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Abstract: Autonomous vehicles (AV) have the potential to disrupt the entire transport industry.
AV may bring many opportunities as for example reduction of road accidents, less congestion on
the roads, and a lower number of vehicles that are better utilized. Full AV also brings new social
element as they enable mobility for all. In addition, the use of digital technologies in combination
with AV introduces new business models in transportation, where the lines between car ownership,
rental, and lease modes are more and more blurred. To explore the potential of AV in a smart city
context, the AV Living Lab was created on the premises of BTC City in Ljubljana, Slovenia, in 2017.
The AV Living lab was created to test and to learn about real-life solutions for implementation of
AV. The underlying concept is BTC City as a Living lab innovation ecosystem, where the latest
advanced technologies, business models, and services are tested with real users, real cars, on real
roads over the real interactions in a cross-industry environment. In this paper, we describe the AV
Living Lab concept and provide details of a specific use case—a large-scale pilot demonstration of
AV and future mobility solutions. During the event, users participated in a survey and expressed
their attitudes towards autonomous mobility. The results offer the first insights into the readiness
of citizens for AV implementation and directs future actions needed for faster adoption of AV and
future mobility solutions.
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1. Introduction

Fully autonomous vehicles (AV) have the potential to fundamentally disrupt and change current
mobility systems [1–3]. AV are associated with a variety of possible positive societal impacts. It is
expected that travel will become safer with fewer road accidents [2,4–6], cheaper [6,7] and available
for all, including children, elderly and disabled people [4,6,8–10]. Beside the aforementioned direct
impact, AV will also introduce new business models in transportation. Lines between different
models as for example car ownership, rental, lease and sharing will be more and more blurred. It is
estimated that change of ownership models will result in a substantial reduction of the number of
total vehicles [1,4,7,9,11]. Consequently, there is expected to be less congestion on the roads [1,12].
Although these estimations are suggesting a very positive impact of AV on future mobility, the overall
impact of AV has yet to be researched [6].

However, big changes in the mobility systems seem to be around the corner. AV together
with electrification and sharing models are bringing more sustainable mobility solutions in the
future [4,5,8,13,14]. It is predicted that up to 40% of the mileage driven in Europe could be done by
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AV by 2030. By the 2030, over 95% of new car sales are expected to be at least partially electrified
and 55% fully electrified [15]. Automaker and technology giants are making huge investments in
self-driving initiatives. AV have different levels of automation and there are multiple definitions for
them. The Society of Automotive Engineers (SAE) provides classification that defines five levels of
automation. The cars are fully autonomous when they reach Level 5 (full automation) [16]. In Europe,
vehicles are currently classified predominantly as Level 0 or Level 1, with only rare exceptions of Level
2 (Mercedes E-Class) and Level 3 (Audi A8). It is predicted that in 2030, the majority of vehicles will be
classified as Level 2 and Level 4 [15].

Despite fast technological development, which drives innovation in the field of AV, user acceptance
of automated and autonomous mobility solutions will play a significant role in transportation
transformation in the future. Several studies investigated different factors influencing user acceptance
of AV from different perspectives [2,4,17–27]. However, only a few studies have assessed the user
perception of AV after the real life experiences [25,27]. Existing surveys [2,20,21,28] show positive
attitudes towards AV. However, (potential) users have exposed also different concerns, primarily related
to safety, cybersecurity and availability (high costs).

Self-driving cars are considered as disruptive innovation and as such fit the idea of Schumpeter,
who described innovation as a destructive process that challenges current best practices by superseding
existing products or processes with new ones (creative destruction) [29]. People usually react with
caution and wariness to “new things” and “change” [29,30]. In the worst case they may react also
with resistance [29,31]. For that reason, it is important to introduce innovations, their benefits and
effects on current practices from the early stage of innovation evolvement in as real environment
as possible. In addition, engagement of the users into co-creation activities will result in solutions,
tailored to the real needs of users. The user-oriented and customer-focused approach stimulating
development of innovative products and services aligned with the needs of end-users is called a living
lab [32–34]. In a broader sense, a living lab is a technologically socio-economic approach, which is used
as a strategy for the development of products, services, innovation, and adaptation [35,36]. A living lab
is an environment in which stakeholders—researchers, developers and users—are working together
to develop innovative product, service or solution, in accordance to users’ needs, in the shortest
time possible, and test it in a real environment [34,37]. Such an approach engages end users in the
co-creation of innovation [38,39].

