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ABSTRACT

The introduction of automated vehicles (AVs) in public transport may facilitate a shift towards a more sus-
tainable urban mobility system. However, the success of AV deployment in public transport hinges on public
acceptance of this new transportation option. Acceptance levels vary significantly and are influenced more by
psychographic factors—such as attitudes—than by demographic characteristics such as age or gender. To better
understand the acceptance of AVs in public transport, this study attempts to analyse the diversity in the popu-
lation on the basis of a psychographic market segmentation study. The study was conducted by means of a
representative online survey in four European cities: Lyon, Copenhagen, Luxembourg, and Geneva. We identified
five distinct market segments: unreserved goodwill, sceptical goodwill, undecided, critical reserved, and un-
convinced refusers. The findings reveal substantial variations in AV acceptance among these segments, indicating
that a uniform strategy is inadequate. This research provides a better understanding of the factors that influence
the public’s willingness to use AVs in public transport and thus reduce dependence on private vehicles. This
study emphasizes that acceptance is more dependent on psychographic characteristics, particularly individual

and subjective attitudes towards the associated risks and benefits.

1. Introduction

The integration of automated vehicles (AVs) into public transport
represents an innovation that can drive a shift towards a sustainable
urban transportation system. (Nemoto et al., 2021a; Loeb et al., 2018;
Vosooghi et al., 2020; Nemoto et al., 2021b; Huber et al., 2022). AVs can
be integrated into public transport as automated minibuses (AMs). AMs
are small, electric-powered, pod-like vehicles that are deployed in public
transport systems (Nordhoff et al., 2018; Huber et al., 2022; Rehr and
Zankl, 2018; Fournier et al., 2023; Greifenstein, 2024). Numerous pilot
projects are currently deployed to test and improve technology and to
assess acceptance and willingness to use it (see also Alessandrini and
Mercier-Handisyde, 2016; Nemoto et al., 2021a; Nemoto et al., 2021b;
Eden et al., 2017b; Bernhard et al., 2020; Nemoto et al., 2023b, 2023a).

Recent studies have highlighted the multifaceted nature of accep-
tance regarding AVs, indicating that attitudes are shaped by both per-
sonal experiences and broader technological perceptions. Fleischer et al.

(2022) criticize that social acceptance is often barely defined. In their
view social acceptance is based on very different aspects. In their own
research they show in addition to other factors attitudes towards the
extent to which AVs can contribute to attracting mobility are decisive for
the evaluation of AVs. Bellet and Banet (2023) could increase the
explained variance in the intention to use automated shuttles by widely
extending the UTAUT model by additional constructs as current
mobility habits and attitudes towards new technologies. El Mustapha
et al. (2024) and Greifenstein (2024) both conducted a wide literature
review. Mustapha et al. (2024) state as a result that there is still a lack in
understanding the various factors influencing acceptance. They discuss
three main categories: traveler and trip characteristics, service and
technology characteristics, and urban environment characteristics.
Greifenstein (2024) identified 61 factors influencing the intention to use
shared autonomous vehicles (SAVs). These factors were grouped into
three main categories: user-related, service-related, and time- and
weather-related. The review emphasizes the potential of SAVs to
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contribute positively to sustainable mobility but notes that existing
research is fragmented. It advocates for further investigation into
neglected factors that could enhance understanding and forecasting of
user behavior regarding SAVs.

The current small-scale and temporal roll-out of the technology is
insufficient to alter mobility behaviour, as user surveys show that cur-
rent users are driven mostly by curiosity but do not integrate the auto-
mated minibus into their daily regular mobility behaviour (Naderer
et al., 2022; Korbee et al., 2023; Fournier et al., 2023). Further research
is needed to close gaps in our understanding of the acceptance of AVs in
public transport (i.e., AMs), particularly regarding the influence of
psychographic factors on acceptance. A general analysis of these terms is
insufficient, as the heterogeneity of different target groups must be
addressed.

Recently, attention to attitude-based market segmentation has
grown. This approach divides the population into groups that share
similar attitudes and preferences. Segmentation provides valuable in-
formation about how to attract different user groups (Haustein and
Hunecke, 2013). Several studies in the field of transport and travel
behaviour have demonstrated that attitudinal factors are important in
mode choice (Li et al., 2013; Anable, 2005; Saleem et al., 2018; Shiftan
et al., 2008; Lopez-Carreiro et al., 2021; Mohiuddin et al., 2024).
Research on attitude-based market segmentation in the field of transport
has focused primarily on attitudes towards environmentally sustainable
transport in general, incentivizing sustainable transport policies, and
bicycle commuting (Li et al., 2013; Soto et al., 2021; Ye et al., 2018).

We hypothesize that the acceptance of the new mobility service will
vary greatly depending on different market segments. Additionally, we
hypothesize that market segments can be mapped more discriminatively
on the basis of psychographic factors such as attitudes and opinions than
on the basis of demographic factors (Kumar et al., 2024). Market seg-
mentations which solely focus on demographic variables are criticized
as being not sufficient. Therefore, a shift from defining target groups by
demographic variables to psychographic variables is demanded (Kumar
et al., 2024). The research question is thus as follows: Which distinct
market segments can be identified on the basis of varying attitudes to-
wards the new mobility service, how can these segments be described,
and what implications do these findings have for the development of
successful communication strategies?

In this study, we conduct a market segmentation analysis on the basis
of attitudes, which are operationalized as perceived risks and benefits
related to AVs in public transport. Specifically, we conducted a quanti-
tative survey of a representative sample of citizens in four European
cities (Copenhagen, Lyon, Geneva and Luxembourg) that host pilot
projects of the AVENUE project.’

In the next sections, we present the research approach, starting with
the conceptual approach in Section 2 and continuing with the research
methodology in Section 3. The results are presented in Section 4 and
discussed in Section 5. We end by providing conclusions in Section 6.

2. Understanding acceptance by market segmentation
2.1. Acceptance

The acceptance of and willingness to use AVs depend on the degree
to which structural factors—such as price, speed, travel time, safety,
security and comfort—fulfil mobility needs and reduce mobility gaps
(Salonen and Haavisto, 2019; Bejleri et al., 2018; Currie, 2010; Dittmar,
2011; Cai et al., 2023). In addition to these structural factors, acceptance
is closely related to users’ motivations, opinions, attitudes, and

! The AVENUE project is a European research program that aims to
demonstrate that AVs can be integrated in public transport systems, as well to
identify the issues, barriers, societal changes and economic consequences. For
more information of the AVENUE project, see: https://h2020-avenue.eu/
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preferences, as well as privacy concerns and cultural indicators (van
Acker et al., 2016; van Acker et al., 2010).

