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Driverless buses are expected to play a vital role in the future, and better public acceptance will provide a social foundation for its
development. In this study, two new variables, personal innovativeness (PI) and perceived risk (PR), were incorporated into the
integrated technology acceptance model (UTAUT, unified theory of acceptance and use of technology) to construct an extended
model, which was then applied to explore the influencing factors for the public acceptance of driverless buses. *e quality of this
extendedmodel was verified through survey data collected in Chongqing, China.*e structural equationmodeling (SEM)method
was adopted to quantitatively describe the impact of each factor on acceptance intention (AI) as well as the mutual influence
relationships between the factors. *e moderating effects of demographic attributes (gender, age, and education level) on each
factor in the model were also analyzed. *e results showed that PI and PR are the most critical factors that affect the public’s
acceptance intention; effort expectancy (EE), performance expectancy (PE), social influence (SI), and facilitating condition (FC)
can also determine the acceptance intention to a certain extent; gender, age, and education level have exhibited significantly
different moderating effects on the influencing factors. *e explanatory power of the current research model for acceptance
intention has reached 48%.*is study has confirmed the applicability of the extended UTAUTmodel to the research of driverless
bus acceptance and the research outcomes can serve as a reference basis for improving the service quality of driverless buses
in China.

1. Introduction

Autonomous or self-driving technology has received un-
precedented attention since its inception. At present, as the
relevant technology development is becoming mature, au-
tonomous vehicles (AVs) are gradually coming out of the
laboratory and making their debut in the market. *is will
bring brand-new travel experiences to consumers and alter
future traffic patterns. *e American Society of Automotive
Engineers (SAE) classifies AVs into six levels according to
their level of automation [1]; among them, Level 5 (full
driving automation) represents the true “unmanned driv-
ing.”*e autonomous driving technology can be expected to
effectively reduce traffic accidents caused by fatigued drivers
and other violation behaviors, alleviate traffic congestion

resulting from differences in driving behaviors, and reduce
fuel consumption through optimal trajectory planning and
automatic operations [2].

Major automobile and Internet companies worldwide
(such as Tesla, EasyMile, Google, and IBM) are now racing to
deploy autonomous driving technology and striving to in-
fluence the transportation industry. Nevertheless, the urban
public transportation field—where the operating lines are
relatively fixed, and the road traffic conditions are relatively
regular—may be given priority for applying autonomous
driving technology. *e driverless bus is a new type of in-
telligent bus that can learn the surrounding road environ-
ment through numerous on-board sensors, as well as
automatically control the vehicle steering and driving speed
through the automated driving system. Road tests of
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driverless buses have already been initiated in many
countries, such as Olli launched jointly by IBM and Local
Motors (a vehicle manufacturing company) in the United
States (USA), EZ10 developed by EasyMile, Arma from
Navya in France, and the Alphabus in Shenzhen, and Baidu’s
Apolong in China. However, due to the comprehensiveness
and complexity of transportation systems, there are still
many constraints for officially launching large-scale oper-
ations of driverless public transportation to the public. Such
constraints are mainly manifested in terms of software
technology, regulatory mechanisms, and public acceptance.
A series of accidents—such as the world’s first AV-related
fatal accident during a highway collision of a Tesla Model S
in 2016, the collision between a Navya driverless bus and a
truck in 2017, and the death of a pedestrian caused by one of
the Uber’s driverless vehicles in 2018—have triggered the
public to question the technology readiness level (TRL) of
autonomous driving and the regulatory system.

In addition to the inherent technical reasons, public
acceptance is also a factor that affects the official intro-
duction and application of autonomous driving technology
in the market [3, 4]. In recent years, many scholars have
investigated public acceptance for autonomous vehicles.
Schoettle and Sivak [5] conducted a public opinion survey
based on 1,533 respondents from the USA, the United
Kingdom, and Australia; most of the respondents expressed
a reluctance to pay additional fees for the autonomous
driving technology. Kyriakidis et al. [6] surveyed 4,886 re-
spondents in 109 countries or regions and revealed that fully
automated driving is more acceptable than manual driving,
but respondents are particularly concerned about software
abuse by hackers, legal issues, and security problems. Ten-
nant et al. [7] surveyed 11,827 drivers in 11 European
countries and regions; they found that the respondents’
acceptances are correlated with their optimism as well as
knowledge of autonomous driving technology. Other studies
have pointed out the acceptance of autonomous driving
technology is significantly affected by demographic attri-
butes (such as age, gender, and education level) as well as
personality heterogeneity [8–10].

Many projects of autonomous driving technology in
the public transportation sector (such as EUREF in Berlin,
Germany; CityMobil2 funded by the European Union
(EU); and SmartShuttle in Switzerland) are in the process
of performing acceptance assessments. *e questionnaire
study by Nordhoff et al. [11] found that the functional
design (such as spaciousness and comfort) of automated
shuttles and the service characteristics (such as travel cost,
time en route, and waiting time) are the key factors
influencing public acceptance. *e study of Salonen et al.
[12] points out that Finnish respondents of different ages,
genders, and education levels have significantly different
subjective perceptions of traffic safety, in-vehicle security,
and emergency management in driverless shuttle buses.
Bernhard et al. [13] conducted a survey in Mainz, Ger-
many, and found that public acceptance of Elektro-
Mobilität Mainz Autonom (EMMA) is mainly affected by
ease of using the buses and performance expectancy of the
buses.

