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Abstract: Autonomous vehicles have the potential to disrupt the mobility system. Therefore, it is
important to understand attitude formation towards autonomous vehicles. The focus of this study
is on the private user’s technology acceptance of an autonomous vehicle. The study applies the
determinants of technology acceptance to capture users’ attitude towards and intention to adopt
autonomous vehicles. A field experiment with 27 participants was conducted to assess changes in
determinants before and after a test ride with a level 2 automated vehicle. The automated vehicle was
equipped with technology that allowed a hands-off, feet-off experience on a public road in real traffic.
The results show that a ride has a positive and significant effect on attitudes towards autonomous
vehicles. Additionally, participants with higher ratings of technology anxiety show a remarkable
increase in attitude towards autonomous vehicles after the ride compared to participants with lower
levels of technology anxiety. These findings indicate that experience with a partially automated
vehicle has a potentially positive effect on the acceptance of autonomous vehicles. As such, our study
illustrates the importance of continuous pilot testing with private automated vehicles to increase
future user acceptance of autonomous vehicles.

Keywords: autonomous vehicles; user acceptance; automated cars; field experiment

1. Introduction

According to the Society of Automotive Engineers (SAE), road vehicles can be clas-
sified into six levels of automation based on the capabilities of the vehicle’s automated
driving system and the need for a human driver to monitor and respond. The highest level
(level 5) corresponds to full automation of the vehicle, where it is able to perform all driving
functions under all circumstances [1]. In the literature, the terms “autonomous vehicles”
and “automated vehicles” are used interchangeably. In line with Narayanan et al. [2], we
use the term “autonomous vehicle” to reflect high automation (level 4) and full automation
(level 5), while we use “automated vehicle” to reflect the driving assistance systems that
allow for partial automation (level 2) and conditional automation (level 3). While advanced
driver-assistance systems (ADAS) are available in more and more modern passenger cars,
full automation is still under development. The continuous efforts of car manufacturers
towards the development of fully self-driving vehicles denote the changes that await the
automobile sector and by extension the effects on the travel behaviour of its users. Because
fully self-driving vehicles are currently not available to the public, it is still unsure how
the end consumers will respond to this new technology. Both academic research and
investigations from within the sector have reported on the public’s intention to adopt
automated mobility. Many studies have assessed user acceptance by conducting large
scale survey research where respondents express their intention to adopt and attitude
towards the technology based on a textual or audio-visual description of an autonomous
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vehicle [3–11]. The results indicate that perceptions towards autonomous vehicles are
mostly positive and that there is a general curiosity towards this new technology among
the respondents. However, these studies also point out some recurrent safety concerns
towards the reliability of the technology expressed by the respondents [5,6]. For instance,
the traffic situation in which respondents feel they could trust a vehicle with self-driving
technology differs. Often, respondents would be willing to use automated technology in
the case of congestion or monotonous highway driving, but they would prefer to rely on
their own driving skills in urban areas where unexpected hazards are considered to happen
more frequently [5,7].

While these studies provide valued insights, they might capture an underestimation
of the willingness to adopt autonomous vehicles. Respondents’ intention to adopt an
autonomous vehicle heavily and often solely depends on their imagination and the de-
scription of the vehicles by the researchers. It has been pointed out that understanding
scenarios or situations involving autonomous vehicles can be difficult for respondents as
they have not yet been able to interact with the technology [4,12,13]. Thus, it is possible
that attitudes towards and intention to adopt autonomous technology could change after
experiencing and using the technology [7]. Buckley et al. [14] conducted a smaller scale
survey study to assess the factors of intended use in which respondents first experienced a
simulated drive with an automated driving system. They argue that an interaction with
an automated system can help overcome the limitations of capturing users’ intended use
based on a textual description of autonomous vehicles. In recent years, more pilot studies
have been deployed throughout the world. The commercial availability of autonomous
shuttles, in particular, has provided the opportunity for survey research in which partici-
pants first experience a ride aboard a self-driving shuttle on public roads or in semi-public
environments [15–19]. While the experience gives participants a better understanding of
autonomous vehicle technology, autonomous shuttles operate at low speed and represent
a specific use case of future autonomous mobility services. The number of studies that
capture the public perception of private autonomous vehicles in which users experience
interaction with an automated driving system is limited.

This study applies an experimental setup in a non-contrived setting to capture the
effect that the experience of a ride in a partially automated passenger car (level 2) can have
on the intention to adopt fully autonomous passenger cars (level 5). Pretest measurements
of survey responses were gathered, where the responses were given based on a descrip-
tion of a fully autonomous vehicle, and posttest measurements of the same survey were
gathered after a ride in the automated vehicle. The items in the questionnaires conducted
before and after the test ride focus on the perceptions related to full automation (level 5).
The test ride provided experience with a vehicle equipped with partial automation (level 2)
that allowed the driver to experience full automation related to the driving mode functions
(steering and acceleration/deceleration) in a real traffic environment. We contribute to the
state-of-the-art by measuring the difference in attitude and intention before and after a test
ride. By including different driver profiles in the experiment, we can also investigate the
size of the effect across the profiles.

This paper starts with a discussion of relevant literature in Section 2. Next, the survey
as the data collection tool and the experimental setup for pretest and posttest measurement
are described in Section 3. Then, the results of the survey analysis are discussed in Section 4
with a focus on the difference before and after the experience. Finally, the results of
the study are reflected upon in the discussion (Section 5), and the conclusion (Section 6)
summarises our main findings.

2. Literature Review

First, this literature review provides an overview of socio-demographic related find-
ings from previous survey studies on user acceptance of autonomous vehicles. Socio-
demographic characteristics are usually included in large scale surveys since they can
provide insight into potential early user groups. Second, we present the findings from
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previous survey research in the automotive domain with a specific focus on the effect
of experience with the technology on intention to adopt. Last, we briefly describe the
theory behind technology acceptance models followed by their relevance in the context of
automotive innovation and autonomous vehicles.