Research focusing on the public opinion and attitudes of AVs has
predominantly examined user perceptions of AVs on the basis of their
experiences with AVs (Madigan et al., 2017; Eden et al., 2017c, 2017a;
Hilgarter and Granig, 2020). The key factors influencing acceptance, as
reported by users, include perceived safety and speed (Hilgarter and
Granig, 2020; Nordhoff et al., 2020). Moreover, users’ future intentions
to use AVs are strongly influenced by their enjoyment of the system
(Madigan et al., 2017; Aasvik et al., 2024; Greifenstein, 2024).

Tennant et al. (2019) conducted a survey of 11,827 drivers across 11
European countries to assess attitudes towards AVs. The study revealed
widespread discomfort regarding AVs, which was influenced by re-
spondents’ technological optimism and their enjoyment of driving.
Those who were more optimistic about technology had a more positive
perception of AVs, whereas individuals who enjoyed socially driven
driving presented negative perceptions of AVs. The findings suggest that
enhancing technological optimism could mitigate negative attitudes
towards AVs.

Aasvik et al. (2025) explored the acceptance of shared autonomous
shuttles in a pilot study involving 922 participants. Their findings
indicated that trust in shared automated shuttle technology and opti-
mism about its capabilities significantly affected users’ willingness to
use these shuttles. Notably, older adults and women displayed lower
levels of trust and optimism, affecting their intentions to use shared
autonomous shuttles, particularly in relation to social distancing pref-
erences. Thus, their study suggested that addressing social needs and
perceptions of technology maturity is essential for enhancing acceptance
among specific demographic groups. Aasvik et al. (2024) found one
general acceptance factor (GAF). Reducing the GAF to the two factors
trust and usefulness could explain over 70 % of the variance in intention
to use.

These studies collectively highlight the multifaceted nature of
acceptance regarding AVs, indicating that attitudes are shaped by both
personal experiences and broader technological perceptions.

Previous studies on potential users have focused primarily on pre-
dicting the acceptance of AVs by applying structural equation models,
such as the UTAUT and TAM models (Nordhoff et al., 2018; Krueger
et al., 2016; Nordhoff et al., 2020; Acheampong and Cugurullo, 2019).
The key aspects that influence general acceptance are perceived use-
fulness, social influence, trust, optimism or goodwill, intention to use,
and retaining a degree of control over AVs. A meta-analysis by Blut and
colleagues concluded that the UTAUT theory may not be as robust as
often assumed (Blut et al., 2022; Aasvik et al., 2024). This finding sug-
gests a need for further research beyond structural equation modelling
to fully understand AV acceptance. In their review of the UTAUT
approach, Venkatesh et al. (2016) highlight some limitations of the
UTAUT model and call for its expansion at various levels.

With its new methodological approach, this study attempts to close
part of this gap. A central assumption is that the lack of predictability of
the acceptance of new mobility services is due to the generalist
explanatory approaches underlying structural equation models such as
UTAUT. A more differentiated consideration of different market seg-
ments can contribute to a better understanding and more reliable pre-
dictions of acceptance.

2.2. Market segmentation

Market segmentation refers to the process of defining target groups
within a market (Meffert et al., 2014). By dividing the market into
different segments on the basis of specific characteristics, communica-
tion efforts towards citizens can be optimized (Christopher, 1969). The
concept of market segmentation was first introduced by Smith in 1956 as
an alternative to mass marketing (Foedermayr and Diamantopoulos,
2008). Various approaches to market segmentation exist in marketing
research and include sociodemographic, psychographic, behavioural,
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geographic, and firmographic segmentation (Haustein and Hunecke,
2013; Meffert et al., 2015).

According to Sankhwar (2025) to successfully launch new products
market segmentation is a key instrument. The aim of these approaches is
to gain a deeper understanding of the various target groups, enabling
marketers to address and engage them in a more targeted and
convincing manner. Market segmentation refers to the division of a
market into various submarkets that are characterised by different
consumer needs, behaviours and preferences. Market segmentation is a
strategic tool for effective product differentiation and thus for promot-
ing sustainable growth and the success of new offerings in a dynamic
market environment (Han, 2024).

Sociodemographic segmentation focuses on indicators, differenti-
ating between gender, age groups, income groups, etc. This approach
was complemented by psychographic indicators as early as the 1970s
(Vyncke, 2002). One method for incorporating psychographic indicators
is the activities, interests, and opinions (AIO) framework (Wells and
Tigert, 1971; Plummer, 1974; Silverberg et al., 1996; Schewe and Cal-
antone, 1978). The AIO method is used to conduct lifestyle research,
measuring lifestyle patterns and their relationship with consumer
behaviour (Plummer, 1974; Wells and Tigert, 1971; Piazza et al., 2018).
The AIO model has proven to be successful over the years but has been
criticized for excluding criteria such as needs (Znanewitz et al., 2018;
Berndt et al., 2016).

Market segmentations which solely focus on demographic variables
are criticized as being not sufficient. Therefore a shift from defining
target groups by demographic variables to psychographic variables is
demanded (Kumar et al., 2024).

To our knowledge, studies identifying population segments specif-
ically for the acceptance of AVs have not yet been conducted. Moreover,
research on the user experiences of AVs shows that environmental
friendliness is not the primary driver for using AV services (Naderer
et al., 2022; Korbee et al., 2023). Thus, it is important to focus on un-
derstanding the needs and attitudes that significantly influence mobility
behaviour.

This market segmentation study thus focuses on psychographic di-
mensions, with particular attention given to attitudes towards the risks
and benefits of AVs. The market segments resulting from the different
settings are further analysed in terms of their characteristics, such as
habits in mobility behaviour, mobility needs, knowledge of AVs,
acceptance of AVs and willingness to give up one’s own car.