Following these innovation concepts, the AV Living Lab was created in BTC City in Ljubljana
in Slovenia in 2017. BTC City is one of the largest business, leisure and shopping centers of Europe.
With 21 million yearly visitors, 38,000 cars per day, spread over 475,000 m2, with 450 shops and
services, and 3000 businesses, BTC City provides a physical and virtual environment for AV Living Lab.
It provides the physical and technical infrastructure and ecosystems to experiment, develop proof of
concepts, demonstrations and pilot operations of innovative new products, applications, services and
business models [40].

The aim of this paper is to present AV Living Lab as a unique innovation ecosystem for development,
demonstration and assessment of future autonomous mobility solutions in Slovenia. We present the AV
Living Lab physical and technological capabilities. As an example of utilization of this infrastructure,
we present the first prototype solution—mobile application cars on miles, which was designed based
on new technologies (such as blockchain and sentiment based personalized recommender system).
The mobile application enable users to rent AV as a service, to use an insurance on demand service,
and to order accompanying services recommended by sentiment based recommender system. As an
example of demonstration activities, we present the TEN-T Days event that was co-organized by the
European Commission, BTC and AV Living Lab [41] for the occasion of the official opening of the AV
Living Lab. During the event four types of automated vehicles (advanced Level 2, Level 3, Level 4)
were tested. In addition, driving simulator and pedestrian safety were demonstrated. Besides the AV
demonstration, the aim of this event was also to assess the participants’ readiness for AV vehicles and
future autonomous mobility solutions. For that reason, researchers and representatives of the AV Living
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Lab created the questionnaire and conducted the survey. Out of 1100 participants 153 participated in
the survey. This study provides first insights into user perception and readiness for future autonomous
driving solutions in Slovenia. Insights from the results are useful for AV Living Lab stakeholders as
well as decision makers to promote and further design technologies, solutions, business models and
policies for faster implementation of future autonomous mobility solutions. The overall presented case
of AV Living Lab, with insights from its capabilities, operations models, solutions and activities could
be of interest for other living labs and stakeholders operating in the field of autonomous mobility to
exchange good practice in the field.

2. Literature Review

2.1. Autonomous Vehicles (AV) and Their Adoption

Nowadays, for passengers as well as pedestrians safety is a key concern in the automobile sector.
Advanced technologies enabled the development and implementation of passive and active safety
systems, and more recently advanced driver-assistance systems (ADAS) in vehicles [42,43].

Based on the safety systems implemented in vehicles, the Society of Automotive Engineers (SAE)
classified automated driving on a 5-level scale, with Level 5 (full automation), being the most advanced,
requiring no human intervention, even in driving in most demanding environments and under any
driving scenarios [16]. Currently available automated driving technology implemented in cars can be
labeled as Level 2—partial automation, and Level 3—conditional automation [44]. Level 2 (partial
automation) is available in current serial production cars, while Level 3 (conditional automation) is
available in small-scale produced vehicles [45]. There are also shuttle buses in operation that are
already achieving Level 4 (high automation). For example, the Navya company provides autonomous,
driverless and electric solutions for sustainable transportation [46].

Automated driving is closely related to broader changes going on in transportation systems, a shift
towards intelligent road solutions (ITS), active communication between vehicles and infrastructure (V2I),
and vehicles to other surroundings in general (V2X). The next generation of cellular communications,
5G, will play a significant role in connected vehicle communication (C-V2X), that already started
with the ratification of LTE-V2X (PC5) mode on existing 4G/LTE mobile networks, but will require
substantial infrastructure investments [47].

AV bring many positive impacts in future mobility such as, for example, enhancement of
safety [2,4,5,48], possibilities of transportation for children, older and disabled people [4,8,10],
reduction of space required for parking, less congestions on the roads [20], and possibilities for
improvement of efficiency of the mobility system [48]. In addition, AV, electrification and sharing
models are bringing more sustainable mobility solutions [4,5,8,13,14].

