a delayed or canceled
school bus trip, but the con dence interval for this estimate is wide and encompasses the con dence intervals
for both the baseline and White estimates. This may be in part due to the smaller number of non-White

respondents within the choice experiment sample (734 observations compared to 2,700 White observations).

Turing to the top right panel, respondents with only one student in the household would trade about
150 minutes of weekly student travel time to avoid a delayed or canceled school bus trip (150 minutes per

week is equivalent to 15 minutes per trip, assuming 10 school bus trips in a typical week). Respondents with

13f a respondent states they would only use the school bus in a choice experiment, that observation's weight is equal to 10,
the number of trips in a typical school week, and the choice indicator variable equals 1. Similarly, if a respondent reports they
would only use a private vehicle, that observation's weight is equal to 10, but the choice indicator is now 0.
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multiple students in the household would trade about 71 minutes of weekly student travel time to avoid a
delay or cancellation of service. 45% of the sample reports one student in the household and the remaining

55% report two or more students in the household at the time of the survey?

Employment status is examined in the bottom left panel. Respondents with full-time employment would
trade, on average, 102 minutes of weekly student travel time, about 10 minutes per trip, to avoid a delay or
cancellation of school bus service.'®> Respondents who are not employed full-time would trade, on average,
about 53 minutes to avoid one delay or cancellation, about 5 minutes per trip. As in the revealed preference

section, service disruptions may be more costly to respondents with full-time employment.

Lastly, the role of income is examined in the bottom right panel. As in the revealed preference analysis,
respondents are categorized based on income quartiles. Respondents in the rst quartile of the income
distribution would trade 102 minutes of weekly student travel time, on average, to avoid a delay or cancellation
of school bus service. Under the assumption of 10 trips per week, this is equivalent to about 10 minutes of
student travel time per trip. Respondents in the second quartile, in red in the bottom right panel of Figure
2.2, would trade about 82 minutes of weekly student travel time, equivalent to about eight minutes per trip,
to avoid a delay or cancellation of service. Third quartile respondents, the green estimate in Figure 2.2,
would trade the least amount of time, about 44 minutes of weekly student travel time, of the four income
groups. Respondents in the fourth quartile of the income distribution would trade about 59 minutes of weekly
student travel time to avoid a delayed or canceled trip. Together, as in the revealed preference data, these
estimates suggest households with relatively lower incomes view service disruptions as more costly and are

therefore more willing to trade additional travel time to avoid a disruption.

2.4.4 Robustness Checks

To further ensure the local news coverage did not a ect how respondents answered the survey, | run the
stated preference analyses described in the pervious section using only the responses collected prior to the
local news coverage. The pooled model is presented in Table A6. Overall, the results are similar to those in
Table 2.4, with the attributes having the expected negative sighs and demographic controls having similar
signs and magnitudes. Using the pre-news sample, the marginal rate of substitution is -72.74 with a standard

error of 17.80, about 11% smaller in magnitude than the result in Table 2.4.

14 student and child are de ned di erent: students were currently enrolled in a WCPSS school at the time of the survey,
whereas child includes anyone 17 years old or younger in the household.
15This is assuming 10 trips per week.
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Table A7 presents the mainline results without ZIP code weights. The results are similar in magnitude and
overall signi cance to the results in Table 2.4. Using the results in Table A7, the marginal rate of substitution
is -93.87, standard error of 15.31. This is about 15% larger than the main results in this chapter. Together,
these robustness checks suggest the results in Table 2.4 are reasonable, given the overall consistency of the

results and relatively small changes in the marginal rates of substitution across each speci cation.

2.5 Stated Preference Analysis - Driver Service

To investigate the relationship between student travel time, service disruptions, and monetary price, | in-
troduce a hypothetical third-party transportation alternative, referred to as the \driver service," within the
survey instrument. This service would provide transportation from a respondent's residence to their stu-
dent's school for a xed weekly fee. Unlike the choice experiment section, the driver service holds school
bus service xed, and presents a travel time based on the student's private vehicle travel time. Respondents
are presented a combination of price, student travel time, and number of service disruptions and are asked
whether or not they would enroll in this service. If a respondent does not enroll in the driver service, |
assume they would choose their baseline travel mode. Therefore, in this section of the survey, respondents
now have three transportation alternatives (the driver service, the school bus, and the private vehicle). Given
the assumption that respondents would choose their baseline transportation mode if they do not choose the

driver service, this section employs a conditional logistic regression with three choice alternatives.

A respondent's observed utility can now be de ned as

Vi = jot+ 1TTj+ LoSDj++ 3P+ Z, (2.3)

Therefore, the probability of individual n selecting alternative j for any given trip is

exp(Vn; )

Pnj =
Joy exp(Vy)

(2.4)

This section of the survey was particularly scrutinized by local Raleigh media. ABC 11 Eyewitness News,
the local Raleigh a liate, titled their article \Parents asked about hiring private driving service on WCPSS

survey: "Safe and su cient," a misquote of the survey, which stated \safe ande cient ," (emphasis added).

Practically, this news coverage may have a ected how respondents viewed and answered the survey, and to
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correct for this possibility, | include a control variable measuring if the response was recorded prior to the

local news coverage.

As with the prior analyses, respondents who report their student has no school bus, walks to school
exclusively, or utilizes vendor transportation are excluded from this analysis. Additionally, respondents who
skip the initial driver service question are dropped. The resulting dataset contains 4,067 observations. In the

following results, the main outcome of interest is now enrolling in the driver service'®

2.5.1 Experimental Design

Table 2.5 presents the three driver service attributes and their possible levels. A service disruption value of 0.5
is the equivalent to one disruption every other week, and a value of 0.25 is equivalent to one disruption every
month. The travel time change, applied to the student's baseline private vehicle travel time, has two possible
values: 25 minutes or 50 minutes per week. In total, there are 16 possible combinations of the attributes
and each respondent is randomly assigned one of these options. The assignment is made without regard
to a respondent's household income, which is not recorded by the instrument until after the experimental
sections are complete. The service disruption and travel time change are assigned randomly without regard

to current private vehicle or school bus travel times or the current number of service disruptions.

2.5.2 Handling of \I'm not sure" Responses

Respondents had three possible responses to the driver service question: enroll, not enroll, or state \I'm
not sure." In the interest of providing conservative estimates, | treat \I'm not sure," responses as \l would
not enroll," across respondents. Existing work in economics suggest that \don't know" responses are similar
to \no" responses in willingness to pay studies, and recoding \don't know" responses does not alter the
distribution of \yes" and \no" responses or the willingness to pay estimates (Carson et al., 1997; Groothuis
and Whitehead, 2002). It is important to note that some of these non-enroll answers may be akin to protest
votes, given the news coverage this section of the survey received, and the subsequent misinterpretation
of this section of the survey in particular. 483 respondents answered \I'm not sure," to the driver service

guestion.

16That is, does the driver service become the most preferable transportation option and dominate the school bus and the
individual private vehicle.
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2.5.3 Driver Service Results

Table 2.6 presents conditional logit results, with Column 1 including only the driver service attributes and
Column 2 including demographics. The demographics on the left hand side of Column 2 are interacted with
the constant for the driver service, while the demographics on the left are interacted with the constant
for the school bus. As in previous tables, missing demographic information is imputed to be the mean of
a given variable. Price is not statistically signi cant in Column 2, but it does have the expected negative
sign across both columns.Student Travel Time and Service Disruptions are both statistically signi cant
and have the expected negative signs. Leveraging the results in Column 2, the marginal willingness to pay
for improvements in travel time is $0.39 per minute per week, with a standard error of 0.2074. Scaled up,
this would be equal to $23.40 per hour of weekly student travel time. For service disruptions, the marginal
willingness to pay to avoid one delayed or canceled trip is$20.30, with a standard error of 11.39}” The
marginal rate of substitution between student travel time and service disruptions is -52.35, with a standard

error of 11.23.

To further contextualize my ndings, | examine possible heterogeneity through key demographic charac-
teristics using the baseline speci cation. | rst examine heterogeneity in the marginal rate of substitution,
with estimation results shown in Figure 2.3. In the top left panel, White respondents would trade, on aver-
age, about 46 minutes of weekly student travel time to avoid one delay or cancellation of service. Non-White
respondents would trade about 85 minutes of weekly student travel time. Both of these estimates are similar
to the trade-o s made by White and non-White respondents in the revealed preference data in Section 2.3.1,
and, as in the revealed preference section, there are relatively few (735) non-White respondents compared to
White respondents (2,285) in the driver service data. Turing to the willingness to pay estimates for student
travel time, shown in Figure 2.4, White respondents would pay, on average$0.49 per minute of improved
weekly student travel time (equivalent to $29.40 per hour), while non-White respondents would pay$0.26
per minute of improved weekly student travel time ($15.60 per hour). However, the estimate for non-White
respondents is noisy and imprecise. The willingness to pay estimates for service disruptions are shown in
Figure 2.5. The point estimate for White respondents is about$29 to avoid one service disruption while the
estimate for non-White respondents is about$6 to avoid one service disruption. However, both estimates are

noisy and imprecise with large standard errors.

The top right panel of Figure 2.3 then examines the role of a respondent having at least a college degree

in the trade-o s between student travel time and service disruptions. It is important to note that only 498

17These values are only statistically signi cant at the 10% level.
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observations, or 15.38%, in the driver service sample report having less than a college degree. As in prior
sections, the vast majority of respondents report having at least a four year college degree. Respondents
who have at least a college degree would trade about 51 minutes of weekly student travel time, or about
ve minutes per trip, to avoid a delay or cancellation of service. Respondents who do not have a college
degree would trade about 74 minutes of weekly student travel time, or around seven minutes per trip, to
avoid a delay or cancellation. In Figure 2.4, | nd respondents with a college degree are willing to pay
$0.39 per minute of improved weekly student travel time, the same as the baseline estimation (equivalent
to $23.40 per hour of weekly student travel time). Respondents without a college degree are willing to pay
$0.27 per minute of weekly student travel time reductions §16.20 per hour). Turning to service disruptions

in Figure 2.5, college educated respondents would pa$22 to avoid one delay or cancellation of service, while
respondents without a college education would be willing to pay about12. These results are not statistically

signi cant and have large standard errors, however.

Turning to employment status in the bottom left panel of Figure 2.3, respondents who are employed full-
time would trade about 58 minutes of weekly student travel time to avoid a delay or cancellation of service,
while respondents who are not employed-full time would trade about 41 minutes of weekly student travel time.
As in earlier sections, these results suggest that for the roughly 24% of respondents who are not employed
full-time, service disruptions may be more costly for them as compared to respondents who are employed full
time (about 76% of survey respondents). Regarding willingness to pay estimates, respondents with full-time
employment are willing to pay $0.35 per minute of weekly student travel time reductions@21 per hour), less
than the $0.51 per minute for respondents who are not employed full-time. Employed respondents would pay
about $17 to avoid a delayed or canceled trip, while respondents who are not employed full-time would pay
about $33 per service disruption. However, as in the previous analyses, the willingness to pay estimates for

service disruptions have large standard errors and lack precision.

Lastly, as in previous sections, | examine trade-o s by quartiles of the income distribution. In Figure
2.3, respondents in the rst quartile of the income distribution would trade about 79 minutes of weekly
student travel time, or roughly eight minutes per trip, to avoid a delay or cancellation of service, more than
the remaining three income quartiles. Respondents in the second quartile (incomes ranging fro$125,000
to $174,999) would trade about 54 minutes of weekly student travel time (about ve minutes per trip) to
avoid a delay or cancellation of service. This is nearly the same as the baseline estimate of about 52 minutes.
Respondents in the third income quartile, in green in Figure 2.3, would trade about 40 minutes of weekly
travel time to avoid one service disruption. Lastly, those with the highest incomes, the fourth quartile, would

trade about 35 minutes of weekly student travel time, or about three and a half minutes per trip, to avoid
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one service disruption. As in prior sections, service disruptions appear to be most costly to respondents in
the rst quartile of the income distribution, given the amounts of time they are willing to trade to avoid one

disruption.

Turing to the willingness to pay estimates, respondents in the rst quartile would be willing to pay $0.24
per minute of reduced weekly student travel time, equivalent to $14.40 per hour, on average, and about
$14 to avoid one service disruption. Moving to the second quatrtile, these respondents would pa§0.36 per
minute of improved weekly student travel time, or $21.60 per hour and$17 to avoid one delayed or canceled
trip. Respondents in the third quartile would pay, on average, $0.48 to reduce weekly student travel time by
one minute ($28.80 per hour) and about$23 to avoid one service disruption. Respondents with the highest
incomes, the fourth quartile, would pay $0.55 per minute of reduced weekly student travel time, or$33 per
hour, and $30 to avoid one service disruption. While respondents with higher and highest incomes traded
less time to avoid delays or cancellations, they also appear to be willing to pay higher amounts of money
to reduce the amount of time their students spend traveling to and from school and the number of service
disruptions they encounter. It is important to note, however, the service disruption estimates are noisy and

imprecise.

2.5.4 Robustness Checks

Table A8 presents the main driver service results using only the responses recorded prior to local media
coverage of the survey and follows the model of Table 2.11. Of not&ervice Disruptions has a counterintuitive
positive sign in Column 1. After controlling for demographics, Price is no longer statistically signi cant, but

all attributes have the expected negative signs in Column 2. These estimates imply a marginal willingness
to pay for student travel time reductions equal to $0.50 per minute per week, with a standard error of 0.389.
Scaled up, this would be roughly$30 per hour of student travel time per week. The marginal willingness to
pay for reductions in service disruptions is equal t0$20.91, with a standard error of 16.98. These estimates

are not statistically signi cant. The marginal rate of substitution is -42.13, with a standard error of 11.87.

Table A9 drops the ZIP code weights from the analysis and returns to using the full sample of data. As
in Table A8, Service Disruptions has a positive sign in Column 1, but returns to the expected negative sign
in Column 2 after controlling for demographics. In this model, Price is also statistically signi cant. In this
model, the marginal willingness to pay for reductions in student travel time is $0.29 per minute per week,

with a standard error of 0.094. Scaled up, this is equivalent td517.40 per hour of weekly student travel time.
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Turning to service disruptions, respondents would be willing to pay $14.53 per trip to avoid one delayed
or canceled trip (standard error of 4.94). These results are more statistically precise than the main results
in the previous section and slightly lower in magnitude. Lastly, the marginal rate of substitution between

student travel time and service disruptions is -50.56 minutes, standard error of 9.18.

2.6 Discussion

The empirical results reported in this chapter Il a substantial gap in the existing literature. To my knowledge,
there is thus far little work examining the school transportation decision and household preferences for school
transportation in an American context. By leveraging survey data from Wake County, North Carolina, |
provide novel insight into the role reliability plays in the school transportation decision and identify both

marginal rates of substitution and willingness to pay estimates related to school transportation.

