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ABSTRACT

Prior survey studies of people’s attitudes towards automated vehicles (AVs) mostly took place in
large urban areas. No existing studies have assessed the attitudes and opinions of residents in
small urban areas. Small urban areas have a great potential in adopting AVSs as an integration
with transit services. To address this gap in the literature, a survey study of people’s attitudes
AVs and transit was carried out in a small urban area in Wisconsin, United States. The online
questionnaire covered five topics: exposure and opinions about vehicle automation and driving
assistance technologies, transit usage, travel habits, attitudes towards technologies, driving, and
transit, and demographic information. A total of 217 finished responses were analyzed.
Confirmatory factor analysis (CFA) and sentiment analysis were used to quantify attitudes and
opinions, which were analyzed using correlation analysis. The results showed that small urban
area residents are well-exposed to information about AVs and driving assistance technologies.
Small urban area residents generally welcome the development of AV technologies and their
application in transit services but are still unsure about the benefits and impacts of these
technologies. Over 75% of the respondents are not comfortable with riding a fully automated bus
without a human operator, but over 70% are OK with a human operator onboard. Overall, people
support transit tend to be positive towards AVs and transit, while people enjoy driving more have
more concerns about AVs and transit.

Keywords: autonomous vehicle, transit, attitude, survey, small urban area
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INTRODUCTION

Autonomous vehicles (AVs) are expected to be widely available in a decade if not sooner
and are expected to become a disruptive force to the existing public transit service framework. A
RAND Corporation study in 2014 states that AVs have an advantage in operating costs
comparing with mass transit and paratransit, and that substituting those services with AVs will
improve social welfare (1). Levin and Boyles’ model-based quantitative study also predicted that
demand for transit will decrease when more people have access to AVs (2). Some hold the
opinion that while AVs may eliminate the need for conventional transit services, high capacity
transit will still be needed on major travel corridors, with AVs serving as a support (3-5). The
increasing private ownership of AVs and infrastructure may change the situation of subsidy and
investment for public transit (6).

With these potential effects being predicted and discussed, there will be various shapes of
transit services in a world with AVs. Transit may integrate with AVs that will serve as feeders or
provide “first-mile last-mile” services and use different operational strategies and technologies
than the current ones. The public attitude towards and trust in AVs will determine the broader
adoption of this disruptive technology in the society.

A survey study was carried out in Eau Claire, Wisconsin. The surveys were online
questionnaire surveys asking questions about people’s travel habits, opinions about AVs, and
their attitudes towards technology, driving, and transit. The purpose of this study is to find out
what the general public in small-sized cities in the United States think about AVs and transit, and
what are the relationships between their attitudes and their opinions. There are two reasons for
this study. First, while there are many existing studies about people’s opinions towards AVS that
were carried out in large cities and metropolitan areas, few studies have listened to voices from
small urban areas, which have very different travel patterns from large urban areas, and will also
be an essential part of the future AV market. Second, small urban areas in Wisconsin share a lot
of transportation characteristics with most of other small urban areas in United States, which
make them good representatives for studying this type of urban areas.

A total of 217 finished responses from Eau Claire were obtained through a survey from
April 16 to June 10, 2019 and used for data analysis. In this paper, the survey results are
summarized to illustrate the travel patterns of residents of Eau Claire, and their opinions and
attitudes about AVs and transit. A general open-ended question in the survey, asking people’s
general opinion about future of AVs and transit, received many comments. A set of Likert scale
questions were asked for people’s attitudes towards technology, driving, and transit. Text mining
techniques were used to analyze the comments and get quantified sentiments, and confirmatory
factor analysis was used to analyze the Likert scale results and get quantified attitudes. A
correlation analysis was then carried out to investigate the relationship between the opinion
sentiments and the attitudes.

