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A B S T R A C T   

Autonomous driving is believed to provide numerous benefits for individuals and society, including increased 
road safety, reduced traffic congestion, and an improved ecological footprint. However, many barriers still 
hinder the widespread acceptance of autonomous vehicles. Research has proposed governmental policy strate-
gies to accelerate the diffusion of autonomous driving, but less is known about end-user perceptions of this 
innovative technology. First, we employ a qualitative research design to identify the elements attributed to 
individual acceptance of autonomous driving. Furthermore, we organize a research model based on the tech-
nology acceptance model, validated with an online survey of 316 participants. The findings reveal how social 
influence, system characteristics, and individual factors determine individual acceptance of autonomous driving. 
The research helps to strengthen the existing body of knowledge by highlighting individual perceptions, with 
implications for practitioners.   

1. Introduction 

Full self-driving automation is the next big mobility-related dis-
ruptive innovation, and is expected to enter the mass market in the 
coming decades (Nieuwenhuijsen et al., 2018). Several automotive and 
technology companies have already demonstrated the practicability of 
autonomous driving through well-engineered prototypes and pilots. For 
example, in 2018, Waymo's test fleet logged over five million miles 
driving in autonomous mode on public roads (Merfeld et al., 2019a;  
Waymo, 2018). 

Integrating intelligent automation technology into vehicles has 
several benefits. On an individual level, fully automated driving can 
lower commuter-related stress because the time can be used as desired 
when on the road, for example, for eating, sleeping, watching TV, or 
working (Eugensson et al., 2013; Shabanpour et al., 2017; Zmud et al., 
2017). Another potential individual benefit is related to improved ac-
cess to mobility, especially for elderly and physically impaired people, 
by ensuring the secure participation of these populations in traffic. In 
addition, autonomous driving might reduce chauffeuring burdens for 
family members and, in some cases, increase access to education and 
employment opportunities (Anderson et al., 2016; Hohenberger et al., 
2017; König and Neumayr, 2017). 

On a societal level, fully automated vehicles have the potential to 

enhance vehicle safety by practically eliminating human-related ele-
ments and errors that affect human drivers’ performance, such as aging, 
disease, stress, fatigue, inexperience, or even drug abuse (Beiker, 2012;  
Shanker et al., 2013). Advocates have estimated that driverless cars 
may reduce traffic fatalities by up to 90% by mid-century 
(Bertoncello and Wee, 2015). In addition, research emphasizes an 
ecological potential for autonomous driving, stemming from reductions 
in carbon dioxide emissions and fuel consumption by optimizing traffic 
flow (Brown et al., 2014). Autonomous driving is also expected to op-
timize land usage, because the vehicles are able to drop off passengers 
in dense metropolitan areas before driving themselves to nearby sa-
tellite parking areas (Anderson et al., 2016). Furthermore, autonomous 
vehicles might help to counteract urbanization because commuting 
time becomes less important when it can be used for other activities 
(Marletto, 2019). 

However, research has also outlined several individual and social 
concerns with regard to autonomous vehicle deployment. These include 
the high costs induced by maintenance expenses, road user fees, and 
software and hardware components (e.g., Casley et al., 2013;  
Fishman and Davies, 2016; Varghese and Boone, 2015); a rise in fuel 
consumption and carbon dioxide emissions resulting from increased 
travel demand (Brown et al., 2014); legal and ethical issues relating to 
the protection of users and pedestrians (Bonnefon et al., 2016;  
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Hevelke and Nida-Ruemelin, 2015); privacy concerns and the potential 
for malicious hacking (Bansal et al., 2016; Douma and 
Palodichuk, 2012; Hulse et al., 2018); safety concerns in mixed traffic 
situations (Thomopoulos and Givoni, 2015); and loss of jobs for alter-
native transportation providers (Taeihagh and Lim, 2019). 

However, it is argued that the biggest barrier to widespread adop-
tion of autonomous driving is psychological, not technical, in nature 
(Shariff et al., 2017; Xu et al., 2018). Thus, the user's acceptance of 
autonomous driving is essential for autonomous driving to become a 
realistic part of future transportation (Panagiotopoulos and 
Dimitrakopoulos, 2018; Xu et al., 2018). Acceptance can be defined as 
the individual's willingness to use a technology for the tasks it is de-
signed to support (Dillon and Morris, 1996). Since there are consider-
able reservations about autonomous driving, and this innovative tech-
nology has yet to be introduced to the market on a mass scale 
(Haboucha et al., 2017; König and Neumayr, 2017), understanding the 
individual's intentions and attitudes toward autonomous driving is 
crucial if this technological innovation is to be successful (Choi and 
Ji, 2015; Nordhoff et al., 2016; Xu et al., 2018). We, therefore, argue 
that a comprehensive understanding of the elements that influence user 
acceptance has the potential to inherently advance this technology's 
success in the market. 

Although a number of studies in the broader literature have re-
cognized the need for research into the factors that determine the ac-
ceptance of autonomous driving (e.g., Anania et al., 2018;  
Buckley et al., 2018a; Panagiotopoulos and Dimitrakopoulos, 2018;  
Wu et al., 2019; Xu et al., 2018), knowledge about the public accep-
tance of autonomous driving is still limited and more research is re-
quired to understand the psychological determinants of user acceptance 
(Buckley et al., 2018a; Xu et al., 2018). The particular research gaps 
that we address in this article are three-fold. First, a literature review on 
autonomous driving and acceptance by Gkartzonikas and 
Gkritza (2019) reveals that much research has focused on specific ac-
ceptance factors such as trust, driving pleasure, or safety to understand 
the acceptance of autonomous driving. The authors state that “most 
studies have examined the behavioral characteristics, perceptions, and 
attitudes related to AVs [autonomous vehicles] using descriptive ana-
lysis or some sort of econometric analysis” (p. 335). They call for more 
research on the interrelation between these factors and behavioral 
outcomes. To address this research gap, additional studies are needed to 
understand the interrelation between the various acceptance factors 
and behavioral intentions with the aid of established behavioral 
models. Second, Lee et al. (2019) and Xu et al. (2018) conclude that 
existing studies present incongruent or conflicting findings on the de-
terminants influencing willingness to use autonomous driving, thus 
calling for more research in this field of study. In particular, there “is a 
need to study several psychological factors together to extend the un-
derstanding of user's perception of autonomous vehicles” (Lee et al., 
2019, p. 412). Third, another limitation of previous studies is outlined 
by Merfeld et al. (2019a) and Buckley et al. (2018b), emphasizing that 
most insights in this research field have been assessed quantitively (see 
also Becker and Axhausen, 2017; Gkartzonikas and Gkritza, 2019). 
Thus, relevant factors that shape the acceptance of autonomous driving 
from an end-user perspective might have been overlooked 
(Venkatesh et al., 2013; Wu, 2012). Consequently, further studies are 
required to reveal individual perceptions of autonomous driving to gain 
a deeper understanding of related acceptance factors (Buckley et al., 
2018b; Merfeld et al., 2019a; Nordhoff et al., 2019). Section 2 outlines 
the current state of the literature and elaborates in more detail on the 
research gaps specific to autonomous driving acceptance. 

Thus, the main objective of this research is to generate an under-
standing of the elements potentially influencing individual acceptance, 
that is, the user's willingness to accept and adopt driverless vehicles 
(Nordhoff et al., 2016), employing fully autonomous vehicles with 
autonomy level 5 (SAE level 5 “Full Driving Automation” 
(SAE International, 2018)). These vehicles are designed to drive 

completely autonomously; in other words, the driver is not expected to 
control the vehicle during the trip. Level 5 offers significant benefits 
(e.g., Brell et al., 2019; König and Neumayr, 2017; Liljamo et al., 2018;  
Shabanpour et al., 2017; Skeete, 2018) and is also the center of atten-
tion for automotive manufacturers (Reese, 2016; Schweitzer et al., 
2019). Although other studies focus on specific use cases of autonomous 
vehicles like public transportation, ownership, or sharing 
(Acheampong and Cugurullo, 2019; Kaur and Rampersad, 2018;  
Madigan et al., 2017), we aim to explore the acceptance of autonomous 
vehicles more generally to first fully understand the basic factors in-
fluencing acceptance from a user-centric perspective. With this ap-
proach, we identify relevant constructs that might influence the ac-
ceptance of autonomous vehicles but have not yet been addressed in 
prior research. Consequently, we present the following research ques-
tion:   

What drives the acceptance of autonomous driving from an end-user 
perspective? 

To address the research question and to overcome the above-men-
tioned limitations, we apply an exploratory sequential mixed methods 
design (Creswell et al., 2003) in which we first collect qualitative data 
to capture relevant acceptance criteria from an end-user point and then 
analyze and build on the results through quantitative data collection. 
By doing so, we contribute to existing research by disclosing factors that 
drive the acceptance of a technology from an end-user's point of view 
(Venkatesh et al., 2013; Wu, 2012). In addition, we contribute to ex-
isting research by identifying motivational patterns associated with the 
use of autonomous driving (Merfeld et al., 2019a), while at the same 
time revealing the relationships between these factors (Lee et al., 2019). 
Such an approach, to the best of our knowledge, has not been applied 
by prior research into autonomous driving acceptance and, thus, pre-
sents a valuable alternative to studies that derive acceptance factors 
that are based on literature (e.g., Hegner et al., 2019; Lee et al., 2019;  
Panagiotopoulos and Dimitrakopoulos, 2018). 

The remainder of this paper is structured as follows. Section 2 dis-
cusses the current research on autonomous vehicle acceptance. Using 
an exploratory approach with a qualitative research design, we con-
ducted semi-structured interviews to reveal relevant autonomous 
driving acceptance criteria from an end-user point of view, and details 
of this process are presented in Section 3. Based upon the well-estab-
lished technology acceptance model (TAM) proposed by  
Davis et al. (1989), we then present a research model for approaching 
the stated research objective, as well as the hypothesized relationships 
formed from an online-based survey. Finally, we discuss the findings 
with a focus on implications for research and practice. 

2. Literature review 

Predicting the acceptance of autonomous driving is a fairly new 
topic (Bansal and Kockelman, 2017; Haboucha et al., 2017). However, 
several studies have been carried out to forecast its future. In order to 
identify the span of the research on the acceptance of autonomous 
driving, we conducted a literature review. The results of the 37 articles 
analyzed are documented in Appendix A. Throughout the review, the 
content of each article was examined to determine the study's objective, 
its research context and focus, methods used, theoretical framework 
applied, investigated constructs, derivation of extensions, and main 
findings. Appendix A, column (1) briefly describes the target of the 
study, while column (2) briefly describes some specifics of the research. 
The method column provides insights on the techniques and procedures 
used, and the theoretical framework column lists the theoretical foun-
dations applied. The investigated constructs column summarizes the 
respective constructs used within the research while the derivation of 
extensions column describes how these constructs were obtained. The 
main findings column presents the results of each study. In the 
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following, the key content of each considered study is outlined briefly. 
We conclude by outlining the main research gaps and the targeted 
contribution of our study. 

In an online survey of French drivers, Payre et al. (2014) reveal that 
the intention to use fully automated driving is determined by attitudes, 
contextual acceptability, sensation-seeking, and an interest in impaired 
driving. In an investigation of the influence of user experience with and 
acceptance of different automation levels in vehicles (in terms of fun, 
trust, perceived control, or attitudes), Roedel et al. (2014) show that 
both user experience and acceptance decrease continuously in relation 
to higher levels of automation. These results are in line with those of  
Cho et al. (2017), who also investigate the relationship between user 
experience and automation level. Based on the unified theory of ac-
ceptance and use of technology (UTAUT) model and the Pleasure- 
Arousal-Dominance (PAD) framework, Nordhoff et al. (2016) devel-
oped a conceptual model to understand the acceptance of autonomous 
driving; however, an empirical investigation of the proposed frame-
work is still pending. 

Using hypothetical scenarios, Anania et al. (2018) examine how the 
exposure of positive and negative information about driverless cars 
affects consumers’ willingness to use such vehicles.  
Hudson et al. (2019) reveal that attitudes toward autonomous vehicles 
are determined by robot technophobia and self-interest. In addition, 
they emphasize that acceptance of autonomous driving differs between 
countries and depends on sociodemographic characteristics (e.g., 
gender, age, or level of education). In this regard,  
Nishihori et al. (2020) found that population density, gender, usage 
intentions, and the degree of commitment to autonomous vehicles af-
fect the social acceptance of autonomous vehicles in Japan.  
Yuen et al. (2020) propose and validate a theoretical model to under-
stand user acceptance of autonomous driving in Korea. The researchers 
identify that the impact of innovation diffusion attributes (e.g., trial-
ability, relative advantage, complexity, compatibility, observability, 
and trust) on acceptance is mediated by the perceived value of auton-
omous driving. Manfreda et al. (2019) adopt and extend the UTAUT to 
investigate millennials’ adoption of autonomous vehicles by con-
sidering the importance of technology adoption, perception of benefits, 
security, safety, mobility-related efficiencies, and concerns.  
Rahman et al. (2019), in turn, investigate older adults’ (age > 60) 
perception of self-driving vehicles from the perspective of users and 
pedestrians as well as their willingness to use them. 

Panagiotopoulos and Dimitrakopoulos (2018) enrich the TAM 
(Davis et al., 1989) with the constructs ‘trust’ and ‘social influence’ to 
understand behavioral intentions toward using autonomous vehicles.  
Choi and Ji (2015) found predictors for the intention to use autono-
mous driving, manifested as trust in and perceived usefulness of au-
tonomous driving. In addition, Xu et al. (2018) added the trust con-
struct to the technological acceptance model to study user acceptance 
of autonomous driving, showing that trust is positively related to be-
havioral intention. Based on causal models of trust, Liu et al. (2018) 
investigate how social trust shapes general public acceptance, will-
ingness to pay, and intention to use autonomous vehicles.  
Zhang et al. (2020) study the role of social and personal factors like 
trust for automated vehicle SAE level 3 acceptance in China, while  
Zhang et al. (2019) also investigate the relation of perceived risk on the 
public's acceptance. Next to trust, Hegner et al. (2019) also consider 
aspects of control, personality characteristics, and extrinsic and in-
trinsic motivations in investigating the acceptance of autonomous ve-
hicles. Buckley et al. (2018a) apply the theory of planned behavior and 
the TAM to understand the willingness to use autonomous vehicles in a 
simulated driving task. The researchers found that attitudes, subjective 
norm, perceived behavior control, and trust are significant factors 
predicting the intention to use autonomous vehicles. 

Lee et al. (2019) reveal that the perception of ownership (i.e., 
owning autonomous vehicles vs. use of existing car-sharing services) 
and the ability to manage prospective situations influence the potential 

use of autonomous vehicles. Haboucha et al. (2017) investigate in-
dividual motivations for choosing to own and use autonomous vehicles 
and develop a model for autonomous vehicle long-term choice decision.  
Acheampong and Cugurullo (2019) investigate adoption decisions re-
garding three different autonomous vehicle modes—ownership, 
sharing, and public transport—extending the TAM by factors of per-
ceived benefits, fears and anxieties, subjective norm, image, and per-
ceived behavior control. Motamedi et al. (2020) study the user accep-
tance of personally owned and shared-use autonomous driving 
concepts. The researchers found, for example, that, in comparison to 
shared-use concepts, perceived usefulness, compatibility, and trust 
were shown to have a higher significant impact on intentions to use 
personally-owned vehicles, while perceived ease of use was found to be 
less important in predicting user acceptance. Paddeu et al. (2020) 
identify comfort and trust as relevant factors in predicting users’ ac-
ceptance of shared autonomous vehicles. Madigan et al. (2017) use the 
UTAUT to investigate public acceptance of autonomous vehicles SAE 
level 4 for road transport systems. Using the same theoretical frame-
work, Kaur and Rampersad (2018) investigate key adoption factors of 
driverless cars as a public transportation service in closed environ-
ments. Bernhard et al. (2020) explore the acceptance of an autonomous 
minibus in Germany. The researchers reveal that participants perceive 
the driving experience with an autonomous minibus as generally po-
sitive and that performance expectancy, experience, and degree of 
pleasure are relevant predictors of acceptance of automated public 
transport. 

Wu et al. (2019) rely on the TAM to understand the impact of en-
vironmental concerns on public acceptance of autonomous electric 
vehicles. Koul and Eydgahi (2018) use the TAM as a theoretical fra-
mework to study autonomous driving acceptance, revealing a statisti-
cally positive relationship between perceived usefulness, perceived ease 
of use, and intention to use driverless cars and a statistically negative 
relationship between years of driving experience, age, and intention to 
use autonomous vehicles. 

Using different scenarios, Bansal and Kockelman (2017) propose a 
simulation-based fleet evolution framework to assess the long-term 
adoption levels of connected autonomous vehicles in the U.S. Assuming 
an annual 5% price drop and constant willingness-to-pay values, the 
researchers forecast that the privately held light duty vehicle fleet will 
have a 24.8% autonomous vehicle penetration by 2045. This share is 
likely to increase with declining prices and higher willingness-to-pay 
values. On a related note, Daziano et al. (2017) reveal that the average 
U.S. household is willing to pay $3500 for partial automation (e.g., 
automated crash avoidance) and $4900 for fully automated technology 
(e.g., Google car). In addition, they show that a significant share of 
respondents is willing to pay above $10,000 for fully automated self- 
driving vehicles. 

