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Abstract: Autonomous vehicles (AVs) may significantly impact people’s choice of residential loca-
tions and spatial structures. The impact may vary across different countries, but few studies have
focused on it. This study drew on China and the United States (US) as two cases to study car drivers’
knowledge of AVs and willingness to move farther if AVs were available by estimating ordered
logistic regression models. The results showed that 42.3% of Chinese and 29.8% of US respondents
were likely to consider moving farther away from the nearest city or the destination for the most
frequent trip if they had an AV. The Chinese sample had less knowledge of AVs than the US sample,
but they were more likely to consider a move. AVs may lead to a new round of urban sprawl, but
the challenge may be greater for China. We captured the socio-economic and transport factors that
affected this result.

Keywords: knowledge of autonomous vehicles; urban sprawl; ordered logistic regression; car-
oriented adults; comparative analysis of the United States and China

1. Introduction

As autonomous vehicle technologies continue to develop rapidly, it is expected that
autonomous vehicles (AVs) will be available to the public soon [1-4]. Some researchers
argue that AVs will lead to significant influences on transportation, just as the widespread
adoption of the automobile did in decades past, affecting individuals’ travel behaviors,
the overall development of the transportation system, urban development, and national
strategies and policies [4-7]. Mobility, transportation and land use patterns in urban areas
are closely related to each other [8-10]. Thus, should autonomous transportation modes
affect transportation patterns, they have the potential to influence when households and
businesses make mobility decisions and, to a considerable degree, land-use and urban
planning [4]. As a result, considering the novel travel mode choices, we focus on the
potential effects that AVs may have on urban spatial structure, land use, and individuals’
moving farther likelihood in this research

There is little research in this filed, and there is even less that is comparative. For
example, we know little about the following: (1) do people in different countries have
similar levels of knowledge about AVs? If knowledge gaps do exist, what factors account
for the differences across countries or contexts? (2) Given their present levels of knowledge
about AVs, would residents in different countries prefer to change their residential living
area (location) farther if they had access to AVs? What factors affect people’s willingness to
consider a move to a different residential location, and do the factors differ across countries
or contexts? This study aims to address these questions in a comparative context, providing
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insights into whether a broader adoption of AVs yields different implications for growing
urban sprawl in different areas.

To answer these questions, we chose China and the United States (US) as comparative
cases. There are several reasons why this comparison is appropriate. First, China and
the US are comparable in the global influence and national status of both countries, such
as the two countries’ territorial areas ranking as third- or fourth-largest country by total
area; the US’s territorial area is 3,700,000 square miles, and China’s territorial area is
3,800,000 square miles [11]. Both China and the US have considerable populations: as of
2018, there are 322 million people in the US and more than 1.39 billion in China [12,13].
Compared with other countries globally, both the US and China have relatively high GDPs:
in 2020, there were 20 trillion dollars in the US and 14 trillion dollars in China [14]. These
factors demonstrate that the United States and China may be two of the largest markets for
autonomous vehicles. Therefore, it can be said that the future influences of autonomous
vehicles on both countries are similarly significant. Second, there are a lot of distinctions
between the United States and China, such as the two countries being in notably different
developmental stages and urbanization processes, with different governmental power
structures, policy regulations and modes of implementation. For example, the US has a
separation of executive, legislative and judicial powers as well as 50 individual states, each
of which has the authority to draft regulations. As a result, it may be challenging in the US to
develop a national standard to regulate AVs in a bottom-to-top approach. In contrast, China
has a much higher degree of policy centralization and often uses top-down approaches.
While the national government often sets uniform guidelines for local governments and
companies in China, in the case of AVs, nearly 10 additional ministries and departments
may have jurisdiction over some aspect of them [15,16]. Due to these differences, exploring
the potentially similar and different impacts of AVs across these cases may yield interesting
insights into the effects of this new and potentially disruptive technology.

In this paper, we focus on level 4 automated vehicles [17], and label them autonomous
vehicles (AVs) in this paper. We define vehicles as AVs if they meet the following criteria:
(1) no driver attention is required during the autonomous vehicle trip; (2) AVs are allowed
to drive themselves in a limited area; (3) we assume that AVs are safer than regular
vehicles; and 4) AVs know their locations, and AVs can park themselves without humans’
supervision. In this study, we focus on a comparison of the US and China to understand
people’s levels of knowledge of AVs, examine the effects of AVs on likelihood of moving
farther, and explore whether the factors that affect outcomes are similar across China and
the US. To address these questions, we collected data simultaneously in China and in
the US, using an online survey and draw on statistical analysis and logistic regression
models. Following a brief literature review and description of the methodology, the
analysis and a discussion of the similarities and differences across cases are presented with
a discussion about the potential broader effects of the results on spatial structure and land
use across cases.

2. Literature Review

Many previous studies have explored the impacts of AVs from urban transportation
engineering and planning perspectives. Some aimed to understand AVs’ impacts on traffic
flow and infrastructure design [18-21]. Others have examined how AVs might affect travel
demand and future transportation forecasts; for example, some have focused on AVs’
effects on various aspects of travel behavior (e.g., vehicle ownership, vehicle miles traveled,
travel frequency), including trip generation [22-24], travel mode choice [25-35] and overall
condition with four-step, activity-based, or other simulation models [5,6,31,36].

