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Abstract: The technology that allows fully automated driving already exists and it may gradually
enter the market over the forthcoming decades. Technology assimilation and automated vehicle
acceptance in different countries is of high interest to many scholars, manufacturers, and policymakers
worldwide. We model the mode choice between automated vehicles and conventional cars using
a mixed multinomial logit heteroskedastic error component type model. Specifically, we capture
preference heterogeneity assuming a continuous distribution across individuals. Different choice
scenarios, based on respondents’ reported trip, were presented to respondents from six European
countries: Cyprus, Hungary, Iceland, Montenegro, Slovenia, and the UK. We found that large
reservations towards automated vehicles exist in all countries with 70% conventional private car
choices, and 30% automated vehicles choices. We found that men, under the age of 60, with a high
income who currently use private car, are more likely to be early adopters of automated vehicles.
We found significant differences in automated vehicles acceptance in different countries. Individuals
from Slovenia and Cyprus show higher automated vehicles acceptance while individuals from
wealthier countries, UK, and Iceland, show more reservations towards them. Nontrading mode
choice behaviors, value of travel time, and differences in model parameters among the different
countries are discussed.
Keywords: automated vehicles; mixed logit model; panel data; discrete choice; user preferences;
user acceptance; cross-national survey
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1. Introduction
The automotive industry is witnessing major shifts with the advent of automated vehicles (AVs).
Since the pioneer project European Eureka Prometheus in the late 1980s, many automated prototypes
have been tested in different countries and self-driven at different automation levels, different road
types, and different congestion levels [1]. The SAE defines six different levels of vehicular automation
differing in their technological capabilities and human involvement in the driving tasks, from complete
driver control over the vehicle (level 0) to fully automated vehicle, where no manual interaction is
needed regardless of the driving conditions (level 5) [2]. Already, some fully automated modes have
been deployed for public use through pilot projects and trials, like automated buses [3].
However, the impact of future automated mobility remains uncertain and the research community
is divided: While some scholars present optimistic scenarios regarding their contribution to safety
and mobility, others stress great challenges in regard to increasing total vehicle miles traveled (VMT)
and congestion, sustainability, carbon emissions, sharing security, equity, accessibility, environmental
issues, safety, land use and acceptability issues [4–8]. Therefore, policymakers, automakers, and other
stakeholders have to carefully consider their plans, policies, and investments to prepare for the
possibility of future technology assimilation considering different demographics and geography [9].
Gauging the propensity of certain cultures or countries to adopt or reject AVs is important for the
decision of if, when, how, and where to assimilate them. Many manufacturers and scholars are
interested in the question of who will be willing to use AVs and who will be the first to adopt them.
Although cultural differences are often cited by scholars as influential factors of technology and
automation acceptance [10,11], only one study used comparative data from more than one country
to apply discrete choice models (DCMs) on AV acceptance [12]. The authors found no study using
data from more than two countries. This paper aims to fill this gap by modeling user acceptance in six
different countries and discussing possible implications of AVs acceptance, along with the possibility of
technology assimilation, versus technology rejection, in different countries. The uncertainty related to
AV deployment has led to the development of a wide range of modeling frameworks on their impacts,
with different conclusions based on the assumptions of the modeling frameworks. Within the Action
CA16222 of the European Cooperation in Science and Technology (COST) entitled “Wider Impacts and
Scenario Evaluation of Autonomous and Connected Transport” (WISE-ACT) authors of this paper
model the mode choice between conventional regular car and private AV among six participating
countries, Cyprus, Hungary, Iceland, Montenegro, Slovenia, and the UK, using a stated preferences
(SP) survey. These countries were selected to ensure diversity in size, car ownership rates, transport
infrastructure, GDP per capita, and are located both within and outside the EU, thus reflecting diverse
views of current travelers across Europe.
An SP survey was designed to capture users’ preferences among three modes: (1) A conventional
private vehicle i.e., regular private car used nowadays (CAR); (2) a private automated vehicle (AV);
(3) A shared automated vehicle (SAV). In this paper, which is part of a wider international study,
we focus on automation acceptance among six European countries to ensure sufficient similarity and
diversity between key features. We specifically focus on the acceptance of AV compared to regular
car for day-to-day use, studying the choice behaviors of solo travelers. A joint DCM as well as six
country-segmented models are estimated. The models include parameters that influence mode choice
such as age, gender, income, current travel mode used, travel time, and travel cost and their different
impacts as captured by the parameters of the country-segmented models.
2. Literature Review
There is an ever-growing volume of literature aiming to study AV acceptance of travelers,
both using their own private AVs as well as using mobility-on-demand services, such as ride-hailing
platforms [13]. There are multiple facets to the introduction of AVs and multiple barriers to a successful
technology assimilation as discussed below. The possible benefits and disadvantages of the deployment
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of AVs, based on the technology’s risks and opportunities, are important to the evaluation of users’
acceptance of these novel modes.
In this section, we review numerous studies regarding the possible impacts of AV and user
acceptance in different countries. By exploring studies that utilized different methodologies, we found
a gap in the literature: only one study used comparative data from more than one country to apply
DCM on AV acceptance [12], and none used data from more than two countries. Furthermore, of the
six countries studied, we found that AV acceptance has not been studied in three of them, and studies
in the other three countries are very limited, highlighting the need to focus more on this area, given the
ongoing initiatives undertaken worldwide regarding AVs.
2.1. Possible Impacts of AV Assimilation
Researchers have discussed the potential AV implications, stressing both positive and negative
impacts of AVs on highway capacity [14,15], driving behavior [16], public transport services [17–19]
value of travel time [10], private parking infrastructure [20], accessibility and induced demand [21],
and more. Some scholars claim that AVs may have some negative environmental, total VMT, and travel
time consequences [22,23]. Kröger et al. [23], demonstrated that AVs could facilitate more travel
time resulting in more congestion and emissions. According to some estimates, AVs may lead to
10% increase in total VMT because cars will probably have to relocate empty in order to serve other
travelers and deadheading [5,7]. High vehicle utilization is required for high efficiency. However,
it may cause AVs to wear out more, thus, the vehicles will have to be replaced more frequently [5].
Fagnant and Kockelman [24], showed that each SAV can replace up to 11 conventional cars. However,
similarly to Milakis et al. [5], they also found that they may increase the total VMT by 10% compared
to nonautomated modes. On the contrary, some scholars argue that AVs have the potential to reduce
road accidents, have positive environmental impacts, reduce cost of travel, as well as land use benefits
and the potential to increase comfort and mobility of immobile members of the society [13,24,25].
According to the OECD, the parking requirements of SAVs in Lisbon are expected to decrease by
84–94% compared to today’s land use composition [25]. Similar results were reported by Zhang et al.
2009 [26], that found that 90% of parking demand can be eliminated with SAVs use. All of these
impacts studied are fundamentally based on the assumptions that some users will choose to use AVs
when given the choice, i.e., that they will accept AVs.
To critically assess the possibility of AV introduction to various markets, transport choice modelers
have used SP surveys to assess travel demand and mode choice. Using SP surveys is one of the most
prevalent methods as it allows the exploration of potential of hypothetical modes or services [27].
To analyze travelers’ choice of new or hypothetical alternatives, it is common to design an SP survey,
where a hypothetical traveler’s mode choice may be introduced alongside conventional modes.
The respondent is asked to consider a trip she made or a hypothetical trip. Various alternative modes
are presented with their important attributes such as travel time and cost, and the respondent has to
state her preferred mode [12]. The traveler’s choice may also depend on trip purpose, trip distance
and comfort among other attributes [28–31].
Table 1 provides an overview of recent SP surveys on AV acceptance and the attributes that were
found important for such choices.
Table 1. Literature overview of stated preference (SP) surveys evaluating automated vehicle (AV)
acceptance using discrete choice models.
Source

