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Abstract

As a currently emerging technology and an emerging intelligent mode of transport, autono-
mous vehicles (AVs) with lots of potential advantages need attention in terms of acceptabil-
ity of their users. This research incorporates three psychological factors of perceived trust,
perceived value, and perceived enjoyment into the technology acceptance model, and
explores the influence of these factors on the potential use intention of AVs users. In this
study, the questionnaire data from 232 participants were analysed, and the structural equa-
tion model test study model was adopted, and nine hypotheses proposed in this study were
verified. The results show that perceived enjoyment, perceived trust, perceived usefulness,
and attitude have a direct positive impact on users’ usage intentions. Perceived value, per-
ceived usefulness, and perceived ease of use have a direct positive impact on user atti-
tudes. In addition, perceived ease of use has also been shown to directly affect perceived
usefulness. This study constructs and demonstrates a model of autonomous vehicle accep-
tance. This model can be used for user acceptance research of unmanned vehicles. The
research expands the theory of technology acceptance model and its applicable fields, and
enriches the theory of user research on unmanned vehicles. This study provides predictors
of AVs acceptance for AVs designers, automakers, automotive policy makers, and related
practitioners. Help them make actionable autonomous vehicle-related decisions to promote
high-acceptance autonomous vehicle design and user intent for autonomous vehicles.

Introduction

More innovative development schemes have been worked out by virtue of the innovation of
future urban traffic facilities along with the development of artificial intelligence technology,
and the automated vehicle technology which much attention has been paid to in recent years
is a typical representative among them. Autonomous vehicle (AVs), also called auto-driving
vehicle, refers to a motor vehicle that can perceive the road environment and be automatically
navigated when not being under the driving control of a human driver [1, 2]. Driverless cars
have attracted the attention of various countries and regions in different periods. For example,
the CyberCars project launched by the European Union in 2001 uses laser scanning technol-
ogy to realize the functions of obstacle detection, vehicle tracking and autonomous navigation
of intelligent vehicles [3]. China’s Baidu smart car passed the approval of the California
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Department of Motor Vehicles in 2016, and obtained a permit for road testing of unmanned
vehicles. This is an important event in China’s smart car technology [4]. In 2021, Beijing
launched China’s first commercial autonomous driving travel service pilot project [5]. At the
same time, traffic legislation [6], parking policy [7], road competitiveness [8], vehicle intelli-
gence technology and algorithm (such as remote sensing data fusion technology, motion plan-
ning and target recognition algorithm, collision avoidance technology) [9, 10] and so on have
gradually attracted the attention of researchers. Although self-driving cars have taken some
time to develop, they may not become popular in the market until 2040 at the earliest, or as
late as 2060 [11, 12]. In advanced economies, by 2050, highways will be almost unmanned, and
the global market for self-driving cars is expected to reach about 400 billion U.S. dollars [13].
It can be said that with the progress of such technologies as artificial intelligence, advanced vehi-
cles, etc., AVs have received much attention in recent years [14-16], which provide a more safe
and sustainable mode of transport for tourism [17, 18]. These Al-powered AVs are gradually
becoming part of our daily lives [17]. Due to the subversion of AVs, people’s travel methods
and travel distances have changed [17], reshaping the mobility and sustainability of travel [19].

AVs have many advantages. For example, because AVs can drive automatically, the driver
does not need to pay complete attention to the road, but handle his personal affairs during the
ride, greatly improving the use efficiency of the driving time [20]. AVs’ users can reduce their
driving time and improve their driving efficiency through such functions and services as reser-
vation, effective use of lane, route optimization, etc. [21, 22]. AVs can prevent the humans
from getting tired, distracted, etc. during vehicle driving, possibly greatly decrease unnecessary
traffic accidents [21], and can provide personal mobility service for juveniles and disabled peo-
ple [21]. AVs are helpful for optimizing traffic flow [16] and reducing traffic accidents [23].
On the whole, AVs are advantageous in respect of safety improvement, energy saving, emis-
sion reduction and enhancement of transport efficiency, etc. [24-26]. Despite the many bene-
fits of AVs, user adoption of AVs appears to be lagging far behind expectations [27]. For
example, in the study of Menon et al. [28], it was found that more than half (61.5%) of Ameri-
can drivers were unwilling to take AVs [28], and their willingness to use or purchase AVs was
very low. Therefore, it is quite important to learn personal users’ attitude towards automated
vehicles, because it is a key factor in the individuals’ future technological demand as well as the
organizations’ future governance policy and investment in future traffic infrastructure [28],
and the acceptability to AVs can be promoted only after the factors affecting the intention to
use AVs are learned [29].

In order to predict and explain user behavior and clarify the relationship between users’
attitudes toward technology and technical behavior, previous studies have borrowed the user
technology acceptance model (TAM) [30, 31]. For example, Wu et al. [32] conducted a
research on the public acceptance of self-driving buses based on the technology acceptance
model. The results show that attitudes positively affect users’ behavioral intentions, and trust
and perceived usefulness variables positively affect users’ attitudes. This study extends the tech-
nology acceptance model. Park et al. [14] added social influence and facilitating condition to
the technology acceptance model, and also explored the moderating effects of demographic
variables such as age, family size and education level. The results show that three variables,
social influence, convenience and perceived usefulness, are important factors affecting AV
users’ usage intention. At the same time, demographic variables play a moderating role in the
effects of perceived usefulness and social influence on AV use intention. Although relevant
studies have determined the impact factors of users’ acceptance and use of AVs, the dimen-
sions and relationships of technology acceptance model in some studies are still not very clear
[33], in some studies, the relationship between perceived ease of use and perceived usefulness
and intention of use is not significant [34, 35], which is different from what were found in the
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TAM. Just as what were pointed out in the past studies [36, 37], the predictive ability of the
TAM can still be enhanced by extension, although it is a theoretical model that has been widely
applied. Although the technology acceptance model is an excellent predictive model of tech-
nology acceptance, it does not include some other significant belief variables [38], and it needs
to be extended to the environment of autonomous vehicles. Thus, this study tries to increase
new dimensions based on the TAM model, in order to further explain the acceptability of
AVs.