Using a descriptive analysis approach, Howard and Dai (2014) in-
vestigate public attitudes toward self-driving cars.  
Nordhoff et al. (2018) also examine acceptance of driverless vehicles 
and Schoettle and Sivak (2014) study public opinions of autonomous 
and self-driving vehicles in the U.S., the U.K., and Australia.  
Talebian and Mishra (2018) combine the theories of diffusion of in-
novations and agent-based modeling and use a descriptive approach to 
investigate how individuals utilize their social networks when evalu-
ating the purchase of autonomous vehicles. They emphasize that per-
ceived barriers related to autonomous vehicles can be reduced through 
peer-to-peer communication with satisfied adopters. Furthermore,  
Leicht et al. (2018) analyze the moderating effects of consumer in-
novativeness on the relationships between different antecedents of 
autonomous vehicle purchase intention by extending the UTAUT. Using 
the same framework, Benleulmi and Becker (2017) investigate drivers 
and inhibitors of autonomous cars’ acceptance across cultures. 

Research has also linked the topic of safety to the acceptance of 
autonomous vehicles. Hulse et al. (2018), for example, show that au-
tonomous vehicles are perceived as riskier (in terms of collision and 
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injury) from the point of view of passengers compared to pedestrians. 
However, the study concludes that, compared to existing modes of 
transportation, autonomous vehicles are generally rated well in terms 
of risk perception and attitudes. Ro and Ha (2019) show that expecta-
tions regarding convenience and safety significantly influence both at-
titude and intention to use autonomous vehicles positively. 

In summary, previous research has revealed relevant factors that 
influence the perception of autonomous driving. A number of studies 
rely on the TAM when investigating these factors, indicating the ap-
plicability of this model to investigate the acceptance of autonomous 
driving (e.g., Lee et al., 2019; Panagiotopoulos and 
Dimitrakopoulos, 2018; Wu et al., 2019). Nevertheless, there is sub-
stantial criticism of the technology acceptance research. It has been 
stated that using a simple TAM could lead researchers to overlook 
central influencing factors of technology acceptance. This in turn has 
resulted in a call for further extensions of the model to increase its 
overall explanatory power as well as understanding of each determi-
nant (Bagozzi 2007; Benbasat and Barki 2007). In addition,  
Benbasat and Barki (2007), Bagozzi (2007), and Yang and Yoo (2004) 
emphasize that acceptance research should integrate constructs from 
the theory of planned behavior (Ajzen, 1991), such as the attitude 
construct. However, the literature review showed that the majority of 
TAM studies only integrate a limited number of additional study-spe-
cific factors (e.g., trust) to understand the adoption process of autono-
mous driving. Most of these studies also neglect to integrate the attitude 
construct to account for prediction of intentions and, thus, actual be-
havior (e.g., Choi and Ji, 2015; Hegener et al., 2019; Koul and 
Eydgahi, 2018). Additionally, the examined studies primarily rely on 
theoretical and/or literature-based approaches to identify these factors 
(e.g., Hegner et al., 2019; Lee et al., 2019; Wu et al., 2019). With this 
approach, relevant constructs from an end-user point of view may be 
overlooked (Venkatesh et al., 2013; Wu, 2012). To overcome these 
limitations, Venkatesh et al. (2013) suggest enhancing the TAM by 
using exploratory qualitative studies to reveal relevant factors to in-
dividuals’ acceptance and then analyze them and their relationships 
quantitatively. Qualitative research can provide details to underpin the 
perception of autonomous driving and a deeper understanding of ne-
cessary constructs to be used in quantitative research (Buckley et al., 
2018b). Moreover, qualitative methods are a powerful tool for ex-
ploring increased complexity in the field of travel behavior, as they 
allow for an understanding of one's own explanations of behavior and 
attitudes (Clifton and Handy, 2003). However, only a limited number of 
studies investigate this research field qualitatively. For example, based 
on 13 in-depth interviews, Bjørner (2015) explores the a priori accep-
tance and perceived driving pleasure of autonomous driving, revealing 
that parking assistance systems and the use of assistance systems when 
driving in city traffic positively affect attitudes toward autonomous 
driving systems. Buckley et al. (2018b) shows that trust (conceptualized 
as the vehicle's ability to meet desired actions, the relevance and use-
fulness of autonomous vehicles, and integrity in terms of hacking and 
privacy), affective responses, financial costs, efficacy, identity (e.g., as 
an early technology adopter), and social norms shape the perception of 
autonomous vehicles. In the same vein, Nordhoff et al. (2019) in-
vestigate impressions of users after riding in an automated shuttle. 

3. Research model and hypotheses development 

The TAM remains a reliable model for investigating the acceptance 
of technological innovations and has been employed for examining 
autonomous driving (Choi and Ji, 2015; Lee et al., 2019;  
Panagiotopoulos and Dimitrakopoulos, 2018; Wu et al., 2019). How-
ever, given the limitations outlined in the previous section, we aim to 
extend existing TAM research by deriving a set of end-user-focused 
constructs to understand autonomous driving acceptance. Therefore, 
we adhere to Venkatesh et al.’s (2013) suggestion of applying a mixed- 
method approach. Initially, we conducted interviews to understand 

further acceptance factors that might not have been considered through 
the standardized TAM. The corresponding literature on autonomous 
driving and acceptance was then analyzed to develop hypotheses 
geared toward the interview-derived acceptance criteria, developing 
appropriate constructs. 

3.1. Interviews 

Qualitative methods have the ability to generate a knowledge base 
with regard to those factors that determine whether a new product or 
service is eventually approved or rejected. Particularly in an in-
novation's initial market launch, qualitative methods can effectively 
identify any existing preferences relating to the use of this product, as 
well as any barriers encountered (Kleijnen et al., 2009). One of the 
greatest advantages of qualitative methods is their ability to identify a 
phenomenon that was previously unknown (Mayring, 2014). While it 
can be argued that quantitative approaches are better suited to the 
testing of hypotheses, qualitative methods retain the capacity to dis-
close novel hypotheses and concepts for the investigative field. There-
fore, qualitative methods likewise assist in producing new insights for 
neglected research areas, rather than validating already present 
knowledge and information ( Mayring, 2014). Several current accep-
tance studies within the field of mobility research use different types of 
mixed methods approaches in order to derive a sufficiently firm basis 
for suitable acceptance criteria (e.g.,; Distler et al., 2018; Kilian- 
Yasin et al., 2016). 

We used semi-structured interviews (Hopf, 2004) to explore po-
tential acceptance criteria for autonomous vehicle usage. In the same 
vein as existing research (e.g., Grimsley and Meehan, 2007), we pur-
sued a developmental purpose (Venkatesh et al., 2013). We recruited 
participants for the interviews via direct contacts and social network 
announcements in Germany. The qualitative study drew on a sample of 
20 participants, who ranged in age from 19 to 65 years. In our iterative 
process of analyzing the interview data, we found that a theoretical 
saturation (Creswell, 2007) occurred within the first 20 interviews. 
Thus, we decided to stop the recruitment of new interviewees. All so-
ciodemographic details are summarized in Table 1. 

Although several studies have investigated public opinion and 
willingness to use autonomous vehicles (e.g., Penmetsa et al., 2019), 
there are contradictory views on the representativeness of participants 
that should be included to study the acceptance related to autonomous 
driving (see Kyriakidis et al., 2015; Nordhoff et al., 2016 for a review), 
indicating that potential adopters of autonomous driving cannot be 
limited to a specific group. 

In this context, Nordhoff et al. (2016) conclude that most studies 
focus on car drivers as the target population and suggest that studies 
need to include a variety of other potential adopters, including under-
served groups, such as the elderly. On a related note, the focus on 
specific group participants in the context of automated driving has also 
been criticized by Koerber and Bengler (2014). We therefore argue that 
our subjects represent a relevant target group for the research context, 
due to the variety of their sociodemographic characteristics. 

The interviews were mainly conducted face-to-face, were recorded, 
and lasted, on average, 40 min. After introducing participants to the 
aim of the study and collecting sociodemographic data, we showed 
participants a short video about autonomous driving and provided the 
following definition of an autonomous vehicle with level 5 automation 
to ensure an equal understanding of the topic among participants: “The 
vehicle's system can handle all situations autonomously. Passengers are 
not required to take over control of the vehicle during a trip.” The video 
and the definition did not include evaluative elements or statements 
about advantages and disadvantages of autonomous driving to mini-
mize influence on participants’ statements. Users were also not given a 
specific context for usage, that is, whether autonomous vehicles were 
privately owned or used as a shared service. 

We then asked the following questions about the potential 
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advantages and disadvantages of autonomous driving. Based on the 
participant's answers, the interviewer asked for more detailed in-
formation on the topic at hand. (1) What do you associate with au-
tonomous driving? (2) Where do you see the benefits of autonomous 
driving and what do you expect from it? (3) Where do you see barriers 
to autonomous driving and what would prevent you from using au-
tonomous driving? (4) Which requirements of autonomous driving 
should be met in order to make you feel comfortable when using this 
form of transportation in the future? 

To transform the recorded data into a standardized form, we per-
formed qualitative content analysis, following Mayring (2014). Before 
conducting and analyzing the interviews, we pre-defined potential ac-
ceptance criteria, based on general and context-specific literature of 
acceptance research (e.g., Agarwal and Prasad, 1998; Ajzen, 1991;  
Burger and Cooper, 1979; Davis et al., 1989, 1992; Nordhoff et al., 
2016; Venkatesh and Bala, 2008; Venkatesh and Davis, 2000). 

First, we decided on the content-analytical method. We chose the 
structuring (deductive category assignment) method because we 
wanted to assign the context unit to pre-defined potential acceptance 
criteria that we derived from previous research (Mayring, 2014). 

According to Mayring (2014), this approach is particularly appropriate 
if there exist relevant previous research/theories within the topic of 
interest. We argue that this assumption is made for the following two 
reasons. First, acceptance research (including acceptance criteria) is an 
intensively studied and well-established field of research. Second, we 
pre-defined a theoretical acceptance model (see Fig. 1) that serves as a 
foundation for assigning the derived acceptance criteria. 

Second, we tested the interview questionnaire with three subjects. 
These data were not included in the study and were only used for 
testing purposes. The pre-test led to minor adjustments in the ques-
tionnaire, that is, minor changes in the wording of the questionnaire to 
ensure understandability. In addition, the three test interviews were 
used to discuss and create an initial coding guide. The coding guideline 
contained a precise definition of acceptance criteria derived from the 
literature, sample statements from the test interviews, and the coding 
rules. The coding rules included two parts. First, interview statements 
were assigned to an acceptance category if they matched the definition 
of the category in terms of content (e.g., when the interview statement 
and category definition included similar or identical groups of words). 
Second, statements that could not be exactly matched in that way were 
put aside for joint discussion within the research team. 

Third, we conducted the interviews. All interviews were conducted 
by the same person. The pre-test helped to address bias issues by al-
lowing elimination of difficult or ambiguous questions by assessing 
whether each question was able to give an adequate range of responses, 
and by ensuring that responses could be interpreted in terms of the 
research aim (Chenail, 2011). The interviews were recorded and tran-
scribed in typed form. The transcribed statements were condensed; that 
is, all statements that were not related to the research objective, re-
petitions, incomplete sentences, and filler words were deleted. The re-
sulting core text formed the foundation of the analysis (context unit). 

Fourth, the data analyses were conducted by two researchers. A 
fully crossed design was applied for data analysis; in other words, all 
responses were assessed independently by the two researchers 
(Hallgren, 2012). Both researchers have considerable expertise in ac-
ceptance research and autonomous driving. 

Finally, as suggested by Mayring (2014), the research team per-
formed a trial encoding from the first three interviews. After revising 
the matching process and ensuring that the research team had a 
common understanding of the data analysis procedure, the first three 
interviews were re-coded again. A repetitive revision and discussion of 
the category system was carried out after encoding three further in-
terviews. 

We argue that inter-rater reliability was not a threat to our study for 
the following three reasons. First, we followed a deductive category 
development approach. Therefore, the analysis relied on a solid theo-
retical ground which does not allow much space for subjective inter-
pretations (Potter and Levine-Donnerstein, 1999). In this context, the 
task of matching statements to pre-defined categories is less complex 
compared to, for example, an inductive approach in which no 

Table 1. 
Sample details of interview participants.     

Personal characteristic Response category n  

Gender Male 11 
Female 9 

Age < 20 1 
20–29 4 
30–39 3 
40–49 5 
50–59 4 
> = 60 3 

Driver's license Yes 18 
No 2 

Accident experience Yes (at least one with a car) 11 
No 9 

Experience with driver assistance 
systems 

Yes 12 
No 8 

Highest education School leaving examination 7 
Completed higher education 
studies 

5 

Pupil, student, apprentice 8 
Living situation Rural area 8 

Urban area 12 
Annual kilometers traveled by car > 5000 km 3 

5001–10,000 km 6 
10,001–15,000 km 6 
15,001–20,000 km 3 
> 20,000 km 2 

Use of public transport Daily 6 
Several times a week 8 
Several times a month 4 
Rarely 2 
Never – 

Fig. 1. Theoretical framework (adapted from Venkatesh and Bala, 2008).  
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identifiable theory guides the design of the analysis. Second, both re-
searchers jointly critically reviewed and discussed the results of the 
coding after every three analyzed interviews. Third, there was no no-
teworthy dissent between the coders. In cases where coders were not 
sure whether a statement could be categorized, further experts in the 
fields of acceptance research and autonomous driving were consulted. 

The qualitative interviews revealed 10 acceptance criteria, which 
became the foundation for hypothesis development: desire to exert 
control, perceived enjoyment, trust, price evaluation, ecological 
awareness, privacy concerns, subjective norm, personal innovativeness, 
relative advantage, and compatibility. The results of the interviews and 
definitions of the related constructs are presented in Appendix B. 

3.2. Theoretical framework 

The TAM is an adaptation of the theory of reasoned action 
(Ajzen and Fishbein, 1980) and aims to provide an explanation of the 
determinants for the acceptance of a technology (Davis et al., 1989). 
The TAM is subject to a basic assumption of the actual behavior of an 
individual, determined via the technology's intended use, aligned di-
rectly with the reasoned action theory, and, above all, influenced by the 
attitude toward the technology. Two main theoretical constructs, per-
ceived usefulness and ease of use, are posited to explain a technology 
and its subsequent acceptance. Perceived usefulness can refer to the 
presence of a positive use– performance relationship, while at the same 
time perceived ease of use is the degree to which an individual expects 
that using a specific system will be free of effort (Davis et al., 1989). 
According to Davis et al. (1989), perceived usefulness is likely to in-
fluence attitude because positively evaluated performance outcomes 
can increase an individual's favorable opinion toward the technology to 
achieve these outcomes. Perceived ease of use is posited to influence the 
attitude because, when a system is easy to use, it enhances the in-
dividual's perceived sense of efficacy and personal control with regard 
to the ability to carry out actions needed to operate a technology. In 
addition, Davis et al. (1989) point out that perceived usefulness impacts 
behavioral intentions because behavioral intentions are mainly shaped 
by cognitive appraisals of the degree to which a technology improves 
the individual's performance. Finally, perceived usefulness is influenced 
by perceived ease of use. When a technology is easier to use, the effort 
saved as a result can be redeployed, which makes the technology more 
useful. 

The TAM is a powerful and robust method to predict the acceptance 
of a variety of technologies, and compares favorably to alternative 

models, such as the theory of reasoned action or the theory of planned 
behavior; it typically explains about 40% of the variance in behavior- 
related intentions and actual behavior (King and He, 2006;  
Venkatesh, 2000). According to approximations from the TAM and the 
central determinants that influence it, we formed a theoretical frame-
work applicable to the proposed research model (see Fig. 1). 

Synthesizing prior research on acceptance, Venkatesh and 
Bala (2008) derive four different determinants (social influence, in-
dividual differences, system characteristics, and facilitating conditions) 
that influence the TAM, particularly the constructs of perceived use-
fulness and perceived ease of use. “Social influence” represents social 
processes (e.g., the opinion of important referents) that influence the 
individual's perception of a technology. “Individual differences” refer to 
the individual's personality, for example, certain traits and beliefs that 
might influence the perception of a technology. “System character-
istics” are salient features of a technology that aid in forming the in-
dividual's favorable or unfavorable perceptions of certain aspects of the 
system. Finally, “facilitating conditions” reflect organizational support 
that eases the use of a technology. We excluded facilitating conditions 
as a determinant, as the organizational setting is not the focus of our 
research. The remaining categories serve as a framework for better 
structuring and allocating the results of the interviews in order to derive 
the proper extended determinants from an end-user's point of view. 

3.3. Hypothesis development 

Regarding the interview-based identification of factors that poten-
tially influence the acceptance of autonomous driving, we screened 
existing literature on autonomous driving and acceptance research to 
develop the proposed hypotheses. Relying on the proposed framework 
(Fig. 1), we matched the interview-based criteria with the three main 
categories—individual differences, system characteristics, and social 
influence. The proposed research model is illustrated in Fig. 2. 