Choice Set

Variables Studied

Country of Study

[29]

AV, SAV, or airplane
long-distance travel

Travel time, travel cost,
socio-demographics

USA

[32]

AV or SAV

Travel time, travel cost, urban,
suburban and rural residence

USA
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Table 1. Cont.
Source

Choice Set

Variables Studied

Country of Study

[33]

Traditional vehicle, privately-owned
AV, hired AV, shared AV service

Socio-demographics, location

USA

[34]

Conventional car,
public transportation, automated
driving transport service

Travel time, waiting time,
walking time, cost

Netherlands

[35]

AV with office interior, AV with
leisure interior, conventional car

Travel time, travel cost, and
effect on value of
travel time savings

Netherlands

[36]

Private AV, shared AV

Number of passengers,
additional travel time, discount,
fare structure, travel time

USA

[37]

Walk, bicycle, public transport,
private AV, shared AV

Trip duration, access/egress time,
waiting time, ridesharing
(yes/no), travel costs

Germany

[38]

Train + AV, Train + SAV, SAV, AV,
conventional vehicle

Travel time, access/egress time,
waiting time, number of
changes, service frequency,
travel cost

Switzerland

[12]

Regular car, private AV, shared AV

Travel cost, travel time, attitudes

Israel/North America

[39]

SAV without ride sharing, SAV with
ride sharing, current mode choice

Travel cost, travel time,
waiting time

Australia

As shown in Table 1, travel time, wait time, travel cost, user attitudes, and socio-demographics
are among the most cited attributes that effect AV acceptance.
2.2. Understanding Attitudes towards AVs
A number of cross-country qualitative opinion surveys regarding AVs were previously conducted.
Schoettle and Sivak [10] distributed an extensive survey across China, India, Japan, USA, UK,
and Australia, exploring the different attitudes towards AVs. Kyriakidis et al. [40], surveyed over
5000 consumers to study public opinions of AVs. More recently, Deloitte have published a study on AV
acceptance based on surveys in Canada, USA, Mexico, Belgium, UK, Germany, Austria, Netherlands,
France, Italy, South Africa, India, Malaysia, Thailand, Indonesia, Japan, Republic of Korea, China,
and Australia [41]. World Economic Forum [42] also surveyed over 5500 consumers and modeled
various scenarios to see the impact of technology on transport. Moreover, Anania et al. [43] showed the
effect of positive and negative information on the willingness to use AVs. The results of AVs acceptance
in the above-mentioned studies is summarized in Table 2. The survey questions were not standardized,
so for each study we present the question posed, and shares of the specific responses in each case.
The surveys in Table 2 show positive attitudes towards AVs, but also some skepticism. They are
qualitative and focused on understanding consumer opinions across a number of countries, but they
do not use DCMs to quantify the influential factors and tradeoffs which influence mode choice and
acceptance. Moreover, they do not provide any contextual element to respondents since they are not
context or country specific. As reported in Table 1, various scholars have distributed SP surveys in a
single country and estimated discrete choice models to predict travel behavior using a hypothetical
choice set where AVs are already available to the public as an alternative to conventional cars. To the best
of our knowledge, Haboucha et al. [12] are the only ones who performed a discrete choice model analysis
based on an SP mode choice survey between private conventional cars and AVs across international
borders—Israel and North America. It should be noted that Kröger et al. [23] used a technology
diffusion model to estimate the changes in mode share for private vehicles, public transport, walking
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and cycling assuming AVs replace conventional cars. However, no reported study has evaluated mode
choice using a discrete choice model based on a stated-choice survey with a choice set comparing
AVs directly with conventional private cars in multiple countries other than Haboucha et al. [12],
which may be due to the task complexity and resource requirements of such a task.
Table 2. Literature on qualitative studies on AV acceptance.
Source

Question Posed

Sample Size and
Location

Response

Comment

[10]

“What is your general
opinion regarding
autonomous and
self-driving vehicles?”

N = 10 533
China, India, Japan,
USA., UK,
and Australia

56.8%
positive or rather
positive

5-point Likert scale
from Negative
to Positive

[40]

“Fully automated
driving will be
enjoyable.”

N = 40 838
Netherlands

56.3% agrees or
strongly agrees

5-point Likert scale
from Strongly
Disagree to
Strongly Agree

[42]

“Would you take a ride
in a fully
self-driving car?”

N = 50 500
27 cities in China,
France, Germany,
India, Japan,
Netherlands,
Singapore, UAE,
UK and USA

58% likely or
very likely

5-point Likert scale
from Very unlikely
to very likely

[41]

“To what extent do you
believe that fully
self-driving cars will
not be safe?”

N = 100 345
USA, Germany,
India, Japan,
Republic of Korea
and China

47%–50%
agree or strongly agree
(results only shown by
country). China is
outlier with 25%.

