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Abstract: The introduction of shared autonomous vehicles into the transport system is suggested to
bring significant impacts on traffic conditions, road safety and emissions, as well as overall reshaping
travel behaviour. Compared with a private autonomous vehicle, a shared automated vehicle (SAV) is
associated with different willingness-to-adopt and willingness-to-pay characteristics. An important
aspect of future SAV adoption is the presence of other passengers in the SAV—often people unknown
to the cotravellers. This study presents a cross-country exploration of user preferences and WTP
calculations regarding mode choice between a private non-autonomous vehicle, and private and
shared autonomous vehicles. To explore user preferences, the study launched a survey in seven
European countries, including a stated-preference experiment of user choices. To model and quantify
the effect of travel mode attributes and socio-demographic characteristics, the study employs a
mixed logit model. The model results were the basis for calculating willingness-to-pay values for all
countries and travel modes, and provide insight into the significant heterogeneous, gender-wise effect
of cotravellers in the choice to use an SAV. The study results highlight the importance of analysis of
the effect of SAV attributes and shared-ride conditions on the future acceptance and adoption rates of

such services.

Keywords: Autonomous Vehicles; Shared Autonomous Vehicle (SAV); willingness-to-pay (WTP);
willingness-to-adopt; gender; cross-national comparison
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1. Introduction

The deployment of fully automated, driverless vehicles, widely known as autonomous
vehicles (AVs), is expected to have a wide range of impacts on mobility behaviour and
patterns. Despite the hype about AVs during the past decade [1], advancement and
deployment are still taking place at limited locations based on diverse levels of automation.
An increasing number of studies have been published regarding AVs targeting a range of
vehicle automation levels [2-11]. The Society of Automotive Engineers (SAE) has defined
AV automation levels reflecting different degrees of assistance to, or complete replacement
of, human control [12]. These levels of automation change from no automated features
represented by Level 0 to fully automated features represented by Level 5. Nonetheless,
social scientists have begun disputing the universal adoption of such an automation level
scale, due to its unavoidable focus on technological standards without encompassing wider
social issues surrounding AV deployment [13,14].

Autonomous vehicles have been projected to introduce a wide range of impacts,
such as reduced road accidents, vehicle emissions, cost of travel or increased
productivity [2-5,15], driving under challenging weather conditions [16]. Furthermore,
researchers have pointed out the potential AV impact on highway capacity, e.g., via pla-
tooning [17-19] driving behaviour [20,21], public transport services [22,23], the value
of travel time [24,25], private parking infrastructure [26], accessibility and induced de-
mand [27] among others. A lot of the literature has primarily focused on short-term
implications of AVs [4,5], but research community attention has also been shifted towards
longer-term socio-technical changes [5,9,15,28]. Naturally, these implications show dif-
ferent results among different countries because of differences in urban form and size of
cities, transport networks and infrastructure, travel patterns, governance structures, and
socio-demographic, cultural and climate factors [11,29].

At the same time, there is an aspiration, and sometimes an expectation, that AVs would
contribute to a shift towards shared mobility services using shared autonomous vehicles
(SAV), for example, within the Mobility-as-a-Service (MaaS) context [30,31]. Studies con-
ducted from Lisbon to Singapore, have demonstrated that SAVs can reduce the urban fleet
required within a city up to 90% if such vehicles are shared, although with only marginally
lower VMT (Vehicle Miles Travelled) or with even increased VMT [32,33], since this would
depend on the adoption of shared AVs by users. The latter touches upon a fundamental
transport planning issue intertwined with the existing differences between mobility cul-
tures and behaviour across countries influenced by mobility innovations. Within such a
context, it is important to explore the wider impact of AVs in the offering, for example,
increased mobility options to those without a driving licence (e.g., children, elderly) or
to those with restricted mobility options. Therefore, it is crucial to test the influence of
socio-economic factors, such as gender, age, formal educational background, as well as user
perceptions about safety, security, comfort not only on AV use per se, but more precisely on
the use of AVs in shared mode.

Sustainability has been becoming a policy priority globally, since the Paris agreement
in 2015, but it can only be fully realised if the needs of diverse users are considered by trans-
port planners. Gender has been among the most neglected issues by transport researchers
and practitioners when focusing on designing new mobility services. Therefore, adopting
a gender-sensitive approach is an ongoing challenge that has been largely overlooked in
the academic literature and conventional transport planning. AV deployment and SAVs,
in particular, offer an opportunity to reconsider such important issues and bring them
to the centre of relevant debates and policy decisions [34] (CIVITAS, 2020). Equivalent
gender mobility issues have been observed across different countries (ITF, Di Ciommo and
Hoadley, 2021 [35]; Clayton, 2020 [36]), since women have been found to have a lower
attachment to car ownership levels and trust in new technologies on average.

