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ABSTRACT The development of smart highway and vehicle-road collaboration has stimulated the market
applications of automated vehicles. However, consumer acceptance of automated vehicles will influence the
time course of automated driving technology promotion. This research explores user acceptance and demand
for automated vehicles based on vehicle-road collaboration and identifies which factors drive the acceptance
of automated vehicles. A sample of 3900 questionnaires are obtained through classification sampling. The
descriptive statistical analysis of 3594 effective multi-source sample data shows that the user acceptance of
automated vehicles based on the vehicle-road collaborative environment is 70.94%. The results show that the
five categories of groups have significant differences in the acceptance of automated vehicles, and the focus
on individual variables is higher than the overall acceptance. Due to the contradiction and dependence among
various variables, multiple regression analysis is introduced. The results show that the six variables of safety,
practicability, economy, highly automated driving functions, vehicle-road collaborative fusion application,
and after-sale service have a significant positive impact on the acceptance of automated vehicles. The reasons
why these six factors affect user acceptance are then analyzed in depth. The fitting model and acceptance
value range obtained by this research can be used for market research. The research findings provide data
support and theoretical reference for the research and development, marketing, teaching, and servicing of
autonomous driving technology.

INDEX TERMS Automated vehicles, vehicle-road collaboration, acceptance, market research, regression

analysis.

I. INTRODUCTION
A. FUTURE ROAD TRAFFIC ENVIRONMENT
The development direction of intelligent transportation will
be influenced by the application of next-generation informa-
tion technology, including big data, the internet of things,
mobile internet, cloud computing, and artificial intelligence.
Such technology is stimulating the rapid development of
smart highway and vehicle-road collaborative construction in
which the integrated development of vehicles and roads will
become an inevitable trend [1].

According to the digital transportation development plan
issued by China’s Ministry of Transport, the intelligence level
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of transportation infrastructure will be upgraded first. A trans-
portation system based on digital acquisition and network
transmission is projected to be built in 2025, followed by an
integrated digital transportation network in 2035 [2]. As the
intelligence of a single vehicle is not capable of supporting
the implementation of a blueprint for automated driving, it
must rely on smart roads and vehicle-road collaboration to
improve its driving safety [3].

In recent years, smart highways have possessed the capa-
bilities of road perception and information transmission, pro-
viding dynamic road condition information for autonomous
vehicles [4]. The vehicle-road collaboration system can real-
ize interconnection and intercommunication between road
facilities and autonomous vehicles, and provide comprehen-
sive assistance information for such vehicles. The coopera-
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tive system can therefore improve the ability of autonomous
vehicles to cope with environmental uncertainties such
as changeable weather conditions, road environments, and
unpredictable vehicle behavior [S]-[7].

Automated driving based on vehicle-road collaboration is
an important direction for the future development of intelli-
gent transportation applications. It can provide safe, efficient,
and green travel experiences and services [8], as well as
promote increased development and widespread implementa-
tion of autonomous driving technology. The first vehicle-road
collaborative test in an actual highway scenario in China was
completed by Audi China in December 2018, including L4
level autonomous driving with a speed of 80 km/h [9].

While the promotion and application of higher-level auto-
mated driving in China is expected, the real demand and
acceptance of vehicle-road cooperative automated driving
by the Chinese public has not been anticipated. Research
shows that to realize the benefits of automated vehicles (AVs),
an equilibrium of technological maturity, policy support, and
public acceptance and adoption of AVs is required [10].
Therefore, user acceptance is a significant factor affecting the
promotion of AVs and is also an essential prerequisite for the
realization of large-scale application of autonomous driving
technology.

B. LITERATURE REVIEW OF AUTOMATED VEHICLES
ACCEPTANCE RESEARCH

Established research on the public acceptance of AVs has
been conducted by scholars in Europe and America, provid-
ing analysis and prediction of influencing factors of accep-
tance. Reported statistics have been obtained according to
surveys on the views and attitudes of the public towards
automated driving technology [11]-[14]. Scholars have also
explored the impact of perception and trust on the accep-
tance of autonomous driving technology [15]-[19], finding
both factors to be important in influencing the acceptance
of autonomous vehicles. It has also been determined that
autonomous driving systems can provide users with driving
goals and vehicle operation information to increase trust.
In addition, a number of researchers have analyzed the impact
of personality traits, driving interest, usage scenarios, user
experience, and potential individual differences on the accep-
tance of different levels of autonomous driving systems. The
results show that these five elements have varying influences
on the acceptance of autonomous vehicles [20]-[25].