Although many studies have begun to investigate the
acceptance of autonomous driving technology, the influ-
encing factors being considered in these studies are still
limited. Some of the psychological determinants of public
acceptance remain unclear, and the psychological decision-
making process of the public cannot be described com-
prehensively. *ere are some studies on the acceptance of
autonomous driving in China [4, 14–16]; however, the re-
search is still in its infancy, and there are few studies on the
acceptance of driverless buses. *us, in this study, the
driverless bus is the research object, and a corresponding
acceptance analysis model is established to quantitatively
describe the public’s psychological feelings about driverless
buses and to reveal the influence mechanism of various
factors on the acceptance intention (AI). *e research
outcomes are expected to provide decision-making refer-
ences for technical developers, policymakers, and operations
managers of driverless buses in China, thereby facilitating
the ability to provide better products and service quality.

*e rest of this paper is organized as follows: in Section 2,
the research hypotheses of this study are proposed after
reviewing the literature related to autonomous driving
technology; in Section 3, the research survey design, variable
measurement, and data analysis methods are introduced; in
Section 4, the data analysis results of the research model are
presented; in Section 5, the impacts of model variables on the
acceptance intention of driverless buses are compared and
analyzed against the research findings of other studies; in
Section 6, the theoretical and practical significance of this
study is summarized and the limitations of the current study
and the future research directions are also noted.

2. Literature Review and Research Hypothesis

2.1. Previous +eoretical Model Research. In sociology and
psychology research, many theoretical models have been
developed to analyze and explain the public acceptance of a
certain technology. *e most widely used models are
technology acceptance model (TAM) and unified theory of
acceptance and use of technology (UTAUT). In 1989, Davis
proposed TAM while studying the acceptance of informa-
tion systems; he argued that behavioral intention (BI) plays
an important role in affecting people’s actual use behavior
(UB), and BI is influenced by the combined effect of three
determinant factors, namely, perceived usefulness (PU),
perceived ease of use (PEOU), and attitude toward using
(ATU) [17]. *e corresponding model framework is illus-
trated in Figure 1(a). PU in the model reflects the degree to
which an individual believes that using the information
system would enhance his/her job performance; PEOU
reflects the degree of ease/difficulty an individual believes is
involved in using the information system; ATU refers to the
positive or negative subjective feeling of an individual when
using the information system. *e TAM adopted the theory
of reasoned action (TRA) [19] and theory of planned be-
havior (TPB) [20] as the theoretical basis and applied the
behavioral theories to the field of technology acceptance
research for the first time. Some variables in the model (such
as attitude, use intention, and UB) are along the same line as
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TRA and TPB; also, external factors—such as system design
features, user characteristics, and policy environment—are
permitted to impose a moderating effect on model variables
[21]. *ere have been many studies that applied TAM to the
research field of acceptance for AVs or automated road
transportation systems (ARTS). However, researchers have
gradually noticed that the influencing factors for acceptance
intention are not only limited to the typical PU and PEOU in
TAM, but also include trust, perceived risk (PR), social
influence (SI) [16, 22, 23] and hedonic motivation (HM),
psychological ownership, personality traits, and external
environment [24–26]. *erefore, researchers have extended
the original TAM by incorporating these new variables, the
impacts of which on the acceptance behaviors have also been
confirmed through investigations and research.

In order to further extend the influencing factors for
acceptance of information systems and enhance the ex-
planatory power of themodel, Venkatesh et al. [18] proposed
an integrated technology acceptance model (UTAUT) by
combining eight behavioral theories, including TRA, TRB,
diffusion of innovations (DIT) theory, social cognitive
theory, and others. *e UTAUT model regards effort ex-
pectancy (EE), performance expectancy (PE), SI, and

facilitating condition (FC) as the core variables and con-
siders that gender, age, experience, and voluntariness of use
(VOU) have significant moderating effects on these core
variables. *e model framework is illustrated in Figure 1(b).
*e UTAUT model is a powerful theoretical tool for pre-
dicting and explaining the acceptance of information
technology by individuals or organizations. It has been
widely applied in research of social behavior, learning be-
havior, business behavior, and many other fields [27–31].
However, because its initial variables are mainly designed to
study the acceptance of information systems, it has certain
limitations for research in other fields.*erefore, it is usually
necessary to incorporate new variables—that can reflect the
characteristics of the research object—to extend and im-
prove the UTAUTmodel, thereby enhancing its explanatory
power. *e most representative application of the UTAUT
model in the research field of acceptance for ARTS is the
study by Madigan et al. At first, they used the original
UTAUT model to explore the impacts of the existing var-
iables on the acceptance of ARTS in the CityMobil2 project
[32]; then, in a later study, they added a new variable HM to
the original model [33]. *eir studies found that EE, PE, SI,
FC, and HM all have a significant impact on acceptance
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Figure 1: (a) Original TAM proposed in Davis [17]. (b) Original UTAUT proposed in Venkatesh et al. [18].

Discrete Dynamics in Nature and Society 3



www.manaraa.com

intention, but the explanatory power of their model needs
further improvement. Rahman et al. [34] applied the
UTAUT framework to investigate the acceptance intentions
of American drivers for advanced driver assistance systems
(ADAS) and pointed out that PE has the greatest impact on
acceptance intention compared to other variables. Based on
UTAUT, Kaur and Rampersad [35] discussed the impacts of
trust, PE, safety, reliability, and other factors on the ac-
ceptance of driverless cars for Australian respondents. In a
study of acceptance for driverless buses, Bernhard et al. [13]
initiated an intention survey on an autonomous minibus,
EMMA, in Mainz, Germany, and found that PE in the
UTAUT model is an important predictor of acceptance
intention, while the role of EE is less effective.