This section is followed by a literature review of recent studies on different models of
AV transit services and public opinions towards AVs. The study design and analytical methods
will then be elaborated, followed by the survey results, discussion, and conclusions.
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LITERATURE REVIEW

There is no clear definition of transit for the future in light of the vehicle automation and
other technology developments, but a structure of a future transportation system with publicly
shared automated vehicles, and personal automated vehicles can be drawn as the one shown in
Figure 1 (7,8). Based on this structure, the integration of AVs into transit include the integration
of automation technologies into transit services, and the integration of personal or shared AVs as
part of transit operations. The most common types of AV integration into transit that were
mentioned in recent studies are:

e Shared AV systems, which are similar to a taxi system, ride-hailing systems of
transportation network companies (TNCs), or on-demand microtransit systems (9-13);

e AVsas first-mile and last-mile services, which feed and pick up passengers to and from
transit stations along corridors served by high-capacity transit such as bus rapid transit

and urban rail transit (14-17); and
e Automated high-capacity transit systems (18,19).

Automated Transportation System

Automated Transit

Automated Bus Automated Guideway

Transit
Personal Rapid
Transit
Automated
Personal Transit

Figure 1 Future automated transportation system (7,8)

Group Rapid Automated Driverless
Transit People Movers Metros

Existing studies, published within the most recent five years, about the public’s attitude
and potential consumers’ preferences towards AVs, covered privately-owned AVs and their
technologies (20-26), and multiple types of AV integration with transit (25-31).

These studies generally used surveys to collect public opinions towards AV technologies.
The studies covered a wide range of countries including France, the U.K., Australia, the U.S.,
China, India, Japan, and Israel. Overall, there are more people holding positive opinions towards
AV technologies, but the general public still have many concerns, about safety when riding an
AV, the removal of driver control option from AVs, self-driving commercial vehicles (trucks,
buses, and taxis), system failure, and data privacy (21,22). Specific preferences for AV
technologies are heterogeneous, varying among different groups of people and different

2
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geographical locations (20,21,22,26). In terms of willingness to pay for AV technologies, the
average value that the surveyed people are willing to spend on vehicle automation is quite high
($4,000 to $7,000). Heterogeneity exists in the willingness, the groups of people that are willing
to pay very much and very little, made up significant proportions of the surveyed sample (23,25).

Each of the three types of integration of AV into transit services was covered by some of
the existing studies. Most of these studies covered public opinions towards shared AV systems
(25-28), two studies covered AV as first and last mile services (29,30), and one study covered
automated buses (31).

Bansal et al. carried out a survey study in the Austin, TX area about public opinions of
new vehicle technologies including AV technologies and shared AV systems (25). Public
opinions about shared AV and willingness to use shared AV were studied using a questionnaire
survey. Shared AV (SAV) adoption rates were estimated under three different pricing schemes
(%1, $2, and $3 per mile). The survey results indicate that only 15% and 3% of the respondents
were willing to use SAVs once a week at a cost of $2 per mile and $3 per mile, respectively.
Most respondents are not willing to pay more for a shared AV service than UberX and Lyft
currently charge ($1.5 per mile). With $1 per mile, 41% of the respondents will use a shared AV
at least once per week.

Haboucha et al. studied the potential user preferences of AVs, with choices including
keep using regular cars, buy and shift commute to AVs, and shift to using a shared AV system
(26). A stated preference questionnaire survey was carried out in Israel, the U.S., and Canada,
with 721 complete responses. Questions about respondents’ current driving habits,
socioeconomic conditions, attitudes towards AVs, and preferences of vehicle travel options were
asked in the questionnaire. Regression models were applied to investigate the impact factors of
the sample users’ choices among the three travel modes. The results indicate that cost is a critical
factor affecting users’ choices, and that even if the shared AV service were to be completely free,
there will still be 25% of individuals not willing to use shared AVs. Individuals who currently
have low opinions of transit systems and who never use public transit are less likely to choose
shared AVs.