The effect of vehicle performance attributes and policies on
the acceptance of AVs has also been investigated. The studies
have mainly analyzed the impact of the vehicle’s own factors
on user acceptance, including driving mode, safety, economy,
vehicle perceived risk, and control ability. Such factors have
been found to predict purchase intention [26]—[28]. In addi-
tion, a small number of studies have analyzed the impact of
the driving environment on the acceptance of AVs. With a
focus on the effect of mixed traffic and dedicated lanes on
user acceptance in the general traffic environment, the results
illustrate that people believe dedicated lanes are relatively
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safe [29]. In terms of policy, some experts have believed that
legal liability, regulatory deployment, and acceptance will
affect the realization of vehicle automation [30]. In addition,
a few studies on acceptance show that the public in European
countries and America have expressed concerns about rele-
vant laws, such as accident liability [11], [14].

Few studies on the acceptance of automated driving tech-
nology have explored its variations among different coun-
tries. Existing results show that most respondents in different
countries are generally interested in automated driving tech-
nology, but their attitudes and concerns about autonomous
driving technology differ significantly. For example, respon-
dents in the United States and Japan are more concerned
about the security of the technology, such as data pri-
vacy, and the performance of autonomous vehicles in severe
weather. However, Chinese and Indian respondents are more
concerned about the development of autonomous vehi-
cles [31]-[34].

At present, there is limited research available on the accep-
tance of AVs by Chinese consumers. The earliest investi-
gation began in 2014 with B. Schoettle’s self-driving car
acceptance study, which was mainly used to analyze variation
in public opinion in different countries [31]. In 2017, J. Yang
conducted a survey on the prospects, perceptions, purchases,
and intentions of Chinese consumers regarding autonomous
vehicles [35]. R. Yang studied the public acceptance of highly
autonomous and fully autonomous vehicles from a perception
and trust perspective [36]. In addition, W. Huang investi-
gated the factors affecting Chinese public acceptance of fully
autonomous driving technology based on planned behavior
theory and the technology acceptance model (TAM) [37].
The works mentioned above explored the influencing factors
and prediction of acceptance of AVs from the perspectives
of opinion, cognition, psychological factors, and behavior
theory.

This paper aims to investigate user acceptance of AVs and
its influencing factors in the intelligent transportation envi-
ronment of vehicle-road collaboration. A classified survey is
conducted among the groups involved in the construction and
operation of vehicle-road collaboration, and user concerns
and overall acceptance are obtained through data statistics.
Six key influencing factors of acceptance are then obtained,
and a fitted model is formulated to predict acceptance through
regression analysis. The research conclusions provide a the-
oretical reference for the development, marketing, teaching,
and service of autonomous vehicles.

Il. METHOD

A. MEASUREMENT DEVELOPMENT

The purpose of this study is to determine the influenc-
ing factors that motivate users to accept AVs operating
in a vehicle-road cooperative traffic environment. A ques-
tionnaire survey method was employed to collect rele-
vant user reflection data on the entire process of research
and development, production, use, and after-sale of AVs.
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TABLE 1. Ordered classification for acceptance data collection of
automated vehicles.

Main topic Variable Option definition of item
User From 1(fully unacceptable) to 5 (fully
acceptance acceptable)

0: Male, 1: Female
0: 18-44, 1: 45-59

User personal Al
characteristics A9

A3 0: Other, 1: Bachelor and above
A4 0:No, 1: Yes
Driving Bl From I(very bad) to 5 (very good)

env1rppment B2
condition for
Automated B3

From I(very bad) to 5 (very good)
From I(very bad) to 5 (very good)

vehicle B4 From I(very bad) to 5 (very good)
Functions of C1 From 1(very unconcerned) to 5(very
Automated concerned)
driving C2 From 1(very unconcerned) to 5(very
concerned)
C3 From 1(very unconcerned) to 5(very
concerned)
C4 From 1(very unconcerned) to 5(very
concerned)

