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ABSTRACT

Shared automated vehicles (SAVs) own the potential to contribute significantly to a
reduction in urban traffic by reducing the share of motorized private transport in the
modal split. Hence, rapid introduction of SAVs is highly desirable but requires close
examination of present-day mobility behavior as well as user needs regarding current
and future mobility concepts to avoid cannibalization of established shared modes of
transport. Within the framework of the research project SAVeNoW, we conducted an
online survey in the city of Ingolstadt on mobility behavior as well as attitude towards
future automated mobility concepts. Results indicate a highly positive attitude towards
using SAVs. User requirements focus primarily on service-oriented factors. However,
interior-related features of SAVs must also be taken into consideration and current SAV
interiors might have to be reconsidered in their design.
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INTRODUCTION

Over the last decades, urban traffic has become an increasingly relevant
factor in cities and it has turned from a mere development-enabling feature to
an ever-important element for urban growth control (Gao and Zhu, 2022).
Despite its key role, today traffic in urban areas also poses a progressively
surging amount of challenges, such as air pollution as a result of congestion
or lack of space due to growing demand for parking lots (Pavone, 2015).
In this context, automated driving is regarded as a disruptive technology
that is expected to make a significant contribution to solving these problems.
Shared automated vehicles (SAVs) are considered as part of this solution. In
a mobility-on-demand context, they are expected to be operated by either
municipal or private mobility service providers. With the ability to bundle
multiple trips from different users with flexible pick up times and points
as well as destinations in a ride pooling setting, they might function as an
amendment to local public transport (PT) (Krueger et al. 2016) and therefore
position themselves between PT and private transport (Wintersberger et al.
2019). However, the advancing technical development of SAVs alone does
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not sufficiently ensure their successful implementation. When it comes to
introducing automated mobility concepts, a large number of factors and
stakeholders must be taken into account since a careless launch of SAVs could
reverse their positive effects (Lang et al. 2020; Stocker and Shaheen, 2017).
User acceptance is one of these important factors (Wintersberger et al. 2019).
One goal of the research project SAVeNoW, in the context of which this work
was developed, is to increase the acceptance of SAVs by investigating user
needs and requirements.

User acceptance plays a crucial role not just in automated driving, but
also in nearly every domain of technology. A solid body of research that
addresses user acceptance-related factors in SAVs already exists. In the past,
literature reviews have sought to gain a deeper understanding of this topic
and have been performed by Azad et al. (2019) as well as Pigeon et al.
(2021). Furthermore, Nordhoff et al. (2019) developed a prediction model
for automated vehicle acceptance based on a review of existing literature.

According to Pigeon et al. (2021), two relevant clusters can be
distinguished with regard to the acceptance of SAVs. These are firstly the user-
oriented factors, which describe the attributes of SAVs and corresponding
mobility services that are necessary for certain user groups. Furthermore,
there are individual factors that originate from the respective users themselves
and hence influence their perspective. Approximately twice as many user-
oriented as individual factors were identified by the authors. On the basis
of this groundwork, this study aims to assess current mobility behavior
as well as attitudes regarding automated mobility concepts in the city
of Ingolstadt which has the highest car density of all major Bavarian
cities (ingolstadt.de, 2018) and can therefore be regarded as a car centric
community.

METHOD

We chose to acquire data by using an online questionnaire. The survey link
was promoted mainly in two ways. First, we distributed an invitation to the
survey via e-mail to students and employees from the Technical University
of Ingolstadt of Applied Sciences. This also included a small group of senior
citizens, who voluntarily participate in scientific studies. Second, we placed
advertisement for the survey in a parking garage in Ingolstadt as well as
in some busses of the city’s PT company INVG. This was done in order to
improve the quality of the sample and to not solely include participants with
a technological or scientific background.