Studies to date [36,37] have tended to examine gender differences as a single socio-
demographic variable in datasets through hypothetical Willingness-To-Accept/Willingness-
To-Pay (WTA/WTP) [36] or actual experience of SAV use [38] rather than gender being the
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primary variable in framing the study. Other studies which have used existing vehicles
(e.g., passenger mini-vans) to test user attitudes towards sharing in the Global South [39]
have reported that personal security is a significant factor for female respondents who
often feel less comfortable travelling in the same vehicle with strangers, which may be an
important factor in SAV usage. In this context, it is pertinent to test gender differences
linked with trip-chaining, which is commonly observed in journeys by women. A timely
research question is "how much longer a journey time?” AV travellers would be willing to
accept, particularly when travelling in an SAV. Since the answer to such a question would
depend on respondents’ Value of Travel Time, transport infrastructure available, household
car availability, as well as other cultural norms, it is important to explore these issues across
different countries.

To this end, this article provides an in depth understanding of users’ preferences
among PAVs (private autonomous vehicles) and SAVs investigating the effect of copas-
senger gender on the SAV choices in seven countries of the COST Action WISE-ACT
(https:/ /wise-act.eu), which is a network of experts in 42 countries focusing on the wider
impacts of Autonomous and Connected Transport. It should be noted that the selected
countries—Cyprus (CY), Greece (EL), Israel (IL), Hungary (HU), Finland (FI), Iceland
(IC), United Kingdom (UK)—are very diverse in terms of geographic and socio-economic
features, transport infrastructure available, and household car availability, as well as
cultural norms.

The remainder of this article is structured as follows. Section 2 presents a brief literature
review. Section 3 presents the methodology. Section 4 describes the model estimation
results, and Section 5 concludes the paper by discussing the findings.

2. Literature Review

AVs are, for many researchers, a technology that promises benefits but which, com-
bined with other developments in the transport sector, would reshape mobility patterns,
with a mixture of positive and negative implications in terms of sustainable mobility ob-
jectives [40]. The impact of AVs on travel behaviour has been examined and studied in
existing literature from different perspectives. Extensive reviews have emerged about
the wider impact of AVs, for example, by the authors of [6,8,15,19,41-43]. Most existing
studies focus primarily on the individual use of AVs without examining thoroughly the
acceptability of vehicle or ride sharing and how this may affect SAV uptake.

Kolarova et al. (2019) [44] and Saeed et al. [45] confirmed the established perception
that SAV use is a less attractive option compared to PAV. Time availability, such as vehicle ar-
rival waiting time and residential location, seem to be important factors for SAV users, with
commuters more likely to accept SAV use with strangers, as shown by Lavieri and Bhat [46]
and Webb et al. [47]. Additionally, commuting distance has been found by Liu et al. [48]
to positively influence SAV, which is explained by Krueger, Rashidi and Rose [49], who
linked longer AV journeys with multi-tasking and remote working. However, very few
studies have focused to date on the actual willingness to work onboard an SAV and on
non-commuter preferences for AVs. Thus, these topics require further research, due to
the anticipated earlier deployment of Level 4 SAV for leisure travel [43] and the varied
Value of Travel Time introduced by PAV and SAYV for different journey types [38,44,50].
Nevertheless, limited research contrasted user preferences across several countries [51].
Interestingly, Saeed et al. [45] and Rodel et al. [52] found that AVs may be more valuable
for elderly users, which is aligned with the view adopted by Fitt et al. (2019) [53] for New
Zealand, although not prone to use SAV according to Gurumurthy and Kockelman [54].
This debate about which user age group may be more inclined to use AVs is ongoing,
as highlighted by the findings of Payre et al. [55] and Haboucha et al. [51], who argue that
AVs are more likely to be accepted by older or younger users respectively. Nazari et al. [56]
found that young males are more likely to switch to AV compared to conventional vehicles,
whereas older users are more likely to switch to SAV, although Laidlaw [57] concluded that
young adults are more willing to pay for an AV and to use an SAV. Moreover, household
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car availability is a crucial factor, since Menon et al. [58] found that although single-car
households may replace the sole car with an SAV service, multiple-car households may
only dispose of one of their cars with an SAV service. However, age and car use are directly
linked with each other, since younger and elderly travellers show lower levels of driving
licence holding.