Attributes of DI
Automated D2

From 1(very low) to 5(very high)
From 1(very low) to 5(very high)

vehicle D3 From 1(very low) to 5(very high)
D4 From 1(very low) to 5(very high)
D5 From 1(very low) to 5(very high)
Services for  El 0: No, 1: Yes
Automated g 0: No, 1: Yes
vehicle E3 From 1(very unconcerned) to 5(very concerned)

The questionnaire consisted of the following six research
topics and corresponding 21 items (see Table 1).

1) Personal characteristics of users, including gender
(Al), age (A2), education level (A3), and travel
demand for the AVs (A4).

2) Driving environment conditions of the automated
vehicle, including the ability to respond to danger-
ous road sections (B1), ability to respond to severe
weather (B2), the anti-jamming capability of moving
vehicles (B3), and vehicle-road collaborative fusion
applications (B4).

3) Functions of automated driving, including integrated
cruise assistance (C1), scenario-based autopilot (C2),
high automation (C3), and full automation (C4).

4) Attributes of AVs, including safety (D1), comfort (D2),
practicability (D3), economy (D4), and aesthetics (D5).

5) Regional after-sale service, including the market pro-
motion of automated driving (E1), automated driving
experience (E2), and after-sale service for automated
driving (E3).

6) User acceptance of AVs (Y).

This questionnaire did not include legal issues concerning
AVs. The data gathered from a small-scale pilot question-
naire survey showed that Chinese respondents did not pay
much attention to legal issues related to AVs, but were more
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concerned about customer benefits provided by the tech-
nology. This is consistent with the results of some domes-
tic and foreign investigations [31], [35]. Furthermore, the
results indicated that the cognition level of users toward legal
issues concerning AVs was not high. This may be due to
the fact that the ownership of AVs in the Chinese market is
smaller, the level of automation is lower, and the number
of traffic accidents related to AVs is very low. Therefore,
no related problems regarding legal issues were listed in the
questionnaire.

The difference between the questionnaire in this study and
those of the previous studies is that the two new topics of driv-
ing environment and automobile service were added to the
questionnaire to reflect the user acceptance more accurately.
The questionnaire design was based on existing literature
and subsequent input by the automotive industry to improve
the validity of the questionnaire. The item for measuring
acceptance was adapted from the work of Fraedrich and
Lenz [38]. To measure the adaptability of AVs to driving
environment conditions such as dangerous road sections,
severe weather, the anti-jamming capability of moving vehi-
cles, and vehicle-road collaborative fusion applications, items
adapted from the “Guidelines for the Construction of the
Internet Standard System of the Chinese Automotive Indus-
try” were employed [39]. The three variables of market
promotion, driving experience, and after-sale service for the
AVs were assessed using items adapted from the management
documents of a Chinese brand automobile 4S shop. Items
with other variables were adapted from existing literature on
AVs [11], [14], [40], [41].

The definitions of all variable values are shown in Table 1.
Acceptance is defined as the respondents’ intention to use
AVs, where the types of usage are divided into the purchase
of a private AV and the hire of an AV. The five-point Likert
scale was used to define acceptance, after-sale service, and all
variables involved in the three topics of driving environment,
unique functions, and attributes of AVs.

B. CATEGORICAL SAMPLING

The sampling of data was carried out by the equal proportion
of classification survey method, to ensure that the samples
truly reflected the social groups. In this work, a classification
survey refers to conducting a questionnaire survey among five
categories of groups related to automated driving technology
of vehicle-road collaboration. Classified sampling divides the
respondents into the following five categories:

1) The main body of road construction, collecting what
kind of road sharing information the smart highway can
provide for the vehicle-road system.

2) Automobile research institutes, collecting scientific
research and the direction of development for the per-
formance of autonomous vehicles. This information
can be used to evaluate the development focus for the
overall performance of vehicles.

3) Automobile manufacturing enterprises, collecting
worker understanding of the technical and performance
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indicators of autonomous driving. This information is
used as the basis for the capital investment and human
resource reserve of the production line.