2.1. Socio-Demographic Findings

Previous survey studies have tapped into consumers’ intention to adopt autonomous
vehicles and found that men would be more likely to use autonomous vehicles than
women [3,6,7,9,11,20]. Additionally, men would also be willing to pay more for au-
tonomous vehicles than women [5]. Furthermore, younger people would be more likely to
use autonomous vehicles than older people [3,9,11,20]. According to Hohenberger et al. [21],
the difference between men and women can be partially explained by a difference in posi-
tive and negative feelings towards autonomous vehicles. More precisely, they found that
men were more likely to associate pleasure with autonomous vehicles, while women were
more likely to associate anxiety with autonomous vehicles. Additionally, the effect of
anxiety on willingness to use was strongest for young women and old men [21]. With re-
gard to scholarly degree, it has been found that people with higher levels of education
would more likely use autonomous vehicles [9], particularly tech-savvy men with a higher
income [22,23].

2.2. The Influence of Experience on Affective Attitude and Behavioural Intention

In this section, we focus on survey research that discusses the effect of having experi-
enced new vehicle technology on the attitude towards the technology and the behavioural
intention to use it.

In the study conducted by Liu et al. [24], 300 undergraduate students experienced a
ride as passengers in a level 3 vehicle, operating at low speed on a campus test track. Their
acceptance model predicted the behavioural intention of using autonomous vehicles and
the acceptance of road tests. They measured respondents’ beliefs of benefits and risks and
their affective responses (positive and negative emotion and social trust) before and after
the ride. A comparison of the inter-construct correlations indicated that the experience
strengthened the consistency among the constructs. Additionally, the mean values of the
constructs had significant changes after the experience. Notably, mean values of positive
affect and perceived benefit increased, and negative affect and perceived risk decreased.
The mean response value of acceptance of road tests also significantly increased, but there
was no significant difference for behavioural intention after the ride.

Moták et al. [17] build on the theoretical frameworks of the Technology Acceptance
Model (TAM) and the Theory of Planned Behaviour (TPB) to capture the intention to use
autonomous shuttles and extended the models with the constructs group norm, positive
affective attitude and confidence. They collected survey data from visitors at a hospital
campus. First wave responses were based on a description of an autonomous shuttle. In a
second wave, after an autonomous shuttle was introduced on the campus, visitors who
experienced a ride with the vehicle were approached and subjected to the same survey.
A comparison of the mean values for the constructs perceived usefulness, behavioural
control, group norm, positive affective attitude, and confidence show significant difference
for the respondents in the two waves. In addition, intention to use the shuttle showed
a significant increase. Introducing shuttle experience as a predictor in the hierarchical
regression model shows that it is one of the significant predictors of behavioural intention.
Their study leads them to consider that experience (even partially) replaces the explanatory
value of perceived behavioural control and confidence.

Rahman et al. [25] conducted a survey study based on TAM, TPB and the Unified
Theory of Acceptance and Use of Technology (UTAUT) to capture behavioural intention to
use advanced driver-assistance systems (ADAS). They used two data collection approaches
to determine the validity of the models. The first approach was an online survey providing
respondents with the description of two ADAS technologies. The second approach included
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the recruitment of participants to take part in a simulated driving experience of a level
2 vehicle. Results indicated that participants who used the driving simulator showed a
significantly higher intention to use driver assistance technology compared to participants
who only received a description of the system.

2.3. Capturing Intention to Adopt with Technology Acceptance Models

Theoretical acceptance models have often been applied to capture behavioural inten-
tion to adopt new vehicle technology and understand how intention to adopt is affected by
different factors. These models also formed the basis for survey studies in the context of
alternative fuel technology [26] and driver assistance technology [8,25]. In this section, we
briefly describe the building blocks of these theoretical acceptance models and elaborate on
the findings from recent survey research that applied the models to capture the intention
to adopt autonomous vehicles. Figure 1 provides a visual overview of the models and
their constructs.

The Technology Acceptance Model (TAM) [27] describes a sequential process of
an individual’s intention to use a new type of information technology. The two main
determinants that affect behavioural intention are perceived usefulness and perceived ease
of use. Perceived usefulness is defined as the extent to which an individual believes that
the new technology will benefit one’s performance. Perceived ease of use is the degree to
which an individual is convinced that one can easily master the use of the new technology.
TAM further theorises that technology-specific attributes, individual differences, and social
influences affect the formation of perceived usefulness and perceived ease of use [28].

In recent survey research, TAM has been adapted to the setting of autonomous vehicles
in order to capture user acceptance and understand the determinants that affect users’
intention to use autonomous vehicles [14,17,29–33]. In these studies, perceived usefulness
has consistently been reported as a significant predictor of intention to use autonomous
vehicles [14,17,30–33]. The effect of perceived ease of use has also been analysed, but it
was not always found to be a significant predictor [14,17,32]. However, Zhang et al. [33]
found that perceived ease of use has a significant influence on users’ attitude formation
towards autonomous vehicles, and Xu et al. [32] found that perceived ease of use becomes
a significant predictor of behavioural intention after respondents experienced a ride as
passengers in a highly automated vehicle.

The Theory of Planned Behaviour (TPB) states that the three factors—attitude (positive
or negative affect), subjective norm (social influence), and perceived behavioural control
(ease or difficulty to perform)—affect a person’s behavioural intention [34]. Adjusted to
the context of autonomous vehicles, Moták et al. [17] and Buckley et al. [14] found all three
factors to be significant predictors of behavioural intention to use.