Kyriakidis et al., 2015 [59] have been among a handful of scholars who focused
on vulnerable users, namely, the elderly and children, finding that age, gender, formal
education level and household size have an impact on how users may travel on AVs.
However, their focus was on the presence or not of a human operator either within the AV
or remotely and not on gender. Hohenberger et al. [60] revealed the importance of gender
in the acceptability of self-driving vehicles. They found that women trust the technology
more than men based on an autonomous bus study. This is in line with the results of
Schoettle and Sivak [61], which stated that men had greater concerns about using SAVs
than women. Similarly, Panagiotopoulos and Dimitrakopoulos [42] reported that women
are more likely to own and use AVs in the future. On the other hand, Lavieri and Bhat [46]
found that women and young adults are less likely to ride-share. Equally, Bansal et al. [62]
and Moreno et al. [63] concluded that males and high-income people are more likely to use
SAVs, which is aligned with the findings of Haboucha, Ishaq and Shiftan [51], stating that
men are more likely than women to favour SAVs in Israel.

Two major issues appear to arise by reviewing relevant literature, i.e., (i) men are
more comfortable with using new transport technologies; and (ii) personal security is a
key concern for women when travelling with unknown copassengers. The former has
been observed by Liu et al. [48], who found that females are less likely to pay for AVs than
males and that they showed lower acceptance of new technology than men. The latter
has been previously confirmed, for example, through a revealed preference study using
shared mini-vans (colectivos) in Mexico City [39]. Both issues have also been highlighted
through the TOMNET study in four metropolitan areas in the US [64]. More importantly,
essential issues appear to be missing from existing studies regarding a gender-balanced
approach to study and deploy PAVs and SAVs. Trip-chaining and mobility care, which are
common practices for a large number of women globally, have been underrepresented to
date Badstuber, 2019. However, women choose to share their travel 1.5 more times than
men, according to Khoeini et al. [64], therefore, it is important to test whether this also
applies in the AV context.

As previously mentioned, there are several studies on the impact of PAVs and SAVs
on travel behaviour. However, few results of discrete choice models about PAV and SAV
acceptance across more than three countries in the literature can be found. Etzioni et al. [65]
is one of the very few similar studies, which modelled the public acceptance of AVs and
regular cars across six countries in Europe, but without focusing on sharing aspects. The
effects of travel time, travel cost, gender, age, income and current travel habits are quantified
in a joint model using a logit kernel model with panel effects. Findings demonstrate a
substantial difference in acceptance across countries, while people show large reservations
about the use of AVs. Our paper advances the study of Etzioni et al. [65], focusing on
gender-based travel preferences using AVs across seven different countries and discuss
potential cultural influences on AV vs SAV usage and the impact of cotravellers’ gender on
ride sharing acceptance.

3. Methodology

In the context of the COST Action WISE-ACT, an international survey, including a
Stated Preference (SP) experiment with a particular focus on AV user attitudes towards
vehicle and ride sharing with fellow passengers of different genders was designed. Three
travel alternatives options were offered to each respondent. This article extends the
analysis of Etzioni et al. [65], which focused on choices between a conventional car and
an AV, by focusing on the willingness to share either a vehicle or a ride versus a PAV.
The three-step method design is outlined here:
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(1) Survey design;
(2) Sample selection and survey administration;
(3) Model estimation and analysis.

3.1. Survey Design
The survey involved a web-questionnaire consisting of three sections:

e  The first section included 23 questions focusing on travel patterns regarding the
respondent’s most important journey and general attitudes towards AVs;

e  The second section included 9 questions focusing on a regular car journey and a
series of six stated preferences experiments regarding the choice between regular car,
PAV and SAV in various scenarios varied by travel cost, travel time and, in the SAV
alternative, the number and gender of fellow passengers;

e  The third section is focused on respondent socio-economic characteristics.

A common definition of AVs was offered to all participants at the beginning of the
survey to provide essential background about the survey and to avoid any misunder-
standings of the notion, i.e., “An Autonomous Vehicle (AV) is a vehicle which takes over
speed and steering control completely and permanently, on all roads and in all situations.
The driver-passenger cannot drive manually because the vehicle does not have a steering
wheel. The driver-passenger only sets the travel destination”. Respondents were asked to
consider a fully automated vehicle, i.e., an autonomous vehicle according to SAE Level 5.
The survey was designed following standard research ethics processes, and all data were
collected anonymously.

In the second survey section, respondents were asked to think of one of their main
trips (journeys starting from home at least once a week) and state their journey purpose
and transport mode. Subsequently, respondents were asked to imagine making such
a regular trip by car and to state the total journey duration. Based on these responses,
each respondent was presented with six individually customised choice scenarios, where
they had to choose one of the following three vehicle options in each choice scenario:

Privately-owned regular car (CAR) similar to conventional private cars used today;
Privately-owned autonomous vehicle (PAV). This option is similar to Privately owned
regular cars, but the car is an AV one.

e  Shared autonomous vehicle (SAV), which the passenger does not own. They will
be able to travel in it just by themselves (shared vehicle) or to travel with strangers
(shared ride). If they chose to share it with others (shared ride), they may save some
money. However, on some occasions, they will incur additional journey time picking
up and dropping off other passengers. Occasionally, they will be able to travel faster
on special high occupancy vehicle (HOV) lanes and save travel time.