Past research about people’s knowledge of AVs, i.e., how much individuals say that
they know about autonomous vehicles, showed that the concept of automated driving was
not equally known across countries [37]. In both China and the US, a majority of respon-
dents had previously heard of autonomous or self-driving vehicles, had a positive initial
opinion of the technology, and had expectations about the benefits of the technology [38],
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although people in China (64%) were more aware of automated driving developments [37].
Eighty-seven percent of respondents in China and 71% of respondents in US had heard of
AVs [38,39]. In specific areas in the US and China, there were some variations; for example,
population-weighted statistics showed that 80% of people in Austin, Texas, had heard of
Google’s self-driving car [40], and 72.6% of a sample in Tianjin, China, had heard of fully
automated driving [41]. More recent studies in this domain, however, have focused more
heavily on the US than on China [42] and we have not found any in-depth US and China
comparative analysis about factors that influence people’s knowledge of AVs.

A few studies in the US have examined the potential impacts of AVs on residential
location choice, urban spatial structure, and land use. Michael et al. examined the effect
of AVs on residential/work relocation and commute choices in the Dallas-Fort Worth
Metropolitan Area (DFW); they found a 30% or so decrease in VITS and a rather large
extent of urban sprawl due to privately-owned AVs, and they predicted that horizon-
tal spread in cities such as Dallas-Fort Worth would increase by 68% [43]. Zhang and
Guhathakurta considered shared autonomous vehicles (SAVs) as well as AVs to analyze
residents” preferences for residential location in Atlanta, Georgia, in the US. They found
that SAVs might increase residents’ vehicle kilometers travelled for commuting across
all considered market segments [44]. Bansal and Kockelman found that 81.5% of Texas
residents in the US would not change their residential location if AVs became available [36].
To identify the factors that influence people’s preferences for a change of residential loca-
tion with AVs and SAVs, Bansal et al. analyzed data from a survey of 347 residents from
Austin, Texas, in the US and developed an ordered probit model [40]. They found that
when AVs and SAVs became available, respondents who had more children, lived in denser
residential neighborhoods, and had already obtained a bachelor’s degree were more likely
to move farther away from central areas; in contrast, those with more limited knowledge
of smart phones and car sharing were more likely to move closer to central areas.

These early studies suggest that in the US, the broader introduction of AVs may
bring another wave of urban sprawl and suburbanization by affecting people’s residential
location choices to move farther away from central areas. To date, few studies have focused
on these questions in the context of China, and we have not seen any comparative studies
between the US and China that examine the potential impacts of AVs on people’s residential
location changes or choices, urban spatial structure, and land use. To begin to fill this gap,
this study focuses on comparing two cases around people’s knowledge of AVs and the
possible effects of AVs on people’s residential choices and resulting spatial structures.

3. Methodology

Stated preference was used to measure individuals’ preferences because level 4 au-
tomated vehicles [17], which we label autonomous vehicles (AVs) in this paper, were not
yet widely available to the public. We used the term “self-driving car” instead of the more
technical term “autonomous vehicle” in the questionnaire to make it easier for people to
understand the key study concept.

3.1. Survey Design

An online questionnaire survey was conducted using Qualtrics [45] (US-based online
survey website) in October 2018 to April 2019, which can be organized without time and
space constraints and with wide radiation population and scope. We simultaneously
distributed it in the US and China on a large scale. The survey-targeted group was car-
oriented adults (18 years old and above) by screening. The sample was stratified by age,
with 100 to 200 cases in each country in each of the following periods: born before or
in 1945; 1946-1955; 1956-1964; 1965-1980; 1981-1990; and 1991-1999. The sample was
balanced by gender within each age stratum.

In the questionnaire, respondents were first asked about the travel mode for their
most-frequent trip. If the answer was “drive in my personal vehicle”, they met the criterion
for being car-oriented and were able to continue to the survey. We chose to focus on
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participants whose most-frequent travel mode was driving a personal vehicle as these
people may be among those most affected by broader availability of AVs. We aim to
compare these car-oriented populations in US to those in China.

To ensure that all respondents understood what we meant by a self-driving car—the
level 4 AVs we used in this study—they had to watch a video about level 4 AVs and read
a definition of what we meant by a “self-driving car”. To ensure that people had paid
some attention to this definition, they had to answer four “true or false” questions correctly
about how we defined “self-driving cars” within two attempts. If they failed to answer
the questions correctly, they were dropped out of the survey. If they succeeded, they could
continue with the survey. This design was used to ensure respondents fully understood
the meaning of level 4 AVs as we defined them in this study. It is worth noting that to
the understand the respondent’s original familiarity of AVs and the maximum level of
automation that the respondent would be comfortable with in a personal vehicle, they
were asked these two questions before being shown the AV definition and video.