Building on TAM and TPB, the Unified Theory of Acceptance and Use of Technology
(UTAUT) posits that the factors performance expectancy (or perceived usefulness), effort
expectancy (or perceived ease of use), and social influence predict behavioural intention to
use and that facilitating conditions and intention-to-use affect actual technology use [35].
Later, the model was extended with a direct influence of facilitating conditions on be-
havioural intention, and the addition of three other factors: hedonic motivation (perceived
enjoyment), price value, and habit [36].

Based on the first UTAUT model, Leicht et al. [37] found that performance expectancy,
effort expectancy and social influence are significant predictors of the intention to purchase
an autonomous car. In a different set up, where participants first had the experience of a ride
in an autonomous shuttle, Madigan et al. [38] also found that performance expectancy, effort
expectancy, and social influence have significant effects on the respondents’ behavioural
intentions to use autonomous shuttles. Later, the same set up was applied in a follow-
up study and survey constructs were based on the second UTAUT model, including the
factor hedonic motivation [16]. Results show that performance expectancy, social influence,
facilitating conditions, and hedonic motivation were significant predictors of behavioural
intention to use. Moreover, hedonic motivation was found to be the strongest predictor,
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while in contrast to the first study, effort expectancy was not found to be a significant
predictor [16].

In addition to the relationship between perceived usefulness and perceived ease of
use on intention to use in TAM-based research, several studies have included other factors
believed to affect intention to use or its predictors in the context of user acceptance of
autonomous vehicles. Choi and Ji [30] estimated the effect of perceived risk and trust in
autonomous vehicles on behavioural intention. They found that perceived risk did not
have a significant effect on behavioural intention. However, trust had a significant positive
effect on perceived usefulness and behavioural intention and a negative effect on perceived
risk. Moreover, Buckley et al. [14] found that introducing trust as a distinct factor that
affects behavioural intention increases the explained variance of intended use.

Figure 1. Overview of the technology acceptance models and their constructs discussed in Section 2.3.

As an extension to both TAM and TPB, Moták et al. [17] included the variable positive
affective attitude towards autonomous shuttles and found it to be a significant predictor.
The survey study conducted by Haboucha et al. [4] also shows that positive affective
attitude towards autonomous vehicles is a strong indicator for intended use. In their
research on the adoption of alternative fuel vehicles, Petschnig et al. [26] conducted a
survey search based on the theory of innovation diffusion by Rogers [39] and the theory
of reasoned action by Fishbein and Ajzen [40]. Both theories state that user adoption
is preceded by attitude formation. Attitude formation is in turn formed by different
innovation characteristics. Petschnig et al. [26] point out that their acceptance model is
similar to TAM as it also relies on a sequential process from attitude formation to adoption
behaviour. Their results confirm that attitude is a strong indicator for intention to use.
Similarly, Yuen et al. [41] found that the determinants of innovation diffusion theory explain
the perceived value of autonomous vehicles, which positively affects public acceptance of
autonomous vehicles together with trust in autonomous vehicles.

Lastly, Zhang et al. [33] extended TAM to represent the role of initial trust as a predictor
of attitude towards autonomous vehicles. They refer to initial trust as the level of trust that
people place in new technologies before having interacted with them. Their results show
that perceived ease of use and initial trust are predictors for attitude towards autonomous
vehicls, and in turn, a positive attitude has a positive effect on behavioural intention to
use autonomous vehicles.

The previous studies show that technology acceptance theory and measuring its con-
structs in the context of autonomous mobility are useful in large scale survey research
and help to identify the important factors that will drive user acceptance of autonomous
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vehicles. The technology acceptance models were originally intended to measure accep-
tance of and intention to use IT systems. While we can assume a certain familiarity of the
public today with computers and their applications, this is not yet the case for autonomous
vehicles. Most studies rely on respondents’ imagination of using this innovative technology
that is currently out of reach. A few studies set out to overcome this limitation to a cer-
tain extent by providing respondents the opportunity to experience autonomous driving;
for instance, as a driver in an automated driving simulator [14,25] or as a passenger in a
level 3 passenger vehicle on a test track with a safety operator [24,32]. These setups give
participants a more tangible experience of automated driving features.

The current survey study adds to the knowledge by focusing on the effect of experi-
encing a ride in an automated vehicle in a real traffic situation on the attitude towards and
the intention to adopt fully autonomous passenger cars in the future. Our contribution lies
in the comparison of the pretest and posttest measurement of constructs that are relevant
in understanding behavioural intention to adopt privately-owned autonomous vehicles.

3. Materials and Methods

The aim of this study is to investigate if the experience of a ride in a partially au-
tomated vehicle, which allows to simulate full automation related to the driving mode
functions (steering and acceleration/deceleration) on public roads, has an effect on con-
structs related to the acceptance of fully autonomous vehicles. To this end, we conducted a
field experiment with pretest and posttest questionnaires. First, the respondent filled in a
questionnaire to measure perceptions towards autonomous vehicles. Then, the respondent
was invited to drive a partially automated passenger car (level 2). After the test ride,
the respondent was asked to complete the second questionnaire.