4) Colleges and universities, collecting teacher and stu-
dent awareness of autonomous driving technology.
This information is used to formulate certain publicity
indicators for automobile production, operation, sales,
and service as a way to improve serviceability and
service level.

5) Other users in the market, collecting individual atten-
tion to AVs to obtain important indicators for research
and development, production, and services that guide
technological development and improve the develop-
ment direction of the process.

It is necessary to ensure that the proportion of vari-
ous populations in the total sample is balanced so that
the sample data is complete in variety and structure [42].
Therefore, the surveyed samples with equal proportion were
extracted from five categories of groups related to AVs
according to different industry fields. The sample data incor-
porating these five groups reflect the attention given to
AVs from different perspectives. The classification struc-
ture of the samples reflects the real needs of multiple
groups in society to improve the accuracy of the estimation
effectively.

C. DATA COLLECTION

The data collection process employed in this work was to pro-
vide accessible scientific works and user experiences before
filling in the questionnaire. This worked to accurately reflect
user acceptance of AVs and ensure the validity and repre-
sentativeness of the survey data. This data collection process
provided the following advantages:

1) Relevant scientific information and user experiences
were provided to ensure that the users could clearly
recognize the concept of vehicle-road collaborative
environment and automated driving, and perceive the
functional distinctions of different levels of automated
driving, use scenarios, and customer benefits before
they participated in the questionnaire survey. This pro-
cess effectively improved the respondents’ perception
of AVs.

2) Comprehensive coverage of the survey scope. In the
selection stage of the questionnaire survey scope of
this study, the differences in economic condition, cli-
matic characteristics and geographical environment for
the surveyed area were comprehensively considered.
Based on the above selection principle, the same num-
ber of cities involved in smart highway pilot provinces
were selected from the southern and northern regions
of China. Those sampling areas covered some first-tier
cities and towns with different economic conditions in
China. Since the regional variable was automatically
identified through the network questionnaire system,
it was not reflected in the questionnaire.
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3) The difference in sampling methods between this study
and previous studies was that the classified sampling
survey was adopted.

4) Data collection adopted a combination of network sur-
veys and on-site questionnaires.

The above content ensured the integrity, balance and rep-
resentativeness of the data in terms of the survey content,
scope, and sampling population. As a result, the aggregated
sample data more closely reflected society. In this work,
atotal of 3900 questionnaires were distributed, and 3594 valid
multi-source data were obtained. The effective recovery rate
for the survey was 92.2%.

D. MODEL SELECTION

The logistic regression model was chosen to process and
analyze the data as a preliminary analysis. The model deter-
mined the sample data to have the following characteristics:
(1) The independent variables and acceptance were numerical
data. The independent variables were independent of each
other, and all independent variables had a linear relationship
(see Fig. 1); (2) The collected data was entered in order, and
the dependent variable showed a binomial distribution.

In summary, the collected data met the application con-
ditions of the logistic regression model. The logarithmic
probability regression formula was then used to process data,
as shown in Eq. (1) and Eq. (2) [43].

k
ln< P ):q,+2ﬁ,,~x,~,~ )

l—p

k
exp <0</ +2 ﬁl;,'x,;,')
1

p(y<ijlx) 2)

k
1 + exp <O{j +2 ﬂ,-jx,-j>
1

where y represents the subject’s acceptance of AVs, j is
the classification of the dependent variable y, and the
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TABLE 2. Classification statistics of sample data.

Sampling population Accept- Accept-  Completely  Very willing

ance  ance rate willing willing
Main body of 534 71.26% 17.26%  26.54% 27.46%
highway construction
Research institutes 543 75.42% 43.79% 19.58% 12.05%
Colleges and 507 70.42% 9.01%  33.64% 27.77%
universities
Automobile 549 76.25% 5527%  13.02% 7.96%
manufacturers
Other users 438 61.34% 21.09%  25.86% 14.39%
Total sample 2571 70.94% 29.28%  23.73% 17.93%

corresponding levels of y are represented by 0 and 1. In addi-
tion, x represents factors affecting acceptance, k is the num-
ber of independent variables x, « is the intercept parameter,
and g is the cumulative probability of the regression variable
at different levels.

