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Abstract: Automated shuttles can make public transport more attractive and sustainable. Still, their
successful implementation requires a high level of acceptance among users. This study investigates
the impact of the predictors performance expectancy, social influence, facilitating conditions, hedonic
motivation, and perceived risk of The Unified Theory of Acceptance (UTAUT)-2 on the behavioral
intention to use automated shuttles. In earlier work, UTAUT-2 has already been successfully applied
to study the acceptance of autonomous public transport. Here, we employed the UTAUT-2 to assess
acceptance of a Wizard-of-Oz automated shuttle in real-life traffic, in a study with 35 participants,
before and after a first ride and after a second ride on which two incidents occurred. The results show
that behavioral intention to use automated shuttles is high even before the first ride and remains high
after experiencing automated driving. Performance expectancy was the only significant predictor of
behavioral intention for all measurement time points. The explanatory power of the model almost
doubles from pre-ride to post-ride. The results indicate a crucial role of performance expectancy for
the acceptance of automated shuttles at the current stage of implementation and provide guidance
for a successful development and implementation of autonomous public transport.

Keywords: automated public transport; acceptance of automation; socio-psychological model;
user acceptance

1. Introduction

Automated shuttles have the potential to make public transportation more attractive.
They are part of a future autonomous mobility concept that does not require a driver
and enables low-cost transportation at any time [1,2]. Automated shuttles can be booked
on demand, shared with multiple passengers, and can form the first and last part in a
travel chain using public transport [2]. In addition, automated transport can substantially
improve road safety. According to the German Federal Statistical Office, human error was
the most common cause of accidents with personal injury in 2020, accounting for 88.5%
of all accidents [3]. Accordingly, traffic can become safer through autonomous mobility
concepts. Especially in large cities, the number of private cars can be reduced and traffic
can get more sustainable [1]. In order to successfully implement automated shuttles a high
level of user acceptance must be attained [1,4].

In psychological and sociological research, various theoretical models have been
developed to explain the acceptance of a technology. Acceptance of technological systems
is defined as the users’ willingness to use a technology in the areas where the technology
is intended to support the users [5,6]. Accordingly, acceptance represents the intention
to use a new technology. A common model based on this definition of acceptance is the
Technology Acceptance Model (TAM) by Davis [7]. It postulates that perceived usefulness
and perceived ease of use are the main factors in the formation of behavioral intention
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and thus usage behavior. It is characterized by clarity, parsimony, and replicability [8].
For an integrated perspective on technology acceptance, Venkatesh and colleagues [5]
designed the Unified Theory of Acceptance (UTAUT), which was developed by reviewing
and consolidating the constructs of TAM and seven other different acceptance models.
Therefore, UTAUT unifies the strengths of previous models and eliminates the need to
select from different acceptance models. It originates from information technology research
and predicts behavioral intention (BI) towards a new technology using three predictors:
The first predictor is performance expectancy (PE) which is the expected support from the
technology. The second predictor is effort expectancy (EE) which is the expected ease or
difficulty of using the technology. Social influence (SI) is the third predictor and displays
society’s presumed attitude toward the technology. Actual usage, in turn, is predicted by
behavioral intention as well as facilitating conditions (FC), such as an existing infrastructure
to support the technology. Moderators are gender, age, experience, and voluntariness of
use. An extension of UTAUT to UTAUT-2 additionally considers the constructs of hedonic
motivation, price value, and habit to apply the model to the consumption context [9]. Hedonic
motivation describes the enjoyment or pleasure derived from using a technology. Habit is
the extent to which people perform behaviors automatically based on experience.

UTAUT and UTAUT-2 have been successfully applied in the context of autonomous
public transportation in earlier studies. UTAUT-2 was used in an interview study by
Nordhoff et al. [10] with 9118 participants to explain behavioral intention to use conditional
automated cars at SAE level 3 [11]. In this study, the model explained 88% of the variance
in behavioral intention. Initial studies of public autonomous transportation at high automa-
tion SAE level 4 [11] using the slow-moving automated CityMobil2 indicate that UTAUT
is a good framework for studying acceptance in this scope [12,13]. In the first study 22%
of the variance of behavioral intention were explained by the predictors performance ex-
pectancy, effort expectancy, and social influence [12]. In the second study UTAUT-2, which
additionally included the predictors of facilitating conditions and hedonic motivation, the
predictors explained 58% of the variance of behavioral intention [13]. Most recent studies,
which also used UTAUT to examine the acceptance of slow autonomous shuttle services
at SAE level 4, were able to explain 40% [14] and 46% [15] of the variance in behavioral
intention. In these applications of the model, either performance expectancy [12,14,15]
or hedonic motivation [10,13] were the strongest predictors of behavioral intention. The
influence of the moderators gender, age, and experience could not be replicated in any
of the studies that applied UTAUT(-2) to real automated vehicles [10,12,13,15]. To add,
effort expectancy did not influence behavioral intention in most studies [10,13,14]. There-
fore, it can be concluded that effort expectancy is not a relevant factor in the decision to
use autonomous public transportation and can therefore be excluded in future studies
(see also [13]).