It is extremely important to carry out research on users’ psychological factors [39].
Although research on user behavior of driverless cars has gradually attracted attention, the psy-
chological factors were focused on only in a small number of previous studies [35, 40, 41].
Accordingly, the studies on such psychological factors as perceived trust, perceived value and
perceived enjoyment are slightly insufficient, although the study on the behaviors of AV users
has gradually received attention. Verberne et al. [41] pointed out that the dimension of per-
ceived trust, as an important psychological factor explaining acceptability to AVs, can have a
positive influence on the adoption behavior of automated information technology users [41,
42]. The automated driving technology, as an automated system, has a relationship with
humans that is under the action of trust [29]. Just as Choi et al. [35] put it, users’ trust, as a key
factor affecting users’ intention to use AVs, can enhance users’ intention to use AV technology
[34, 43, 44]. Meanwhile, Users’ perceived value is the results of their examining and weighing
product capabilities and assessing product efficacies based on the integral technology gain and
loss [45], and as a subjective evaluation indicator, it is used a useful tool for analyzing and
studying the relationship between behavioral intentions and behavioral decision making [46].
That is to say, the psychological activity about such perceived value can affect the user’s behav-
ioral intention and finally affect his actual behavior. This has been demonstrated in previous
studies, for example, Strom et al. [47] pointed out that perceived value has a positive influence
on consumers’ behavior of changing purchase channels. Yuen et al. [48] pointed out that per-
ceived value has a positive impact on users’ attitudes towards technology. In addition, Li et al.
[46] also pointed out that different customers’ perception of the value of the same product can
differ due to different channels, in the multi-channel clothes purchase environment and mar-
ket. All of these indicate to a certain extent that the differences in situation and field can affect
the users’ perceiving value. Thus, the intention to use automated vehicles and the influences of
perceived value deserve our discussion. In Steg’s opinion [49], driving, a composite behavior,
is risky, exciting and pleasant. According to psychological theories, behavioral motivations
consist of intrinsic and extrinsic motivations [50, 51], and enjoyment is a typical intrinsic
motivation [52]. Those preferring to obtain enjoyment from excitement and risks and seeking
after novel experience are willing to accept use of new technology systems early [53, 54],
because they can more feel the novel attraction of technology to them by early experiencing
technology. Just as Holbrook et al. [55] put it, consumers may choose to use a new technology,
due to their focus on the fun and even novelty in it. However, Haboucha et al. [56] pointed out
that those having their own driving habits desire to control vehicles, and thus are impossibly
willing to use AVs, because AV can deprive them of their fun in driving experience. There-
fore, the efficacy of perceived enjoyment on use of AVs still needs to further studied [57].

Although there are many current studies investigating users’ behavioral intentions for
autonomous vehicles, they are still not comprehensive [39]. The current research on the
behavioral intention of autonomous vehicles has problems such as the use motivation is not
unified [58]. For the study on the intention to use AVs, it is necessary to discuss from the per-
spective of users’ psychological factors [33], in order to enhance the knowledge about use of
AVs. Through a theoretical analysis on psychological factors, the public’s acceptance and use
of AVs can be more fully understood. However, the work related to studying the users’
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acceptance of AVs is quite limited, and the exploration into the relevant influencing psycho-
logical factors has led to few results [59, 60]. Many current studies focus on demographic vari-
ables [14, 61], and currently there are many studies on tourists [17, 18] and drivers with
driving experience [34, 62], and there is a lack of student groups as samples. However, the only
individual research [63] with college students as samples is from the designer’s perspective.
The current college students are an important group of potential users of unmanned vehicles
in the future. It may be helpful to understand the influencing factors of their AVs use inten-
tions, And for the subsequent wider commercialization of AVs. Thus, this study aims at dis-
cussing the acceptance and use by AV users from the perspective of psychological factors, that
is to say, the three psychological factors, i.e., perceived trust, perceived value and perceived
enjoyment, are included in the technology acceptance model, for discussing their influences
on the intention of potential users such as college students of AVs. This study extends the tech-
nology acceptance model by adding three psychological factors (perceived trust, perceived
value, and perceived enjoyment) that influence autonomous vehicle user intentions to the
technology acceptance model. Research builds and validates autonomous vehicle acceptance
model. The findings of this study could improve our understanding of the factors associated
with user adoption of autonomous vehicles.

Research hypothesis development
Technology acceptance model

The technology acceptance model proposed by Davis [64] is based on Theory of Reasoned
Action. It is a representative theoretical model for explaining and predicting the adoption of
technological systems [37, 65]. The model includes variables such as behavioral intention to
use, attitude, perceived usefulness, and perceived ease of use. It is widely used in technology
acceptance studies [66]. In addition, in recent years, the TAM has been applied in the relevant
studies on acceptance and prediction of automobile driving, e.g., Kaur et al. [67]., and Zhang
et al. [68].

Users’ intention are the basic requirements for adopting a new technological system [69].
For the early study stage of a technology, Bl is frequently taken as a dependent variable [70,
71]. It is impossible to test the actual use of AVs, because they have not been widely applied
yet. Therefore, it is rational to take intention as a result variable. In the TAM, attitude means
users’ positive or negative attitude towards technology use. If believing in that adopting a tech-
nology can lead to a good result, individuals will have a positive attitude towards adopting it.
In the TAM, users’ attitude towards technological behavior, as a key factor for predicting and
explaining human behaviors, positively acts on the use intention. Previous studies [72-74] also
demonstrated that attitude can positively affect users’ intention to use AVs and other new
innovative technologies. In Wu et al. ’s research [32] on the public acceptance of autonomous
buses, it is also shown that user attitudes and user intentions have a positive impact. In addi-
tion, Wang et al. [75] collected data through online surveys and explored the antecedents that
influence Chinese consumers to use electric shuttle bus service. The results showed that atti-
tudes have the greatest impact on behavioral intentions. This study believes that the users’
intention to use AVs, an innovative technology product, should also be affected by attitude.
For this purpose, we put forward:

H1: ATT has a positive influence on the users’ intention to use AVs.