Ill. FEATURE ANALYSIS OF SAMPLES

A. CATEGORICAL STATISTICAL ANALYSIS OF SAMPLE DATA
The classification statistics of the sample data work to illus-
trate the acceptance of AVs in five categories of groups
to accurately reflect the general acceptance of the groups
involved in the construction of vehicle-road collaboration.
The sample data was classified and aggregated according to
the category of groups and then statistically analyzed (see
Table 2). Finally, the characteristics of different categories of
groups that were willing to accept AVs and the differences in
their concerns were obtained.

As shown in Table 2, 71.3% of the samples of the main
body of highway construction accept AVs, of which 17.26%
are completely willing to use it, 26.54% are very willing
to use it, and 27.46% are willing to use it. This group of
people are more concerned with vehicle-road collaboration,
the ability to cope with dangerous roads and severe weather,
and practicality.

Among the samples of automobile research institutes,
75.4% are willing to accept automated driving technology
(completely willing: 43.79%; very willing: 19.58%; willing:
12.05%). The education level of this group of people is mostly
bachelor’s degree and above, and they are more concerned
about vehicle-road collaborative fusion, highly automated
driving technology, the anti-jamming capability of moving
vehicles, scenario-based autopilot, and safety.

In the sample of colleges and universities, 70.4% of people
accept AVs, of which 9.01% are completely willing, 33.64%
are very willing, and 27.77% are willing. Teachers and stu-
dents are more concerned with highly automated driving
technology, safety, aesthetics, and economy.

In addition, 76.3% of the automobile manufacturers sam-
pled accept self-driving cars (completely willing: 55.27%;
very willing: 13.02%; willing: 7.96%). They are more con-
cerned with vehicle-road collaborative fusion, integrated
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FIGURE 2. Acceptance distribution map of five categories of groups.

cruise assist functions, highly automated driving technology,
safety, market promotion of automated driving, and the pop-
ularity of the automated driving experience.

The rate of active acceptance by other users is 61.3%
(completely willing: 21.09%; very willing: 25.86%; willing:
14.39%). This group of people are more concerned about
highly automated driving technology, safety, economy, prac-
ticality, aesthetics, and after-sale service.

The acceptance distribution of the five categories of groups
is shown in Fig. 2. The general acceptance rate in the
entire sample is 70.94% (completely willing:29.28%; very
willing:23.73%; willing: 17.93%). The differences between
groups are as follows: a) The acceptance of different groups
is distinct. The automobile manufacturers have the highest
acceptance rate. Acceptance by those involved in the main
body of highway construction and scientific research insti-
tutes is the next highest. Then, the acceptance of those in col-
leges and universities is at a medium level, and the acceptance
of other users is lowest; b) There are also obvious distinctions
in the focus on AVs. The main body of highway construction
pays more attention to the driving environment conditions,
while research institutes are more concerned about the unique
attributes and grade differences of the vehicles themselves.
In addition, the functions of automated driving and driving
safety are the focus of all respondents.

Among those who accept AVs, 1792 respondents are will-
ing to pay to purchase AVs, and 779 respondents are willing
to pay to use shared or pooled automated vehicles. Figure 3
shows that respondents who purchase AVs have large dif-
ferences in their willingness to pay for different levels of
AVs. The technical cost of AVs with Level 2 or higher is
considered, so the price option below $10,000 is not set.
Within the same price range, respondents are more inclined
to buy higher-level automated driving functions, but in the
purchase options of L4 and L5, they are more likely to buy
L4 automated driving functions.
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B. ANALYSIS OF THE PROPORTION OF INFLUENCING
FACTORS ON SAMPLE DATA

Ranking the attention degree of AVs was carried out by
analyzing the sample attributes of the 3594 samples. The
characteristics of sample value are presented in Table 3,
in which the attention to individual variables is ranked in
descending order of safety, highly automated driving func-
tions, vehicle-road coordination, scenario-based autopilot,
practicality, after-sale service, and aesthetics. These findings
can provide theoretical guidance for the promotion of precise
policies for autonomous vehicles.