Lavieri et al. also modeled individuals’ choices among no interest in using AVs, AV
sharing only, AV ownership only, and Both AV sharing and AV ownership, using survey data
collected in the Puget Sound, WA, Regional Travel Study (27). The models captured factors
consumer individual lifestyle preferences including a propensity towards green lifestyle and
technology savviness, attitudinal factors about AV technologies, and current use of disruptive
transportation services such as carsharing and ride-sourcing services. A generalized
heterogeneous data modeling method was used. The results indicate that younger, urban
residents who are more educated and technologically savvy are more likely to be early adopters
of AV technologies than older, suburban and rural individuals.

Krueger et al. studied the characteristics of users who are likely to adopt shared AV
services (28). Stated choices survey was carried out among people living in five major
metropolitan areas of Australia (Adelaide, Brisbane, Melbourne, Perth, Sydney), from which a
sample of 435 people provided data for the mixed logit models in the study. The users were
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divided into 5 clusters according to their modality styles, which is the behavioral predispositions
characterized by a certain travel mode or set of travel modes that an individual habitually uses.
The modeling results show that travel cost, travel time and waiting time are critical factors
affecting individual’s determination of the use of shared AVs and the acceptance of dynamic ride
sharing (DRS). Young users are more likely to choose shared AV with DRS than users in other
age groups. The individual modality styles (which modes of transportation one usually use daily)
are closely related to the selection of shared AVs: current car-sharing users tend to choose shared
AV services with DRS; people who travel by car in the reference trips tend to choose shared AV
without DRS; and people who use public transit for their reference trips are no more likely to
switch to shared AVs than people using other travel modes.

Lu et al. investigated public’s opinion about integration of AVs into transit-oriented
development (TOD) in Atlanta (29). A “topic modeling” method was used to mine 1,540
comments from an online survey about future transportation options. The analysis results
indicate that about 40% of the Atlanta residents support or are uncertain about AV technologies
and prefer a TOD with AV serving the first and last mile of existing transit services provided by
the Metropolitan Atlanta Rapid Transit Authority (MARTA).

Yap et al. studied rail passengers’ preferences about AVs as a last mile service for multi-
modal train travels (30). A stated preference survey was carried out online in the Netherlands
among travelers who were over 18 years’ old and travel at least twice a month. There were 1,053
completed questionnaires, which were used in the analysis. Three options of last mile travel: AV,
transit (bus, tram, and metro) and bicycle were provided in the choice sets. The AV mode has
two types, with one type having the travelers drive the vehicles by themselves after getting off
from the trains, and the vehicles will then drive themselves back for other travelers to use, which
is like a car-sharing service; and the other type having the vehicles driving themselves all the
time to pick up and drop off travelers. Mixed logit model was used as the analytical tool. The
analysis results show that first class train travelers on average prefer the use of AVs as a last mile
service, comparing with other modes including bicycle as well as bus, tram, and metro. In-
vehicle time in AVs is experienced more negatively than in-vehicle time in manually driven cars,
which indicates that travelers do not yet perceive the theoretical advantage of being able to
perform other tasks when the vehicles drive themselves.

Dong et al. evaluated user perception of automated buses, the third type of AV
integration into transit (31). Similar with the other studies, stated preference survey was
conducted to collect user opinion data from the Philadelphia area, and a mix logit model was
developed to find out which types of transit users are most willing to ride in driverless buses and
whether having a transit employee on board to monitor the vehicle operations and provide
customer service matters. The survey collected 891 responses from the University of
Pennsylvania’s transit pass users. Two-thirds of the respondents were willing to ride a driverless
bus, but implied that a transit employee is needed on board to monitor vehicle operations.
Among these people, only 13% would agree to ride a bus without an employee on board. Male
respondents tend to be more likely to ride a driverless bus than female respondents, and younger
respondents (18-34 years’ old) are more willing to ride driverless buses than respondents in older
age groups.
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The existing studies found that in general, there is a good proportion of people that are
willing to use AV services, either as a replacement or a complement of transit services. However,
there exists heterogeneities in people’s preference in how such an AV integrated transit service
should work, and how they prefer to use such a service. From the existing studies, it was also
found that time and money costs are the most critical factors affecting people’s choice between
AV services and private travel modes, which is similar with what affects the choice between
transit and private travel modes.