In addition to the predictors covered by UTAUT, perceived risk (PR) towards an au-
tomated vehicle can influence the acceptance of the automated vehicle. Perceived risk is
a person’s perceived uncertainty about the consequences of a decision [16], and can be
divided into temporal, financial, functional, physical, psychological, and social risk [17].
According to Rogers et al. [18], perception of a technology or innovation can influence
acceptance. This idea has been applied several times to the acceptance of automated ve-
hicles. A meta-analytic review provides an overview of studies from Europe, Asia, and
America [19]. The authors extended the Technology Acceptance Model (TAM) by Davis [7]
to predict behavioral intention to use automated vehicles by adding the predictors trust and
perceived risk. The results show that perceived risk within TAM has a negative influence on
the behavioral intention to use fully automated vehicles. Perceived risk was also examined
in the context of autonomous public transportation [20]. The authors used UTAUT in a
questionnaire study to examine behavioral intention to use autonomous buses and added
the predictors of personal innovativeness and perceived risk to the model. They found
perceived risk to be the strongest predictor of behavioral intention, ahead of all UTAUT
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predictors. The postulated model explained a total of 48% of the variance in behavioral
intention [20].

A further factor that potentially influences acceptance of automated vehicles is expe-
rience of using these. It has already been shown in various fields of transportation that
the acceptance of a technology or innovation increases after it has been used. Regarding
automated vehicles, this relationship has been considered earlier. A study of advanced
driver assistance systems (ADAS) in a driving simulator showed that there was a higher
behavioral intention in the group that could try the ADAS in the simulator than in the
group that could only read a description of it [21]. In a real-life traffic driving study by
Pascale et al. [22], acceptance of an automated car at SAE level 3 was found to increase after
driving on an open road compared to the acceptance before driving.

Finally, the information provided to users about automated vehicles influence the
acceptance of automated vehicles. A systematic review of public autonomous transporta-
tion acceptance shows that information regarding the ride and the autonomous vehicle
is a factor that affects acceptance [23]. Frohlich et al. [24] found that the most important
type of information in autonomous public vehicles is information related to the reasons or
decision-making process underlying the vehicle’s actions, and also important is information
comparable to that in a conventional bus. This might include current speed, next stop,
remaining travel time, and congestion on the route. At best, this information should be
shown on a display in the user’s field of vision. Especially in unpredictable situations, in-
formation presented on a display can be helpful [25]. The authors found that any fears that
may arise while riding in an autonomous shuttle bus can be divided into three categories:
fears related to fellow passengers, fears related to a lack of transparency of the system, and
fears related to technical malfunctions. Fears related to a lack of transparency of the system
include, for example, the shuttle bus stopping unexpectedly or traveling an unknown route.
The study shows that in these situations, a display that provides information about driving
conditions can increase the feeling of safety, which is tightly related to the acceptance of
automated vehicles.

Based on the aforementioned considerations, the goal of this study is to investigate
the acceptance of and intention to use automated shuttles within a future public mobility
concept. In this first study in real-life traffic, a travel chain with a Wizard-of-Oz auto-
mated shuttle at highly automated SAE level 4 [11] was conducted and acceptance was
assessed at three measurement time points (T1, T2, T3). T1 was before the ride with the
automated shuttle, T2 after the first ride, and T3 after the second ride in which two planned
incidents occurred.

For investigating acceptance of automated shuttles, an extended UTAUT-2 model was
used (see Figure 1). Based on Venkatesh et al. [9], it contains the predictors performance
expectancy, social influence, facilitating conditions, and hedonic motivation to predict
the behavioral intention to use automated shuttles. Here, the predictor effort expectancy
is excluded based on the recommendation of Madigan et al. [13]. The predictors value-
for-money and habit are also not examined, because the vehicle was free of charge and
could only be used once in our study. Based on the results by Chen et al. [20], we added
perceived risk as further predictor to the UTAUT-2. We did not examine the influence of
the moderators gender, age, and experience because it could not be replicated in previous
studies [10,12,13,15].

UTAUT and UTAUT-2 have only been applied to vehicles at SAE level 3 [10] or slow
vehicles at SAE level 4 [13,14]. In this work, UTAUT-2 is applied for the first time to a
Wizard-of-Oz automated shuttle traveling at normal speed in real-life traffic. Based on the
successful applications of UTAUT(-2) in previous studies and to evaluate the postulated
UTAUT-2 model, the following hypothesis is proposed:
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Figure 1. Adapted UTAUT-2.

H1: The predictors of UTAUT-2 predict a high proportion of variance in behavioral intention to use
automated shuttles at all measurement time points (T1, T2, T3).

An additional predictor added to UTAUT-2 is perceived risk, which explained the
largest proportion of variance in the behavioral intention to use autonomous shuttle buses
in the study by Chen et al. [20]. While the authors investigated this in a questionnaire
study, the present work integrates perceived risk into UTAUT-2 for the first time in a
real-world driving study. Especially regarding the occurring incidents in the second ride,
it is relevant to investigate the factor perceived risk as a possible influencing factor on
behavioral intention. The following hypothesis is postulated:

H2: The explanatory power of UTAUT-2 increases after adding the predictor perceived risk at all
measurement time points (T1, T2, T3).