2.3. Sociodemographic and psychographic dimensions

Sociodemographic variables are often used to explain the acceptance
of new mobility services; however, findings regarding the influence of
gender and age are often contradictory, contributing little to the overall
understanding of acceptance. For example, Naderer et al. (2022)
discovered that overall attitudes towards AMs were not linked to gender
or age, which contradicts earlier research indicating that younger in-
dividuals tend to have greater acceptance of AVs (Krueger et al., 2016;
Nordhoff et al., 2022). Furthermore, Naderer et al. (2022) could not
validate previous findings suggesting that men are more accepting of
autonomous vehicles (Kyriakidis et al., 2015; Cunningham et al., 2019;
Hohenberger et al., 2016; Piao et al., 2016).

The present study thus focuses primarily on psychographic de-
terminants, with particular attention given to attitudes towards the risks
and benefits of AMs to explain the variance in the acceptance of AV
services. To identify relevant psychographic dimensions, the research
approach was as follows (see also Naderer et al., 2022):

e Inductive approach: Various qualitative studies have focused on
identifying mobility needs, mobility gaps and whether AMs can fill
these mobility gaps.

e Deductive approach: Other relevant psychographic dimensions were
assessed on the basis of theoretical insights and a literature review
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(see also: Naderer and Korbee, 2021). Additionally, a repository of
questions used in previous automated driving questionnaires was
created (based on Keolis, 2018; Woehr, 2016; Kilian-Yasin et al.,
2016; Bernauer and Wicki, 2018; Schoettle and Sivak, 2014).

3. Methodology
3.1. Preparation and data collection

For this study, we employ a quantitative approach with a fully
structured online questionnaire. The use of standardized questionnaires
with closed-ended questions enhances the comparability of results and
improves the objectivity of both implementation and evaluation
(Brosius et al., 2012). The questionnaire was developed through a
three-step process. First, key parameters and indicators were identified
on the basis of theoretical insights and literature. Second, a collection of
questions from prior studies on automated driving was compiled (Keolis,
2018; Kilian-Yasin et al., 2016; Bernauer and Wicki, 2018; Schoettle and
Sivak, 2014) and organized according to the main indicators. Additional
questions were created as needed. Finally, experts, including public
transport operators from the targeted cities, reviewed and provided
feedback on the questions. The final version of the questionnaire
available in Appendix I.

The items were developed in the AVENUE project. Their sources can
be found in the appendix of the project deliverable (Naderer et al.,
2022). For psychographic segmentation, 22 items were used to measure
attitudes towards the new mobility service, focusing on benefits and
risks (see Table 1. Attitudes towards benefits addressed aspects such as
improved accessibility, improved flexibility, improved effectiveness and
environmental benefits. Attitudes towards risks addressed safety, secu-
rity, technological readiness and trust in the system. Additional items
investigated different aspects of willingness to use (e. g. reduce use of
one’s own car, increase use of public transport, willingness to pay

Table 1
Rotated component matrix of factor loadings.

Component

Benefits  Risks

... provide enhanced freedom for people with mobility issues 0.717 —0.038
.. reduce the negative impact on the environment 0.691 -0.127
.. reduce congestion 0.745 —0.095
.. be used for routes that are less popular 0.636 —0.009
.. be booked on demand in the future 0.670 —0.064
.. cause fewer accidents, as they avoid human errors 0.677 —0.222
.. be more efficient, as you would be able to use your time better 0.736 —0.097

than in a car, walking or cycling
.. be pleasant and comfortable 0.740 —0.061

... Guarantee security due to installed video cameras inside the bus 0.672 —0.065
.. be successfully integrated into the public transport system 0.790 —0.133
.. increase flexibility by an increase of locations to get on the 0.773 —0.093

public transport
.. increase flexibility by an increase of frequency of public 0.792 —0.097
transport offers

—0.052 0.710
—0.068 0.823

.. it is not clear who is liable in the event of an accident

... it is not clear how automated minibuses interact with motorized
road users

.. it is not clear how automated minibuses interact with —0.038 0.807
nonmotorized road users

.. the systems are not reliable

.. the software may be hacked or otherwise misused

.. it is not clear how automated minibuses react in unforeseen
situations

... I would not feel secure in an automated minibus in case of
harassment and assault

.. The technology is not yet ready to drive on public roads

.. The systems are not secure

.. it will be difficult to integrate automated minibus services into
the public transport system

—0.211 0.739
—0.036 0.661
—0.057 0.804

-0.014 0.638

—0.128 0.746

-0.116 0.778
—0.205 0.631

Bold: Assignment of the items to one of the components, on the basis of factor
loadings
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compared to other public transport offers) and habits in mobility
behaviour (current daily use / preferred means / satisfaction with
different means of transport) and sociodemographic and regional as-
pects. We used a 5-point Likert scale for most of the questions (Brosius
et al., 2012). The endpoints were labelled, with (1) indicating a negative
response such as “fully disagree” or “not important at all” and (5) rep-
resenting a positive response such as “fully agree” or “very important.”
To avoid overwhelming respondents, an additional option (6) labelled “I
can’t judge” or “I don’t know” was included for specific questions.

The AVENUE project operated AMs in four European cities: Lyon
(France), Luxembourg City (Luxembourg), Copenhagen (Denmark), and
Geneva (Switzerland). These cities were selected for data collection.
Conducting the questionnaire across these four locations necessitated
translations from English into French, German, Danish, and Lux-
embourgish. Significant care was taken to ensure compatibility and
consistency across the different versions. In Copenhagen, respondents
could choose between Danish (the default language) and English. In
Geneva, options included French (the default language), German, or
English. In Luxembourg, respondents had the choice of Luxembourgish
(the default language), French, German, or English. In Lyon, the survey
was exclusively available in French.

The data were collected through online surveys in the summer of
2021. The questionnaire was programmed using EFS software from
Tivian. The invitation to participate in the survey was distributed
through a sample purchased from a market research institute. Great care
was taken to ensure that the sample was representative of gender and
age distributions and that the respondents lived within a 30 km radius of
the city centre. The parent population was defined as respondents over
18 years old, following a gender distribution, and residing within a 30-
kilometre radius from the city centre, resulting in a parent population of
approximately 2 million residents. Recognized calculators for sample
sizes (https://de.surveymonkey.com) in this context (four cities, 60,000
inhabitants each) recommended minimum sample sizes of n = 1540 to
guarantee 95 % confidence intervals of + /—0.5 % for percentage data.
Great care was taken to ensure that the sample was representative of this
parent population.