STUDY DESIGN AND ANALYTICAL METHODS

An online questionnaire was designed and published to collect data from the City of Eau Claire,
W] for two months and statistical analyses were carried out on the data collected.

Questionnaire

The survey was carried out by the University of Wisconsin-Madison in collaboration with the
City of Eau Claire, to understand how well the City of Eau Claire’s public transportation system
serves the community, the role that emerging technologies like automated driving could play,
and how to better plan for the future. The questionnaire was designed to collected data on these
five aspects:

Exposure and opinions about vehicle automation and driving assistance technologies
Transit usage

Travel habits

Attitudes towards technologies, driving, and transit

Demographic information

A list of questions included in the questionnaire are as follows:

Socio-Economic Features
Age
Gender
Occupation
Income
Highest education level
Household family member counts
Number of young children (< 12 years)

Current Travel Habits
Household car ownership
Commute to work (Y/N)
Number of days in a week commute to work
Commute distance (mi)
Commute time length (min)
Commute primary mode
Other purpose travel primary mode
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Heard of AV (Y/N)

Attitudinal

Following the Likert scale statements used by Haboucha et al. for obtaining the attitudinal
information regarding the use of shared AV, the questions listed in Figure 2 were included in this
part of the survey. These questions were adapted from Haboucha et al.’s study, which are based
on questions used and found effective in previous literature (26). The questions were revised to
accommaodate the needs for this study. A Likert scale was used for these statements with five
levels, 1 = “strongly agree”, 2 = “agree”, 3 = “neither agree nor disagree”, 4 = “disagree”, and 5
= “strongly disagree”. In the factor analysis, the scale was converted to ordinal values of 1 to 5.
For the statements about technology, a larger value represents more interest in technology. For
the statements about driving, a larger value means more love for driving. For the statements
about transit, a larger value shows a higher trust or interest in transit.

| try new products before my friends and neighbors. (32)
| know more than others on latest new products. (32)
Tech nology | often purchase new technology products, even though they are expensive. (33)
| am excited by the possibilities offered by new technologies. (34)
| have little to no interest in new technology. (32)
| prefer not to have the responsibility of driving. (26)
. | feel safer driving myself rather than others driving me. (35)
Driving < Teniov drivi
joy driving. (36)
| feel nervous when driving. (36)
It makes me uncomfortable to ride on public transit with strangers. (37)
| feel safe taking public transit. (38)
T . | believe that people use public transit when they don’t have any other choice. | (37)
ransit | prefer a private car because | like to be on my own. (35)
| take public transit more often than using any other modes. N/A
| take public transit because it helps the environment. Created for this study

Note: numbers on the right are sources of these questions.

Figure 2 Attitudinal questions

Confirmatory Factor Analysis

The attitudinal questions followed a defined construct, as shown in Figure 2, in which they were
assigned to the three factors, technology, driving, and transit, as measures. For this type of fixed
construct about which the a priori knowledge is known or defined, the confirmatory factor
analysis (CFA) should be carried out to explore the relationship between the underlying factors
and the measured variables. A CFA models that relationship in a form of

X=pF+e (1)

where, X is a vector of measures, F is a vector of factors, g is the loadings of factors to the
measures, and € is the error term.

The measures here are the attitudinal questions, and the underlying factors are the three
topics (technologies, driving, and transit), which, in another word, are the attitudes of people
towards the three topics. Because the measure-factor construct is defined, the factor analysis
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method we use is a “confirmatory” one, as in contrast to “exploratory”, where the links between
measures and factors are unknown before the factor analysis.