Moreover, we examine the evolution of automated shuttle acceptance from pre-ride to
post-ride in a real-world driving study. In research on the acceptance of autonomous public
vehicles, the investigation using real-drive studies has just begun. Therefore, it is even
more important to replicate existing findings and investigate them in different contexts.
How acceptance of automated shuttles changes from before first use to after first use may
be relevant to successfully implement autonomous public mobility concepts and can be
used by researchers, developers, and policymakers in development and implementation.
Based on the results of past research, the following hypothesis is proposed:

H3: Behavioral intention to use automated shuttles increases from pre-ride of the automated shuttle
(T1) to post-ride (T2).

Building on existing findings, the influence of providing information in unpredictable
situations on the acceptance of automated shuttles is investigated. To enable a successful
implementation of autonomous public mobility concepts, they must be designed as user-
friendly as possible. This includes especially the presentation of information that shows
users the reasons for the behavior of automated shuttles [24]. Especially in unpredictable
situations, such information can be helpful [25]. Hence, the influence of information on
the acceptance of autonomous public vehicles is investigated here for the first time when
unpredictable situations occur in a real-world driving study. The following hypothesis is
postulated:

H4: The behavioral intention of using automated shuttles is higher in the group with information
than in the group without information after the second ride with incidents (T3).
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Investigating the acceptance of autonomous public mobility concepts is a prereq-
uisite for their successful implementation. Therefore, we conducted a study with a
Wizard-of-Oz automated shuttle in real traffic, investigating acceptance at three time
points using UTAUT-2 and mapping both the change in acceptance pre- and post-ride and,
for the first time, investigating acceptance in unpredictable situations.

2. Materials and Methods
2.1. Design

A real driving study with a Wizard-of-Oz automated vehicle was conducted. The
constructs of UTAUT-2 were collected within-subjects at three measurement time points:
after reading an information text about the automated shuttle (T1); after the first ride with
the automated shuttle (T2); and after the second ride with two planned incidents (T3). The
two planned incidents during the second trip were varied between-subjects by information
about the incidents in one group of participants and no information in the other group.
Participants were randomly assigned to the two conditions. The duration of the experiment
was two hours.

2.2. Sample

A total of N = 40 participants took part in the study. Five participants were excluded
from further analyses. Four of them indicated in a control question that they could not im-
merse themselves in the situation that the shuttle drove autonomously. Another participant
answered all questions with the maximum value at all measurement time points. The ex-
clusion results in a sample size of N = 35, which belonged to two groups (with information
n =17, without information n = 18) at the third measurement time point. The 35 participants
(10 females, 25 males) had a mean age of 34.34 years (min = 21, max = 58, SD = 11.82). Of
the participants, 80% were rather strongly or very strongly interested in automated cars
and 20% of the participants were neutral towards automated cars. Participants of any
gender, between 18 and 60 years old, were included in the study. All participants agreed to
participate in the experiment and were compensated with EUR 5 (€) for each commenced
half hour.

2.3. Measures

All participants completed the scales of UTAUT-2 [9], adapted by Madigan et al. [13]
for application to autonomous public shuttles. These include the scales of performance
expectancy, social influence, facilitating conditions, and hedonic motivation as indepen-
dent variables and behavioral intention as dependent variable (see Table S1). As in
Madigan et al. [13], the scales were queried using a five-point Likert scale. Since no
German version of the UTAUT-2 existed, the items were translated from English into
German and back into English by two bilingual native speakers. The two English versions
were then compared in terms of their meaning. No significant differences were found.
As an additional independent variable for UTAUT-2, perceived risk was measured using
a scale assorted by Chen et al. [20] based on Zhang et al. [26] and Zmud et al. [27] (see
Table 1). The scale was also queried using a five-point Likert scale.

Additionally, all participants answered questions about their information needs in
the occurred incidents. For each incident, they rated the helpfulness of the display, their
uncertainty, and their need for information on a five-point Likert scale (the results of this
questionnaire are reported in a different paper that focuses on the participants’ information
needs during the shuttle ride, see [28]).
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Table 1. Items of the questionnaire for the scales of the UTAUT-2.

Construct

Items Source

Performance Expectancy (PE)

PE1: Using automated shuttles to travel helps me to achieve things that are important to me.

PE2: I find automated shuttles a useful mode of transport. (13l

Social Influence (SI)

SI1: People who influence my behavior think that I should use automated shuttles.
SI2: People who are important to me think that I should use automated shuttles. [13]
SI3: People whose opinions I value would like me to use automated shuttles.

Facilitating Conditions (FC)

FC1: I have the knowledge necessary to use automated shuttles as in this study.

FC2: I have the resources necessary to use automated shuttles as in this study. (13l

Hedonic Motivation (HM)

HM1: Using automated shuttles is fun.
HM2: Using automated shuttles is entertaining. [13]
HM3: Using automated shuttles is enjoyable.

Behavioral Intention (BI)

BI1: Assuming that I had access to automated shuttles, I predict that I would use them in the future.
BI2: If automated shuttles become available permanently, I plan to use them. [13]
BI3: I intend to have the automated shuttle take me to my car/bike/stop after the experiment.

Perceived Risk (PR)

PRO: I think the speed of automated shuttles is not fast enough, which will affect my travel time.
PR1: I am concerned that automated shuttles will cost more than traditional buses.
PR2: I am concerned that the functional design of automated shuttles is still not perfect today.
PR3: I am concerned about being persecuted by others in the automated shuttles.
PR4: I am concerned that the safety performance of automated shuttles is not guaranteed.
PR5: I am concerned that automated shuttles will conflict and interfere with human-driven vehicles.