3.2. Data cleaning and sample structure

To ensure that the intended sample size was achieved, a total of 3995
respondents were invited to participate in the survey. Of these, 1925
respondents did not meet the geographic requirements and were
screened out, thus not responding to the survey questions. The data
cleaning procedure consisted of three steps:

1. Records that took too long to respond were deleted; outliers
requiring more than 10,000 s were removed from the sample,
resulting in the deletion of 4 records.

2. Records that answered the survey too quickly were deleted; on the
basis of experience with the survey duration in the pretest, cases with
unrealistic durations of less than 300 s were removed, leading to the
deletion of 182 records.

3. Survey straightlining was investigated within the 5-point-matrix
items, and records that gave the same answer for at least 30 (of a
total of 40) items were removed. This procedure led to the deletion of
68 responses.

Ultimately, 1816 records remained (52.8 % females, 46.9 % males,
and 3 % others; Lyon: n = 501; Copenhagen: n = 491; Geneva: n = 284;
Luxembourg: n = 540). Additional sample characteristics are described
in Table 6.
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4. Results
4.1. Statistical analysis

We analysed the data using SPSS. Since the variables used for cluster
analysis should not be correlated, an exploratory factor analysis was
conducted to identify the independent factors that were used for clus-
tering. To identify segments among the respondents, a hierarchical
cluster analysis was performed. Differences between clusters were
investigated using one-way analysis of variance (ANOVA) for the com-
parison of mean values (in the case of heterogeneous variances, the
Welch correction was applied), ordinal variables were investigated with
the nonparametric Kruskal—Wallis test, and categorical variables were
analysed via chi-square tests for crosstabs (cluster membership x other
variables). The level of significance was set to 5 % for all the inductive
statistical analyses.

4.2. Exploratory factor analysis to identify dimensions

In the principal component analysis with varimax rotation, the var-
iables addressing the advantages and disadvantages of the AM were
included (22 items, questions 24 & 25, see appendix). Factors with ei-
genvalues greater than 1.0 were extracted (Kaiser-Guttman rule, Gutt-
man, 1954). Initially, a missing ratio was calculated for each case
concerning the relevant variables. All cases that exhibited a missing
ratio of 0.3 or higher were excluded from the analysis to ensure high
quality. A total of 1400 cases were included in the analysis. Missing
values for these cases were replaced using mean imputation.

The Kaiser—Meyer—Olkin measure of sampling adequacy was
0.950, representing good intercorrelations (meritorious following Kaiser
1990). The Bartlett test of sphericity was significant (ChiZ = 12285.458
p < .001), indicating that correlations between items were sufficiently
large for performing a PCA (Tabachnick and Fidell, 2014; Cleff, 2015).

Two factors were extracted and explained 54.3 % of the total vari-
ance. The first factor summarizes items addressing the benefits of AVs,
whereas the second factor describes risks (see Table 1). All factor
loadings are greater than 0.6, indicating high construct validity (Field,
2013).

Cronbach’s o scores were calculated to assess the internal consis-
tency of the item sets of the two constructs. For both factors, Cronbach’s
o exceeded 0.9, indicating high internal consistency.

4.3. Segmentation

4.3.1. Cluster analysis

The z-standardized factor scores resulting from the factor analyses
were entered into the hierarchical cluster analysis. The squared
Euclidean distance served as the distance measure; the Ward method
was employed as the fusion algorithm. To determine the appropriate
number of market segments, the agglomeration schedule and the
dendrogram were analysed, suggesting a 5-cluster solution (see Fig. 1).

4.3.2. Cluster profiles on the basis of cluster variables

Two one-way ANOVAs were conducted with cluster membership as
the independent variable (IV) and the factor scores for the benefits and
the risk factor as the dependent variables (DV). Owing to significant
Levene tests, variance heterogeneity had to be assumed, which is why
the Welch correction was applied. Both analyses revealed significant
effects (DV benefits: Fyecn (4, 378.69) = 642.50, p < .0001; DV risks:
Fweich (4, 371.94) = 775.34, p < .0001). For the benefits, all post hoc
comparisons (Tamhane T2 due to heterogeneous variances) were sig-
nificant. For the risk dimension, only clusters 2 and 4 did not signifi-
cantly differ from each other (p = .986). Table 2 shows the descriptive
results. In addition to the factor scores resulting from the principal
component analysis, the mean scores for the item sets of the benefits and
the risk dimensions are depicted.
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Fig. 1. Dendrogram. Legend: 1 = Unreserved goodwill; 2 = Sceptical goodwill; 3 = Undecided; 4 = Critical reserved; 5 = Unconvinced refusers.

Table 2
Description of segment factor levels.
Unreserved goodwill Sceptical goodwill Undecided Critical reserved Unconvinced refusers Overall”

n 267 481 401 174 77 1400
% 19 % 35% 29 % 12% 6 %
Benefits
Mean value” 4.2 4.3 3.5 3.1 1.9 3.8
Factor value 0.43 0.75 —0.44 —0.68 —-2.39
Risks
Mean value” 2.2 3.9 3.1 4.3 4.2 3.5
Factor value —1.42 0.67 -0.39 0.96 0.61

@ Mean values of factor variables (higher values indicate higher consent, where 1 = lowest, 5 =highest)
b Missing respondents: A total of 1400 respondents out of the 1816 total respondents were included in the market segment analysis.

The cluster profiles differed in terms of approval and rejection
regarding the perceived benefits and risks of AMs. Each segment was
named to reflect its psychographic profile. While Table 2 shows the

cluster differences at the level of the factor values, Table 3 provides an
overview of the item sets representing the two dimensions. The clusters
were named as follows:

