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ABSTRACT To determine whether drivers of manned vehicles sharing the road with driverless vehicles
believe they are in a vulnerable state and to identify the factors that contribute to their feeling of ‘‘driver’s
psychological vulnerability judgment’’, this study conducted a questionnaire survey. The survey collected
information on the attitudes, perceived usefulness, trust, perceived risk, and demographic characteristics
of drivers in a hypothetical situation where they drive on the same road as driverless vehicles. The aim
of the survey was to identify areas where drivers feel more vulnerable to poor psychological judgment.
A total of 945 valid questionnaires were collected through the Credamo questionnaire survey platform. The
results indicated that 43.7% of the respondents believed they would be in a vulnerable state in mixed traffic
competition, while 30.2% of respondents did not know if they would feel vulnerable. Moreover, women,
people with higher education, those with more aggressive driving personalities, older people, and those with
more driving experience were less inclined to think they would be in a vulnerable state. Attitude, trust,
and perceived usefulness had positive impacts on the driver’s psychological vulnerability judgment, while
perceived risk had a negative impact. Therefore, early promotion of driverless technology should target
people with higher education, more driving experience, older age, and more aggressive driving personality.
The focus should be on attitudes toward this technology, as well as perceived usefulness, trust, and
perceived risk.

INDEX TERMS Driver’s psychological vulnerability judgment, driverless technology, mixed traffic
competition, questionnaire survey.

I. INTRODUCTION
Among all modes of transportation, highway transportation
occupies an important position in society. However, highway
transportation is inefficient [1], has a high accident rate,
and has a serious influence on environmental pollution [2].
Driverless technology is expected to play an important role
in improving transportation efficiency, reducing accident
rates, improving ride comfort reducing carbon emissions, and
facilitating the travel of people without a driver’s license,
including disabled and elderly people [3]. However, as a new
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technology, driverless driving technology is still immature.
The casualties caused by collisions between Uber driverless
test vehicles and pedestrians in the United States and the Tesla
incident in China both show that driverless technology is still
unstable. Further, as the prevalence of driverless technology
increases, there will be a long period during which driverless
and manned vehicles share the road [4], [5], and the uncon-
trollable nature of driverless vehicles may pose a threat to
road co-users [6]. Therefore, driverless technology is a recent
research focus. Although many researchers have examined
attitudes toward driverless technology in road co-users, few
studies have specifically explored their psychological state
when sharing the road with driverless vehicles.
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Road co-users of driverless vehicles include pedestrians,
non-motor vehicles and manned vehicles. At present, the
research on the interaction between driverless vehicles and
pedestrians is mainly divided into two aspects. The first is to
qualitatively study the behavior characteristics of driverless
vehicles and pedestrians from the perspective of simulation
experiments [7], [8], and the second is to analyze the dynamic
process and behavior evolution of the interaction between
pedestrians and driverless vehicles from the perspective of
evolutionary game. In terms of the conflict between driverless
vehicles and non-motor vehicles, relevant research focuses
mainly on the study of safety distance [9], especially at
intersections. A left-turn motion planning model for driver-
less vehicles based on approximate grid risk assessment was
proposed to ensure the safe interaction, efficient passage
and driving comfort of driverless vehicles and non-motor
vehicles [10]. However, there are few studies on the conflict
between driverless vehicles and manned vehicles.

The biggest difference between driverless vehicles and
human drivers in the face of conflict is the psychological
change of human drivers, including trust and fear of driver-
less vehicles, which can also be regarded as the degree
of acceptance of driverless technology. The more recep-
tive you are, the more relaxed you will be in the face of
driverless vehicles, and otherwise the more nervous you
will be. At present, research on driverless technology accep-
tance has mainly been based on simulations and ques-
tionnaire surveys [11], [12], [13], [14], [15]. For instance,
Bansal and Kockelman [12] and Talebian Mishra [13]
studied autonomous vehicle acceptance in terms of price
and willingness to pay through simulation methods. Using
questionnaires, Schoettle and Sivak [16], [17] found that most
respondents had positive attitudes towards driverless technol-
ogy, and they hope to use vehicles with this technology in the
future. However, respondents were also very concerned about
the risks of driverless vehicles. Kyriakidis et al. [17], [18]
found that concerns regarding driverless technology were
mainly related to network security and legal issues.
Edwards et al. [19], [20], [21] proposed that, in addition
to network security, driverless technology carries engineer-
ing risks in terms of control technology and specific scene
application. Besides legal concerns, there are also social risks
related to ethics, psychology, and management [17].