3.3.1. Relationships within the TAM 
The TAM is the main foundation of the research model. Since au-

tonomous driving is still not available to the general public for everyday 
use, we removed the construct “actual system use” from the research 
model's methods. We use the construct “behavioural intention” as a 
final output of the model, which is demonstrated to be a reliable pre-
dictor of actual system use (Chin et al., 2008; Lee et al., 2003; Pai and 
Huang, 2011; Venkatesh et al., 2007). In alignment with the TAM and 
the theory of reasoned action (Ajzen and Fishbein, 1980), we posit that 

Fig. 2. Proposed research model for investigating the acceptance of autonomous driving.  
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behavioral intention is predicted by the attitude toward using autono-
mous vehicles. This causal relationship is present throughout other 
studies as well (e.g., Nysveen et al., 2005; Payre et al., 2014). The 
original TAM theorizes perceived usefulness and perceived ease of use 
to be the central determinants of general attitude to a technology's use. 
In addition, the beneficial relationship of perceived usefulness and 
perceived ease of use in relation to usage intention can be assumed. 
Likewise, perceived usefulness is assumed to be beneficially associated 
with perceived ease of use. Apart from the organizational field of ap-
plication, the posited relationships have also been shown to be relevant 
in the context of consumers and autonomous driving (e.g., Bruner and 
Kumar, 2005; Choi and Ji, 2015; Lee et al., 2019; Nysveen et al., 2005;  
Panagiotopoulos and Dimitrakopoulos, 2018; Pedersen, 2005; Wu and 
Wang, 2005; Wu et al., 2019). We summarize our assumptions in the 
following hypotheses: 
Hypothesis 1. The more positive the attitude toward autonomous 
driving, the higher the usage intention of autonomous driving. 

Hypothesis 2a. The higher the perceived usefulness of autonomous 
driving, the more favorable the attitude toward autonomous driving. 

Hypothesis 2b. The higher the perceived usefulness of autonomous 
driving, the higher the usage intention of autonomous driving. 

Hypothesis 3a. The higher the perceived ease of use of autonomous 
driving, the more favorable the attitude toward autonomous driving. 

Hypothesis 3b. The higher the perceived ease of use of autonomous 
driving, the greater the perceived usefulness of autonomous driving. 

3.3.2. Relationship between social influence and the TAM 
Research has demonstrated the influential consequences of an in-

dividual's subjective norm on perceived usefulness, performing a spe-
cific behavior and the intention to do so (Davis et al., 1989;  
Venkatesh and Davis, 2000). Moreover, Schepers and Wetzels's (2007) 
meta analysis reveals that the positive effect of subjective norm on in-
tention to use is accompanied by a beneficial effect on the perceived 
usefulness of an innovation. They explain that subjective norm is likely 
to influence perceived usefulness because of a prevalent tendency for 
individuals to rely on information from important others as evidence 
about reality. In this regard, Thorpe and Motwani (2017) emphasize the 
importance of the individual's subjective norm in the success of au-
tonomous driving because individuals tend to follow what other people 
actually do or think. The positive opinion of others about the usefulness 
of autonomous driving can therefore influence people's own perception 
of the utility of autonomous driving. Acheampong and 
Cugurullo (2019) found, for example, that subjective norm has a posi-
tive effect on the perceived benefits of autonomous vehicles.  
Buckley et al. (2018a) found that subjective norm is a significant factor 
for predicting the intention to use autonomous vehicles. Similarly,  
Panagiotopoulos and Dimitrakopoulos (2018) show that social influ-
ence affects the behavioral intention to use autonomous vehicles.  
Talebian and Mishra (2018) emphasize that perceived barriers related 
to autonomous vehicles can be reduced through peer-to-peer commu-
nication with satisfied adopters within their social network.  
Bansal et al. (2016) conducted a study that examined which social 
factors influence the acceptance and adoption of autonomous driving. 
The authors found that participants preferred to use autonomous 
driving when the technology was adopted by family members, friends, 
or neighbors. Hence, we put forth the subsequent hypotheses: 
Hypothesis 4a. Subjective norm positively influences the perceived 
usefulness of autonomous driving. 

Hypothesis 4b. Subjective norm positively influences attitudes toward 
using autonomous vehicles. 

Hypothesis 4c. Subjective norm positively influences the intention to 
use autonomous vehicles. 

3.3.3. Relationships between individual differences and the TAM 
The perception of control is a fundamental aspect of autonomous 

driving. Research has shown that perceived lack of control by drivers 
accompanies an increased level of vehicle autonomy (Roedel et al., 
2014). Eckoldt et al. (2012) reveal that the lack of vehicle control due 
to advanced driving assistance systems is perceived as a challenging 
endeavor by the individuals involved, and hence advances to a “dis-
tance between driver and car” (p. 167). The negative perception related 
to the loss of control is especially prevalent when driver experience 
with advanced driving assistance systems is low (Planing, 2014).  
Heiskanen et al. (2007) emphasize that a reduced perception of control 
due to technologies leads to a “loss of individual choice and the 
freedom to follow one's impulses” (p. 503). Since autonomous driving 
relies heavily on advanced driver-assistance systems, it can be assumed 
that a greater desire to exert control is negatively correlated with the 
intention to use autonomous driving. 
Hypothesis 5. The greater the desire to exert control, the lower the 
intention to use autonomous vehicles. 

Another factor impacting the overall acceptance of technological 
innovations is privacy concerns. Regarding autonomous vehicles and 
their increasing connectivity due to information systems, drivers 
themselves remain especially hesitant about in-vehicle technological 
connectivity, one example being the possibility of having their location 
revealed at any time (Mahoney and O'Sullivan, 2013). This effect is 
strengthened by the fact that control systems within modern cars are 
seen as fragile, and an easy target for hacking (Koscher et al., 2010). 
Research reveals that privacy concerns negatively influence the deci-
sion-making process, increasing reluctance (Nasri and 
Charfeddine, 2012; Phelps et al., 2000). We thus argue that privacy 
concerns are negatively associated with attitudes toward using auton-
omous vehicles and propose the following hypothesis: 
Hypothesis 6. Privacy concerns associated with autonomous driving 
negatively influence attitudes toward autonomous driving. 

Autonomous vehicles control steering, acceleration, and decelera-
tion completely by built-in automated systems. Thus, trust in systems 
such as these is generally seen as a relevant determinant for the ap-
proved reception of autonomous driving (Adnan et al., 2018;  
Buckley et al., 2018a, b; Choi and Ji, 2015; Hengstler et al., 2016;  
Hohenberger et al., 2017). Adnan et al. (2018) studied the impact of 
trust on user acceptance of autonomous vehicles and found that the 
level of trust depends on sociodemographic user profiles. Choi and 
Ji (2015) ascertain that trust in autonomous driving is reflected in three 
dimensions: system transparency reflects the degree to which individuals 
understand how autonomous vehicles operate; technical competence is 
the process by which individuals assess the technical processes of au-
tonomous vehicles; and situational management is an individual's belief 
as to their agency in recovering control in any situation during the 
drive. The authors reveal a beneficial influence of trust on the intention 
to use autonomous vehicles. Therefore, the following hypothesis is 
proposed: 
Hypothesis 7. The higher the trust in autonomous driving, the greater 
the intention to use autonomous vehicles. 

A further personality component constitutes the ecological aware-
ness of potential end-users. In the vehicular context, it has already been 
revealed that the purchase of environmentally friendly vehicles mainly 
relies on the assessment of ecological aspects (see Peters et al., 2011). In 
alignment with the findings of Thongmak (2012), we argue that eco-
logical awareness strengthens the perceived usefulness of autonomous 
driving by potentially, for example, counteracting global warming, re-
ducing toxic emissions, or diminishing resource usage. The ecological 
potential of autonomous driving can be seen in the reduction of carbon 
dioxide emissions and the reduction of fuel consumption by optimizing 
traffic flow through less frequent braking and acceleration 
(Anderson et al., 2016; Brown et al., 2014). Shanker et al. (2013) claim 
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that autonomous vehicles are 30% more efficient than conventional 
ones. Wu et al. (2019) show that environmental concerns affect all 
factors: green perceived usefulness, perceived ease of use, and behavior 
intention of autonomous electric vehicles. This is in line with Grant- 
Muller and Usher (2014), who also state that intelligent transport sys-
tems will have environmental benefits through increased vehicle effi-
ciency. We summarize our assumption in the following hypothesis: 
Hypothesis 8. The higher the ecological awareness, the greater the 
perceived usefulness of autonomous driving. 

Agawal and Prasad (1998) state that personal innovativeness re-
mains crucial in the examination of technological innovations’ accep-
tance. Following Midgley and Dowling (1993), we apply innovativeness 
in a context-specific manner, that is, personal innovativeness related to 
autonomous driving, rather than focusing on general personal innova-
tiveness. By doing so, we relate personal innovativeness to the will-
ingness of individuals to try new driver assistance systems with a high 
degree of automation. Various applicable studies demonstrate the 
overall beneficial influence of personal innovativeness on perceived 
usefulness and perceived ease of use (Kuo and Yen, 2009; Lin et al., 
2007; Mao et al., 2005). Correspondingly, we suggest the following two 
hypotheses: 
Hypothesis 9a. The higher the personal innovativeness regarding 
autonomous driving, the higher the perceived usefulness of 
autonomous driving. 

Hypothesis 9b. The higher the personal innovativeness regarding 
autonomous driving, the higher the perceived ease of use of 
autonomous driving. 

3.3.4. Relationships between system characteristics and the TAM 
Tornatzky and Klein's (1982) meta analysis on innovation char-

acteristics reveals an advantage, in this case relevant to the analysis, 
which simultaneously reveals the possibility of influencing the adoption 
decision. Kulviwat et al. (2007) show that individuals evaluate an in-
novation as more useful with increasing perception of the innovation as 
being better than its precursor. In addition, the authors argue that re-
lative advantage retains a positive relation to attitude toward per-
forming a behavior, specifically when compared to the organizational 
context; consumers have the agency and free will to compare and 
contrast the characteristics of an innovation within the decision-making 
process. Furthermore, Lee et al. (2019) show that relative advantage 
positively affects the perceived usefulness of autonomous vehicles. 
Hence, we argue for the following two hypotheses: 
Hypothesis 10a. The higher the perceived relative advantage of 
autonomous driving, the greater the perceived usefulness of 
autonomous driving. 

Hypothesis 10b. The higher the perceived relative advantage of 
autonomous driving, the more positive the attitude toward 
autonomous driving. 

Compatibility is another relevant factor in the decision to adopt 
(Tornatzky and Klein, 1982). In the context of autonomous driving, we 
define compatibility as the extent to which autonomous driving accords 
with the individual's usual mobility behavior in terms of daily driving 
practice or traveling. The effect of the compatibility construct on the 
TAM constructs is ambiguous. Teo and Pok (2003), for example, de-
monstrate the positive effect of compatibility on attitude, while  
Karahanna et al. (2006) reveal a positive correlation between com-
patibility and attitude, as well as perceived usefulness and intention to 
use. A study conducted by Wu and Wang (2005) demonstrates how 
compatibility significantly influences perceived usefulness and inten-
tion to use; hence, we propose the following hypotheses: 
Hypothesis 11a. The higher the compatibility of autonomous driving 
with the potential user's mobility needs, the greater the perceived 
usefulness of autonomous driving. 

Hypothesis 11b. The higher the compatibility of autonomous driving 
with the potential user's mobility needs, the more favorable the 
perceived attitude toward autonomous driving. 

Hypothesis 11c. The higher the compatibility of autonomous driving 
with the potential user's mobility needs, the greater the perceived 
intention to use autonomous driving. 

Venkatesh and Bala (2008) emphasize the ways in which enjoyment 
fails to enhance the benefits when operating a system. Nevertheless, 
enjoyment reduces difficulty for individuals when there is an interac-
tion with an applicable system, since some pleasure and enjoyment can 
be derived from the act itself. The beneficial elements of perceived 
enjoyment to perceived ease of use have been reinforced by several 
studies within various research contexts (e.g., Fagan et al., 2008; Saadé 
and Bali, 2005; Sun and Zhang, 2006; Venkatesh, 2000). Consequently, 
we hypothesize that: 
Hypothesis 12. The greater the perceived enjoyment of autonomous 
driving, the greater the perceived ease of use of autonomous driving. 

To determine the perceived worth of a product or service, the 
monetary price of that product or service is usually assessed together 
with its quality (Zeithaml, 1988). Venkatesh et al. (2012) emphasize 
that the value of the price is an essential step in explaining a techno-
logy's acceptance in the consumer-use setting, as the consumer usually 
bears the cost of using the technology (unlike in the organizational 
setting). They state that the “price value is positive when the benefits of 
using a technology are perceived to be greater than the monetary cost 
and such price value has a positive impact on intention” (p. 161).  
Bansal and Kockelman (2017) show that the penetration rate of future 
autonomous vehicles depends largely on reducing the cost of the 
technology. They argue that successful penetration is accompanied by 
the need to increase consumers' willingness to pay or to improve the 
price/performance ratio, for example, through political subsidies.  
Daziano et al. (2017) state that households are very different in their 
willingness to pay for autonomous driving. We follow these ideas and 
assume that the impact of price value on the intention to use autono-
mous driving is positive, specifically when the benefit of autonomous 
driving is greater than the beneficial monetary price of autonomous 
driving (positive price value). We propose the following hypothesis: 
Hypothesis 13. The higher the (positive) price evaluation, the greater 
the intention to use autonomous driving. 

4. Materials and methods 

Based on the developed research model, we designed and conducted 
an online survey with the SoSci Survey software package to test the 
proposed hypotheses. Participants were recruited via direct acquisition, 
announcements at university lectures, and social network announce-
ments. 

4.1. Participants 

In total, the study drew on a sample of 316 participants, of which 
32.70% were women. All sociodemographic details of the participants 
are summarized in Table 2. Owing to the variety of participants’ so-
ciodemographic characteristics, we argue that our subjects represent a 
relevant target group for the overall research context (see Section 3.1 
for a more detailed discussion). 

4.2. Measurement of constructs 

The respective constructs, number of measures, definition of con-
structs, and related references from which the items and definitions 
were adapted are presented in Appendix C. All items are based on a 
seven-point Likert scale ranging from 1 (totally disagree) to 7 (totally 
agree). 
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5. Data analysis and results 

We used variance-based partial least structural equation modeling 
(Lohmoeller, 1989) to test the proposed research model. We applied the 
widely adopted two-step modeling approach (Anderson and 
Gerbing, 1988) for data analysis, as implemented in the SmartPLS 
2.0.M3 software. By doing so, we first assessed the quality of the 
measures and then tested the structural model. For both, we followed 
the guidelines for PLS estimations as suggested by Hair et al. (2012). 

5.1. Validation of measurements 

We first checked the survey data for the thread of common method 
bias, as all measures were assessed by a single source of information. 
We applied Harman's single-factor test to check the presence of 
common method bias and ran an exploratory factor analysis 
(Podsakoff et al., 2003). No single factor emerged from the factor 
analysis and no general factor accounts for the majority of variance 
among the measures. Therefore, we argue that common method bias is 
not of great concern to our study. 

To evaluate the quality of the measurement model, we assessed 
content, convergent, and discriminant validities (Fornell and 
Larcker, 1981; Hair et al., 2011). We used validated items from pre-
vious studies; hence, we argue that content validity is given. 

For convergent validity, three sectors were assessed: average var-
iance extracted (AVE), composite construct reliability (CR), and in-
dividual item reliability (Fornell and Larcker, 1981). We tested in-
dividual-indicator reliability by extracting the factor and cross-loading 
all items to their respective latent constructs. Owing to low factor 
loadings, one item was dropped from each of the constructs of price 
evaluation, desire to exert control, perceived ease of use, and personal in-
novativeness. After this, all items loaded on their respective construct 
higher than the acceptable threshold of 0.60 (Bagozzi and Yi, 1988;  
Chin, 1998). Moreover, all items loaded on their own construct more 
highly than on any different construct, and each item's factor loading on 
its respective construct was significant (p < 0.01). The results of the 
factor and cross-loadings are presented in Appendix D. The CR ranged 
from 0.89 to 0.99, exceeding the recommended threshold of 0.70, while 
the variance shared between all constructs and their measures (AVE) 
was above the acceptable lower bound of 0.50 (Bagozzi and Yi, 1988;  
Bhattacherjee and Premkumar, 2004). 

Finally, Fornell and Larcker's (1981) criterion was enabled for dis-
criminant validity to be ascertained. The AVE for each measure ex-
ceeded 0.50 and the square root of the AVE was found to be greater 
than the respective construct correlations, thus confirming discriminant 
validity. The results are summarized in Table 3. 

5.2. Hypothesis testing 

Since the measurement analyses suggest that the model is both ac-
ceptable and reliable, we applied the bootstrapping re-sampling pro-
cedure (Chin, 1998) to assess the structural path of the proposed re-
search model with a bootstrapping sample size of n = 5000 (Hair et al., 
2011). Table 4 and Fig. 3 present the results of the structural model 
estimations. 

Table 2 
Sample details of survey participants.     