Table 3
Description of segments at the item level.
Unreserved Sceptical Undecided  Critical Unconvinced Overall
goodwill goodwill reserved refusers
n 267 481 401 174 77 1400
% 19 % 35% 29 % 12 % 6 %
Benefits
.. provide enhanced freedom for people with mobility issues 4.4 4.5 3.7 3.5 2.1 4.0
.. reduce the negative impact on the environment 4.3 4.4 3.6 3.1 1.8 3.8
.. reduce congestion 4.1 4.3 3.2 2.5 1.6 3.6
.. be used for routes that are less popular 4.1 4.3 3.6 3.6 2.0 3.9
.. be booked on demand in the future 4.2 4.2 3.4 3.3 1.8 3.7
.. cause fewer accidents, as they avoid human errors 4.0 3.9 3.1 2.2 1.5 3.3
.. be more efficient, as you would be able to use your time better than in a 4.1 4.2 3.3 2.7 1.6 3.6
car, walking or cycling
.. be pleasant and comfortable 4.2 4.2 3.5 3.3 2.0 3.8
.. Guarantee security due to installed video cameras inside the bus 4.1 4.3 3.3 2.9 1.9 3.7
.. be successfully integrated into the public transport system 4.4 4.4 3.5 3.0 1.7 3.8
.. increase flexibility by an increase of locations to get on the public 4.4 4.4 3.6 3.5 2.0 3.9
transport
.. increase flexibility by an increase of frequency of public transport offers 4.4 4.4 3.6 3.3 1.8 3.9
Risks
.. it is not clear who is liable in the event of an accident 2.4 4.1 3.2 4.4 4.3 3.6
.. it is not clear how automated minibuses interact with motorized road 2.2 4.3 3.3 4.6 4.5 3.6
users
.. it is not clear how automated minibuses interact with nonmotorized road 2.2 4.2 3.3 4.5 4.3 3.6
users
.. the systems are not reliable 1.8 3.5 2.9 4.1 4.1 3.1
.. the software may be hacked or otherwise misused 2.5 4.0 3.2 4.3 4.2 3.5
.. it is not clear how automated minibuses react in unforeseen situations 2.4 4.4 3.4 4.7 4.6 3.8
.. I would not feel secure in an automated minibus in case of harassment 2.2 3.9 2.9 4.1 4.1 3.3
and assault
.. The technology is not yet ready to drive on public roads 2.1 4.0 3.1 4.5 4.3 3.5
.. The systems are not secure 1.8 3.8 2.9 4.2 4.1 3.2
.. it will be difficult to integrate automated minibus services into the public 1.8 3.5 3.0 3.9 4.1 3.1

transport system

IMean values of factor variables (higher values indicate higher consent, where 1 = lowest, 5 =highest)
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e Segment 1 was labelled "unreserved goodwill" (cluster size 19 %
within the sample) because of its high score on benefits (mean value
of 4.22) and below-average rating for risks (mean: 2.19).

Segment 2 was named "sceptical goodwill" (34 %), as it demon-
strated a high score on benefits (mean: 4.27) but also acknowledged
risks (mean: 3.92), particularly showing strong concern regarding
the AM’s unclear responses to unforeseen situations (4.4), accidents
(4.1), and both motorized (4.3) and nonmotorized road users (4.2).
Segment 3 was termed "undecided" (29 %) because its members only
slightly agreed or provided moderate responses regarding both
benefits (3.46) and risks (3.14), indicating overall indecision.
Segment 4 was identified as "the critical reserved" (12 %). This
segment showed slight agreement with benefits (mean: 3.13) but
expressed stronger concern regarding risks (mean: 4.2). Similar to
the sceptical goodwill segment, it displayed significant agreement
with risks related to the AM’s unclear responses to unforeseen situ-
ations (4.7), accidents (4.4), and both motorized and nonmotorized
road users (4.5).

Segment 5 was labelled "the critical reserved" (6 %) because they
perceived no benefits from the AM (mean value of 1.87) while
showing strong agreement regarding the risks (mean value of 4.2).
Like the sceptical goodwill and critical reserved segments, they
expressed significant concern about risks associated with the AM’s
unclear responses to unforeseen situations (4.6), accidents (4.3), and
both motorized (4.5) and nonmotorized road users (4.3).

4.4. Cluster comparison based on additional variables

In addition to the cluster comparisons based on the two dimensions
used within the cluster analysis, other psychographic, behavioural and
demographic variables were also investigated to further explain the
identified segments.

4.4.1. Willingness to use

Overall, the willingness to utilize an automated minibus (AM) as an
on-demand, door-to-door service is high, with 38 % of the overall
sample expressing strong willingness and 25 % indicating a willingness
to use the AM. A one-way ANOVA with Welch correction due to het-
erogeneous variances (IV: cluster membership) revealed significant
cluster differences (Fyeich (4, 354.662) = 63.094, p < .0001). Except the
groups “undecided” and “critically reserved” (p = .800), all the clusters
differed significantly from each other (Tamhane T2 comparisons). The
highest willingness to use the AM is found in the "unreserved goodwill"
segment (see Fig. 2), followed by "sceptical goodwill," whereas the
"undecided" and "critical reserved" segments show significantly lower
willingness, and "unconvinced refusers" exhibit the least willingness.

Cluster mean differences could also be identified in the degree of
willingness to reduce the use of one’s own car (F (4, 1312) = 58.904,
p < .0001; for descriptive results, see Table 4) and in the willingness to
increase the use of public transport systems (F (4, 1347) = 72.630,
p < .0001; for homogeneous variances). The majority of Scheffé post
hoc tests for homogeneous variances were significant. In particular, the
clusters “Unreserved goodwill” and “Sceptical goodwill” are more open
to reduce the use of their own car and to use public transport more
intensively if on-demand, door-to-door automated vehicle services are
offered. Additionally, the clusters differed in terms of willingness to pay
for such services (Chi? = 40.342, p < .001), with “Unreserved goodwill”
showing the highest willingness and “Unconvinced refusers” showing
the least willingness to pay more for an on-demand, door-to-door
service.

4.4.2. Current Mobility Behaviour

The results of the mobility behaviour and preferences of the sample
are summarized in Table 5. The car was the most commonly used
transport option: 45 % used the car on a daily basis, and an additional
28 % used the car on a weekly basis (not included in the table). With
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respect to the daily use of transport options, significant cluster differ-
ences could only be observed for trains (daily/nondaily, Chi? = 10.339,
p = .035). Compared with the other clusters, the “undecided”, “sceptical
goodwill” and “unreserved goodwill” clusters use trains more often. No
significant differences could be found for the other transport options
(car: Chi® = 9.052, p = .060; bus: Chi? = 3.510, p = .476; metro/tram:
Chi? = 4.732, p = .316).

While no significant cluster differences were obtained for the
preferred means of transport (Chi? = 15.139, p = .234), the satisfaction
with public transport offers differed across the segments (one-way
ANOVA, Fyern (4, 380.021) = 3.018, p =.018). According to the
Tamhane T2 post hoc tests, only the clusters “Sceptical goodwill” and
“Unconvinced refusers” differed significantly, with “Sceptical goodwill”
being more satisfied.