In the TAM, perceived usefulness (PU) is defined as the degree to which the user believes
that they can improve their performance by using an information technology system, and it
can also be regarded as the function and advantage that can be achieved through use of tech-
nologies [70]. Perceived usefulness significantly affects users’ intention for and attitude
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towards using technologies [64]. Such advantages of AVs as optimization of road planning
[21, 76] may also enhance the user’s intention to use them to a certain degree, and just as
Lee et al. [33] put it, for AVs, the leading effect of the user’s perceived usefulness on their
intention to use AVs can be considered as a significant feature of AVs. The perceived useful-
ness of driverless cars has a positive impact on users’ intentions [77]. In the study of Park

et al. [14] who used demographic variables as key factors to explore user adoption of auton-
omous vehicles, they also pointed out that perceived usefulness has a positive impact on
user adoption. The research of Jaszberényi et al. [18] also shows that the perceived useful-
ness variable has a positive impact on the user’s intention to use self-driving cars for travel.
Based on TAM and other theories, Stiegemeier et al. [78] conducted a study on the accep-
tance of in-vehicle assistance and infotainment systems for German drivers, showing that
perceived usefulness affects users’ use intentions. At the same time, the positive impact of
perceived usefulness on users’ usage intentions has also been confirmed in the studies of Li
etal. [79] and Yan et al. [80]. Of course, the relationship between perceived usefulness and
usage intention is also specified in TAM [70]. In addition, related research [81] also shows
the positive and direct impact of perceived usefulness on attitudes. Based on the above stud-
ies, this study proposes that the perceived usefulness of users’ belief that using Avs will
enhance their job performance may positively influence users’ attitudes and intentions to
use Avs. Therefore, we assume:

H2: Perceived usefulness positively affects users’ attitude towards use of AVs.

H3: Perceived usefulness positively affects users’ intention to use AVs.

Davis et al. [70] interprets perceived ease of use as the degree to which users perceive
using a particular technological system as effortless or easy. In this study, PEOU refers to
the degree to which AVs can be easily used in an individual’s opinion. In the technology
acceptance model, PEOU, as an important factor, positively affects the PU and the attitude
of the user using the technology, and thus indirectly affects the use intention. The relevant
studies on acceptance and use of AVs also demonstrated the role of perceived ease of use
[35, 65]. For instance, a study of Lee et al. [33] showed that perceived ease of use affects per-
ceived usefulness. In addition, a previous study [35] also pointed out that PEOU positively
affects use intention, and the significant impact of perceived ease of use on attitudes [81].
Koul et al. [77] used Pearson correlation analysis and multiple linear regression analysis to
explore the impact of driverless car technology’s perceived ease of use on usage intention.
The results show that perceived ease of use has a significant positive impact on usage inten-
tion. In Jaszberényi et al. ’s study [18] on the intention to adopt autonomous vehicles for
tourism purposes, it was shown that perceived ease of use has a significant impact on the
intention to use. In addition, the positive impact of perceived ease of use on user intentions
has also been confirmed in research on mobile payment technology [82], vehicle assistance
and entertainment system [78] and e-learning technology [83]. However, some previous
studies [20, 84] showed that perceived ease of use has no effect on intention to use. In addi-
tion, the direct effect of perceived ease of use on perceived usefulness is also often confirmed
by some studies [32, 74, 85]. This study argues that the impact of perceived ease of use on
user intentions may vary across technical systems. In this study, as an innovative product,
the ease of use of AVs is also extremely important, because the ease of use may also affect
users’ perception of the usefulness of AVs, their attitudes, and their intentions. Therefore,
based on previous research, this study put forward:

H4: PEOU positively affects users’ attitude towards use of AVs.

H5: PEOU positively affects users’ perceived usefulness about AVs.

Hé: PEOU positively affects users’ intention to use AVs.
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Perceived trust

Lee et al. [86] defines trust as: "the attitude that an agent will help achieve an individual’s goals
in a situation characterized by uncertainty and uncertainty Vulnerability ". Furthermore, Her-
renkind et al. [87] interprets trust as the degree of trust in the predictability and functionality
of a particular technical system. In addition to regulating the relationship between individuals,
trust can adjust the relationship between humans and automation technology [35], and it is
regarded as the main decisive factor for accepting and using automation technology [35, 67,
86, 88-90]. However, it is unadvisable to excessively or insufficiently trust with technology use.
Parasuraman et al. [91] pointed out that insufficient trust in automated system may lead to los-
ing the opportunity of using automated system technology, and excessive trust in it can result
in misuse of automated system technology. Just as Jing et al. [92] pointed out that perceived
trust was not taken seriously in the early technology acceptance model. However, in the cur-
rent lack of abundant AVs acceptance research, related research also shows that trust is a sig-
nificant predictor of users’ intention to use AVs [93]. For instance, Choi et al. [35] and Zhang
et al. [30] pointed out that trust plays a key role in users’ accepting AVs, and the relevant stud-
ies also demonstrated the role of trust in the users’ intention to use AVs [35, 67, 92]. It has the
greatest impact on the acceptance of AVs [94]. We hold that Potential users should consis-
tently trust the emerging technology AVs, and only this can ensure that there are further
attempts to use them. Therefore, we put forward:

H?7: Perceived trust positively affects users” intention to use AVs.

Perceived enjoyment

Entertainment motivation is the foundation on which consumers’ consuming behavior is
understood [95]. Driving fun can be construed as users’ pleasant experience and feeling related
to their intrinsic motivations during automobile driving [52, 96, 97]. The relevant studies [54,
98, 99] showed that entertainment motivation is one of the important decisive factors affecting
use and adoption of new technology systems. A study of Gkartzonikas et al. [100] showed that
users’ intention to use AVs is under the influence of their motivations like novel demands,
driving experience and enjoyment, etc. In the study of Benleulmi et al. [58] on the behavioral
use intention of fully autonomous vehicles, it was also confirmed that hedonic factors have a
significant positive impact on the use intention. Madigan, et al. [101] also found that enjoy-
ment is the strongest factor predicting users’ intention to use AVs. Perceived enjoyment can
positively act on users’ intention to use technology [87]. Therefore, in this study, we assume:
H8: Perceived enjoyment positively affects users’” intention to use AVs.