Both the revealed and stated preference data nd signi cant trade-o s between travel time and service
disruptions, suggesting service disruptions have a high impact on households. In Section 2.3.1, the revealed
preference results, I nd the trade-o between a one trip change in the number of service disruptions is
equivalent to a roughly 48 minute change in weekly student travel time. Under baseline conditions, respon-
dents trade about ve minutes per trip, assuming 10 trips per week, to avoid one delayed or canceled school
bus trip. When examining potential heterogeneity of this result, I nd non-White respondents trade around
74 minutes of weekly student travel time to avoid a delay or cancellation of school bus service. Additionally,
respondents in the lowest 25% of the survey income distribution trade about 56 minutes of weekly student
travel time to avoid a delay or cancellation of service. Together, these results suggest that non-White and
(relatively) lower income households are especially sensitive to service disruptions, as compared to their

White or (relatively) wealthier counterparts.

| then examine stated preference data collected via choice experiments in Section 2.4.3. The choice
experiments provide both exogenous variation in attribute levels and create combinations of attributes that
are not seen frequently in the revealed preference (baseline) data, therefore providing additional insight into
respondents' preferences. Leveraging this data, | nd respondents would hypothetically trade over an hour
of weekly student travel time, nearly 82 minutes, to avoid one delay or cancellation in service, equivalent to
about eight minutes per trip. After interacting travel time with household characteristics, | nd non-White
respondents are willing to trade nearly double the amount of weekly travel time White respondents are willing

to trade, about 147 minutes versus 74 minutes of weekly student travel time. | also nd that respondents
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in the lowest quartile of the income distribution are willing to trade about 102 minutes of weekly student

travel time to avoid one delayed or canceled school bus trip, more than the other three income quatrtiles.
As in the revealed preference data, my ndings from the choice experiments suggest non-White and lower
income households view service disruptions are more costly, given the large amounts of travel time they are

willing to trade to avoid a disruption.

Lastly, in Section 2.5.3, | leverage the driver service data collected via a dichotomous choice question and
nd the marginal rate of substitution to be -52.34, slightly higher than the revealed preference estimate. As
in previous sections, when examining heterogeneity in the driver service, | nd non-White respondents are
willing to trade about 85 minutes of weekly student travel time to avoid one service disruption, nearly double
the 46 minutes White respondents are willing to trade. White respondents have a higher willingness to pay
for travel time improvements than non-White respondents® Households in the lower quartile of the income
distribution are willing to trade larger amounts of travel time to avoid a service disruption, but respondents

in the higher quartiles are willing to pay more money to reduce weekly student travel time.

When examining the results as a whole, there is strong evidence to suggest a high impact of service
disruptions on respondents and their students' travel behavior, given the large amounts of student travel
time households are willing to trade to avoid a service disruption. This appears to be especially true for
non-White and lower income households, who trade, or are willing to trade, larger amounts of travel time
than their White or wealthier counterparts. Non-White and lower income households may be more exposed

to service disruptions, or nd them more costly to overcome when they occur.

While my willingness to pay estimates are only signi cant at the 10% level, they do provide some insight
into the value of student travel time and service disruptions and help address a gap in the existing literature.
An hour of student travel time is valued to be $23.40 per week. As a back of the envelope calculation, saving
one student an hour of travel time per week, equivalent to six minutes per trip if the student rides the bus to
and from school every day, would have a value o936 per academic year for the individual student (assuming
40 weeks in a traditional school year). Reducing an individual student's number of service disruptions by
one trip per week would have a value of6812 per academic year for the individual student. If these estimates
are scaled up to 90,000 students (the number of students who signed up for bus service in academic year
2023-24), a one hour improvement in travel time would be valued a$84.240 million and a one trip reduction
in service disruptions would be valued at$73.080 million. To take a more conservative estimate of the value

of travel time, one could also assume a bus ridership of 61,000, the number of bus riders during the 2021-22

18 Neither White nor non-White respondents have statistically signi cant or precise willingness to pay measures regarding
service disruptions.
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academic year (Patterson & Walkenhorst, 2024). Under the assumptions of 61,000 bus riders and a 40 week
academic year, improving school bus service by one hour of weekly travel time per student would be valued
at $57.096 million and a one trip reduction in the number of delayed or canceled school bus trips would be

valued at $49.532 million.
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Table 2.1:

Revealed Preference Results.

(1)

Choosing the School Bus

No Demographics

(2
Choosing the School Bus
Demographics

Service Disruptions -0.0575 -0.0824
(0.0132) (0.0147)
Student Travel Time -0.00174 -0.00173
(0.000219) (0.000226)
Recorded Prior to News Coverage -0.0391
(0.0952)
Age 0.00537
(0.00743)
College Degree -0.132
(0.143)
Employed Full-Time 0.480
(0.102)
Retired 0.461
(0.446)
Female -0.132
(0.111)
White -0.585
(0.124)
Household Income -0.00000195
(0.000000672)
Number of Adults in Household 0.240
(0.0967)
Number of Children in Household -0.0253
(0.0550)
Number of Licensed Drivers in Household -0.140
(0.0948)
Number of Household Vehicles -0.467
(0.0791)
Marginal Rate of Substitution -33.00 -47.71
(9.06) (10.70)
N 3,354 3,354
Log pseudo-likelihood -144.87 -130.61

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001,

p < 0:001
3 Missing demographic information is imputed to be the mean of the given variable.
Disruptions or Student Travel Time .
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Table 2.2: Revealed Preference Results: Imputed School Bus Use Frequency

@

()

3

1 Trip per Week 5 Trips per Week 9 Trips per Week

Service Disruptions -0.0683 -0.0733 -0.0803
(0.0134) (0.0133) (0.0140)
Student Travel Time -0.00151 -0.00155 -0.00162
(0.000201) (0.000201) (0.000213)
Recorded Prior to News Coverage 0.00162 -0.0240 -0.0553
(0.0831) (0.0840) (0.0906)
Age 0.00815 0.00608 0.00402
(0.00640) (0.00645) (0.00699)
College Degree -0.106 -0.121 -0.143
(0.122) (0.124) (0.136)
Employed Full-Time 0.427 0.439 0.457
(0.0927) (0.0928) (0.0978)
Retired 0.371 0.406 0.450
(0.379) (0.385) (0.427)
Female -0.0978 -0.114 -0.137
(0.0947) (0.0968) (0.106)
White -0.554 -0.544 -0.541
(0.105) (0.107) (0.117)
Household Income -0.146 -0.163 -0.188
(0.0587) (0.0593) (0.0637)
Number of Adults in Household 0.270 0.253 0.238
(0.0853) (0.0867) (0.0934)
Number of Children in Household 0.204 0.0631 -0.0874
(0.0532) (0.0504) (0.0510)
Number of Licensed Drivers in Household -0.169 -0.151 -0.134
(0.0904) (0.0889) (0.0915)
Number of Household Vehicles -0.441 -0.438 -0.444
(0.0729) (0.0724) (0.0759)
Marginal Rate of Substitution -45.14 -47.27 -49.58
(10.89) (10.76) (11.03)
N 3,793 3,793 3,793
Log pseudo-likelihood -153.18 -146.74 -138.18

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001, p < 0:001

3 Missing demographic information is imputed to be the mean of the given variable. No imputation is done to

Disruptions or Student Travel Time .
4 Household Income has been divided by 10,000.
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Table 2.3: Choice Experiment Attributes.

1) 2
Low Level Deltas High Level Deltas
Weekly School Bus Travel Time (minutes)  -90, -60, -30 or -180, -90, -45 or
30, 60, 90 45, 90, 180
Service Disruptions -1,-0.5,00r -2,-1,00r
0,05,1 0,1,2
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Table 2.4: Choice Experiment Results.

Choosing the School Bus
No Demographics

(1)

(2)
Choosing the School Bus
Demographics

Service Disruptions -0.0972 -0.103
(0.0136) (0.0138)
Student Travel Time -0.00103 -0.00126
(0.000165) (0.000163)
Recorded Prior to News Coverage -0.0139
(0.0708)
Age 0.00869
(0.00540)
College Degree -0.367
(0.107)
Employed Full-Time 0.399
(0.0790)
Retired 0.386
(0.375)
Female -0.0868
(0.0824)
White -0.417
(0.0902)
Household Income -0.228
(0.0485)
Number of Adults in Household 0.304
(0.0798)
Number of Children in Household 0.0712
(0.0415)
Number of Licensed Drivers in Household -0.239
(0.0903)
Number of Household Vehicles -0.331
(0.0680)
Marginal Rate of Substitution -94.06 -81.91
(20.79) (16.02)
N 3,434 3,434
Log pseudo-likelihood -1535.91 -1467.86

1 Log odds coe cients; Standard errors in parentheses
2 p< 005 p< 001, p < 0:001

3 Missing demographic information is imputed to be the mean of the given variable.

Disruptions or Student Travel Time .
4 Household Income has been divided by 10,000.

62

No imputation is done to Service



Table 2.5: Driver Service Attributes.

1)

Levels
Price $100, $150, $200, or $250
Travel Time Delta 25 or 50 minutes
Service Disruptions 0.5 or 0.25 per week
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Table 2.6: Driver Service Results.

1)
Choosing Driver Service
No Demographics

@)
Choosing Driver Service
Demographics

Price -0.0159 -0.00446
(0.000989) (0.00234)
Service Disruptions 0.156 -0.0906
(0.0127) (0.0149)
Student Travel Time -0.000182 -0.00173
(0.000213) (0.000228)
Recorded Prior to News Coverage 0.134 -0.0679
(0.300) (0.0995)
Age -0.00771 0.00781
(0.0208) (0.00765)
College Degree -0.854 -0.0726
(0.358) (0.148)
Employed Full-Time 0.602 0.471
(0.334) (0.108)
Retired 1.742 0.202
(0.985) (0.462)
Female 0.0699 -0.158
(0.317) (0.118)
White -1.925 -0.632
(0.285) (0.127)
Household Income 0.0658 -0.225
(0.214) (0.0704)
Number of Adults in Household 0.394 0.176
(0.226) (0.102)
Number of Children in Household 0.249 0.0757
(0.187) (0.0578)
Number of Licensed Drivers in Household -0.790 -0.141
(0.310) (0.0919)
Number of Household Vehicles -0.164 -0.424
(0.236) (0.0791)
Reminder of Potential Time Savings 0.107
(0.269)
N 3,020 3,020
Log pseudo-likelihood -181.19 -144.86

1 Log odds coe cients; Standard errors in parentheses
2 Left hand demographics are interacted with choosing the driver service. Right hand demographics are interacted

with choosing the school bus.
3 p< 005 p< 001, p < 0:001

4 Missing demographic information is imputed to be the&ean of the given variable.

divided by 10,000.

Household Income has been



Figure 2.1: Revealed Preference: Marginal Rate of Substitution Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline speci cation, -47.71. The surrounding gray box indicates the 95%

con dence interval for the baseline speci cation.
2 Estimations were also run on single versus multi-student households. The estimates for single student households were imprecise,
and the subsequent con dence interval was so large the baseline con dence interval was not visible on the graph. These results are

therefore not reported in the gure.
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Figure 2.2: Stated Preference - Choice Experiments: Marginal Rate of Substitution Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline speci cation, -81.91. The surrounding gray box indicates the 95%
con dence interval for the baseline speci cation.

2 Estimations were also run on the interaction between college degree and student travel time. The estimates on no college degree were
imprecise, with a large con dence interval. The baseline con dence interval was not visible in the gure, therefore the college/no
college speci cation is not reported in the gure.
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Figure 2.3: Stated Preference - Driver Service: Marginal Rate of Substitution Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline speci cation, -52.35. The surrounding gray box indicates the 95%
con dence interval for the baseline speci cation.

2 Estimations were also run on the interaction between single vs. multi-student households and student travel time. The estimates
for single student households were imprecise, with a large con dence interval. Therefore the number of students speci cation is not
reported in the gure.
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Figure 2.4: Stated Preference - Driver Service: Travel Time Willingness to Pay Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline specication,  $0.39 per minute of weekly student travel time
(equivalent to $23.40 per hour of weekly student travel time). The surrounding gray box indicates the 95% con dence interval for
the baseline speci cation.

2 Estimations were also run on the interaction between single vs. multi-student households and student travel time. The estimates
for single student households were imprecise, with a large con dence interval. Therefore the number of students speci cation is not
reported in the gure.
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Figure 2.5: Stated Preference - Driver Service: Service Disruptions Willingness to Pay Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline speci cation, ~ $20.30 per service disruption. The surrounding gray
box indicates the 95% con dence interval for the baseline speci cation.

2 Estimations were also run on the interaction between single vs. multi-student households and service disruptions. The estimates
for single student households were imprecise, with a large con dence interval. Therefore the number of students speci cation is not
reported in the gure.
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Chapter 3

Joint Analysis of Revealed and Stated
Preference Data from the Wake

County Public School System

3.1 Introduction

This chapter combines the revealed and stated preference data to conduct a joint analysis of respondent
preferences for school transportation and re-estimate the key metrics from Chapter 2: the marginal rate
of substitution between student travel time and service disruptions and willingness to pay measures for
student travel time and service disruptions. In the previous chapter, | analyzed the revealed preference
data and the two stated preference datasets separately. While this provides novel insights, the data are not
without their limitations. The revealed preference data, or actual choices made by respondents under real
world conditions, may su er from collinearity among the attributes of travel modes, student travel time
and service disruptions and attribute levels, ranges, and combinations may be limited in the real world.
The stated preference data collected via choice experiments (referred to as \action plans" in the survey)
and dichotomous choice question (referred to as the \driver service" in the survey) are designed to have
exogenous variation and attribute levels and combinations not currently seen in the baseline data. But, both

the choice experiments and dichotomous choice question were presented as hypothetical scenarios, thereby
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potentially su ering from hypothetical bias.

Despite their di erences in possible limitations, the data also have several advantages. The revealed and
stated preference data were collected using the same survey instrument from the same individuals, meaning
any individual-speci ¢ unobservable constants would be the same across datasets. The data all model the
choice of school transportation mode as a function of student travel time and service disruptions and capture
the outcome of the school transportation decision. Given these characteristics, it is possible to combine
the revealed preference and stated preference data to conduct a joint analysis, similar to Adamowicz and
co-authors (1994) and Cameron (1992), among others. By combining the data for a joint estimation, the
stated preference data reduces collinearity that may be present in the revealed preference data, potentially
improving identi cation and e cient estimation of attribute e ects. Furthermore, attribute levels, ranges,
and combinations may be expanded beyond those that exist in either the revealed preference or stated
preference datasets separately. This approach will not only allow for an examination of the consistency of

preferences across survey items, but provide further context for the preceding results of Chapter 2.

The remainder of this chapter is organized as follows: Section 3.2 outlines the empirical modeling strategy
used for the joint analysis. Section 3.3 presents empirical results, and the chapter concludes with a discussion

in Section 3.4.