[20]

Note. In the original, the word “ARTS” was replaced by “automated shuttles” to adapt to the present study. For
clarity, the words “as in this study” were added to both FC items. Item BI3 was changed in translation to align
with the present study. Item PRO was not collected in the first place.

2.4. Setup

The study was conducted with one of the institute’s research vehicles (a Volkswagen
Passat). Since the vehicle was not capable to drive in Level 4 automation according to [11],
a Wizard-of-Oz setting was used in the study. As the goal of the study was to investigate
the acceptance of riding in an automated shuttle, the instruction prior to the ride informed
the participants that the vehicle was automated and that the person behind the wheel was a
safety driver. To conceal the fact that the safety driver was in fact driving the car, a partition
was installed between the participant and the safety driver (see Figure 2). The rationale
for the need of the partition for the participants was that it should physically separate the
participant and the safety driver to enhance the feeling of being alone for the participant. In
addition, the participants were shown a video before the journey in which they could see
the car driving a part of the route fully autonomously. After the execution, the participants
were informed that the car did not drive autonomously.

Figure 2. Interior of the vehicle with the partition that was installed to conceal the fact that the safety
driver was in fact driving manually (own photo).

A display (Microsoft Surface Pro 7, 12.3’) was placed inside the car in the field of view
of the participants, which always showed the start and destination of the ride, as well as
the information that the car was driving automated. In addition, this display was used to
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show the information for the group with information in the incidents. Sociodemographic
data were collected using a tablet (Samsung Galaxy Tab S7) and UTAUT-2 questionnaire
data were collected using a smartphone (Google Pixel 4a) that the participants had with
them throughout the trial.

2.5. Procedure

The study was embedded into a realistic urban scenario of a ride with an automated
shuttle. The participants were asked to bring a real book to a public bookcase and then
pick another book from the public bookcase. To do so, they should order an automated
shuttle to bring them from the starting point to the bookcase and back to the starting
point. The entire route of the study is shown in Figure 3. The distance of the walked
route at the starting and end point was each approximately 0.5 km, and the distance of
the walked route at the public bookcase was also approximately 0.5 km. The distances of
each ride were approximately 7.5 km and the travel time was approximately 12 min for
each ride. On the second ride two planned incidents occurred, which the participants were
not informed about beforehand. The first planned incident during the second ride was the
abrupt stop and one-minute standstill of the automated shuttle in a parking lot located
along the route (see Figure 3). The second planned incident was driving a detour through a
residential area (see Figure 3). During both events, the group with information received
fictional information about the incidents (incident 1: “This is a planned stop to adjust the
GPS signal”; incident 2: “A bus broke down on the planned route, so that the shuttle had
to drive a detour”). For the group without information, no information was shown on
the display in the shuttle. The UTAUT-2-questionnaire was assessed before the first ride
(T1), after the first ride at the bookcase (T2) and after the second ride with the incidents
(T3). Additionally, the information needs questionnaire was assessed at T3. At the end, all
participants were informed about the study objectives.

All participants provided written informed consent to take part. Handling of personal
data was EU-GDPR-compliant [29] and the study’s hygiene concept was in accordance with
the applicable rules to minimize the spread of COVID-19 by the time of study conduction.

vee Str

qeest( L1635

P

[ta
[
)
L
|
1
e
/} i —rt T i ST ; ; Hordortess,,
i - 4
\ /7 #0O Public bookease ] &
4 A P / :
%0 = A&\//‘ Seinessin \
\ ROZE T AN © -

Figure 3. Map of the route. Total route of the study. The first ride to the public bookcase is marked in
light green, the second ride in dark green. The dashed lines represent distances walked and the solid
lines represent distances traveled in the shuttle. The starting and end point, the public bookcase, and
the incidents which occurred on the second ride are marked. © OpenStreetMap contributors [30].
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2.6. Statistical Analysis

A reliability analysis of all used scales was calculated using Cronbach’s alpha or
Spearman-Brown coefficient (only for the scales with only two items). To test the explana-
tory power of UTAUT-2, a multiple linear regression (MLR) was calculated for the three
measurement time points each. In a second step the predictor perceived risk was added
hierarchically to test its influence on the explanatory power of the model. To see whether
behavioral intention to use automated shuttles increases after using them compared to
before first usage, a paired f-test was calculated. For testing whether there is a difference
between the two experimental groups (with and without information) in behavioral in-
tention to use automated shuttles at T3, a Mann-Whitney U test was calculated. When
assumptions of the methods were violated, robust statistical methods were used to validate
the original statistical method. In case of the MLR, a robust regression was additionally
calculated for T1 and T2 using the Imrob() function in R [31,32]. The results of a robust
regression are preferred to those of an MLR when preconditions of the MLR are violated
and the results of the MLR and robust regression differ [33]. In case of the paired ¢-test,
a pooled nonparametric bootstrap t-test according to Dwivedi et al. [34] was calculated.
The authors suggest the use of the test to validate the results of a t-test in the presence
of small sample sizes as well as assumption violations. All significance tests were two-
sided with a significance level of x = 0.05. For statistical analysis, the program IBM SPSS
Statistics version 27 [35] and the program R version 4.1.1 [36] were used. The R packages
robustbase [37] and ggstatsplot [38] were used for the central calculations in R.