The survey consisted of five sections:

(1) Questions regarding respondents’ knowledge of and preferences for AVs. We asked
the following: “How much would you say that you know about self-driving cars?”
and “Suppose you had a self-driving car that would let you move from your current
home farther away from the nearest city or farther away from the destination for your
most-frequent trip. In the self-driving car, even if you were farther away, the amount
of time the trip would take would be the same, and you might be able to do other
things when in the self-driving car. How likely would you be to consider moving
farther away?” Responses were captured using five-point Likert scale. These two
items were dependent variables in this analysis.

(2) Socio-economic and demographic questions to describe respondents included age,
gender, country, employment status, family situation, health, education level, residen-
tial location and annual household income level.

(3) Questions about features in people’s current cars. These questions included vehicle
cost, car purchasing time, new or pre-owned when bought, and the presence of
different technologies that could take on the automatic functions of the driving task
(e.g., automated lane keeping, pilot assist, parking assist, automatic cruise control).

(4) Questions about the characteristics of the most-frequent trip. These included impor-
tance of the vehicle for people, respondents’ travel time in vehicles, access time to
vehicle form start point and parking issues.

(5) Attitudinal statements about people’s preferences for AVs. Statements included
overall attitudes toward AVs, the transportation environment, driving flexibility, and
new technologies. Responses were measured with a five-point Likert scale. For the
analysis, items were coded into dummy variables to avoid a heterogeneity problem:
respondents’ preference choices of 1, 2 or 3 were coded as 0 (more negative attitude
toward), and 4 and 5 were coded as 1 (more positive attitude toward).

We embedded quality-checks throughout the questionnaire. For example, we asked
respondents to choose one designated answer among other options; if they failed to do so,
we recorded this and asked them to re-answer the attitude-statement questions.

3.2. Survey Data

After initial data cleaning and removing respondents who did not complete the full
survey, we had a valid sample size of 1796 respondents, with 555 respondents from China
and 1241 from the US. Due to limited time and funding, we were not able to collect a larger
sample in China. The more limited sample size in China is also likely an artifact of the
sample requirements. In the US, car-oriented individuals are relatively common; from the
1960s to the present, National Household Travel Surveys show that over 80% of daily trips
and over 80% of people in the US typically commute to work using personal vehicles [46].
This percentage in China is much lower because car drivers only account for 26.45% of the
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total population [13,47]. However, with a population weighting methodology, we do not
believe that the disparity in sample sizes will greatly affect our study results.

To try to ensure more representative survey results, sample proportions were scaled
by the car-driver populations in the two countries. The Chinese data were weighted using
data from the Ministry of Public Security of the People’s Republic of China [47]; the US data
were weighted using data from Statista [48,49]. Weights were calculated based on gender
and age using an iterative proportional fitting approach [50], and data were weighted for
all analyses.

Table 1 shows the individual demographic characteristics for the samples, including
gender, age, marital status, whether they had any children, home and car ownership,
physical challenges that make it difficult to travel outside of the home, residential location,
employment status, education level, and annual household income level. We were not
able to collect data from any Chinese car drivers born before 1945, because drivers over
75 are banned from driving in China. The percentage of respondents born in 1946-1955
who chose “drive in my personal vehicle” as the travel mode for their most-frequent trip is
small, but it accords with reality because Chinese drivers over 60 only make up 2.74% of
the total drivers [47]. For similar reasons, there is a small percentage of respondents who
have physical challenges in both countries, especially China.

Table 1. Demographic characteristics of the Chinese and US samples.

L. China (N = 555) US (N =1241)
Characteristics
N Percentage Weighted Percentage N Percentage Weighted Percentage
Gender
Male 321 57.84% 69.87% 606 48.83% 49.38%
Female 234 42.16% 30.13% 635 51.17% 50.62%
Year of birth
<1945 0 0.00% 0.00% 171 13.78% 7.48%
1946-1955 9 1.62% 1.80% 202 16.28% 12.57%
1956-1964 118 21.26% 9.26% 206 16.60% 18.01%
1965-1980 143 25.77% 27.71% 201 16.20% 26.24%
1981-1990 144 25.95% 34.55% 228 18.37% 17.91%
1991-1999 141 25.41% 26.67% 233 18.78% 17.79%
Marital status
Married 389 70.09% 68.60% 671 54.07% 53.48%
Other 166 29.91% 31.40% 570 45.93% 46.52%
Presence of child in the household
Have one or more 241 43.42% 46.62% 264 21.27% 24.92%
Do not have any 314 56.58% 53.38% 977 78.73% 75.08%
Car ownership
Own 510 91.89% 91.73% 1136 91.54% 91.60%
Lease or other 45 8.11% 8.27% 105 8.46% 8.40%
New or pre-owned when current car was bought
New 509 91.71% 90.92% 701 56.49% 55.02%
Pre-owned 46 8.29% 9.08% 540 43.51% 44.98%
Home ownership
Own 493 88.83% 87.53% 909 73.25% 72.53%
Rent or other 62 11.17% 12.47% 332 26.75% 27.47%
Physical challenge
Challenged 5 0.90% 1.01% 65 5.24% 5.52%
Not challenged 550 99.10% 98.99% 1176 94.76% 94.48%
Residential location
gf}:’mtown inalarge 109 19.64% 21.18% 133 10.72% 11.37%
Suburban area 65 11.71% 12.60% 491 39.56% 37.97%
Mid-sized city 239 43.06% 39.18% 177 14.26% 14.26%
Small city 129 23.24% 24.33% 194 15.63% 15.69%