3.2 Empirical Model

Throughout this work, | assume that, for each trip, a respondent selects the travel mode from the choice set
that maximizes their utility. Formally, a respondent's utility from any given transportation mode, j, can be
written as

Uy = Vij + (3.1)

where Vy; is the observed, deterministic component of utility and y; is the unobserved, idiosyncratic com-

ponent. Vi, can be decomposed further as

an = ot ]_TTJ + QSD]' ++ 3Pj + Z, 3.2)

wherein TT; is the travel time of transportation option j, SD; is the number of service disruptions ex-

perienced when choosing alternativej, and Z,, is a vector of observable respondent characteristics that
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are constant across transportation alternatives. Assuming ; is distributed iid Type | extreme value, the

probability of individual n selecting alternative j for any given trip is

o exp( aVh)
NN
j=1 exp( dVnj)

Pnj = (3.3)

where 4 is the scale parameter for datasetd and J is the set of all possible transportation alternatives?

In prior chapters, is implicitly normalized to one. While the scale parameter cannot be estimated using a
single set of data, the ratio of scale parameters can be estimated when combining multiple sets of data, such
as revealed and stated preference data (Adamowicz et al., 1994). This ratio can be thought of as a relative

scale parameter and captures the ratio of variances between the data sets (Adamowicz et al., 1997).

Given the complexity of the datasets and the demands of the estimation, Stata is not suited for a joint
estimation. The analysis was instead completed in GAUSS. Maximum likelihood estimation code is written
that combines the revealed preference data, choice experiment data, and driver service data for the sample
of respondents who answered all three components of the survéylf respondents are truly maximizing
their utility, then their answers should re ect the same underlying preference structure after controlling for
di erences in scale, whether the decision is real (as in the revealed preference data) or hypothetical (as in the
two stated preference datasets). Therefore, the joint analysis should yield similar results to those discussed

in Chapter 2.

3.3 Empirical Results

The results of the joint analysis are presented in Table 3.1. The natural log of the ratio of the scale parameters
for the stated preference datasets relative to the revealed preference dataset are presented rst. The natural
log of the ratio of the scale parameters for the choice experiment and revealed preference data is -0.0026,
with a standard error of 0.0807. At a 0.1% signi cance level, the hypothesis of parameter equality (that is,
that the scale parameters for the choice experiment data and revealed preference data are equal), cannot
be rejected. The same is true for the driver service and revealed preference ratio: the coe cient of 0.0510

is not statistically signi cant (the standard error of 0.0457), meaning we cannot reject the hypothesis of

In the revealed preference data and choice experiment data, J = 2, while in the driver service data J = 3. Here, D = 3
as well, with the three datasets being the revealed preference and two stated preference datasets (the choice experiments and
driver service).

2Therefore, any respondent who is not eligible for school transportation, exclusively walks to school, skips baseline school bus
transportation questions, skips choice experiment questions, or skips the driver service question are dropped from this sample.
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parameter equality.

Turning to the attributes, Price, Student Travel Time, and Service Disruptions are qualitatively similar
to those in Chapter 2. Under the preferred driver service model in Table 2.6, thé®rice coe cient is -0.00446,
slightly larger in magnitude than the joint analysis estimate of -0.00366. In both Table 2.6 and Table 3.1,
Price is statistically signi cant at the 10% level. Student Travel Time has a coe cient of -0.00154 in the
joint analysis, within the range of prior estimates from Chapter 2 (-0.00173 to -0.00126). The estimates
for Student Tavel Time in both this chapter and Chapter 2 are precise, with small standard errors across
the various speci cations. The same is true forService Disruptions, given the previous estimates range from
-0.103 to -0.0824 and the joint analysis estimates a coe cient of -0.0885 (standard error of 0.0119). Together,
both the estimated ratios of the scale parameters and the coe cients for each attribute suggest respondents
answered consistently across survey components from similar underlying preferences, further supporting the

validity of the WCPSS results.

Results of a likelihood ratio test of the parameter restrictions embedded in the pooled models are presented
in Table 3.2. The rst three rows report the log-likelihood for the unrestricted model of each dataset (revealed
preference, choice experiments, and the driver service). Summing these likelihoods generated the unrestricted
model log-likelihood that is then compared to the joint model, in the fourth row. The p-value for the estimated
test statistic is 0.501, meaning | cannot reject the hypothesis of a common data generating process for the

key model parameters after accounting for scale di erences across the three data sets.

When leveraging the estimatedStudent Travel Time and Service Disruption coe cients in Table 3.1, the
marginal rate of substitution is -57.41 (standard error of 10.72). This suggests a trade of 57 minutes of weekly
student travel time to avoid one delay or cancellation of school bus service. Prior estimates of the marginal
rate of substitution ranged from -81.91 to -47.47, as shown in Table 3.3. The results in Table 3.1 also allow
for identi cation of willingness to pay measures. Respondents would pay, on average, abou#0.42 to reduce
their student's weekly travel time by one minute (standard error 0.2364). Scaled up, this is equivalent to
$25.20 per hour of weekly student travel time. This is slightly higher than the estimate of$23.40 found in
Chapter 2. Turning to service disruptions, respondents would pay$24.18 to reduce the number of service
disruptions by one trip in a typical school week, about 20% higher than the Chapter 2 estimate 0f$20.30

per reduction in service disruptions.
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3.3.1 Heterogeneity Analyses

To provide further insight, heterogeneity analyses were conducted on key demographic factors: race, em-
ployment status, educational attainment, and income. Three key metrics were analyzed: the marginal rate
of substitution between service disruptions and student travel time, the willingness to pay for reductions in
student travel time, and the willingness to pay for reductions in the number of service disruptions. Figure
3.1 presents the results for the marginal rate of substitution. Beginning rst with White versus non-White
respondents, under the joint analysis, White respondents would trade, on average, about 74 minutes of stu-
dent travel time to avoid a delay or cancellation in service. Non-White respondents would trade, on average,
11 minutes of weekly student travel time to avoid one delayed or canceled trip. The estimate for non-White
respondents should be treated with caution, however, due to the relatively small number of non-White re-
spondents in the sample and given the estimated con dence interval includes zero (see the top left panel of

Figure 3.1).

In the top right panel, respondents with at least a four year college degree are compared to respondents
without a four year college degree. Respondents with a college degree would trade about 61 minutes of
weekly student travel time, or about six minutes per trip, to avoid one delay or cancellation of service. This
is slightly higher than the joint analysis baseline estimate of 52 minutes. Respondents who do not have at
least a college degree would trade about 26 minutes of weekly student travel time to avoid one delayed or
canceled trip, however this estimate has a standard error of 37.55 and the con dence interval includes zero.
This lack of precision may be due to the relatively small number of respondents who do not have at least a

college degree.

The role of employment status is then examined in the bottom left panel. Respondents with full-time
employment would trade about 53 minutes of weekly student travel time (about ve minutes per trip in a 10
trip week) to avoid one delayed or canceled school bus trip. Respondents who do not report being employed
full-time would trade about 69 minutes of weekly student travel time (about seven minutes per trip) to avoid
a delayed or canceled school bus trip. Both of these results are similar to the baseline estimate of 52 minutes

and prior estimates in Chapter 2.

Lastly, | examine the role of household income by quartile in the bottom right panel. Respondents in the
lowest 25% of the sample income distribution, in blue, would trade about 66 minutes of weekly student travel
time to avoid one delayed or canceled school bus trip, higher than the other three quartiles. In the second

quartile, shown in red, respondents would trade about 59 minutes of weekly student travel time to avoid one
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service disruption, or about six minutes per trip in a 10 trip week. Respondents with incomes in the third
quartile, shown in green, would trade only about 23 minutes of weekly student travel time to avoid a delay
or cancellation of school bus service. This is equivalent to about two minutes per trip under the assumption

of 10 trips per week and is the lowest trade-o across the four quartiles.

Heterogeneity of the willingness to pay measures is also examined, beginning with the travel time will-
ingness to pay measure in Figure 3.2. White respondents are willing to pay abou$0.41 (standard error
0.2411) to reduce their student's weekly travel time by one minute, or about$24.60 per hour. Non-White
respondents would pay about$0.51 per minute (standard error of 0.2952), or about$30 to reduce weekly
student travel time by one hour. Both of these estimates have con dence intervals that include zero and
have limited statistical precision, likely due to the limited precision of the Price coe cient underlying the

willingness to pay calculation.

When examining willingness to pay across education status, respondents with at least a college degree
are willing to pay about $0.44 to reduce weekly student travel time by one minute (standard error 0.247).
Scaled up, this is equivalent to about$26 per hour of weekly student travel time. For respondents without a
college degree, the willingness to pay for student travel time reductions i$0.23 per minute (standard error
of 0.171), or around $14 per hour of weekly student travel time reductions. The estimate for respondents
with at least a college degree is very similar to the baseline estimate and both groups have relatively large

con dence intervals that include zero.

For respondents with full-time employment, the willingness to pay for a one-minute reduction in weekly
student travel time is $0.43 (standard error 0.2443), or around$26 per hour, nearly identical to the baseline
estimate. Similarly, respondents without full-time employment would pay about $0.41 per minute for weekly
student travel time reductions (standard error 0.2459). As with prior estimates, these willingness to pay

measures lack statistical precision.

Lastly, willingness to pay for student travel time savings is examined based on income quartile. Respon-
dents with the lowest incomes in the sample, shown in blue, would be willing to pay about0.37 for a one
minute reduction in weekly student travel time (standard error 0.2110), or about $22 per hour. Respondents
in the second quartile, shown in red, would be willing to pay about$0.35 per minute of weekly student travel
time saved (standard error 0.2147), or around$21 per hour. Respondents with relatively higher incomes, the
third quartile, have the highest estimated willingness to pay in the joint analysis, $0.70 per minute (standard
error 0.4567), or about$42 for a one hour reduction in weekly student travel time. However, the con dence

interval for this estimate is the largest of the quartiles, and includes zero. Finally, respondents with the
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highest incomes have a willingness to pay 0$0.51 per minute (standard error 0.2900), or about$31 for a

one hour reduction in weekly student travel time.

Turning to the willingness to pay measures for service disruptions, shown in Figure 3.3, White respondents
in the top left panel have a willingness to pay of about$30 for a one trip reduction in the number of service
disruptions (standard error 17.47). Non-White respondents have a willingness to pay 0$5.83 per service
disruption reduction. However, as with prior estimates, the con dence intervals include zero and neither

result is particularly precise.

When examining education status, respondents with at least a college degree have a willingness to pay
of about $27 per reduction in the number of service disruptions (standard error 15.22), while respondents
without a college degree have a willingness to pay of arounié (standard error 8.209). This lack of precision
may be due to the limited precision of the underlying Price coe cient and, for the \No College Degree"

category, the relatively few respondents who do not have at least a college degree.

Employment status is again examined in the bottom left of the gure, with employed respondents having
an estimated willingness to pay of$28 (standard error 13.39) for a one trip reduction in the number of
service disruptions. respondents without full-time employment have a willingness to pay ofs28 (standard
error 17.30) for a one trip reduction in the number of service disruptions. As with prior results, the statistical

precision here is limited.

Lastly, respondents in the lowest income quartile have a willingness to pay for reductions in service
disruptions of $24 per trip (standard error 14.17), nearly identical to the baseline estimate. Respondents
with relatively lower incomes in the second quartile are willing to pay about $21 to reduce the number of
service disruptions in a typical week by one trip (standard error 12.78). Shown in green, respondents in
the third quartile have a willingness to pay of about $16 (standard error 17.42), the lowest willingness to
pay of the income quartiles. Respondents with the highest incomes in the sample are willing to pay around
$28 to reduce the typical number of service disruptions by one trip (standard error 16.24), the highest point
estimate across the four quartiles. Given the limited precision of thePrice coe cient, the con dence intervals

for each of the four quartile estimates includes zero.
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3.4 Discussion

This chapter jointly analyzes the revealed and stated preference data from the WCPSS transportation survey.
By combining the revealed and stated preference datasets, | not only maximize the bene ts of both datasets,
but | can examine whether respondents answered the survey items with regard to the same underlying
preference structure. Both the revealed and stated preference questions asked respondents to report their
transportation mode of choice, or, in other words, the utility maximizing choice. If respondents choose
the mode that maximizes their utility in each question, then their answers re ect the same underlying
preferences, regardless of whether the question is about real world behavior, or a hypothetical scenario.
This can be tested by estimating the ratio of the scale parameters of the underlying utility functions. If the
hypothesis of parameter equality cannot be rejected, then this implies respondents answered from the same

underlying utility function and preference structure.

In Table 3.1, | present the estimated ratios of the scale parameters for the choice experiment and revealed
preference data, and the driver service and revealed preference data. In both instances, the hypothesis of
parameter equality cannot be rejected, implying respondents answered consistently across both the revealed
and stated preference data. Furthermore, the estimated coe cients for the three attributes, Price, Student
Travel Time, and Service Disruptions, are similar in magnitude and precision as the prior coe cients in
Chapter 2. While the willingness to pay measures do not have improved precision under the joint analysis,
they are consistent with the previous results, providing further support of the validity of the willingness to
pay estimates. A summary of the results of Chapters 2 and 3 are presented in Table 3.3 and help illustrate
the similarities across the four models. Heterogeneity analysis based on key household characteristics also
provides additional insight.®> Respondents in the lowest portion of the income distribution have the highest
trade-o s between student travel time and service disruptions and some of the lowest estimated willingness

to pay measures across income birfs.

The willingness to pay measures estimated in this chapter can be used in back of the envelope calculations,
similar to those in Chapter 2. Using the estimated$25.20 per hour of student travel time, saving one student
one hour of travel time on the school bus per week across 40 weeks of school would be wo#th008 per
student. If this measure is scaled up to 61,000 school bus riders, the ridership level of the 2021-22 school
year, the direct value of time saved would be worth$61.5 million per academic year, assuming a xed level

of school bus ridership (Patterson & Walkenhorst, 2024). A one trip reduction in the number of service

3There is a caveat that for certain groups, hamely non-White respondents and respondents without college education, there
is limited insight and precision due to small sub-sample sizes.
4The lowest willingness to pay measures by income quartile are second quartile respondents.
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disruptions is valued at a rate of $24.18 per trip in this chapter. If the number of delays or cancellations in
a typical week was reduced by one, then the value of this improvement in service reliability would be worth
$967 per student per academic yea?. Scaled up to 61,000 bus riders, this would be equivalent to just under
$59 million per academic year. To provide additional context, transportation related items in the WCPSS

2023-24 budget totaled$64.8 million based on a line-item totaling®

The results from this chapter suggest rst that the WCPSS survey collected meaningful and consistent
data regarding respondent preferences for school transportation. Second, they suggest a high impact of
service disruptions on respondents, given the amount of student travel time they are willing to trade to
avoid one delay or cancellation and given the estimated willingness to pay measure 624.18. Furthermore,
as in Chapter 2, these results vary across di erent sub-populations, suggesting that both the impacts of
service disruptions and willingness to pay measures vary across demographic groups. Further work focusing
on more detailed income measures, including targeting lower and low income households (rather than simply
within-sample quartiles), could provide additional insight into socioeconomic heterogeneity of the estimated

metrics.

5That is, assuming 40 weeks of school.

6Speci cally, $22.4 million is listed for driver pay, $20 million is listed for contracted pupil transportation, $15.1 million for
various repairs (including repair-related labor costs), $408,39 for oil, $928,768 for tires and tubes, and $268,540 for licensing
and titles.
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Table 3.1: Joint Analysis Results.