Perceived value

During the research and development of AVs, examining and weighing users’ value is neces-
sary, and this value is also required to be considered in the early study on use intention. Per-
ceived value is construed as the weighing between the benefits obtained during a user’s using a
product or service and the monetary cost of adopting the product or service [45]. So, the per-
ceived value of AVs can be understood as the weighing between the monetary cost paid by
users for using AVs and the benefits obtained by them during use of AVs [45, 54]. The per-
ceived value will be considered by users as positive, when they perceive that the benefits
obtained through use of technology systems are higher than the monetary cost paid by them
for using the systems [102]. It is one of the key factors affecting users’ using technology, signifi-
cantly affects users’ attitude to use technologies [48]. Hewapathirana [103] subdivided per-
ceived value into quality, price, emotion, social and ecological values. The study confirmed
that these five value dimensions have a positive impact on users’ attitudes towards alternative
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Fig 1. AVs technology acceptance model.
https://doi.org/10.1371/journal.pone.0282915.g001

fuel vehicles, thereby affecting users’ Intended use of alternative fuel vehicles. Vinijcharoensri
[104] investigated the impact of users’ perception of the value of luxury cars in Thailand on
luxury attitudes. The study divides perceived value into three dimensions: social value, per-
sonal value and functional value, and they include different factors at the same time. The
research shows that all factors in the dimension of functional value are significantly positively
correlated with attitude, and some factors in the dimension of social value and personal value
have a positive impact on attitude. For this reason, we infer that no matter how the dimensions
of perceived value are divided, generally speaking, perceived value has a certain impact on
users’ attitudes. After all, when users perceive the various benefits that new technologies such
as driverless cars bring to daily life and social development, their attitudes should be positive.
Thus, we propose this assumption:

H9: Perceived value positively affects AVs users’ attitude towards technology use.

To sum up, an AVs technology acceptance model is hereby proposed for this study, as
shown in Fig 1.

Methods
Questionnaire

In this study, a questionnaire was designed to collect data to verify our model. To guarantee
the content validity of the questionnaire, all of its items were adapted from previous theoretical
literature, and at the same time, two experts were invited to conduct the review to revise and
adjust the wording and context of the items and enhance the users’ understanding. Later on,
23 copies of the questionnaire were pretested, and the results showed that the Cronbach’s a val-
ues of all the variables were above 0.7, manifesting that the dimensions of the questionnaire
are credible, resulting in the final questionnaire. The formal questionnaire consists the scale in
the first part and the personal basic information of the second part. The personal basic infor-
mation consists of gender, age, whether a driver’s license has been obtained or not (with or
without driver’s license), actual experience in automobile driving (with or without driving
experience. that is, independent practical driving experience, non-driving experience during
the driving test), knowing of AVs (having heard of it or not). In recent years, TAM has been
applied in related acceptance and prediction studies of car driving, for example, the studies of
Kaur et al. [67] and Zhang et al. [68]. However, although relevant studies have identified the
influencing factors of user acceptance and use of AV, the facets of TAM and their relationship
are still unclear in some studies [33]. Although the technology acceptance model is an excellent
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technology acceptance prediction model, it does not include some other significant belief vari-
ables [38], and its application needs to be extended to the environment of autonomous vehi-
cles. For this reason, this study is based on the science and technology acceptance model to
expand, so the scale consists of the measurement items of seven dimensions of PEOU, PU,
ATT, BL PT, PE and PV. A study of Choi et al. [35] was referred to for the measurement items
of the dimension of perceived trust, the four items studied by Madigan et al. [101] were
referred to for the measurement items of the dimension of perceived enjoyment, and a study
of Venkatesh et al. [54] was referred to for the measurement indicators of the dimension of
perceived value. We prepared the measurement items of the dimensions of PEOU, PU, ATT
and BI by referring to a study of Davis et al. [70]. The questionnaire of this study is shown in
the Support information. The questionnaire had the 7-point Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree). Before being replied to, the questionnaire provided a
basic introduction to AVs, namely, “AVs refer to a motor vehicle that can sense the environ-
ment and navigate, and possibly can lead to reduction of traffic jam, automatic navigation,
automatic obstacle avoidance and enhancement of travel efficiency, etc.”, for the purpose of
making the participants basically learn AVs.

Participant and data collection

The current college students are the representative group who are about to go to work. They
were born and grew up in the Internet age, and they pay attention to new things. More impor-
tantly, these college students will be important potential buyers and users of driverless cars.
However, currently there are many studies on tourists [17, 18] and drivers with driving experi-
ence [34, 62], and there is a lack of research on college students as samples. At the same time,
the samples of many current studies [17, 34, 105, 106] are mainly European and American,
while the research on Chinese users in the huge Chinese market is still insufficient. Therefore,
in this study, the relevant data was collected from some students of a university in China by
convenience sampling, for the purpose of being oriented towards more widely distributed
potential AV users. All participants are from China, and the data was collected through the
network. The study obtained the informed consent of all participants, all the participants were
anonymous. The ethical approval for all experimental protocols in this study was approved by
the Academic Committee of Guangdong Ocean University, and the participants verbally
agreed to participate in this study under the recruitment and witness of the class teacher, and
then they filled out and submitted the questionnaire voluntarily. All methods of the study were
carried out in accordance with relevant guidelines and regulations. From February to March,
2021, a total of 275 copies of the questionnaire were received, with 27 of them, which were
obviously defective (on which, for instance, the replies to the all the items were the same, the
replies are regular, etc.), eliminated. In addition, considering that driverless cars are a new
technology, in order to truly understand the intentions of users, this study also excluded the
questionnaire data of 16 users who had never heard of driverless cars. Therefore, 232 question-
naires were finally included for statistical analysis in this study. The demographic characteris-
tics are shown in Table 1. Of the repliers of the retained 232 copies, 139 (59.9%) and 93
(40.1%) were male and female respectively, aged 20.36 (SD = 1.216) on average, 97 (41.8%)
had successfully obtained a driver’s license, 135 people did not get a driver’s license, 74

(31.9%) had actual experience in automobile driving, and all (n = 232) had heard of AVs.

Data analysis

Partial least squares structural equation modeling is considered as more adaptable to the stud-
ies involving exploratory analysis and theoretical development [107]. It is not limited by the
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Table 1. The demographic of participants (N = 232).