5-point Likert scale
from Strongly
Disagree to
Strongly Agree

As shown in Tables 1 and 2, AV acceptance and the characteristics of potential early adopters
have already been widely explored internationally. Becker and Axhausen provided a review of the
available literature, mainly based on SP surveys and explorative studies and later conducted an SP
survey [28,38]. The factors attributing to mode choice may vary by country, but this has not been
sufficiently explored. Table 3 addresses recent literature on AV acceptance in each country of the study
presented in this paper: Cyprus, UK, Slovenia, Montenegro, Hungary, and Iceland.
Table 3. Literature on AV acceptance in each country of study.
Country

Source

Comments

Slovenia

[44]

Based on a national survey sample. Purchase intentions of AVs. Finds that
public opinion towards AVs is more negative in Slovenia than elsewhere

Cyprus

n/a

AV acceptance has not been tested in Cyprus before this study.

[45]

Using deliberative workshops, came to conclusion that with a regulated
market, more socially desirable outcomes will be realized.

[46]

AVs considered a somewhat low risk. While skepticism was present
amongst respondents, there was little opposition for AV using existing
road infrastructure.

Hungary

[47]

Using technology readiness to relate attitudes with acceptance of
technology. Generally, optimism was an influencing factor on acceptance.

Iceland

n/a

AV acceptance has not been tested in Iceland before this study.

Montenegro

n/a

AV acceptance has not been tested in Montenegro before this study.

UK
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As shown in Table 3, limited literature has been published on AV acceptance in these countries.
No comparable SP survey has been used to estimate DCMs evaluating AV acceptance across these
countries, to date.
3. Methodology
An SP experiment was designed to capture user preferences and AV acceptance. The results of
this survey were used to estimate a mixed multinomial logit (MIXL) model. The following sections
discuss the SP survey design as well as the MIXL model used to estimate the discrete mode choice
while accounting for panel effects.
3.1. Survey Design and Administration
A state-of-the-art Bayesian D-efficient design was generated based on the experimental attributes
using Ngene, a choice experiment design software. The purpose of efficient designs in stated choice
experiments is to minimize the standard errors of the estimated parameters [48]. D-efficient designs
are often used when sufficient parameter priors are available. Since we did not have much preliminary
knowledge of our parameters other than the expected negative sign of cost and time parameters,
Bayesian D-efficient design was chosen as it better accounts for incorrect priors [48]. The attribute
level design included cost, door-to-door (D2D) travel time, the number of passengers ridesharing with
each respondent in the SAV, as well as the gender of these passengers. A design with 24 scenarios
was generated to allow sufficient variation. Each respondent was presented with 6 choice scenarios;
therefore, the scenarios were divided into 4 blocks, and each respondent was randomly assigned to one
of the blocks. The design levels used for the choice scenarios were partly customized around travel
time and travel cost values which the respondents entered at the preceding survey part, when asked
about a trip they make regularly departing from their home at least once a week. The respondents
were asked to estimate D2D travel time of that regular trip, assuming they made it by conventionally
available regular car, even if they did not use this mode for such a regular trip. An innovation of this
approach, was to calculate a comparable country specific trip cost for each respondent at a national level,
by multiplying their individually entered travel time value input (T) with a country-specific pre-set
per km total travel cost (C). National average travel costs were derived based on the contemporary
cost of a taxi journey from a large city (e.g., capital) to the main city airport or central rail station.
The Bayesian D-efficient design values were then pivoted around the individually pre-entered travel
time at the preceding survey part and national average total travel cost values, so that each individual
was presented with a cost based on their travel time input for that particular trip customized for their
country, using local currencies. As private AVs are likely to be more expensive than conventional
cars due to the additional onboard technology and sensors, the cost of private AVs was designed to
be mostly higher than of CAR’s as shown in Table 4. On some design conditions, the cost of AV was
lower than that of CAR’s to fully capture the mode choice behavior of private regular car nontraders,
or individuals who are very reluctant towards AVs. Design values used for the variation of the attribute
levels are presented in Table 4:
Prior to the stated preference experiment, the respondents were given the following information
regarding the different modes. The respondents were asked to choose their preferred mode for their
regular trip which they specified earlier (see Figure 1) considering that AVs have already entered the
market and are now an alternative to conventional cars:
1.
2.

3.

Using a Privately owned Regular Car similar to conventional private cars used today.
Using a Privately owned Automated Vehicle. This option is similar to Privately owned Regular
Cars, but it could be a different type and size vehicle. This vehicle will drive itself without a
human driver and will leave you at your destination, to then park itself.
Using a Shared Automated Vehicle which you do not own. You will be able to travel in it just by
yourself (shared vehicle) or to travel with strangers (shared ride). If you choose to share it with
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others, you may save some money. However, on some occasions you will waste time picking up
and dropping off other passengers. Occasionally, you will be able to travel faster on special road
lanes, for high occupancy vehicles, and save time traveling.
Table 4. Design levels for the Bayesian D-efficient design.

Private Regular Car

Private Automated Car

Ride Sharing/Car
Sharing in an
Automated Car

Trip cost

0.7 × T × C
1×T×C
1.3 × T × C

0.9 × T × C
1.2 × T × C
1.5 × T × C

0.5 × T × C
0.8 × T × C
1.1 × T × C

Travel time (D2D)

1×T
1.2 × T
1.4 × T
1.6 × T

0.8 × T
1×T
1.2 × T
1.4 × T

0.7 × T
1×T
1.3 × T
1.6 × T

N.A

Just you
1 man
1 woman
2 men
2 women
1 man and 1 woman

Number and gender of
passengers ridesharing
respondent

N.A

N.A: not applicable.

Figure 1. Example choice scenario from the UK survey.