@)

Transportation Choice

Scale Parameter: Choice Experiment and Revealed Preference -0.0026
(0.0807)
Scale Parameter: Driver Service and Revealed Preference 0.0510
(0.0457)
Price -0.00366
(0.00204)
Service Disruptions -0.0885
(0.0119)
Student Travel Time -0.00154
(0.000199)
Marginal Rate of Substitution -57.41
(10.72)
N 3,884
Mean log-likelihood -0.4538

1 Log odds coe cients; Standard errors in parentheses
2 p< 005 p< o001, p < 0:001

3 Demographics were interacted with dummy variables indicating revealed preference, choice experiment,
and driver service data. In the interest of brevity, demographics are not reported in this table.
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Table 3.2: Likelihood Ratio Test.

(1) (2)
Log-Likelihood Parameters

Revealed Preference -524.942 15
Choice Experiments -606.215 15
Driver Service -620.68 30
Unrestricted Model -1761.84 60
Joint Model -1762.53 58

N 3,884

Log-likelihood test statistic 1.383

1 The unrestricted model log-likelihood is the summation of the three
unrestricted models.
2 The p-value for the test statistic is 0.501.

Table 3.3: Comparison of WCPSS Results.

1) (2) (3) 4)
Revealed Choice Driver Joint
Preference Experiments  Service  Analysis
Marginal Rate of Substitution -47.71 -81.91 -52.35 -57.41
(10.70) (16.02) (11.23) (10.72)
Willingness to Pay: Student Travel Time -0.39 -0.42

(0.207)  (0.236)

Willingness to Pay: Service Disruptions -20.30 -24.18
(11.39) (13.82)

1 Log odds coe cients; Standard errors in parentheses
2 p< 005 p< 001, p < 0:001
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Figure 3.1: Marginal Rate of Substitution Heterogeneity Estimtes

1 The black reference line is the point estimate from the baseline speci cation, -57.41. The surrounding gray box indicates the 95%
con dence interval for the baseline speci cation.
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Figure 3.2: Travel Time Willingness to Pay Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline speci cation,  $0.42 per minute of weekly student travel time. The
surrounding gray box indicates the 95% con dence interval for the baseline speci cation.
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Figure 3.3: Service Disruptions Willingness to Pay Heterogeneity Estimates

1 The black reference line is the point estimate from the baseline speci cation, ~ $24.18 per service disruption. The surrounding gray
box indicates the 95% con dence interval for the baseline speci cation.
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Chapter 4

Investigating External Validity:

Southeastern Survey Results

4.1 Introduction

To investigate external validity and provide additional information regarding household preferences for school
transportation, | deployed the survey instrument for a second time, targeting parents and guardians of
current public school students in large, urban counties in Virginia, North Carolina, and South Carolina via
the Qualtrics Online Panel.! While the results from the three preceding chapters are illustrative and novel,
they are limited in their generalizability, given the wealthier, higher educated population of Wake County,
North Carolina. Targeting other counties across the Southeastern United States may help contextualize the
WCPSS results and provide additional understanding of the the preferences for and valuation of school bus
transportation. To better tailor the survey to a broader geographic area, the survey instrument was re ned
and updated? This chapter discusses changes to the survey instrument, speci es the geographic targeting
and elding of the survey, and compares the Southeastern survey sample to the WCPSS sample and available
state-level data. Lastly, | analyze revealed and stated preference data following the model from Chapter 2. |
also explore how key parameters vary across both household characteristics and alterative sample restriction

criteria.

1This was a paid survey, meaning respondents were paid some monetary value via Qualtrics upon completion of the survey.
2Detailed discussion of the changes is in Section 4.2.
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The remainder of this chapter is organized as follows: Section 4.2 documents changes to the survey
instrument. Section 4.3 discusses the elding of the survey, and Section 4.4 presents an overview of collected
data. Section 4.5 details the empirical model used in the analyses in Sections 4.6, 4.7, and 4.8. The chapter

ends with a discussion in Section 4.9.

4.2 Changes to the Survey Instrument

In the interest of making the survey more applicable to a wider geographic area, language in the survey was
updated to remove references to Wake County and WCPSS, instead introducing more generic language such
as \your school district," (see Figure 4.1, for example). Additionally, given potential variations regarding
magnet school policies and availability in the selected counties, all questions relating to magnet schools and
magnet school transportation were removed. Additions and modi cations of the survey were also necessary.
Two questions were added in the survey introduction to record a respondent's state and county of residence.
Based on free text comments from WCPSS respondents and comments in the local Raleigh media, the prices
in the driver service section were lowered. The new price levels range frofr5 to $150 in $25 increments.
The levels for service disruptions were altered to be 0.25, equivalent to one service disruption per month,
and one, equivalent to one service disruption per week, to provide a greater range of changes to the level of

service disruptions in this section. Table 4.1 presents the new driver service attribute levels.

The survey was also updated to be more functional, including correcting a bug in the household structure
guestion where the frequency of school bus use was not captured for single-student households. In the action
plan section of the survey, restrictions were added to changes in reliability for respondents who report zero,
nine, or ten service disruptions in a typical week. Speci cally, for action plans that improve school bus service,
respondents with zero disruptions in a typical week will see only changes in travel time, and their service
disruptions will remain at zero. For action plans that worsen school bus service, respondents with nine or
ten disruptions in a typical week will also remain at their baseline level and see only changes in school bus

travel time. 3

31n the Wake County version of the survey, 622 respondents saw negative values of service disruptions or 11 and 12 disrupted
trips, both of which are not feasible. These respondents are dropped from the data in Chapter 2.
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4.3 Geographic Targets and Fielding

Given the criteria that survey respondents must be 18 years of age or oldesind be the parent or guardian
of a current public schoolchild, the geographic area of the survey was expanded beyond Wake County,
North Carolina. Targeting only Wake County, or even only urban counties of North Carolina, would leave

a limited number of possible respondents in the Qualtrics online panel and would make ful lling a response
quota dicult. * Therefore, the geographic area was expanded to include large urban school districts in
Virginia, North Carolina, and South Carolina. The Virginia counties are Fairfax, Prince William, Loudoun,
Chester eld, and Henrico. The North Carolina counties are Forsyth, Guilford, Wake, Durham, Mecklenburg,
New Hanover, Buncombe, and Pitt. The South Carolina counties are Greenville, Charleston, Horry, Berkeley,
and Lexington. Figure 4.1 shows these counties highlighted in dark greeh Table 4.3., which will be discussed
shortly, shows comparative descriptive statistics across the three states using both American Community

Survey data and the Southeastern survey data.

The survey was elded between November 22, 2024 and December 18, 2024. During survey elding,
attention and speeding checks were employed to improve the quality of the responses. Attention checks
included straight line answering of the debrie ng questions and respondents were deemed to be speeding
if they completed the survey in under three minutes. These responses were replaced by Qualtrics to meet
the contracted quota and are therefore not included in the following descriptions of the data, or subsequent

analysis.

4.4 Data

The nal survey sample has 1,022 observations. Because this was a paid Qualtrics panel, all respondents

completed the survey in its entirety, and item non-response was not an issue.

4.4.1 Descriptive Statistics

Table 4.2 presents descriptive statistics comparing household and individual characteristics across three

samples: the 2023 ACS 5-year sample restricted to include only adults with school age children residing in

4To provide more detail: Targeting only Wake County residents, Triangle residents, or North Carolina residents would have
made meeting the response quota di cult, if not impossible based on private communications with Qualtrics.
5North Carolina counties were especially targeted in an attempt to be most similar to Wake County.
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the targeted counties in North Carolina, South Carolina and Virginia, the Southeastern survey respondents,
and the WCPSS survey respondents. The variables in this table were selected based on their comparability
across the ACS and Southeastern and WCPSS surveys. Southeastern survey respondents have lower average
household incomes, have fewer household vehicles on average, and, at the individual level, are less likely to
have at least a four-year college degree. Southeastern survey respondents are also less likely to be White and,

at the same time, more likely to be Hispanic.

Table 4.3 presents split sample descriptive statistics, with Column 1 including respondents who report
using both the school bus and the private vehicle during a typical week, Column 2 including respondents
who report using only the school bus, and Column 3 including respondents who only use a private vehicle.
Respondents who report only using the school bus see the lowest averagéudent Weekly Travel Time on
School Bus but the highest average number ofService Disruptions. On average, mixed mode respondents
are more likely to be educated, employed full-time, and wealthier. Respondents who only use the bus are,
generally, less educated and less likely to be White. Table 4.4 presents the travel modes for selected students
and compares travel behavior from the Southeast with travel behavior in Wake County? Southeastern survey
respondents are more likely to be driven by an adult in the household and slightly less likely to use the school

bus.

Figure 4.3 presents weekly student travel times split by mode. The black boxes are a student's weekly
private vehicle travel time, while the yellow bars are weekly school bus travel time. By construction, private
vehicle times do not extend past 600 minutes per week (60 minutes per trip under the assumption of 10 trips
per week). Figures 4.4 present the typical number of service disruptions per week. Figure 4.4 presents service
disruptions across all respondents. Nearly 10% of the sample reports disruptions a ecting every trip in a 10
trip week. When splitting the sample by transportation mode, this is driven in large part by current bus
riders. Among bus riders, over 10% of respondents have a disruption every morning and every afternoon. It
is important to note that while these respondents are riding the bus under this level of service, it may be
because the respondents do not have an easily accessible alternatfv&Vhen comparing current bus riders
and car riders, bus riders are also more likely to experience eight or nine service disruptions in a week
compared to their car riding counterparts. In the Southeastern survey, bus riders continue to ride the bus

even when experiencing service disruptions every trip, or nearly every trip.

Table 4.5 presents the number of respondents residing in each of the three targeted states. The majority of

8Vendor transportation is excluded from the Southeastern survey for length and due to uncertainty about its availability in
other counties.

“For example, there may be conicts in schedules, a lack of available vehicles or drivers, or some other inability to use a
mode other than the bus.
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the sample lives in North Carolina, as to be expected given that eight North Carolina counties were targeted.
Table 4.6 presents the number of students in the respondent's household. The majority of respondents report
having only one student. Table 4.7 presents the distribution of the selected student, with the majority of

selected students being the oldest student in the household.

4.5 Empirical Model

Equation 4.1 below is identical to Equation 2.1 in Chapter 2. representative parent/guardian,n, with J =2
transportation alternatives for transporting their student to school. Let j = 1 refer to the school bus and
j = 2 refer to the private vehicle. The parent/guardian wishes to maximize their utility through their
transportation choice and each transportation alternative provides a level of utility. The di erence in utility,

Un1 Un2, is denoted by:

U= Va+ n= o+ 1 TTh+ 2SDni+ Z,+ 4 4.1)

As in Chapter 2, TT, denotes the di erence in travel time between the school bus and the private vehicle,
SD,1 denotes the number of typical service disruptions in school bus servic&, is a vector of observable

respondent characteristics, and ,, is the logistically distributed error term. °

A simple logit probability can be employed for estimation. The probability of individual n selecting

alternative j for any given trip is:

exp(_ Vn)

T+ exp( Vo) (4-2)

ni =

4.6 Revealed Preference Analysis

In the following section, | analyze the revealed preference data for households who are eligible for school
bus transportation. As in Chapter 2, this data includes respondents who report using only a private vehicle,

respondents who report using a combination of the school bus and the private vehicle, and those who report

8Five South Carolina counties and ve Virginia counties were targeted.
9The private vehicle is assumed to have zero disruptions in a typical school week. For a full derivation of this equation, see
Appendix A.
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exclusively using the school bus. Respondents who do not have an assigned school bus, or respondents who

do not use either the school bus or the private vehicle are excluded from this analysis.

4.6.1 Revealed Preference Results

Table 4.8 presents regression results for the revealed preference dafaavel Time has the expected negative
sign, but Service Disruptions is positive in sign. This latter result is counterintuitive: based on the Service
Disruption coe cient, as the number of service disruptions increases, respondents are more likely to choose
the school bus. The only demographic control of any statistical signi cance isNumber of Licensed Drivers in
Household which decreases the likelihood of choosing the school bus, as to be expected. The lack of statistical
signi cance for the demographic variables may be due to reduced power in this sample, given there are fewer
than 900 respondents in the revealed preference analysis. The marginal rate of substitution for the results in
Column 2 is 66.39, with a standard error of 27.08. This positive sign is counterintuitive, suggesting a positive
trade between service disruptions and travel time, as opposed to the negative marginal rate of substitution

in Chapter 2.10

Heterogeneity is explored by interacting speci c respondent characteristics with student travel time.
Through this, | am able to identify marginal rates of substitution for sub-populations of interest, with the
results presented in Figure 4.6. The top left panel examines White versus non-White respondents. White
respondents have a marginal rate of substitution of 43.52 (standard error of 14.58). Non-White respondents
have a marginal rate of substitution of 209.15 (standard error 440.81). Both estimates have the counter-
intuitive positive sign as seen in the baseline estimates, and the estimate for non-White respondents lacks
precision (only 43.6% of the revealed preference sample is non-White, which may be contributing to the lack

of precision).

The role of income is explored in the top right panel of Figure 4.6. Similarly to Chapter 2, the sample
is split into quartiles based on the underlying income distribution of the sample. Across all income bins,
the marginal rate of substitution estimates have positive signs, and all but the third quartile estimate (in
green) are statistically imprecise. There are relatively few respondents in each income quartile (less than 230
unique respondents) and the fourth quartile contains less than 100 unique respondents. Therefore, this lack

of precision may be due to the relatively small sample sizes across the income bins.

The bottom left panel examines college degree holders versus those without a college degree. Unlike

10The negative marginal rate of substitution implies an increase in travel time for a decrease in service disruptions.
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the WCPSS sample, there is a more even split across education status is the Southeastern sample (53.86%
of respondents report having less than a four-year degree and 46.14% have at least a four-year degree).
While the estimates for respondents without a college degree are statistically precise, both marginal rates of

substitution have a positive sign, similar to prior results.

Lastly, the bottom right panel of Figure 4.6 examines respondents who are employed full-time versus
those without full-time employment (72.25% of the revealed preference sample is employed full-time, 25.75%
is not).'! As in previous estimates, the counterintuitive positive sign for the marginal rate of substitution is
also present in this analysis. The estimates for respondents with full-time employment are nearly identical to

the baseline results, while the results for respondents without full-time employment are noisy and imprecise.

4.6.2 Alternative Speci cations

To further investigate why the results from the Southeast survey are markedly di erent from the WCPSS
survey, | run a series of alternative speci cations, shown in Tables 4.9 and 4.11. First, | introduce state-level
controls in Table 4.9 Column 1, South Carolina Residentand Virginia Resident. Given that di erent states
may have unique transportation or education policies, or other unique factors, controlling for a respondent's
state of residence may be appropriaté? When examining the results in Column 1, the speci cation does
little to address the issues with Service Disruptions (namely, the positive coe cient). However, the marginal
rate of substitution is no longer statistically signi cant. This speci cation also has precise and potentially
meaningful coe cients for the state controls: Virginia residents are more likely to take the school bus, while

South Carolina residents are less likely to take the school bus.