The questionnaire consisted of four sections, namely (1) demographic
data, (2) mobility demographic data, (3) mobility behavior and (4) attitude
towards autonomous driving and future mobility concepts. Although the
vehicle concepts addressed in the study are strictly speaking automated
models according to SAE J3016, they were referred to as autonomous in
the questionnaire, as this is the more common colloquial term. The questions
regarding sections (2) and (3) exclusively referred to the participants’ current
mobility situation and no projections were asked towards the possible use of
future vehicle concepts in these parts of the questionnaire. Section (4) then
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focused solely on participants’ opinion of automated mobility concepts that
are not yet available.

The survey language was German. It took approximately 20 minutes to
complete the questionnaire and participants received no compensation. The
question types used were single-choice, multiple-choice and free-form text
fields. Five-point Likert scales were used whenever a rating of preferences was
needed. Difference analyses were performed using Mann-Whitney U-tests.
Some questions required participants to state reasons for or against certain
mobility concepts. In this case, a predefined set of statements containing the
most likely reasons was presented and participants were able to select as many
statements as they wished or alternatively use the option “other” to state their
own reasons.

RESULTS

86 data sets were initially recorded. The answers of one participant had to
be excluded because in this particular case it could not be assumed that
the questions were answered in a serious manner. This led to a total of
N = 85 data sets.
(1) Demographic data
The sample’s demographic composition shows that n = 50 (59.00 %)

participants were male and n= 35 (41.00 %) were female. The mean age was
M = 28.61 years (SD = 12.77 years) with a median age of Md = 24.00 years
and years of age ranging between 15 and 70. The age distribution was as
follows: 15–25 (n = 51; 60.00 %), 26–35 (n = 16; 18.82 %), 36–45 (n = 7;
8.24 %), 46–55 (n = 6; 7.06 %), 56–65 (n = 2; 2.35 %) and 66 or older
(n = 3; 3.53 %). The majority of participants (n = 49; 57.65 %) stated that
“university student”described their current professional status best, followed
by “employed” (n= 26; 30.59 %). The remaining answers were “high school
student” (n = 5; 5.88 %), “retired” (n = 3; 3.53 %), as well as “in job
training” and “on parental leave” with n = 1 mention each (1.18 %).
(2) Mobility demographic data and (3) mobility behavior
The two dominating types of vehicles owned by the sample were bicycle

(n = 70; 82.35 %) and car (n = 62; 72.94 %). Considering only students,
n = 35 (71.43 %) owned a car. Car ownership in non-students was at
n = 27 (75.00 %). Other less dominant vehicles were motorcycle (n = 21;
24.71 %) and E-bike, pedelec or E-scooter (n= 12; 14.12 %). The number of
participants owning none of the listed private modes of transport was n = 6
(7.06 %).

Regardless of previously stated private vehicle ownership, the participants
answered the question “How often do you use the following modes of
transport?” followed by a multiple-choice selection including private car,
motorcycle, E-bike, pedelec or E-scooter, car sharing and public transport.
Response options ranged from never to very frequently on a five-point Likert
scale. Responding with never led to follow up questions on reasons against
that specific mode of transport whereas any answer indicating at least a
rare use of the respective item resulted in participants being asked to state
their motives in favour of that mode. This approach was chosen in order
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to give participants the option to state their reasoning for a specific mode
of transport even if they do not own but only occasionally make use of it.
Table 1 provides an overview of the number and proportion of participants
who use a particular car-related mode of transport at least rarely (Pro) or
never (Con), as well as the most frequently stated reasons in each case. The
modes of transport represented here are all car related. Reasons for or against
motorcycles, bicycles or E-bikes are not reported for clarity as well as for the
assumption that private car related reasoning provides the most informative
arguments with regard to possible use of SAVs in the future.

Notable answers in the other-categories for or against the different
mobility concepts are as follows. In favour of private car usage, the argument

Table 1. Usage of different car-related means of transport as well as reasoning.
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that PT is too expensive compared with an individually owned car was
mentioned by n = 6 participants. Another n = 4 mentions referred to the
poorly developed regional PT network. When it comes to reasons against
the use of car sharing, n = 9 participants additionally stated a lack of need
to use such services. Not owning a valid driver’s licence was brought up by
an additional n = 4 participants. When stating reasons against carpooling,
n= 3 mentions stating lack of flexibility were given. In the case of carpooling,
participants were asked which shared characteristics of potential passengers
would increase their willingness to share a ride. Participants’ evaluation of
the specified attributes can be taken from Figure 1.