As shown in Fig. 4, the results indicate that attention to a
single variable is much higher than the overall acceptance,
and there are dependencies and contradictions between the
variables. For example, safety is the foundation of other char-
acteristics, but there are contradictions between economics,
practicality, and aesthetics. Moreover, the analysis demon-
strates that the ranking of the above-mentioned variables’
attention degree only represents a single focus point of the
sampling population and cannot be used as influencing fac-
tors of acceptance.
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TABLE 3. Statistical description of sample value characteristics.

Sample Proportion Sample Proportion

v Value IV Value

size of total size of total
Al Male 585 48.80% C3  Yes 1071 89.4%
Female 613 51.20% No 127 10.6%
A2 18-44 751 62.70% C4 Yes 900 75.13%
45-59 447 37.30% No 298 24.87%
A3 Bachelor 1002 83.70% DI Yes 1124 93.80%
Other 196 16.30% No 74 6.20%
A4 Yes 797 66.50% D2 Yes 858 71.60%
No 401 33.50% No 340 18.40%
Bl Yes 959 80.10% D3  Yes 1013 84.60%
No 239 19.90% No 185 15.40%
B2 Yes 905 75.60% D4  Yes 988 82.50%
No 293 24.40% No 210 17.50%
B3 Yes 975 81.40% D5 Yes 1047 87.40%
No 223 18.60% No 151 1260%
B4 Yes 1002 83.60% El Yes 802 67.00%
No 196 16.40% No 396 33.00%
Cl Yes 1027 85.80% E2 Yes 1024 75.50%
No 171 14.20% No 174 24.50%
C2 Yes 1059 83.40% E3  Yes 1005 83.90%
No 139 16.60% No 193 16.10%
2.51 1.000
3. 667
g 207 -
E 1.5 (N 3,000
‘é / 2.667
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FIGURE 5. Numerical comparison of initial regression models.

IV. INFLUENCING FACTOR ANALYSIS

A. DATA PROCESSING

The 3594 samples were further processed to identify the key
factors affecting user acceptance of autonomous driving. The
preliminary results of the regression analysis of the sample
data were calculated by selecting a logistic model in IBM
SPSS Statistics V22.0 (see Fig. 5).

For the first step of single-factor regression analysis, the
correlation value between a single factor and acceptance was
obtained through the statistical analysis of a single factor
and acceptance one by one. The second step of multivariate
regression analysis worked to verify the results of the statisti-
cal analysis of sample data. The overall statistical analysis of
multiple factors and acceptance was then used to verify the
correlation between the sample data and obtain the signifi-
cance value between the data.

While the results of the two statistics are not exactly the
same, the six independent variables with p values less than
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TABLE 4. Statistical analysis of the multiple regression model with
ordered parameters.

multi-factor analysis Single factor analysis

IV Coefficient Standard Marginal|Coefficient Standard
P value

L N P value
estimation  error effect estimation error

Al -0.0058  0.1933  0.2071 -0.0009 | -0.0032 0.1949 0.0069
A2 -0.0069  0.1924 0.2079 -0.0031| -0.0136  0.1828 0.0079
A3 0.1096 0.1665 0.3724 0.0008 | 0.0693  0.1659 0.3724
A4 0.2061 0.2829 0.2549 0.0006 | 0.0032  0.2742 0.5549
Bl 0.1640 0.1747 0.3537 0.0003 | 0.0445 0.1659 0.8537
B2 0.1522 0.1682 0.4421 0.0007 | 0.0325 0.1697 0.8421
B3 0.0751 0.1696 0.3639 0.0009 | 0.0456  0.1533 0.7639
B4 0.9139 0.1746  0.0342 0.0179 | 0.0237  0.1721 0.0381
C1 0.3076 0.1745 0.2140 0.0009 | 0.0174  0.1738 0.2136
C2 0.3987 0.1834 0.4948 0.0008 | 0.2016  0.1798 0.5948
C3 1.1365 0.2168 0.0281 0.0124 | 0.8363  0.1964 0.0179
C4 0.8459 0.2021 0.1424 0.0019 | 0.1462  0.2043 0.0024
D1 2.2882 0.2391 0.0082 0.0326 | 0.5284  0.2193 0.0015
D2 1.2232 0.1729 0.7833 0.0006 | 0.6239  0.1684 0.0436
D3 1.5580 0.2170  0.0091 0.0639 | 0.6583  0.2175 0.0083
D4 1.4439 0.1620  0.0063 0.0527 | 0.3461  0.1649 0.0247
D5 0.8841 0.1072  0.3435 0.0007 | 0.0145  0.1517 0.0439
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FIGURE 6. Multiple regression parameters.