The term ‘car’ was used in option (A), due to the fact that all respondents are familiar
with cars. The term ‘vehicle” was used in options (B) and (C) to avoid creating respondent
bias regarding the type of vehicle which could represent an AV in different countries
or cities.

The stated choice experiment was based on a Bayesian D-efficient design, including
24 scenarios generated by Ngene, allowing sufficient variation. Since the survey design
was based on the presentation of six choice scenarios to each respondent, these 24 scenarios
were divided in four blocks, and each respondent was randomly assigned to a block by
Limesurvey. Similarly to Etzioni et al. [65], the six scenarios presented to each respondent
used a national average travel cost value based on an approximately 10 km taxi journey
from an international airport to the main city within the country they were living in.
This innovative approach enabled this survey to offer a customised survey at a national
level, while at the same time allowing a cross-country comparison of SP results across these
seven countries. However, Etzioni et al. [65] focus on choices between privately-owned
regular cars (CAR) and privately owned AVs (PAV), whereas the analysis in this article
contrasts choices between CAR, PAV and SAV.
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The attributes included in each scenario were total travel cost, door-to-door travel
time, number and gender of fellow passengers (single/pair of either gender or mixed).
Only two genders were included in this survey to reduce complexity.

Total travel cost included all vehicle costs (e.g., fuel, insurance, maintenance, parking).
Figure 1 illustrates a sample scenario shown in the variant of the survey for Cypriot respondents.

Assume that you are about to leave your home for your regular jour-
o ney to Visiting someone (e.g., friends or relatives). Please choose your

&\0\} ‘/\‘ I S = _/'\C-l preferred travel option based on the characteristics provided below:

Wider Impacts and Scenario Evaluation of
Autonomous and Connected Transport

7€ 10.50€ 5€
10 min 8 min 13 min
[ 3
For my regular journey to Visiting someone | Regular Private Shared
(e.g., friends or relatives) I would choose... Car |:| AV |:| AV |:|

Figure 1. SP experiment sample scenario.

3.2. Sample Selection and Administration

This article focuses on the responses from the seven selected countries: Cyprus,
Finland, Greece, Hungary, Iceland, Israel and the UK, representing EU, EEA and non-
EU/EEA countries of different population, geographical size, geomorphology, GDP and
transport infrastructure levels. A wide range of individuals has been contacted to cover the
following sampling criteria: Gender, age, transport mode most frequently used, education
level, household size, as well as any known disabilities, reaching a total sample of 1962
valid responses, as shown in Table 1. The sample in the seven European countries was
administrated through WISE-ACT stakeholders and professional networks at national and
local levels, i.e., interest groups, public transport operators, national road agencies, car
clubs, cycling groups, general public. Additionally, in Israel only, a panel survey was used;
the panel roughly represented the population according to the main socio-demographic
characteristics. The survey was designed in English and then translated into five other
languages to be administered in the seven countries selected.

Table 1. Number of responses per country.

Responses Cyprus Greece Hungary Israel Iceland Finland UK Total
Total 257 232 658 1119 1068 171 178 3683
Utilised in the analysis 171 130 321 611 535 100 94 1772

3.3. Modelling Framework
Figure 1 presents the modelling framework of the mode-choice behaviour; in our case,
the mode choice between CAR, PAV and SAV is a function of two types of variables:

1.  Socioeconomic characteristics, such as age, number of cars in household(H), number
of members in HH;

2.  Attributes of the alternative modes, such as travel time; travel cost; as well as, in the
SAV alternative, number and gender of copassengers.

The utility function is indicated through the choice indicators, as depicted in Figure 2.
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Alternative attributes

Socio-demographic {Travel time, travel
characteristics of cost, number and
respondents (in gender of co-

different countries) passengers}

Utility of alternatives

Y

Indicators of choice
{y1=AV,y;=Car,
y3=SAV}

Figure 2. Modelling framework.

A mixed logit (ML) model with a distributed alternative specific coefficient (ASC) for
the different travel modes is estimated. The ML model extends the conventional multino-
mial logit model (MNL) by allowing the researcher to select a subset of the parameters to
be treated as random parameters to estimate deviation along with the expected value of
the mean of the parameter. Due to this extension, the research is able to explore additional,
unobserved heterogeneity in the sample in the form of random effects. The utility function
of our ML model is described in Equation (1):