Rural area 13 2.34% 2.71% 246 19.82% 20.71%
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Table 1. Cont.
Characteristics China (N = 555) US (N =1241)
N Percentage Weighted Percentage N Percentage Weighted Percentage
Employment status
Employed 532 95.86% 97.36% 690 55.60% 61.00%
Not employed 23 4.14% 2.64% 551 44.40% 39.00%
Highest level of education completed
<High school graduate 57 10.27% 8.83% 220 17.73% 18.26%
Bachelor’s degree 329 59.28% 56.97% 788 63.50% 63.94%
>Graduate degree 169 30.45% 34.21% 233 18.78% 17.80%
Level of annual household income before taxes
Income level 1 186 33.51% 34.92% 395 31.83% 32.03%
Income level 2 236 42.52% 41.35% 413 33.28% 33.21%
Income level 3 106 19.10% 18.40% 272 21.92% 21.71%
Income level 4 27 4.86% 5.34% 161 12.97% 13.04%

Most Chinese respondents live in mid-sized cities, as shown in Table 1, whereas a
plurality of American respondents live in suburban areas. The majority of participants
in both countries own their own home and car, but fewer Chinese respondents bought
a pre-owned car compared with the US respondents. Levels of education are relatively
similar across the two samples. Fewer American respondents were married, reported
having children or were employed compared with the Chinese samples.

Considering the obvious differences in the overall economic level of countries at
two different stages of development, it is not possible to compare household income
directly in the modeling, so it is reasonable to use the distribution of household income
of residents to compare the impacts of economic conditions on residents’ cognition and
behavior in different countries. We divided annual household income into four levels for
each country: income level 1 means <¥105,000 in China and <$35,000 in the US; income
level 2 means ¥105,000-¥349,999 in China and $35,000-$74,999 in the US; income level 3
means ¥350,000-¥874,999 in China and $75,000-$124,999 in the US; and income level 4
means ¥875,000 and above in China and $125,000 and above in the US. Table 1 shows that
respondents from both countries have similar levels of income, and most of them have
level 2 or 3 annual household income.

3.3. Ordered Logistic Regression Model

Due to the ordered characteristics of the variables used in the study, logistic regression
was employed for analysis. Since the dependent variables and respondents’ attitudes
toward autonomous vehicles were ordinal variables with a five-point scale, we used an
ordered logistic regression model. Data analysis was conducted in Stata SE version 14.

4. Results and Discussions

In this section, we first present a descriptive analysis of the key dependent variables:
(1) people’s knowledge of AVs and (2) moving farther likelihood if AVs were available. The
results from the two logistic-regression models are showed in Tables 2 and 3, respectively,
to analyze the factors that affected people’s levels of knowledge about AVs and likelihood
of moving farther if AVs were available.
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Table 2. People’s levels of knowledge of AVs model results.

3 Models: Combined Sample CN ? Sample Only  US Sample Only
Variable Coef. St.Err. Coef. St.Err. Coef. St.Err.
Socio-economic characteristics
Age CN —0.131  0.087 —0.175  0.093 *b
us —-0.173 0.039 *** —0.158 0.039 ***
Male dummy © CN 0370 0.164**  0.415 0.176 **
US  1.005 0.114 *** 0.963 0.113 ***
Car ownership dummy CN  0.655 0.301*  0.792 0.336 **
UuS  0.500 0.195 ** 0.490 0.195 **
Married dummy CN  —-0.030 0.237 0.000 0.245
US  —0.243 0.126 * —0.226 0.125*
Presence of child in the CN —-0.237 0.178 —0.268 0.188
household dummy USs 0.383 0.154 ** 0.395 0.153 **
Own home dummy CN —0.502 0.281 * —0.459 0.291
UuS  0.087 0.141 0.087 0.139
Physical challenged dummy CN 2361 0.924* 2191 0.917 **
UuS  0.305 0.250 0.282 0.246
Income level 1 0.000 fixed 0.000 fixed 0.000 fixed
Income level 2 CN —0.246 0.198 —0.241 0.209
UuS  0.005 0.139 0.011 0.137
Income level 3 CN  0.020 0.248 0.051 0.259
US 0246 0.164 0.251 0.163
Income level 4 CN 0370 0.411 0.484 0.417
us 0378 0.204 * 0.391 0.202 *
Rural area 0.000 fixed 0.000 fixed 0.000 fixed
. . CN 1527 0.425 *** 1900 0.627 ***
Downtown in a large city US 0740  0.231** 0.669  0232%*
Suburban area CN  1.630 0.454 ***  2.058 0.636 ***
uSs  0.075 0.152 —0.015 0.152
Mid-sized city CN 1204 0.409 ***  1.584 0.603 ***
UuS  0.047 0.192 —0.045 0.192
Small city CN 1.228 0.416 ***  1.594 0.607 ***
UuS 0.130 0.184 0.063 0.183
Vehicle features
Automated lane keeping CN  0.387 0.225* 0.400 0.234 *
dummy us 0.077 0.200 0.099 0.200
Pilot assist dummy CN  0.011 0.206 0.031 0.216
US  0.598 0.209 *** 0.558 0.211 ***
New car when bought CN 0174  0.289 —0.189  0.308
dumm US 0454 0.120 *** 0.417 0.119 ***
Traveler’s trip characteristics
Access time to vehicle (min) CN —0.001 0.008 0.000 0.009
UuS  0.010 0.004 ** 0.010 0.004 **
Driving miles weekly (mi) CN  0.002 0.001 **  0.002 0.001 **
UuS  —0.001 0.001 0.000 0.000
Travel time in vehicle(min) CN  0.007 0.004 * 0.007 0.004 *
UuS  0.001 0.002 0.000 0.002
Car importance CN  0.079 0.110 0.196 0.119
Uus  —0.239 0.067 *** —0.276 0.073 ***
Attitudes or perceptions
Willing to purchase AVs CN 0239 0.199 0.347 0.211
dumm US 0.283 0.126 ** 0.258 0.125 **
Confidence in learning CN 0520 0.202**  0.609 0.220 ***
new technologies in a new vehicle dummy US 0553 0.133 *** 0.488 0.131 ***
Experience with automated driving CN  0.509 0.190 *=*  0.511 0.199 **
tech dumm UuS  1.008 0.141 *** 1.028 0.142 ***
Satisfaction with the tech features in the CN —0.341 0.168 **  —0.361 0.177 **
current vehicle dummy us —-0.011 0.129 —0.012  0.128
Number of observations 1796 555 1241
Pseudo r-squared 0.118 0.078 0.134