Then, | restrict the survey completion time to be at least seven and a half minutes, the 25th percentile
duration in the WCPSS survey. Respondents who completed the survey in shorter amounts of time may
have paid less attention to the survey, not fully considered the questions asked, or generally provided lower
quality data. While this restriction does reduce the sample size, theService Disruption coe cient is no longer

statistically signi cant. The marginal rate of substitution is no longer precise, but maintains a positive sign.

Lastly, Column 3 restricts the sample based on education status. The majority of respondents in the
WCPSS sample had at least a four-year college degree, and | therefore restrict the Southeastern sample to

respondents who have at least a four-year college degré&.The restriction on college education status does

11 This is similar to the WCPSS sample, where 76.44% of the revealed preference sample reported full-time employment.

12North Carolina Resident is excluded due to collinearity. Therefore, | am treating North Carolina as the baseline state.

13332 unique observations, or 44.39% of the revealed preference sample has at least a college degree. The majority of the
Southeastern sample has less than a four-year degree.
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not improve the model as well as the duration restriction, given that Service Disruptions has a positive sign
again in the third column of Table 4.10. Student Travel Time loses precision after dropping respondents
without full-time employment. The standard error for the marginal rate of substitution is large (138.98),

especially compared to the marginal rate of substitution itself (132.53).

In Table 4.10 I restrict the sample based on income shown in Column 1. Respondents with annual incomes
less than $62,500 were dropped from the sample. This rule drops the lower 25% of the Southeastern survey
income distribution.** Service Disruptions remains positive in sign. Student Travel Time loses statistical
precision, which drives the lack of precision for the marginal rate of substitution. Column 2 restricts the
sample to only the most populated counties on each of the three state’s. While all counties in the original
sample were selected based on their school district size, there may be di erences between very large districts
(like Mecklenburg or Wake counties in North Carolina) compared to large districts (like Forsyth in North
Carolina). The results in Column 2 lack statistical precision across most variables, includingService Disrup-
tions and Student Travel Time. This is likely due to reductions in sample size. Subsequently, the marginal

rate of substitution (48.78) is imprecise, with a large standard error (36.19).

4.6.3 Service Disruptions Restrictions

Given the results in Table 4.8 and the frequency of high levels of service disruptions illustrated in Figures
4.4 and 4.5, | drop respondents with at least ten, nine, and then at least eight service disruptions from
the revealed preference model, shown in Table 4.11. Column 1 drops 72 respondents (9.6% of the original
revealed preference sample) who report ten service disruptions in a typical weekervice Disruptions remains
positive in sign, but now has a larger standard error and loses statistical precision. In Columns 2 and 3, |
drop 83 respondents (11.1% of the revealed preference sample) and 108 (14.4% of the sample), respectively.
Across both columnsService Disruptions remains statistically imprecise, but is now negative in sign. Using
the results from Column 2, the marginal rate of substitution is -14.58, or a trade of about 14 minutes of
weekly student travel time to avoid one service disruption® In Column 3, the marginal rate of substitution

is -36.47. Taken at face value, this implies respondents trade about 36 minutes of weekly student travel time
to avoid one delay or cancellation of school bus service, or about three and a half minutes per trip under a

ten trip week. While these extreme service disruption values may explain the surprising results in the prior

14$62,499 is also the 10th percentile of the WCPSS survey. Restricting to the 25th percentile of the WCPSS survey, $124,999,
would remove the majority of the Southeastern survey sample.

15Those counties are Fairfax in Virginia, Mecklenburg and Wake in North Carolina, and Horry in South Carolina. There were
more North Carolina counties included in the sample, so the two largest counties were kept.

18That is, if we take the marginal rate of substitution at face value. Given the wide standard error, this result is not precise.
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section, the decline in sample size means identifying results with precision is not possible with these data.

4.7 Stated Preference Analysis - Choice Experiments

Any respondent who did not see the choice experiment sections is dropped from the sample, such as respon-
dents who report their student has no assigned school bus. Because respondents may report they will only

use the bus, only use a private vehicle, or use some mix of the two modes, responses to the choice experiments
must be weighted based on school bus use and, as in Chapter 2, the choice experiment is tailored to baseline
behavior and school bus service levels. Respondents who currently use the school bus see choice experiments
that increase school bus travel time and the level of service disruptions, while respondents who report using
the private vehicle see decreases in school bus travel time and the level of service disruptions. Respondents

who report using the school bus and a private vehicle see both sets of experiments.

4.7.1 Choice Experiment Results

Pooled results are in Table 4.12, with Column 1 including only the action plan attributes and Column 2
adding additional demographic controls. While both choice experiment attributes are statistically signi cant,
Service Disruptions has a positive coe cient, implying that as the number of service disruptions increase,
respondents are more likely to choose the school bus. Subsequently, the marginal rates of substitution are both
positive (83.73 in Column 1 and 82.58 in Column 2), suggesting respondents would trade additional travel
time for more service disruptions. To investigate potential heterogeneity, | split the sample based on current
ridership status. These results are presented in Table 4.13Tlravel Time is statistically signi cant across all
four columns. Conceptually, as travel time increases, a respondent is less likely to choose the school bus.
The estimates for marginal rates of substitution are relatively small compared to previous results, ranging
from 8.77 to 28.41, and all are positive in sign. Therefore, pooling the sample did not mask heterogeneity by

baseline travel behavior in this dataset.

The split sample model is employed when examining heterogeneity across demographic characteristics
of respondents. Figure 4.7 presents heterogeneity results for bus riders on the basis of race, employment
status, educational attainment, and income across four panels. The top left panel examines White versus

non-White respondents. The marginal rates of substitution both have positive signs and large standard errors

170ther respondents were dropped because their student exclusively walks to school, the student only drives themself to
school, or because the respondent skipped the choice experiment questions.
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(a point estimate of 30.46 and standard error of 20.46 for White respondents, and a point estimate of 23.71
and standard error of 16.35 for non-White respondents). Both estimates are almost entirely within the 95%

con dence interval of the baseline estimate (the gray box in Figure 4.7).

Employment status (employed full-time versus not employed full-time) is presented in the top right panel
of Figure 4.7. Both estimates are qualitatively similar to the baseline speci cation, with marginal rate of
substitution estimates of 28.68 for employed respondents and 26.00 for respondents who are not employed
full-time. These results also have a counterintuitive sign for the marginal rate of substitution, a characteristic

that persists across previous results and in the remaining heterogeneity estimates.

In the bottom left panel, | examine education status, speci cally respondents with at least a four-year
college degree versus those without a college degree. The marginal rate of substitution for respondents
with a college degree is 70.99 (standard error of 89.74), while respondents without a college degree have an
estimated marginal rate of substitution of 22.46 (standard error of 13.07). The majority of respondents in the
Southeastern sample do not have a college degree, and this estimate lies entirely with in the 95% con dence

interval of the baseline speci cation.

Income quartiles are examined in the bottom right panel. The point estimates for each bin lie within the
con dence interval for the original baseline speci cation.!® The middle bins, \lower bin," and \higher bin,"
have slightly lower estimated marginal rates of substitution, but overall there are few meaningful di erences

across the income bins for bus riders.

Marginal rates of substitution for car riders are presented in Figure 4.8. In the top left panel, car riders
who are White have a marginal rate of substitution equal to 6.40 (standard error 12.20), while non-White

car riders have a marginal rate of substitution equal to 15.72 (standard error 33.10).

Employment is examined in the top right panel. Respondents with full-time employment have a marginal
rate of substitution of 9.05 (standard error 17.84), slightly higher than the marginal rate of substitution of

7.79 (standard error 15.59) for respondents without full-time employment.

In the bottom left panel of Figure 4.8, respondents with at least a four-year college degree have a
marginal rate of substitution equal to 7.94 (standard error 14.61). Respondents without a college degree
have a marginal rate of substitution equal to 10.29 (standard error 20.13), nearly identical to the baseline

result of 10.95. Given this is a sub-sample of car riders, the number of observations for each category is small,

18The point estimate for the lowest bin is 44.50, for the lower bin is 22.24, the higher bin is 21.27, and the highest bin is
34.22. The respective standard errors are 42.00 (lowest), 15.07 (lower), 13.94 (higher), and 36.26 (highest).
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contributing to the lack of precision.

Lastly, respondents in the lowest quartile have a marginal rate of substitution of 20.08 (standard error
54.62), shown in blue in Figure 4.8. Respondents in the second quartile have a marginal rate of substitution
equal to 5.92 (standard error 12.37), while respondents in the third quartile have a marginal rate of substi-
tution of 5.33 (standard error 11.29). Respondents in the fourth quartile, those with the highest incomes,
have a marginal rate of substitution of 12.16 (standard error 28.25). Across each bin, the relative number of

observations is small, given these are quartiles of the car rider population, rather than the overall sample.

4.7.2 Alternative Speci cations

As with the revealed preference data, | employ alternative speci cations for the stated preference, choice
experiment data to further examine the Southeastern sample and investigate how this sample di ers from
the WCPSS sample in prior chapters. Table 4.14 introduces state of residence controls and treas North
Carolina as the baseline state. There may be unique di erences across state of residence, or unobservable
characteristics correlated with state of residence, and including these controls may improve the modet?
These controls add limited value to the model, and the marginal rates of substitution remain largely similar

to the prior results in Table 4.13 Columns 3 and 4.

In Table 4.15, | drop respondents who completed the survey in less than seven and a half minutes.
This speci cation reduces the precision ofStudent Travel Time for bus riders in Column 1 and reduces the
marginal rate of substitution for car riders in Column 2. Given the split sample speci cation reduces the
number of observations within each group, further reductions in the sample size decrease the precision of the

model as a whole, and little insight is gained from this speci cation.

Given that the majority of respondents in the WCPSS survey sample had at least a college degree,
| restrict the choice experiment analysis to include only respondents with a college degree in Table 4.16.
Student Travel Time is imprecise and not statistically signi cant for bus riders, while Service Disruptions
is positive and statistically signi cant. Together, these results crease a noisy and imprecise marginal rate of
substitution for bus riders. The marginal rate of substitution for car riders is also imprecise, though this is

likely due to the noisy Service Disruptions coe cient.

Respondents with annual household incomes less tha®#2,500 are dropped in Table 4.17° Bus riders

19That is, no control for North Carolina is included in the regressions.
20This rule drops the lowest 25% of the income distribution of the Southeastern sample.
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have a counterintuitive positive coe cient on Service Disruptions, while car riders have a negative sign. This

speci cation is, overall, imprecise and provides little insight.

The nal alternative speci cation restricts the sample to only the largest counties, given there may be
di erences between large and very large counties included in this analysis. There is some improvement for
car riders in Column 2: both attributes have expected negative coe cients and there is some statistical
precision. However, the marginal rates of substitution for both bus and car riders are noisy and imprecise.

Therefore, no strong conclusions can be drawn from the largest counties speci cation in Table 4.18.

4.7.3 Service Disruptions Restrictions

The level of service disruptions respondents saw when completing the action plans was based in part on
their reported baseline level of service disruptions. In the design of the choice experiments, current bus users
see increases in their number of service disruptions. Respondents who report high levels of baseline service
disruptions see changes of zero, one, or two trip& Therefore, current bus riders with high baseline service
disruptions would have added disruptions of zero, one, or two trips under the design. For respondents with
nine or ten service disruptions, these additions would create impossible levels of service disruptions (greater
than ten trips per week). Therefore, respondents with nine or ten service disruptionsand who are current
bus riders saw no changes to their service disruptions under the action plans. This reduces the potential
variation in travel time and service disruption combinations. Given the prevalence of eight, nine, and ten
service disruptions per week in the baseline data, | drop respondents with these levels of disruptions and
re-run the choice experiment analysis as a sensitivity check. In Table 4.19, | present results for the pooled
sample. Dropping respondents with ten service disruptions (73 respondents, or 8.6% of the choice experiment
sample), nine or more (84 respondents, or 9.9%), and eight or more(114 respondents, or 13.4%), Columns
1-3 respectively, does not reverse the sign of th&ervice Disruptions coe cient. The same is true for the
marginal rate of substitution: across all three columns in Table 4.19, the marginal rate of substitution remains

positive.

Given there may be di erences in behavior across bus riders and car riders, | split the sample by baseline
bus ridership status, with the results for bus riders presented in Table 4.20 and the results for car riders
presented in Table 4.21. In the baseline service disruptions data, bus riders had higher instances of service

disruptions of eight or more trips per week (see Figure 4.5). The results in Column 3 of Table 4.20 have

21 High levels of service disruptions are de ned as 4 or more disrupted trips per week.
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the expected negative signs forService Disruptions and the marginal rate of substitution.?? While the
marginal rate of substitution is imprecise, at face value it implies respondents would trade about seven
minutes of weekly travel time to avoid one service disruption?® Table 4.21 presents the results for car riders,
with each column dropping respondents based on the reported number of service disruptions in a typical
week?* Across the three columns, the marginal rate of substitution andService Disruptions remain positive
in sign and continue to lack precision. For car riders, dropping respondents with eight or more service
disruptions increases the magnitude of both theService Disruptions coe cient and the positive marginal
rate of substitution. While there is some evidence that the duration may be an issue for respondents who

report using the bus in baseline, overall this restriction does little to improve the results.

4.8 Stated Preference Analysis - Driver Service

As in Chapter 2, the driver service section is a dichotomous choice question examining cost, service disrup-
tions, and student travel time by introducing a hypothetical third party transportation alternative. Respon-
dents who report their selected student does not have an assigned school bus, walks to school exclusively,
or that the student drives themself to school exclusively are excluded from this analysis. This analysis is
modeled with a conditional logistic regression and assumes that if a respondent does not enroll in the driver

service, they would instead choose their baseline mode of transportation.

4.8.1 Driver Service Results

Table 4.22 presents results from the pooled sample, with Column 2 adding demographic controls to the model.
The coe cients in Column 1 are counterintuitive, as increases in each attribute should, in theory, decrease
the likelihood of enrolling in the service. After controlling for demographics in Column 2, the attributes gain
the expected negative coe cients. This model overall lacks statistical signi cance and precision, likely due
to the smaller sample size. On average, respondents would trade about 0.57 minutes to avoid one delayed or
canceled trip, however this trade-o is imprecise, given it has a standard error of 36.66° The willingness to

pay estimate for student travel time improvements is $0.17, with a standard error of 0.18. This is equivalent

22\When dropping respondents with 10 service disruptions in baseline, 69 respondents, or 11.5% of bus riders, are dropped.
In Column 2, 80 respondents, or 13.3%, are dropped. In Column 3, 105 respondents are dropped, or 17.5%.

23 At a per trip level, this would be 0.7 minutes, or 42 seconds, a number that is likely implausibly small.

24There are no car rider respondents who report nine disruptions, so Columns 1 and 2 are identical. Columns 1 and 2 drop 7
respondents, or 1.4% of the sample, while Column 3 drops 21 respondents, or 4.3% of the car rider sample.