The primary estimation procedure used in CFA is maximum likelihood (ML), which
assumes normality of the measures. However, Likert scale measures are not continuous and do
not necessarily follow normal distributions, for this type of ordinal categorical variables, some
other estimation procedure need to be used when conducting CFA. In this study, weighted least
squares mean and variance (WLSMV) was used as the estimation procedure. WLSMV is a
robust estimation procedure recommended for categorical variables which does not assume
normality (40). The demanded estimations from CFA are the loadings of the factors onto
measures. With the estimations, the overall evaluations for each respondent’s attitudes towards
the three topics can be calculated. The lavaan package in R was used to carry out the CFA.

Text Mining

In the survey responses, 154 out of 217 included comments under the open-ended question about
general opinion on the future of AVs and transit. The comments are mostly not long, with a
minimum length of 1 word, a maximum of 118 words, and a mean length of 25 words. As these
comments contain important information about people’s view about AVs and transit, text mining
techniques were used to extract useful information from these comments. Specifically, sentiment
analysis (or “opinion mining”’) was applied on these comments to obtain their positive-negative
scores, which is a measure to quantify the respondents’ opinions on AVs and transit.

Packages tidytext, tidyr, and dplyr were used in R to conduct the sentiment analysis. The
comments were tidied by removing stop words, punctuations, and numbers. Then, the tidied
comments were tokenized, which means each word in a tidied comment was pulled out and put
on a single row, with its comment ID marked in an adjacent column. The sentiment analysis is a
procedure to match sentiment words from a developed lexicon with the words from the
comments, then count and summarize the sentiment score for each comment. The AFINN
lexicon in R was used for this study. The sentiment score in the AFINN lexicon ranges from -5
to 5, with negative scores indicating negative sentiment and positive scores indicating positive
sentiment (41). The sentiment score for a comment is the sum of the scores assigned to the
matched words in that comment. As the lengths of comment varies, normalized sentiment scores
were calculated by dividing the sentiment score for each comment by its tidied length.

SURVEY RESULTS AND DISCUSSION

The online survey was administered from April 16 to June 10, 2019. In total, 290
responses were received, of which, 217 were complete and were analyzed for this study. In
summary, the survey results indicate that the respondents are well-exposed to information about
AVs and driving assistance technologies. They generally welcome vehicle automation and
driving assistance technologies but are still unsure about the future of vehicles equipped with
more and more of these technologies. Most of the respondents have access to private vehicles
and are satisfied driving them. Transit was not one of the most popular daily traveling modes for
these respondents, with the common reasons being “not convenient” and “not flexible” for their
needs. While most respondents felt transit was generally safe, they also felt transit is primarily
for people without access to other transportation modes. People are uncertain about the safety
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benefits of adding automation technologies to transit. At the current stage, they still prefer having
a human operator even if transit vehicles were automated.

Exposure and opinions about vehicle technologies

In terms of vehicle automation and driving assistance technologies, 94% of the respondents have
heard of autonomous vehicles, and 90% of the respondents have a vehicle with one or more
driving assistance technologies. The most common technologies the respondents have on their
vehicles are cruise control, blind spot detection and warning, and lane departure avoidance. In
general, the respondents are happy about those driving assistance technologies. Over three
quarters (77%) of the respondents would like more driving assistance technologies on their next
car purchase.

Transit usage

About 70% of the respondents never take transit. The average number of times of taking transit
in a week, was less than one (0.91). The top three concerns in using transit for the respondents
were lack of convenience, lack of flexibility, and poor access. While a considerable proportion of
the respondents (40%) are unsure about whether driving assistance technologies will improve the
safety for transit vehicles, 30% are positive and 16% are negative about the safety benefits of
driving assistance technologies. Over three quarters of the respondents have concerns about
taking a fully automated transit vehicle with no human operator onboard, with 48% of the
respondents not feeling comfortable riding such a vehicle, and 28% of the respondents unsure
about it. However, for the case of a mostly automated transit vehicle with a human operator
onboard, most respondents (over 70%) would feel comfortable taking it.