Recent studies that have applied TAM or UTAUT to
explore the public acceptance of autonomous driving are
summarized in Table 1.*e literature review showed that the
applications of TAM and UTAUT in the research of the
acceptance behavior for autonomous driving technology are
still in the early development stage. Researchers are con-
stantly exploring new influencing factors to extend the TAM
or UTAUT model and thereby better analyze the psycho-
logical decision-making process of the acceptance behavior
for autonomous driving technology. *e adopted research
methods include descriptive statistics, multiple regression
analysis (MRA), and structural equationmodeling (SEM). In
addition, it has been confirmed that UTAUT has a stronger
explanatory power than TAM [18]. *erefore, this study
aims to extend the UTAUT framework to explore the public
acceptance of driverless buses in China.

2.2. Research Hypothesis. To better explain the public ac-
ceptance intention for driverless buses and explore the
corresponding influencing factors, a UTAUT-based accep-
tance analysis model for driverless buses is established in this
study. In this model, the five variables of AI, EE, PE, SI, and
FC are from the original UTAUTmodel, while the other two
variables of personal innovativeness (PI) and perceived risk
(PR) are newly added in the current study after referring to
relevant theories, to enhance the applicability of UTAUT
model for the analysis of public acceptance intention for
driverless buses. *e research hypothesis and overall ar-
chitecture of the model is illustrated in Figure 2.

2.2.1. Acceptance Intention (AI). *e idea of using BI to
reflect actual behaviors originated from the TRA and TPB
theories. In later TAMs, this idea continues to apply, and its
effectiveness has been extensively studied and demonstrated.
In the UTAUT model, BI is usually used as the dependent
variable of influencing factors for the research [17, 36].
Acceptance intention is a BI that reflects the willingness of
people to accept driverless buses. *erefore, acceptance
intention can be used as the dependent variable of each
influencing factor in the study to explore public acceptance.

2.2.2. Effort Expectancy (EE) and Performance Expectancy
(PE). EE and PE are both from the UTAUTmodel [18], and

their definitions are similar to those by Venkatesh et al. EE
here refers to the public’s subjective feelings about the ease/
difficulty of using driverless bus services or the degree of
effort. *e public believes that the more accessible the fa-
cilities and equipment of driverless buses are, and the easier
the system is to use, their acceptance intentions will be more
positive. PE here refers to the public’s subjective feelings
about the level of satisfaction of their traveling requirements,
the degree of enhancement of their work efficiency, and the
level of improvement in their life quality when using
driverless buses. *e stronger these subjective feelings are,
the more likely the public will accept driverless buses.
Moreover, many studies have agreed that both EE and PE
have a positive impact on BI [18, 33]. *erefore, the fol-
lowing hypotheses are formulated:

H1: EE has a positive impact on the public’s acceptance
intention of driverless buses
H2: PE has a positive impact on the public’s acceptance
intention of driverless buses

2.2.3. Social Influence (SI) and Facilitating Conditions (FC).
SI refers to the degree to which the public’s personal
thoughts, cognitions, and behaviors are influenced by social
groups (family, friends, colleagues, etc.) in their living en-
vironment. Similar to the concept of subjective norm in
TRA, TPB, and TAM [18–20], the acceptance intention of
driverless public transportation by the surrounding social
groups will directly affect an individual’s acceptance in-
tention. In some studies, SI has already been explored as an
influencing factor for the acceptance intention of autono-
mous driving technology [23, 25, 37]. FC represents the
extent to which existing organizations or infrastructures
have promoted the development of driverless public
transportation. *ey are mainly used to characterize the
impacts of external environmental factors, such as man-
agement policies that promote the use intention. FC was
initially used to examine employees’ use intentions of
personal computers [38]. After the empirical research by
Venkatesh, it was incorporated into the UTAUTmodel as an
important influencing factor in the research field of tech-
nology acceptance. According to the roles of these two
variables in the UTAUTmodel, the following hypotheses are
formulated:

H3: SI has a positive impact on the public’s acceptance
intention of driverless buses
H4: FC has a positive impact on the public’s acceptance
intention of driverless buses

2.2.4. Personal Innovativeness (PI) and Perceived Risk (PR).
*e concept of PI originates from the DIT theory [39]. It
describes personality traits; more specifically, here it refers to
the personal interest in and acceptance of innovative
technologies. Individuals with stronger PI tend to have
higher expectations for the applicability of emerging tech-
nologies and also pay closer attention to the innovative
development of technologies.*ey often aspire to stay ahead

4 Discrete Dynamics in Nature and Society



www.manaraa.com

of their peers and act as the earliest adopters of the latest
products. PI can also trigger continuous personal attention
to emerging technologies, thereby affecting their acceptance
intention. *e higher the PI is, the stronger the acceptance
intention will be for emerging technologies.

PR refers to an individual’s perceived uncertainty about
the outcome of a decision [40]. Some studies have further
subdivided PR into the six aspects of time risk, financial risk,
functional risk, physical risk, psychological risk, and social
risk [41]. PR has also found preliminary applications in the
research field of technology acceptance for autonomous
driving [14, 42]. In this study, it is believed that PR has a
direct impact on the acceptance of emerging driverless bus
technology. When individuals are exposed to emerging

technologies, they may assess the potential risks subcon-
sciously. If the PR reaches a certain level, it will result in a
negative acceptance intention; on the contrary, if an indi-
vidual feels that the technology is safe and reliable, he/she
will be more willing to accept and use it.