Items Option Number Percentage (%)
Gender Male 139 59.9
Female 93 40.1
Small car license Have a small car driver’s license 97 41.8
No small car driver’s license 135 58.2
Driving experience Have car driving experience 74 31.9
No car driving experience 158 68.1
Heard of AVs Have heard of AVs 232 100
Mean age Mean = 20.36 (SD = 1.216);Minimun = 18; Maximum = 24

https://doi.org/10.1371/journal.pone.0282915.t001

variable distribution form, and can handle more complex structural models, and has advan-
tages such as multivariate analysis [108]. Therefore, in this study, Partial Least Squares-struc-
tural equation modeling were used as the method of data analysis, and BootStrap method via
data Re-sampling was used to estimate the significance of path coefficients (T-value values)
[109] to test the hypotheses proposed in this study. Moreover, the explanatory power of the
research model was judged with R*. In addition, this study reduced the common method bias
through the anonymous answers of the scale and the simple topic statement, and used the Har-
man single factor test to evaluate the common method bias [110]. The results of Harman’s sin-
gle factor test indicated that the variance explained by the single factor maximization was
39.525%, which did not exceed the threshold of 50% suggested by Podsakoff et al. [111].

Results
Reliability and validity results

In structural equation modeling, the evaluation of the measurement model is the primary task
to be accomplished, while the assessment of reliability and validity is the key component of the
measurement model evaluation. Measuring the questionnaire reliability and validity is firstly
required. According to Hair, et al. [112], the value of internal consistency (Cronbach’s alpha)
should be higher than 0.7 and that of composite reliability (CR) higher than 0.7 [113]. The
Cronbach’s alpha of all the dimensions of our study exceeded 0.7, that is to say, 0.735, 0.835,
0.868, 0.741, 0.906, 0.914 and 0.809 for PEOU, PU, BI, ATT, PT, PE and PV respectively. The
composite reliability values of all the dimensions were higher than 0.7 (Table 2), indicating
that the study had good internal consistency.

The average variance extracted (AVE) of all the dimensions of this study were higher than
0.5, reaching the value 0.5 suggested by Fornell et al. [113] and Bagozzi et al. [114] for the AVE
of the converged validity dimension. The discriminatory validity reflects the empirical differ-
ences of all the constructs [115], demonstrating that the constructs are distinguishable, and it
requires that the square root of the average variance extracted of the dimensions is higher than
the correlation coefficients between the construct and other ones [113]. Table 3 shows that the
correlation coefficients between the constructs are lower than the square root of the average
variance extracted, indicating that the discriminatory validity is good. To sum up, with good
reliability and validity, the measurement model is suitable for analyzing the structural model.

Verification of hypotheses

The significance level of the path coefficient in the structural model is calculated with the
5,000-times Bootstrap resampling method [116], and the results are shown in Fig 2 and Table 4:
Perceived usefulness (8 = 0.399, t = 5.193; p < 0.001) and perceived ease of use (§ = 0.298,

PLOS ONE | https://doi.org/10.1371/journal.pone.0282915 March 16, 2023 9/22


https://doi.org/10.1371/journal.pone.0282915.t001
https://doi.org/10.1371/journal.pone.0282915

PLOS ONE Driverless acceptance study

Table 2. Reliability and validity of variants.

Constructs | Item Indicator Reliability | Mean | Standard Deviation | Cronbach’s Alpha |CR |AVE

ATT 1. Using driverless cars is a good idea. 0.782 4.845 | 1.107 0.741 0.853 | 0.659
2. Using driverless cars is a wise choice. 0.862 4.810 | 1.090
3. It is very pleasant to use driverless cars. 0.789 4.784 | 1.097

BI 1. Iintend to use driverless cars in the future. 0.895 4.841 | 1.388 0.868 0.919 | 0.791
2.1 hope to use driverless cars in the future. 0.888 4.819 | 1.424
3.1 plan to use driverless cars in the future. 0.885 4.642 | 1.348

PE 1. Using driverless cars would be fun. 0.918 4.892 | 1.246 0.914 0.945 | 0.852
2. Using driverless cars would be enjoyable. 0.930 5.034 | 1.159
3. Using driverless cars would be pleasant. 0.923 4.875 | 1.173

PEOU 1. Learning to operate driverless cars would be easy for me. 0.718 4.573 | 1.100 0.735 0.846 | 0.649
2.1 would find it easy to get driverless cars to do what I wantto | 0.824 4.534 | 1.155
do.
3.1 will find driverless cars easy to use. 0.867 4.716 | 1.162

PT 1. A driverless car is dependable. 0.935 4.207 | 1.118 0.906 0.941 | 0.842
2. A driverless car is reliable. 0.935 4.250 | 1.105
3. Overall, I can trust a driverless car. 0.881 4.168 | 1.186

PU 1. Using a driverless car can improve my driving efficiency. 0.814 4.517 | 1.263 0.835 0.890 | 0.669
2. Using a driverless car can improve my travel efficiency. 0.846 4.647 | 1.265
3. Using a driverless car can reduce my driving stress. 0.792 4.996 | 1.331
4. T will find a driverless car is useful. 0.818 4.720 | 1.223

PV 1. The price of driverless cars should be reasonable 0.721 5.284 | 1.184 0.809 0.867 | 0.687
2. Driverless cars are worth the money. 0.823 5.409 | 1.145
3. Driverless cars can provide good value. 0.929 5.228 | 1.100

https://doi.org/10.1371/journal.pone.0282915.t002

t =4.027; p < 0.001) had a significant effect on attitude, and attitude (§ = 0.301, t = 3.593;

p < 0.001) has a significant impact on intention to use, so Hypotheses 1, 2, and 4 are valid. Per-
ceived value (B = 0.133, t = 2.387; p < 0.01) also has a significant effect on attitude, which in
turn affects intention to use, Hypothesis 9 holds. The study also showed that perceived useful-
ness (B = 0.127, t = 2.063; p < 0.05) had a significant effect on intention to use. Perceived ease of
use (B =0.581,t=11.417; p < 0.001) also has a significant impact on perceived usefulness, so
Hypotheses 3 and 5 are valid. In addition, participants’ perceived trust ( = 0.182, t = 2.573;

p < 0.01) and perceived enjoyment (B = 0.175, t = 2.474; p < 0.05) have a significant impact on
the use intention of driverless cars, so Hypotheses 7 and 8 are established. However, our results
show that the effect of perceived ease of use on intention is not significant (§ = 0.093, t = 1.247),

Table 3. Square root value between correlation coefficient and AVE of dimensions.