0.05 are the same (see Table 4). According to the value
of multi-element correlation, the six independent variables
with high significance are safety (p = 0.025), practicability
(p = 0.019), economy (p = 0.034), highly automated driving
functions (p = 0.018), vehicle-road collaboration (p = 0.033),
and after-sale service (p = 0.036).

As shown in Fig. 6, the result indicates that the above six
factors have a positive impact on the acceptance of AVs and
reflect the core concerns of Chinese respondents to AVs oper-
ating in the vehicle-road collaborative traffic environment.
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B. ANALYSIS OF POSITIVE IMPACT FACTORS

Through the above-mentioned verification of the critical
impact factors and the impact analysis of classified sampling,
six key factors were determined to affect the acceptance
of AVs. These factors are safety, practicability, economy,
highly automated driving functions, vehicle-road collabora-
tive fusion application, and after-sale service.

Such results indicate that Chinese respondents pay more
attention to safety, practicality, and economy in terms of
the unique attributes of AVs. In China, AVs are expected to
become a practical and competitive new vehicle, combining
the functions of traditional cars with the comfort and time-
liness of high-speed rail, while maintaining economy and
flexibility. The above six attributes are thus determined to
directly influence the choice of AVs.

Chinese consumers are highly concerned about the driving
environment of AVs, especially the vehicle-road collabora-
tive environment. The function of smart roads to provide
driving assistance has been the basis for the promotion of
autonomous driving technology. Therefore, in areas where
smart road construction and vehicle-road collaboration plat-
form environments are prominent, people are more willing to
choose AVs for travel.

For autonomous vehicles running in a vehicle-road col-
laborative traffic environment, Chinese users prefer highly
automated driving. The vehicle-road collaboration system
provides a safe driving guarantee for autonomous vehicles.
Furthermore, people are willing to use highly autonomous
driving technology to ease the pressure of travel, believing
that it can relieve driving fatigue, improve driving safety, and
reduce psychological stress.

The after-sale service of AVs is another critical factor
affecting Chinese consumer choice. By referring to the
after-sale service quality of traditional cars and the after-sale
service during the pilot operation of autonomous vehicles, the
majority of market users require excellent after-sale service
to ensure the daily use of autonomous vehicles. Users who
choose autonomous driving hope that converged hardware
and software services can provide functions such as free
maintenance and rescue.

C. ESTABLISHMENT OF ACCEPTANCE PREDICTION
MODEL

The accuracy of the acceptance prediction model mainly
depends on the influence factors and their correlations. First,
this study employed the technology acceptance model (TAM)
as a reference. TAM can be used to model how users come
to accept and use a technology [44]. In this work, accep-
tance was measured by the respondents’ intention to use AVs
and usage intention was employed to characterize the user’s
behavior intention. Using behavioral intention as the depen-
dent variable is particularly useful to examine the acceptance
of technical products at an early stage [45], [46]. Second,
taking the six positive factors identified by the above analysis
as the object, the correlation coefficient between positive
factors was obtained by linear regression analysis. Finally,
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the acceptance prediction model was revised according to the
statistical principle.

Based on the verification results of statistical analysis of
the sample data, user acceptance of AVs was predicted by
the fitting method of multiple regression analysis. As shown
in Eq. (3), a prediction model of user acceptance was thus
constructed. The model characterizes the linear relationship
between acceptance, the six positive factors, and the weight
of the positive factors as:

Y = 0.133B4 + 0.143C; + 0.150D; + 0.135D;
+0.132D4 + 0.134E;  (3)

where B4, C3, D1, D3, D4, and E3 represent the acceptance
for a single variable of vehicle-road collaborative fusion,
highly automated driving function, economy, safety, practi-
cability, and after-sale service, respectively.