Regarding the characteristic sex, female participants showed a significantly
greater increase in their willingness to share a ride when the potential
passenger is also female (Mdmale = Mdfemale = 1.00, U = 571.00, p < 0.001,
r = 0.40).

Following the same logic as the previous table, Table 2 shows the number
and proportion of participants who use PT at least rarely (Pro) or never
(Con), as well as the most frequently stated reasons in each case.

The most frequently mentioned other reasons in favor of PT can be
summarized as having no other option due to lack of another mode of
transport (n = 5) or using PT as an alternative to bicycle or walking in case
of bad weather (n = 3). Notable mentions for other reasons not to use PT
were that it is more time consuming than other transportation alternatives
(n = 3).
(4) Attitude towards autonomous driving and future mobility concepts
Participants were asked to self-assess their level of knowledge on

autonomous vehicles on a scale from 1 (very low) to 5 (very high). The mean
value was M = 3.12 (SD = 1.06) and the distribution of answers can be
taken from Figure 2. The question of whether the use of an autonomous
private vehicle or an autonomous shuttle bus (ASB) would be considered
in the future, provided the technology is available, was answered with
a mean value of M = 3.27 (SD = 1.30) for the autonomous private
vehicle and M = 4.08 (SD = 1.00) for the ASB. The result is visualized in
Figure 3.

Figure 1: Ratings of the extent to which shared passenger characteristics increase the
willingness to carpool.
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Table 2. Usage of PT as well as reasoning.

Figure 2: Participants’ self-assessed level of knowledge on autonomous vehicles.

Figure 3: Participants’ willingness to use future autonomous mobility concepts.

With regard to the question what reasons respondents have to intent
or not intent the use of future autonomous mobility concepts, selectable
reasons were presented. These were either in favor of the concepts if a
tendency towards using them was indicated, against these concepts if a
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tendency towards not using them was indicated and both, for and against
these concepts if respondents indicated that they were undecided (n = 11
for autonomous private car and n = 3 for ASB). This resulted in a number
of statements for or against a mobility concept exceeding the total sample
of N = 85. Since this no longer allows a meaningful interpretation of the
proportion of Pro and Con values, the responses of undecided participants
were eliminated from this information. They are still represented in the
proportions of specific reasons however (see Table 3).

Noteworthy mentions in the respective other-categories of ASB were
sustainability (n = 4) as an argument for the use of ASBs as well as concerns
regarding the availability of ASB-services at the place of residence (n = 2)
and security concerns in a driverless vehicle (n = 2) as Con-arguments.

Participants were then presented a set of attributes. These included both,
features of an ASB as well as characteristics of an ASB service. Participants
were then asked to rate how important each of the features were to them.
The results can be seen in Figure 4.

At the end of the questionnaire, participants were asked about the
maximum passenger capacity an ASB should offer in a free-form text field.
The assessments of n = 78 participants were usable and resulted in Md = 20.
The answers ranged from 4 to 130 and n = 23 (29.48 %) participants stated
a number of 30 or more.

Table 3. Intent to use future autonomous mobility concepts as well as reasoning.
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Figure 4: Participants’ importance rating of different ASB features.

DISCUSSION AND CONCLUSION

In this section, the aforementioned results of the online survey are discussed.
First, findings are debated following the logical order of the questionnaire.
Afterwards, general implications and consequences are considered.
(1) Demographic data
Slightly more male than female participants completed the survey.