Uity = B * Xiktn  + Y11 * 61 + Y12 * 01 * Woman 4 7yp1 * 6 + yo2 * 0o * Woman + y31 * 83 + y3p * 03 * Woman (1)
+ Y41 * 54 + Y42 * 54 * Woman + Y51 * (55 + Y52 * 55 * Woman + Eitn

i = alternative (1 = AV, 2 = CAR, 3 = SAV)

k = vector of coefficients

t = choice situation (repeated observations)

n = individual

Woman = 1; if the respondent is a female; 0 o/w

01 = 1; if copassenger = 1 man; 0 o/w

0y = 1; if copassenger = 1 woman; 0/w

03 = 1; if copassengers = 2 women; 0 o/w

04 = 1; if copassengers = 2 men; 0/w

05 = 1; if copassengers = 1 man and 1 woman; 0/w
The alternative specific constants are assumed to vary between individuals both

randomly and systematically [66,67];

- PBg is the vector of the coefficients of the various attributes (alternative or socio-
demographic);

- Xikn is the vector of the mentioned attributes (Figure 2);

- 711 represents the utility value that one man as a copassenger has on the choices of
male respondents;



Sustainability 2021, 13, 4769

8 of 19

- 721 represents the utility value that one woman as a copassengers has on the choices
of male respondents;

- 731 represents the utility value that two women as copassengers have on the choices
of male respondents;

- 74 represents the utility value that two men as copassengers have on the choices of
male respondents;

- 751 represents the utility value that a woman and a man as copassengers on the
choices of male respondents;

- 712 represents the extra utility value that one man as a copassengers has on the choices
of female respondents;

- 72 represents the extra utility value that one woman as a copassengers has on the
choices of female respondents;

- 73 represents the extra utility value that two women as copassengers have on the
choices of female respondents;

- 7 represents the extra utility value that two men as copassengers have on the choices
of female respondents;

- 752 represents the extra utility value that a woman and a man as copassengers have
on the choices of female respondent;

- the total utility of women is additive, for example, it is 11 + Y12 (for the first level of
the copassenger dummy variable (1 man as copassenger), etc.;

- €jty is an IID extreme value type I distribution, error term.

The distributed random ASC includes an error term (17,,) which is normally distributed.

As noted in the relevant literature [66,67], ML models cannot be calculated analytically,
so we resort to simulation. For this paper, the Apollo choice modelling software [68] was
utilised to estimate the model using 500 Halton draws.

4. Sample Descriptive Statistics

The sample forms a unique dataset regarding geographical and cultural coverage that
has not been analysed before. Figures 3-6 and Tables 2 and 3 show the socio-economic
characteristics of the sample, in terms of age (Table 2) and gender (Figure 3), household
size (Figure 4), car ownership (Table 3), level of education (Figure 5) and employment status
(Figure 6). The data is presented alphabetically and divided into northern and southern
cluster groups. Concerning age and gender, we can observe a prevalence of men, and mean
age above 38 across all the countries. When compared to statistical data about drivers in
the countries the study was conducted in, we can find the prevalence of men in the driving
population (license holders) (for example, UK [69], IL [70]), however the differences are
not too large. There is an obvious negative relationship between the mean age of the
sample and the percentage of women — higher the mean age, lower the number of women
participants. The lowest percentage of women and the oldest age were found in Hungary
while the highest percentage of women and youngest age was in Cyprus. This limits the
generalisability of the findings for gender for the older respondents, although in this case,
the dataset provides more information about male preferences and attitudes towards AV
and SAV usage. The median age in Europe is 43, with Cyprus having the lowest median
of only 37.3 in 2018 [71], which is, except for Hungary, similar to the results collected in
the survey. In Israel, the median age was 30.5 in 2020, which is lower than the average of
the sample, given Israel is the youngest country with the largest number of children per
household [72]. The results showed that the largest households were reported in Finland
and Iceland, which on the other hand also reported the smallest mean number of cars per
household. The lowest number of cars was found for Israel, where there is also the smallest
reported number of cars per household in the census.

It can be noticed that the sample has an atypically high level of education, with
most respondents holding a university and PhD degree. This sampling bias is likely
the result of the chosen sampling method, which partially involved recruitment through
authors’ professional networks in the online-based survey. Furthermore, the majority of
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respondents are employees, except in Greece, which also shows an important percentage of
self-employed respondents. However, the wider sample is in line with European statistics,
which show that the majority of European citizens are employees [73].

In summary, although with some biases, the sample shows the diversity and provides
a fairly good representation of the actual population in Europe and Israel. Despite this, the
identified differences in the sample size still require caution when interpreting the results,
and there are limitations when generalising the conclusions.

Figures 7 and 8 present, respectively, the mode and purpose of the main trip made
by respondents. Cars were the predominant mode, justifying the survey design around a
regular respondent car journey, followed by public transport and use of personal bicycles.
However, although the car was reported as the most common mode for main trips in all
countries, there are significant differences among their share, with 50% or less in Hungary,
Israel and UK, and more than 85% in Cyprus. The main trip purpose is to commute and
then, much less, to go shopping. These results are comparable among all the countries in
the survey and are also in line with the general findings for an average EU citizen [74].