The level of acceptance of driverless technology is highly
dependent on personal factors. Many studies have analyzed
the impact of gender, age, education, and living environment
on the acceptance, perceived usefulness, and perceived risk of
driverless technology [18], [22], [23], [24], [25]. It indicates
that people who are enthusiastic about driverless vehicles
are typically male, young, highly educated, and live in large
urban areas. Researchers have further examined the attitudes
of specific groups such as elderly individuals [26], [27],
passengers of driverless vehicles and their families [28],
and other road co-users [29], [30]. It is found that older
drivers rated the SAE (Society of Automotive Engineers)
level 2 vehicle highest and the fully automated vehicle

(SAE level 5) lowest [26]. Family members of driverless
vehicle passengers, especially parents, are not willing to let
their children to take the driverless school buses, while other
road co-users believe the risk of driverless vehicles is low, and
almost no one has objected to their use. In addition, studies
have assessed the willingness to pay (WTP) for driverless
technology [14], [17], [31], [32], and the moral problems
that driverless vehicles may face [21], [33]. These studies
show that, higher-income, technology-savvy males, who live
in urban areas, and those who have experienced more crashes
have a greater interest in and higher WTP for new technolo-
gies [14], [31], [32]. Mentioning the development prospect of
driverless vehicles, China’s driverless consumers have more
positive and open attitudes than many developed countries
in Europe and America. Research on the ethics of driverless
technology shows that there is general agreement that cars
that give priority to ensuring the safety of passengers are on
the road, but few are willing to ride such cars. The social
impact of driverless technology and the role of public opinion
have also been examined [34] to prove that the promotion of
driverless technology is related to social acceptance.

In traditional driving, drivers choose driving behaviors
such as active overtaking or passive avoidance according to
the state of their own vehicle and the surrounding driving
environment. However, these choices are often based on the
premise that all vehicles have roughly the same priority.
In determining the rules and expectations for the roads used
by both driverless vehicles and manned vehicles, the issue
of priority must be addressed [35]. Specifically, drivers must
answer the question ‘‘Which vehicle has a higher priority?’’
when traveling on roads used by both driverless vehicles and
manned vehicles. This situation is known as mixed traffic
competition.

In mixed traffic competition, drivers must fully consider
driving safety. Because driverless vehicles are not subject
to psychological state, drivers may feel psychologically vul-
nerable due to concerns about safety threats from driver-
less vehicles. Here, we used a questionnaire to investigate
driver’s psychological vulnerability judgment in a hypothet-
ical mixed traffic competition. Our study addressed the fol-
lowing questions: (1) For a hypothetical situation involving
drivers in mixed traffic competition, does the presence of
driverless vehicles affect driver’s psychological vulnerabil-
ity judgment? (2) Which factors have the greatest impact?
(3) How do these factors affect drivers’ perceptions in terms
of vulnerability psychology? Based on our research conclu-
sions, we sought to provide directions for the future large-
scale promotion of unmanned technology.

II. RESEARCH HYPOTHESIS
Human driving behavior is affected by subjective factors such
as emotional instability, psychological fatigue, and psycho-
logical frustration. In non-mixed traffic, drivers who drive
in accordance with traffic rules and are not in a fatigued
state are generally expected to have stable emotions and
no driving-related psychological fatigue, and thus be able
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to drive safely [36]. However, in mixed traffic, drivers may
experience a vulnerable psychological state. This could affect
their driving psychology and behavior, thereby causing traffic
problems [37]. This kind of anxiety, panic and psycholog-
ical fatigue caused by driverless vehicles sharing the road,
which the driver feels additionally, and considers himself in
a vulnerability state under such complex road conditions,
is called the driver’s psychological vulnerability judgment in
this paper.