3. Results
3.1. Reliability
The Cronbach’s alpha or Spearman-Brown coefficients of all scales increased with

each measurement time point (see Table 2). Most values were in an acceptable to very good
range according to Kline [39].

Table 2. Reliability of the UTAUT-2-scales and of the perceived risk scale.

Scale T1 T2 T3
Performance Expectancy (PE) 0.62 0.81 0.82
Social Influence (SI) 0.84 0.89 0.90
Facilitating Conditions (FC) 0.02 0.74 0.86
Hedonic Motivation (HM) 0.77 0.82 0.84
Behavioral Intention (BI) 0.87 (0.69) 0.91 (0.71) 0.95 (0.68)
Perceived Risk (PR) 0.41 (0.13) 0.76 (0.41) 0.84 (0.68)

Note. Spearman-Brown coefficient for PE, FC. Cronbach’s Alpha for SI, HM, BI, PR. Bold after deleting the items.

Based on the analysis of selectivity, item BI1 was excluded from the behavioral inten-
tion scale and items PR1 and PR3 from the perceived risk scale (see Table S1). BI1 had a
value of selectivity below 0.5 and two items in the perceived risk scale had values below
0.3 at all three measurement time points [40]. After exclusion of these items, the Cronbach’s
alpha values (Table 2, bold) increased compared to the original values (in brackets). The
exclusion of the items could not only be justified based on the results of the reliability
analysis but also in terms of content (see Table S1). In addition, the facilitating conditions
and perceived risk scales had unacceptable Cronbach’s alpha and Spearman—Brown values,
respectively, at T1. This also makes sense based on theoretical considerations, as individuals
may not yet be able to assess whether they have the necessary knowledge to use automated
shuttles prior to use. The same is true for the assessment of risk. Therefore, facilitating
conditions and perceived risk were excluded from data analysis for T1.

3.2. Results Regarding UTAUT-2 (H1 and H2)

The results of the MLR at all three measurement time points are presented below
(see Table 3). At all measurement time points, performance expectancy alone significantly
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predicted behavioral intention to use automated shuttles. Moreover, at all three measure-
ment time points, the model had a high variance explanation [41]. At T1, the coefficient of
determination R? = 0.347 (Rzadj = (0.284) was significant with F(3, 31) = 5.49, p = 0.004, and it
hardly differs from the robust results which were calculated due to assumption violations
(Rob. R? =0.332, Rob. R?,4; = 0.268). At T2, the coefficient of determination R? = 0.632
(Rzudj = 0.583) was significant with F(4, 30) = 12.88, p < 0.001, but differed from the
robust results which were calculated due to assumption violations (Rob. R? = 0.590,
Rob. Rzad]- = 0.535). Because the robust results should be preferred in case of different
results of the MLR and the robust MLR, at T2 only the robust results are referred to [33].
At T3, the coefficient of determination R? = 0.657 (R2adj = 0.612) was significant with
F(4, 30) = 14.39, p < 0.001, and no robust regression was calculated as all assumptions were
met. Accordingly, Hypothesis 1, that the predictors predict a high proportion of variance of
the behavioral intention to use automated shuttles, is supported by the results for all three
measurement time points. However, the variance explanation here is particularly due to
the predictor performance expectancy, as this is the only significant predictor.

Hypothesis 2 could only be tested for T2 and T3 due to insufficient reliability of the
perceived risk scale at T1. At both T2 and T3, perceived risk was added in the second
step of the hierarchical MLR (see Table 3). The model with perceived risk did not explain
more variance in behavioral intention at T2 (AR? = 0.001, p = 0.789) and at T3 (AR? = 0.014,
p =0.268). Thus, hypothesis 2, that the explanatory power of the model increases after
adding the predictor perceived risk, is rejected for T2 and T3.

3.3. Change in Behavioral Intention from Pre-Ride to Post-Ride (H3)

The results of the paired t-test indicate that the behavioral intention to use automated
shuttles increased from pre-ride to post-ride (see Figure 4). However, this increase was not
significant, #(34) = —1.28, p = 0.211, d = 0.22. The bootstrap t-test supported the results of
the paired t-test with a p-value of p = 0.209. Hence, hypothesis 3 is not supported by these
results.
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Figure 4. Change in behavioral intention from pre-ride to post-ride. Violin plot illustrating change in
behavioral intention from T1.
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Table 3. Results of the hierarchical MLRs at T1, T2 and T3.

Time Step 8] 950}3 I SE Bstd Fit
T1 1 (Constant) 1.40 [—0.29, 3.09] 0.83
Performance 0.46 * [0.05, 0.86] 0.20 0.39 *
Expectancy
Social Influence 0.14 [—0.13,0.42] 0.13 0.19
Hedonic
Motivation 0.16 [—0.14, 0.46] 0.15 0.17
R? =0.347 ** Rob. R? = 0.332 **
R%,4 = 0.284 ** Rob. R? 44 = 0.268 **
1 (Constant) 0.49 [—0.85, 1.83] 0.66
Performance 0.79 ** [0.47,1.10] 0.16 0.72 #*+*
Expectancy
Social Influence —0.04 [—0.22, 0.14] 0.09 —0.06
Facilitating
Conditions 0.00 [—0.22,0.21] 0.11 —0.00
Hedonic
Motivation 0.14 [—0.13, 0.42] 0.13 0.15
R? =0.632 *** Rob. R? = 0.590 ***
R?,4; = 0.583 *** Rob. R? 44 = 0.535 ***
T2 2 (Constant) 0.63 [—1.10, 2.36] 0.85
Performance 0.77 #* [0.43,1.11] 0.17 0.71 ***
Expectancy
Social Influence —0.04 [—0.22,0.14] 0.09 —0.06
Facilitating
Conditions 0.00 [—0.23,0.22] 0.11 —0.00
Hedonic
Motivation 0.14 [—0.14, 0.42] 0.14 0.14
Perceived Risk —0.03 [—0.22,0.17] 0.10 —0.03
AR? =0.001
R? = 0.633 **+