Personal characteristic Response category n  

Gender Male 212 
Female 104 

Age 18–25 70 
26–30 69 
31–40 45 
41–50 30 
51–60 45 
61–70 37 
> 70 18 

Driver's license Yes 313 
No 3 

Accident experience Yes (at least one with a car) 165 
No 151 

Experience with driver assistance 
systems 

Yes 175 
No 121 

Highest education Completed academic studies 188 
General qualification for university 
entrance 

64 

Pupil, student, apprentice 64 
Living conditions Urban areas 203 

Rural areas 113 
Income < 1500 EUR 74 

1501–2000 EUR 34 
2001–2500 EUR 24 
2501–3000 EUR 21 
3001–4000 EUR 52 
> 4000 EUR 75 
No information 32 

Annual kilometers traveled by car > 5000 km 61 
5001–10,000 km 62 
10,001–15,000 km 66 
15,001–20,000 km 60 
> 20,000 km 66 

Use of public transport Daily 51 
Several times a week 68 
Several times a month 44 
Rarely 118 
Never 35 

Table 3 
CA, AVE, CR, and inter-construct correlations.                      

Construct CA AVE CR 1 2 3 4 5 6 7 8 9 10 11 12 13 14  

1 Attitude 0.94 0.79 0.96 0.89              
2 Compability 0.89 0.83 0.93 0.70 0.91             
3 Ecological Awareness 0.85 0.68 0.90 0.13 0.13 0.83            
4 Desire to Exert Control 0.81 0.73 0.89 −0.45 −0.45 −0.02 0.85           
5 Enjoyment 0.86 0.78 0.91 0.79 0.66 0.19 −0.38 0.88          
6 Privacy Concerns 0.91 0.79 0.94 0.34 0.37 0.03 −0.35 0.39 0.89         
7 Price Evaluation 0.89 0.82 0.93 0.67 0.64 0.11 −0.39 0.65 0.34 0.91        
8 Perceived Ease of Use 0.84 0.76 0.90 0.56 0.48 0.05 −0.39 0.45 0.35 0.40 0.87       
9 Personal Innovativeness 0.86 0.64 0.90 0.39 0.44 0.11 −0.23 0.37 0.23 0.38 0.31 0.82      
10 Perceived Usefulness 0.85 0.68 0.90 0.80 0.68 0.14 −0.42 0.71 0.32 0.68 0.52 0.43 0.83     
11 Relative Advantage 0.87 0.66 0.90 0.81 0.66 0.17 −0.40 0.76 0.37 0.66 0.56 0.40 0.81 0.89    
12 Subjective Norm 0.92 0.81 0.94 0.60 0.57 0.13 −0.36 0.56 0.32 0.51 0.44 0.33 0.63 0.63 0.90   
13 Trust 0.98 0.92 0.99 0.74 0.64 0.14 −0.55 0.68 0.40 0.63 0.60 0.44 0.76 0.75 0.55 0.96  
14 Usage Intention 0.87 0.74 0.92 0.81 0.67 0.11 −0.45 0.72 0.32 0.64 0.46 0.37 0.71 0.68 0.57 0.71 0.86 

Note. CA: Cronbach's Alpha; bolded numbers: square root of AVE.  
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6. Discussion 

6.1. Findings regarding the TAM 

In alignment with the findings of Buckley et al. (2018a,b), our study 
reveals attitude as a statistically significant predictor of the intention to 

use autonomous driving. This finding is in line with previous research 
on the attitude–intention relationship, showing that a generally positive 
attitude leads to an increased likelihood of usage intention and, thus, 
actual use (Ajzen, 1991; Chin et al., 2008; Davis, 1989). In addition, 
perceived usefulness and perceived ease of use were found to be posi-
tively associated with attitudes toward autonomous driving use. 

Table 4 
Structural equation model statistics.        

Proposed hypotheses b t-value p-value Conclusion 
Relationships within the TAM  

H1: The more positive the attitude toward autonomous driving, the higher the usage intention of autonomous driving. 0.52 8.53 p < 0.01 Supported 
H2a: The higher the perceived usefulness of autonomous driving, the more favorable the attitude toward autonomous driving. 0.32 5.25 p < 0.01 Supported 
H2b: The higher the perceived usefulness of autonomous driving, the greater the usage intention of autonomous driving. −0.02 0.28 n.s. Not supported 
H3a: The higher the perceived ease of use of autonomous driving, the more favorable the attitude toward autonomous driving. 0.09 2.06 p < 0.05 Supported 
H3b: The higher the perceived ease of use of autonomous driving, the greater the perceived usefulness of autonomous driving. 0.02 0.44 n.s. Not supported        

Relationships between social influence and the TAM  

H4a: Subjective norm positively influences the perceived usefulness of autonomous driving. 0.11 2.64 p < 0.01 Supported 
H4b: Subjective norm positively influences attitudes toward using autonomous vehicles. 0.05 1.09 n.s. Not supported 
H4c: Subjective norm positively influences the intention to use autonomous vehicles. 0.06 1.29 n.s. Not supported        

Relationships between individual differences and the TAM  

H5: The greater the desire to exert control, the lower the intention to use autonomous vehicles. −0.01 0.36 n.s. Not supported 
H6: Privacy concerns associated with autonomous driving negatively influence attitudes toward autonomous driving. −0.01 0.12 n.s. Not supported 
H7: The higher the trust in autonomous driving, the greater the intention to use autonomous vehicles. 0.18 3.34 p < 0.01 Supported 
H8: The higher the ecological awareness, the greater the perceived usefulness of autonomous driving. −0.01 0.55 n.s. Not supported 
H9a: The higher the personal innovativeness regarding autonomous driving, the higher the perceived usefulness of autonomous 

driving. 
0.05 1.67 p < 0.10 Supported 

H9b: The higher the personal innovativeness regarding autonomous driving, the higher the perceived ease of use of autonomous 
driving. 

0.17 3.21 p < 0.01 Supported        

Relationships between system characteristics and the TAM  

H10a: The higher the perceived relative advantage of autonomous driving, the greater the perceived usefulness of autonomous driving. 0.64 14.59 p < 0.01 Supported 
H10b: The higher the perceived relative advantage of autonomous driving, the more positive the attitude toward autonomous driving. 0.33 4.78 p < 0.01 Supported 
H11a: The higher the compatibility of autonomous driving with the potential user's mobility needs, the greater the perceived usefulness 

of autonomous driving. 
0.17 4.03 p < 0.01 Supported 

H11b: The higher the compatibility of autonomous driving with the potential user's mobility needs, the more favorable the perceived 
attitude toward autonomous driving. 

0.19 3.66 p < 0.01 Supported 

H11c: The higher the compatibility of autonomous driving with the potential user's mobility needs, the greater the perceived intention to 
use autonomous driving. 

0.11 2.21 p < 0.05 Supported 

H12: The higher the perceived enjoyment of autonomous driving, the greater the perceived ease of use of autonomous driving. 0.39 7.95 p < 0.01 Supported 
H13: The higher the (positive) price evaluation, the greater the intention to use autonomous driving. 0.09 2.01 p < 0.05 Supported 

Fig. 3. Results of the structural equation model.  
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Although previous research has studied the relationship between per-
ceived ease of use, perceived usefulness, and the intention to use au-
tonomous driving (Panagiotopoulos and Dimitrakopoulos, 2018;  
Wu et al., 2019; Xu et al., 2018), their effect on attitude toward using 
autonomous driving has not been investigated to date. Both constructs 
reflect the user's expectation of autonomous driving (Choi and 
Ji, 2015). These relationships may be best explained by the role of 
perceived usefulness in improving driving performance and perceived 
ease of use as a form of perceived effortlessness associated with au-
tonomous driving. Through these results, we demonstrate that attitudes 
toward using autonomous vehicles (and thus the intention to use au-
tonomous vehicles) mainly depends on how easy and how useful au-
tonomous driving is perceived to be. 

6.2. Findings regarding social influence 

Our study is the first to reveal a statistically significant prediction of 
the effect of subjective norm on perceived usefulness, which, in turn, is 
positively associated with attitude, and, thus, intention to use autono-
mous driving. Although previous research has revealed a significant 
effect of subjective norm on the intention to use autonomous driving 
(Buckley et al., 2018a), we did not find a direct, statistically significant 
prediction of the effect of subjective norm on attitude and intention to 
use autonomous driving. Subjective norms influence the perceived 
usefulness of technological innovations through certain internalization 
effects, which represent the “tendency to interpret information from 
important others as evidence about reality” (Schepers and 
Wetzels, 2007, p. 91). In particular, inexperienced individuals are likely 
to be influenced by the opinion of third parties in the formation of 
acceptance (Venkatesh and Davis, 2000). 

6.3. Findings regarding individual differences 

First, our findings reveal a statistically significant effect of trust on 
the intention to use autonomous driving. These results correlate with a 
previous study conducted by Choi and Ji (2015) suggest that system 
transparency, which refers to the degree of comprehensibility and 
predictability of the operations of autonomous vehicles, is positively 
associated with trust in autonomous driving. Accurate autonomous 
technology can improve the user's experience by helping them under-
stand the operation of autonomous vehicles. The positive relationship 
between technology-related trust and intention to use has also been 
confirmed by other studies (e.g., Buckley et al., 2018a; Hengstler et al., 
2016; Hohenberger et al., 2017). 

Second, it is found that personal innovativeness positively affects 
perceived ease of use and perceived usefulness. These relationships 
have not been investigated by prior autonomous driving research. 
However, these findings are consistent with prior research on other 
technological innovations (e.g., Kuo and Yen, 2009; Lin et al., 2007;  
Mao et al., 2005). Individuals who would like to try and adopt auton-
omous vehicles earlier than other people seem to perceive autonomous 
driving as easier to use and more useful. We argue that innovative in-
dividuals perceive autonomous driving as more likely to be useful and 
easy to use because innovators are generally more ready to adapt to 
changes (Hurt et al., 1977). In addition, innovators actively seek in-
formation about new ideas (Rogers, 2003) and therefore are likely to 
form positive perceptions about the usefulness and ease of use of new 
innovations such as autonomous driving. Thus, innovators are also 
more likely to accept autonomous driving, especially when they have 
already experienced newer technologies in the automotive context 
(Dikmen and Burns, 2016). 

Finally, the proposed effects of desire to exert control on intention, 
ecological awareness on perceived usefulness, and privacy concerns on 
attitude are not fully supported by this study and thus warrant further 
investigation. Nevertheless, given the findings of our qualitative study, 
we argue that the identified factors can influence an individual's 

acceptance. In addition, previous literature has stressed the importance 
of these constructs when assessing acceptance related to autonomous 
driving (Buckley et al., 2018a; Fraedrich and Lenz, 2016; Wu et al., 
2019). Giving up control of the driving task to autonomous vehicles 
might lead to a certain degree of anxiety, which, in turn, reduces the 
overall acceptance of autonomous driving (Koo et al., 2016).  
Venkatesh (2000) conceptualizes anxiety in the context of technology 
acceptance as a certain emotional apprehensiveness related to the 
possibility of using a technology. The resulting anxiety about giving up 
control to autonomous vehicles can negatively impact the intention to 
use autonomous vehicles, due to the expected negative affective asso-
ciations. With respect to the influence of ecological awareness on per-
ceived usefulness, research has indicated that individuals interpret in-
novations providing environmental advantages differently from 
innovations that, for example, enable economic benefits (Melville, 
2010). Since autonomous driving is expected to substantially contribute 
to solving environmental problems (Anderson et al., 2016; Brown et al., 
2014), individuals with high ecological awareness perceive autono-
mous vehicles as more useful compared to individuals with a generally 
low tendency to behave ecologically correctly. This is in line with the 
recent research findings of Wu et al. (2019) who reveal a significant 
effect of environmental concerns on perceived usefulness of autono-
mous driving. Finally, privacy concerns related to the access and sto-
rage of an individual's movement data have been noted as highly 
concerning by potential users of autonomous vehicles, thus lowering 
the general interest in using autonomous vehicles (Fraedrich and 
Lenz, 2016). In particular, revealing information about the location of 
vehicles—which is inevitable for the success of autonomous driving—is 
seen as problematic by individuals (Mahoney and O'Sullivan, 2013). 
These concerns are mainly related to worries about processing personal 
information and the resulting invasion of personal space 
(Solove, 2006). In addition, autonomous vehicles are believed to be 
prone to hacks, which raises new concerns about data safety 
(Douma and Palodichuk, 2012). Hence, we argue that such privacy 
concerns might negatively influence willingness to use autonomous 
vehicles. 

6.4. Findings regarding system characteristics 

The study reveals that compatibility is a relevant predictor of the 
attitude toward and intention to use autonomous driving, as well as its 
perceived usefulness. Although research has emphasized the im-
portance of considering compatibility in the acceptance-building pro-
cess (e.g., Karahanna et al., 2006; Teo and Pok, 2003; Tornatzky and 
Klein, 1982), it has not been thoroughly studied in the context of au-
tonomous driving. We argue that a higher perceived compatibility of 
autonomous vehicles with current mobility behavior results in lower 
perceived disruption and magnitude of change, which, in turn, reduces 
reluctance to use autonomous driving and increases acceptance. 

In addition, the study identifies the relative advantages as positively 
associated with both perceived usefulness and attitude toward using 
autonomous driving. Previous research has emphasized the importance 
of considering relative advantage in the acceptance process (e.g.,  
Kulviwat et al., 2007; Lin, 2011). However, insights into the relation-
ship between relative advantage and acceptance in the context of au-
tonomous driving is limited and requires further attention (Lee et al., 
2019). Although relative advantage is considered similar to perceived 
usefulness, research has distinguished between the two constructs, as 
relative advantage refers to the usage of a technology in comparison to 
the idea it supersedes, rather than the actual usefulness of a current 
technology (Carter and Bélanger, 2005). Our findings, such as the sig-
nificant relationship between relative advantage and attitude, extend 
the research of Lee et al. (2019), who could not report a significant 
effect between relative advantage and willingness to use autonomous 
vehicles. 

In addition, the present study shows that perceived enjoyment 
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positively influences the perceived ease of use of autonomous driving. 
Although previous research has found that a low degree of automation, 
that is, manual driving, is perceived as more enjoyable compared to 
automated driving (Kyriakidis et al., 2015), perceived enjoyment has 
not been embedded in an acceptance model for autonomous driving. In 
alignment with Venkatesh (2000), we argue that perceived enjoyment 
increases the intrinsic motivation to use autonomous driving, and thus 
makes interaction with autonomous vehicles easier. 

Finally, it is found that price evaluation has a beneficial association 
with intention to use autonomous driving. Autonomous vehicles need to 
be equipped with special, costly sensors, wireless networks, smart na-
vigation systems, automated controls, as well as servers, software, and 
power supplies with high reliability standards, thus exceeding the price 
of current vehicles. The light-detection and ranging (LIDAR) system 
used in Google's self-driving vehicles costs around US$70,000 
(Varghese and Boone, 2015). Currently, additional costs of up to US 
$50,000 per vehicle are expected (Merfeld et al., 2019b). Research 
indicates that there is a willing market for autonomous driving when 
the prices of those vehicles are close to those of conventional vehicles 
(Kyriakidis et al., 2015). Costs of autonomous driving are expected to 
fall rapidly with mass production (Fagnant and Kockelman, 2015). The 
resulting cost reductions will improve the perceived cost–benefit ratio, 
thus positively influencing the intention to use autonomous driving. 

7. Overall contributions 

7.1. Implications for research 

First, our study overcomes a major limitation of prior studies, as 
pointed out by Gkartzonikas and Gkritza (2019): “studies have in-
vestigated the likelihood that AVs [autonomous vehicles] will be 
adopted and the process by which that might happen, the questions 
included in those studies’ respective surveys have not been based on 
well-established theories” (p. 335). Although such studies (e.g.,  
Brell et al., 2019; Hudson et al., 2019; König and Neumayr, 2017) are 
valuable and useful for generating wide-ranging insight into public 
opinion about and attitude toward autonomous driving, they do not 
offer a detailed explanation of how the derived factors are interrelated 
and inform user acceptance. Our study thus extends these findings by 
relying on the well-established TAM to capture a set of factors that 
determine the acceptance of autonomous driving. 