Driver’s psychological vulnerability judgment can also be
viewed as the acceptance of unmanned driving technology.
The higher the acceptance, the less driver’s negative emotions
will be generated. The TechnologyAcceptanceModel (TAM)
is often used to indicate the degree of acceptance [38], [39],
[40]. The basic TAM consists of four factors, namely, per-
ceived usefulness, perceived ease of use, attitude and inten-
tion to use. As shown in Fig. 1.

FIGURE 1. Technology Acceptance Model (TAM).

Use intention refers to the measurable degree to which
users are willing to use the system [39], [41], [42]. However,
the driver’s use intention of driverless vehicles has nothing to
dowith this study. Since TAMallows the addition of extended
variables, considering that the trust in driverless vehicles will
also affect the driver’s psychology, we add the driver’s trust
in driverless technology as a new factor. To understand the
factors that affect vulnerability to a vulnerable psychological
state in drivers, we established research hypotheses with four
aspects: attitude, perceived usefulness, trust, and perceived
risk [27], [43].

A. ATTITUDE
Attitude refers to an individual’s favorable or unfavorable
evaluation of a specific object or behavior. A positive
evaluation is expected to have a beneficial effect on psy-
chological state [44], [45]. Rahman et al. tested whether
attitude had a positive impact on behavior [27], and found
that attitude had no significant effect on pedestrians or
drivers, but that it positively influenced perceived useful-
ness. Based on the above, we generated the following
hypotheses:

H1: attitude positively impacts driver’s psychological vul-
nerability judgment;

H2: attitude positively impacts perceived usefulness;
H3: attitude positively impacts trust;
H4: attitude negatively impacts perceived risk.

B. PERCEIVED USEFULNESS
Perceived usefulness refers to the degree to which produc-
tivity improves when using an emerging technology [44].
Buckley et al. found that perceived usefulness positively
impacted the passengers’ acceptance of driverless [27], [46].
Based on the above, we have generated the following
hypotheses:

H5: perceived usefulness positively impacts driver’s psy-
chological vulnerability judgment;

H6: perceived usefulness positively impacts trust;
H7: perceived usefulness negatively impacts perceived

risk.

C. TRUST
Trust refers to the belief of a driver in a mixed traffic envi-
ronment that driverless vehicles can respond in a timely
manner to an adverse driving event. Deb et al. reported that
trust had a significant impact on the acceptance of driverless
vehicles [43]. Choi and Ji found that trust had a significant
negative impact on perceived risk [47], and Mccloskey and
Leppel reported that trust had a significant positive impact
on perceived usefulness [48]. Based on the above, we have
generated the following hypotheses:

H8: trust positively impacts driver’s psychological vulner-
ability judgment;

H9: trust negatively impacts perceived risk.

D. PERCEIVED RISK
Perceived risk refers to the experience a driver expects when
sharing the road with driverless vehicles. Choi and Ji reported
that perceived risk had no impact on drivers’ subject behav-
ior [47], while Liu reported that perceived risk had a negative
impact on public behavioral intentions [49]. Based on the
above, we have generated the following hypothesis:

H10: Perceived risk negatively impacts driver’s psycholog-
ical vulnerability judgment.

III. QUESTIONNAIRE AND ANALYSIS
A. QUESTIONNAIRE DESIGN
Based on the maturity scale, we designed a questionnaire
to measure the expectations of drivers regarding their psy-
chological state in a hypothetical mixed traffic competition.
We conducted a pre-survey and revised the questionnaire
accordingly. The final questionnaire was divided into three
parts. The first part investigated driver’s psychological vul-
nerability judgment according to attitude, perceived useful-
ness, trust, and perceived risk regarding sharing the road
with driverless vehicles. These items were measured using a
Likert scale with 5 levels, ranging from 1 (strongly disagree)
to 5 (strongly agree). In the second part of the questionnaire,
we collected demographic information about the respondent,
including gender, age, education, occupation, driving expe-
rience, and driving personality [27]. Among them, driving
personality refers to the attitude of the driver in the process of
meeting other vehicles, generally conservative, moderate and
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radical. Driving experience is measured by investigating the
length of driving time for drivers, typically measured in years.
The third part of the questionnaire was a question that enabled
us to examine the correlation between driver’s psychological
vulnerability judgment and the responses to other items. The
questionnaire items are shown in Table 1

TABLE 1. The measurement of driver’s psychological vulnerability
judgment.