M SD ATT BI PV PEOU PE PT PU

ATT 4.813 0.893 0.812

BI 4.767 1.236 0.606 0.889

PV 5.307 0.975 0.234 0.266 0.829
PEOU 4.608 0.923 0.551 0.510 0.156 0.805

PE 4.934 1.104 0.507 0.521 0.334 0.476 0.923

PT 4.208 1.044 0.498 0.536 0.246 0.518 0.513 0.917

PU 4.720 1.041 0.591 0.531 0.137 0.581 0.442 0.525 0.818

Note: M = mean;SD = Standard Deviation;The diagonal line is the square root value of the AVE

https:/doi.org/10.1371/journal.pone.0282915.t003
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Table 4. Research hypothesis evaluation results.

Perceived
trust

Perceived
ease of use

TT~~._0.093

Tt 0.182°
0.298™" N
0.581*** /?520431 ‘\‘~\ /3:30486

0.133* Behavioral

intention

Perceived
value

) 4

Attitude

0.3997"

Perceived

enjoyment

Perceived
usefulness

Fig 2. Verification results. Note: *:p<0.05; **: p<0.01; ***: p<0.001.

https://doi.org/10.1371/journal.pone.0282915.9002

so H6 does not hold. Through the evaluation, it is found that the variables that directly affect
the user’s self-driving car use intention from large to small are attitude, perceived trust, per-
ceived enjoyment and perceived usefulness.

Quality of model

The quality of the model is assessed by the explanatory power, predictive relevance and fit of
the model. The calculations of the explanatory power (R?) of the dependent variable to the
self-variant in the structural model are shown as follows: 0.431, 0.486 and 0.338 for attitude,
use intention and perceived usefulness respectively, meeting the suggestion proposed by Falk
et al. [117] that the independent explanatory power can be determined as qualified if R* is
higher than 10%. Therefore, R* of this study was up to par. The empirical results of this
research integrating the three psychological factors of perceived trust, perceived enjoyment,
and perceived value into TAM show that the constructed model has good explanatory power,
that is, the overall explanatory variation of the empirical research model is 48.6%. This shows
that perceived trust, perceived enjoyment, attitude, and perceived usefulness are powerful
explanatory factors that affect AVs users’ intentions. Tenenhaus et al. [118] proposed an

Code Research hypothesis Path Coefficients Standard Deviation t-value Result

H1 ATT—BI 0.301 0.084 3.593*** Pass the verification
H2 PU—ATT 0.399 0.077 5.193*** Pass the verification
H3 PU—BI 0.127 0.061 2.063* Pass the verification
H4 PEOU—ATT 0.298 0.074 4.027*** Pass the verification
H5 PEOU—PU 0.581 0.051 11.417*** Pass the verification
Heé PEOU—BI 0.093 0.074 1.247 Verification failed
H7 PT—BI 0.182 0.071 2.573* Pass the verification
H8 PE—BI 0.175 0.071 2.474* Pass the verification
H9 PV—ATT 0.133 0.056 2.387** Pass the verification

Note

*:p<0.05

**: p<0.01

“*%: p<0.001

https://doi.org/10.1371/journal.pone.0282915.t1004

PLOS ONE | https://doi.org/10.1371/journal.pone.0282915 March 16, 2023

11/22


https://doi.org/10.1371/journal.pone.0282915.g002
https://doi.org/10.1371/journal.pone.0282915.t004
https://doi.org/10.1371/journal.pone.0282915

PLOS ONE

Driverless acceptance study

overall fitness index for the PLS model, namely the Goodness of Fit Index. Goodness of Fit
Index is an evaluation index that comprehensively predicts the model after comprehensively
considering the measurement model and the structural model. It provides a solution for the
model’s global effectiveness fitting evaluation [118]. Calculating the Goodness of Fit Index of
this research model is 0.554, reaching the high-fitness threshold value of 0.36 recommended
by Hair et al. [108], which shows that the sample data of this research has a high degree of fit
with the model. In addition, Hu et al. [119] believed that when the value of Standardized Root
Mean Square Residual is less than 0.08, it can be understood that the fit of the model is good.
The root of the standardized mean square residual in this study is 0.063, which meets the cor-
responding standard, so the representative model has a good fit. Henseler et al. [120] believed
that when the Q* value of the internal factor facet was higher than 0, it represented that the
structural model had predictive relevance to the internal factor facet. In this study, the Q” val-
ues for assessing behavioral usage intention, attitude, and perceived usefulness were 0.375,
0.275, and 0.218, respectively, which represented the predictive relevance of the model.

Discussion

AVs are rapidly developing, but academics’ attention to the studies on acceptance of the
emerging technology AVs is insufficient [29]. According to Armitage and Conner [121], in
addition to the factor of demographic characteristics, the factor of psychology, as one of the
important factors, can promote the reforms in the relevant fields. After all, classic Psychosocial
models including Theory of Planned Behavior have been used to explain behaviors related to
autonomous driving [34]. And these Psychosocial models may provide relevant information
for users’ technology usage intentions [122]. In this study, three psychological factors, per-
ceived trust, perceived value and perceived enjoyment, were included in the technology accep-
tance model for discussing their role in users’ accepting and using AVs. Research establishes
and demonstrates a model for autonomous vehicle acceptance. This study determined the rele-
vant factors affecting potential users’ intention to use AVs, especially the factors relevant to
users’ psychological perception. The study found that perceived enjoyment, perceived trust,
perceived usefulness, and attitude have a direct positive impact on users’ intention to use. Per-
ceived value, perceived usefulness, and perceived ease of use have a direct positive impact on
user attitudes. The results showed that perceived value, perceived enjoyment, perceived trust,
perceived usefulness, perceived ease of use, and attitude were all effective predictors of inten-
tion to use AVs. This study indicated that in order to enhance users’ intention to use AVs in
future, their trust in the vehicles should be built, and these would also be necessary: improving
the ease of use and usefulness with regards to man-machine interaction, functions, etc. of AVs,
enriching the fun and entertainment experience in AVs, enhancing users’ attitude towards
AVs, and emphasizing the characteristics of these dimensions in respect of propaganda.