R%,4; = 0.570 ***
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Table 3. Cont.

. B .
Time Step [§] 95% CI SE Bstd Fit
T3 1 (Constant) 0.68 [—0.78, 2.14] 0.71

Performance 0.77 #+* [0.47, 1.08] 0.15 0.74 #+*

Expectancy

Social Influence —-0.07 [—0.25,0.10] 0.09 -0.10

Facilitating

Conditions —0.06 [—0.36, 0.25] 0.15 —0.04

Hedonic

Motivation 0.20 [—0.07, 0.47] 0.13 0.20
R2 = 0.657 ***
R? ) = 0.612 ***

2 (Constant) 0.63 [—1.10, 2.36] 0.79

Performance 0.77 *** [0.43,1.11] 0.15 0.71 ***

Expectancy

Social Influence —0.04 [—0.22,0.14] 0.09 —0.06

Facilitating

Condititors —0.00 [—0.23,0.22] 0.15 —0.00

Hedonic

Motivation 0.14 [—0.14, 0.42] 0.14 0.14

Perceived Risk —0.03 [—0.22,0.17] 0.08 —0.03
R2=0.672 ***
R%,4 = 0.615 ***
AR? =0.014

Note. * p < 0.05., ** p < 0.01., *** p <.001. Rob. indicates results of the robust regression, SE means standard error.
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3.4. Influence of Information on Behavioral Intention (H4)

To test hypothesis 4 (higher behavioral intention at T3 after the incidents in the group
with information than in the group without information) the behavioral intention data were
compared between groups with a Mann-Whitney U test. At T3, the group with information
descriptively had a higher mean in behavioral intention than the group without information
(see Figure 5). However, an inspection of both groups at T2, at which no manipulation has
yet taken place through the incidents and the information, shows that the difference was
also present here (M5, = 4.59, Miyornfo = 4.19) and was higher than at T3 (see Figure 5).
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Figure 5. Differences in behavioral intention by condition. Violin plot illustrating descriptive
differences in behavioral intention at T2 (a) and at T3 (b) according to condition.

At both time points there were no significant differences between the two groups
(T3: group with information has Mg,,x = 20.41 and group without information has
Mpgank=15.72, U=112.00, Z = —1.39, p = 0.169; T2: group with information had Mg, = 17.59
and group without information had Mg, = 18.39, U = 146.00, Z = 0.235, p = 0.823). Thus,
hypothesis 4 is not supported by the results.

4. Discussion

This paper investigated the acceptance of automated shuttles in a real-world driving
study with a Wizard-of-Oz automated vehicle. The UTAUT-2 constructs performance
expectancy, social influence, facilitating conditions, and hedonic motivation as well as the
construct perceived risk were investigated as factors influencing the behavioral intention to
use automated shuttles. UTAUT-2 was applied for the first time in a context in which the
automated shuttle drives at normal speed in real-world traffic, and in which unexpected
incidents occur for the users.

4.1. Summary of the Results

The results provide insights regarding the acceptance of automated shuttles. Looking
at behavioral intention at all three measurement time points shows that acceptance of
automated shuttles is high in general and even before the first ride. This is in line with
previous studies [14,15], which also report a generally high acceptance of autonomous
shuttle buses. Hence, automated shuttles are already highly accepted as a component of a
future public mobility concept among potential users.

The first research question of this paper referred to the goodness of fit of UTAUT-2
when applied to automated shuttles. Hypothesis H1 is supported by the results with
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R? = 0.347 at T1, robust R? = 0.590 at T2 and R? = 0.657 at T3. The coefficient of determi-
nation exceeds the threshold for high variance explanation of 0.26 (cf. [41]) at all three
measurement time points. Compared with studies in which UTAUT(-2) was applied to the
acceptance of slow autonomous shuttles in a real-world driving context, the explanatory
power of the model in this study of 59% variance explanation and 66% variance explana-
tion after the rides is high. In the study by Madigan et al. [13] UTAUT-2 explained 59% of
the variance in behavioral intention to use the autonomous shuttle, and in the study by
Nordhoff et al. [14] UTAUT explained 40% of the variance. When interpreting these results,
it is important to mention that at all three measurement time points, only performance
expectancy was a significant predictor of behavioral intention. Thus, much of the explained
variance was only due to performance expectancy. This is somewhat unexpected, as in most
previous findings applying UTAUT(-2) to automated vehicles or autonomous shuttles in
real-world driving contexts, all predictors except effort expectancy significantly explained
variance in behavioral intention [10,13,15]. However, our results are similar to the ones
of Nordhoff et al. [14] who found that performance expectancy was the only significant
predictor of behavioral intention to use a slow autonomous shuttle. Accordingly, perfor-
mance expectancy plays a central role in forming the behavioral intention of automated
shuttles. It is also interesting to note that the explanatory power of UTAUT-2 increases
with each measurement time point. This increase was particularly strong from before the
first ride to after the first ride, at which point the variance explanation almost doubles.
This suggests that UTAUT-2, and especially the predictor performance expectancy, are
particularly applicable when a technology, in this case the automated shuttle, has already
been used.