B. RELIABILITY AND VALIDITY TESTS
1) RELIABILITY ANALYSIS
Reliable scales are expected to pass reliability and validity
tests. A reliability analysis is used to test the internal consis-
tency of a questionnaire and to determine whether the results
of the questionnaire are reliable. Cronbach’s α and combined
reliability (CR) are commonly used as criteria for reliability
analyses. The Cronbach’s α is judged as follows [50]: if
α > 0.9, the internal consistency of the scale is very high; if

0.7 < α < 0.9, the internal consistency of the scale is good;
if α < 0.7, the inconsistency between the items in the scale is
high, and the scale needs to be revised. As shown in Table 2,
the Cronbach’s α for the four latent variables, i.e., attitude,
perceived usefulness, trust, and perceived risk, were between
0.782 and 0.874. This indicates that internal consistency
among latent variables was good. The total Cronbach’s α

between the four latent variables was 0.814, indicating that
the overall internal consistency of the scale was good. Thus,
the reliability of this scale was acceptable, and the survey data
had strong reliability.

TABLE 2. Reliability test.

2) VALIDITY ANALYSIS
Validity analysis is a process of argumentation wherein the
publisher of a scale collects relevant theoretical information
and empirical evidence to show that the measurement can
effectively measure the target construct. The accuracy and
validity of the measurement increases with the validity of
the measurement. There are two types of validity analysis:
exploratory factor analysis (EFA) and confirmatory factor
analysis (CFA) [51]. Generally speaking, if a scale is not
divided into dimensions, EFA should be used for dimension
division and preliminary analysis, and then CFA can be used
to test whether results of the EFA are correct. This paper has
assumed the structure of the questionnaire, so EFA is used
directly for testing. Validity analysis can test three types of
validity, namely construct validity, convergent validity, and
discriminant validity [52].

Before conducting EFA, the suitability of the scale should
be assessed with respect to the specific analysis. This process
requires the Kaiser-Meyer-Olkin test (KMO) and Bartlett’s
test of sphericity. If the result of the KMO is greater
than 0.6 and the significance of Bartlett’s test of spheric-
ity is less than 0.05, the scale is considered suitable for
EFA [53], [54].

The test results are shown in Table 3. After testing, KMO
value of the scale was equal to 0.932, which is greater

TABLE 3. The KMO test and Bartlett’s test of sphericity.
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than 0.6. The significance of Bartlett’s test of sphericity was
less than 0.05, indicating that the scale could be used for EFA.

After EFA, the component values of each question were
greater than 0.5. This indicated that each question was well
designed and that there was no need to delete any questions.

CR is another indicator of reliability that is used to measure
the reliability of combined variables. Generally, CR value
must exceed 0.6 [55], and larger values are preferable.
The average variance extracted (AVE) is also required to
exceed 0.5, which means that the latent variable has good
convergence validity. The factor load (estimate) is required
to be greater than 0.5, which indicates that the correspond-
ing latent variables belonging to the questionnaire items are
highly representative.

As shown in Table 4, the data factor loadings obtained
in this survey were all greater than 0.5, AVE was greater
than 0.5, and CR was greater than 0.6. Thus, the aggregation
effect of the survey data was good.

TABLE 4. Convergence validity of measurement variables.

To summarize, the reliability and validity of the data
obtained met the requirements. The model fit was good and
the data reliability was strong. Thus, we expect this data to
truly reflect driver personality, perceived usefulness, trust,
and perceived risk with respect to driverless vehicles.