3.1. Survey Constructs and Items

Based on the insights of previous research into vehicle technology acceptance, we
identified several constructs that are relevant in understanding behavioural intention to
adopt privately-owned autonomous vehicles and are potentially affected after an experi-
ence with an automated vehicle. The constructs perceived usefulness, perceived ease of
use, attitude, and intention to adopt represent the building blocks of technology acceptance
and are related to the TAM [27] and the TPB [34]. To strengthen these models and the
understanding of underlying determinants that shape perceived usefulness and perceived
ease of use, extensions in the context of information technology have been proposed and
validated [28]. While these extensions are often not directly applicable, we believe that
the constructs image [29], subjective norm [29], result demonstrability [41], (computer)
anxiety [29], and perceived enjoyment are relevant determinants that can be adjusted
to fit the context autonomous technology acceptance. In the framework proposed by
Petschnig et al. [26], several of these determinants are presented as innovation characteris-
tics of alternative fuel vehicles that affect attitude formation. In the context autonomous
vehicles, we further included physical risk, functional risk [26], security risk [5,42], comfort
benefit [29,43], and trust [30,41,43] as relevant determinants. To complete the selection
of constructs related to the perception of autonomous vehicles, we added the construct
personal norm to reflect the moral obligation felt to improve traffic safety and optimise
traffic flow [5,26].

Additionally, we believe that the perceptions towards autonomous vehicles based on
a description are shaped by a person’s general stance on new technologies. Within the
context of information technology, Meuter et al. [44] identified computer anxiety as a
negatively influencing factor on a person’s perception and use of personal computers.
They argue that the relevance can be extended to anxiety towards technology in general.
Therefore, they describe technology anxiety as “a user’s state of mind regarding their
ability and willingness to use technology-related tools” [44] (p. 900). Mcknight et al. [45]
argue that trusting stance and faith in general technology positively affect trust in a specific
technology. Faith in technology, or the belief that technology is reliable and helpful, and a
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trusting stance towards technology, or the belief that technology will result in positive
results, together form general trust in technology [45]. Because an autonomous vehicle
requires the functioning of technological components and processes in order to drive itself,
we believe that the measurement of the general technology stance of participants could
provide insights into the underlying differences across participants perceptions towards
autonomous vehicles.

The full list of constructs, items, and references is presented in Appendix A. The items
related to the general technology stance were only included in the first survey before
the ride.

3.2. Measurement and Analysis

The survey items were translated to Dutch and, if necessary, adapted to fit within the
context of autonomous driving. The survey was first pilot tested outside the scope of the
study, and if needed, the phrasing of the items was adjusted. In line with the scaling of the
original measures, a 7-point Likert scale ranging from strongly disagree (1) to strongly agree
(7) was used for every item. Negatively phrased items were re-coded before the average of
the item scores was used to compute the construct score.

The effect of the experience was evaluated through comparison of the scores of the
constructs related to the perception of autonomous vehicles before and after the automated
ride with paired-samples t-tests, at significance level α = 0.05, in R. If the pretest–posttest
differences of the constructs did not meet the normality assumption, Yuen’s trimmed t-test
for dependent samples was used as a robust alternative to test significance between the
differences and compute confidence intervals [46].

To explore whether the experience has a potentially stronger effect on participants at
different levels of the factors technology trust and technology anxiety, we implemented a
two-staged approach. First, we computed the correlation between the factors technology
trust and technology anxiety and the pre- and post-score difference of the constructs. Then,
we retained the correlation coefficients with at least a moderate effect size (r > 0.40) and
visually assessed the relation between the discretised values of the factor and the score of
the construct.

3.3. Procedure

The experiment was conducted in June 2017 and expanded over three days. Prior to
the experiment, we sent out an invitation through social media to recruit participants. In the
communication, we briefly informed potential candidates about the pilot study and invited
them to fill out a recruitment survey to gather socio-demographic and driving-related
data. Additionally, as per legal requirements, all of the participants needed to hold a valid
driving licence in order to take part in the experiment. Using the data from the recruitment
survey, we invited 30 candidates to participate in the study. The candidates varied in age,
gender, and educational level but also differed in terms of driving frequency, experience
with advanced driver assistance systems, and usage of contemporary technological tools
(desktop or laptop, smart phone, tablet, and GPS). During the study, 27 persons were able
to take part in the experiment, including the pretest questionnaire, the test ride with the
automated vehicle, and the posttest questionnaire.

The experiment for each participant was structured in the same way. First, the partic-
ipant filled out the questionnaire to assess his or her attitudes and perceptions towards
autonomous vehicles. The respondents filled out the questionnaire in an environment
separated from the test ride vehicle, as not to be influenced by its design or features.
The introduction of the questionnaire included a description of a fully autonomous vehicle.
Respondents were asked to imagine the use of a fully autonomous vehicle while completing
the questionnaire.

Subsequently, the participants were invited into the automated vehicle equipped with
driver assistance technology that allows the driver to initiate an automated driving mode
in which the vehicle takes over both the steering wheel and the pedals for acceleration and
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breaking. The participants experienced autonomous driving by driving a level 2 automated
vehicle for approximately 23 km and 20 min in a real life driving environment. When
activated, the automated driving mode takes over steering, acceleration and deceleration,
braking, and starting after standstill within the lane. A visual sign on the dashboard
indicates when the automated driving mode can be activated and an audio signal warns
the driver in case manual take-over is needed. When the automated driving mode was
available, the participant was instructed to activate it and give control over to the car by
loosening their grip off the steering wheel and taking their feet of the pedals. After a short
briefing on the use of the automation system and its limits, the participant was informed to
stay alert and monitor the driving situation during the automated driving mode. There-
after, the participant was invited to start the test ride following a predetermined route.
A researcher familiar with the vehicle and the route remained in the passenger seat during
the ride. If needed, specific instructions were repeated to the participant.

After the test ride, the respondent completed the second questionnaire, which included
the same questions on perceptions and attitudes towards fully autonomous vehicles as the
first questionnaire.

3.4. Driving Scenario

The automated driving mode could only be activated when available during certain
driving conditions. Therefore, a specific route was predetermined, and every participant
was instructed to follow the same route (Figure 2). The route was chosen in such a way
that the automated driving mode could be activated during the majority of the 20 min ride.
The roads had clear lane markings, which allowed the assistance system to detect the lane
and steer the vehicle to remain in the centre of the lane. The test rides were undertaken
during the day but not during morning or evening peak hours as to avoid situations of
heavy traffic and congestion.