Table 2. Sample statistics—age.

CY EL HU IL IC FI UK
MEAN AGE 38 39.86 52.42 39.9 47.3 46.9 44.51

Table 3. Sample statistics—car ownership.

CY EL HU IL IC FI UK

MEAN CAR

OWNERSHIP 99.4% 90.6% 92.7% 66.7%  959%  94.5%  76.8%

Northern cluster Southern cluster

Fl IC UK cY EL HU IL

Country

I Female Male M Other gender

Figure 3. Sample characteristics—gender.
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Figure 4. Sample characteristics—mean household size and mean number of cars in it.

Northern cluster Southern cluster
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
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Figure 5. Sample characteristics—highest level of education.



Sustainability 2021, 13, 4769

11 0f 19

Employment status [%)]

Travel mode of main trip [%]

Northen cluster Southern cluster

cy EL HU IL

Country

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Fl IC UK

H Employee M Self-employed ® Company owner B Retired B Unemployed M Full-time education B Other

Figure 6. Sample characteristics—employment status.

Northern cluster Southern cluster
100% |
|
90% :
80% !
|
70% !
60% i
|
50% !
40% i
30% :
20% i
10% !
0% !
Fl IC UK (& EL HU IL
Country
m Motorbike | Private bicycle m Private car m Public transport
m Scooter m Shared bicycle m Shared car m Shuttle service to work
® Combination of modes ® Walking W Other m None

Figure 7. Sample characteristics—travel mode of the main trip.
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Main trip purpose [%]
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Figure 8. Sample characteristics—main trip purpose.
In the next section, the model estimation results are presented.

Model Estimation Results

Table 4 reports the results of the estimation carried out for the seven EU countries
where the survey was administered; such countries can be clustered into two groups: (1)
The ‘southern’ cluster of Cyprus (CY), Greece (EL), Hungary (HU) and Israel (IL); (2) The
‘northern” cluster: Iceland (IC), Finland (FI) and the United Kingdom (UK). Overall, the es-
timation results reveal interesting insights into user preferences. The randomly distributed
ASCs (of AV and SAV) have statistically significant SDs in all countries, revealing signifi-
cant intra-personal correlation among choices in the different tasks of the experiment, i.e.,
when a person chooses a specific mode for one task, it is likely that she will make the same
choice in other tasks. Travel time and travel cost coefficients are negative and statistically
significant, as expected, in all cases, and were used to calculate values of time (Table 5).

The value of time (VoT) has a wide variation between countries and between modes.
First, it is interesting to compare the VoT of regular car use with AV. In IL, IC, FI and
UK it is lower for AV, due to the respondents’ expectations about their ability to use the
travel time for other tasks or even just to relax, while in HU and CY it is the opposite, but
the differences are small. Comparing the VoT of SAV versus AV, we see that it is always
higher in SAV, which is also in line with expectations, due to the lower convenience of SAV
compared to a PAV.

Regarding socio-demographic variables, age (as a continuous variable) negatively
affects the choice of an AV in HU, IL and IC, while positively affecting the choice of an
AV in FI. In the case of SAV, older age positively affects the choice in CY, while negatively
affecting the choice in HU, IL, IC and the UK.

The model includes the impact of the household vehicles availability index (number
of vehicles per household member). Estimation results show that this index negatively
affects the SAV choice in almost all southern cluster countries, except EL, but is statistically
insignificant in northern countries. Persons in households that do not have sufficient
availability of cars per household member are more likely to choose SAV in most countries,
most probably because of the flexibility that a shared vehicle provides to these persons or
maybe because of the perceived high costs of purchasing/owning an AV.
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Table 4. Model estimation results. ***: p < 0.001, **: p < 0.01, *: p < 0.05