In addition, we believe that the innovation behavior
and consciousness of relatives and friends of an indi-
vidual will stimulate the development of his/her inno-
vative thinking; that is, SI can have a positive impact on
PI. Also, a person with stronger PI will possess more
courage to try new things and assume corresponding risks
and thereby unconsciously ignore potential risks,
resulting in a relatively low PR level. *erefore, the
following hypotheses are formulated:

Table 1: Research exploring the public acceptance of autonomous driving technology using the TAM or UTAUT model.

Lead Author (year) Country *eoretical
model Analytical method Main influencing factors References

Choi (2015) Korea TAM Partial least-squares
(PLS) regression analysis Trust, PEOU Choi and Ji [22]

Madigan (2016) France and
Switzerland UTAUT MRA EE, PE, SI Madigan et al. [32]

Madigan (2017) Greece UTAUT MRA PE, SI, FC, HM Madigan et al. [33]

Rahman (2017) USA UTAUT Confirmatory factor
analysis (CFA) EE, PE Rahman et al. [34]

Winter (2018) USA TAM Descriptive statistics Personality traits, external
environment Winter et al. [24]

Kaur (2018) Australia UTAUT SEM PE, trust, reliability Kaur and Rampersad [35]
Panagiotopoulos
(2018) Greece TAM MRA Perceived trust, SI Panagiotopoulos and

Dimitrakopoulos [25]

Lee et al., 2019 Korea TAM SEM PR, self-efficacy,
psychological ownership Lee et al. [26]

Zhang (2019) China TAM SEM Initial trust, PR Zhang et al. [16]
Zhang (2020) China TAM SEM Initial trust, SI Zhang et al. [23]

Bernhard (2020) Austria UTAUT SEM EE, PE, environmental
awareness, use experience Bernhard et al. [13]
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Figure 2: Research hypothesis and overall architecture of the model.
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H5: PI has a positive impact on the public’s acceptance
intention of driverless buses
H6: PR has a negative impact on the public’s acceptance
intention of driverless buses
H7: SI has a positive impact on PI
H8: PI has a negative impact on PR

2.2.5. Controlled Variables. In a use intention study of in-
formation technology, Venkatesh et al. analyzed the mod-
erating effects of personal attributes—such as age, gender,
experience, and VoU—on the core variables in the UTAUT
model [18]. *e driverless bus is an emerging technology,
and relevant use experience is still lacking; also, the public
has sufficient freedom to determine their acceptance of the
technology, and there is no forced acceptance due to
pressure from the government or organizations at the
moment.*erefore, the effects of experience and VoU on the
model are not addressed in the current study. Additionally,
considering that individuals with higher education levels
may have a better understanding of the pros and cons of
driverless buses, they could be more likely to accept the
technology. To explore whether personal attribute variables
(age, gender, and education level) have significantly different
effects on the acceptance intention of driverless buses, the
following hypothesis is formulated:

H9: there are significant differences in the effects of
controlled variables—such as age, gender, and educa-
tion level—on the core variables of the model

3. Methods

3.1. Survey Design. Chongqing is the third demonstration
zone of smart vehicles and intelligent transport, but also one
of the first cities to carry out road testing for autonomous
driving in China. Its automobile industry (the city’s pillar
industry) has certain advantages throughout the country. In
addition, compared with other cities, Chongqing’s road
traffic situation is more complicated, and the traffic behavior
of citizens is more special because Chongqing is a typical
mountainous city. *erefore, exploring the public accep-
tance of autonomous driving or unmanned driving in
Chongqing has a certain representative. In this study, res-
idents of Chongqing were selected as the survey object, and a
combination of online and offline questionnaires was dis-
tributed to investigate the public acceptance intention of
driverless buses. A brief textual introduction of the driverless
bus was given at the beginning of the questionnaires in the
survey, accompanied by relevant pictures of its appearance,
internal space, and actual operating status.*e online survey
also included related operating videos of driverless buses.
*is was expected to create a more intuitive feeling of
driverless buses for the respondents and increase their
understanding of the item descriptions in the question-
naires. And the survey contained two parts: the first part
gathered the demographic characteristics, including gender,
age, and education level; the second part was a measurement
scale for the public’s subjective perceptions of driverless

buses, covering the measurement of seven variables, namely,
EE, PE, SI, FC, PI, PR, and AI. *e measurement scales used
in the past research of technology acceptance were analyzed
and adapted accordingly, so as to obtain the measured scale
applicable for this study. Based on the designed measure-
ment scale, the reliability and validity of the questionnaires
were examined by the data collected through a small sample
pretest. *e measurement items that failed in the test were
removed to obtain the final and formal questionnaires. After
testing, it took approximately 5 to 10 minutes to complete
one questionnaire.

*e survey was conducted in August 2019 and October
2020 in Chongqing, where 1000 copies of the formal
questionnaire were issued within two weeks totally. After
eliminating invalid questionnaires—that were not filled in
carefully, had more than three missing values, and selected
more than five extreme values consecutively—a total of 913
valid questionnaires were recovered, with an effective re-
covery rate of 91.30%. *e number of online and offline
questionnaires was 262 and 651, respectively, with a ratio of
approximately 1.0 : 2.5. *e number of valid samples was
more than ten times the number of questions in the
questionnaire (26 questions), which conforms to the em-
pirical criteria proposed by Hoogland and Boomsma as well
as Kline [43, 44], and it was sufficient in terms of theoretical
research and could be used to verify the theoretical model.
*e basic information of the recovered 913 valid ques-
tionnaires was categorized, and the specific personal attri-
butes data are detailed in Table 2. In order to ensure that the
influence of control variables (gender, age, and education
level) on the acceptance intention is not interfered by the
diversity of samples, this survey intentionally controlled the
selection of respondents and the sampling area in the process
of offline questionnaires distribution, so as to make the total
number of samples was evenly distributed in age, gender,
and education level.