However, each innovation takes time before its full adoption and driverless vehicles will only
become successful if they are accepted by users [21]. For that reasons several authors investigated
perceptions of users of AV from various perspectives. For example, results of the survey of 3500 British
transport professionals showed that 88% of respondents expected Level 2 vehicles to be implemented
on the roads by the year 2040, while 67% and 30% believed the same for level 3 and Level 4 vehicles; 60%
of respondents expected AV to be safer than existing vehicles [49]. A study among 3308 participants in
US found out that approximately one third of the younger adults under 45 years were more open to
full automation, while older drivers were more likely to endorse being comfortable with systems that
assist the driver and that do not require them to give up control [28]. Results of the survey among
467 respondents about opinions on AVs in the US showed that approximately 30% of respondents
expressed interest in adopting AV technology 4 years after its introduction on the market. The same
proportion of respondents were willing to spend more than 5000 USD to adopt full automation in their
next vehicle purchase; 82% of the respondents recognized safety as the most important factor affecting
their adoption of AV, while legislation (12%) and costs (6%) seemed to be less important inhibiting
factors [24]. A study among 1260 individuals in US found out that the average household is willing to
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pay about 3500 USD for partial automation and 4900 USD for full automation [50]. A study among
721 individuals in Israel and North America showed that technology interest, environmental concern,
enjoyment of driving, public transit attitude and pro-AV sentiments effect on AVs adoption. This study
also showed that early adopters of AVs will likely be young, students, more educated and those willing
to spend more time in vehicles. In addition, 75% of individuals would use a shared-autonomous
vehicle, if it would be freely available [51]. Study done among 1603 participants in Germany was
focused on analyzing gender differences and effects of anxiety on the willingness to use automated
cars [26,52]. The majority of 1533 respondents from the UK, USA and Australia thought that AV
would result in both fewer and less severe collisions. The participants were most concerned about
equipment failures resulting in safety consequences. Furthermore, participants were very concerned
about AV offering no control for them to take over driving. The concern seemed to lessen with the
smaller vehicles [53]. Concerns about systems or equipment failure and hacking or misuse of the
systems were also detected in other studies [2,22,53]. A survey among 925 participants in UK revealed
that 19% of participants were positive towards AVs, while the same percentage were uncertain over
computer viruses or hacking, while 18% were conditionally accepting the AV and were still concerned
that something could go wrong [20].

A study among 5000 respondents from 109 countries showed that respondents, on average,
found manual driving to be the most enjoyable mode of driving and 33% indicated that fully automated
driving would be highly enjoyable. 22% of the respondents disagreed about paying for a fully
automated driving system, whereas 5% indicated they would be willing to pay more than $30,000.
It was estimated by 69% of respondents that fully automated driving will reach a 50% market share
between now and 2050 [22]. It is interesting that 3040 survey participants in Denmark preferred
car ownership rather than sharing solutions in the future scenarios; 22% of respondents considered
also residential relocation as a consequence of the possibility of working in the car [54]. In addition,
302 survey participants in Germany suggested that private cars, whether conventional or fully
automated, will remain the preferred travel mode. Sharing models seem to benefit from full automation
more than private cars. In addition, findings indicate that the growth of the sharing model will
mainly be in public transport. This shows that for the development of sustainable mobility more
emphasis should be placed in making public transport more attractive [19]. Another study in France
surveyed 425 participants. Study revealed that most attractive benefit of automated buses would be
lower bus fares because of no driver costs. Two third of study participants would consider taking an
automated bus, if both automated and conventional buses were available. Study participants were
most concerned about passenger security, considering driving in an automated bus, especially during
the night. More than half of the study participants expressed that they would consider using
automated cars, if they become available. Three quarters of participants were interested in owning
an automated car, while one quarter was more interested in sharing automated cars using services
such as car-sharing, car-pooling, or taxis [27]. The survey of 7755 respondents from 116 countries on
their acceptance of driverless vehicles, attitudes towards technology, knowledge of mobility-related
developments, and sociodemographic characteristics showed that respondents considered driverless
vehicles easy to use and convenient. Respondents would use 100% electric driverless vehicles in public
transport. Respondents rated the perceived enjoyment of taking a ride in driverless vehicles positively.
Respondents consider retaining some degree of control over the driverless vehicle as important [21].
This perception is in line with results of the study of Shoettle and Sivak [53].