Second, we combine the advantages of qualitative and quantitative 
research methods to shed light on the acceptance of autonomous 
driving and thus address the following research gap. A majority of 
previous studies have investigated the acceptance of autonomous 
driving utilizing a quantitative research method (see Appendix A), 
while insights regarding the thoughts and psychological causes that lie 
behind the respective acceptance factors are still limited and require 
further attention, particularly in the context of autonomous driving 
(Buckley et al., 2018b; Merfeld et al., 2019a; Nordhoff et al., 2019). In 
addition, the majority of TAM studies focus on a limited, study-specific 
set of factors to understand the process of adopting autonomous driving 
(e.g., Anania et al., 2018; Hulse et al., 2018; Wu et al., 2019). In this 
regard, Wu (2012) points out that the majority of TAM studies adhere 
to the following path of empirical investigation: “review previous lit-
erature → select relevant factors such as PU [perceived usefulness] and 
PEOU [perceived ease of use] for the study → propose hypotheses/ 
model → collect empirical data from a quantitative survey → test the 
hypotheses and validate the model” (p. 174). Through our qualitative 
study, we have disclosed perceptions of autonomous driving from an 
end-user point of view and explored their relationships by means of a 
survey. By utilizing a mixed-method approach, our study identifies 
constructs that have not been captured by prior quantitatively con-
ducted studies. Our study does, for example, reveal perceived enjoy-
ment related to autonomous driving to be a statistically significant 
predictor of perceived ease of use, which, in turn, positively influences 

user acceptance. We thus extend existing literature (e.g.,  
Haboucha et al., 2017; Hegener et al., 2019), which takes a different 
approach to conceptualizing perceived enjoyment, that is, the enjoy-
ment of driving a car. In addition, the qualitative study identifies the 
desire to exert control as a potential factor predicting the acceptance of 
autonomous driving. Although our study could not confirm a statisti-
cally significant influence of desire to exert control on behavioral in-
tentions, the interviews revealed that users tend to consider the degree 
to which they have a demand for control in connection with autono-
mous driving in their acceptance formation. Therefore, our study opens 
new avenues for further research, as prior studies have focused on the 
desire for control as a general personality trait (e.g., Choi and Ji, 2015). 
In addition, price evaluation has been investigated by previous research 
in terms of an individual's willingness to pay for autonomous driving 
(Bansal und Kockelman, 2017; Daziano et al., 2017; Talebian and 
Mishra, 2018). To the best of our knowledge, the impact of price eva-
luation conceptualized as the degree to which individuals consider the 
cost–benefit ratio in their usage decision, has not been investigated in 
detail. Our study shows that the perceived cost–benefit comparison 
significantly affects the intention to use autonomous vehicles. Finally, 
while previous research has focused on compatibility of autonomous 
driving related to transportation infrastructure (e.g., Rahman et al., 
2019), our study takes a different approach by conceptualizing com-
patibility as the extent to which autonomous driving fits into the in-
dividual's mobility behavior. 

Third, while some studies have revealed relevant relationships be-
tween psychological factors and willingness to use autonomous driving,  
Lee et al. (2019) and Xu et al. (2018) state that prior studies reveal 
incongruent and conflicting findings on the factors that influence ac-
ceptance formation of autonomous driving. Our research contributes to 
these shortcomings by providing new insights into the relationships 
between the psychological factors and their impact on willingness to 
use autonomous driving, as well as providing evidence for previously 
unsupported hypotheses. For example, our findings do not support a 
statistically significant relationship between privacy concerns and at-
titudes toward using autonomous vehicles and thus support previous 
research results (Zhang et al., 2019). In addition, our study reveals a 
statistically significant impact of trust on behavioral intentions and, 
thus, substantiates previous findings in the literature (e.g.,  
Benleulmi and Becker, 2017; Choi und Ji, 2015; Panagiotopoulos and 
Dimitrakopoulos, 2018). Contradicting earlier findings (e.g., Wu et al., 
2019), we could not validate that ecological awareness statistically 
predicts perceived usefulness. Nevertheless, it should be noted that  
Wu et al. (2019) analyze autonomous electric vehicles and con-
ceptualize their perceived usefulness as the extent to which users be-
lieve that using autonomous vehicles will increase the environmental 
performance of their lives. Further research is required to confirm the 
impact of ecological awareness on acceptance formation because the 
usage context (shared or privately owned) and cultural differences 
might influence this relationship (Haboucha et al., 2017). Our study 
extends Liu et al.’s (2018) findings, which conceptualize willingness to 
pay as a final outcome variable of autonomous vehicle user acceptance 
but neglects to consider the relationship between willingness to pay and 
behavioral intentions. In addition, while Panagiotopoulos and 
Dimitrakopoulos (2018) reveal a statistically significant effect of social 
norm on behavioral intentions, we extend these findings by showing 
that social norm also predicts perceived usefulness. This finding is also 
confirmed by Zhang et al. (2020). Benleulmi and Becker (2017) and  
Hegner et al. (2019) show that personal innovativeness is positively 
associated with behavioral intentions toward using autonomous 
driving. Our study therefore extends and provides additional insights 
into these findings by revealing that personal innovativeness can also 
predict the perceived ease of use and perceived usefulness of autono-
mous driving. 

Finally, we follow Benbasat and Barki's (2007) call and move closer 
to behavioral research by integrating the attitude construct as a 
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predictor for understanding behavioral intentions and behavior. The 
attitude construct is a key factor when investigating the acceptance of 
technologies (Venkatesh et al., 2003), particularly in the consumer 
context (e.g., Djamasbi et al., 2009; Furneaux and Nevo, 2008;  
Kulviwat et al., 2007). By including the attitude construct in our study, 
we contribute to the findings of existing studies that have focused on 
behavioral intentions to predict acceptance of autonomous driving 
(e.g., Choi and Ji, 2015; Hegner et al., 2019; Kaur and 
Rampersad, 2018). The attitude construct reflects the affective and 
cognitive perception related to an object and is a powerful influencing 
factor in predicting use of technological innovations (Yang and 
Yoo, 2004). Our findings underline the importance of integrating the 
attitude construct in the investigation of autonomous vehicle accep-
tance. For example, while Lee et al. (2019) do not show a statistically 
significant relationship between relative advantage and behavioral in-
tentions, our study sheds new light on the relationship between relative 
advantage and user acceptance by revealing that relative advantage is 
positively associated with attitude toward using autonomous driving. 

7.2. Implications for practice 

Our study also identifies implications for practice. First, autono-
mous driving provides several benefits to individuals and society, in-
cluding more accessible mobility, traffic flow optimization, greater 
safety precautions on the roads, and an improved ecological footprint. 
Benefits such as these have the ability to increase the perception of the 
usefulness of autonomous driving and therefore lead to increased user 
acceptance. However, individuals remain concerned about the use of 
autonomous driving technology (Kyriakidis et al., 2015), as it can, for 
example, increase total vehicle travel and thus emissions, reduce se-
curity and comfort, or increase congestion (e.g., Begg, 2014;  
Brown et al., 2014; Haboucha et al., 2017). Since there are both ad-
vantages and disadvantages associated with autonomous driving, we 
argue that it is important to design autonomous driving systems so that 
benefits are realized and disadvantages are minimized. Environmental 
benefits, for example, are more likely to be achieved when supporting 
shared vehicle services and self-driving buses, which, in turn, are also 
expected to reduce vehicle ownership (Brendel et al., 2018;  
Greenblatt and Shaheen, 2015; Merfeld et al., 2019b). This is particu-
larly important considering the trend toward decreased personal own-
ership of vehicles and the rise of on-demand and shared transport ser-
vices (e.g., Dacko and Spalteholz, 2014). In this regard, policymakers 
and operators of fleets should consider current mobility preferences of 
users in terms of daily driving practice or traveling. When potential 
end-users are convinced that autonomous driving fits their mobility 
behavior and preferences, they will judge autonomous driving as more 
useful, which in turn might lead to higher acceptance. Policymakers 
could, for example, set price incentives for car-sharing operators or car- 
riding concepts as a supplement and extension to public transport. 
Another advantage to be considered by policymakers is that autono-
mous vehicles in the field of mobility on demand solve the problem of 
the first and last mile (lack of proper connections between transport 
modes) and thus also significantly improve public transport, making it 
more accessible and attractive (Greenblatt and Shaheen, 2015). De-
pending on the scenario, autonomous vehicle fleets could even com-
pletely replace public passenger transport, especially when mobility 
concepts such as ridesharing cover many areas (Meyer et al., 2017). 
However, such scenarios are considered unrealistic, particularly in rural 
areas, in which autonomous driving is unlikely to replace private ve-
hicle use. We argue that policymakers should, in cooperation with 
operators of fleets and research institutions, subsidize investigations in 
new, sustainable mobility, end-to-end solution concepts with regard to 
autonomous vehicles, particularly in rural areas. In addition, policy-
makers should incentivize the use of sharing mobility options with 
autonomous vehicles in less populated areas. 

Further, increased safety is more likely to be realized when 

coordination is improved through vehicle-to-vehicle and vehicle-to-in-
frastructure communications, or autonomous vehicles can use existing 
(or additional) lanes (Fagnant and Kockelman, 2015). O'Toole (2014), 
for example, recommends that policymakers focus on improving ex-
isting infrastructure, such as dynamic traffic signal coordination, to 
reduce safety and congestion problems. However, such investments 
dramatically increase the total costs of autonomous driving 
(Fagnant and Kockelman, 2015) and thus might negatively impact the 
perceived cost–benefit perception for users. Policymakers should 
therefore ensure that such investment costs are not transferred to the 
end-user through, for example, extensive road usage fees. In addition, 
current autonomous vehicle technology costs are estimated to be ap-
proximately $100,000 or more and will thus not provide significant 
monetary benefits from savings in fuel, parking, or insurance 
(Fagnant and Kockelman, 2015). Mass production will drastically lower 
these costs. Fagnant and Kockelman (2015) predict that at an additional 
cost of $10,000 for an autonomous vehicle, it becomes a realistic in-
vestment for users. Mass-market penetration of autonomous driving is 
also expected to reduce substantially social costs related to congestion, 
traffic accidents, and air pollution (Anderson et al., 2016). However, 
the actual benefits and costs are still not well known and will depend 
greatly on the operational mode of autonomous driving and further 
circumstances, such as usage context (e.g., rural or urban), ownership 
structure, or demand (for a detailed discussion see Boesch et al., 2018). 
For example, the expected benefits related to traffic and emissions can 
be offset considering that autonomous driving enables a greater vehicle 
throughput on existing roads, increased travel speed, or enabling un-
derserved groups to travel (Brown et al., 2014). Therefore, more re-
search and tests are needed to validate the estimated private and public 
costs and benefits to assist policymakers in the decision as to whether 
and how to subsidize autonomous driving. Autonomous vehicles will, 
for example, be cheaper to operate for car-sharing operators because 
the costs of compensating drivers can be excluded, which, in turn, may 
discourage vehicle ownership (Bagloee et al., 2016). In this regard,  
Fagnant and Kockelman (2018) suggest that a fleet operator could 
generate a 19% return on investment considering a purchase price of 
$70,000 and travel fares of $1 per trip-mile. 

In addition, policymakers and manufacturers can also act as a kind 
of expert, thereby strongly shaping the positive public perception of the 
usefulness of autonomous vehicles. They should, therefore, clearly 
highlight and communicate the advantages of autonomous over con-
ventional vehicles. Thorpe and Motwani (2017) suggest different 
communication strategies to increase the success of autonomous 
driving. Benefits should be presented by using simple “Did you know?” 
statements that appeal to people's feelings of regret over not using 
autonomous vehicles (e.g., “Did you know that everyday more Aus-
tralians like you are using autonomous vehicles and saving X days of 
commuting each year?”). The communication strategies should also be 
extended to social networking sites, because negative messages re-
garding risks are frequently expressed on such platforms (Kohl et al., 
2017). In this regard, Hegner et al. (2019) posit that in the era of digital 
marketing, influencers can act as key opinion leaders and thus, manu-
facturers and fleet operators should cooperate with them to increase 
awareness about the benefits of autonomous vehicles as well as 
strengthen brand image. The Mercedes VIP leasing program is a good 
example of such an initiative; the company collaborates with influen-
cers by offering cheaper leasing contracts to strengthen its brand image 
among young people. 

Strategies should also aim at increasing trust in autonomous driving. 
Defining standards regarding self-driving maturity, with an in-
dependent, official quality label approved by policymakers, could in-
crease the perceived brand image of autonomous vehicle suppliers and, 
therefore, be useful to support the formation of trust in this technology.  
Anderson et al. (2016) suggest that autonomous vehicles should only be 
made available to the public once they have been issued a specific 
safety certificate by manufacturers or authorized autonomous 
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technology certification facilities. In addition, research has shown that 
transparency about a technology's functionality can create a solid basis 
for trust in the technology (Hoff and Bashir, 2015). Policymakers and 
manufacturers could, therefore, provide the public with a transparent 
knowledge base on the functionality of autonomous driving, which is 
easily accessible and available to the broad public. Since test drives 
could also help to establish or strengthen confidence in autonomous 
driving, policymakers should cooperate with manufacturers and op-
erators of fleets to support supervised test zones outside real-traffic 
areas. This would have the advantage of potential users experiencing 
autonomous driving technology without having concerns that other 
traffic participants or the test driver are in danger. In addition, such test 
zones could help to overcome trust barriers, as there is evidence that 
the first experience in a self-driving car is associated with a feeling of 
uneasiness due to the shift of control from the driver to the vehicle 
(Nunez, 2017). 

Test drives and pilot studies should particularly be aimed at in-
dividuals with high levels of personal innovativeness. As these popu-
lations generally perceive the interaction with autonomous vehicles as 
easy and useful, their attitude and, thus, intention toward such tech-
nologies, is greater. Hence, these individuals can act as a reference 
group, having a positive social influence on other groups. Therefore, 
especially for countries with high barriers to autonomous driving, we 
suggest establishing policies that promote test drives and pilot studies 
with individuals who have high levels of personal innovativeness. This 
is especially important because policy efforts in promoting autonomous 
driving vary significantly between countries. While U.S. lawmakers 
tend to remove barriers for testing and field operations, European legal 
and administrative processes have tended to hamper the broad rollout 
of autonomous vehicles ( Patti, 2019; Pattinson and Chen, 2020). 
While, for example, the testing of autonomous vehicles on public roads 
is still limited in most European countries, it is already permitted in 
California and will be further promoted in the future with the help of 
new laws. Authorities need to decide which legal instruments, that is, 
binding regulations, non-binding regulations, or exemptions under 
conditions, are suitable to accommodate and test self-driving cars 
(Vellinga, 2017). Vellinga (2017) further emphasizes that the legal in-
strument must have the ability to keep pace with technological devel-
opments, while also ensuring legal certainty for manufacturers, test 
organizations, and users. However, not only national law but also in-
ternational laws and regulations need to be reconsidered. The Vienna 
Convention on Road Traffic 1968 and the Geneva Convention on Road 
Traffic 1949 greatly influence traffic laws worldwide. However, both 
conventions pose obstacles to the implementation of autonomous 
driving because they require a driver for moving vehicles, who is in 
control of the vehicle (see Vellinga, 2017 for a discussion on the impact 
of these conventions on autonomous driving). 

Thus, clear and strong security standards must be defined by pol-
icymakers, as hacking or terrorism in the context of autonomous 
driving constitutes a threat to societal security. Such standards can 
enhance the trustworthiness of autonomous driving in general and thus 
lead to increased acceptance. Additionally, policymakers, manu-
facturers, and operators of fleets need to address issues relating to the 
access and storage of an individual's mobility data, clarifying which 
kind of information autonomous vehicles are allowed to gather and 
where, and for how long this information can be stored. Although it is 
technically possible to limit the generalization and distribution of 
personal data in autonomous driving, a variety of stakeholders are in-
terested in using these data; for example, insurers, car manufacturers, 
or government authorities (Anderson et al., 2016). Policymakers need 
to develop a solid concept that reflects the interests of both the user and 
other parties. Anderson et al. (2016) state that policymakers need to 
clarify questions such as whether automakers are allowed to sell data to 
marketers or insurers, or whether the data should be discoverable in 
legal proceedings. Glancy (2012) summarizes that three types of 
privacy interests—personal autonomy, personal information, and 

surveillance—will become central in the discussion of legal issues. Al-
though data protection directives, such as the General Data Protection 
Regulation, regulate the processing of personal data and require that 
the user gives consent to the processing of personal data, such regula-
tions often fail to address exploitative contracting or improvident users 
(Hacker, 2017). To make such directives more applicable to the context 
of autonomous driving, policymakers could, for example, set up reg-
ulations (with at least two options) that autonomous vehicle service 
providers are legally required to present to the user. In the first option, 
the user might consent to personal data being collected and processed 
(the user can be compensated by a lower price for buying or using self- 
driving cars), while in the second option, the user's personal data might 
not be collected, and the service provider may be compensated by a 
higher price (Hacker, 2017). 

However, a focus on performance improvement is not, by itself, 
sufficient for successful market penetration; the enjoyment factor 
should not be neglected by manufacturers, as strict regulations could 
also reduce the pleasure of using autonomous driving. Policymakers 
should subsidize relevant research to investigate such aspects in more 
detail. 

8. Limitations and future research 

There are some limitations with respect to the generalization of the 
results. First, the paper is based on the assumption that autonomous 
vehicles will be at SAE level 5. It does not consider whether there will 
be a gradual introduction of different levels of automation with dif-
ferent characteristics. 

Another limitation of this study is that participants were not given a 
specific usage context for autonomous driving. The aim of our research 
was to explore the acceptance of autonomous vehicles from a general 
point of view. However, research has shown that the usage context, 
such as private ownership, leasing, or shared autonomous vehicles and 
rides, leads to different costs and benefits to drivers, and thus the fac-
tors that shape the user's acceptance might differ (Acheampong and 
Cugurullo, 2019; Lee et al., 2019). Future research should, therefore, 
investigate users’ acceptance based on different usage contexts. 