3.2. Research Measurement. *e 7-point Likert scale was
adopted in this study to measure the latent variables that
cannot be directly observed in the model. A 7-point
score—from “strongly disagree (�1)” to “strongly agree
(�7)”—was used to rank the respondent’s degree of approval
towards the relevant description given in each questionnaire
measurement item, so as to reflect the public’s psychological
feelings about driverless buses. *e measurement items for
each variable were adapted accordingly based on previous
research in the field of technology acceptance, mainly from
Davis [17], Venkatesh et al. [18], and *ompson et al. [38].
*e specific measurement items are detailed in Table 3.

3.3. Data Analysis. To simultaneously explore the influence
relationships between latent variables—that are relatively
abstract in concept and cannot be measured directly—the
method of SEM, a multivariate statistical analysis technique,
was applied to analyze the data. SEM can be divided into
measurement modeling (MM) and structural modeling
(SM), where MM is used to describe the relationship be-
tween the observable variables and the latent variables, and
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SM is used to describe the relationships between each latent
variable. *e SEM method has been widely applied in
psychology, pedagogy, sociology, and other research fields
[46–48]. At the same time, to ensure the validity of the
questionnaire design and the adaptability of the constructed
model, the reliability and validity of the model, as well as its
overall goodness of fit, need to be tested through the data
obtained from the questionnaire survey. Related calculations
were performed using Mplus 7.4 software.

*e reliability and validity of the questionnaires were
tested using the confirmatory factor analysis (CFA) method.
*e reliability test generally examines the internal consis-
tency of the questionnaire measurement items, which is
usually evaluated by the construct reliability (CR). *e
evaluation criteria (threshold) adopted by Kline and many
other researchers [44, 49, 50] are as follows: a CR value of
above 0.9 is the best; 0.8-0.9 is very good; 0.7-0.8 is moderate;
0.5–0.7 is acceptable.*e validity test generally examines the
two aspects of convergent validity and discriminant validity.

Table 2: Description of questionnaire statistics (N� 913).

Personal attribute Classification Sample size (N) Percentage (%)

Gender Male 468 51.24
Female 445 48.76

Age (years)

<18 167 18.27
18–25 198 21.68
26–40 184 20.15
41–60 185 20.31
>60 179 19.59

Education level

High school and below 218 23.87
College degree 235 25.73

Bachelor’s degree 242 26.49
Master’s degree and above 218 23.91

Table 3: Measurement items for model variables.

Latent
variable

Item
no. Measurement item Adapted source/reference

EE
EE1 Test ride locations for driverless buses will be easy to find

Venkatesh et al. [18]EE2 *e payment methods for taking driverless buses will be straightforward
EE3 I will soon become familiar with and accustomed to taking driverless buses

PE
PE1 Driverless buses can reduce traffic congestion, thereby shortening the riding time Davis [17] and Venkatesh

et al. [18]PE2 Driverless buses can reduce traffic accidents
PE3 Driverless buses can improve the efficiency and quality of my study, work, and life

SI

SI1 If relatives and friends around me are taking driverless buses, I will follow along

*ompson et al. [38] and
Ajzen [20]

SI2 If colleagues around me are taking driverless buses, I will follow along
SI3 Propaganda and guidance from themedia will convinceme to take the driverless bus

SI4 Taking the driverless bus will give me more conversation starters in social activities,
thereby enhancing my social image

FC
FC1 Driverless buses have received much policy support

*ompson et al. [38]FC2 Related management technologies can support driverless bus operations
FC3 I already have the knowledge needed to ride a driverless bus

PI

PI1 I often pay attention to the development trend of driverless buses

Rogers [39]
PI2 I am willing to try new technology products and services

PI3 I am often the first to use emerging technology products or services among my
acquaintances

PI4 I am good at exploring and trying new things

PR

PR1 I think the speed of driverless buses is not fast enough, which will affect my travel
time

Zhang et al. [16] and Zmud
et al. [45]

PR2 I am concerned that driverless buses will cost more than traditional buses
PR3 I am concerned that the functional design of driverless buses is still not perfect today
PR4 I am concerned about being persecuted by others in the driverless buses
PR5 I am concerned that the safety performance of driverless buses is not guaranteed

PR6 I am concerned that driverless buses will conflict and interfere with human-driven
vehicles

AI
AI1 I will take the driverless bus when the technology is mature in the future

Davis [17]AI2 I will take driverless buses often in the future
AI3 I would highly recommend taking driverless buses to my relatives and friends

Discrete Dynamics in Nature and Society 7
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If the factor loading coefficient of each measurement vari-
able exceeds 0.6, and the average variance extracted (AVE) is
greater than 0.5, the model has a good convergent validity
[51]. According to the evaluation criteria proposed by
Fomell and Larcker [52], if the square root of AVE of each
latent variable is greater than the Pearson correlation co-
efficient (PCC) between this variable and the other variables,
the model has good discriminant validity.

*e covariance matrix of measurement variables generated
by quantitative parameter estimation was tested for its closeness
to the sample covariance matrix. *e better the model fits, the
more accurate the parameter estimation is. *e model’s overall
goodness-of-fit indices include chi-square degree of freedom
ratio (χ2/df, also known as standard chi-square), root mean
square error of approximation (RMSEA), comparative fit index
(CFI), nonnormed fit index (NNFI, also known as the Tuck-
er–Lewis Index, TLI), and standardized root mean square re-
sidual (SRMR). Kline et al. pointed out that for a goodmodel fit,
the goodness-of-fit indices should meet the following criteria:
χ2/df is in the range of 1–3, CFI and TLI are greater than 0.90,
and RMSEA and SRMR are less than 0.08 [44, 53].