IV. STATISTICS AND ANALYSIS
A. DESCRIPTIVE STATISTICS
The questionnaires were distributed online, a total of
945 valid questionnaires were recruited through Credamo
website (https://www.credamo.com/home.html) for the ques-
tionnaire survey. We analyzed data obtained in terms of gen-
der, age, education, occupation, driving experience, driving
personality, and psychological vulnerability. These data are
shown in Table 5. The study participants were mainly people
under the age of 50 who had received a bachelor’s degree or
above. Among them, 95.8% of the respondents held a driver’s
license, indicating that the study population was generally
well equipped to consider a driver’s perspective. The results
of the survey showed that in terms of driver’s psychological

TABLE 5. Demographic variables.

vulnerability judgment, 43.7% of the respondents believed
that they would be vulnerable in a mixed traffic competition;
30.2% of the respondents could not judge whether they would
be vulnerable; and 26.1% of the respondents did not consider
themselves vulnerable. Thus, the participants who clearly did
not expect that they would be vulnerable to a vulnerable
psychological state in a mixed traffic competition formed a
minority of the participant group, this phenomenon was more
pronounced among women, young people, business people,
undergraduates, and those with less than 5 years of driving
experience.
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B. CORRELATION ANALYSIS
Correlation analyses are conducted to analyze the correlation
between two or more variables. They are usually used to
determine whether changing trends in two or more groups
of data are consistent. Here, we conduct Pearson correla-
tion analyses for nine factors: attitude, perceived usefulness,
trust, perceived risk, gender, age, education, driving experi-
ence, and driving personality. As a result, we obtained four
main findings, as follows. The data are shown in Table 6
and Table 7.

1) THE RELATIONSHIP BETWEEN ATTITUDE AND OTHER
VARIABLES
We found significant correlations between attitudes and
perceived usefulness, trust, perceived risk, education, and
driving personality. Among them, we found a significantly
positive correlation between attitude and perceived useful-
ness (0.754), a significantly positive correlation between atti-
tude and trust (0.646), a significantly negative correlation
between attitude and perceived risk (−0.32), and a signif-
icantly negative correlation between attitude and perceived
risk (−0.32). Further, we found a significantly positive corre-
lation between attitude and educational background (0.101),
and between attitude and driving personality (0.186).

2) THE RELATIONSHIP BETWEEN PERCEIVED USEFULNESS
AND OTHER VARIABLES
In addition to a significantly positive relationship between
perceived usefulness and attitude, we found significant rela-
tionships between trust, perceived risk, education, and driv-
ing personality. Among these, we found a significantly
positive correlation between perceived usefulness and trust
(0.700), a significantly negative correlation between per-
ceived usefulness and perceived risk (−0.246), and a sig-
nificantly positive correlation between perceived usefulness
and education (0.099). We also found a significantly pos-
itive correlation between perceived usefulness and driving
personality (0.189).

3) THE RELATIONSHIP BETWEEN TRUST AND OTHER
VARIABLES
In addition to a significantly positive relationship between
trust, attitude, and perceived usefulness, we found a sig-
nificantly negative relationship between trust and perceived

TABLE 6. Correlation coefficients between latent variables.

TABLE 7. Correlation coefficients between latent variables.

risk (−0.233), and a significantly positive relationship
between trust and driving personality (0.151).

4) THE RELATIONSHIP BETWEEN PERCEIVED RISK AND
OTHER VARIABLES
In addition to being significantly negatively correlated with
attitude, perceived usefulness, and trust, perceived risk was
also significantly correlated with age, education, driving
experience, and driving personality. Among these, we found
a significantly negative correlation between perceived risk
and age (−0.166), a significantly positive correlation between
perceived risk and education (0.070), a significantly negative
correlation between perceived risk and driving experience
(−0.148), and a significantly negative correlation between
perceived risk and driving personality (−0.176).