a CN: China. P ***/** /* denotes significance at the p < 0.01, 0.05 and 0.10 levels, respectively. © Dummy variable:1 = yes, 0 = no.
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Table 3. Moving farther likelihood model results.
3 Models Combined Sample CN 2 Sample Only US Sample Only
Variable Coef. St.Err. Coef. St.Err. Coef. St.Err.

Socio-economic characteristics
Age CN 0.069 0.086 0.087 0.093

us —0.341 0.042 *** —0.323 0.042 ***b
Male dummy € CN —0.147 0.157 —0.154 0.165

us 0.340 0.113 *** 0.318 0.112 ***
Car ownership dummy CN 0.321 0.284 0.357 0.302

us 0.365 0.193 * 0.346 0.193*
Married dummy CN —0.138 0.209 —0.185 0.218

us 0.224 0.117* 0.210 0.115*
Employed dummy CN —0.063 0.376 —0.001 0.438

us 0.259 0.128 ** 0.245 0.128 *
Own house dummy CN —0.205 0.263 —0.239 0.276

us —0.340 0.133 ** —0.323 0.131 **
Rural area 0.000 fixed 0.000 fixed 0.000 fixed
Downtown in a large city CN 0.442 0.418 0.500 0.536

us 0.896 0.220 *** 0.845 0.218 ***
Suburban area CN 0.484 0.444 0.556 0.558

us 0.075 0.151 0.072 0.150
Mid-sized city CN 0.805 0.412* 0.905 0.516 *

us 0.025 0.193 0.027 0.191
Small city CN 0.824 0.417 ** 0.923 0.528 *

us 0.076 0.184 0.075 0.182
Traveler’s trip characteristics
Travel time in vehicle (min) CN 0.009 0.003 *** 0.010 0.003 ***

us 0.004 0.002 ** 0.004 0.002 **
Access time to vehicle (min) CN 0.002 0.008 0.003 0.008

us 0.018 0.004 *** 0.017 0.004 ***
Driving miles weekly (mi) CN —0.002 0.001 ** —0.002 0.001 ***

us 0.001 0.001 0.001 0.001
Attitudes or perceptions
Acceptance of maximum CN 0.277 0.156 * 0.321 0.164 **
automation’s level (5 levels) Us 0.875 0.140 *** 0.826 0.139 ***
Willing to purchase AVs CN 0.287 0.089 *** 0.337 0.103 ***
dummy us 0.381 0.057 *** 0.358 0.058 ***
Confidence in learning CN 0.5% 0.194** 0667 0.205 ***
new technologies in a new
Vehicle dummy us 0.455 0.131 *** 0.432 0.130 ***
Experience with automated CN 0.376 0.184 ** 0.427 0.192 **
driving tech dummy UsS 0.433 0.139 *** 0.422 0.137 ***
Satisfaction with the tech CN ~0363  0159*  —0413  0.167*
features in the current
vehicle dummy us —0.364 0.127 *** —0.345 0.126 ***
Knowledge of AVs CN —0.058 0.256 —0.062 0.265
dummy us 0.510 0.169 *** 0.482 0.167 ***
Number of observations 1796 555 1241
Pseudo r-squared 0.128 0.044 0.139

2 CN: China. P ***/**/* denotes significance at the p < 0.01, 0.05 and 0.10 levels, respectively. ¢ Dummy variable:1 = yes, 0 = no.
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4.1. Descriptive Analysis