Respondents were notified that the total cost of the journey includes all vehicle costs including
fuel, insurance, maintenance and parking, justifying in this way the use of the contemporary taxi cost
which also includes similar expenses e.g., fuel, insurance, license, maintenance.
An example choice scenario is presented in Figure 1.
To ensure survey scenarios reflect realistic travel options and make sure no dominant scenarios
are included, some design conditions were defined. Considering that AVs may save vehicle access
time and looking for parking time, private regular car travel time (CAR) is always longer or equal
to that of private AV’s time (AV) in any given choice scenario. The survey was written in English.
Each national survey was translated to the local language and translated back to English by two
different translators, proficient in both languages and with a transport related background, to ensure
translation consistency. The survey was distributed to the general public using a snowball sampling
plan, by the country coordinators via auto interest groups, public transport providers, national road
agencies, engineer’s organizations, car clubs, and other routes including newsletter and social media
of interest groups. The aim of this distribution strategy was to allow the survey to be distributed via
diverse channels and interest groups, namely users of public transport, nonmotorized transport modes,
and cars. As the data was collected from January 2020 to July 2020, some of the data was collected
prior to the COVID-19 outbreak in Europe, and some was collected after lockdown restrictions were
introduced locally or nationally. All respondents answering after April 2020, were asked to consider
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their travel patterns prior to any COVID-19 related travel concerns and restrictions imposed in their
area potentially affecting their travel choices.
3.2. The Logit Kernel Model
Data from 6 countries, Cyprus, UK, Slovenia, Montenegro, Hungary, and Iceland, were used to
estimate a MIXL heteroskedastic error component type model, generally known as the logit kernel
(LK). This type of model can address the repeated choice nature of the data, where choice decisions
from the same individuals are naturally dependent (also known as panel data or the agent effect).
This model takes into account the unobserved factors that influence the decision maker’s choice over
time and captures the correlation between choice decisions made by the same individual, using error
components applied to the alternative’s specific constant. In this model, the disturbances of the utilities
allow both probit-like and additive Gumbel portions [49]. The utility of individual n, obtained from
choosing alternative j, in choice situation t is formulated as:
U jtn = βi Xijtn + ε jtn

(1)

where
βi is a vector of parameters to be estimated for the different mode attributes (e.g., time and cost),
indexed by i;
Xijtn is a vector of observable variables (e.g., trip cost, respondent’s age);
ε jtn is the random utility term made up of probit-like and independent and identically distributed
(i.i.d) Gumbel random variate components.
Numeric calculation of the maximum likelihood was not possible due to high dimensionality of
the integrals. Instead, the unconditional probability of the choice sequence, estimated via maximum
likelihood estimation, is the integral over the values of β:
Z
Pn =

Ln (β) f (β)dβ

(2)

where f (β) is the density function and Ln (β) is the logit probability evaluated at β.
The probability that individual n chooses alternative i from a set of j alternatives in time t,
is conditional on βn and can be formulated as:
eβn Xnit
Lnit (βn ) = P β X
e n nit

(3)

j

The mixed logit probability is the weighted average calculated at different values of β after many
repeated draws, with the weights given by the density function f (β) [50]. One of the key parameters
that can be estimated based on the results of DCMs is the Value of time (VoT). VoT is one of the most
commonly used parameters in transportation planning, as many scholars believe that travel time
saving is a dominant benefit of transportation investments [51,52]. VoT is typically used as a reference
point to understand the tradeoffs between travel times and travel costs and is often used to evaluate
transportation projects, policies and services on a consistent basis. VoT is considered to be an important
facet of AV acceptability, as AVs’ market penetration in different countries is largely dependent on
users’ willingness to purchase them, or pay for AVs services [53].
The VoT of country k and alternative j is calculated based on the formula:
VoT jk =

βtt jk
βtc jk

(4)

where βtt is the parameter estimated for travel time and βtc is the parameter estimated for travel cost.
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4. Results
This section presents some descriptive statistics of the survey responses and the results of the
MIXL model estimated for this study, providing inference based on the statistical significance of these
results, including values of travel time.
4.1. Descriptive Statistics
While each individual answered six SP questions, only responses where AV or CAR were chosen,
were analyzed. As our focus is on private AV acceptance compared to private regular car, leaving aside
the question of car or ride sharing, all SAV choices were removed from the data set used for the analysis.
After removing 3752 choice observations where SAV was chosen, 7953 observations were left. In total
200 incomplete questionnaires were removed, and consequently, the final data set had 7163 mode
choices observations from 1669 individuals. On average, 4.3 observations from each individual were
included in the data set. The number of respondents and observations used for this analysis, from each
country are summarized in Table 5:
Table 5. Number of respondents and observations by country.
Country

Sample

Observations

Cyprus
United Kingdom
Slovenia
Montenegro
Hungary
Iceland
Total

158
79
274
321
285
552
1669

702
274
1091
1516
1289
2271
7163

The socio-demographic characteristics of the sample are summarized in Tables 6–8. As the survey
distribution was not controlled for a representative sample, the survey sample’s socio-demographic
distribution is therefore compared to the population’s socio-demographic distribution. For each country,
the left cells correspond to the data from the study’s sample, and right cells correspond to population
census data from 2019 [54]. Since responses from individuals under the age of 15 were not considered
in the analysis, the age categories only include ranges over the age of 15 (see Table 6). The Montenegro
sample is relatively young in comparison to its population, whereas the Hungarian age group of
15–24 is not represented in the data. The representation of older generations in Iceland and Hungary
in the sample corresponds relatively well to the population. Overall, 72% of the respondents were
men, with a large variation within individual countries. In all countries, the majority of respondents
identified themselves as males. The Hungary sample had the highest share of men, 86%. The data
also included information about the number of family members living in the same household: 43% of
the respondents came from households of over four members, 20% of three members, and 27% of
two members and 10% of households had only one member. All country samples underrepresent a
single-member household. Furthermore, all samples overrepresented large households. It should be
noted that Hungary and the United Kingdom showed different proportions: the largest group was of
two members household size rather than four plus, both of which correspond with national trends
compared to the other six selected countries.
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Table 6. Socio-demographic variables of respondents: gender, and age variables.
(Sample/Census Data)
Total No.
Gender
Male
Female
Other
Age *
15–24
25–49
50–59
60–69
70+
Household size **
1
2
3
4+

Cyprus

UK

Slovenia

Montenegro

Hungary

Iceland

Total

158

0.9 m

79

66 m

274

2m

321

0.6 m

285

10 m

552

0.4 m

1669

58%
41%
1%

48%
52%

61%
38%
1%

49%
51%

80%
20%
-

50%
50%

69%
31%
0%

49%
51%

86%
14%
-

45%
55%

69%
31%
0%

52%
48%

72%
28%
0%

1202
461
6

17%
66%
12%
4%
1%

15%
44%
15%
13%
13%

11%
49%
18%
13%
9%

14%
40%
16%
13%
16%

16%
66%
12%
5%
1%

11%
40%
17%
16%
16%

56%
41%
1%
1%
1%

16%
42%
16%
15%
12%

0%
44%
23%
23%
9%

13%
42%
15%
16%
15%

8%
45%
20%
18%
9%

17%
44%
15%
13%
12%

18%
50%
15%
12%
5%

306
829
247
200
87

12%
19%
17%
52%

21%
35%
16%
29%

17%
46%
16%
22%

30%
35%
15%
20%

11%
23%
23%
44%

30%
27%
18%
25%

5%
10%
16%
70%

26%
19%
16%
40%

11%
37%
23%
29%

34%
31%
16%
20%

12%
33%
20%
35%

36%
28%
14%
22%

11%
27%
20%
43%

175
446
326
722

* Age distribution excludes the range 0–14 years old. ** Household size data from 2017. Source: survey data, Eurostat [54].