Travel habits

The travel habit questions are about household vehicle ownership, commute pattern, and mode
choice. Over 95% of the respondents have one or more personal vehicles in their household, and
the average number of household personal vehicles is 2.8. Most of the respondents (over 85%)
commute to work, with 66% of the respondents commuting five times per week. Over 60% of
the respondents have a commute shorter than 5 miles, and most of the respondents (75%) have
commute time of less than 20 minutes. While driving personal vehicle was the first mode choice
for 71% of respondents for commuting, it increases to 86% for other trips. Transit was the first
choice for 8% of commute trips and 3% of other trips.

Attitudes towards technology, driving, and transit

The attitudinal questions cover three aspects, technology, driving, and transit. The responses to
questions about technology imply that the respondents are interested (about 70% agree or
strongly agree) and are excited about new technologies (about 70% agree or strongly agree) but
are generally rational when making their decisions to spend money on such new technologies.
The responses to questions about driving indicated that the respondents are satisfied with driving
for their daily travels, and they feel confident and comfortable when driving cars themselves.
About 60% of respondents enjoy driving and feel safer driving themselves than when driven by
others. From the responses to transit questions, it is found that the respondents prefer using a
personal vehicle to taking transit. The respondents generally feel comfortable and safe when
taking transit (about 60% agree or strongly agree), but about half of them believe that people
only take transit due to lack of access to other modes of transportation. The distributions of
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1  responses to questions about the three aspects are illustrated in Figure 3, Figure 4, and Figure 5,

2 respectively.
3
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Strongly agree Agree Meither agree nor Disagree Strongly disagree
dizsagres
M | try new products before my friends and neighbors. [l | know more than others on the latest new products.
M | often purchase new technology products, even though they are expensive.
M | am excited by the possibilities offered by new technologies. | have no interest in new technologies.
5 Figure 3 Distributions of responses to questions about technology
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M | prefer not to have the responsibility of driving. [l | feel safer driving myself than others driving me.

M | enjoy driving. M | feel nervous when driving.

8  Figure 4 Distributions of responses to questions about driving
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M It makes me uncomfortable to ride on public transit with strangers. [l | feel safe taking public transit.
M | believe that people use public transit when they don't have any other cho...
M | prefer a private car because | like to be on my own.
| take public transit more often than using any other modes.

M | take public transit because it helps the environment.

Figure 5 Distributions of responses to questions about transit

Demographic information

The respondents are well distributed across all age groups, with slightly more respondents from
the 25-34 age group than the others. There are more respondents from the female gender group
(66%). The respondents have a variety of occupations. Most of the respondents (96%) have a
valid driver license. Most of the respondents (94%) received some college education or higher.
The average household size is 2.48, and 74% of the respondents do not have young kids (< 12
years) in their household. The respondents are mostly from ZIP codes 54701 (53%), 54703
(26%), and 54720 (5%), which cover the central Eau Claire Metro Area.

Correlation between attitudes and opinions

To quantify the attitudes and opinions, CFA and sentiment analysis were used, respectively. The
CFA results are summarized in Table 1, where the loadings () of factors (F) were estimated, as
well as the intercepts (Bo). The model was well fit, according to the fit statistics. All estimates
were statistically significant at the 0.05 level. Following this CFA model, the overall evaluations
of attitudes towards technology (TE), driving (DR), and transit (TR) were estimated for each
response.

The factor loadings reflect how much a factor affects each measure. Each factor loading
was standardized to a value between -1 and 1, with negative value meaning a negative effect of
the factor on a measure, and a positive value meaning a positive effect of the factor on a
measure. For example, the loading of factor “technology” on the measure statement “l try new
products before my friends and neighbors™ is 0.80. It means that with 1 unit of increase in the
interest in technology, the respondent’s Likert rating for the statement will increase 0.8 unit. The
intercepts are the base values of the Likert ratings for the statements.