Figure 2. Screen shot of the route that all participants took during the ride taken from Google Maps.
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4. Results
4.1. Sample Characteristics

The 27 participants had a mean age of 35.15 years (SD = 16.72, min = 20, max = 74);
fourteen participants were female and thirteen were male (Table 1). At the educational level,
two participants had a high school degree, eight a bachelors degree, fourteen a masters
degree, and three a doctoral degree. As per legal requirements, all of the participants
held a valid driving licence. Eleven participants drove a car on a daily basis, seven on a
weekly basis, seven a few times a month, and two a few times a year. Participants were
also asked to indicate their experience with advanced driver-assistance systems (ADAS)
including park distance control, park assist, cruise control, adaptive cruise control, adaptive
cruise control with stop and go function, lane departure warning and lane keeping assist.
The experience with ADAS was diverse across participants: ten participants had no prior
experience with ADAS, four participants with one system, four participants with two
systems, five participants with three systems, and four participants with four or more
systems. Among the participants, seventeen had prior experience with automatic gears.
To get an idea of the technology savviness of the participants, they had to indicate if they
were familiar with one or more of the following technological applications: laptop or
desktop, smartphone, tablet, and GPS. Sixteen participants indicated to be familiar with all
technological applications presented. Eight participants indicated familiarity with three
applications, and three participants with two applications.

Table 1. Participant sample characteristics.

Partcipants, n 27
Age in years, M (SD) 35.15 (16.72)
Gender (ref: female), n (%) 14 (51.85%)
Degree (ref: high school or lower), n (%) 2 (7.41%)
Driving frequency (ref: daily), n (%) 11 (40.74%)
Experience with ADAS (ref: no experience), n (%) 10 (37.04%)
Experience with automatic gears (ref: no experience), n (%) 10 (37.04%)
Technology savviness (ref: familiar with all applications), n (%) 16 (59.26%)

4.2. The Influence of Direct Experience

Figure 3 shows the mean response values of the technology acceptance related con-
structs that were measured before (red) and after the ride (green). Out of fifteen con-
structs, ten had significant value changes after the experience. Attitude (∆M = 0.66,
t(26) = 6.15, p = 0.002, r = 0.77), trust (∆M = 0.52, t(26) = 1.89, p = 0.07, r = 0.35), func-
tional risk (∆M = 0.61, t(26) = 4.17, p < 0.001, r = 0.63), physical risk (∆M = 0.62, t(26) = 3.95,
p < 0.001, r = 0.61), security risk (∆Mtrim = 0.76, Ty(16) = 2.73, p < 0.05, r = 0.28), perceived
ease of use (∆M = 1.07, t(26) = 6.67, p < 0.001, r = 0.79), perceived enjoyment (∆M = 1.11,
t(26) = 6.24, p = 0.001, r = 0.77), result demonstrability (∆M = 0.70, t(26) = 3.26, p = 0.003,
r = 0.54), and subjective norm (∆M = 0.24, t(26) = 2.18, p = 0.04, r = 0.39) increased. Nega-
tively phrased items in the risk constructs were inverted. Therefore, an increase in risk is to
be interpreted as reduction in risk perception towards autonomous vehicles. Autonomous
vehicle (AV) anxiety (∆M = −1.21, t(26) = −6.16, p = 0.001, r = 0.77) decreased.

Comfort (∆Mtrim = 0.43, Ty(16) = 1.59, p = 0.13, r = 0.19), image (∆Mtrim = 0.31,
Ty(16) = 1.67, p = 0.11, r = 0.20), personal norm (∆M = 0.28, t(26) = 1.51, p = 0.14), and in-
tention to adopt (∆M = 0.30, t(26) = 1.67, p = 0.11, r = 0.31) show non-significant increases.
Notably, perceived usefulness (∆M = −0.05, t(26) = −0.28, p = 0.78) shows a slight non-
significant decrease after the experience.
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Figure 3. Mean values of the constructs before (left bar) and after (right bar) the AV experience. Error bars are 95%
confidence intervals. * p < 0.1; ** p < 0.05; *** p < 0.01.

4.3. General Technology Stance

Table 2 shows the correlation coefficients between the pre- and post-score differences
of the acceptance constructs and the factors technology trust and technology anxiety. We
found a moderate effect size between technology trust and intention to adopt (r = −0.45)
and between technology anxiety and attitude (r = 0.42).

Table 2. Correlations between the pre- and post-score differences of the acceptance constructs and
the factors technology trust and technology anxiety. Moderate effect size in bold.

Technology Trust Technology Anxiety

Attitude 0.01 0.42
AV anxiety −0.25 −0.19
Comfort 0.36 0.11
Functional Risk −0.21 0.13
Image −0.34 −0.37
Intention to adopt −0.45 0.06
Perceived ease of use −0.11 0.34
Perceived enjoyment 0.06 0.07
Personal norm −0.22 −0.30
Physical risk 0.07 0.21
Perceived usefulness 0.34 0.07
Result demonstrability 0.25 0.31
Security risk −0.09 −0.05
Subjective norm 0.15 −0.01
Trust −0.38 0.03
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To explore whether the experience with the automated vehicle had a more pronounced
effect on participants at different levels of self-expressed general trust in technology and
technology anxiety, we discretised the scores of these factors into three categories. Using
the cut function in R, the range of the scores is divided into three intervals of equal length.
For technology trust, the range of the scores was between 4 and 5.86, and the length of
each interval was 0.62. For technology anxiety, the range was between 1 and 4.56, and the
interval length was 1.19. The resulting categories were labelled low, medium, and high.
These categories were then plotted against the before and after scores for intention to adopt
(Figure 4) and attitude towards autonomous vehicles (Figure 5), respectively. Figure 4
indicates that only a few participants with low and medium levels of technology trust had
a lower intention to adopt after the experience. However, amongst the participants with a
high level of trust, most had a lower score for intention after the experience. Figure 5 shows
that while attitude towards autonomous vehicles increased for most of the participants,
the group of participants with higher scores of technology anxiety had a more pronounced
increase in attitude towards autonomous vehicles after the test ride. Among the five
participants with higher scores of technology anxiety, four were female.