In the early development stage of AV, it was considered that users’ perceived trust could
affect their behavior under uncertain circumstances [29, 123], and our study demonstrated
also this: Perceived trust significantly affects users” use intention. Our findings are similar to
those of Foroughi et al. [16]. This study confirmed the influence of trust, hedonic motivation
and other factors on users’ intention to use self-driving cars. Furthermore, our findings on per-
ceived trust are also consistent with those of Meyer-Waarden et al. [124]. Trust may contain
various unavoidable risk factors [125], and just as Hegner et al. [20] put it, AVs may increase
people’s trust, because there are no human drivers on them, the most common role which
driving mistakes come from. Nevertheless, the current users may pay more attention to the
AVs themselves in terms of trust in them, such as the ease of use, efficacy, technology, etc. of
the product. For instance, according to Lee et al. [126], users may accept use of AVs, when the
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driving ability of AVs is indeed trustworthy under some complex and unpredictable situations.
Of course, the mechanism role between the “risks” and trust in such external roles as drivers
deserves our attention. Besides, a study conducted by Payre et al. [127] with AV simulators
showed that there is a correlation between trust and practical experience. That is to say, rich
practical experience can enhance users’ sense of trust to some extent. However, potential users
know little about in what state one drives an automated vehicle [34]. And Hsu ’s research [128]
shows that the experience of automation technology owned by users will enhance their sense
of adaptability to technology and reduce their fear of technology use. After all, the formation
of users’ trust in technology is a dynamic process that gradually increases with the increase of
user experience [20]. From this perspective, it is not difficult for us to understand the impact
of trust on users’ intention to use technology. Therefore, we should give full play to the positive
role of trust in improving users’ intentions to use technology.

As for acceptance of AVs, people may be driven by perceived enjoyment and perceived
demand [87, 129]. This study also pointed out that perceived enjoyment significantly affects
users’ intention to use AVs. This study result was demonstrated in a previous study [16, 130]
as well, namely, it was pointed out that positively perceiving entertainment in automobiles,
people will be more willing to use electric automobiles. In the study of Benleulmi et al. [58] on
the behavioral use intention of fully autonomous vehicles, it was also confirmed that hedonic
factors have a significant impact on the use intention. Enjoyment motivation, an important
factor for acceptance and use by users [101], is considered as the foundation on which con-
sumer behavior is understood [95]. It was pointed out that the benefits of enjoyment play an
important role in automobile use [131]. According to Eckoldt et al. [132], the psychological
distance from the AVs featuring high automaticity and the drivers becomes long, because AVs
deprive the user of their driving fun. Therefore, it deserves consideration how to achieve an
equilibrium between automation technology level and driving fun and make users accept, for
instance, such promotion and guidance as policy can be tried to enhance people’s knowledge
about AVs, and at the same time, the entertainment and ease of use in AVs are emphasized,
multiple driving modes are provided, etc., so that the user can feel the advantages of and fun
brought by AVs. Keszey [57] held that enjoyment type users pursue novel and diversified sen-
sual experience, are willing to bear the corresponding risks, and thus are more willing to accept
the novel, exciting and interesting experience as well as the consequent risks brought by AVs
[133]. The current young generations like college students, the future potential AV users, have
a higher demand for experiencing the fun, fashion, tide and entertainment in technology than
seniors, and possibly, their knowledge about automobiles is not limited to a travel tool itself.
Thus, in the future R&D design of AVs, the advantages of the Internet of Things, big data and
intelligent technology should be brought into fully play for developing the AVs with higher
entertainment and fun, in order to provide the potential users with more diversified driving
experience and fun, and enhance users’ acceptability.

Perceiving that the benefits obtained through use of a technology are higher than the mone-
tary cost paid for using it, users will regard the perceived value as positive [102], and then their
attitude towards the technology will be affected. Research by Yin et al. [48] shows that per-
ceived value has a positive impact on users’ attitudes. Based on field interviews and grounded
theory, this study examines the key factors influencing the willingness to purchase electric
vehicles for household use among visitors to the 13th Auto Expo in Hainan Province, China,
using qualitative analysis methods. The results show that factors such as perceived risk, per-
ceived value and self-control have an impact on users’ purchase intention, among which, per-
ceived value indirectly affects users’ purchase intention through the direct impact on users’
purchase attitude. Our study also found that perceived value significantly affects users’ attitude
to use AVs, and that the participants may hold that AVs should have some value, including

PLOS ONE | https://doi.org/10.1371/journal.pone.0282915 March 16, 2023 13/22


https://doi.org/10.1371/journal.pone.0282915

PLOS ONE

Driverless acceptance study

meeting their basic travel demand and bringing enjoyment to them in travel. So, in the follow-
up R&D design of AVs, more attention should be paid to this: Research and design are carried
out by centering on users and always on their demands, in order to meet their appeals, and fur-
ther enhance their recognition of the value of AV products. In addition, our study found that
perceived ease of use is not significant for user intention to use AVs, which is consistent with
the findings of Park et al. [14] and Yan et al. [80]. However, according to a previous study

[34, 134], the relationship between PEOU and use intention is weak, possibly because the driv-
ing simulator used in the study [34] impeded the participants’ knowledge to a degree, the par-
ticipants might be unfamiliar with the operation, etc. of the driving simulating, and
accordingly, the study result was affected. However, by taking certain measures to improve the
usability and usability of the product, it will bring users higher value and have certain effect on
the acceptance and use of users. For instance, the intelligent man-machine interactive control
over AVs can be achieved through sounds, tactile sense, thought, etc., and an interface comply-
ing with users’ aesthetics and operating habits is designed to enhance their intention use AVs.
Of course, the positive impact of perceived usefulness on attitude and intention to use has also
been confirmed in our research. This result is consistent with both the early technology accep-
tance model [70] and recent research [74].