Since the core variables in the current model are all latent
variables, which are difficult to observe directly, the average score
of each measurement variable corresponding to the latent
variable in each data sample was taken as the observed value of
the latent variable. With these observed values as the dependent
variable, andwith age, gender, and education as the independent
variables, a multivariate analysis of variance (ANOVA) was
conducted to test whether these controlled variables had sig-
nificantly different effects on the latent variables in the model
(P< 0.05 was used as the significance criterion).

4. Results

4.1. Measurement Model Evaluation. *e CFA results of the
measurement model are listed in Tables 4 and 5. *e CR values
of all latent variables are greater than 0.8, indicating that the
internal consistency or isomorphism between the measurement
variables of the same latent variable is good. As reflected by the
measurement variables, the construct (latent trait) has a good
consistency, and the reliability is at the “very good” level. *e
factor loading coefficients of all measurement variables are
greater than 0.7, and the AVE values are greater than 0.5,
indicating that the measurement variables have a high degree of
internal correlation, which can effectively reflect the latent traits
of the latent variables. Also, the proportion of variance
explained by the latent variable is much higher than that
explained by the measurement error, thus indicating that the
measurement model has good convergent validity. *e square
root of AVE value of each latent variable is all greater than the
PCC value between this latent variable and the other ones,
indicating that there are significant differences between the
constructs of different latent variables, and the model has good
discriminant validity. It can be seen that both the reliability and
validity of the model have passed the test, thereby showing that
the model has good internal quality.

4.2. StructuralModel Evaluation. *e overall goodness-of-fit
test results of the model are listed in Table 6. All the

goodness-of-fit evaluation indices reached the test criteria,
indicating that the model has good adaptability and external
quality. *e standardized path coefficient β can reflect the
magnitude of the interaction between variables. *e square
multiple correlation (SMC) of endogenous latent variables,
namely, R2, can reflect the explanatory power of the model.

Table 4: Analysis results of reliability and convergent validity.

Latent
variable Item no. Factor loading

coefficient CR AVE

EE
EE1 0.857

0.858 0.669EE2 0.811
EE3 0.784

PE
PE1 0.719

0.817 0.599PE2 0.767
PE3 0.832

SI

SI1 0.769

0.850 0.586
SI2 0.775
SI3 0.781
SI4 0.736

FC
FC1 0.722

0.802 0.575FC2 0.797
FC3 0.753

PI

PI1 0.781

0.872 0.631
PI2 0.802
PI3 0.730
PI4 0.859

PR

PR1 0.845

0.924 0.672

PR2 0.762
PR3 0.873
PR4 0.767
PR5 0.835
PR6 0.829

AI
AI1 0.847

0.874 0.698AI2 0.782
AI3 0.875

Table 5: Analysis results of discriminant validity.

EE PE SI FC PI PR AI
EE 0.818
PE 0.523 0.774
SI 0.719 0.716 0.766
FC 0.431 0.682 0.373 0.758
PI 0.447 0.640 0.605 0.634 0.794
PR 0.390 0.531 0.433 0.420 −0.622 0.820
AI 0.535 0.549 0.468 0.653 0.715 −0.731 0.835
CR 0.858 0.817 0.850 0.802 0.872 0.924 0.874
AVE 0.669 0.599 0.586 0.575 0.631 0.672 0.698
Note: values on the diagonal of the coefficient matrix in the table are the
square roots of the AVE values, and values in the lower triangular matrix are
the PCCs between variables.

Table 6: Test results of goodness of fit.

Evaluation Index χ2/df CFI TLI RMSEA SRMR
Criterion (1, 3) >0.90 >0.90 <0.08 <0.08
Test value 2.49 0.95 0.93 0.04 0.05
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*e standardized path analysis results of the structural
model are given in Table 7 and Figure 3.

*e impact of each latent variable on acceptance in-
tention is ranked from the highest to lowest as follows: PR
(β� −0.82, P< 0.001), PI (β� 0.71, P< 0.001), SI (β� 0.65,
P< 0.001), PE (β� 0.59, P< 0.001), EE (β� 0.43, P< 0.01),
and FC (β� 0.30, P< 0.05). All latent variables have shown a
significant impact on the acceptance intention with a con-
fidence interval of 95% (corresponding to P< 0.05). PI has
also exhibited a significant impact on PR (β� −0.62,
P< 0.001). *e only exception is that SI did not present a
significant impact on PI (β� 0.33, P> 0.05). *erefore,
among the research hypotheses about the latent variables,
H1–H6 and H8 are valid, but H7 is invalid. In the model, the
proportion of variance in PI that can be explained by SI is
11% (R2 � 0.11); the proportion of variance in PR that can be
explained by PI is 35% (R2 � 0.35); the proportion of vari-
ance in acceptance intention (AI) that can be explained by all
the other variables is 48% (R2 � 0.48). *e evaluation criteria
of R2 pointed out by Marcoulides [54] are as follows: R2

lower than 0.19 indicates that the explanatory power is
unacceptable; 0.19–0.33 indicates that the explanatory power
is weak; 0.33–0.67 indicates that the explanatory power is
moderate; above 0.67 indicates that the explanatory power is
good. In addition, the evaluation criteria proposed by Cohen
et al. [55] point out that when R2 reaches 0.40, the theoretical
model is considered as having good explanatory power.
Following the evaluation criteria proposed by Marcoulides
[54] and Cohen et al. [55], it can be inferred that the the-
oretical model has good explanatory power for acceptance
intention.