A semi-structured interview of 44 passengers who travelled a predefined route in a driverless
shuttle bus in Finland showed that a vehicle without a human driver was not considered as a problem
for the passengers. Passengers felt safe and secure in the AV. Passengers’ perceptions were similar
to when travelling by a metro or a tram, where there are no or very rare interactions with a driver.
The results showed that people are much more intolerant of accidents caused by AV than by humans.
The study also revealed that positive attitudes towards AV can be supported by giving people
possibilities to try AV in a safe, real-life environment [25]. The next study in a form of semi-structured
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interviews among 60 participants in Germany showed the growing dominance of multimodal mobility
and the declining role of private cars in everyday mobility in dense urban areas. This shows a potential
for alternative mobility solutions including car-sharing models [55].

2.2. Living Labs

Originally the living lab concept (in the context of physical developments) was first mentioned
as such by the Massachusetts Institute of Technology (MIT), Boston by professor William Mitchell,
MediaLab and School of Architecture and city planning [33,56]. The main aim of this concept
was to identify and provide the potentials of users’ contribution for successful innovations in
production-consumption systems [56,57]. In 2005, Living Labs were mentioned in the context of
information and communications technology (ICT) solution development. The aim at that time was
to bring users and consumers into the system of innovation and benefiting of a larger mass of ideas,
knowledge and experiences [33,57]. With years, Living Lab as a user-centered innovation ecosystem has
been recognized as a potential platform to boost innovation in Europe. Therefore, in November 2006,
under the Finnish European Presidency, the European Network of Living Labs (ENoLL) was founded.
Today ENoLL counts over 150+ active living labs members worldwide (440+ historically recognized
over 12 years). ENoLL facilitates innovation in various domains as for example energy, media, mobility,
healthcare, agro-food, tourism etc. As such ENoLL presents a platform for best practice exchange,
learning and support, and Living Lab international project development [58].

The living lab concept refers to human-centered research and development methodology or
development approach, where (ICT-based) innovations (services, products or application) are created
and validated in collaborative multi-contextual real-world environments [32,33]. They are also
referred as technologically socio-economic approach [32,34,35,37,59], innovation [60] or experimental
platform [61]. Human in a center is in the focus in various roles as for example a citizen, user, consumer,
worker etc. . . . [33]. Living lab differs to other human-centric approaches as it puts users in the center
of co-design process, where users and developers (and other stakeholders) actively work together
creating the new solutions [33,59,62]. Living labs are usually ICT driven, and therefore stakeholders
jointly develop and test new and innovative technological developments within the framework of
a co-design and an open innovation processes [57,60]. Another important characteristic of a living lab
is that it involves a large variety of stakeholders as for example university and research organizations,
small and medium enterprises (SMEs), industry, ICT enterprises, civic sector and public partners and
engage them into the co-creation of innovation [32,38,39]. The living lab approach is thus based on
the quadruple helix model of (innovation) partnership, where government, industry, the public and
academia work together and produce innovative solutions [57,63]. Recently also cities around the
globe adopted these concepts and became platforms for innovation economy. The City as a Lab is
a new and unique concept that goes beyond an internal/external lab environment and is transferred to
a whole city ecosystem. Cities are increasingly becoming living laboratories for rapid prototyping,
applying novel digital technologies and testing innovations for complex challenges [64].

Living labs as a real-world innovation environments address certain thematic as well as spatial
areas [57]. Therefore, it is not surprising that living labs can be found also in the field of smart mobility.
Besides AV Living Lab in Slovenia, there are also other living labs as for example the Smart mobility
living lab in London [65], the Israel living lab for smart mobility [66], TUM (Technical University
Muenchen)-living lab connected mobility [67] and the Catalonia living lab for connected and automated
driving [68].
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3. Materials and Methods

3.1. AV Living Lab

3.1.1. AV Living Lab Founders

AV Living Lab was created in BTC City in Ljubljana in Slovenia in 2017. The founders of AV
Living lab are BTC enterprise and the Automobile Association of Slovenia (AMZS). BTC is retail,
property management and logistics enterprise with 65 years of tradition. It operates BTC City Ljubljana,
one of the largest business, shopping and leisure centers in Europe. AMZS is a national automobile
association, safe driving center and largest provider of roadside assistance. The association has more
than 110 years of tradition. The AV Living Lab is supported also by DARS—Company for motorways
of the Republic of Slovenia and Ministry of infrastructure of the Republic of Slovenia. The AV Living
lab also partners with other enterprises, leading ICT solution providers and start-ups in the field [40].