Third, albeit the TAM has been suitably shown to predict future 
technologies, it should be stated that the results of the model may still 
be skewed, ultimately due to the lack of direct experience 
(Nordhoff et al., 2016). Although the provided video and definition of 
autonomous driving might help participants to put themselves mentally 
into the mindset of a driver, it cannot substitute for real driving ex-
perience with autonomous vehicles and stated preferences and actions 
in a hypothetical, imagined situation do not always match actual pre-
ferences and actions (Brandts and Charness, 2000). Also,  
Rahman et al. (2017) note that acceptance of autonomous systems in-
creases when experience with them also increases. For that reason, our 
present findings should be interpreted carefully, since the results rely to 
a large extent on the individual's imagination of autonomous driving. 
We recommend reproducing this study after autonomous driving has 
been established, thereby including experienced individuals. 

As autonomous driving enables access to mobility for underserved 
groups, for example, the elderly, individuals without a driver's license, 
or physically impaired people, these populations should be included in 
further research. Furthermore, future research could investigate whe-
ther sociodemographic factors like age, gender, or living conditions 
moderate the investigated relationships. 

Since the paper's focus is on individual acceptance, future research 
should also investigate social acceptance (see Nordhoff et al., 2016), 
that is, the reaction of the public to the introduction of a traffic system 
with autonomous vehicles. 

Finally, it should be noted that the study was conducted in a 
European country setting, that is, Germany. The generalizability of this 
study is therefore limited to sample- and country-specific character-
istics. Future research, therefore, should duplicate this research in other 
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geographical areas to determine the generalizability of the findings. 

9. Conclusion 

Based on a qualitative research design, the present study has de-
veloped a research model that was validated with an online-based 
survey. The results indicate that three main factors—social influence, 
individual differences, and system characteristics—are likely to influ-
ence the acceptance of autonomous driving. With regard to our research 
question—what drives the acceptance of autonomous driving from an 
end-user perspective?—we investigate 14 acceptance factors (i.e., 
subjective norm, desire to exert control, privacy concerns, trust, eco-
logical awareness, personal innovativeness, relative advantage, com-
patibility, enjoyment, price evaluation, perceived usefulness, perceived 
ease of use, attitude, and usage intention) and examine their relation-
ships using structural equation modeling. Our results show that sub-
jective norm can be a significant factor that affects perceived useful-
ness, while trust is positively related to usage intentions. In addition, 
the findings show that personal innovativeness predicts perceived 
usefulness and perceived ease of use, which in turn, positively affects 
attitude toward using autonomous driving, a significant predictor of 
usage intentions. Further, relative advantage and compatibility posi-
tively influence attitude toward using autonomous vehicles as well as 
perceived usefulness. In addition, compatibility positively affects usage 
intentions. Finally, our results confirm a positive relationship between 
enjoyment and perceived ease of use and a positive relationship be-
tween price evaluation and usage intentions. Thus, our study con-
tributes to existing research by deriving relevant acceptance factors that 
have not yet been extensively examined in previous research. In addi-
tion, our study reveals novel relationships between factors that shape 
the formation of acceptance and shed lights on incongruent and 

conflicting findings. The study also brings new aspects into the dis-
cussion for practitioners. For example, on an individual level, practi-
tioners need to ensure that the implemented technology is trustworthy 
from an end-user's point of view because this, in turn, has a lasting 
effect on acceptance. The developed service based on autonomous 
driving should also fit current mobility patterns as compatibility re-
mains a relevant factor as a system characteristic. On a social level, 
practitioners should ensure a positive response toward the usefulness of 
autonomous driving, as this might influence people's own perceptions 
of the utility of autonomous driving. Practitioners should take up the 
factors presented and, for example, incorporate and consider adapting 
them into their communication strategies and service development, 
thus reducing the time to market. In conclusion, our study reveals that 
although autonomous driving offers tremendous advantages for in-
dividuals and society, several user-related aspects need to be addressed 
before this technological innovation is ready to enter the mass market. 
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Appendices 

Appendix A         

References Study objective(s) Research con-
text/ Focus 

Method(s) Theoretical fra-
mework(s) 

Investigated con-
structs 

Derivation 
of exten-
sions 

Main finding(s)  

Acheampong and Cugurull-
(2019) 

Understanding and 
predicting autono-
mous vehicle in-
terest and adop-
tion intentions as 
well as user adop-
tion decisions re-
garding three dif-
ferent autonomous 
vehicle modes 

Autonomous ve-
hicles in context 
of ownership, 
sharing, 
and public trans-
port 
(NHTSA level 4) 

Confirmatory 
factor analysis 

Theory of 
planned beha-
vior; socio-ecolo-
gical model of 
behavior; tech-
nology accep-
tance model; 
technology diffu-
sion model; per-
ceived character-
istics of 
innovating belief 

Model 1: PEOU, 
PB, fears and anxi-
eties, SN, image, 
ATT toward tech-
nology, PBC, socio- 
demographics, 
adoption intention 
Model 2: Adding 
ATT toward envir-
onment, ATT to-
ward collaborative 
consumption 
Model 3: Adding 
ATT toward public 
transit 
Model 4: Adding 
ATT toward car 
ownership 

Theory- and 
literature- 
based 

• Public fears, anxieties → ATT  
(+) 
• Public fears, anxieties → PB (+) 
• SN → PB, PBC (+) 
• Environmental ATT, CC ATT, 
and technology ATT correlate 
positively with each other 
• PB → environmental and tech-
nology ATT (+) 
• PB positively correlate with 
pro-environmental and pro-tech-
nology ATT while negative tech-
nology ATT correlates negatively 
with PB and pro-environmental 
ATT 
• Environmental ATT → public 
transit ATT (+), car ownership 
(-) 

Anania et al. (2018) Investigating dif-
ferent types of in-
formation (positive 
or negative) on 
consumer percep-
tions regarding 
autonomous vehi-
cles as well as 
moderating effects 
regarding socio- 
demographic fac-
tors 

Consumer per-
ceptions and 
willingness to 
ride autonomous 
vehicles (NHTSA 
levels 3–4) 

Descriptive sta-
tistics (reliability 
analysis; infer-
ential analysis) 

– Willingness to ride 
depending on re-
ceived (positive/ 
negative) informa-
tion 

– • Individuals are more willing to 
ride in autonomous vehicles after 
hearing positive information 
about them and vice versa 
• Differences in terms of nation-
ality were found. There were no 
consistent differences in terms of 
gender 

– – 
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Bansal and Kockelman-
(2017) 

Proposing a new 
simulation-based 
fleet evolution fra-
mework to forecast 
Americans’ long- 
term adoption of 
connected autono-
mous vehicles with 
different tech-
nology levels (de-
pending on certain 
scenarios) 

Americans’ long- 
term adoption of 
connected auton-
omous vehicles 
(NHTSA level 
1–4) 

Descriptive ana-
lysis; simulation 

Simulation-based 
fleet evolution 
framework 

• Insights into Americans’ adop-
tion of autonomous vehicles 
based on willingness to pay. 
Framework to forecast the adop-
tion under different scenarios 
regarding price, willingness to 
pay, and regulations 

Benleulmi and Becker (2017) Investigating dri-
vers and inhibitors 
of autonomous 
cars’ acceptance 
across cultures  

Acceptance of 
autonomous cars 
with a special 
focus on the dif-
ferent risks deter-
ring consumers 
from Germany 
and the U.S. 
(SAE levels 4 and 
5) 

Structural equa-
tion modeling 

Unified theory of 
acceptance and 
use of technology 

Performance ex-
pectancy, effort 
expectancy, social 
influence, hedonic 
motivation, BI; 
extension: desir-
ability of control, 
perceived conveni-
ence, personal in-
novativeness in IT, 
intention to prefer 
autonomous over 
conventional car, 
privacy risk, per-
formance risk, fi-
nancial risk, socio- 
psychological risk 
safety, trust, dis-
position to trust 
autonomous car 

Literature- 
based 

• Trust, intention to prefer 
autonomous car, perceived con-
venience, personal innovative-
ness in information technology, 
hedonic motivation, effort ex-
pectancy, and social  
influence → BI (+)• Desirability 
of control → BI (-) 
• Perceived convenience, perfor-
mance expectancy → BI 
• Performance risk, safety, dispo-
sition to trust autonomous  
car → trust (-) 
• Socio-psychological risk → trust  
(+) 
• Financial and private risk → trust 

Bernhard et al. (2020) Exploring crucial 
determinants for 
the use of an 
autonomous 
minibus 

Autonomous 
minibus in 
Germany 

Descriptive ana-
lysis, multiple 
linear regression 

Unified theory of 
acceptance and 
use of technology 

Performance ex-
pectancy, effort 
expectancy, 
questionnaire type 
(experience), BI to 
use autonomous 
public transport, 
willingness-to- use 
the autonomous 
minibus 
Additional post- 
ride: perceived 
safety, valence, 
minibus character-
istics (need for an 
operator, spacious-
ness, velocity, 
braking), environ-
mental friendliness 

Literature- 
based 

• Average rating is positive, post- 
ride slightly higher 
• Performance expectancy, effort  
expectancy → BI (+) 
• Age, Experience → BI (-) 
• Gender → BI (-) 
• Valence, spaciousness, perfor-
mance  
expectancy → willingness-to-use 
the autonomous minibus (+) 
• Need for an operator, velocity, 
effort expectancy,  
gender → willingness-to-use the 
autonomous minibus (+) 
• Age,  
braking → willingness-to-use the 
autonomous minibus (-) 

Buckley et al. (2018a) Investigating the re-
levance of psycho-
logical constructs 
regarding intention 
to use automated 
vehicles 

Intention to use 
conditional auto-
mated vehicles in 
the US 
(SAE level 3) 

Descriptive ana-
lysis; bivariate 
correlations; 
hierarchical re-
gression analysis 

Theory of 
planned beha-
vior; technology 
acceptance model 

ATT, SN, PBC, PU, 
PEOU, BI; 
extension: trust 

Theory- and 
literature- 
based 

• Theory of planned behavior 
constructs as well as PEOU sig-
nificantly influence the BI of 
automated vehicles 
• Trust contributed variance to 
both models 

Cho et al. (2017) Deriving factors 
that affect the 
user's experience 
and acceptance of 
autonomous vehi-
cles as well as in-
vestigating 
changes dependent 
on the level of 
automation 

Behavioral inten-
tion based on 
user experience 
assessment with 
a driving simu-
lator in Korea 
(NHTSA levels 
1–4) 

Linear regres-
sion 

Car technology 
acceptance 
model, unified 
theory of accep-
tance and use of 
technology 

Performance ex-
pectancy, effort 
expectancy, social 
influence, BI, self- 
efficacy, anxiety, 
perceived safety; 
extension: trust, 
affective satisfac-
tion, level of auto-
mation 

Theory- and 
literature- 
based 

• Performance expectancy, social 
influence, trust, affective satisfac-
tion, and perceived safety → BI  
(+) 
• Anxiety → BI (-) 
• Effort expectancy, self-efficacy → BI 
• Social influence, perceived safety, 
trust, and affective satisfaction in-
crease up to 2nd level of automa-
tion, decrease to minimum in 3rd 
level, and increase again in 4th 
level, anxiety behaves vice versa 
(due to increase in experience) 

Choi and Ji (2015) Investigating the 
user's adoption as-
pects of autono-
mous vehicles as 
well as examining 
the factors that 
drive people to 
trust an autono-
mous vehicle 

Adoption of 
autonomous ve-
hicles at an early 
stage in Korea 
(NHTSA levels 3 
and 4) 

Structural equa-
tion modeling 

Technology ac-
ceptance model; 
trust theory 

PU, PEOU, BI; 
extensions: trust; 
perceived risk, 
system transpar-
ency, technical 
competence, situa-
tion management, 
locus of control, 
sensation-seeking 

Theory- and 
literature- 
based 

• System transparency, technical 
competence and situation → trust  
(+) 
• Trust → PU, BI (+) 
• Trust → perceived risk (-) 
• Locus of control, PEOU → BI  
(+) 
• Sensation seeking, perceived  
risk → BI 
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Daziano et al. (2017) Investigating semi-
parametric esti-
mates of willing-
ness to pay for 
automation 

Willingness to 
pay for different 
automation le-
vels 
(NHTSA aggre-
gated levels) 

Discrete choice 
experimental 
methodologies; 
mixed logit 
model 

Vehicle-purchase 
discrete choice 
models 

– – • Quantification of how house-
holds currently perceive and 
value automated vehicle tech-
nologies 
• Derivation of the willingness to 
pay for several levels of automa-
tion 

Haboucha et al. (2017) Investigating indi-
vidual motivations 
for choosing to 
own and use 
autonomous vehi-
cles and develop a 
model for autono-
mous vehicle long- 
term choice deci-
sion 

Sharing or 
owning of auton-
omous vehicles 
from a users’ 
perspective in 
Israel and North 
America 
(NHTSA level 4) 

Confirmatory 
factor analysis; 
logit kernel 
model 

Model for auton-
omous vehicle 
long-term choice 
decisions 

Pro-autonomous 
vehicle sentiments, 
environmental 
concerns, tech-
nology interests, 
public transit ATT, 
driving enjoyment 

Literature- 
based 

• Significance of the following 
factors: driving enjoyment, en-
vironmental concerns and pro- 
autonomous vehicle sentiments 
• Israelis more willing to accept 
autonomous vehicles 

Hegner et al. (2019) Investigating the 
influence of trust 
in the technology, 
concerns in giving 
up control, per-
ceived usefulness, 
PEOU, personality 
factor innovative-
ness, and enjoy-
ment of driving a 
car on the a priori 
intention to adopt 
an autonomous 
vehicle 

Customer's inten-
tion and willing-
ness to adopt 
autonomous ve-
hicles 
(SAE level 5) 

Structural equa-
tion modeling 

Technology ac-
ceptance model 

PU, PEOU, BI; 
extensions: con-
cern giving up 
control, trust in 
technology, 
driving enjoyment, 
personal innova-
tiveness 

Literature- 
based 

• PU, trust/control concerns, 
personal innovativeness → BI  
(+) 
• Driving enjoyment → BI (-) 
• PEOU, gender, age,  
education → BI 
• PEOU → PU, trust/control (+) 
• PU → trust/control (+) 

Howard and Dai (2014) Investigating peo-
ple's attitudes to-
ward autonomous 
vehicles 

Case study in 
Berkeley, 
California 
(NHTSA level 4) 

Descriptive ana-
lysis 

– – – • Individuals are most attracted 
to potential safety benefits, the 
convenience of not having to find 
parking, and amenities such as 
multitasking while on route 

Hudson et al. (2019) Analyzing people's 
attitudes toward 
autonomous vehi-
cles 

People's attitudes 
toward autono-
mous vehicles in 
Europe using 
Eurobarameter 
data relating to 
Nov/Dec 2014 
(no level assign-
ment to SAE or 
NHTSA) 

Regression ana-
lysis, factor ana-
lysis 

– People's accep-
tance linked to 
ATT, socioeco-
nomic and demo-
graphic variables 
reflecting their 
self-interest, 
gender, age, edu-
cation, location, 
personal pros-
perity 

Literature- 
based 

• People are more uncomfortable 
with autonomous vehicles with 
strong variations 
• Young more in favor than the 
elderly; old, unemployed, less 
educated women tend to be less 
in favor of autonomous vehicles; 
large towns and cities more in 
favor 
• Higher accident rates within 
countries may lead to a higher 
support for autonomous vehicles 

Hulse et al. (2018) Investigating per-
cept-ions of auton-
omous cars (parti-
cularly road safety 
and acceptance) 
and comparing 
them in relation to 
road usage, risk- 
taking, risk per-
ception, age, and 
gender 

Relationships be- 
tween road usage 
(e.g., pedes-
trian), risk, 
gender, and age 
compared to 
autonomous ve- 
hicle acceptance 
(no level assign-
ment to SAE or 
NHTSA) 

Factor analysis, 
multinomial lo-
gistic 

– Road user risk- 
taking, perceived 
risk, general ATT 

Literature- 
based 

• Autonomous vehicles seen as a 
low-risk form of transport with 
just a few concerns compared to 
other transportation modes 
• Gender, age, and risk-taking 
had varied relationships with 
different vehicle types and gen-
eral ATT toward autonomous 
vehicles (e.g., passengers rate 
autonomous vehicles riskier than 
pedestrians), low objections for 
autonomous vehicles being used 
on public roads, and little oppo-
sition against autonomous vehi-
cles in terms of ATT 

Kaur and Rampersad (2018) Investigating the 
key factors influ-
encing the adop-
tion of driverless 
cars 

Driverless cars as 
a public trans-
portation service 
in closed envir-
onments in 
Australia 
(SAE level 5) 

Confirmatory 
factor analysis 

Unified theory of 
acceptance and 
use of technology  

Performance ex-
pectancy, relia-
bility; 
extensions: se-
curity, privacy, 
trust, 
adoption scenarios 

Literature- 
based 

• Performance expectancy,  
trust → BI (+) 
• Reliability, security,  
privacy → trust (+) 

Koul and Eydgahi (2018) Investigating ante-
cedents of driver-
less car technology 
adoption  

Acceptance of 
driverless car 
technology 
(no level assign-
ment to SAE or 
NHTSA) 

Pearson's corre-
lation; multiple 
linear regression 

Technology ac-
ceptance model 

PU, PEOU, BI dri-
verless cars; 
extensions: years 
of driving experi-
ence, age; 
moderators: 
gender, level of 
education, house-
hold income 