Figure 1 shows that there are significant differences between the Chinese and US
samples in relation to drivers’ knowledge of AVs and their likelihood of considering
moving farther if AVs were available. The average scores of “knowledge of AVs” in China
and the US were 2.43 and 2.59, respectively, and these differ significantly based on a t-test
at the 93.94% confidence level. Chinese respondents think that they have less knowledge
of AVs compared with American respondents. In terms of the likelihood of considering
a moving farther if AVs were available, the mean scores for the Chinese and US samples
were 3.08 and 2.67, respectively, and this difference is significant at the 99.99% confidence
level with a t-test. This result suggests that Chinese respondents would be more likely
to consider moving farther away from the nearest city or from the destination for their
most-frequent trip if they had an AV. Only 29.8% Americans reported that they would
be likely to consider moving farther if they had an AV, compared with 42.3% of Chinese
respondents who were likely to consider moving farther. Note that in this survey, we had
respondents assume that the amount of time their most-frequent trip would take would
be the same as it was presently, even if they moved farther away, and we indicated that
respondents might be able to do things other than driving when traveling in an AV. These
data suggest that the advent and widespread adoption of AVs in the future may lead to a
new round of urban sprawl, particularly in China.

Knowledge of AVs
i 54.2%
mUSA mChina
50.0%
40.0% 36.3%
31.1%
30.0%
21.5%
20.0% 14.9%
10.5% 10.6%10.0% .
10.0% . . . . Al 3.9%
00% =
1-No knowledge 2-Little knowledge  3-Some knowledge 4-Quite a bit of 5-A great deal of
knowledge knowledge
Likelihood of considering moving farther away if had an AV
40.0%
1500 35.5% mUSA = China
. o
29.6% 28.9%
30.0% 25.5%
25.0% 22.5%
20.0% 18.6%
' 15.2%
15.0% 11.2%
10.0% 6.3% 6.8%
- Hm i
0.0%
1-Very unlikely to  2-Somewhat unlikely 3-Neutral 4-Somewhat likely to 5-Very likely to
consider moving to consider moving consider moving consider moving

Note: Both are results after weighted to the US and China car driver population (using age and gender)

Figure 1. Knowledge of AVs and likelihood of considering moving farther away if had an AV in China and the US.
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4.2. Ordered Logistic Regression Model Results and Analysis: Knowledge of AV's

To understand the factors that influence people’s knowledge of AVs, three ordered
logistic regression models were estimated, with individuals’ level of knowledge of AVs as
the dependent variables. The first model was jointly estimated by combining two samples,
and the other two models were estimated on a single sample. Results are shown in Table 2.

Table 2 shows that socio-economic characteristics have significant influence on peo-
ple’s levels of knowledge about AVs in both China and the US. In both countries, men
are more likely to report that they know more about AVs, and individuals with private
cars report greater levels of knowledge of AVs compared with people who rent cars or
commute in other ways. By comparing the coefficient sizes of the first model, we found
that car ownership plays a bigger role in knowledge of AVs among Chinese respondents
than among US respondents, while gender plays a bigger role in the US than in China. In
the US sample, respondents who were young, unmarried or had children reported higher
levels of knowledge of AVs. In China, respondents who do not own their home or who
had physical challenges were more likely to indicate higher levels of knowledge of AVs.
These results are reasonable, as people who do not own their homes may be more willing
to move generally and thus would more actively consider both residential location and
travel mode choices, so they may be paying more attention to new travel technology such
as AVs. In the US but not in China, individuals with level 4 household income were more
likely to report greater knowledge of AVs than people with other income levels. People
at a high-income level may have more time and better access to information about new
technologies such as AVs, so they may in turn know more about AVs than others.

One interesting finding is that respondents’ living area plays a role in their reported
levels of knowledge about AVs in both countries. The model results suggest that, compared
with respondents living in rural areas, respondents who live in a large city have more
knowledge about AVs in both China and the US. The effect in China is more significant.
These effects, however, may be related to the fact that overall higher levels of education or
income in large cities exist in both countries, and thus respondents who live in large cities
may have more opportunities to learn about new technologies such as AVs. Both results,
estimated jointly and separately, show that, in China, people living in rural areas report
having less knowledge of AVs than people in other areas, and people who live in suburban
areas have the highest level of knowledge of AVs among all areas. This can be explained
by the fact that long-distance commutes from the suburbs to large cities have stimulated
interest in self-driving technologies.

Table 2 also suggests that individuals whose current vehicles had more automatic
features were also more likely to report greater knowledge of AVs. Having automated
lane-keeping features on vehicles in China and pilot assist in the US were significantly
related to knowledge, but these effects for automated lane keeping in the US and pilot assist
in China were not significant. In addition, in the US sample, individuals who purchased
used cars knew less about AVs than those who bought new cars.

The characteristics of travelers’ daily trips (especially their most-frequent trip) also
affect their knowledge of AVs. In the US, travelers who had a long access time to their
vehicle by walking knew more about AVs. Additionally, the more important a private car
was to American travelers’ daily trips, the less travelers knew about AVs. Perhaps the
more important a private car is to individuals, the more dependent on and trustful they
are of their vehicles. As a result, they may be less interested in knowing more about AVs.
Among Chinese drivers, those who have longer travel times and who have a longer driving
distance weekly tended to be more aware of AVs.