3.1.2. AV Living Lab Capabilities and Services

AV Living Lab operates in the BTC City, which is one of the largest business, leisure and shopping
centers of Europe. It has grown on the foundations of more than six decades of constant business
transformation. The whole BTC City is considered as city as a lab. It provides the physical and
virtual environment for a complete BTC City as a Lab on over 475,000 m2. In the BTC city there are
450 shops, 70 food and drink vendors, entertainment services (multiplex cinema, theater, bowling,
karting, casino), sports center, aqua park and adrenaline park, open market outdoor playground
for children, two business towers, startup accelerator, and 3000 businesses. It provides 8500 free
parking spaces, 4 electric vehicle-charging areas with 22 EV stations, free shuttle bus within the area,
electric vehicle car sharing stations and rent-a-bike. The BTC City with its facilities attracts 21 million
yearly visitors and 12 million cars per year [69,70].

With a high number of daily visitors in a real-life environment, the AV Living Lab is solving
one of the key issues in today’s development and innovation process—rapid prototyping, testing,
and validating. The AV Living Lab offers infrastructure to move solutions (or prototypes) from
technology readiness level, validated in laboratory (technology readiness level 4-TRL4) into relevant
real environment validation (TRL5) or demonstration (TRL6) within a context of a smart city.
Beyond that, it enables long-term operational demonstrations in interactions with other industries
(TRL7). Complete system qualification in a real smart city environment (TRL8) enables testing of
solutions for the next step towards the market (TRL9) [69]. The whole smart city ecosystem is
composed of physical infrastructure, businesses and people and is overlaid with a multitude of data
flows, augmented with sensors and actuators on the main physical assets to monitor and manage the
operation securely (Figure 1). As such, AV Living Lab offers full infrastructure for the autonomous
vehicle driving experience, artificial intelligence, cybersecurity, blockchain with retail applications,
infotainment and vehicle-to-anything communication [70].
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This one-stop ecosystem environment approach shortens the development and deployment cycle
and enables faster entrance to the market with more robust and already tested solutions. It also provides
an intelligent showcase for analyzed use cases that can be demonstrated to potential customers. Figure 2
presents the agile proof of concept (PoC) integration cycle in AV Living Lab from idea, value proposition
generation, prototyping, verifying the prototype, validating the prototype with users and engaging
users for service or solution improvement [70].
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The AV Living Lab’s diverse capabilities provide complex socio technical innovation
infrastructure for autonomous mobility solutions. From technological perspective, the living
lab is offering infrastructure for AV simulation and testing, communication and internet of
things, physical infrastructure, smart grid, mobility applications and services, and cybersecurity.
From a socio-economic perspective, the living lab provides the infrastructure for user involvement,
assessment of their social and psychological perceptions as well as design and validation of business
models for future mobility solutions (Figure 3).
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3.1.3. Cars on Miles Prototype

One of the first prototypes developed in the AV Living Lab is Cars on miles. Cars on miles
is a prototype solution that provides proof of concept for a blockchain-based mobile application.
This application connects users with service providers of autonomous mobility, insurance companies,
retail companies and wellbeing providers, smart city infrastructure, electric vehicle (EV) charging
operator and blockchain service provider. Application infrastructure supports cooperation based on
smart contract management, blockchain technology and on-demand security (Figure 4).
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Based on sentiment face monitoring (recognition of facial mimics) the system converts the mimics
into the mood and offers customized services to the user according to predicted needs (Figure 4) [70].
The application also supports autonomous mobility loyalty program, meaning that a user collects
loyalty points (bonus) as a reward for the AV rental [70]. Users can use bonus points for the services of
different providers, included in the Cars on miles blockchain system [70]. The prototype application
(TRL 4) was tested with a small group of developers and users during the TEN-T Days event (TRL 5).
The application operated without errors. The next steps depend on further development of AV
technology and autonomous mobility marketplace with all involved stakeholders. Figure 5 presents
the architecture of the prototype solution Cars on miles.
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3.2. TEN-T Days Event

3.2.1. TEN-T Days Event Description

Besides development processes, living labs can also significantly contribute to awareness creation
for certain topics among different participant groups. In April 2018, for the occasion of the official
opening of AV Living Lab, the TEN-T Days event was organized in cooperation with the European
Commission, BTC and AV Living Lab [41]. The main purpose of the event was to provide an AV
demonstration, to test the Cars on miles prototype and to assess participants’ readiness for autonomous
mobility solutions.