Literature- 
based 

• PU, PEOU → BI (+) 
• Years of driving experience,  
age → BI (-) 
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Lee et al. (2019) Investigating influ-
ential factors on 
intention to use 
autonomous vehi-
cles 

Comparative and 
psychological 
perspectives that 
can affect user- 
vehicle relation-
ships 
(SAE levels)  

Structural equa-
tion modeling; 
partial least 
squares 

Technology ac-
ceptance model; 
factors for auton-
omous vehicle 
use: psycholo-
gical ownership 

PU, PEOU, BI; 
extensions: per-
ceived risk, self-ef-
ficacy, relative ad-
vantage, psycholo-
gical ownership 

Literature- 
based 

• Self-efficacy, PU, psychological  
ownership → BI (+) 
• Perceived risk → BI (-) 
• Self-efficacy → PEOU 
• Relative advantage,  
PEOU → PU 
• Psychological ownership → PU, 
PEOU, perceived risk 
• PEOU, relative advantage → BI 
• Self-efficacy → perceived risk 

Leicht et al. (2018) Analyzing the 
moderating effects 
of consumer inno-
vativeness on the 
relationships be-
tween different 
antecedents of 
autonomous ve-
hicle purchase in-
tention 

Mass market 
adoption (pur-
chase intention) 
of fully autono-
mous cars (SAE 
level 5) 

Structural 
equation mod-
eling; multi- 
group analysis 

Unified theory of 
acceptance and 
use of technology 

Performance ex-
pectancy, effort 
expectancy, and 
social influence, 
BI; 
extension: 
consumer innova-
tiveness 

Literature- 
based 

• Performance expectancy, effort 
expectancy, social  
influence → purchase intention  
(+) 
• Consumer innovativeness as a 
moderator (higher effects when 
consumer innovativeness is high) 

Liu et al. (2018) Investigating three 
acceptance mea-
sures of autono-
mous vehicles: 
general accep-
tance, willingness 
to pay, and beha-
vioral intention 

Public accep-
tance of autono-
mous vehicles 
with regard to 
social trust and 
risk/benefit per-
ceptions 
(SAE level 5) 

Structural equa-
tion modeling; 
prediction ana-
lysis; partial 
least squares 

Trust heuristic; 
psychological 
model 

Social trust, per-
ceived risk, PB, BI, 
general accep-
tance, willingness 
to pay 

Theory- 
based 

• Social trust → general accep-
tance, willingness to pay, BI 
• Social trust also has a signifi-
cant positive indirect effect on all 
three through PB 
• Perceived risk → willingness to 
pay, general acceptance (-) 

Madigan et al. (2017) Investigating the 
factors that influ-
ence the public's 
acceptance of 
automated road 
transport systems 

Behavioral inten-
tion toward auto-
mated public 
transport in 
Germany 
(CityMobil2 auto-
mated road trans-
port systems) 
(SAE level 4) 

Multiple regres-
sion analysis 

Unified theory of 
acceptance and 
use of technology 
II 

Performance ex-
pectancy, effort 
expectancy, social 
influence, PBC, fa-
cilitating condi-
tions, hedonic mo-
tivation, age, 
gender, experience 

– • Performance expectancy, social 
influence, facilitating conditions, 
hedonic motivation → BI (+) 
• Effort expectancy, age, gender, 
and experience → BI 
• No moderating effects 

Manfreda et al. (2019) Investigating mil-
lennials’ adoption 
of autonomous ve-
hicles by consid-
ering the impor-
tance of 
technology adop-
tion, perception of 
benefits, 
security, safety, 
mobility-related 
efficiencies, and 
concerns 

Adoption of fully 
automated vehi-
cles within smart 
cities from the 
millennial point 
of view 
(no level assign-
ment to SAE or 
NHTSA) 

Structural equa-
tion modeling 

Unified theory of 
acceptance and 
use of technology 

Technological 
mindset, personal 
and societal bene-
fits, security, mo-
bility-related effi-
ciencies, safety, 
technological and 
legal concerns, 
adoption of auton-
omous vehicles 

Literature- 
based 

• Technological mindset, safety, 
personal and societal  
benefits → adoption of autono-
mous vehicles (+) 
• Technological and legal con-
cerns significantly influence 
adoption of autonomous vehicles 
(-) 
• Safety → technological and so-
cietal concerns (-) 
• Security and mobility-related  
efficiencies → adoption of autono-
mous vehicles 

Motamedi et al. (2020) Developing user 
acceptance 
models for person-
ally 
owned and shared 
autonomous vehi-
cles. 

Acceptance of 
personally 
owned vs. shared 
automated vehi-
cles in California 
(SAE level 5) 

Focus groups, 
confirmatory 
factor analysis; 
structural equa-
tion modeling 

Technology ac-
ceptance model, 
car technology 
acceptance model 

PEOU, PU, per-
ceived safety, BI; 
extension: trust, 
compatibility 

Literature- 
based 

• Almost same results for per-
sonally owned and shared con-
cepts 
• Compatibility →trust (+) 
• Trust → perceived safety (+) 
• Perceived safety → PU, PEOU  
(+) 
• PEOU → PU (+) 
• PU → BI (+) 
• Compatibility, trust → PU (+) 
• Perceived safety, trust → PEOU  
(+) 
• PEOU → BI (+) 

Nishihori et al. (2020) Examining the 
current situation 
and determining 
factors regarding 
the social accep-
tance of autono-
mous 
vehicles 

Acceptance of 
autonomous ve-
hicles in Japan 

Meta-analysis – Pros and cons, BI; 
explanatory vari-
ables: gender, dri-
ver's license, car 
ownership, occupa-
tion, family compo-
sition, population 
density, risk percep-
tion of dreadful for 
autonomous vehi-
cles, risk perception 
of unknown for 
autonomous vehi-
cles, recognition 
level of demonstra-
tion experiment, BI 

– • Correlation pros and cons and 
BI (+) 
• Pros and cons differ by gender, 
driver license, car ownership, 
family composition, population 
density, risk perception for 
autonomous vehicles, and recog-
nition level of autonomous vehi-
cles demonstration experiment 
• BI, recognition level of autono-
mous vehicles demonstration ex-
periment, gender, population 
density, risk perception of 
autonomous vehicles → pros and 
cons 
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Nordhoff et al. (2018) Investigating the 
acceptance of dri-
verless vehicles 

Autonomous 
shuttles; cross- 
national ques-
tionnaire 
(no level assign-
ment to SAE or 
NHTSA) 

Descriptive ana-
lysis, principal 
component ana-
lysis 

– – – • Participants would enjoy taking 
a ride in a driverless vehicle 
• Identification of new compo-
nents (e.g., being comfortable 
with technology, supporting a 
car-free environment) 
• Acceptance is more strongly 
determined by domain-specific 
ATT than by sociodemographic 
characteristics 

Paddeu et al. (2020) Investigating which 
attributes of tra-
veling in a shared 
autonomous vehicle 
affect comfort and 
trust ratings 

Acceptance (in-
dicated by trust 
and comfort) of a 
real-world 
shared autono-
mous vehicle 

Two-way 
ANOVA 

- Direction of face, 
speed, trust, com-
fort, nausea 

– • Direction of face → trust (for-
ward +) 
• Speed → trust (-) 
• Direction of face → comfort 
• Speed → comfort (-) 

Panagiotopoulos and Dimitr-
akopoulos (2018) 

Investigating fac-
tors that influence 
consumers’ inten-
tions to use and 
accept autono-
mous vehicles 

Behavioral inten-
tion toward par-
tially or fully 
autonomous and 
self-driving vehi-
cles 
(SAE level 5) 

Descriptive ana-
lysis; multiple 
regression ana-
lysis; structural 
equation mod-
eling 

Technology ac-
ceptance model 

PU, PEOU, BI; 
extensions: per-
ceived trust, social 
influence 

Literature- 
based 

• PU, PEOU, perceived trust, so-
cial influence → BI (+) 
• PEOU → PU (+) 

Payre et al. (2014) Investigating dri-
vers’ intention to 
use fully auto-
mated vehicles 

Predicting inten-
tion by a priori 
acceptability, at-
titudes, person-
ality traits, and 
behavioral adap-
tation toward 
automated 
driving 
(NHTSA level 4) 

Confirmatory 
factor analysis; 
descriptive ana-
lysis; hierarch-
ical linear re-
gression analysis 

Priori accept-
ability (based on 
the technology 
acceptance 
model) 

PU, BI; 
extensions: ATT, 
sensation-seeking, 
locus of control, 
interest in im-
paired driving, 
contextual accept-
ability 

Literature- 
based 

• ATT → BI (+) 
• Driving-related sensation- 
seeking, being impaired → BI  
(+) 
• Men have a stronger ATT and 
higher BI than women 

Rahman et al. (2019) Investigating older 
adults’ (age > 60) 
perception of self- 
driving vehicles 
from the perspec-
tive of users and 
pedestrians as well 
as their willingness 
to use them 

Self-driving vehi-
cles in the con-
text of people 
who cannot drive 
(medical- or age- 
related reasons) 
(SAE level 5) 

Confirmatory 
factor analysis 

Technology ac-
ceptance model; 
theory of planned 
behavior; auto-
mation accep-
tance model 

ATT, PU, BI, social 
norm; trust, com-
patibility; exten-
sions: demo-
graphic variables 

Theory- and 
literature- 
based 

• ATT, PU, trust,  
compatibility → acceptance (+) 
• ATT, trust, social norms were 
rated positively by users and 
neutral by pedestrians 
• PU was rated positively by both 
users and pedestrians 
• Compatibility was rated nega-
tively by both users and pedes-
trians 

Ro and Ha (2019) Exploring consu-
mers’ expectations 
for autonomous 
cars in Korea 

Autonomous cars 
in Korea 
(no level assign-
ment to SAE or 
NHTSA) 

Factor analysis Theory of rea-
soned action; 
unified theory of 
acceptance and 
use of technology 

Expectation in 
terms of conveni-
ence, safety, 
monetary costs, 
economy, account-
ability, ethics, and 
licensing (derived 
by exploratory 
factor analysis) 

Theory- and 
literature- 
based 

• Expectations regarding conve-
nience, safety → ATT, BI (+) 
• Expectations regarding mone-
tary costs → ATT, BI (-) 
• Expectations regarding ethics 
and licensing → ATT (+) 
• Expectations regarding ethics and 
licensing significantly → BI 
• Expectations regarding economy 
and accountability → ATT, BI 
• ATT → BI (+) 

Roedel et al. (2014) Investigating how 
user acceptance 
and user experi-
ence factors differ 
with levels of 
autonomy 

User experience 
and acceptance 
toward auto-
mated vehicles 
(NHTSA levels 
0–4) 

Descriptive ana-
lysis, mean com-
parison 

Technology ac-
ceptance model; 
theory of planned 
behavior 

PEOU, ATT toward 
the system, BI, 
PBC; 
extensions: trust, 
fun 

Theory- and 
literature- 
based 

• User acceptance and experience 
differ significantly between le-
vels of autonomy 
• PEOU → ATT, BI (+) 
• PBC, trust, and fun decrease 
with higher levels of autonomy 

Schoettle and Sivak (2014) Investigating 
public opinion 
about 
autonomous and 
self-driving vehi-
cles 

Focus on the 
U.S., the U.K., 
and Australia 
(NHTSA level 4) 

Descriptive ana-
lysis 

– – – • Positive initial opinion of the 
technology 
• High expectations about the 
benefits of the technology 
• High levels of concern about 
riding a self-driving car and se-
curity issues 
• High desire to have this tech-
nology in the vehicle 

Talebian and Mishra (2018) Predicting the 
adoption of con-
nected autono-
mous vehicles 

Influence of 
peer-to-peer 
communication 
on willingness to 
pay and adoption 
of connected 
autonomous ve-
hicles 
(no level assign-
ment to SAE or 
NHTSA) 

Descriptive ana-
lysis; sensitivity 
analysis; discrete 
choice modeling; 
agent-based si-
mulation mod-
eling 

Theory of diffu-
sion of innova-
tions; agent- 
based modeling 

Functional bar-
riers, psycholo-
gical barriers, in-
centives, peer-to- 
peer communica-
tion, media, will-
ingness to pay 

Theory- and 
literature- 
based 

• Perceptions are dynamic and 
change through peer-to-peer 
communication and media expo-
sure, while to-pay is dynamic and 
changes as result of per-to-peer 
communication 
• Resistance defers adoption 
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Wu et al. (2019) Investigating the 
role of environ-
mental concern in 
the public accep-
tance of autono-
mous electric vehi-
cles 

Public accep-
tance of autono-
mous electric ve-
hicles in China 
(no level assign-
ment to SAE or 
NHTSA) 

Structural equa-
tion modeling; 
confirmatory 
factor analysis 

Technology ac-
ceptance model  

Green PU, PEOU, 
BI; 
extension: envir-
onmental concern 

Literature- 
based 

• Green PU, PEOU, and environ-
mental concerns→ BI (+) 

Xu et al. (2018) Understanding the 
influence of direct 
experience of an 
automated vehicle 
(SAE level 3); ex-
plaining and pre-
dicting public ac-
ceptance of 
autonomous vehi-
cles through a psy-
chological model 

Experiencing 
SAE level 3 vehi-
cles and their 
implication on 
the acceptance 
on SAE level 5 
vehicles in China 

Mediation ana-
lysis; out-of- 
sample predic-
tion analysis; 
structural equa-
tion modeling 

Technology ac-
ceptance model 

PU, PEOU, BI; 
extensions: will-
ingness to re-ride, 
trust, perceived 
safety 

Literature- 
based 

• Experience with a SAE level 3 
vehicle increases trust, PU, and 
PEOU but not BI 
• PU, trust, perceived safety → BI, 
willingness to re-ride (+) 
• PEOU → BI (+) 
• Trust → PU, PEOU, perceived 
safety (+) 

Yuen et al. (2020) Investigating de-
terminants of 
public acceptance 
of autonomous 
cars from an inno-
vation diffusion 
perspective 

Acceptance of 
autonomous ve-
hicles in Korea 
(no level assign-
ment to SAE or 
NHTSA) 

Structural equa-
tion modeling 

Innovation 
diffusion theory; 
perceived value 
theory; 
trust theory 

Relative advan-
tage, compat-
ibility, complexity, 
trialability, obser-
vability; perceived 
value; trust; public 
acceptance 

Theory- 
based 

• Relative advantage, compat-
ibility, trialability,  
observability → perceived value  
(+) 
• Complexity → perceived value 
(-) 
• Perceived value → trust, public 
acceptance (+) 
• Trust → public acceptance (+) 

Zhang et al. (2019) Exploring factors 
affecting users’ ac-
ceptance of auto-
mated vehicles 

China 
(SAE level 3) 

Structural equa-
tion modeling 

Technology ac-
ceptance model 

PEOU, PU, ATT 
toward using, BI; 
extensions: per-
ceived safety risk, 
perceived privacy 
risk, initial trust 

Literature- 
based 

• ATT, PU → BI (+) 
• Initial trust, PEOU → ATT (+) 
• PU → ATT 
• Perceived safety risk → initial 
trust (-) 
• PU → initial trust (+) 
• PEOU, perceived privacy  
risk → initial trust 

Zhang et al. (2020) Investigating the 
role of social and 
personal factors in 
automated vehicle 
acceptance 

Intention to use 
automated vehi-
cles in China 
(SAE level 3) 

Structural equa-
tion modeling 

Technology ac-
ceptance model 

PEOU, PU, BI; 
extensions: initial 
trust, social influ-
ence, big five, sen-
sation-seeking 

Literature- 
based 

• PEOU, PU, trust, social influ-
ence, sensation-seeking → BI (+) 
• Social influence → PEOU, PU, 
trust (+) 
• From the Big Five, only neuro-
ticism significantly negatively 
influences trust and openness 
significantly positively influences 
it 
• >The other personality traits 
have no significant effect. 

SAE = Society of Automotive Engineers International; NHTSA = National Highway Traffic Safety Administration; ATT = attitude; BI = behavioral intention; 
CC = collaborative consumption; PEOU = perceived ease of use; PU = perceived usefulness; PB = perceived benefit; PBC = perceived behavioral control; 
SN = subjective norm; (+) = positive relationship; (-) = negative relationship; italicized = not significant.  

Appendix B Results of interviews and construct definitions of related acceptance criteria.     

Example statements Related accep-
tance criteria 

Original construct definition References  

I like driving myself and being in control of the vehicle. Desire to exert 
control 

The ability to control events in one's own life. Burger and 
Cooper (1979) 

I can imagine that autonomous driving can be really relaxing and, the-
refore, more fun because you can concentrate completely on other 
things, such as computer games or other fun activities. 

Perceived en-
joyment 

The degree to which using a technology is perceived to be 
enjoyable as an activity, apart from any performance con-
sequences that may be anticipated. 

Davis et al. (1992) 

I would have to be sure that the technology is safe […], 100% trust is a 
requirement. 

Trust The system of beliefs concerning predictability and function-
ality of system characteristics. 

Thatcher et al. (2011) 

There should be an appropriate cost–benefit ratio […] whether it is w-
orth paying for it. 