4.4.3. Demographic and geographic characteristics

Table 6 provides an overview of the demographic and geographic
variables. The chi2 test for crosstabs revealed significant differences for
several demographic and geographic variables. With respect to gender
(Chi? = 11.557, p = .021), respondents are slightly overrepresented in
the groups that take a clear stance, such as "unreserved goodwill" and
"unconvinced refusers". In contrast, female respondents are somewhat
overrepresented in segments that express agreement with both benefits
and concerns, namely, "sceptical goodwill" and "critically reserved." The
clusters also differed in terms of age groups (Kruskal—Wallis test with
age group as the DV and cluster membership as the IV;
Kruskal—Wallis—H = 46.775, p < .001). Younger citizens, particularly
those up to 26 years old, appear to be more undecided in their opinions,
leading to their overrepresentation in the "undecided" segment. Signif-
icant cluster differences were also found between the four cities (Chi® =
70.050, p < .001). While respondents from Luxembourg were over-
represented in the two more critical clusters (“Critical reserved”, “Un-
convinced refusers”), Lyon respondents were slightly overrepresented in
the “Sceptical goodwill” cluster. Education level (Kruskal—Wallis-H =
6.824, p = .145), presence of children (yes/no) in the household (Chi2 =
2.810, p = .590), and city part (Chi? = 9.580, p = .653) did not differ
between the segments.

5. Discussion

In this study, we identified distinct segments of potential users for
new mobility services, focusing on psychographic variables, particularly
their attitudes towards autonomous vehicle (AV) services. Our findings
highlight two main points: first, potential customers exhibit significant
differences in their perceptions of the risks and benefits associated with
AVs in public transport; second, the acceptance and willingness to utilize
AVs in public transport vary greatly across these market segments. This
suggests that the inconsistencies often observed in measuring the
acceptance of new mobility services can be better understood through
the psychographic characteristics tied to the prevailing attitudes within
these segments, rather than solely relying on sociodemographic vari-
ables like gender or age. Consequently, our study reinforces previous
research indicating that attitudinal factors play a crucial role in mode
choice (Li et al., 2013; Anable, 2005; Saleem et al., 2018; Shiftan et al.,
2008; Lopez-Carreiro et al., 2021; Mohiuddin et al., 2024; Kumar et al.,
2024).

5.1. Understanding acceptance by market segmentation

The results of this study contribute to a deeper understanding and
interpretation of existing findings regarding the acceptance of auto-
mated driving. Our study neither supports nor contradicts Krueger
et al.’s assertion that young individuals and those with multimodal
travel patterns are more likely to adopt automated mobility (Krueger
et al., 2016). Instead, our findings call for a more nuanced perspective
on the claim that men are more likely to accept AVs (Nordhoff et al.,
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Unreserved goodwill (n=267) 64.6 212 108 14

Sceptical goodwill (n=480) 50.4 313 112 34}

Undecided (n=401) 25.8 324 27.6 104 i

Critical reserved (n=174) 25.1 317 222 o6 N

Unconvinced refusers (n=77) 137 6.8 21.9 9.6 _
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Fig. 2. Willingness to use the automated minibus, if offered as an on-demand, door-to-door service (in %).

Table 4
Willingness to reduce the use of one’s own car, increase the use of PT, and increase willingness to pay.
Unreserved goodwill ~ Sceptical goodwill =~ Undecided  Critical reserved ~ Unconvinced refusers ~ Overall
n 267 481 401 174 77 1400
Willingness to reduce use of own car” 70 % 66 % 46 % 35% 14 % 54 %
Willingness to increase the use of public transport systems” 79 % 69 % 50 % 41 % 13% 59 %
Willingness to pay compared to current public transport offers® 49 % 37 % 38 % 16 % 10 % 36 %
# % willing and very willing
b Willingness to pay slightly or much more for on-demand, door-to-door service
Table 5
Mobility behaviour: Current and preferred use of transport per market segment.
Unreserved Sceptical Undecided  Critical Unconvinced Overall
goodwill goodwill reserved refusers
n 267 481 401 174 77 1400
Current use of transport (daily use) ~ Car 43 % 46 % 44 % 51 % 60 % 45 %
Bus 8% 10 % 9% 7 % 5% 9%
Train 8% 5% 5% 1% 4% 5%
Metro/ Tram 11 % 10 % 9% 4% 5% 9%
Preferred means of transport Car 48 % 58 % 53 % 60 % 58 % 55 %
Bus 5% 8% 6 % 6 % 3% 6 %
Train 6 % 5% 4% 2% 1% 4%
Metro/tram 5% 5% 4% 2% 5% 4%
Satisfaction public transport offer % satisfied/very 57 % 58 % 52 % 47 % 39 % 54 %
satisfied

2022; Kyriakidis et al., 2015; Cunningham et al., 2019; Hohenberger
etal., 2016; Piao et al., 2016). This effect appears to be influenced not by
gender itself but by differing perceptions and attitudes. Our results
indicate that men are slightly overrepresented in groups that express
clearer stances—either in support (unreserved goodwill) or opposition
(unconvinced refusers). Thus, rather than being inherently more
accepting of AVs, men tend to express more definitive opinions and
exhibit slightly more pronounced attitudes. These results partly
contradict results from Becker and Axhausen (2017), that state that men
are generally more open to AV technology than women. Our study
contributes to this discourse by highlighting that men are more likely to
exhibit stronger feelings of both rejection and acceptance of AVs.

In line with Zmud et al. (Zmud et al., 2016) our study shows that
attitudes often wield more influence on technology adoption than
sociodemographic variations. The attitudes of potential users towards
AMs vary considerably and are influenced by their individual percep-
tions of the associated risks and benefits. This variation enabled the
creation of five segments of citizens, each differing significantly in their
willingness to use AMs. In general, the five segments primarily differ
between high trust in benefits and low fear of risks over ambivalence
between the evaluation of benefits and risks up to high fear of risks and
low trust in benefits. This confirms the results of Aasvik et al. (2024):

Their findings indicated that trust in shared automated shuttles tech-
nology and optimism about its capabilities significantly affected users’
willingness to use these shuttles.