C. ORDERED LOGISTICS REGRESSION ANALYSIS
Logistic regression analysis is used to test whether a dataset
has multicollinearity. Multicollinearity refers to whether
explanatory variables in a linear regression model are
distorted or difficult to estimate accurately because they are
precisely correlated or highly correlated with explanatory
variables [56]. The presence of a multicollinearity problem
can be determined by the tolerance and variance inflation
factor. The dataset is generally considered to have a multi-
collinearity problem if the variance inflation factor is greater
than 10 or the tolerance is less than 0.1 [56]. Here, we ana-
lyzed the collected data and found the variance inflation fac-
tor and tolerance to range from 1.051–2.855 and 0.350–0.952,
respectively. Thus, the data meet the requirements, and there
is no evidence of a multicollinearity problem. Accordingly,
logistic regression analysis can be performed.

The independent variables (attitude, perceived usefulness,
trust, and perceived risk) and dependent variables (driver’s
psychological vulnerability judgment) in this study were all
ordinal variables. Therefore, we were able to analyze the
data using ordinal logistic regression. When analyzing data
using logistic regression analysis, it is first necessary to
consider whether the data passes the parallelism test. If the
degree of freedom of the parallelism test is greater than 0.05,
then the data pass the parallelism test. This indicates that
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TABLE 8. Factors influencing driver’s psychological vulnerability
judgment.

ordered logistic regression can be used for analysis. The
degree of freedom of the parallelism test in this study is 0.174.
Since this is greater than 0.05, the data were considered to
pass the parallelism test. In addition, when the model fits
(p < 0.05) and the goodness of fit (p > 0.05), an orderly
logistics regression analysis can be carried out. The ordinal
logistic regression analysis indicated that for a hypotheti-
cal situation in which participants were drivers of manned
vehicles in a mixed traffic competition, the main factors
influencing expected psychological state were attitude, trust,
and perceived risk. Among these, attitude (P = 0.019,
B= 0.269,Wald= 5.496, OR= 1.308) and trust had a signif-
icantly positive impact on driver’s psychological vulnerabil-
ity judgment (P = 0.001, B = 0.371, Wald = 10.691, OR =

1.450), and perceived risk had a significantly negative impact
on driver’s psychological vulnerability judgment (P = 0.001,
B= −0.787,Wald= 86.383, OR= 0.455). Details are shown
in Table 8.

V. DISCUSSION
A. DEMOGRAPHIC DATA
The participant scores for the items measuring attitudes about
autonomous driving, perceived usefulness, and trust were all
between 3 and 4, indicating that respondents had neutral
and positive attitudes toward driverless technology. Previous
work by Schoettle supports this view [16]. The average score
for the items measuring the perceived risk of driverless vehi-
cles was 3.70, indicating that respondents believed driverless
technology was associated with increased risk. This was con-
sistent with the conclusions of Choi and Ji [47].

B. INFLUENCE OF LATENT VARIABLES ON
PSYCHOLOGICAL VULNERABILITY
We measured the impact of four latent variables (attitude,
perceived usefulness, trust, and perceived risk) on driver’s
psychological vulnerability judgment our data confirmed our
hypothesis about the relationship between the four latent
variables and driver’s psychological vulnerability judgment,
as follows (Fig. 2):

FIGURE 2. The relationship between driver’s psychological vulnerability
judgment and latent variables.

Attitude significantly and positively impacted driver’s psy-
chological vulnerability judgment, supporting H1;

Perceived usefulness had no significant effect on driver’s
psychological vulnerability judgment, indicating that hypoth-
esis H5 is false;

Trust significantly and positively impacted driver’s psy-
chological vulnerability judgment, supporting H8;

Perceived risk significantly and negatively impacted
driver’s psychological vulnerability judgment, support-
ing H10.

In the Fig. 2-7, ‘+’ represents a positive correlation,
‘−’ represents a negative correlation, and the dotted line
represents no correlation.

We found that attitude had a significantly positive effect
on driver’s psychological vulnerability judgment, such that a
more positive attitude decreased the likelihood that the par-
ticipants’ psychological vulnerability judgment. Perceived
usefulness had no significant effect on driver’s psychological
vulnerability judgment, indicating that whether or not the
participants believed that driverless technology was useful
did not influence their psychological vulnerability judgment
when encountering driverless vehicles on the road. Trust had a
significantly positive impact, indicating that a higher degree
of trust decreased the chance that the participants’ psycho-
logical vulnerability judgment. Perceived risk had a nega-
tive impact on psychological vulnerability judgment Thus,
a higher perceived risk was associated with a greater chance
that the participants psychological vulnerability judgment.