Moreover, the value range of acceptance obtained at a 95%
confidence interval is from 0.673 to 0.757, which is the value
range of the market acceptance for AVs under the vehicle-
road cooperative traffic environment.

In previous studies, conceptual structure models were used
to predict acceptance and were presented in the form of
diagrams. However, the acceptance prediction model of this
study is presented using a more intuitive data fitting formula,
and the value range of acceptance is given. It can be directly
utilized for the market acceptance prediction of AVs, and
possesses good portability.

V. DISCUSSION AND CONCLUSION

This study aimed to explore users acceptance, identify
the factors affecting acceptance, and clarify the correlation
between these factors. In this study, user acceptance of AVs
was 70.9% under the conditions of vehicle-road coordination,
providing helpful information for manufacturers to grasp the
overall level of user acceptance of AVs. This result implied
that user acceptance of AVs is higher than that of other studies
on this subject available in China [34]-[36]. On the one hand,
this result was attributed to the provision of relevant scientific
information and user experiences before the questionnaire
survey, which effectively improved respondents’ cognitive
levels for AVs. On the other hand, it was due to ensuring that
the respondents understood that AVs will be running in the
intelligent transportation environment of vehicle-road coordi-
nation and that improvement of the driving environment will
enhance the safety of AVs. Furthermore, the survey results
of willingness to pay for different levels of AVs illustrated
the demand distribution and purchasing capability of users
for AVs, and provided guidance for automobile companies
to conduct market layout of automated driving products and
pricing.

Research analysis revealed that different groups had dif-
ferent concerns about AVs. However, safety, practicability,
economy, highly automated driving functions, vehicle-road
collaborative fusion application, and after-sales service were
identified as important factors that affect the acceptance of
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different groups in different economic regions. The six pos-
itive factors that influenced acceptance are helpful for enter-
prises to improve user acceptance and adjust the direction of
autonomous driving technology research and development.

The difference between the questionnaire in this study
and those of previous studies was that seven problem items
were added from the perspective of the driving environment
and automated vehicles service. The results showed that the
vehicle-road collaborative application and after-sales service
were the key factors that affected the acceptance and purchase
options for automated driving functions. In the context of
vehicle-road collaboration, Chinese users were more willing
to choose Level 4 AVs to travel. Besides, the focus of after-
sales service reflects users’ real expectation for automobile
companies in improving the after-sales service quality of
AVs. It also implied that when making AVs purchase choices,
after-sales issues will be considered, such as software ser-
vice fees for automated driving and vehicle failure service.
Thus, it is recommended that car companies and internet
service providers improve the overall service level and their
abilities to meet users’ expected needs. For example, remote
service and intelligent travel services for automated driving
should be considered for inclusion in after-sales service to
eliminate users’ concerns about usage problems. In summary,
the research findings for the respondents on the focus of
automated vehicles and the service expectations provide prac-
tical guidance for product promotion and the formulation of
marketing strategies, so as to enhance the perceived value of
customers and expand the acceptance range.

The acceptance prediction model expressed by a mathe-
matical fitting formula was able to intuitively characterize
the relationship between positive factors and acceptance.
Compared with the conceptual structure models in previous
studies, this model has intuitive, digital, and powerful trans-
plantable features. The range of acceptance values with a
confidence interval of 95% was given, making it easier for
statistical applications and technical exchanges. Furthermore,
the acceptance prediction model can be used to evaluate the
market acceptance of autonomous driving products or tech-
nologies. The built-in method of the acceptance prediction
model in this study can broaden the expression form of the
acceptance prediction model and increase its ease of use.

The following aspects of this work require further study.
First, with the growth in the number of high-level automated
vehicles and the number of accidents caused by these vehicles
in the future in China, it is necessary to consider the impact
of the legal issues of AVs on acceptance. Second, after-sales
service should be further studied to determine the main fac-
tors affecting respondents’ acceptance. Finally, the payment
issue for shared or pooled automated vehicles is not covered
in this study and needs to be further explored to improve the
acceptance of this specific group.
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