25The marginal rate of substitution is -0.5716, with a standard error of 36.656, to be more precise.
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to $10.20 per hour of student travel time per week. Respondents would pa$0.10 to reduce the number
of delayed or canceled trips by one. The standard error for this estimate is 6.14. Overall, these baseline
results provide limited insight into the preferences and willingness to pay measures of respondents in the

Southeastern sample.

Heterogeneity is explored across three metrics: the marginal rate of substitution, willingness to pay
for student travel time savings, and willingness to pay for service disruption reductions. The results for
the marginal rate of substitution estimates are shown in Figure 4.9. The top left panel examines White
versus non-White respondents. Across the Southeastern sample, 56% of respondents in the driver service
data are White, while 44% are non-White. White respondents have a marginal rate of substitution equal
to 0.04, with a standard error of 18.10. Non-White respondents have a marginal rate of substitution equal
to -0.37, with a standard error of 151.48. Both of these estimates are noisy, and the estimate for White
respondents has a counterintuitive positive sign. The top right panel then examines income quartiles. The
lowest quartile, in blue, has a marginal rate of substitution equal to 17.91, with a standard error of 302.14.
The second quartile, in red, has a marginal rate of substitution equal to -2.14 (standard error of 29.99).
Third quartile -1.28, standard error of 17.86. Lastly, the fourth quartile, or the highest 25% of the income
distribution -1.21 (standard error of 16.96). The bottom left panel of Figure 4.9 examines college degree status
(respondents with at least a four-year college degree versus respondents with less than a four-year college
degree). Respondents with a college degree have a marginal rate of substitution equal to 0.03 (standard error
of 31.35). Respondents without a college degree have a marginal rate of substitution equal to 0.05, with a
standard error of 45.95. In the bottom right panel, | examine respondents who are employed full-time versus
those not employed full-time. Respondents with full-time employment would trade 0.07 minutes to avoid one
delayed or canceled school bus trip (standard error of 28.36F Respondents who are not employed full time

would trade 0.19 minutes to avoid one delayed or canceled trip (standard error of 72.36Y.

Heterogeneity for willingness to pay for student travel time is presented in Figure 4.10, with the top left
panel examining White versus non-White respondents. White respondents value a one minute reduction of
student travel time at a rate of $0.34 per minute (standard error 0.295), while non-White respondents have a
willingness to pay of$0.41 (standard error 237). The non-White estimate is positive in sign, a counterintuitive
result due to a positive coe cient on the Student Travel Time and non-White interaction term (this term is

also very imprecise with a large robust standard error).

The top right panel examines willingness to pay measures by income quartile. The rst quartile, shown in

26 Formally, the marginal rate of substitution for employed respondents is -0.07.
27The marginal rate of substitution for respondents without full-time employment is -0.19.
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blue, has a positive willingness to pay estimate 0£$0.02, with a standard error of 0.243. The second quatrtile,
in red, has an expected negative sign on the willingness to pay estimates.20 per minute of weekly student
travel time saved, with a standard error of 0.274). Respondents in the third quartile have a willingness to
pay of $0.34 per minute of weekly student travel time saved (standard error 0.338). Lastly, respondents in
the fourth quartile value one minute of weekly student travel time savings at a rate of $0.36 per minute

(standard error 0.470).

Education status is examined in the bottom left panel. Respondents with at least a four-year college
degree value a one minute reduction of student travel time at a rate of$0.20 (standard error 0.244), while
those without a college degree value one minute of time saved at a rate 80.14 (standard error 0.20). These

both have the expected and necessary negative sign.

Lastly, employment status is presented in the bottom right panel. Respondents with full-time employment
have a willingness to pay of$0.23 per minute of weekly student travel time saved (standard error 0.243).
Respondents without full-time employment have a willingness to pay of$0.09 per minute of weekly student

travel time saved (standard error 0.260).

In Figure 4.11, | present heterogeneity results for the willingness to pay measure for service disruptions.
White respondents have a willingness to pay equal td$2.56 (standard error 7.50). This estimate is posi-
tive in sign and is therefore implying respondents would pay for additional service disruptions. Non-White

respondents have a willingness to pay 0$4.79 (standard error 9.147), with the expected negative sign.

In the top left panel, | again examine willingness to pay measures by income quartile, now focusing
on service disruptions. Respondents in the lowest quartile have an estimated willingness to pay &f14.65
(standard error 13.18). However, this estimate is positive in sign due to a positive and imprecise interaction
term and implies respondents would pay for additional service disruptions. Turning to the second quatrtile,
these respondents value reducing the number of delayed or canceled trips at a rate $8.53 per trip (standard
error 9.45). Respondents in the third quartile have a willingness to pay 0f$9.25 (standard error 12.00) for
a one trip reduction in the number of service disruptions. Lastly, respondents in the fourth quartile have a

willingness to pay of $20.48 (standard error 19.61).

Respondents with a college degree value a one trip reduction in the number of service disruptions at a
rate of $6.79 per trip (standard error 8.97). Respondents without a college degree have a willingness to pay of
$4.40 (standard error 7.68), however this estimate is positive in sign due to a positive, imprecise coe cient on

the Service Disruptions and \No College Degree" interaction term. This may be due to the small sub-sample
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size and the general lack of precision in the driver service coe cients.

Lastly, respondents with full-time employment value a one trip reduction in the number of service dis-
ruptions at a rate of $1.43 per trip (standard error 7.12). Respondents without full-time employment (in red
in the gure) have an estimated willingness to pay of 3.32 (standard error 10.34), however this is positive
in sign due to a positive and imprecise interaction coe cient for respondents without full-time employment.

These heterogeneity analyses provide limited insights due to their relatively small sub-sample sizes.

4.8.2 Alternative Speci cations

To try to further explore the Southeastern survey data, | again employ alternative speci cations and sample
restrictions in Tables 4.23 to 4.27. The addition of state of residence controls in Table 4.23 does not result in
changes in precision or meaningful changes in the magnitude of the coe cients for the three attributesRrice,
Student Travel Time, or Service Disruptions). There are some improvements in the precision of demographic
controls, but overall adding state of residence controls does not meaningfully improve the precision of the
driver service model with this dataset. As in prior sections, | then move to restrict the sample based on
the number of minutes a respondent took to complete the survey. This speci cation reduces the number of
observations to 411 and sees a counterintuitive positive coe cient onPrice. Restricting the sample to only
respondents with college degrees in Table 4.25 similarly reduces the number of observations available for
analysis, but the coe cients across the driver service attributes have the expected negative signs. Given this
restriction reduces the sample size, the continued lack of precision in the estimation is not unexpected. This
is also true for the results in Table 4.26, wherein | restrict the sample based on household income, and in
Table 4.27, where | restrict the analysis to only the largest counties surveyed. Together, these speci cations

and restrictions do not meaningfully improve the results from the driver service analysis.

4.8.3 Service Disruption Restrictions

Unlike in prior sections, the driver service does not rely on baseline service disruptions to assign the attribute
level. Instead, the driver service assigns a level of service disruptions at random and independent of both
baseline service disruptions and baseline travel behavic Given this, the models that drop respondents

with extreme values are not necessary to further explore respondent behavior in this section.

28That is, the driver service does not assign service disruption levels based on whether a respondent reports using a car and
or the school bus.
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4.9 Discussion

While the objective of this chapter was to examine the external validity of the ndings of Chapters 2 and

3, the current results are limited in terms of statistical precision. Due to sample size constraints, it was
not possible to do state-level analyses. However, some insight can be found by comparing the Southeastern
survey respondents to respondents in WCPSS and to broader state-level data. Southeastern respondents
report higher average service disruptions, lower average incomes, and fewer licensed drivers in the household,
as compared to the WCPSS sample. When compared to ACS data at the state level, Southeastern survey
respondents are, on average, less educated and have lower earnings. Within the Southeastern sample, re-
spondents who report exclusively using the bus are less likely to be college educated or employed full time
and report higher service disruptions in a typical week than the mixed mode or car only respondent&’
Additionally, respondents who use the bus see higher levels of frequent service disruptions, as compared to
respondents who use the car (see Figure 4.5). Southeastern survey respondents continue to ride the bus, even
when reliability is poor or nonexistent, suggesting these respondents may have no real choice but to rely on
the bus. This, combined with the overall higher average service disruptions reported by respondents, further

suggests Southeastern respondents may have worse bus service than their WCPSS peers.

The revealed preference results provide no statistically signi cant insight into the trade-o s respondents
make in their baseline conditions, given that the Service Disruptions coe cient is positive in sign. While
the marginal rate of substitution is 66.39 in the revealed preference data, it also has a positive sign, making
the trade illogical.3® By construction, the revealed preference data cannot analyze bus riders and car riders
separately. It may be that this e ect is being driven, in part, by the relatively high use of the school bus
when service disruptions are occurring nearly every trip (speci cally, eight, nine, and ten service disruptions
in a typical week). Dropping respondents with extreme values of service disruptions does improve the point
estimates of the marginal rate of substitution, but these models lack statistical precision. Alternative model
speci cations and di ering sample restrictions (Tables 4.9 and 4.10) do little to improve the results, in terms

of both intuition and statistical precision.

Turning to the choice experiment data, the pooled sample in Table 4.12 sees similar issues with the
Service Disruptions coe cient. Splitting the sample by bus riders and car riders and adding demographic
controls improves the model slightly. In Table 4.13, Student Travel Time has the expected negative sign

and is precise. whileService Disruptions maintains a positive sign, the coe cient is no longer statistically

29See Table 4.4 for full detail.
30This rate implies a positive relationship between service disruptions and student travel time, rather than a negative rela-
tionship. The negative relationship would imply a trade of additional travel time to reduce the number of disrupted trips.
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precise. The marginal rates of substitution are positive, as in the revealed preference data, but have large
standard errors. Alternative speci cations and sample restrictions do little to improve the model, with Service
Disruptions only becoming marginally precise in Table 4.18 for car riders (Tables 4.14 to 4.18). Running the
choice experiment model after dropping respondents with extreme service disruption values provides some
improvement for bus riders, but little to no improvements for car riders. Lastly, the driver service analysis
nds small, imprecise willingness to pay measures$0.17 per minute of weekly student travel time, standard
error of 0.18, and$0.10 per service disruption, standard error of 6.14). These results seem especially small
when compared to the WCPSS results, even when considering the possibility that the WCPSS estimates
could be higher than other geographic areas. Alternative speci cations and heterogeneity analysis do not
provide any meaningful insights regarding willingness to pay measures. Ultimately, this work is limited due
to the small sample size, possible biases arising from who selects into the Qualtrics Online Panel, and small
state-level sub-sample sizes. Future work could feasibly expand upon my work by partnering with a speci c
school district or nding a more cost e ective and accurate means of targeting parents and guardians of

school-age children.
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Table 4.1: Driver Service Attributes.

1)

Levels
Price $75, $100, $125 or $150
Travel Time Delta 25 or 50 minutes
Service Disruptions 0.25 or 1 per week
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Table 4.2: Comparative Descriptive Statistics: American Community Survey

1) (2 3)
ACS Southeastern WCPSS

Household Characteristics

Household Income (2023) 146,452 87,793 165,432
(142,309) (63,505) (84,546)
Number of Children in Household 2.07 2.06 2.17
(0.95) (1.26) (0.95)
Number of Household Vehicles 2.40 1.80 2.08
(1.47) (0.885) (0.74)
N 23,602 1,022 5,026

Individual Characteristics

Age 42.30 38.82 44.43
(7.72) (9.99) (6.54)
College Degree 0.78 0.47 0.85
(0.414) (0.499) (0.361)
Employed Full-Time 0.820 0.703 0.734
(0.384) (0.457) (0.442)
Female 0.547 0.608 0.777
(0.498) (0.489) (0.416)
White 0.626 0.583 0.762
(0.484) (0.493) (0.426)
Hispanic 0.138 0.179 0.055
(0.345) (0.464) (0.228)
N 43,908 1,022 5,026

1 Mean coe cients reported; standard deviations in parentheses

2 Column 1 generated using the 2023 American Community Survey 5-Year Sample
via IPUMS USA. Sample is restricted to adults over 18 years old with at least one
school-age child in the household residing within one of the targeted counties in North
Carolina, South Carolina, or Virginia. School age child is de ned as being aged 4 to
17 years old in survey data.

3 Column 3 uses WCPSS survey data and is weighted for both number of students
in household and ZIP Code. Individual WCPSS respondents are treated as being
representative of their households.

4 Variables were chosen based on comparability across surveys.
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Table 4.3: Southeast Survey Split Sample Descriptive Statistics.

(1) (2) 3)
Mixed Mode Bus Only Car Only
Service Disruptions 2.81 4.22 3.02
(2.252) (3.574) (2.261)
Student Weekly Travel Time on School Bus 278.4 235.1 322.7
(152.4) (119.4) (157.0)
Student Weekly Travel Time in Private Vehicle 228.8 185.0 220.1
(104.3) (98.6) (95.5)
Respondent Weekly Travel Time in Private Vehicle 449.1 294.5 423.3
(192.0) (183.4) (178.1)
Age 38.11 38.45 39.67
(9.18) (10.42) (10.03)
College Degree 0.588 0.376 0.539
(0.493) (0.485) (0.499)
Employed Full-Time 0.807 0.668 0.720
(0.395) (0.472) (0.45)
Retired 0.0079 0.0155 0.0127
(0.0888) (0.1238) (0.112)
Female 0.520 0.596 0.613
(0.501) (0.491) (0.488)
White 0.639 0.503 0.649
(0.481) (0.501) (0.478)
Hispanic 0.269 0.169 0.150
(0.556) (0.444) (0.435)
Household Income (2023) 98,977 78,085 96,793
(667,074) (63,545) (59,863)
Number of Adults in Household 2.01 2.18 2.37
(0.753) (1.06) (1.36)
Number of Children in Household 1.97 2.21 1.91
(1.45) (1.26) (1.18)
Number of Licensed Drivers in Household 1.81 1.77 2.08
(0.739) (0.88) (0.767)
Number of Household Vehicles 1.76 1.66 1.95
(0.842) (0.906) (0.857)
N 239 363 248

1 Mean coe cients reported; standard deviations in parentheses
2 Households who are ineligible for the school bus have been excluded from this table.
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Table 4.4: Travel Modes of Selected Students.

1) (2)
Southeast Wake County

School Bus 0.617 0.647
(0.486) (0.478)
Driven in Private Vehicle by Household Adult 0.534 0.487
(0.499) (0.500)

Driven in Private Vehicle by Non-Household Adult 0.0841 0.0706
(0.278) (0.256)
Vendor Transportation 0.0129
(0.113)

Private Fee-for-Service Vendor (e.g., Uber) 0.037 0.0103
(0.189) (0.101)

Walk, Bike, or Scooter 0.0686 0.0574
(0.253) (0.233)

Public Transportation (e.g., GoRaleigh) 0.0644 0.0023
(0.2456) (0.0478)

Student Drives Themself 0.0513 0.0407
(0.0513) (0.1976)

Other Means 0.0036 0.0165
(0.0597) (0.127)
N 1,022 5,080

1 Mean coe cients reported; standard deviations in parentheses

2 Respondents may report using multiple modes of transports. These categories are not exclusive.

3 ZIP Code and number of student weights applied to Column 2. Respondents who did not
report ZIP Code are dropped from this table.