Figure 4. Boxplot of scores for intention to adopt autonomous vehicles categorised into three levels
of technology trust: low [4–4.62] n = 7; medium [4.62–5.24] n = 7; high [5.24–5.86] n = 13. The dots
represent the scores for intention to adopt of the participants. The grey lines connect the pre and post
values belonging to the same participant. The intervals of technology trust were obtained using the
cut function in R and n denotes the number of participants in each category.
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Figure 5. Boxplot of scores for attitude towards autonomous vehicles categorised into three levels of
technology anxiety: low [1–2.19] n = 10; medium [2.19–3.37] n = 12; high [3.37–4.56] n = 5. The dots
represent the scores for attitude towards autonomous vehicles of the participants. The grey lines
connect the pre and post values belonging to the same participant. The intervals of technology
anxiety were obtained using the cut function in R, and n denotes the number of participants in
each category.

5. Discussion
5.1. Reflection on the Findings

The results show significant changes for the majority of the measured constructs before
and after the ride in a level 2 automated car. Additionally, the effect size of the constructs
attitude, perceived ease of use, perceived enjoyment, AV anxiety, functional risk, physical
risk, and result demonstrability indicate that the effect of the experience is substantial
in practical terms. In particular, the increase of attitude towards autonomous vehicles
before and after the ride is important to note within the context of acceptance research.
Previous research has confirmed that attitude is an important predictor of intention to
adopt. Thus, our findings indicate that experience with autonomous technology has a
potentially positive effect on the acceptance of autonomous vehicles. Further comparison
of the before and after attitudes towards autonomous vehicles shows that participants
with higher levels of technology anxiety had a remarkable increase in attitude after the
ride. This suggests that a participant’s level of technology anxiety, in general, should be
taken into account when evaluating their attitude towards autonomous vehicles through
survey research if the experience of a ride in an automated vehicle is not feasible. We
also noted that four out of the five participants with a higher level of technology anxiety
were women. Our findings suggest that in efforts to increase the public’s intention to
adopt, it could be beneficial to target women specifically for experience through pilot
testing as it is more likely that the experience will have a considerably positive effect on
their attitude to autonomous vehicles. Moreover, the large effect size of the increase in
perceived ease of use and decrease in AV anxiety indicate that the test ride has given
the participants more confidence in their ability to interact with an autonomous driving
system. Research conducted by Hohenberger et al. [47] found that for respondents with
higher levels of self-enhancement, or a stronger belief in one’s abilities, the negative effect
of anxiety on the intention to use automated vehicles is smaller. Therefore, continuous
pilot testing is advised in order to allow the public to experience the technology [12]. This
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will be important for the promotion of autonomous vehicles, especially towards people
with lower levels of self-enhancement and trust [48].

Next, we discuss some of the non-significant changes we found in this study. First,
perceived usefulness showed a decrease before and after the test ride, and the increase in
comfort was not substantial. This could indicate that the possibility of performing non-
driving related tasks while in an autonomous vehicle and the benefit of time that can be
gained were not made apparent during this experiment. This is important to note because
perceived usefulness has been consistently found to be a strong predictor of behavioural
intention in the context of autonomous vehicle acceptance.

Second, the low mean scores for personal norm suggest that participants do not feel a
moral obligation to choose an autonomous car over a conventional car. This could entail
that the increase in traffic safety, which is portrayed as one of the main benefits that can be
brought about by autonomous vehicles, was not evident. If that was the case, the construct
did not capture the intended association towards autonomous vehicles. On the other hand,
it should be considered that, regardless of the presumed safety benefit, the participants
believe it safer to be able to drive themselves and take control of the vehicle in case of
precarious traffic situations. As Payre et al. [7] show, contextual acceptability significantly
affects the intention to use automated vehicles. Their survey results showed that partici-
pants preferred autonomous driving in monotonous or stressful driving situations, like
on the highway or during congestion, but they would use it less often in urban areas.
The route of the test ride included both highway and off-highway roads; however, we were
not able to include roads passing through urban areas.

Lastly, we found that the increase in intention to adopt autonomous vehicles after
the ride was not substantial and not significant. The construct was adapted based on
the intention of Petschnig et al. [26] to adopt alternative fuel vehicles. These items are,
however, focused on the intention to buy the vehicle in the (near) future. The rather strong
commitment of purchase instead of use could explain the overall lower mean score in
intention to adopt. It could also clarify why the difference before and after the ride was
not significant, in contrast to the significant difference in attitude. It can be argued that in
this stage of the technology, it is still too early for users to contemplate the intention to buy.
Therefore, intention to adopt might be better captured by referring to one’s willingness to
use an autonomous vehicle in the future (see [7,14,30,47]). Zooming in on the before and
after response of "intention to adopt" of participants with higher levels of general trust in
technology, we found that most had a lower score after the experience. This suggests that
when promoting autonomous vehicles through pilot tests of partially automated vehicles,
it is important to manage expectations of the vehicles’ capabilities in the future.