Awareness building campaign started a month before the start of the event itself and was done
through official TEN-T Days web page, newspapers and banners in Ljubljana to attract the broadest
possible audience. The campaign attracted 1.100 participants, which attended the event. During the
event, several vendors demonstrated automated driving capabilities, mobility, and transportation
solutions for the future. Advanced Level 2 and Level 3 cars: Mercedes Benz, BMW, Magna, Audi were
available for presentation and testing. In addition, a level 3 to level 4 automated bus shuttle Navya was
demonstrated to participants (Figure 6). All vendors provided competent technical teams that offered
questions and answers sessions to individual visitors and demonstration participants. AMZS organized
special pedestrian safety demonstration with a Level 3 car and also provided professional technical
competence on site [71]. NervTech presented the working demo of the driving simulator [72].
The high technical level and marketing exposure of the event assured large, diverse group of visitors,
which actively participated in demonstrations. Many engaged participants also provided high-quality
feedback about the overall experiences with AV.
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3.2.2. TEN-T Days Survey

During the preparation of TEN-T Days, researchers together with AV Living Lab representatives
designed the questionnaire to assess user perceptions of AV and autonomous mobility solutions.
The questionnaire consisted of 41 questions related to current transportation practices, challenges of
autonomous driving, factors for trust building, the purpose for autonomous driving, and possible
activities and accompanying services during autonomous driving. Participants were questioned
immediately after the automated driving or demonstration experience. This enabled us to capture
realistic users’ perceptions of AV and autonomous driving. Altogether, we gathered 153 fully filled-in
questionnaires. Respondents represented ordinary commuters that currently use many means of
transportation. Therefore, they presented a good fit to the future users of autonomous mobility
solutions. The results of the survey are presented in the next chapter.

4. Results of the Survey

Out of 153 participants, 39% were female and 61% were male respondents. The respondents
can be divided into four age groups with the following distribution: 27% respondents fell into
group 18–24 years, 30% respondents in the group of 25–40 years, 36% in the group of 41–65 and
7% of respondents in the group of 65 years or more; 30% of participants have secondary school
education, 32% university degree and 20% college degree. Most of the participants were employed
(56%), the second largest group of respondents were students (22%). This group was followed by
entrepreneurs (8%) and retired citizens (7%). Only 3% of respondents represented the group of
unemployed persons; 89% of respondents already have a driving license, while only 5% of them own
electric vehicle. Tables 1–6 present detailed demographic data of survey participants.

Table 1. Gender of participants.

Gender Frequency Percent Valid Percent Cumulative Percent

Male 91 59.5 60.7 60.7
Female 59 38.6 39.3 100

Total 150 98.0 100
Missing 3 2.0

Total 153 100
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Table 2. Age of participants.

Age Frequency Percent Valid Percent Cumulative Percent

18–24 40 26.1 26.8 26.8
25–40 44 28.8 29.5 56.4
41–65 54 35.3 36.2 92.6

Over 65 11 7.2 7.4 100
Total 149 97.4 100

Missing 4 2.6
Total 153 100

Table 3. Status of participants.

Status Frequency Percent Valid Percent Cumulative Percent

Primary
school 6 3.9 3.9 3.9

Student 33 21.6 21.7 25.7
Employed 86 56.2 56.6 82.2

Entrepreneur 12 7.8 7.9 90.1
Retired 11 7.2 7.2 97.4

Unemployed 4 2.6 2.6 100
Total 152 99.3 100

Missing 1 0.7
Total 153 100

Table 4. Education of participants.

Education Frequency Percent Valid Percent Cumulative Percent

Primary
school 6 3.9 4.0 4.0

Professional
school 7 4.6 4.6 8.6

Secondary
school 45 29.4 29.8 38.4

College 30 19.6 19.9 58.3
University

degree 48 31.4 31.8 90.1

Master
graduate 13 8.5 8.6 98.7

PhD 2 1.3 1.3 100
Total 151 98.7 100

Missing 2 1.3
Total 153 100

Table 5. Yearly household income of participants.