C. RELATIONSHIPS BETWEEN LATENT VARIABLES
While the four latent variables (attitude, perceived usefulness,
trust, and perceived risk) impacted participant’s psychologi-
cal vulnerability judgment, they also influenced one another.
Themutual influence of these latent variables could indirectly
affect driver’s psychological vulnerability judgment [56].
We have summarized the relationships between the four vari-
ables below, and generated the following conclusions (Fig. 3):

Attitude was significantly positively correlated with per-
ceived usefulness, which supported H2;

Attitude was significantly positively correlated with trust,
which supported H3;

Attitude was significantly negatively correlated with per-
ceived risk, which supported H4;
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FIGURE 3. The influence of the relationship between latent variables on
psychological vulnerability.

Perceived usefulness was significantly positively
correlated with trust, which supported H6;

Perceived usefulness was significantly negatively
correlated with perceived risk, which supported H7;

Trust was significantly negatively correlated with
perceived risk, which supported H9.

According to the relationships between the latent
variables and driver’s psychological vulnerability judgment,
perceived usefulness did not directly affect driver’s psycho-
logical vulnerability judgment. However, from the relation-
ship between the latent variables, we found a significant
correlation between perceived usefulness and attitude, trust,
and perceived risk, which indicates that perceived usefulness
could indirectly affect driver’s psychological vulnerability
judgment by affecting the other three latent variables. The
directionality of this influence was as follows:

First, a higher degree of perceived usefulness was posi-
tively correlated with stronger attitudes and trust. Further,
driver’s psychological vulnerability judgment was positively
correlated with trust and attitude. Therefore, improved per-
ceived usefulness can effectively reduce driver’s psycholog-
ical vulnerability judgment, which is indirectly achieved by
influencing attitudes and trust.

Second, we found a significantly negative correlation
between perceived usefulness and perceived risk, i.e., a higher
perceived usefulness was associated with a lower perceived
risk. Perceived risk was negatively correlated with driver’s
psychological vulnerability judgment. Thus, improved per-
ceived usefulness can indirectly influence driver’s psy-
chological vulnerability judgment by reducing perceived
risk.

D. RELATIONSHIP BETWEEN LATENT VARIABLES AND
OTHER FACTORS
In addition to the direct influence of the three latent
variables (attitude, trust, and perceived risk) and the rela-
tionships between the four latent variables, driver’s psycho-
logical vulnerability judgment was also indirectly influenced
by other factors such as educational background and

driving personality. These other factors (education, driving
experience, driving personality, and age) affected driver’s
psychological vulnerability judgment via a direct and sig-
nificant correlation with the four latent variables, and indi-
rectly affected driver’s psychological vulnerability judgment
by influencing the four latent variables (only considering sig-
nificant correlations at the 0.01 level). Details are as follows:

1) THE INFLUENCE OF THE RELATIONSHIP BETWEEN
ATTITUDE AND OTHER FACTORS ON DRIVER’S
PSYCHOLOGICAL VULNERABILITY JUDGMENT
Educational background and driving personality had a sig-
nificant positive impact on attitude. A higher educational
background or more aggressive driving personality led to a
more positive driving tendencies, and a decreased inclination
to driver’s psychological vulnerability judgment (Fig. 4).

FIGURE 4. The influence of the relationship between attitude and other
factors on driver’s psychological vulnerability judgment.

2) THE INFLUENCE OF THE RELATIONSHIP BETWEEN
PERCEIVED USEFULNESS AND OTHER FACTORS ON
DRIVER’S PSYCHOLOGICAL VULNERABILITY JUDGMENT
Education and driving personality significantly and positively
impacted perceived usefulness. A higher educational level
or more aggressive driving personality was associated with
enhanced perceived usefulness. Both the interaction between
perceived usefulness and attitude and between trust and per-
ceived risk had a positive impact on driver’s psychological
vulnerability judgment (Fig. 5).