Northern Cluster Southern Cluster
FI IC UK cY EL HU IL
ASC_AV (Mean) —4.174 —1.542 % —0.265 —0.0510 —0511 —0.279 —1.678*
ASC_SAV (Mean) 1.701 0.670 3.831 ** ~0.358 0.260 1.837 1.833 %
ASC_AV (SD) 2430 3111 %+ 2,527 4+ 2.906 *** 3.596 *** 3.017 **+ 3.155
ASC_SAV (SD) 3.455 **+ 4,032+ 3.448 # 3418+ 3.349 ** 4.445 3.860 ***
Travel Time: SAV —0.202 *** —0.193 *** —0.134 %+ —0.115 % —0.140 *** —0.0522 ** —0.180 ***
Travel Time: AV —0.140 *+ —0.0791 *** —0.0994 ** —0.102 #* —0.158 *+ —0.0441 *** —0.129 *+*
Travel Time: Car —0.196 ** —0.115 ** —0.143 ** —0.0859 *+* —0.110 ** —0.0398 *** —0.146 **
Travel Cost: SAV —0.211 —0.167 *** —0.270 *** —0.181 —0.216 *** —0.134 % —0.187 **+
Travel Cost: AV —0.249 *=+ —0.273 *** —0.276 *** —0.225 *#* —0.0930 —0.139 *** —0.212 **
Travel Cost: Car —0.173 *** —0.255 *** —0.240 *** —0.205 *** —0.155 *** —0.134 ** —0.197 **+
Age (Specific to AV) 0.0573 ** —0.0363 *** —0.0304 0.0339 —0.0513 —0.0284* —0.0361 ***
Age (Specific to SAV) 0.000836 —0.0308 * —0.0676 ** 0.0699 *** —0.0575 —0.0334* ~0.0276 *
Family Vehicle
Availability
index)#of cars/#of —0.0241 —0.185 ~1.792 —0.0415 0.378 0211 0.204
family members)
(Interacted with AV
Family Vehicle
Availability index)
#of cars /#of family 0.0521 —0.527 —0.0773 —1.804 *** —1.064 —1.240% —1.776 %+
members) (Interacted
with SAV
Main commute
mode: private car 4313 2.384 *** 2.751 2,121 *** —0.353 1.767 ** 2,093 **
(Specific to AV)
Main commute
mode: public ~1.09 1.894 * —3.759 #+ —0.330 2,054 ** 0.593 1.540 *
transport (Specific to
SAV)
Main commute
mode: private car 3.794 1.308 *** 3.203 ** 4.037 *** —1.023 1.912 % 1.185 **
(Specific to CAR)
Main commute
mode: public 2,665 ** 0.995 —0.334 2167 —2.077 0.684 1.146*
transport (Specific to
AV)
Passengers in SAV M F M F M F M F M F M F M F
(just me is base)
Passepgers nSAV: o572 oaos 07 osm 0142 ooe2 —oeor 0208 1123 LPP os0s L ooy
Pascs)‘i;gf\f;;“aiw: 00538 —2.838 —00620 —0431 1615 o170 140 5097 0124 —1708 0583 L o197 —0119
Pas;iggjf;ﬁ‘ei‘w’ 0742 —0280 LBV o011 —o1sz 27T 0902 o405 1058 5105 0672 g5 0262 0157
Pass‘?ﬁfr;g%v: 0111 —0256 0323 0154 —0258 9% 0734 1021 0241 0200 —059 219 _0319  —0.000280
Pﬁiﬁfﬁ;;‘ésﬁvz “1462 396 _00849 00337 —0.0440 0471 0632 —1151 0145 —0425 U473 gqzg  TLA (33
SP Observations
(Respondents) 600 (100) 3210 (535) 564 (94) 1026 (171) 780 (130) 3666 (611) 1926 (321)
Final LL —377.6 —2122 —323.2 —698.6 —540.2 —2273 ~1352
Table 5. Values of time (€/hour).
CY EL HU IL IC FI UK
VoT SAV 38.12 38.89 23.28 57.75 69.34 57.44 29.78
VoT AV 27.20 — 18.99 36.51 17.38 33.73 21.52
VoT CAR 24.88 42 .58 17.46 44 .47 27.06 67.98 35.75
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When considering the ‘main travel mode’ (i.e., that identified by the respondents),
when it is a car, then it positively affects the choice of AV in CY, HU, IL, IC and FI, while
it also positively affects the choice of CAR in every country except EL. When some form
of public transport mode is the main commute mode, it positively affects the SAV choice
in EL, IL and IC and negatively affects SAV choice in the UK (an interesting finding since
previous research [36] found that the reverse is true, similar to the other countries in the
sample). Additionally, public transport as the main mode positively affects AV choice in IL
and FL.

The models reveal a valuable insight into gender preferences when considering copas-
sengers in the shared automated vehicle (SAV). Figure 9 provides an overview of responses
in the different countries in favour or not of sharing an AV, according to the number of
copassengers and their gender. It is interesting to observe the positive outlook, from the
perspectives of both men and women, on sharing an AV with two women in three of the
southern countries for men and in the UK for women. In Hungary, there is a low propensity
towards SAV for both genders. Women do not like to share an AV with two men, and men
do not want to share with another man; the exception for men is when the copassengers are
two women. Non-significant effects may be attributed to data limitations or indifference
by the respondents as to with whom they share the ride.

Figure 9. Willingness to share, or not, an AV in the different countries, according to the number of copassengers and

their gender.

In the UK, there is a separation between genders—women prefer sharing with women
and not with men. Whereas, in Nordic countries (FI, IC), women are resistant to travelling
in the same vehicle with a lone man, and men prefer to avoid mixed groups as well, and in
Finland, even with two women as copassengers. In Hungary and Israel, men chose not to
share with another man.