The segments that have a higher level of trust in the new service in
the sense of a certain degree of general goodwill (segments 1 and 2,
together 54 %) are significantly larger than segments 4 and 5 with a
more critical attitude (18 %). These figures can be compared with the
acceptance rates reported by Schoettle and Sivak (2014), which indicate
that 61.9 % of Australian respondents, 56.3 % of US respondents, and
52.2 % of UK respondents have a positive impression of autonomous
vehicles, as well as with findings from Bansal et al. (2016) and Krueger
et al. (2016).

5.2. Academic and policy implications

Each of the identified segments requires tailored strategies to
enhance acceptability. The ability to develop customized strategies on
the basis of psychographic dimensions represents a significant advan-
tage of this segmentation approach (Anable, 2005). As presented by
Haustein and Hunecke (2013) though this segementation, valuable in-
formation on how to attract the different user groups can be discerned.
The "unreserved goodwill" segment accounts for 19 % of citizens,
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Table 6
Demographic characterization of the market segments.
Unreserved Sceptical Undecided  Critical Unconvinced Overall
goodwill goodwill reserved refusers

n 267 481 401 174 77 1400

Gender Female 46 % 54 % 48 % 56 % 39% 53 %
Male 54 % 46 % 52 % 44 % 61 % 47 %
Other 0% 0% 0% 0% 0% 0%

Age 16—-25y.0 5% 5% 14 % 7 % 7 % 8%
26-35y.0. 17 % 15% 21 % 26 % 12 % 17 %
36—45y.0. 22% 19 % 22% 20 % 16 % 19 %
46-55 y.o. 21 % 21 % 18 % 19 % 33% 20 %
56—65 y.o. 18 % 22 % 15 % 18 % 23 % 19 %
66—75y.o0. 15 % 16 % 8% 9% 9% 13 %
> 76Yy.0. 4% 3% 3% 1% 1% 4%

City Copenhagen 27 % 22 % 28 % 22 % 17 % 24 %
Geneva 18 % 18 % 19 % 15 % 8% 17 %
Luxembourg 28 % 23 % 28 % 40 % 60 % 30 %
Lyon 28 % 38 % 25 % 23 % 16 % 29 %

Part of the city Open Country side (>30 km of city 11 % 10 % 7 % 10 % 10 % 9%
centre)
A village or small town 25 % 29 % 28 % 30 % 34 % 29 %
A medium to large town 27 % 28 % 27 % 24 % 17 % 26 %
A city or city suburb 36 % 33% 37 % 34 % 37 % 35 %

Education No 1% 3% 2% 2% 1% 2%
Primary 5% 5% 5% 4% 5% 5%
Secondary 45 % 53 % 51 % 51 % 58 % 51 %
Tertiary 50 % 41 % 42 % 43 % 36 % 43 %

With kids still at 40 % 42 % 37 % 36 % 40 % 40 %

home

whereas the "sceptical goodwill" segment shows a high willingness to
use AM at 35 %. Since these two segments (together 54 %) already
recognize the potential benefits of AMs, acceptance can primarily be
influenced by addressing remaining uncertainties about how AMs will
interact with other road users through comprehensive education on the
control and regulation of these interactions. Above all, a growing pres-
ence of the new service in the form of numerous pilot projects is
necessary to confirm the large target group of those who have great
confidence in the new technology through positive experiences.

The "undecided" segment (29 %) exhibited a lower willingness to use
AM, likely due to a lack of knowledge and experience with the service.
Increasing visibility in (social) media, as well as more pilot projects,
could effectively reach this group.

Scepticism about AM often stems from a lack of experience and
knowledge regarding how AM will respond in unpredictable situations
and interact with other road users (Naderer et al., 2022). Enhancing
visibility at test sites could help bridge this experience gap.

The "critical reserved" segment (12 %) and the "unconvinced re-
fusers" (6 %) collectively represent only 18 % of citizens. Since these
segments express fundamental objections and do not see AM as a viable
alternative to current mobility options, increasing acceptance among
them may not be achievable in the short to medium term. Only if new
mobility options better satisfy their strong need for independence in
terms of time and space could these groups be persuaded to forgo their
personal vehicles in favour of AM services.

A significant challenge for the successful implementation of AM is
the need to achieve high levels of flexibility and efficiency (Korbee et al.,
2023) which are crucial mobility requirements for all segments. Our
findings align with those of previous research, which indicated that
travel time and waiting time are critical factors influencing the accep-
tance of AM (Krueger et al., 2016). This is further corroborated by safety
operators, who note that individuals opt for AM only during inclement
weather, as walking is generally faster (Naderer et al., 2022). However,
lower speeds may enhance feelings of safety, positively affecting
acceptance (Bekhor et al., 2003). The importance of travel costs remains
a topic of debate, as our analysis indicates that price is not the most
critical factor in selecting a preferred mode of transport.

Existing mobility services do not need to be completely replaced;

instead, the integration of new mobility services, such as AVs, to fill
existing gaps could increase the willingness to reduce or even abandon
private car use. These conclusions support the notion that AMs are
perceived as additional alternatives rather than direct substitutes for
current transportation options (Hilgarter and Granig, 2020).

5.3. Limitations

The new mobility concept could only be explained verbally in this
study. Experience with automated vehicles, especially AMs, is still
extremely limited in the sample. In this respect, the attitudes measured
are based less on direct experience and more on hypothetical expecta-
tions based on indirect information. User surveys allow the measure-
ment of attitudes based on direct experience and would therefore
significantly improve reliable predictions of actual willingness to use. To
address this limitation, we could incorporate an additional user ques-
tionnaire to gather insights directly from actual users of autonomous
vehicle (AV) services. This would help us understand user experiences
and preferences more deeply.

Furthermore, conducting a comparison between different cities
could reveal how cultural norms influence perceptions and acceptance
of AVs. Our results show that there are indications that there are dif-
ferences between the cities; Luxembourg is slightly overrepresented in
the critical clusters, and Lyon in the segment of sceptical goodwill
(Table 6) Analyzing these variances could provide valuable context to
our findings. Lastly, a more in-depth exploration of behavioral changes
over time, particularly as users become more familiar with AV tech-
nology, could enhance our analyses and lead to a more comprehensive
understanding of acceptance rates.

6. Conclusions

Through the market segmentation conducted in this study, we have
identified target groups that are more or less inclined to engage with
new mobility services, such as AVs in public transport. The findings
indicate a promising majority with a high level of trust and goodwill
towards these new mobility services. This suggests that acceptance
could be significantly enhanced with targeted marketing
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communication efforts. Additionally, segmentation provides valuable
insights for developing marketing strategies that focus on relevant
content and assess the potential market success of various business
cases.