4.3. ControlledVariableAnalysis. *e results of ANOVA for
the moderating effect of controlled variables on each latent
variable are given in Table 8. It can be seen that gender has a
significant moderating effect on the three influencing factors
of EE, SI, and PR; age has a significant moderating effect on
the four influencing factors of EE, SI, FC, PI, PR, and AI;
education level has a significant moderating effect on the
four influencing factors of PE, FC, PI, PR and AI. Overall,
the three controlled variables of gender, age, and education
level have significantly different effects on the latent variables
of the model; thus, the research hypothesis about controlled
variables (H9) is valid.

5. Discussion

According to the empirical analysis results, except for re-
search hypothesis H7, the other research hypotheses have all
been verified as valid. *e PI and PR variables newly added
in this study are shown to have a significant impact on the
acceptance intention, even greater than the impacts of the
other variables in UTAUT. Also, the impacts of model
variables on the acceptance intention are similar to those
observed in other countries or regions in the field of
technology acceptance and, even more specifically, in the
field of autonomous driving technology acceptance; how-
ever, there are also some differences.

5.1. Impacts of EEandPEonAcceptance Intention. It is found
from the empirical study that both EE and PE have a sig-
nificantly positive impact on acceptance intention. However,
in some studies on the acceptance behavior of automated
driving in other countries or regions, such as Germany and
France, EE showed no decisive impact on acceptance in-
tention [33, 56]. In the current study, although the impact of
EE on acceptance intention is found to be small, it cannot be
ignored. Only when the public believes that it is convenient
to travel with driverless buses, and the facilities and
equipment in the buses are easy to operate and effortless, will
they be willing to accept the use of driverless buses. In fact, a
concept similar to EE is PEOU in TAM. In a survey con-
ducted by Zhang et al. [16] in Shenzhen, China, the impact of
PEOU on AV acceptance has also been demonstrated, in-
dicating that the Chinese public might be more concerned
about the ease/difficulty of using driverless buses. On the
other hand, PE is equivalent to PU in TAM. Only when the
public believes that driverless buses have significant benefits
in improving their work efficiency and quality of life, will
they be willing to accept driverless buses. *e impact of PE
on acceptance intention observed in this study can be
mutually supported by the results of relevant investigations
and research conducted in Australia and Greece by Kaur and
Rampersad [35] and Panagiotopoulos and Dimitrakopoulos
[25], respectively.

5.2. Impacts of SI and FC on Acceptance Intention.
Similar to the results obtained in other countries or regions
[25, 57], SI has a significantly positive impact on acceptance
intention. *at is, when there is someone (influencer) who
can significantly influence an individual’s decision-making
process, he/she will present a stronger acceptance intention
if the influencer thinks that he/she should use driverless
buses. In China, the composition of personal social relations
is relatively complex, and an individual’s behaviors are often
susceptible to the influences of people or organizations
closely related to them. If the information and messages
about driverless buses passed around by acquaintances or
organizations are positive, the possibility that he/she will
understand and accept driverless buses will increase; oth-
erwise, he/she will be likely to develop a negative stereotype
towards driverless buses and believe that traveling by
driverless buses is not worth considering or choosing. *e
impact of FC on acceptance intention is the weakest but does
exist, which is similar to the research result of technology
acceptance behavior reported by Venkatesh et al. [58]. Since
the driverless bus is an emerging technology and has not
been widely used in China, the public has little under-
standing of the relevant policy support, which could be the
main reason for the relatively weak impact of FC on ac-
ceptance intention.

5.3. Impacts of PI and PR onAcceptance Intention. *e newly
added variable PI showed the second greatest impact on the
acceptance intention of driverless buses, only lower than PR.
*is observation indicates that PI plays a vital role in af-
fecting acceptance intention; that is, the stronger the PI is,
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the stronger the acceptance and sensitivity to emerging
technologies an individual would possess, and the stronger
his/her acceptance intention will be. In the studies of Jackson
et al. [59] and Turan et al. [60], it has also been pointed out
that PI should be regarded as one of the core influencing
factors for technology acceptance in combination with the
DIT theory. *e impact of PR on acceptance intention ranks
first in this study, indicating that respondents in Chongqing,
China, are especially concerned about the safety of driverless
buses. *e greater an individual’s PR is, the more likely he/
she will express a negative acceptance intention. *is ob-
servation could be related to the more conservative and
cautious personality traits of some Chinese people. In the
studies of Piao et al. [61] and Nazari et al. [62], it has also
been emphasized that perception of lower risk is a critical

factor affecting the public acceptance of AVs. In the in-
vestigations and research conducted by Zmud et al. [45] and
Menon et al. [63] in Texas and Florida in the USA, it has also
been found that PR has a negative impact on the acceptance
intention of AVs. In the study conducted by Liu et al. [14] in
Tianjin, China, it was pointed out that the impact of PR on
the acceptance intention of AVs does exist but is not strong.
It is explained that this phenomenon could be due to the
public’s insufficient awareness about the risks of AVs. At the
same time, in the current study, PI was also found to have a
relatively significant negative impact on PR; that is, the
stronger an individual’s PI is, the more optimistic he/she will
be in considering the risk factors in the environment,
thereby presenting a relatively weaker ability to perceive
risks.

Table 7: Standardized path analysis results of the structural model.