4 Vendor transportation was not included in Southeastern survey.

Table 4.5: Respondent State of Residence.

1)
Number of Respondents
North Carolina 544
South Carolina 241
Virginia 237
N 1,022
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Table 4.6: Reported Number of Students in Household.

(1)

Number of Students in Household

1 561
2 330
3 68
4 or more 63
N 1,022

Table 4.7: Distribution of Student Selected For Detailed Questions.

(1)
Student Selected
Oldest 766
Second 206
Third 34
Fourth 16
N 1,022
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Table 4.8: Revealed Preference Results.

Choosing the School Bus
No Demographics

(1)

(2)
Choosing the School Bus
Demographics

Service Disruptions 0.118 0.116
(0.0263) (0.0268)
Student Travel Time -0.00180 -0.00175
(0.000592) (0.000624)
Age 0.00890
(0.00803)
College Degree -0.0140
(0.197)
Employed Full-Time -0.0125
(0.195)
Retired 0.0688
(0.746)
Female 0.113
(0.171)
White -0.344
(0.170)
Household Income -0.149
(0.184)
Number of Adults in Household -0.0946
(0.112)
Number of Children in Household 0.220
(0.0889)
Number of Licensed Drivers in Household -0.0819
(0.138)
Number of Household Vehicles -0.145
(0.110)
Marginal Rate of Substitution 65.15 66.39
(25.20) (27.08)
N 748 748
Log pseudo-likelihood =775 -753.22

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001, p < 0:001
3 Household Income has been divided by 10,000.
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Table 4.9: Revealed Preference Alternative Speci cations.

(1) (2) 3)
State of Residence  Duration  College Educated
Service Disruptions 0.115 0.0779 0.122
(0.0276) (0.0415) (0.0450)
Student Travel Time -0.00147 -0.00240 -0.000923
(0.000597) (0.000762) (0.000961)
Age 0.0110 0.0113 0.00606
(0.00834) (0.0105) (0.0122)
College Degree -0.0946 0.00761
(0.198) (0.267)
Employed Full-Time -0.0137 -0.000169 -0.197
(0.196) (0.261) (0.332)
Retired 0.217 -0.0552
(0.797) (0.850)
Female 0.135 0.255 0.0857
(0.170) (0.227) (0.242)
White -0.244 -0.232 -0.477
(0.174) (0.232) (0.270)
Household Income -0.202 -0.311 0.189
(0.189) (0.239) (0.221)
Number of Adults in Household -0.0876 -0.154 -0.124
(0.103) (0.122) (0.195)
Number of Children in Household 0.261 0.253 0.254
(0.0892) (0.112) (0.174)
Number of Licensed Drivers in Household -0.133 -0.356 -0.0163
(0.142) (0.173) (0.229)
Number of Household Vehicles -0.171 -0.168 -0.285
(0.116) (0.146) (0.169)
South Carolina Resident -0.475 -0.687 -0.230
(0.207) (0.269) (0.326)
Virginia Resident 0.597 0.946 0.420
(0.213) (0.304) (0.289)
Marginal Rate of Substitution 78.30 32.41 132.53
(35.82) (19.85) (138.98)
N 748 396 332
Log pseudo-likelihood -736.42 -382.92 -337.18

1 Log odds coe cients; Standard errors in parentheses

2 Respondents who completed the survey in less than seven and a half minutes are dropped in Column 2. Respon-
dents without a four-year college degree are dropped in Column 3.
3 College Degree is dropped as a control in Column 3 given that all observations in that column have at least a
college degree.Retired is dropped due to lack of variation with the outcome given the small number of respondents
who are both retired and posses at least a college degree.

4 p< 005 p< 001, p < 0:001



Table 4.10: Revealed Preference Alternative Speci cations continued.

(1) (2)
Household Income Large Counties
Service Disruptions 0.105 0.0858
(0.0367) (0.0438)
Student Travel Time -0.000792 -0.00178
(0.000734) (0.000928)
Age 0.00150 0.00975
(0.0106) (0.0141)
College Degree -0.0551 -0.437
(0.233) (0.338)
Employed Full-Time -0.0695 0.0159
(0.306) (0.396)
Retired 1.103
(0.823)
Female 0.0868 0.0234
(0.214) (0.271)
White -0.362 -0.539
(0.224) (0.316)
Household Income 0.208 0.189
(0.227) (0.296)
Number of Adults in Household -0.202 0.271
(0.124) (0.235)
Number of Children in Household 0.225 0.394
(0.125) (0.135)
Number of Licensed Drivers in Household -0.134 -0.387
(0.184) (0.267)
Number of Household Vehicles 0.0457 -0.278
(0.142) (0.186)
South Carolina Resident -0.403 -0.531
(0.275) (0.375)
Virginia Resident 0.888 0.772
(0.259) (0.369)
Marginal Rate of Substitution 132.36 48.78
(127.88) (36.19)
N 565 283
Log pseudo-likelihood -465.54 -254.29

1 Log odds coe cients; Standard errors in parentheses

2 Respondents with annual household incomes less than $62,500 are dropped from this table.
3 Retired is dropped in Column 2 due to lack of variation with the outcome given the small
number of respondents who are both retired and posses at least a college degree.

4 p< 005 p< 001, p < 0:001
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Table 4.11: Revealed Preference Results: Service Disruption Restrictions.

(1) (2) )
Drop 10 Drop 9+ Drop 8+
Disruptions  Disruptions  Disruptions
Service Disruptions 0.00849 -0.0243 -0.0618
(0.0376) (0.0402) (0.0468)
Student Travel Time -0.00168 -0.00167 -0.00169
(0.000618) (0.000611) (0.000629)
Age 0.0102 0.0108 0.00954
(0.00832) (0.00840) (0.00854)
College Degree -0.0621 -0.0861 -0.108
(0.200) (0.201) (0.206)
Employed Full-Time -0.0159 -0.00442 0.0254
(0.199) (0.201) (0.204)
Retired -0.119 -0.0613 0.0491
(0.769) (0.784) (0.794)
Female 0.123 0.117 0.118
(0.175) (0.175) (0.179)
White -0.379 -0.365 -0.386
(0.173) (0.173) (0.175)
Household Income -0.103 -0.111 -0.0993
(0.194) (0.193) (0.196)
Number of Adults in Household -0.0717 -0.0845 -0.0909
(0.120) (0.124) (0.125)
Number of Children in Household 0.213 0.205 0.199
(0.0922) (0.0938) (0.0949)
Number of Licensed Drivers in Household -0.0762 -0.0507 -0.0358
(0.153) (0.156) (0.160)
Number of Household Vehicles -0.179 -0.184 -0.218
(0.124) (0.126) (0.129)
Marginal Rate of Substitution 5.05 -14.58 -36.47
(22.37) (24.83) (31.28)
N 676 665 640
Log pseudo-likelihood -703.34 -695.92 -670.89

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< o001, p < 0:001

3 Column 1 drops respondents who report 10 service disruptions in a typical week; Column 2 then
drops respondents with 9 or more service disruptions in a typical week; Column 3 drops respondents

with 8 or more service disruptions in a typical week.
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Table 4.12: Choice Experiment Results: Pooled Sample.

(1) (2)
Choosing the School Bus Choosing the School Bus
No Demographics Demographics
Service Disruptions 0.0820 0.0784
(0.0188) (0.0194)
Student Travel Time -0.000979 -0.000947
(0.000346) (0.000336)
Age 0.0119
(0.00574)
College Degree 0.150
(0.135)
Employed Full-Time 0.197
(0.138)
Retired -0.288
(0.403)
Female -0.113
(0.117)
White -0.0185
(0.121)
Household Income -0.155
(0.109)
Number of Adults in Household 0.0525
(0.0824)
Number of Children in Household 0.0378
(0.0515)
Number of Licensed Drivers in Household -0.0900
(0.0963)
Number of Household Vehicles -0.142
(0.0766)
Marginal Rate of Substitution 83.73 82.86
(33.19) (33.58)
N 850 850
Log pseudo-likelihood -9344.69 -9244.42

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p<001, p< 0:001
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Table 4.13: Choice Experiment Results: Split Sample.

(1) 2) 3) (4)
Bus Rider Car Rider Bus Rider Car Rider
Service Disruptions 0.0436 0.0254 0.0422 0.0270
(0.0218) (0.0443) (0.0226) (0.0454)
Student Travel Time -0.00153 -0.00289 -0.00152 -0.00278
(0.000440) (0.000832) (0.000424) (0.000816)
Age 0.0194 0.00200
(0.00724) (0.00885)
College Degree 0.150 0.0968
(0.169) (0.202)
Employed Full-Time 0.0995 0.383
(0.172) (0.230)
Retired -0.271 -0.369
(0.404) (0.779)
Female -0.151 -0.0754
(0.145) (0.184)
White -0.0334 0.226
(0.148) (0.208)
Household Income -0.0981 -0.128
(0.135) (0.180)
Number of Adults in Household 0.225 -0.0357
(0.114) (0.0895)
Number of Children in Household 0.0299 0.000143
(0.0621) (0.0792)
Number of Licensed Drivers in Household -0.0892 -0.0934
(0.131) (0.145)
Number of Household Vehicles -0.139 -0.101
(0.0923) (0.125)
Marginal Rate of Substitution 28.41 8.77 27.76 9.70
(16.32) (16.1) (16.9) (17.19)
N 601 492 601 492
Log pseudo-likelihood -5424.65 -3648.73 -5341.95 -3596.67

1 Log odds coe cients; Standard errors in parentheses
2 p< 005 p<o001, p < 0:001
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Table 4.14: Choice Experiments Alternative Speci cation: State of Residence.

(1) (2)
Bus Riders Car Riders
Service Disruptions 0.0419 0.0305
(0.0227) (0.0443)
Student Travel Time -0.00153 -0.00274
(0.000430) (0.000821)
Age 0.0193 0.00296
(0.00728) (0.00872)
College Degree 0.149 0.0522
(0.169) (0.199)
Employed Full-Time 0.101 0.390
(0.172) (0.227)
Retired -0.252 -0.381
(0.415) (0.799)
Female -0.147 -0.0590
(0.145) (0.183)
White -0.0263 0.264
(0.150) (0.212)
Household Income -0.0912 -0.141
(0.134) (0.180)
Number of Adults in Household 0.224 -0.0333
(0.114) (0.0887)
Number of Children in Household 0.0309 0.0161
(0.0625) (0.0824)
Number of Licensed Drivers in Household -0.0841 -0.0973
(0.132) (0.144)
Number of Household Vehicles -0.142 -0.100
(0.0920) (0.124)
South Carolina Resident -0.0638 -0.135
(0.198) (0.215)
Virginia Resident -0.0575 0.211
(0.160) (0.218)
Marginal Rate of Substitution 27.33 11.15
(16.70) (17.28)
N 601 492
Log pseudo-likelihood -5341.15 -3588.70

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001, p < 0:001

3 This model includes controls for state of residence ( South Carolina Resident and

Virginia Resident ).
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Table 4.15: Choice Experiments Alternative Speci cation: Duration.

1) (2
Bus Riders Car Riders
Service Disruptions 0.0475 0.0176
(0.0330) (0.0595)
Student Travel Time -0.00170 -0.00355
(0.000538) (0.000923)
Age 0.0118 -0.00934
(0.00938) (0.0107)
College Degree 0.405 0.326
(0.225) (0.283)
Employed Full-Time -0.0801 -0.0358
(0.229) (0.311)
Retired -0.270 -0.513
(0.523) (0.792)
Female -0.359 -0.221
(0.187) (0.224)
White -0.307 0.213
(0.208) (0.270)
Household Income -0.160 -0.124
(0.169) (0.210)
Number of Adults in Household 0.379 -0.163
(0.136) (0.0975)
Number of Children in Household 0.0320 0.114
(0.0762) (0.0784)
Number of Licensed Drivers in Household -0.0159 -0.0369
(0.167) (0.177)
Number of Household Vehicles -0.243 -0.104
(0.116) (0.154)
South Carolina Resident -0.181 -0.427
(0.248) (0.267)
Virginia Resident -0.0712 0.384
(0.224) (0.299)
Marginal Rate of Substitution 27.88 4.97
(22.88) (17.97)
N 352 295
Log pseudo-likelihood -2994.94 -1902.60

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001, p < 0:001

3 Respondents who completed the survey in less than seven and a half minutes are
dropped from this table.
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Table 4.16: Choice Experiments Alternative Speci cations: College Degree.

1) (2
Bus Riders Car Riders
Service Disruptions 0.101 0.0419
(0.0313) (0.0635)
Student Travel Time -0.000596 -0.00317
(0.000693) (0.000839)
Age 0.0153 -0.00659
(0.0115) (0.0113)
Employed Full-Time 0.282 0.319
(0.257) (0.345)
Female -0.205 -0.0491
(0.202) (0.228)
White 0.170 0.440
(0.218) (0.293)
Household Income -0.107 0.343
(0.154) (0.232)
Number of Adults in Household 0.179 0.154
(0.146) (0.152)
Number of Children in Household 0.167 0.0800
(0.105) (0.0971)
Number of Licensed Drivers in Household 0.0882 -0.135
(0.197) (0.219)
Number of Household Vehicles -0.126 -0.168
(0.145) (0.166)
South Carolina Resident -0.427 -0.151
(0.276) (0.276)
Virginia Resident -0.120 0.155
(0.221) (0.297)
Marginal Rate of Substitution 168.98 13.21
(200.47) (20.76)
N 272 271
Log pseudo-likelihood -2191.45 -1923.98

1 Log odds coe cients; Standard errors in parentheses
2 p< 005 p< 001, p < 0:001
3 Respondents with less than a four-year college degree are dropped form this table.
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Table 4.17: Choice Experiments Alternative Speci cations: Household Income.

1) (2
Bus Riders Car Riders
Service Disruptions 0.0734 -0.00142
(0.0274) (0.0549)
Student Travel Time -0.00107 -0.00332
(0.000593) (0.000746)
Age 0.00868 0.000720
(0.00997) (0.00962)
College Degree 0.284 0.323
(0.189) (0.228)
Employed Full-Time 0.0590 0.265
(0.261) (0.316)
Retired -0.144 0.659
(0.425) (0.465)
Female -0.339 -0.156
(0.183) (0.209)
White 0.0902 0.438
(0.194) (0.257)
Number of Adults in Household 0.291 -0.0692
(0.131) (0.100)
Number of Children in Household 0.108 0.0649
(0.0772) (0.0823)
Number of Licensed Drivers in Household -0.101 -0.0113
(0.183) (0.179)
Number of Household Vehicles -0.0738 -0.175
(0.124) (0.150)
South Carolina Resident -0.601 -0.311
(0.266) (0.233)
Virginia Resident -0.163 0.226
(0.200) (0.264)
Marginal Rate of Substitution 68.54 -0.43
(44.44) (16.53)
N 348 352
Log pseudo-likelihood -2983.48 -2540.82

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001, p < 0:001

3 Respondents with annual household incomes less than $62,500 are dropped from
this table.
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Table 4.18: Choice Experiments Alternative Speci cations: Large Counties.