Price evalua-
tion 

Individual's evaluation of the trade-off between the perceived 
benefits of a technology and the monetary cost for using it. 

Dodds et al. (1991) 

As I am concerned with environmental protection and other environ-
mental aspects, autonomous driving is generally interesting for me if 
it contributes to sustainability. 

Ecological 
awareness 

Individual's behavior which accounts for the influence on 
ecological impacts. 

Roberts (1995) 

For me it is important that there exists transparency on the protection of 
personal data before I would consider using autonomous vehicles. 

Privacy con-
cerns 

Individual's concern about gathering and use of individual- 
specific consumer information. 

Phelps et al. (2000) 

In general, I would say that it is important if other people have had good 
experience with autonomous driving and what my social environ-
ment thinks about it. 

Subjective 
norm 

Perceived social pressures to perform or not perform a specific 
behavior. 

Ajzen (1991) 

For me personally, as someone who is interested in new technologies, to 
try out this high-tech innovation would be very interesting. 

Personal inno-
vativeness 

Individual's willingness to try out a new technology. Agarwal and 
Prasad (1998) 

The first thing that I associate with autonomous driving is that I can do 
whatever I want when driving. This is a great advantage compared 

Relative advan-
tage 

The extent to which an innovation is perceived as better than 
the idea it supersedes. 

Rogers (2003) 
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to conventional vehicles. I can, for example, prepare a last-minute 
appointment while driving. 

As part of my job, I travel a lot to different places. The infrastructure for 
autonomous vehicles needs to be developed in a way that I could use 
autonomous vehicles everywhere, for example, for long distances or 
in rural areas. 

Compatibility The extent to which an innovation is perceived as consistent 
with the existing values, prior experiences, and needs of 
potential adopters.  

Rogers (2003)  

Appendix C Construct conceptualization regarding autonomous driving.     

Construct (number 
of items) 

Sample items Conceptualization Related references  

Desire to exert con-
trol (3) 

I would prefer to be in control when using autonomous 
vehicles. 
I would prefer to make my own decisions when driving 
instead of being guided by the autonomous vehicle 
technology. 
It is not important for me to be able to take back control 
from an autonomous vehicle.* 

The degree to which an individual has a demand for control in 
connection with autonomous driving. 

Burger and Cooper (1979);  
Nees (2016); Planing (2014) 

Privacy concerns (4) I believe that my privacy would be compromised when 
using autonomous vehicles. 
I believe that my data would be secure when using 
autonomous vehicles.* 
I would be worried about my privacy when using 
autonomous vehicles. 
I believe that using autonomous vehicles would 
threaten my privacy. 

The individual's concern about the collection and use of individual- 
specific consumer information when using autonomous driving. 

Nasri and 
Charfeddine (2012);  
Vijayasarathy (2004) 

Trust (6) Overall, I would trust autonomous vehicles. 
I expect autonomous vehicles to be reliable. 
I expect autonomous vehicles to be dependable. 
Overall, I would trust autonomous vehicle technology. 
I believe that using autonomous vehicles will be safe. 
Overall, I would not trust an autonomous vehicle to get 
me safely to my destination.* 

The ability to forecast the predictability and functionality of auton-
omous driving. 

Choi and Ji (2015);  
Nasri and 
Charfeddine (2012);  
Nees (2016) 

Ecological aware-
ness (4) 

The impact of autonomous vehicles on the environ-
ment would influence my usage decision. 
The degree to which autonomous vehicles cause pol-
lution would influence my usage decision. 
If I understand the impact autonomous vehicles have on 
the environment, it will influence my usage decision. 
The extent to which autonomous vehicles impact the 
environment would not influence my usage decision.* 

The individual's perception of behaving ecologically correctly when 
using autonomous driving. 

Roberts (1995) 

Personal innovative-
ness (5) 

I would like to experiment with autonomous vehicles. 
Among my peers, I would be one of the first to try out 
autonomous vehicles. 
In general, I am hesitant to try out autonomous 
vehicles.* 
If I heard about a new development in the area of 
autonomous vehicles, I would look for ways to ex-
periment with it. 
Generally, I would not like to experiment with auton-
omous vehicles.* 

The willingness of an individual to try out autonomous driving. Agarwal and Prasad (1998);  
Parasuraman (2000) 

Relative advantage 
(5) 

Using autonomous vehicles would enable me to ac-
complish driving tasks more efficiently. 
Using autonomous vehicles would improve my driving 
performance. 
Overall, I think using autonomous driving will be 
disadvantageous for me.* 
Using autonomous vehicles would not improve my 
driving performance.* 
Using autonomous vehicles would enable me to ac-
complish driving tasks more effectively. 

The degree to which autonomous driving is perceived as better than 
current available mobility options. 

Moore and Benbasat (1991) 

Compatibility (3) Using autonomous vehicles would be compatible with 
my mobility behavior. 
I think using autonomous vehicles would not fit well 
into mobility behavior.* 
I think using autonomous vehicles is compatible with 
all aspects of my mobility behavior. 

The degree to which autonomous driving is perceived as consistent 
with existing mobility options. 

Moore and Benbasat (1991) 

Enjoyment (3) I expect using autonomous vehicles to be enjoyable. 
I expect using autonomous vehicles to be pleasant. 
I expect using autonomous vehicles to be unpleasant.* 

The degree to which using autonomous driving is perceived to be 
enjoyable in its own right, apart from any performance consequences 
that may be anticipated. 

Venkatesh and Bala (2008) 

Price evaluation (3) The benefits of autonomous vehicles would outweigh 
the amount of money they would cost. 
I would be willing to pay more to use autonomous 
vehicles. 

Individual's evaluation of the trade-off between the perceived benefits 
of using autonomous vehicles and the monetary cost. 

Nees (2016);  
Venkatesh et al. (2012) 
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I expect the costs of using autonomous vehicles to 
outweigh the value of using autonomous vehicles.* 

Subjective norm (4) People who influence my behavior would think that I 
should use autonomous vehicles. 
People who are important to me think that I should use 
autonomous vehicles. 
People who influence me would think that I should use 
autonomous vehicles. 
People whose opinions I value would prefer that I do 
not use autonomous vehicles.* 

The perceived social pressure to use autonomous vehicles. Nasri and 
Charfeddine (2012);  
Venkatesh and Bala (2008) 

Perceived usefulness 
(4) 

Autonomous vehicles would be useful to me. 
Using autonomous vehicles would increase my pro-
ductivity. 
Autonomous driving would not be useful to me.* 
Using autonomous vehicles would allow me to be more 
productive. 

The degree to which autonomous driving results in a positive 
use–performance relationship. 

Nees (2016); Choi and 
Ji (2015); Venkatesh and 
Davis (2000) 

Perceived ease of u-
se (3) 

I expect learning to use autonomous vehicles will be 
easy for me. 
I expect autonomous vehicles will be easy to use. 
I think that interacting with autonomous vehicles 
would require a lot of mental effort.* 

The degree to which an individual believes that using autonomous 
driving is free of effort. 

Nees (2016); Choi and 
Ji (2015); Venkatesh and 
Davis (2000) 

Attitude (6) I think that using autonomous vehicles is a wise idea. 
I think that using autonomous vehicles is a good idea. 
In my opinion, it is desirable to use autonomous 
vehicles. 
I like the idea of using autonomous vehicles. 
I think that using autonomous vehicles would be 
beneficial for me. 
I think that using autonomous vehicles is a bad idea.* 

The degree to which an individual has a favorable or unfavorable 
evaluation of using autonomous driving. 

Nasri and 
Charfeddine (2012);  
Taylor and Todd (1995) 

Usage intention (4) If I had access to an autonomous vehicle, I predict that 
I would use it. 
Assuming I had access to an autonomous vehicle, I 
intend to use it. 
I intend to use autonomous vehicles in the future. 
Assuming I had access to an autonomous vehicle, I 
predict that I would not use it.* 

The individual's motivational readiness to use or not to use autono-
mous driving. 

Choi and Ji (2015);  
Nees (2016);  
Venkatesh (2000) 

*Reverse-coded item.  

Appendix D Factor loadings (in bold) and cross loadings.                 

ATT CO EA DEC EN PC PE PEOU PI PU RA SN TR UI  

ATT01 0.93 0.63 0.12 −0.40 0.78 0.32 0.63 0.49 0.33 0.73 0.73 0.55 0.67 0.77 
ATT02 0.90 0.63 0.09 −0.50 0.70 0.30 0.61 0.53 0.39 0.73 0.74 0.56 0.74 0.79 
ATT03 0.94 0.68 0.13 −0.46 0.78 0.32 0.64 0.54 0.39 0.75 0.74 0.59 0.73 0.78 
ATT04 0.71 0.53 0.14 −0.25 0.70 0.24 0.46 0.31 0.26 0.54 0.53 0.41 0.43 0.51 
ATT05 0.92 0.63 0.10 −0.40 0.72 0.33 0.60 0.54 0.33 0.76 0.76 0.55 0.68 0.72 
ATT06 0.90 0.61 0.13 −0.40 0.69 0.28 0.61 0.49 0.34 0.72 0.76 0.53 0.65 0.72 
CO01 0.65 0.93 0.17 −0.42 0.60 0.34 0.64 0.43 0.43 0.67 0.63 0.53 0.61 0.65 
CO02 0.60 0.92 0.08 −0.39 0.58 0.33 0.51 0.43 0.34 0.58 0.56 0.51 0.56 0.59 
CO03 0.65 0.88 0.10 −0.40 0.60 0.35 0.58 0.45 0.41 0.61 0.61 0.49 0.57 0.57 
EA01 0.05 0.09 0.77 −0.05 0.12 0.02 0.04 0.02 0.17 0.09 0.12 0.11 0.12 0.07 
EA02 0.12 0.16 0.87 −0.05 0.14 0.02 0.15 0.05 0.09 0.15 0.15 0.08 0.14 0.11 
EA03 0.07 0.07 0.82 0.06 0.15 0.04 0.09 0.03 0.07 0.08 0.11 0.08 0.07 0.04 
EA04 0.16 0.08 0.84 −0.02 0.21 0.02 0.05 0.05 0.03 0.12 0.17 0.16 0.13 0.13 
DEC01 −0.37 −0.34 0.02 0.87 −0.33 −0.33 −0.30 −0.35 −0.20 −0.36 −0.33 −0.27 −0.46 −0.36 
DEC02 −0.44 −0.42 0.02 0.92 −0.35 −0.32 −0.38 −0.38 −0.20 −0.39 −0.36 −0.31 −0.51 −0.43 
DEC03 −0.35 −0.38 −0.10 0.76 −0.29 −0.24 −0.31 −0.26 −0.20 −0.32 −0.34 −0.35 −0.42 −0.35 
EN01 0.85 0.69 0.16 −0.46 0.92 0.39 0.68 0.51 0.40 0.76 0.80 0.58 0.76 0.79 
EN02 0.58 0.43 0.13 −0.20 0.83 0.28 0.44 0.29 0.28 0.47 0.51 0.40 0.39 0.45 
EN03 0.67 0.54 0.21 −0.28 0.90 0.34 0.55 0.32 0.27 0.57 0.62 0.46 0.54 0.56 
PC01 0.33 0.38 0.04 −0.34 0.39 0.95 0.34 0.31 0.26 0.31 0.35 0.31 0.39 0.30 
PC02 0.34 0.38 0.05 −0.33 0.41 0.96 0.35 0.34 0.25 0.31 0.36 0.33 0.39 0.32 
PC03 0.20 0.21 0.01 −0.25 0.23 0.73 0.23 0.26 0.17 0.18 0.23 0.15 0.29 0.21 
PC04 0.30 0.33 −0.01 −0.32 0.34 0.90 0.30 0.31 0.29 0.31 0.34 0.30 0.36 0.28 
PE01 0.58 0.49 0.11 −0.33 0.57 0.32 0.81 0.32 0.29 0.57 0.54 0.44 0.51 0.51 
PE02 0.63 0.62 0.10 −0.37 0.61 0.31 0.96 0.38 0.38 0.64 0.62 0.48 0.59 0.62 
PE03 0.61 0.61 0.09 −0.36 0.59 0.31 0.95 0.38 0.35 0.63 0.62 0.46 0.59 0.61 
PEOU01 0.48 0.41 −0.01 −0.35 0.38 0.29 0.38 0.91 0.26 0.47 0.48 0.40 0.56 0.42 
PEOU02 0.58 0.49 0.11 −0.39 0.48 0.32 0.41 0.92 0.32 0.53 0.56 0.42 0.57 0.48 
PEOU03 0.33 0.32 −0.01 −0.27 0.27 0.30 0.20 0.75 0.21 0.32 0.40 0.30 0.39 0.26 
PI01 0.14 0.23 0.08 −0.15 0.07 0.10 0.18 0.18 0.70 0.18 0.14 0.11 0.23 0.18 
PI02 0.34 0.37 0.07 −0.19 0.32 0.19 0.31 0.29 0.84 0.39 0.40 0.26 0.39 0.32 
PI03 0.37 0.39 0.09 −0.23 0.38 0.32 0.38 0.30 0.88 0.42 0.40 0.33 0.42 0.34 
PI04 0.27 0.36 0.05 −0.18 0.27 0.21 0.31 0.22 0.82 0.33 0.27 0.32 0.31 0.28 
PI05 0.35 0.35 0.15 −0.16 0.34 0.23 0.28 0.24 0.76 0.32 0.33 0.26 0.36 0.34 
PU01 0.61 0.56 0.03 −0.27 0.54 0.26 0.54 0.36 0.41 0.78 0.63 0.54 0.51 0.55 
PU02 0.60 0.56 0.18 −0.39 0.62 0.30 0.55 0.39 0.31 0.82 0.66 0.50 0.66 0.59 
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PU03 0.60 0.55 0.19 −0.34 0.50 0.21 0.51 0.47 0.32 0.83 0.70 0.49 0.61 0.53 
PU04 0.82 0.60 0.07 −0.39 0.68 0.28 0.64 0.50 0.37 0.88 0.80 0.56 0.70 0.68 
RA01 0.74 0.59 0.16 −0.33 0.68 0.34 0.61 0.53 0.39 0.78 0.89 0.59 0.67 0.62 
RA02 0.43 0.36 0.19 −0.17 0.50 0.23 0.37 0.24 0.13 0.54 0.69 0.45 0.38 0.38 
RA03 0.72 0.60 0.10 −0.31 0.62 0.31 0.55 0.53 0.42 0.68 0.85 0.50 0.59 0.54 
RA04 0.73 0.61 0.10 −0.36 0.69 0.30 0.61 0.44 0.36 0.73 0.87 0.57 0.64 0.66 
RA05 0.59 0.49 0.17 −0.44 0.57 0.29 0.48 0.50 0.28 0.70 0.76 0.44 0.73 0.52 
SN01 0.54 0.50 0.12 −0.32 0.46 0.26 0.47 0.39 0.31 0.56 0.55 0.88 0.46 0.48 
SN02 0.54 0.53 0.12 −0.34 0.50 0.28 0.46 0.42 0.32 0.59 0.61 0.89 0.51 0.50 
SN03 0.57 0.52 0.09 −0.33 0.55 0.30 0.47 0.39 0.28 0.58 0.58 0.92 0.51 0.53 
SN04 0.52 0.48 0.13 −0.30 0.51 0.30 0.41 0.37 0.29 0.53 0.52 0.90 0.48 0.52 
TR01 0.73 0.61 0.14 −0.52 0.67 0.39 0.60 0.56 0.43 0.73 0.71 0.53 0.95 0.72 
TR02 0.69 0.60 0.11 −0.55 0.64 0.40 0.59 0.55 0.42 0.71 0.71 0.52 0.96 0.66 
TR03 0.71 0.62 0.15 −0.54 0.67 0.39 0.60 0.54 0.42 0.73 0.72 0.52 0.97 0.68 
TR04 0.67 0.62 0.15 −0.50 0.60 0.35 0.58 0.59 0.40 0.72 0.71 0.50 0.95 0.63 
TR05 0.72 0.62 0.15 −0.53 0.65 0.39 0.60 0.59 0.41 0.74 0.73 0.53 0.97 0.71 
TR06 0.73 0.61 0.14 −0.51 0.67 0.40 0.62 0.59 0.43 0.73 0.73 0.54 0.96 0.69 
UI01 0.80 0.64 0.10 −0.39 0.67 0.27 0.61 0.45 0.35 0.69 0.65 0.49 0.67 0.93 
UI02 0.78 0.65 0.10 −0.44 0.68 0.33 0.60 0.46 0.38 0.69 0.67 0.55 0.69 0.95 
UI03 0.73 0.59 0.07 −0.39 0.65 0.30 0.59 0.44 0.36 0.64 0.61 0.53 0.65 0.89 
UI04 0.42 0.36 0.14 −0.32 0.43 0.17 0.37 0.17 0.13 0.35 0.34 0.35 0.38 0.61 

ATT: attitude; CO: compatibility; EA: ecological awareness; DEC: desire to exert control; EN: enjoyment; PC: privacy concerns; PE: price evaluation; PEU: perceived 
ease of use; PI: personal innovativeness; PU: perceived usefulness; RA: relative advantage; SN: subjective norm; TR: trust; UI: usage intention.  
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