The second hypothesis related to whether perceived risk as an additional predictor
increases the explanatory power of UTAUT-2. Hypothesis H2 could only be investigated
for T2 and T3 because the perceived risk scale had too low reliability at T1. The hypothesis
was not supported by the results at T2 and at T3. The result contrasts with the study by
Chen et al. [20], in which perceived risk was the strongest predictor of behavioral intention
compared to all UTAUT predictors. Our results, however, suggest that perceived risk has
little influence on the behavioral intention to use automated shuttles.

The question about the change in acceptance from pre-ride to post-ride was tested
with hypothesis 3. In our study, the descriptive increase in behavioral intention was not
significant, so the results do not support this hypothesis. This contrasts with studies by
Rahman et al. [21] and Pascale et al. [22]. However, other work also reports no significant
increases in acceptance [15]. Accordingly, the results of this work suggest that usage
experience only has a small or no effect on the adoption of automated shuttles. However,
the influence of first-time use experience should be investigated in further studies with
samples that are more heterogeneous in terms of interest in automated vehicles than the
present sample, as the present sample showed rather high interest in automated vehicles.

Furthermore, our results did not support the assumption that information presenta-
tion in case of incidents has a significant effect on the behavioral intention to use shuttles
(H4). This was indicated by the non-significant comparison between the two experimen-
tal groups (with and without information) as well as the descriptive observation of the
mean values at T2 and at T3. Although there was a difference in the expected direction
(i.e., higher behavioral intention in the group with information) between the groups at
T3, that difference was also present at T2, at which the two groups were not expected
to differ in their behavioral intention. Our results differ from various research papers
that postulated a relationship between information and acceptance of autonomous public
transport [23,42]. However, this relationship has not yet been investigated in a real-world
driving study and in unexpected situations. It is also interesting to note here that an
analysis of participants’ information needs for both incidents revealed that participants
in the group with information were significantly less uncertain, had a significantly lower
need for information, and rated the display significantly as more helpful for understanding
the actions of the shuttle (for details, see [28]). This indicates that the information in the
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incidents contributed to comprehensibility and less uncertainty, even though it had no
effect on behavioral intention.

4.2. Interpretation and Implication of the Results

The findings of this work complement and extend the current state of research inves-
tigating the acceptance of automated and autonomous vehicles in public transport using
UTAUT-2. Core implications can be derived from the results, which are explained below:

e At the current state of implementation, performance expectancy is the key predictor of
behavioral intention to use automated shuttles;

e  The predictive effect of UTAUT-2 might be subject to temporal dynamics depending
on the implementation status of automated shuttles;

e  The explanatory power of UTAUT-2 doubles from pre-ride to post-ride, implying a better
application of the model in real-world driving studies than in questionnaire studies.

The results of this work imply a central role of the predictor performance expectancy
in predicting the behavioral intention to use automated shuttles. The explanatory power of
UTAUT-2 in this work was high according to Cohen’s [41] criteria, as well as compared
to other studies [13,14]. However, as in Nordhoff et al. [14], the explanatory power in this
work came primarily from the only significant predictor, performance expectancy. For
researchers, developers, and policymakers, the result is an indication that at the current
stage of implementation, i.e., before automated shuttles are already widely implemented,
performance expectancy is a central factor influencing the behavioral intention to use
automated shuttles. Accordingly, performance expectancy should play a special role in
product development and implementation. This can be managed by developers ensuring
that automated shuttles are perceived as particularly useful through various features. In
addition, developers and policymakers should ensure to communicate the usefulness of the
new technology to potential users during implementation. This can be done, for example,
by providing detailed information about the functions of automated shuttles.

To add, the finding that performance expectancy is the only significant predictor of
behavioral intention may imply that the predictive effect of UTAUT-2 is subject to temporal
dynamics. Accordingly, the central role of performance expectancy may be due to the
current state of implementation of automated shuttles. Since no or little automated shuttles
are currently deployed in public transportation, they do not yet play a major role in public
discourse, and therefore a factor such as social influence may not have an impact on
behavioral intention at this time. Moreover, the factor facilitating conditions might be
difficult to assess at the current time because the technology is only barely implemented,
so that the users cannot judge if they have the necessary knowledge and resources to use
automated shuttles. Accordingly, the predictive impact of UTAUT-2 could be subject to
dynamics that change depending on the stage of product implementation. For example,
the timepoint of the study could affect how well each factor predicts behavioral intention,
depending on whether or not the technology has been implemented on a large scale. This
means that researchers should consider temporal dependencies when applying UTAUT-2
and comparable models to assess what predictive power the models have. Whether the
predictivity of UTAUT-2 is subject to temporal dynamics should be further investigated in
future studies. This would be possible, for example, in studies that follow users from the
current stage of implementation over several years at multiple measurement time points.