10
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Table 1 Confirmatory factor analysis results

Measure F_ B Bo
| try new products before my friends and neighbors. TE 0.80 0.36
I know more than others on latest new products. TE 0.80 0.36
| often purchase new technology products, even though they are expensive. TE 0.67 0.55
I am excited by the possibilities offered by new technologies. TE 0.62 0.62
I have little to no interest in new technology. TE -0.50 0.75
| prefer not to have the responsibility of driving. DR 0.19 0.96
| feel safer driving myself rather than others driving me. DR -0.56 0.68
| enjoy driving. DR -0.88 0.23
| feel nervous when driving. DR 0.68 0.53
It makes me uncomfortable to ride on public transit with strangers. TR 0.64 0.59
| feel safe taking public transit. TR -0.64 0.60
I believe that people use public transit when they don’t have any other choice. TR 0.25 0.94
| prefer a private car because | like to be on my own. TR 0.63 0.60
| take public transit more often than using any other modes. TR -042 0.83
| take public transit because it helps the environment. TR -055 0.70

Fit statistics:
CFI scaled: 0.876; TLI scaled: 0.850; RMSEA scaled: 0.057; SRMR: 0.074
Note: All estimates are statistically significant at the 0.05 level. F = factor; B = loading; Bo = intercept.
CFI = confirmatory factor index; TLI = Tucker Lewis index;
RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual.

The sentiment analysis results are visualized in Figure 6. Out of the 154 comments, 84
were left after tidying the text and were assigned sentiment scores. The normalized AFINN
sentiment score had a maximum value of 2 and a minimum value of -1, with a sample mean of
0.025, a median at 0.068, and a sample standard deviation of 0.514. The frequency distribution
of the normalized sentiment score, as shown in Figure 6(c), implies that the general respondents’
opinion is positive about the future of AVs and transit, but still uncertain about it.

A correlation analysis was carried out with the estimations of respondents’ attitudes
towards technology, driving, and transit, as well as respondents’ comment sentiment. The
correlation analysis results are shown in Existing studies on people’s attitudes towards AVs and
shared AVs reached similar conclusions regarding the effect of people’s technology-savviness
(i.e. interest in technology) on their potential use of AVs. Generally, a higher technology-
savviness leads to a higher tendency to embrace AV technologies and use shared AVs (25-27).
Existing studies reported mixed conclusions about how people’s interest in driving affects their
opinions towards AVs. Bansal et al. found that those who drive more were more likely to adopt
AVs, and that they were interested more in Level 4 AVs than adding Level 3 automation or using
shared AVs (25). Lavieri et al. concluded that individuals who currently own vehicles and who
have not yet experienced carsharing services are more interested in adopting AVs (27). However,
Haboucha et al. found that the respondents who enjoy driving are more likely to use their regular
car than an AV (26). In terms of how people’s attitudes towards transit affecting their opinion
and use of AVs, the existing studies mostly agreed that people that use transit currently or have
positive attitudes about transit are more likely to use shared AVs (26, 27). However, transit users
still have concerns about the operational and personal safety for riding an autonomous bus (31).
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Table 2. In general, there were no strong correlations found between any pair of these
measures. However, the highest correlations were between transit and sentiment (+0.25), driving
and technology (+0.15), and driving and sentiment (-0.10). It implies that transit supporters
among the respondents generally had a positive view about the future of AVs and transit.
Although those respondents who enjoy driving showed more interests in technology than transit
supporters, they generally had a slightly negative view about the future of AVs and transit.
Interestingly, it was also found that there was not necessarily a clear boundary between support
for transit and love for driving, as there was a 0.02 correlation between transit and driving. A few
existing studies referenced in the literature review part also evaluated the relationship between
people’s attitudes and their opinions or potential choices for AV services, but mostly focusing on
residents in large urban areas (25, 26, 27, 31).
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Figure 6 Sentiment analysis visualizations