5.2. Limitations of the Study

While the results of our exploratory pilot study indicate that experience with au-
tonomous technology is an important factor in acceptance research, there are some lim-
itations that must be considered when interpreting the findings. First, volunteers to
participate in the study were recruited via online media. The invitation to take part in the
study informed potential participants about the idea behind the pilot test. As participation
might have been triggered by personal interest in autonomous vehicles or automotive
technology in general, we consider self-selection bias a limitation of our study. This might
have contributed to the overall positive attitude towards autonomous vehicles before
the experience as attitudes of prospective early adopters may differ from the average
mass-market consumer [6,11,49]. Second, we recruited a heterogeneous group of partic-
ipants with respect to demographic characteristics, driving experience, and technology
savviness; however, our study subjected a small sample of participants to the experience.
This limitation is inherently linked to the constrained availability of the vehicle used for
the test rides and the time-consuming approach of AV experience-centric experiments.
Nonetheless, useful insights from experimental studies with small samples have added to
the knowledge on AV user perceptions. For instance, in the study by Harb et al. [50], 13
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participants evaluated AV usefulness after AV ownership was simulated by a chauffeur
driving participants to their desired destinations. Furthermore, the experiment by Ekman
et al. [51] provided in-depth insights into the effect of AV driving styles (defensive vs.
aggressive) on user trust by simulating a full automation experience for 18 participants
with a wizard driver operating the vehicle during the experiment. Third, we did not subject
a control group to the pretest and posttest measurement of perceptions, which prevents
inter-group comparison and the assignment of a causal effect to the experience [24,52].
Last, inherent to the pretest–posttest setup of the experiment, interactive testing effects,
where the subjection to the pretest triggers the participants to be more aware of what they
experienced during the test ride, might have affected the participant’s posttest responses.
The experimental condition of the on-road experience with the automated vehicle partially
combats this effect, as it reflects a closer resemblance to the situation to which we wish
to generalise our results [53]. To overcome the effect of interactive testing and selection
bias of the experimental group that limit the external validity of our findings, we suggest a
replication of the field experiment with a larger sample and a control group to confirm the
current findings of this study. We point out that offering incentives for participation at the
recruitment stage could boost the overall participation rate and persuade more participants
who are not necessarily interested in autonomous vehicles.

Additionally, the design of our experiment could be criticised for two reasons. First,
while the selected route allowed for an on-road experience in regular traffic with the vehicle
moving at high speed, the activation of the automated system that allowed participants
to hand over the driving functions to the system was not possible for the entire duration
of the ride. Second, the functionality of the level 2 automated vehicle is not comparable
to that of a level 5 vehicle. Therefore, participants still relied in part on their imagination
to form their expectations of fully autonomous vehicles. Experience with a level 4 or 5
vehicle that allows participants to engage in non-driving related tasks would better reflect
the possibilities of full automation [1]. However, conducting this type of study in academic
research is currently constraint by the available vehicle technology and traffic regulations
that ensure the safety of drivers, passengers, and other road users. Last, since pretest and
posttest measurements included the same survey items, it is possible that participants
strove to be consistent in their answers before and after the experience. This is referred to
as a main testing effect and occurs when the pretest affects the posttest [53]. Thus, even
though our study intends to measure perceptions and intention to adopt fully autonomous
vehicles, certain aspects of the experimental setup potentially limit the internal validity.
Nonetheless, we believe the experience fostered a better understanding of autonomous
technology and its possibilities for the future. To overcome the main testing effect of a
one-shot study and stabilise the perceptions of participants towards autonomous vehicles,
a longitudinal study in which the automated vehicle is available for daily use over a longer
period of time could be considered as a track for future research (see [54]).

5.3. Future Work

The current study reports on a quantitative comparison of constructs related to the
perception of fully autonomous personal vehicles, with questionnaire items rated on Likert
scales, measured before and after participants experienced a test ride with a partially
automated vehicle in a real traffic environment. We acknowledge that careful interpretation
of the findings is advised related to the limitations discussed above. Therefore, we suggest
the following approach for future research to verify the findings and add more in-depth
insights to the existing knowledge. A longitudinal field experiment in which at least
30 participants, forming a heterogeneous group varying in terms of socio-demographic
characteristics and driving experience, have access to an automated vehicle for daily use
over a period of 5 to 7 days. We advise a mixed method approach for data collection to
be able to capture both quantitative data on constructs related to AV user perceptions
using questionnaires and qualitative data to provide more in-depth information on the
underlying factors that affect perceptions conducting semi-structured interviews with
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the participants [51]. In parallel to the research with the experimental group, the same
approaches for data collection should be applied to a control group of heterogeneous
participants (n > 30) in order to allow inter-group comparison and assign a causal effect to
the experience with the automated vehicle. We believe such an approach to be relevant
in the context of user acceptance of autonomous vehicles as advanced driver assistance
systems will steadily become more integrated in commercially available vehicles and
the combination of quantitative and qualitative research can be useful to uncover the
underlying factors that affect perceptions of AV usefulness, ease of use, and reliability.

6. Conclusions

This study focuses on the effect of a test ride in a partially automated passenger vehicle
on the acceptance of the autonomous technology as a private vehicle user. We used a survey
including determinants of technology acceptance to capture users’ attitude towards and
intention to adopt autonomous vehicles. A field experiment with 27 participants was
conducted to assess changes in determinants before and after a test ride with a level 2
automated vehicle that allowed participants to experience automation related to the driving
mode functions (steering and acceleration/deceleration) in a real traffic environment. We
found that the test ride had a significant and substantial effect on result demonstrability,
physical risk, functional risk, AV anxiety, perceived enjoyment, perceived ease of use,
and attitude. This suggests that experience with automated technology fosters a better
understanding of and positive perceptions towards autonomous vehicles. We also found
a decrease in perceived usefulness and a non-significant increase in intention to adopt
autonomous vehicles. However, since the experience had a significant positive effect on
the majority of the measured constructs, our study indicates that large scale survey studies
that do not require prior experience with automated driving capture an underestimation of
the acceptance of autonomous vehicles.
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Appendix A. Survey Construct and Items

Table A1. List of constructs, items, and references.