The first-time observation of UTAUT-2 in the context of autonomous public transport
at several measurement time points provides information about the change in the model
depending on the experience of the users. The explanatory power of UTAUT-2 almost
doubles from pre-ride to post-ride. This suggests that UTAUT-2 is more applicable when
potential users have already used the automated or autonomous public transportation
vehicle than when they have only received information about it and seen pictures. This
implies that the explanatory power of UTAUT-2 is better in real-world driving studies than
in questionnaire studies.
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4.3. Limitations

The results of this work can only be interpreted considering the limitations. There
are some limiting factors related to the sample. First, the sample size is relatively small
(N = 35) and thus may have reduced the power of the used tests. An attempt was made
to address this issue by using statistical procedures that are robust and recommended for
small samples. Second, there are limitations in the generalizability of the results due to
the composition of the sample. Of the 35 participants, ten are female and 25 are male.
Thus, the genders are not equally distributed. Furthermore, participants were all recruited
in the same region in Northern Germany, so that they likely had a very similar cultural
background. Thus, cultural background may have had an influence on the evaluation
of the shuttle service. Moreover, there is a high level of interest in automated vehicles
in the sample. Of the participants, 80% are rather strongly or very strongly interested in
automated vehicles and 20% are neutral towards them. The generally rather high interest in
automated vehicles may have led to higher acceptance in the sample and lower perceived
risk than in the overall population. Finally, all participants were younger than 60 years,
which may well have led to biases regarding acceptance of automated vehicles. Hence,
future studies with larger sample sizes should investigate whether personal characteristics,
such as gender, interest in automated vehicles, cultural background or age, but also other
factors such as educational level, affect the evaluation and acceptance of automated shuttle
services.

It should be mentioned that the reliability of the scales facilitating conditions and
perceived risk was so low at the first measurement time point that the two factors had to
be excluded from the analysis at T1. In future studies that, as in this work, only provide
subjects with information about the automated or autonomous vehicles at the first mea-
surement time point and no ride in the real vehicle, the reliability of these scales could be
increased by explaining in more detail the risks as well as the conditions under which the
vehicles are introduced.

One further limitation is the fact that the vehicle did not drive with Level-4-automation,
but by a human driver in a Wizard-of-Oz fashion. To conceal this, a partition was installed
in the shuttle that restricted the forward view and obscured the fact that the safety driver
was in fact the driver. This may have resulted in the automation being less believable
to the subjects than if they had seen the car actually driving in an automated fashion.
However, a control question was used to inquire whether the participants could relate to
the situation that the shuttle was automated. The four participants who could not or could
rather not empathize with the situation after this question were excluded from the analysis.
In addition, according to some participants the partition led to uncertainty or dissatisfaction
because they could not observe the traffic events well. In addition, the partition may have
negatively affected hedonic motivation and behavioral intention, as according to some
participants it led to uncertainty or dissatisfaction, thus limiting ride comfort.

To add, the design as a real-world driving study created some limitations that could not
be controlled. These include the possible influence of time of day on road traffic, according
to which subjects experienced different traffic density and driving time depending on the
time of day. Weather may also have had an influence on the relationships studied. These
external influences in a real-world driving study lead to limitations in the internal validity
of the results. On the other hand, the external validity of the results is high due to the
realistic environment. Another limitation that arose from the real-world driving study is
the presence of the driver, or for the participants in the Wizard-of-Oz situation, the safety
driver. The safety driver may have enhanced the participants’ sense of safety [43,44]. Thus,
the safety driver represents a confounding factor that may have led to underestimation of
the effect of perceived risk. To minimize this influence, the safety driver was a different
person than the experimenter, so that the participants did not yet know the safety driver. In
addition, the partition installed in the shuttle was intended to shield the participant from
the safety driver, thus reinforcing the feeling of being alone. To circumvent the confounding
influence of the safety driver in future studies, the darkening of the car windows and better
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paneling in the interior of the vehicle could be used to make the participants believe that
they are alone in the vehicle.

5. Conclusions

In this work, the acceptance of automated shuttles was investigated by applying
UTAUT-2 for the first time at multiple measurement time points in a real-world driving
study. The results show that the behavioral intention of using automated shuttles is
generally high. The results allow conclusions to be drawn regarding the theories used as
well as practical implications. Performance expectancy as the only significant predictor of
behavioral intention to use automated shuttles appears to have a central role in UTAUT-2.
This special role of the predictor performance expectancy may be due to a dynamic nature
of UTAUT-2, according to which the influence of predictors on behavioral intention changes
depending on the state of implementation. In addition, the explanatory power of UTAUT-2
nearly doubles from pre-ride to post-ride, suggesting that the model can be better applied to
explain acceptance in real-world driving studies than in questionnaire-only studies. For the
successful implementation of automated shuttles, the results imply that companies (during
development) and policy makers (during implementation) should pay particular attention
to the potential users’ perception of the shuttles as useful, as performance expectancy is
currently the key predictor of acceptance. The influence of perceived risk and information
during the incidents on acceptance could not be conclusively clarified in this study. In
particular, the potential dynamics of UTAUT-2 depending on the implementation status, as
well as the influence of performance expectation and the influence of information, should
be further investigated in future studies.
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