(1) (2)
Bus Riders Car Riders
Service Disruptions 0.00675 -0.132
(0.0403) (0.0660)
Student Travel Time -0.00111 -0.00365
(0.000602) (0.00107)
Age 0.0217 -0.00791
(0.0117) (0.0145)
College Degree 0.218 -0.0400
(0.285) (0.333)
Employed Full-Time 0.0522 0.657
(0.292) (0.349)
Female -0.0571 0.260
(0.243) (0.304)
White -0.100 -0.297
(0.254) (0.329)
Household Income -0.00000115 0.00000253
(0.00000219) (0.00000319)
Number of Adults in Household 0.200 0.584
(0.167) (0.224)
Number of Children in Household -0.0191 0.110
(0.101) (0.142)
Number of Licensed Drivers in Household 0.131 -0.139
(0.233) (0.258)
Number of Household Vehicles -0.371 -0.202
(0.160) (0.246)
South Carolina Resident -0.264 -0.0601
(0.364) (0.382)
Virginia Resident -0.0650 -0.515
(0.272) (0.418)
Marginal Rate of Substitution 6.10 -36.04
(37.17) (21.04)
N 234 170
Log pseudo-likelihood -2096.37 -1145.77

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p<O001, p< 0:001

3 This table includes respondents in only the largest counties across the three states.
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Table 4.19: Choice Experiments Service Disruption Restrictions: Pooled Sample.

(1) (2) )
Drop 10 Drop 9+ Drop 8+
Disruptions  Disruptions  Disruptions
Service Disruptions 0.0535 0.0637 0.0529
(0.0238) (0.0249) (0.0287)
Student Travel Time -0.00104 -0.00105 -0.00112
(0.000343) (0.000345) (0.000357)
Age 0.00994 0.0108 0.0102
(0.00608) (0.00614) (0.00629)
College Degree 0.0585 0.0811 0.0601
(0.141) (0.143) (0.146)
Employed Full-Time 0.227 0.223 0.237
(0.143) (0.148) (0.151)
Retired -0.0717 -0.0971 -0.0582
(0.554) (0.554) (0.566)
Female -0.133 -0.113 -0.107
(0.121) (0.123) (0.124)
White -0.0176 -0.0376 -0.0101
(0.126) (0.128) (0.130)
Household Income -0.160 -0.177 -0.197
(0.117) (0.118) (0.120)
Number of Adults in Household 0.0387 0.0518 0.0470
(0.0851) (0.0980) (0.0981)
Number of Children in Household 0.0419 0.0479 0.0469
(0.0538) (0.0567) (0.0569)
Number of Licensed Drivers in Household 0.0142 0.0119 0.0353
(0.103) (0.107) (0.108)
Number of Household Vehicles -0.215 -0.218 -0.211
(0.0827) (0.0835) (0.0867)
Marginal Rate of Substitution 51.63 60.78 47.13
(27.55) (29.83) (28.96)
N 777 766 736
Log pseudo-likelihood -8424.28 -8291.06 -7998.37

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< o001, p < 0:001

3 Column 1 drops respondents who report 10 service disruptions in a typical week; Column 2 then
drops respondents with 9 or more service disruptions in a typical week; Column 3 drops respondents

with 8 or more service disruptions in a typical week.
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Table 4.20: Choice Experiments Service Disruption Restrictions: Bus Riders.

@) 2) 3)
Drop 10 Drop 9+ Drop 8+
Disruptions Disruptions Disruptions
Service Disruptions 0.00806 0.0263 -0.0119
(0.0279) (0.0291) (0.0351)
Student Travel Time -0.00170 -0.00174 -0.00178
(0.000430) (0.000433) (0.000465)
Age 0.0164 0.0180 0.0170
(0.00783) (0.00782) (0.00817)
College Degree -0.00613 0.0430 0.0126
(0.179) (0.181) (0.189)
Employed Full-Time 0.0950 0.0864 0.0568
(0.180) (0.185) (0.191)
Retired 0.114 0.0552 0.178
(0.655) (0.653) (0.642)
Female -0.195 -0.162 -0.211
(0.153) (0.156) (0.160)
White -0.0450 -0.103 -0.0732
(0.155) (0.158) (0.162)
Household Income -0.0724 -0.107 -0.134
(0.145) (0.147) (0.149)
Number of Adults in Household 0.214 0.306 0.296
(0.112) (0.103) (0.106)
Number of Children in Household 0.0256 0.0512 0.0495
(0.0657) (0.0661) (0.0662)
Number of Licensed Drivers in Household 0.108 0.0670 0.0918
(0.153) (0.156) (0.156)
Number of Household Vehicles -0.281 -0.298 -0.280
(0.103) (0.104) (0.107)
Marginal Rate of Substitution 4,73 15.09 -6.71
(16.54) (17.36) (19.63)
N 532 521 496
Log pseudo-likelihood -4580.85 -4430.42 -4258.59

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p<O001, p< 0:001

8 Column 1 drops respondents who report 10 service disruptions in a typical week; Column 2 then

drops respondents with 9 or more service disruptions in a typical week; Column 3 drops respondents
with 8 or more service disruptions in a typical week.
4 This table includes respondents who report using the school bus during a typical week.
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Table 4.21: Choice Experiments Service Disruption Restrictions: Car Riders.

) ) ®3)
Drop 10 Drop 9+ Drop 8+
Disruptions  Disruptions Disruptions

Service Disruptions 0.0198 0.0198 0.0605
(0.0491) (0.0491) (0.0531)

Student Travel Time -0.00273 -0.00273 -0.00272
(0.000817) (0.000817) (0.000817)
Age 0.00333 0.00333 0.00357
(0.00889) (0.00889) (0.00899)
College Degree 0.0554 0.0554 0.0529
(0.204) (0.204) (0.205)
Employed Full-Time 0.392 0.392 0.484
(0.230) (0.230) (0.231)
Retired -0.400 -0.400 -0.410
(0.795) (0.795) (0.811)
Female -0.0741 -0.0741 -0.0113
(0.184) (0.184) (0.184)
White 0.232 0.232 0.267
(0.207) (0.207) (0.207)
Household Income -0.155 -0.155 -0.182
(0.184) (0.184) (0.185)
Number of Adults in Household -0.0403 -0.0403 -0.0318
(0.0901) (0.0901) (0.0891)
Number of Children in Household 0.0170 0.0170 0.0147
(0.0767) (0.0767) (0.0761)
Number of Licensed Drivers in Household -0.102 -0.102 -0.0723
(0.145) (0.145) (0.145)
Number of Household Vehicles -0.0926 -0.0926 -0.105
(0.125) (0.125) (0.130)
Marginal Rate of Substitution 7.27 7.27 22.28
(18.65) (18.65) (21.90)
N 485 485 471
Log pseudo-likelihood -3538.31 -3538.31 -3434.99

1 Log odds coe cients; Standard errors in parentheses

2 p< 005 p< 001, p < 0:001

3 Column 1 drops respondents who report 10 service disruptions in a typical week; Column 2 then
drops respondents with 9 or more service disruptions in a typical week; Column 3 drops respondents
with 8 or more service disruptions in a typical week.

4 This table includes respondents who report using a private vehicle during a typical week.
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Table 4.22: Driver Service Results.

1)
Choosing Driver Service
No Demographics

@)
Choosing Driver Service
Demographics

Price 0.00350 -0.00463
(0.000733) (0.00324)
Service Disruptions 0.0709 -0.000443
(0.0192) (0.0284)
Student Travel Time 0.000364 -0.000776
(0.000556) (0.000614)
Age -0.0420 0.00233
(0.0114) (0.00991)
College Degree 0.153 -0.112
(0.269) (0.252)
Employed Full-Time 0.401 0.130
(0.268) (0.245)
Retired 1.596 0.138
(1.106) (1.280)
Female -0.468 0.243
(0.226) (0.218)
White -0.392 -0.371
(0.238) (0.213)
Household Income 0.0915 -0.409
(0.223) (0.220)
Number of Adults in Household 0.0173 -0.0317
(0.204) (0.178)
Number of Children in Household -0.127 0.118
(0.125) (0.108)
Number of Licensed Drivers in Household -0.525 -0.308
(0.213) (0.180)
Number of Household Vehicles 0.00982 -0.108
(0.143) (0.144)
Reminder of Potential Time Savings 0.113
(0.187)
N 748 748
Log pseudo-likelihood -1324.64 -1206.59

1 Log odds coe cients; Standard errors in parentheses
2 Left hand demographics are interacted with the driver service. Right hand demographics are interacted with the

school bus. Reminder of Potential Time Savings
8 p< 005 p< 001, p < 0:001
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Table 4.23: Driver Service Alternative Speci cation: State Controls.

Choosing Driver Service
Demographics

Price -0.00459
(0.00323)
Service Disruptions -0.00419
(0.0278)
Student Travel Time -0.000519
(0.000612)
Age -0.0401 0.00654
(0.0117) (0.0107)
College Degree 0.0473 -0.268
(0.269) (0.266)
Employed Full-Time 0.420 0.164
(0.268) (0.249)
Retired 1.696 0.190
(1.165) (1.514)
Female -0.426 0.296
(0.224) (0.221)
White -0.272 -0.206
(0.242) (0.224)
Household Income 0.0439 -0.548
(0.231) (0.240)
Number of Adults in Household 0.0116 -0.0265
(0.185) (0.159)
Number of Children in Household -0.105 0.169
(0.121) (0.108)
Number of Licensed Drivers in Household -0.579 -0.417
(0.210) (0.180)
Number of Household Vehicles 0.0145 -0.125
(0.236) (0.151)
South Carolina Resident -0.417 -0.607
(0.269) (0.270)
Virginia Resident 0.532 1.173
(0.300) (0.283)
Reminder of Potential Time Savings 0.0844
(0.191)
N 748
Log pseudo-likelihood -1176.88

1 This model includes controls for state of residence.
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Table 4.24: Driver Service Alternative Speci cation: Duration Controls.

)

Choosing Driver Service
Demographics

Price 0.00162
(0.00460)
Service Disruptions -0.0271
(0.0392)
Student Travel Time -0.000907
(0.000845)
Age -0.0375 0.00992
(0.0162) (0.0131)
College Degree 0.316 -0.137
(0.376) (0.318)
Employed Full-Time 0.129 -0.165
(0.366) (0.315)
Retired 1.712 -0.908
(1.180) (1.267)
Female -0.777 0.425
(0.298) (0.280)
White -0.131 -0.101
(0.327) (0.279)
Household Income 0.193 -0.397
(0.327) (0.271)
Number of Adults in Household -0.00413 -0.256
(0.184) (0.175)
Number of Children in Household -0.0624 0.0666
(0.158) (0.132)
Number of Licensed Drivers in Household -0.733 -0.382
(0.241) (0.222)
Number of Household Vehicles -0.00269 -0.222
(0.174) (0.187)
South Carolina Resident -0.865 -0.660
(0.364) (0.321)
Virginia Resident 0.645 1.441
(0.427) (0.405)
Reminder of Potential Time Savings -0.350
(0.272)
N 411
Log pseudo-likelihood -628.57

1 Respondents who completed the survey in less than seven and a half minutes are

dropped from this table. 123



Table 4.25: Driver Service Alternative Speci cation: College Degree.

2
Choosing Driver Service
Demographics

Price -0.00879
(0.00500)
Service Disruptions -0.0373
(0.0448)
Student Travel Time -0.000723
(0.000884)
Age -0.0776 0.00946
(0.0195) (0.0151)
Employed Full-Time 1.128 0.0150
(0.493) (0.384)
Retired 13.74 13.37
(1.190) (0.945)
Female -0.646 0.467
(0.331) (0.317)
White -0.380 -0.457
(0.399) (0.341)
Household Income 0.370 -0.179
(0.294) (0.281)
Number of Adults in Household 0.382 0.112
(0.274) (0.281)
Number of Children in Household 0.105 0.211
(0.213) (0.195)
Number of Licensed Drivers in Household -0.744 -0.338
(0.325) (0.394)
Number of Household Vehicles -0.285 -0.442
(0.206) (0.245)
South Carolina Resident -0.528 -0.650
(0.423) (0.456)
Virginia Resident 0.743 1.81
(0.425) (0.388)
Reminder of Potential Time Savings 0.0995
(0.298)
N 332
Log pseudo-likelihood -476.33

1 Respondents with less than a four-year college degree are dropped from this table.
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Table 4.26: Driver Service Alternative Speci cation: Household Income.

2)
Choosing Driver Service
Demographics

Price -0.00472
(0.00414)
Service Disruptions -0.0275
(0.0399)
Student Travel Time -0.000982
(0.000818)
Age -0.0478 -0.00692
(0.0147) (0.0142)
College Degree 0.523 -0.354
(0.283) (0.284)
Employed Full-Time 0.547 -0.0899
(0.403) (0.373)
Retired 14.01 13.43
(0.976) (1.031)
Female -0.658 0.203
(0.266) (0.286)
White -0.265 -0.380
(0.305) (0.287)
Number of Adults in Household -0.128 -0.257
(0.164) (0.170)
Number of Children in Household -0.0177 0.0605
(0.149) (0.159)
Number of Licensed Drivers in Household -0.297 -0.307
(0.254) (0.259)
Number of Household Vehicles -0.0552 0.135
(0.182) (0.195)
South Carolina Resident -0.401 -0.587
(0.333) (0.373)
Virginia Resident 0.819 1.466
(0.358) (0.340)
Reminder of Potential Time Savings -1.641
(0.850)
N 455
Log pseudo-likelihood -709.68
1 Respondents with annual household incomes less than $62,500 are dropped from
this table.
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Table 4.27: Driver Service Alternative Speci cation: Large Counties.

2
Choosing Driver Service
Demographics

Price -0.00499
(0.00551)
Service Disruptions -0.0674
(0.0478)
Student Travel Time -0.000900
(0.000102)
Age -0.0285 0.0185
(0.0190) (0.0178)
College Degree -0.772 -1.083
(0.475) (0.458)
Employed Full-Time 0.225 -0.127
(0.493) (474)
Retired -18.61 17.42
(1.203) (1.184)
Female -0.502 -0.110
(0.358) (0.361)
White -0.00352 -0.112
(0.430) (0.403)
Household Income 0.536 -0.170
(0.400) (0.385)
Number of Adults in Household 0.306 0.452
(0.329) (0.275)
Number of Children in Household 0.0959 0.224
(0.203) (0.172)
Number of Licensed Drivers in Household -0.657 -1.004
(0.415) (0.344)
Number of Household Vehicles -0.150 -0.130
(0.263) (0.242)
South Carolina Resident -0.748 -0.546
(0.503) (0.467)
Virginia Resident 0.596 1.637
(0.576) (0.482)
Reminder of Potential Time Savings -0.228
(0.315)
N 283
Log pseudo-likelihood -409.12

1 This table includes respondents in only the largest counties across the three

states. 126