Existing studies on people’s attitudes towards AVs and shared AVs reached similar
conclusions regarding the effect of people’s technology-savviness (i.e. interest in technology) on
their potential use of AVs. Generally, a higher technology-savviness leads to a higher tendency
to embrace AV technologies and use shared AVs (25-27). Existing studies reported mixed
conclusions about how people’s interest in driving affects their opinions towards AVs. Bansal et
al. found that those who drive more were more likely to adopt AVs, and that they were interested
more in Level 4 AVs than adding Level 3 automation or using shared AVs (25). Lavieri et al.
concluded that individuals who currently own vehicles and who have not yet experienced
carsharing services are more interested in adopting AVs (27). However, Haboucha et al. found
that the respondents who enjoy driving are more likely to use their regular car than an AV (26).
In terms of how people’s attitudes towards transit affecting their opinion and use of AVs, the
existing studies mostly agreed that people that use transit currently or have positive attitudes
about transit are more likely to use shared AVs (26, 27). However, transit users still have
concerns about the operational and personal safety for riding an autonomous bus (31).

Table 2 Correlation analysis results

Normalized

Measure Sentiment Technology Driving Transit
Normalized Sentiment 1.00 -0.04 -0.10 0.25
Technology -0.04 1.00 0.15 0.01
Driving -0.10 0.15 1.00 0.02
Transit 0.25 0.01 0.02 1.00

CONCLUSIONS

Existing studies about people’s attitudes towards AVs have been mostly focused on
residents in large urban areas. This study, however, evaluated the attitudes of people living in
small urban areas towards AVs and transit. Based on the analysis of 217 questionnaire survey
responses, the major findings from this study are as follows.
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e Most respondents primarily drive for their daily travels but not all are opposed to transit.
Transit was not used frequently due to its lack of convenience and flexibility for the
respondents’ travel needs.

e Respondents are aware of the concept of AVs and mostly have a positive experience of
using driving assistance technologies but are generally uncertain about the safety and
reliability of personal and transit vehicles with higher levels of automation in the future.

e Over 75% of the respondents would not be comfortable riding on a fully automated bus
without a human operator, but over 70% of the respondents were willing to ride on a fully
automated bus with a human operator.

e The correlation analysis shows that transit supporters are positive towards the
development of AVs and transit but people who enjoy driving more tend to view AVs
and transit negatively.

Comparing with the conclusions drawn from similar existing studies, the findings of this
study reveal some common and different features in the attitudes and opinions of people in small
urban areas, a different and not yet extensively studied, group of people, under the topic of AVs
and transit. People are generally interested but uncertain about the future of vehicle automation.
Compared with residents in large urban areas, the travels of small urban area residents are more
“car dependent”. Over 90% of the surveyed small urban area residents use personal vehicle as
their major travel mode. In terms of the attitudes towards driving and transit, small urban area
residents, although are more car-dependent than large urban area residents, do not hold negative
views towards transit. A clearer boundary may exist between “transit supporters” and “car
lovers” in large urban areas. In small urban areas, this study found that technology-savviness
does not necessarily mean supportive attitude towards AVs and transit. The interest in driving
leads to more concerns about AVs and transit than the interest in transit does.

Based on these findings of this attitudinal study, it can be concluded that in a typical
small urban area of the United States, even those who primarily drive are not opposed to transit.
They do not use transit frequently because transit services are not flexible and convenient enough
to fit their needs. Small urban areas have a great potential in integrating AVs with transit
services. AVs, if well-integrated with transit services, seem to be able to satisfy the flexible
travel needs of these small urban area residents to some extent. Such an integration may also
help change these residents’ travel behavior and reduce the overall car ownership. The findings
in this study are based on data collected in one small urban area in Wisconsin. A broader data
collection from a wide spectrum of small urban areas across the nation is necessary to validate
these findings.
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