Overall, the results show some intricate and interesting findings. In the southern
countries, men indicate a preference towards using an SAV when one or two women are
the copassengers, while women generally do not reveal any strong preferences compared
to the base case as outlined in the literature (i.e., travelling alone in the SAV)—with the
exception of women in Hungary who would like to avoid riding with two men or one
woman. On the other hand, in the northern cluster, women are more reluctant to share a
ride with one or two men, while men do not express the preference of sharing a ride with
women. On the contrary, men in Iceland indicate they would prefer to avoid riding with
two women. Given the exploratory nature of this survey, these findings need to be further
reviewed and discussed to draw valuable conclusions for further research.
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5. Discussion and Conclusions

This study explores users’ stated choices and preferences regarding the use and the
willingness-to-pay for private (PAV) and shared autonomous vehicles (SAV) using a stated
preference experiment survey. User choices are analysed by estimating a mixed logit,
discrete choice model to quantify and explore choices across seven countries (Cyprus,
Greece, Hungary, Israel, Iceland, Finland and the UK). This study is part of the growing
literature exploring and analysing user preferences regarding the use of autonomous
vehicles, and one the first to highlight the importance and heterogeneous nature of gender-
wise effects of cotravellers and their variation among countries and cultures in the choice
of an SAV.

Our results highlight a clear difference in behaviour between the southern and north-
ern countries of our sample. In what appears to be a cultural effect, travelling with women
has a positive effect on male respondents in the southern cluster, while both women and
men would prefer to avoid riding with one or two men, at least in some countries of the
southern cluster. In the northern cluster, women would prefer to avoid riding with one man
in an SAV, while men prefer to avoid riding with women or mixed-gendered passengers.
Our findings are supported by the limited literature on SAVs and the effect of gender
on travel environment choices [63] and can also explain the reluctance of women to use
SAVs [51,62,63]

Regarding WTP values, we observe that VoT for SAV is higher than the PAV for all
countries. This is an interesting finding, which can be explained by the lower convenience
of riding in an SAV and the consideration of all additional costs (including purchase cost,
which is expected to be significantly higher than a regular car) of a PAV. In most countries,
the VoT of regular car use is higher than PAV, which is expected, given the opportunity to
use the time in the AV for other purposes or just to relax. Interestingly comparing the VoT
of the regular private car with SAV gives some mixed results; in some countries like the
UK, the convenience of automation results in lower VoT than the convenience of privacy in
a regular car, while in Iceland, we observe the opposite result.

Regarding the rest of the socio-demographic factors affecting choice, we find that most
of the effects we have observed are in accordance with previous literature (Section 2). An
interesting finding in our research is that a smaller vehicle availability index (the number
of available cars in the household divided by the number of family members) is positively
associated with the choice of SAV.

Findings from our models provide useful insights for policymakers along two axes:
Initially, they highlight the significant heterogeneity of preferences across countries and
across individuals in the same country (identified by the use of random alternative specific
coefficients). The presence of this heterogeneity highlights the need for further research,
even in the form of real-life experiments (such as in Paddeu et al. [38]) to further explore
and quantify the effect of socio-demographic variables, attitudes and perceptions and
technological /economic aspects of the vehicles. In that sense, results from our models are
also useful for technology providers, the industry and other researchers focusing on the
future acceptance of autonomous vehicles.

Our highlights regarding the gender aspect of our models, especially the reluctance of
women to choose the SAV option when they share the ride with male cotravellers (mostly
in the northern cluster of countries, but similar effects are spotted in the southern cluster),
especially when compared to the preference of men to share a ride with women in the
southern cluster are useful in determining (and hopefully overcoming) barriers to adopt
and securely use an innovative mobility service for all citizens, irrespective of gender,
income or characteristic.

Having heterogeneous samples, mostly attributed to different sampling strategies
in the countries in the research, is recognised as one of the limitations of the study, even
if the total sample size is acceptable. Additionally, collecting and utilising attitudinal
data could potentially reinforce the modelling process and enrich the findings. Further
research should focus on determining the sharing service’s attributes and operating rules
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which might make women feel safe, secured and empowered to use shared services with a
range of cotravellers. Given our findings, it would be interesting to see similar modelling
approaches to quantify the effect of travel mode attributes (such as travel time or cost),
personal attitudes and the presence (and gender) of cotravellers on the choice of an SAV.

Based on the foregoing results and in tandem with existing gender-aware ride-hailing
apps, our recommendation would be to develop security protocols and targeted campaigns
for enhancing women’s experiences with shared and automated transport services. Further
research should examine the demand for and feasibility of special services, such as female-
only services, to enhance shared /automated mobility adoption among women. Finally, it
is noted that post-implementation research on actual services will be critical in untangling
stated intentions versus actual behaviours.
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