Attitudes also affect individuals” knowledge of AVs. The results in Table 2 show that
in the US, individuals who are more willing to purchase a car with a self-driving feature if
one were available in the future have more knowledge about AVs. In both China and the
US, people who have greater confidence in learning about new vehicle technologies and
who have more experience with automated driving technologies (such as adaptive cruise
control, automated lane keeping, automated parking, etc.) know more about AVs. People’s
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satisfaction with the technology features in their current vehicles was only significantly
related to knowledge of AVs in China: among Chinese participants, the more satisfied they
were with the technology on their current vehicle, the less they would know about AVs.
This may be because people who are satisfied with “what they have” tend to focus on and
enjoy the present situation and pay less attention to new matters.

4.3. Impact of AVs on People’s Likelihood of Moving Farther

To understand the factors that affect people’s willingness to move farther if AVs were
available, ordered logistic regression models were estimated jointly or separately. The first
model was jointly estimated by combining two samples, and the other two models were
estimated on a single sample. With the dependent variable of an individual’s willingness
to move farther, the results are shown in Table 3.

Figure 1 showed that people in China and the US differed with respect to “the likeli-
hood of moving farther if had an AV”. To study the factors that affect residential location if
AVs were available, individuals” knowledge of AVs was added into the ordered logistic
regression model as an independent variable. The result of the models in Table 3 indicated
that Americans with greater knowledge of AVs were more likely to consider moving far-
ther away from the nearest city or the destination for their most-frequent trip if AVs were
available. However, the relationship between knowledge and likelihood of moving farther
was not significant in China, although, as shown previously in Figure 1, Chinese people
were more likely to report that they would move farther away from central areas.

Socio-economic characteristics were related to the likelihood of moving farther in the
US (Table 3). First, those who were men, were young or who owned cars were more likely
to move farther away from the nearest city or the destination of their most-frequent trip in
the US. Second, if AVs were available, people in the US who were married or employed
also reported that they were more willing to choose to live farther away than those who
were the single or unemployed. This may be because AVs could offer more benefits for
the married or employed to live farther away more comfortably; for instance, people who
are employed could conduct business matters during the time spent traveling by AV, and
unmarried people who might be looking for a romantic partner may prefer to live in more
densely populated areas. Third, people who did not own their homes reported that they
would be more likely to move farther. It is possible that these people could change their
residential locations farther more easily than people who own their own homes. It may
also be that those who do not own their own homes might be more likely to consider a
move farther away in order to be able to afford homes that may currently be less expensive
than those closer to an urban center. Finally, Americans who live in the downtown areas of
large cities are more willing to move farther away than people who live in rural areas. This
suggests that AVs may make commuting acceptable to people, so they may give up living
in downtown areas where housing costs, crime rates and air pollution may be greater. In
China, respondents who were living in mid-sized or small cities reported that they would
be more likely to move farther away than those who lived in rural areas. However, age,
gender, car and house ownership, marital and employment status and living location were
not significantly related to respondents’ moving farther likelihood in China.

Travelers’ trip characteristics were also significant predictors of willingness to move
farther if AVs were available. Chinese and Americans who had longer travel times were
more likely to consider moving farther if AVs were available; travel time affected Chinese
respondents slightly more than Americans when their coefficients were compared. In the
US, people seemed to be more sensitive to access time to their vehicles. Americans who
spent more time gaining access to their vehicles were more likely to be willing to move
farther. In China, weekly driving distance had a significant negative effect on respondents’
decisions to move farther from central cities. Given the assumption that travel time for one
trip is the same as it was in the past, Chinese respondents who drove more miles weekly
did not want to move farther. It may be that these people travel frequently and prefer to
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live in a place with convenient transportation [51-53], and as such, the benefits of AVs may
be limited for them.

Finally, the likelihood of moving farther if AVs were available was affected in both
China and the US by people’s attitudes and perceptions of AVs. In both countries, the
higher the maximum level of automation that people were comfortable with in their
private vehicles, the more likely they were to be willing to move farther. In both countries,
people who had the following attitudes or perceptions were more inclined to be willing
to move farther: (1) more willing to purchase a car with a self-driving feature if AVs were
available; (2) greater confidence in learning new technologies in a new vehicle; (3) more
experience with automated driving technologies; and (4) more dissatisfaction with the
technology features on their current vehicles. These attitudes all have a bigger impact in US
than in China, except for confidence in learning new technologies in a new vehicle—this
variable has a larger effect for China than for the US sample when their coefficient sizes are
compared. The effect magnitudes of these variables are all shown in Table 3.

5. Conclusions

Recent technological advances in the field of autonomous vehicles indicate that such
vehicles will be available to consumers in the foreseeable future. Yet, AVs may have vastly
different futures and impacts in different countries. This paper explores the potential effects
of AVs in China and the US through a comparative analysis; in addition to other differences,
these countries represent ones that are developing and developed, respectively. In both
countries, we focus on drivers” knowledge of AVs and their moving farther likelihood if
AVs were available, as well as the factors that might affect knowledge and willingness to
relocate. This unique comparative analysis makes three significant contributions to the
knowledge around people’s attitudes toward AVs and the potential effects the technology
may have on spatial structure.