Table 7. Socio-economic variables: education and employment.
(Sample/Census Data)
Total No.
Education
High-school *
Bachelor/College **
Postgraduate ***
Others
Employment
Company owner
Employee

Cyprus

UK

Slovenia

Montenegro

Hungary

Iceland

Total

158

0.9 m

79

66 m

274

2m

321

0.6 m

285

10 m

552

0.4 m

1669

10%
28%
56%
6%

22%
39%
40%
-

6%
34%
54%
5%

19%
40%
41%
-

22%
57%
20%
2%

16%
55%
29%
-

48%
36%
14%
2%

17%
61%
22%
-

4%
84%
11%
1%

20%
58%
23%
-

12%
48%
38%
2%

28%
35%
38%
-

19%
51%
28%
2%

314
848
471
36

4%
67%

6%
41%

3%
63%

8%
41%

4%
67%

6%
41%

3%
41%

8%
31%

7%
73%

5%
41%

2%
65%

7%
50%

4%
62%

61
1037
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Table 7. Cont.
(Sample/Census Data)

Cyprus

UK

Slovenia

Montenegro

Hungary

Iceland

Total No.

158

0.9 m

79

66 m

274

2m

321

0.6 m

285

10 m

552

0.4 m

Full-time education
Self-employed
Retired
Unemployed
Others

17%
6%
2%
2%
2%

20%
6%
10%
4%
12%

10%
9%
10%
4%
1%

21%
7%
13%
2%
7%

18%
7%
2%
3%
0%

18%
6%
20%
2%
7%

22%
7%
3%
24%
1%

22%
7%
10%
7%
15%

1%
5%
14%
1%

17%
5%
16%
2%
14%

12%
7%
9%
2%
3%

25%
7%
2%
2%
9%

Total
1669
13%
7%
7%
6%
2%

221
108
114
101
27

Census data corresponds to * Less than primary, primary and lower secondary education. ** Upper secondary, post-secondary nontertiary education. *** Tertiary education. Source: survey
data, Eurostat [54].

Table 8. Socio-economic variables: income and car ownership.
(Sample/Census Data)
Total No.
Household income *
H
M
L
Not willing to disclose
Car ownership **
Yes
No

Cyprus

UK

Slovenia

Montenegro

Hungary

Iceland

Total

158

0.9 m

79

66 m

274

2m

321

0.6 m

285

10 m

552

0.4 m

1669

20%
51%
19%
10%

-

25%
43%
18%
14%

-

20%
52%
13%
16%

-

5%
27%
52%
16%

-

8%
39%
39%
14%

-

8%
46%
33%
13%

-

11%
38%
37%
14%

191
635
609
234

100%
-

-

81%
19%

-

98%
2%

-

92%
8%

-

68%
32%

-

95%
5%

-

90%
10%

1504
165

* Income cannot be compared directly across different currencies and income levels. ** No comparable car ownership data. Source: survey data, Eurostat [54].
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Table 7 presents the statistics regarding the respondents’ education and employment levels.
The samples with the highest level of educational degree individuals were in Cyprus and the United
Kingdom, where most had a postgraduate degree (56% and 54%, respectively), while in Montenegro
high-school education was the most common (48%). The census data from Eurostat [54] shows that
Montenegrins with lower level educational degrees are overrepresented in the survey sample, which is
consistent with the overrepresentation of the 15–24 age group. The majority of respondents in Slovenia
(57%) and Hungary (84%) had a bachelor/college degree. The employment status as reported by the
respondents showed that the company owners represented the smallest employment group, while the
majority of individuals (62%) were employees in all countries. Roughly 13% of the individuals were
full-time students. The respondents’ unemployment share in Montenegro was 24%, which is higher
than in other countries and is overly represented in comparison to the Eurostat data [54]. It should be
noted that COVID-19 employment impacts are not reflected yet in the Eurostat data.
Table 8 presents the income range of the respondents and car ownership of the respondents.
The annual gross household income was reported in income bands, which were defined separately for
each country based on reported country statistics. The respondents were asked to pick one income band
from a drop-down menu of 20–25 country specific income bands. The income bands were converted to
four country-specific income groups: low-class (L), middle-class (M), high-class (H), and not willing to
disclose. Besides the “no answer” class, all classes had about the same number of distributed income
bands. About 11% of total respondents were classified as H, 38% were M, and 36% were L. Roughly
14% were not willing to disclose their household income. A large portion of the respondents from
Hungary (39%) and Montenegro (52%) were classified as L income class. The income classes cannot
be compared between countries directly, given the differences in the income band ranges, currency
and purchasing power between the countries. Car ownership statistics reveal that overall, 90% of
respondents had a car in the possession of their households. Respondents from Hungary had the
lowest car ownership rates (68%).
Table 9 summarizes the reported travel habits, including trip purpose, and current transport
mode used regularly. For the SP experiment, the respondents were asked to think of a regular trip
they make. The reported trip purposes of this trip were classified to eight types, and currently used
transport modes to 11 types. The majority of individuals reported work as the purpose of their regular
trip (54%). While work trips were the most common in all countries, it should be noted that the lowest
work trips proportion was in Montenegro (30%), where educational trip purpose was more common
than in any of the other countries (25%). Current transport mode used for the reported regular trip
showed that around 70% used private cars. Out of all countries, the sample from Hungary had the
highest transit share (31%).
4.2. Modal Split and Choice Patterns
Across all choice decisions, regular car was the preferred option with 70% of choices, compared
with 30% AV choices. While regular cars were preferred over AVs in all countries, Iceland and UK had
the most regular car choices, demonstrating skepticism and reluctance towards AVs, while Slovenia
and Cyprus had the most AV choices (see Figure 2).
Choice patterns were examined on the individual level to capture nontrading behaviors. Within
this context, nontraders are individuals who exhibit a lack of sensitivity to the attribute’s variation,
i.e., choosing the same alternative consistently throughout all choice scenarios. Only choices from
individuals who had at least four choices recorded were included in this analysis. UK was removed
from this analysis as the sample size (n = 79) was too small to ascertain consistent response patterns that
allow for significance. Across the data set, 9% of choice sets showed exclusive AV choices, compared
with 45% CAR choice sets. Nontrading patterns across all six countries are illustrated in Figure 3. It can
be noted that Hungary, Slovenia, and Cyprus have the most AV consistent choices (i.e., choosing AV
exclusively), while Iceland has the most CAR consistent choices. Overall, consistency in CAR choices
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was higher in all countries compared with AV choices, indicating major reservations towards AVs and
nontrading behaviors of familiar alternatives.
Table 9. Characteristics of the regular trip as reported by the respondents: trip purpose and
transport mode.
Frequency (Percentage %)
Trip purpose
Business journey
Work
Shopping
Leisure
Education
Passenger pick-up
Social visit
Others
Total
Transport mode
Private car
Public transit
Shared car
Shuttle
Combination
Motorbike
Private bicycle
Shared bicycle
Scooter
Walking
Others
Total