Through this study, we can know that in addition to perceived usefulness, perceived ease of
use and attitude in TAM, perceived enjoyment, perceived trust and perceived value are also
extremely important factors affecting potential users’ AVs usage intention. Therefore, in order
to follow up the development and design of high-acceptance AVs and the promotion of vari-
ous potential users in society such as college students, whether it is AVs companies or R&D
designers, or government agencies and industry organizations that formulate AVs policies,
they should focus on The characteristics and needs of potential users, the design, policy formu-
lation, and marketing promotion of AVs are carried out, and the entertainment perception,
functional needs, and value pursuits of potential users are incorporated into them, so as to
enhance users’ intention to use AVs.

Our research has some theoretical significance. First, although the technology acceptance
model is an excellent technology acceptance prediction model, it does not include some other
significant belief variables [38], and its application needs to be extended to the environment of
autonomous vehicles. In this study, acceptance by users was studied in terms of the emerging
technology AVs, and such constructs as perceived trust, perceived value, perceived enjoyment,
etc. were added based on the technology acceptance model theory, further expanding the tech-
nology acceptance model theory and its scope of application. Second, this study constructs and
demonstrates the acceptance model of unmanned vehicles, which can be used for user accep-
tance research of unmanned vehicles and enriches the user research theory of unmanned vehi-
cles. Third, This study focuses on potential users such as college students, which is different
from the current research on tourists [17, 18] and drivers with driving experience [34, 62].
Current college students are potential users of future vehicles, and understanding the factors
influencing their use may contribute to the broader commercialization of subsequent AVs.
Therefore, it can be said that this study expands the user base for theoretical applications.
Fourth, different from the demographic statistics factor in the previous studies [14], discussion
was conducted based on users’ psychological factors in the current study, which can enrich the
learning about the factors affecting the intention to use AVs. In addition, our research also has
some implications for practical applications. First, this study reveals the psychological factors
that affect potential users’ intention to accept the use of driverless cars, including perceived
trust and perceived enjoyment. These findings could provide direction for driverless car
designers or manufacturers to develop features and other features. For example, this study
found that perceived enjoyment also has a significant impact on potential users’ intentions to
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use driverless cars. Therefore, designers of driverless cars should enrich the entertainment
function or experience in the process of automotive products and services. Second, the
research results can also provide guidance for the marketing and promotion policies of self-
driving cars by enterprises or governments. For example, based on the findings of the direct
impact of perceived value on users’ attitudes and the indirect impact of use intention in this
study, the government or enterprises and other institutions can make users feel the value of
driverless cars by clarifying the various benefits brought by the use of driverless cars to society,
individuals and families in the development policies and marketing advertisements of the driv-
erless car industry. Understand the usefulness of driverless cars, increase the positive attitude
of users, and ultimately improve their intention to use them. In conclusion, this study provides
predictors of AV acceptance for AV designers, automakers, automotive policy makers, and
related practitioners. This helps them make actionable autonomous vehicle-related decisions
to promote high-acceptance autonomous vehicle research and development and increase
users’ intention to use autonomous vehicles.

There are some limitations to this study. First, no true AVs were provided for the partici-
pants for experiencing in this study. Yet the tests in which no study products are used are still
of some value to the studies on potential users’ intention to use the AVs that are still in the
early development stage. Of course, in the follow-up studies, we can try to provide driving sim-
ulators, etc. just as Buckley et al. [34] did, in order to obtain richer study results. Second, the
user’s car driving experience may have a certain impact on the user’s behavior, and the experi-
ence will be enriched with time, after all, time may have an impact on the user’s behavior [34].
Respondents in this study included some potential users with no driving experience, which
may have some influence on the findings. So, cross-section exploration was insufficient in this
study. A longitudinal study lasting for a longer period of time should be carried out in the
future. Even, independent targeted studies of users with or without experience with self-driv-
ing cars might yield some interesting findings. In addition, the factors influencing the accep-
tance and use of AVs are complex, and this study is limited to focus on individual
psychological factors. In the future studies, it should be tried to include more psychological
factors based on the results of this study, so as to more deeply discuss potential users’ intention
to use AVs.

Conclusions

In recent years, driverless cars have attracted much attention. To this end, there is an urgent
need to understand the state of user acceptance of drone-driven vehicles. However, although
the research on user intention of self-driving cars has gradually attracted attention, only a few
previous studies have focused on psychological factors [35, 40, 41]. This study incorporates
three psychological factors of perceived trust, perceived value and perceived enjoyment into
the technology acceptance model. This study disclosed the causes for users’ intention to use
AVs and expanded people’s understanding about the intention to use AVs. In this study, the
relationships between perceived trust, perceived value, perceived enjoyment, perceived useful-
ness, perceived ease of use, attitude and use intention were analysed in the structural equation
mode. It was found that perceived enjoyment, perceived trust, perceived usefulness, and atti-
tude had a direct positive impact on users’ intention to use. Perceived value, perceived useful-
ness, and perceived ease of use have a direct positive impact on user attitudes. In addition,
perceived ease of use has also been shown to directly affect perceived usefulness. The results
showed that perceived value, perceived enjoyment, perceived trust, perceived usefulness, per-
ceived ease of use and attitude can be used to predict and explain users’ acceptance and use of
AVs. The factors affecting users’ intention to use AVs can be more comprehensively
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understood, through an analysis on the psychological factors in the theory, which provides a
reference for the development and design of driverless cars. For example, based on the results
of this study, designers can focus on practicality, operability, entertainment experience, and
human-computer interaction when conducting functional design and technical research of
driverless cars. Therefore, it can be said that this study enriches the learning by AVs designers
about the factors affecting users’ intention to use AVs, and can be used as reference by AVs
designers and marketers, in order to promote the R&D design of AVs featuring high accept-
ability and the users’ intention to use AVs. At the same time, this study further expands the sci-
ence and technology acceptance model theory and its applicable fields. The research
constructs and demonstrates the acceptance model of unmanned vehicles, which can be used
for user acceptance research of unmanned vehicles and enriches the user research theory of
unmanned vehicles.
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