First, the results suggest that Americans have greater knowledge of AVs than Chi-
nese. However, the factors that affect people’s knowledge of AVs are complex and differ
somewhat between China and the US. Many factors that affect people’s knowledge of
AVs are significant in both countries; people who were male, owned private cars or lived
in downtown areas of large cities were more likely to report greater knowledge of AVs.
Greater confidence in learning new technologies in a new vehicle and more experience
with automated driving technologies were attitudes also associated with more knowledge
of AVs. Gender, confidence in learning new technologies in a new vehicle and experience
with automated driving technologies play a bigger role in knowledge of AVs in the US than
in China. Conversely, car ownership and living in downtown areas of large cities had a
larger influence on Chinese car drivers’ knowledge of AVs compared with those in the US.

The results suggest that different stakeholders—such as automakers, mobility-on-
demand providers, and governments—might be better served by focusing on different
factors or segments in different countries when it comes to trying to increase people’s
knowledge of AVs. While this analysis focused on the US and China, it would be helpful to
extend the analysis more broadly to explore how factors that affect knowledge of AVs may
be related to national, geographic and cultural contexts.

Second, the results suggest that new mobility modes, such as AVs, may have major
impacts on urban spatial structure, land use, residential location choice, and urban sprawl.
In the surveys, we asked respondents about their likelihood of moving farther if they had
an AV. We told respondents to assume that their total travel time would be same when
using AVs as their current conventional vehicles, and they could use this time to do other
things during the AVs’ trips. Under this assumption, compared with Americans, Chinese
people were more likely to report that they were willing to move farther away from city
centers or the destinations of their most-frequent trips. This may be related to China’s
development status, as respondents may be more likely to be willing relocate than in a
more developed country like the US.
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Several factors affecting respondents’ likelihood of moving farther were significant
in both countries. People in both China and the US were more likely to report that they
were willing to move their residential locations farther if they: (1) had longer travel
times, (2) were more willing to accept higher automation levels in their vehicles, (3) were
more dissatisfied with the technology features in their current vehicles, (4) were more
confident in learning new technologies in a new vehicle, (5) were more experienced with
automated driving technologies (such as adaptive cruise control, automated lane keeping,
automated parking, etc.) in a vehicle, and (6) were more willing to purchase a car with
self-driving features. In addition, travel time and confidence in learning new technologies
in a new vehicle had more significant effects on willingness to move within the Chinese
sample than in the American one. Conversely, acceptance of maximum automation level,
willingness to purchase a car with self-driving features, and experience with automated
driving technologies had more significant effects in the American sample than in the
Chinese one. We also found that Americans who were younger, male, had private cars,
were married, were employed, were renting houses, were living in downtown areas of
a large cities, and were taking more time to access their vehicles were more likely to be
willing to move farther. In China, drivers who drove more miles weekly are less likely to
consider moving farther away than those who drove less miles.

The results suggest that the advent of AVs may lead to a new round of urban sprawl:
42.3% of Chinese and 29.8% of American drivers were likely to consider moving farther if
they had an AV. Thus, if policy makers wish to control or prevent the growth of additional
urban sprawl spurred by AVs, they should focus on those Chinese drivers who have
the characteristics mentioned above; drivers who live in mid-sized and small cities are
worthy of more attention in China. In the US, effective land regulation could be laid down,
especially in large cities. We need to consider AVs’ use on highways as part of people’s
trips and continue to develop polycentric urban built environments that account for AV
use to prevent or limit possible new rounds of urban sprawl spurred by AVs.

Finally, this comparative analysis shows that there are connections between knowledge
of AVs and willingness to move farther if AVs were available. The logistic regression results
show that in the US, Americans with a greater knowledge of AVs were more likely to
consider moving farther away from the nearest city or the destination of their most-frequent
trip if they had AVs. No similarly significant result was found in the Chinese sample in this
context. Combined with previous analysis, the results suggest that Chinese drivers were
more likely to move farther away than American drivers if AVs were available, even if they
had less knowledge of AVs. This indicated that, compared with a developed country like
US, AVs may present a bigger threat for greater urban sprawl in developing counties like
China. With AVs becoming available to drivers globally, developing countries should be
particularly attentive to the potential these technologies pose in relation to urban sprawl.

This paper has several limitations. First, we only focus on drivers in this study. In the
future, broader swaths of the population should be studied. Second, because the percentage
of Chinese drivers who took “drive in my personal vehicle” as the travel mode for their
most-frequent trip is small—especially those who were older, physically challenged or who
lived in rural areas and could not finish the online survey by themselves—the sample size
in China was less than that in US. More Chinese data must be collected, and thus, in the
future, data from people who are older or physically challenged will be collected. Third,
we rely on stated preference measures for our dependent variable around willingness
to move farther; it may be that if AVs were available, people in either location might be
more—or less—willing to consider a move. Finally, in order to analyze the effects of AVs
on willingness to move residential location farther, other additional factors should be
included in the model in future studies to better capture people’s living situation, such
as surrounding service facilities and amenities, living environments, and the nature and
quality of the current residence.
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