Cyprus

UK

Slovenia

Montenegro Hungary

4 (2%)
98 (62%)
20 (13%)
6 (4%)
12 (8%)
10 (6%)
6 (4%)
2 (1%)
158 (100%)

1 (1%)
47 (60%)
13 (16%)
5 (6%)
8 (10%)
1 (1%)
4 (5%)
79 (100%)

11 (4%)
166 (61%)
23 (8%)
15 (5%)
41 (15%)
4 (1%)
11 (4%)
3 (1%)
274 (100%)

23 (7%)
96 (30%)
34 (11%)
43 (13%)
81 (25%)
10 (3%)
29 (9%)
5 (2%)
321 (100%)

137 (87%)
4 (2%)
6 (4%)
1 (1%)
1 (1%)
4 (2%)
1 (1%)
4 (2%)
158 (100%)

43 (54%)
13 (16%)
1 (1%)
2 (2%)
11 (14%)
1 (1%)
8 (10%)
79 (100%)

213 (78%)
18 (7%)
9 (3%)
6 (2%)
1 (0%)
14 (5%)
1 (0%)
5 (2%)
7 (3%)
274 (100%)

187 (58%)
41 (13%)
19 (6%)
10 (3%)
8 (2%)
7 (2%)
7 (2%)
3 (1%)
4 (1%)
28 (9%)
7 (2%)
321 (100%)

Iceland

Total

22 (8%)
178 (62%)
31 (11%)
21 (7%)
10 (3%)
20 (7%)
3 (1%)
285 (100%)

11 (2%)
313 (57%)
108 (20%)
32 (6%)
45 (8%)
14 (2%)
21 (4%)
8 (1%)
552 (100%)

72 (4%)
898 (54%)
229 (14%)
122 (7%)
187 (11%)
49 (3%)
91 (6%)
21 (1%)
1669 (100%)

152 (53%)
88 (31%)
3 (1%)
11 (4%)
2 (1%)
8 (3%)
1 (0%)
2 (1%)
18 (6%)
285 (100%)

430 (78%)
32 (6%)
7 (1%)
2 (0%)
6 (1%)
2 (0%)
40 (7%)
1 (0%)
20 (3%)
12 (2%)
552 (100%)

1162 (70%)
196 (12%)
45 (3%)
13 (1%)
34 (2%)
16 (1%)
81 (5%)
5 (0%)
6 (0%)
67 (4%)
44 (2%)
1669 (100%)

Figure 2. Choice proportion by country.

4.3. Parameter Estimates
A LK type model with panel effects was estimated using Pandas Biogeme [55], using 2000 Modified
Latin Hypercube Sampling (MLHS) draws which were found empirically sufficient for parameter
convergence. A joint model for all countries was estimated, as well as six country-segmented models.
To account for serial correlation, a random parameter (RP) normally distributed across individuals,
for each alternative’s constant was specified [49]. The results of all seven models are summarized in
Table 10, with the t-test of each parameter presented in parentheses. All parameters of the joint model
are significant at the 5% level. For the country segmented models, insignificant parameters were kept
in the model for comparative purposes.
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Figure 3. Consistent and mixed choices by country.

Example utility functions for individual n are given as:
Un AV = [ASCAV + ASC_RPAV ∗ random.draws] + βtt ∗ Travel.time(n) + βtc ∗ Travel. cos t(n)
+βwoman ∗ Is.woman(n) + βage>59 ∗ Is.older(n) + βhighincome ∗ High.income(n) + βu sec ar ∗ Use.car(n)

(5)

Un CAR = [0 + ASC_RPCAR ∗ random.draws] + βtt ∗ Travel.time(n) + βtc ∗ Travel. cos t(n)

(6)

A likelihood ratio test between the likelihood of the restricted joint model and the sum of
likelihoods of the country-segmented models was conducted to test if the model parameters are
statistically different among the six countries. The hypothesis of equal model parameters was rejected
at the 5% level, establishing significant differences in behavior between the countries and justifying
the use of a full country segmentation using the six country-segmented models. The hypothesis of
alternative specific cost and time parameters within each country was rejected in all models except for
the Iceland model, where alternative specific parameters for time were found significant. Originally,
all cost values were presented in local currencies, but were converted to Euros based on contemporary
exchange rates for comparative purposes. The parameters included in the final models were chosen
based on the joint model significance: woman dummy, currently use private car for the regular trip
dummy, age over 59 dummy, and a high-income dummy. As each country had 20–25 local currency
income bands based on national statistics, the dummy for high income was defined based on the
highest 8–9 income bands, so this variable is relative to each country’s sample. Socio-demographic
variables as well as current travel habits were modeled in the utility function of AV, while CAR served
as the baseline.