This study contributes to a deeper understanding of the diverse
acceptance of novel transportation modes and their capacity to reduce
car use. A key insight is the emphasis on psychographic characteristics
rather than sociodemographic factors, demonstrating that individual
perceptions and attitudes towards risks and benefits offer a more
comprehensive explanation for the variability in attitudes towards
autonomous mobility and the willingness to utilize such services.
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Appendix 1. : Full questionnaire

1. Overall, how satisfied are you with your life these days®
2. How satisfied are you with each of the following items'
e Your present standard of living
e Your accommodation
e Your family life
e Your local area as a place to live
e Traffic situation in and around your city
e Public transport offer
e Environmental situation in your city
3. How important each of the following items are in your life?*
e Work
e Family
e Friends
e Making new experiences
e Politics
e Climate protection
e Health
4. Would you consider the area in which you live to be!:
e Open countryside

2 European Quality of Life Survey, https://www.eurofound.europa.eu/su
rveys/european-quality-of-life-surveys/european-quality-of-life-survey
-2016/questionnaire

3 European Value Study (2020). Method Report (GESIS Papers, 2020/16)
Koln. https://doi.org/10.21241/ssoar.70109
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e Small town
e Medium to large town
e A city or suburb

5. Please think about the area where you live now — the immediate
neighbourhood of your home. Do you have major, moderate or no
problems with the following items?

Noise

Air quality

Litter or rubbish
Heavy traffic
Safety/security
Nature/green space
Public transport
Access to supermarket

6. What is your preferred transport system?

7. Could you indicate what aspects are important in selecting your
preferred means of transport?”

8. How often do you use the following means of transport

9. Are there differences in your means of transport depending on
good or bad weather conditions?

10. Which means of transport do you mainly use when commuting

between®

e Your home and the place you work/study
e Your home and the supermarket
e Your home and family/friends

11. Regarding one-way transport, how much time do you on average
travel between

e Your home and the place you work/study
e Your home and the supermarket
e Your home and family/friends

12. Regarding one-way transport, how many km do you travel
between:
e Your home and the place you work/study
e Your home and the supermarket
e Your home and family/friends
13. In your opinion, what should be improved in public transport?
Information
Accessibility, i.e. they can be used by all people
Price
Safety
Speed/travel time
Environmental friendliness
Mobility on demand
Entertainment
14. Have you ever heard of automated minibuses before participating
in this survey?”
e If yes, source of information
15. Have you ever travelled with an automated minibus?

4 Adapted from: Wohr, M. (2016). Social Acceptance of Alternative Mobility
Systems in Tunis, Tunisia. Exploring Social Acceptance Based on an Innovative
Mobility System Called “Minibus”. University of Pforzheim, Pforzheim,
Germany.

5 Adapted from: Schoettle and Sivak (2014). A survey of public opinion about
automated and self-driving vehicles in the US, the UK, and Australia. The
University of Michigan, Michigan, USA.


https://www.eurofound.europa.eu/surveys/european-quality-of-life-surveys/european-quality-of-life-survey-2016/questionnaire
https://www.eurofound.europa.eu/surveys/european-quality-of-life-surveys/european-quality-of-life-survey-2016/questionnaire
https://www.eurofound.europa.eu/surveys/european-quality-of-life-surveys/european-quality-of-life-survey-2016/questionnaire
https://doi.org/10.21241/ssoar.70109
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16. Do you know whether tests with automated minibuses are plan-
ned or already taking place in your city?°
e If yes, source of information

17. Do you think that automated minibuses are going to be an
important mode of transportation in the future? ”

18. How willing are you to use automated minibuses?®

19. Imagine that automated minibusses could be called like a taxi and
bring you from door to door to your destination, how willing
would you be to reduce the use of your own car?

20. Imagine that automated minibusses could be called like a taxi and
bring you from door to door to your destination, how willing
would you be to give-up your own car?

21. Imagine that your private car could be automated, but the car
would be much more expensive, would you prefer the cheaper
automated minibus, the expensive automated private car or a
none automated private car?

22. How important is it to you that there is a supervisor on board the
automated minibus?

23. In your opinion, is the current technology ready to have auto-
mated minibuses on the public road?

24. How much do you agree with the following statements? Auto-
mated minibuses will...%

e ... provide enhanced freedom for people with mobility issues

e ... reduce the negative impact on the environment.

e ... reduce congestion

e ...be used for routes that are less popular

e ...be booked on demand in the future

e ...cause fewer accidents, as they avoid human errors

e ... be more efficient, as you’d be able to use your time better than in a

car, walking or cycling

. be pleasant and comfortable

. Guarantee security due to installed video cameras inside the bus

. be successfully integrated into the public transport system

... increase flexibility by an increase of locations to get on the public
transport

e ... increase flexibility by an increase of frequency of public transport
offers

25. To what extend do you agree with the following statements? The
idea that automated minibuses will be introduced everywhere
worries me, because...%

e ... it is not clear who is liable in the event of an accident

e ... privacy is not protected

e ... jobs get lost

e ... the systems are not reliable

e ... the software may be hacked or otherwise misused

e ... I would not feel secure in an automated minibus in case of
harassment and assault

... it is not clear who is liable in the event of an accident

e ... it is not clear how automated minibuses interact with

motorized road users

. the software may be hacked or otherwise misused

. I have to learn how to use an automated minibus

. the systems are not secure

. the pleasure of driving gets lost

... it is not clear how automated e-buses react in unforeseen

situations

6 Adapted from: Bernauer and Wicki (2018) Public Opinion on Route 12.
Interim report on the first survey on the pilot experiment of an automated bus
service in Neuhausen am Rheinfall, ISTP Paper Series, 3, Institute of Science,
Technology and Policy (ISTP), ETH Ziirich, Ziirich.

7 Adapted from: Keolis (2018). Future-driven autonobus pilot project at la
Trobe University. Australia.
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e ... it is not clear how automated minibuses interact with non-
motorized road users
e ... it will be difficult to integrate automated minibus services
into the public transport system
e ... The technology is not yet ready to drive on public roads
26. You have thought about concerns and benefits of automated
minibuses, considering all; what would you be willing to pay to
use automated minibuses in general?
27. Do you have any further thoughts on automated minibusses?

Data Availability
Data will be made available on request.
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