Yearly Household
Income in EUR Frequency Percent Valid Percent Cumulative Percent

Don’t want to
answer 70 45.8 46.4 46.4

Under 20k 22 14.4 14.6 60.9
20k–30k 31 20.3 20.5 81.5
30k–40k 17 11.1 11.3 92.7
40k–65k 8 5.2 5.3 98.0
Over 65k 3 2.0 2.0 100

Total 151 98.7 100
Missing 2 1.3

Total 153 100
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Table 6. Electric vehicle ownership of participants.

Electric Vehicle Ownership Frequency Percent Valid Percent Cumulative Percent

Yes 4.6 4.6 4.6 4.6
No 95.4 95.4 95.4 100

Total 100.0 100.0 100
Missing 2 1.3

Total 153 100

Participants were asked about the means of transportation they were using in their daily life.
There were seven different means of transportation listed in the question: car, walking, bicycle,
public transport, taxi, car renting and car sharing. Participants were asked to mark the frequency of the
transportation use on the scale from 1 to 5, where 1 = Never, 2 = Occasionally, 3 = Monthly, 4 = Weekly,
and 5 = Daily. Results showed that most convenient personal transportation means of respondents
is a private car with the average mark of 4.5 (out of 5), walking is the second most frequent with
average of 3.7, bicycle is the 3rd most commonly used option with average of 2.8, public transportation
is represented with average 2.5, and Taxi with 1.9. The least used means of transportation were car
sharing with 1.8 and car rental as last marked with an average of 1.5 out of 5 (Figure 7).
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In the next section, we present results about participants’ opinions regarding challenges for AV
widespread adoption, trust factors, purpose of the AV use, activities done and possible accompanying
services used during the AV drive. Participants were asked to mark their level of agreement with
statements on the 5-point Likert scale, from 1, meaning strongly disagree or not important at all to 5,
meaning strongly agree or very important.

Table 7 presents participants opinions about the importance of challenges that need to be addressed
before AV widespread adoption. The most important challenge that need to be overcome seemed to
be the legal framework (3.92), followed by cybersecurity (3.66), maintenance of road maps (3.19) and
weather conditions that might influence on safety of driving (3.13). The less important challenge for
participants was artificial intelligence capabilities for autonomous driving (2.91).
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Table 7. Challenges that need to be overcome before autonomous vehicles (AV) widespread adoption.

Challenges N Mean Std. Deviation

Legal framework 152 3.92 1.142
Autonomous vehicle cybersecurity 153 3.66 1.077

Maintaining autonomous vehicles road
maps 153 3.19 1.050

Weather conditions 153 3.13 1.145
Artificial Intelligence capabilities for

autonomous driving 152 2.91 1.112

Valid N (listwise) 151

Table 8 presents the importance of factors for trust building in AV. Participants marked as the
most important factor updated software and road maps (4.48), technically fully functional AV (4.33),
annual inspected AV by authorized service (4.32), AV is ensured (4.20) and that AV has homologation
certificate (4.12).

Table 8. Importance of factors for trust building in AV.

Trust Building Factors N Mean Std. Deviation

Vehicle has updated software and road
maps 153 4.48 0.753

Vehicle is technically fully functional 153 4.33 0.880
Vehicle is annual inspected by

authorized service shop 153 4.32 0.915

Vehicle is ensured 153 4.20 0.967
Vehicle has homologation certificate 153 4.12 1.047

Valid N (listwise) 153

Table 9 presents purposes for AV use. Participants would use AV for personal needs (3.88),
commuting to work (3.82), transport of goods and logistics (3.72), business travel and meetings (3.69),
fun (3.57) and travel (3.5).

Table 9. The purpose of AV use.

Purpose of AV Use N Mean Std. Deviation

Personal needs 153 3.88 1.395
Commute to work 153 3.82 1.430

Goods transport and logistic 153 3.72 1.439
Business travel to meetings 153 3.69 1.434

Fun 153 3.57 1.445
Travel 153 3.50 1.487

Valid N (listwise) 153

Table 10 presents activities that participants would do during the autonomous driving. Most of
them agreed that they would listen to music (4.06), rest (3.88), work (3.5), watch movies (3.39) and
study (3.28).

Table 10. Activities during the autonomous driving.

Activities during Driving N Mean Std. Deviation

Listening to music 153 4.06 1.096
Resting 153 3.88 1.045

Business working 153 3.50 1.338
Watching movies 152 3.39 1.318

Education - studying 153 3.28 1.388
Valid N (listwise) 152
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Table 11 presents possible accompanying services that participants would order during the
autonomous driving. Participants mentioned only three services that they would order during the
autonomous driving: food (3.22), grocery shopping (3.2) and haircut services (2.4).