Sustainability 2020, 12, 9765

15 of 22

Table 10. Mixed multinomial logit heteroskedastic error component (LK) models estimates.
Parameters Estimates (t-Test)

Joint Model

Cyprus

United Kingdom

Slovenia

Montenegro

Hungary

Iceland

AV alt. specific constant (ASC)
AV ASC RP
CAR ASC RP
Travel cost (generic)
Travel time D2D (generic)

−1.02 (−5.25)
2.11 (3.92)
2.43 (5.16)
−11.00 (−17.80)
−5.97 (−15.50)

1.78 (1.38)
2.30 (2.45)
4.94 (4.72)
−25.50 (−5.40)
−12.60 (−5.23)

−2.30 (−1.90)
3.50 (3.53)
0.16 (0.05)
−42.90 (−3.92)
−23.80 (−3.83)

−0.83 (−1.48)
−2.53 (−4.00)
−2.10 (−3.06)
−8.78 (−7.47)
−6.04 (−6.78)

−0.69 (−2.53)
−1.32 (−1.38)
1.85 (2.68)
−4.51 (−4.61)
−2.52 (−4.93)

−1.41 (−2.61)
3.77 (4.69)
2.70 (2.70)
−14.90 (−6.35)
−6.35 (−6.54)

−1.71 (−2.31)
4.78 (5.7)
2.13 (1.53)
−28.00 (−9.66)
-

Travel time D2D (alt. specific: AV)

-

-

-

-

-

-

−29.90 (−8.52)

Travel time D2D (alt. specific: CAR)

-

-

-

-

-

-

−24.70 (−8.68)

Woman dummy (AV)
High income (AV)

−0.65 (−2.99)
0.76 (2.70)

−1.61 (−1.55)
1.81 (1.49)

0.05 (0.04)
3.39 (2.48)

0.57 (0.98)
0.24 (0.43)

−0.34 (−0.99)
0.57 (0.87)

−0.12 (−0.13)
−0.52 (−0.48)

−2.57 (−3.81)
2.03 (1.89)

Older age dummy (age > 59) (AV)

−1.38 (−5.05)

1.69 (0.84)

−4.03 (−2.30)

−2.12 (−2.07)

−0.79 (−0.65)

−0.37 (−0.52)

−2.94 (−4.03)

Use car dummy (AV)
Number of individuals
Number of observations
Initial log—likelihood
Final log—likelihood
Number of MLHS draws

−0.47 (−2.26)
1669
7163
−3844
−3200
2000

−4.11 (−2.74)
158
702
−402
−316

−2.23 (−1.89)
79
294
−156
−88

−0.08 (−0.13)
274
1091
−707
−540

−0.71 (−2.24)
321
1516
−837
−779

−1.03 (−1.57)
285
1289
−649
−553

0.50 (0.687)
552
2271
−1574
−756

Sustainability 2020, 12, 9765

16 of 22

4.4. Models Parameters Inference
The parameters of cost and time were significant for all countries as well as for the joint model,
and with the expected negative signs: as travel cost or travel time increases, the utility obtained from
choosing this mode is likely to decrease. Value of time (VoT) estimates are subsequently discussed.
In the joint model, women preferred CARs over AVs. This result is consistent with previous research,
showing that men tend to favor AVs more than women. This could possibly be explained by affective
reactions or higher concern with AVs [40,56]. This tendency is significant only in Iceland, where the
woman parameter is the only country specific significant one and the most negative one. In the joint
model, individuals with high household income tended to favor AVs over CARs. This can be explained
by their ability to afford the anticipated higher trip cost of AVs. However, the high household income
parameter was significant only in the UK’s and Iceland’s models, and its influence was the strongest in
the UK model. This is an interesting result, considering that the UK and Iceland are on average relatively
more affluent than the other countries. They also have the lowest AV choice proportion and AV choice
consistency, indicating larger reservations towards AVs. This finding implies that AVs acceptance is
not as strongly affected by income in the other countries compared to the UK and Iceland. In other
words, less affluent countries (see Table 11 for GDP per capita estimates) show higher AV acceptance
regardless of income class, while in the more affluent countries, it is the wealthier individuals who are
more likely to choose AVs. In the joint sample, older individuals over the age of 59 preferred CARs
over AVs. While younger individuals tend to be more open to new technologies, older individuals
are usually more set in their ways [12] and may feel uncomfortable around technological innovations
such as AVs, that may be perceived as a distant future option for them. While older age significantly
decreased the utility obtained from AVs in UK, Slovenia, and Iceland, it had the strongest influence in
the UK. Older age was insignificant for Cyprus, Montenegro, and Hungary. Individuals who currently
use a car for their regular trip in the joint sample, favored private CARs over AVs. This could be
explained by their access to a private car, the force of a habit, their trust and familiarity with this mode
and pleasure derived when driving. Currently using car, decreased the probability to choose AVs
in Cyprus, UK, and Montenegro, while the parameter for Cyprus was the most negative. The effect
of a dummy variable for whether the respondent currently uses a car for the trip was insignificant
for Hungary, Slovenia, and Iceland. The AV ASC showing the tendency to favor AVs while all other
parameters kept equal, were negative and significant in all models except those of Cyprus and Slovenia
where they were not significantly different from zero. This shows that individuals from Cyprus and
Slovenia are the most likely to favor AVs. UK had the lowest (most negative) ASC, indicating that
individuals from the UK are the least likely to favor AVs, followed by Iceland and Hungary.
Table 11. Value of Time (VoT) and GDP per capita by country.
Country

GDP Per Capita (EUR)

VoT (EUR Per Hour)

Sample Size

Joint model
Cyprus
UK
Slovenia
Montenegro
Hungary
Iceland

23,543 (3)
35,748 (2)
21,766 (4)
7464 (6)
13,923 (5)
56,612 (1)

33
30 (4)
33 (3)
41 (2)
33 (3)
26 (5)
64 (AV) | 53 (CAR) (1)