Construct & Items Reference

Perceived Ease of Use

I believe my interaction with an autonomous driving system will
be clear.

I believe that interacting with an autonomous driving system will
not require a lot of my mental effort.

I believe an autonomous driving system will be easy to use.
I believe it will be easy to get an autonomous driving system to do

what I want it to do.

Venkatesh and Bala [28]

Perceived Enjoyment

I believe driving an autonomous vehicle will be fun.
I believe autonomous driving will be pleasant.
I believe autonomous driving will be monotonous.
I believe driving an autonomous vehicle will be enjoyable.

Venkatesh and Bala [28]

Autonomous Vehicle Anxiety

The expectation of driving an autonomous vehicle makes
me nervous.

I believe I will feel at ease driving an autonomous vehicle.
Autonomous vehicles scare me.
I believe I will feel uncomfortable driving an autonomous vehicle.

Venkatesh and Bala [28]

Perceived Usefulness

I believe using an autonomous vehicle could increase my overall
productivity.

I believe an autonomous vehicle is useful.
I believe an autonomous vehicle could enhance the effectiveness of

my daily activities.
I believe using an autonomous vehicle could improve my

performance in general.

Venkatesh and Bala [28]

Image

An autonomous vehicle represents a status symbol.
An autonomous vehicle improves my image.
I gain prestige from driving an autonomous vehicle.
An autonomous vehicle worsens my reputation.
An autonomous vehicle has a negative impact on my social status.

Petschnig et al. [26]

Result Demonstrability

I have no difficulty telling others about the results of an
autonomous vehicle.

I believe I could communicate to others the consequences of an
autonomous vehicle.

The results of using an autonomous driving system are apparent
to me.

I would have difficulty explaining why driving an autonomous
vehicle may or may not be beneficial.

Venkatesh and Bala [28]
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Table A1. Cont.

Construct & Items Reference

Comfort Benefit

An autonomous vehicle allows user’s freedom for activities other
than driving.

An autonomous vehicle allows for more efficient time use.
The use of an autonomous vehicle is time-saving.

Items developed for
research context based

on Planing and
Britzelmaier [43]

Trust

I believe autonomous vehicles are reliably. Choi and Ji [30]

Physical Risk

I believe the use of autonomous vehicles will not pose a major
health risk.

I believe autonomous vehicles are very safe for passengers.
I believe the use of autonomous vehicles is not very risky

for passengers.
I believe there exists low risk of injury for persons using

autonomous vehicles.
I believe autonomous vehicles represent a low accident risk

for passengers.

Petschnig et al. [26]

Functional Risk

I believe autonomous vehicles work reliable.
I believe autonomous vehicles have a small number of

product defects.
I believe autonomous driving systems work properly.
I believe no malfunctions occur while using autonomous

driving systems.
I believe there are no functional problems while using

autonomous vehicles.

Petschnig et al. [26]

Security Risk

The idea that autonomous driving systems may be introduced on a
widespread scale worries me because of potential software
hacking or other forms of misuse.

Item developed for
research context based
on Kyriakidis et al. [5]

Subjective Norm

People who influence my behaviour think that I should not use an
autonomous vehicle.

People who are important to me think that I should use an
autonomous vehicle.

People that mean a lot to me think that I should not use an
autonomous vehicle.

People close to me think that I should not replace my conventional
car with an autonomous vehicle.

People that mean a lot to me think that I should drive a
conventional car as little as possible.

Petschnig et al. [26]



Sustainability 2021, 13, 5387 18 of 20

Table A1. Cont.

Construct & Items Reference

Personal Norm

I feel a moral obligation to switch to autonomous vehicles, no
matter what other people do.

I do not feel guilty when driving a conventional car myself instead
of driving with an autonomous driving system.

I feel a moral obligation to drive an autonomous vehicle.
Personally, I feel that it is important to drive a conventional car

myself as little as possible.
If I were to replace my car today I would feel a moral obligation to

replace it for an autonomous vehicle.

Petschnig et al. [26]

Attitude towards Autonomous Vehicles

I believe autonomous vehicles are good.
I dislike autonomous vehicles.
I believe autonomous vehicles are appealing.
I believe autonomous vehicles are favourable.

Petschnig et al. [26]

Intention to Adopt Autonomous Vehicles
Assume autonomous vehicles are readily available on the market:

I will arrange to get an autonomous vehicle as soon as possible.
I do not intend to purchase an autonomous vehicle in the

near future.
It is very likely that I will buy an autonomous vehicle.
I will not purchase an autonomous vehicle the next time I need

a car.

Petschnig et al. [26]

Technology Anxiety

I am confident I can learn technology-related skills.
I have difficulty understanding most technological matters.
I feel apprehensive about using technology.
When given the opportunity to use technology, I fear I might

damage it in some way.
I am sure of my ability to interpret technological output.
Technological terminology sounds like confusing jargon to me.
I have avoided technology because it is unfamiliar to me.
I am able to keep up with important technological advances.
I hesitate to use technology for fear of making mistakes I

cannot correct.

Meuter et al. [44]

General trust in technology

I believe that most technologies are effective at what they are
designed to do.

A large majority of technologies are excellent.
Most technologies have the features needed for their domain.
I think most technologies enable me to do what I need to do.
My typical approach is to trust new technologies until they prove

to me that I shouldn’t trust them.
I usually trust a technology until it gives me a reason not to trust it.
I generally give a technology the benefit of the doubt when I first

use it.

Mcknight et al. [45]
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