Hypotheses Standardized path coefficients CR P Significance Hypothesis test result R2

H1: EE⟶AI 0.43 5.19 ∗∗ Significant H1 valid

AI: 0.48

H2: PE⟶AI 0.59 6.61 ∗∗∗ Significant H2 valid
H3: SI⟶AI 0.65 7.36 ∗∗∗ Significant H3 valid
H4: FC⟶AI 0.30 4.71 ∗ Significant H4 valid
H5: PI⟶AI 0.71 10.05 ∗∗∗ Significant H5 valid
H6: PR⟶AI −0.82 −12.38 ∗∗∗ Significant H6 valid
H7: SI⟶PI 0.33 1.52 0.11 Insignificant H7 invalid PI: 0.11
H8: PI⟶PR −0.62 −6.97 ∗∗∗ Significant H8 valid PR: 0.35
Note: CR is the critical ratio, and a CR value greater than 1.96 indicates a significance level of 0.05 has been reached. ∗∗∗P< 0.001, ∗∗P< 0.01, and ∗P< 0.05.
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0.59∗∗∗
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expectancy
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(PE) 
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(PR)
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Figure 3: Analysis results of the structural model. Note: the solid arrows represent the paths with significant impacts, and the dotted arrow
represents the path with insignificant impact. ∗∗∗ P< 0.001, ∗∗P< 0.01, and ∗P< 0.05.

Table 8: Results of ANOVA (P value).

Controlled variables EE PE SI FC PI PR AI
Gender 0.039∗ — 0.043∗ — — 0.004∗∗ —
Age 0.045∗ — 0.036∗ 0.022∗ 0.000∗∗∗ 0.000∗∗∗ 0.001∗∗
Education level — 0.008∗∗ — 0.043∗ 0.002∗∗ 0.020∗ 0.036∗

Note: if the test P value is greater than 0.05, the moderating effect is not significant; if the P value is lower than 0.05, the moderating effect is significant.
∗∗∗P< 0.001, ∗∗P< 0.01, and ∗P< 0.05.
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5.4. Effects of Age, Gender, and Education Level on the Model
Variables. *rough the ANOVA, it is concluded that the
effects of demographic attributes—such as age, gender, and
education level—on the core latent variables in the con-
structed model are significantly different; that is, they have a
moderating effect on the influence relationships in the
model. Many studies have argued that the effects of these
demographic attribute variables on the UTAUT model are
not obvious or have been weakening gradually [16, 32].
However, the current study finds that the effects of these
demographic attribute variables on the model variables
cannot be ignored. *is conclusion coincides with the
findings of Venkatesh et al. [58] and Bansal et al. [37] in their
studies in Arkansas and Texas, USA. Among the demo-
graphic attributes, age and education level have exhibited an
especially obvious effect on the public’s acceptance intention
of driverless buses.

6. Conclusions

*epurpose of this study is to explore the influencing factors
that affect the public’s acceptance intention of driverless
buses as well as the relationships between the various factors.
*e research results can be expected to provide preliminary
references for research in this field. A driverless bus ac-
ceptance analysis model was constructed by extending the
UTAUT model. *e SEM method was applied to describe
the measurement relationship between latent variables and
measurement variables, as well as the structural relationships
between the latent variables. *e data obtained from the
actual survey of respondents in Chongqing, China, were
used to verify the mutual influence relationships in the
model quantitatively. In the current study, it is found that
EE, PE, SI, FC, PI, and PR all have a significant impact on
acceptance intention; also, the impacts of the two newly
added variables—PR and PI—on the acceptance intention
for driverless buses are especially prominent. It can be
considered that this extended model has good applicability
for the research of acceptance intention for driverless buses.

*is study has two levels of significance in terms of
theoretical enlightenment and practical application refer-
ence. At the theoretical level, this study extends the inte-
grated technology acceptance model and incorporates new
variables that can characterize the features of driverless
buses. An empirical basis has been provided for the effective
combination of the DIT theory, perceived risk theory, and
UTAUTmodel. *e theoretical analysis methods have been
enriched in the research field of technology acceptance. At
the practical application level, this study explored the
influencing factors that could affect the public’s acceptance
intention of driverless buses. An understanding of these
factors will be beneficial for analyzing the market, thereby
providing directions for driverless bus manufacturers and
policymakers in future technology research and develop-
ment as well as functional design.*e research outcomes can
also provide objective reference opinions for the government
to issue management policies for driverless buses. For ex-
ample, it is found in this study that PR is the most important
influencing factor for acceptance intention, so the functional

design of driverless buses should improve their safety per-
formance to reduce the public’s concerns about the riding
time, cost, and personal safety en route.

However, this study inevitably has limitations that need
to be resolved. First, this study analyzed the acceptance BIs
for driverless buses, which could not represent actual be-
haviors completely because driverless public transportation
has not yet been widely put intomarket application in China,
and most respondents did not have actual use experience.
*erefore, their acceptance behaviors can only be explored
indirectly through BIs, which will more or less lead to some
deviations. Once driverless bus technology has becomemore
mature, further research can be carried out according to the
actual use behaviors of the public. Second, the explanatory
power of the current research model for the acceptance
intention of driverless buses is 48%, which indicates that the
model has not fully captured the influencing factors for the
public acceptance intention. Whether other influencing
factors in the research field of technology acceptance (such
as HM, trust level, and environmental awareness) would
significantly affect acceptance intention still requires further
exploration. *ird, the effects of demographic attributes
(such as gender, age, and education level) of respondents on
acceptance intention are found to be significantly different in
this study, but many other studies suggest the opposite;
therefore, more follow-up research should be conducted to
verify this observation.
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