FIGURE 5. The influence of the relationship between perceived
usefulness and other factors on driver’s psychological vulnerability
judgment.

3) THE INFLUENCE OF THE RELATIONSHIP BETWEEN TRUST
AND OTHER FACTORS ON DRIVER’S PSYCHOLOGICAL
VULNERABILITY JUDGMENT
Driving personality had a significantly positive impact on
trust. A more aggressive driving personality was associated

VOLUME 11, 2023 34887



Y. Wang, X. Zhao: Factors Influencing Driver’s Psychological Vulnerability Judgment

with a higher level of trust, and in turn, decreased driver’s
psychological vulnerability judgment (Fig. 6).

FIGURE 6. The influence of the relationship between trust and other
factors on driver’s psychological vulnerability judgment.

4) THE INFLUENCE OF THE RELATIONSHIP BETWEEN
PERCEIVED RISK AND OTHER FACTORS ON DRIVER’S
PSYCHOLOGICAL VULNERABILITY JUDGMENT
Age, driving experience, and driving personality had signif-
icantly negative impacts on perceived risk. A higher age,
longer driving experience, and a more aggressive driving per-
sonality was associated with a lower perceived level of risk.
These factors decreased driver’s psychological vulnerability
judgment (Fig. 7).

FIGURE 7. The influence of the relationship between perceived risk and
other factors on driver’s psychological vulnerability judgment.

Our data indicate that individuals with higher education,
more driving experience, older age, andmore aggressive driv-
ing personalities are less likely to consider themselves psy-
chologically vulnerable when sharing the road with driverless
vehicles. Thus, these groups are more likely to accept driver-
less technology. This can be explained as follows:

Highly educated individuals may be better able to under-
stand the mechanisms of driverless technology, and be more
receptive to emerging technologies. Further, experienced
driversmay have accumulatedmore confidence in the process
of driving, and thus be less concerned about the problems they
may encounter during driving. Thus, these individuals may
be less worried about whether other vehicles are driverless
or manned. Older individuals may be both highly educated
and experienced drivers, and may stand to gain more from
emerging technologies such as driverless technology as they
attempt to preserve freedom of travel as they age. Finally,
aggressive drivers may also be more motivated to adopt
emerging technologies, making them less fearful and more
confident.

VI. CONCLUSION
In this paper, a series of analysis was carried out on the results
of the questionnaire survey. After ensuring the validity of

the questionnaire data, the paper used Logistics regression
analysis to conduct a detailed analysis on the factors affecting
driver’s vulnerable psychology. Finally, the results of Logis-
tics regression analysis were discussed in detail and the final
results were summarized as follows.

In summary, we detected the following relationships
amongst the assessed factors influencing driver’s psycholog-
ical vulnerability judgment in a mixed traffic competition:

Attitude and trust significantly and positively impacted
driver’s psychological vulnerability judgment, while per-
ceived risk significantly and negatively impacted predications
regarding psychological vulnerability.

Perceived usefulness was positively correlated with atti-
tude and trust. Attitude and trust had an indirect positive
impact on driver’s psychological vulnerability judgment. Per-
ceived usefulness was negatively correlated with perceived
risk, and perceived risk had an indirect positive impact on
predictions regarding psychological vulnerability.

Educational background and driving personality were pos-
itively correlated with attitude and perceived usefulness,
and had an indirect positive effect on driver’s psychological
vulnerability judgment by influencing trust and perceived
usefulness.

Driving personality was positively correlated with trust,
which had a positive impact on expectations of psychological
vulnerability by influencing trust.

Age, driving experience, and driving personality were sig-
nificantly and negatively correlated with perceived risk, and
had a positive impact on expectations of psychological vul-
nerability by influencing perceived risk.

This paper makes an effective investigation on the factors
affecting the promotion of driverless technology. According
to these conclusions, researchers and market promoters of
driverless technology can modify the existing shortcomings
of driverless technology, and provide good help for the future
promotion of driverless technology.
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