Additionally, there is an obvious overrepresentation of young people under
the age of 25. This is clearly due to the partial recruitment of participants
from a technical education environment and is also reflected in the current
professional status of the respondents, the majority of which are students.
Even though the sample cannot be regarded as representative for the general
population of Ingolstadt, the results are still valuable since young people are
found to be more open-minded towards automated driving (Stegmüller et al.
2019) and might therefore be among the first customers of shared automated
mobility concepts.
(2) Mobility demographic data and (3) mobility behavior
Despite the sample, which tends to be young and student, car ownership is

strong. This supports the notion of Ingolstadt as a car centric community.
Car-ownership in non-students is above the national average of around
69 % for the city size category of Ingolstadt (Nobis and Kuhnimhof, 2018).
However, especially the share of car owners among students, which does not
deviate much from the overall value, is remarkable, considering the overall
German average for car ownership in university students falls short of 50 %
(Hartmann et al. 2020). Consistency with mobility surveys on the other hand
is found in the low usage rate of car sharing (Nobis and Kuhnimhof, 2018).

The most frequent reasons for car use, more flexibility and shorter travel
times, already hint towards some important characteristics that service
providers of shared automated mobility will have to offer. This also accounts
for the most common reason against PT, the lack of availability in the
respondents’ residence. The fact that only a potential passenger working
for the same employer but not in the same job is raising participants’
willingness to carpool is equally indicating that the thought of possible
detours and associated time loss influences judgment on mobility concepts.
Furthermore, the importance rating of ASB features shows that priority is
clearly on service attributes like ticket price or availability. These aspects
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influence acceptance and were identified as user-oriented factors by Pigeon
et al. (2021). While vehicle interior related factors like privacy or valency
seem to play a subordinate role in our results, their importance should not
be neglected. Shared automated mobility providers have the potential to
eliminate frequently mentioned disadvantages of PT like high costs or poor
availability by saving on driver salaries and offering a flexible on-demand
service while maintaining advantages like not having to find a parking space
and being able to make use of the journey time. Likewise, the benefits of
motorized individual transport such as reaching a destination faster and a
higher level of privacy can be achieved by limiting passenger capacity and
creating vehicle interiors that are sensitive to passenger needs. Research
in this area, e.g. regarding differences in seating environment needs and
their dependence on trip duration (Kipp et al. 2022), should be intensified.
Different interior comfort levels can influence whether the service tends to
attract passengers from PT or from the private transport sector. Therefore,
more attention must be paid to comfort aspects of SAV interiors and current
models need to be reconsidered in terms of their design as recommended in
Dorynek et al. (2021).

The willingness to share a ride with other passengers through carpooling
increases significantly more in females than in males when the potential
passenger is of the same gender. The effect size can be considered as moderate.
Even though willingness in this case remains relatively low for both genders,
as implied by equal medians, this could be further indication that the need
for in-vehicle security of different societal groups must be taken more into
consideration when designing future driverless mobility concepts as suggested
by previous research (Salonen, 2018; Schuß et al. 2021).
(4) Attitude towards autonomous driving and future mobility concepts
The self-assessed level of knowledge about autonomous vehicles

corresponds to the tech-savvy tending sample. The attitude towards the
future use of ASBs can be described as very positive, which falls in line with
Azad et al. (2019) who describe that this tends to be the case with younger
people.

A considerable amount of participants (29.48 %) expressed an
unreasonable maximum number of passengers that an ASB should hold. In
this survey, we purposefully avoided priming subjects with e.g. pictures of
or explanatory text about the vehicles under consideration. This question
implicitly aimed at respondents’ mental representation of SAVs and the result
supports the proposal from Hyde (2017) that participants might have a faulty
comprehension of the technology in question. From the fact that almost one
in three respondents stated an unreasonable passenger capacity, it can be
concluded that far more has yet to be done in order to help people realistically
understand the use cases of an SAV. Additionally, this is another reason to
suspect that the importance of privacy might currently be undervalued by
participants. Future research should place special emphasis on the accurate
representation and explanation of the vehicles and business concepts being
examined to avoid misunderstandings. This could be achieved e.g. by using
virtual reality as a demonstrative method in studies.
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