1669
158
79
274
321
285
552

4.5. Value of Time Analysis
VoT estimates are compared to the GDP per capita [57] of each country for the year 2019 (Table 11).
VoT estimates are higher than expected [53], potentially due to the hypothetical nature of the choice
scenarios, whilst at the same time reflecting the high uncertainty surrounding AV deployment across
countries of different size and GDP per capita. This is an important finding for policy makers which
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needs to be further explored through further research and analysis. Nevertheless, it is interesting to
compare their relative value, and their relative rank (presented in parentheses in Table 11).
Out of the six countries, Iceland has the highest VoT with the VoT of AV being higher than that of
CARs. Given Iceland’s national wealth, it is no surprise that it has the highest VoT. It is an interesting
finding that the calculated VoT for AV travelers from Iceland is higher than that of car users. Although
still being debated by scholars [58], some studies suggest that VoT of AVs would be lower than that of
regular cars’ given traveler’s ability to engage in other activities while traveling (multitasking) and
therefore they may be less sensitive about their time [4,59]. However, the current finding suggests that
travelers who choose AVs are more likely to be wealthier, and the user type effect is stronger than the
mode effect in this case, raising sustainability related concerns. While the correlations between the
rankings of the GDP and VoT are mostly evident, some rankings are inconsistent. While Montenegro
has the lowest GDP per capita, their VoT ranking is third, and similar to the UK one. Furthermore,
Slovenia has the second highest VoT ranking, higher than the UK one, while their GDP per capita is
fourth. The differences between the GDP and VoT rankings can be either an indication of cultural
differences or the result of insufficient sample size or insufficient samples, both of which are issues
which need to be further addressed in future surveys, based on these findings which highlight the
complexities of conducting such surveys at international level.
5. Discussion and Conclusions
The way policy makers and transportation planners plan for the possible introduction of AVs is
crucial to how this technology may be accepted or rejected in different countries, and consequently,
what impact their deployment will have on society and wider sustainability goals. Studying the factors
which influence AVs acceptance, can facilitate the guidance of resources to appropriate directions
and guide the future research of a more acceptable vehicles [9]. Discrete choice models allow the
exploration of tradeoffs between different attributes of the alternative (e.g., travel time and cost) and
of the individual (e.g., socio-demographic attributes), that influence mode choice. Previous studies
used discrete choice models to identify the characteristics of potential early adopters of AV’s [12,24,60],
but none used data from multiple countries to model national differences in AV acceptance. This study
fills this gap by modeling the choice between conventional regular cars and private AVs among six
European countries. To the best of our knowledge, no research has previously applied discrete choice
models to AVs acceptance among more than two countries, and particularly in such diverse EU, non-EU
and EEA countries. The effects of travel time, travel cost, gender, age, income, and current travel habits
are quantified in a joint model as well as six country-segmented models, using a logit kernel model
with panel effects.
Overall, large hesitations towards AV acceptance exist across all countries, with 70% of choices
being regular cars. We found that individuals from Slovenia and Cyprus are the most likely to favor
AVs, while individuals from wealthier countries, UK and Iceland, show the largest reservations towards
them. While we could not find comparable research for most countries, it was previously reported that
78% of individuals from the UK express some level of concern regarding AVs [40], which is also in line
with Eurobarometer 2020 survey findings [61].
We found that men favor AVs more than women do, which is consistent with previous findings
that found that men were more willing to purchase AVs [1], and would pay more for them [40].
Additionally, older individuals may be more hesitant towards AVs and prefer private conventional
cars, a preference which was previously established [12]. According to our findings, this effect was
especially prominent in the UK. As AVs are more likely to be preferred by individuals with higher
income, it seems that affordability may play a significant role in mode choice. From the perspective of
policy makers, it is important to provide cost-efficient automated modes, which will be accessible to
travelers of different income groups, such as shared automated vehicles. Current modal preferences
may also serve as predictors for future AV acceptance, since current private regular car users, tend to
be more hesitant towards AVs than other modes users. This effect was especially prominent in Cyprus,

Sustainability 2020, 12, 9765

18 of 22

where car ownership was the highest among all collected samples, perhaps reflecting the high car
dependency on the island.
Reservations towards AVs can also be emphasized by consistent choices that capture non-trading
behavior: only 9% of choice sets showed consistent AV choice pattern, compared with 43% of regular
car choice sets. Table 12 summarizes the results of the overall AV choices, consistent AV choices and
alternative specific constant (ASC) model estimates, to illustrate the differences in AV acceptance
among the six countries.
Table 12. AV acceptance as captured by AV choices, AV choice consistency and AV alternative specific
constant (ASC).
Cyprus

UK

Slovenia

Montenegro

Hungary

Iceland

Number of
observations

158

79

274

321

285

552

AV choices (%)

34%

24%

37%

32%

33%

22%

AV consistent (%)

11%

-

10%

7%

14%

5%

ASC parameter
(t-test)

1.78 (1.38)

−2.30 (−1.90)

−0.83 (−1.48)

−0.69 (−2.53)

−1.41 (−2.61)

−1.71 (−2.31)

It can be noted that Cyprus and Slovenia show the highest AV choice proportion, as well as the
most AV consistent choices and largest AV ASCs (not statistically significantly different from zero),
indicating that AV acceptance is predicted to be the highest in these countries. Hungary shows a
large proportion of AV choices and the highest AV consistency. Respondents from Iceland and the UK
seem to be the most hesitant towards AV acceptance as captured by low proportion of AV choices,
AV consistency, and the most negative ASCs. An interesting result is that the wealthier countries,
Iceland and UK, show the least AV acceptance. These findings could also represent higher exposure
and familiarity in AV-related developments and policies, which certainly requires further research
regarding AV and automated transport training and education.
Study Limitations and Directions for Future Research
An inherent limitation within all SP data-based studies is the hypothetical nature of scenarios that
might not reflect realistic behavior. Uncertainty, current expectations, and perceived risks can influence
choice [62,63]. Additionally, this method’s critics claim that its findings can suffer from hypothetical
bias. Hypothetical bias is over- or underestimation in respondents’ choices due to the fact that the
decisions are not concrete, i.e., respondents are not required to act on their stated preferences [64].
In addition, basing policy-making on users’ attitudes, behaviors, and choices can be problematic due
to the ‘value-action’ gap [65]. Once automated modes become available to the public, for example
through an increased number of AV trials worldwide, it is important to conduct comparable revealed
preferences studies and compare the results of stated and revealed preferences surveys. Furthermore,
while the questionnaire was the same for all countries, there were unavoidable inconsistencies in data
collection indifferent countries. The data were collected by different country coordinators and through
various distribution channels, through January–July 2020, with the COVID-19 pandemic outbreak
in Europe falling in the midst of data collection. There was also a lack of standardization between
countries in the collected data, with regards to the socio-demographics of the samples and the sample
sizes, which most probably influences comparability of our samples. Therefore, additional research
with larger sample sizes and a better coordinated approach should be carried out. Further research
should include more countries and more automated modes such as shared automated vehicles and
automated transit as well as slow modes such as walking, biking, and micro-mobility modes such
as e-scooters, to explore the full range of AVs acceptance. Likewise, more specific research can be
performed on a country-specific level to quantify the AV acceptance within the context of a country’s
culture, socio-demographics, and current transport behavior.
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