Table 11. Possible accompanying services during the autonomous driving.

Accompanying Services N Mean Std. Deviation

Ordering food 152 3.22 1.302
Grocery shopping 153 3.20 1.386

Ordering haircut service 153 2.40 1.334
Valid N (listwise) 152

Table 12 presents opinions of participants about readiness of AV for widespread adoption.
The results showed that participants are not yet ready for widespread adoption of AVs.

Table 12. Readiness of participants for AV widespread adoption.

Readiness for Widespread Adoption N Mean Std. Deviation

Autonomous vehicles are ready for
widespread adoption 153 2.80 1.161

Since the mean value for variable “AV are ready for widespread adoption” was calculated
around the neutral value (2.80), we further investigated, if there are any significant correlations
between participants’ perceptions of “AV readiness for widespread adoption” and associated
perceived “challenges for AV adoption”. Table 13 presents Spearman’ Rho correlation coefficient
for “AV challenges”, which identified significant negative correlation (−0.257) at confidence level
0.01 between “AV readiness for widespread adoption” and “AI capabilities”. Significant positive
correlations at the confidence level 0.01 were found between “AI capabilities” and “Weather conditions”
(0.293), “Weather conditions” and “Legal framework” (0.245), and “Legal framework” and “AV
cybersecurity” (0.386).

Table 13. Spearman Rho correlation coefficient for AV challenges.

AV Are Ready for
Widespread

Adoption

Maintaining AV
Road Maps

AI
Capabilities

Weather
Conditions

Legal
Framework

AV
Cybersecurity

AV are ready for
widespread adoption 1.000 0.088 −0.257 ** −0.026 0.035 0.090

Maintaining AV road
maps 1.000 0.103 0.177 * 0.151 −0.050

AI capabilities 1.000 0.293 ** 0.083 0.093

Weather conditions 1.000 0.245 ** 0.179

Legal framework 1.000 0.386 **

AV cybersecurity 1.000

** Correlation is significant at the 0.01 level (2-tailed).

To further investigate perceptions of survey participants on “AV readiness for widespread
adoption” we recoded survey responses into two groups: supporting “AV readiness for widespread
adoption” (N = 49) and not supporting it (N = 66). We excluded neutral responses as we aimed
to asses differences between two groups. To analyze the differences, we used the Kruskal–Wallis
H test. The Kruskal–Wallis H test is a nonparametric test, which determine if there are statistically
significant differences between two, or more groups of an independent variable on a continuous or
ordinal dependent variable [73,74]. Table 14 present results of Kruskal–Wallis H test, which shows that
there are significant differences in perceiving “AI capabilities” between these two groups, χ2(1) = 6.868,
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p = 0.009, with a mean rank of 64,20 for group supporting “AV readiness for widespread adoption”
and 48,29 for group not supporting “AV readiness for widespread adoption”.

Table 14. Kruskal–Wallis test a.

Maintaining
AV Road Maps

AI
Capabilities

Weather
Conditions

Legal
Framework

AV
Cybersecurity

Chi-Square 0.351 6.868 0.030 0.027 0.452
Df 1 1 1 1 1

Asymp. Sig. 0.554 0.009 0.863 0.869 0.501

a. Grouping Variable: AV readiness for Mass adoption Yes/No.

To understand differences between groups discovered by Kruskal-Wallis Test we made comparison
of mean values between different groups considering “AV widespread adoption” (Table 15). As expected,
the comparison between these two groups shows the biggest difference for “AI capabilities” variable.
Survey participant supporting “AV readiness for widespread adoption” do not see “AI capabilities”
as a big challenge (2.69), while survey participants disagreeing with “AV readiness for widespread
adoption” perceive “AI capabilities” as a bigger challenge (3.27).

Table 15. Comparison of mean values between different groups considering AV widespread adoption.

AV Mass Adoption N Mean Std. Deviation Std. Error Mean

Maintaining
AV road maps

No 66 3.14 0.959 0.118
Yes 49 3.27 1.095 0.156

AI capabilities No 66 3.27 1.171 0.144
Yes 48 2.69 1.095 0.158

Weather
conditions

No 66 3.18 1.227 0.151
Yes 49 3.16 1.124 0.161

Legal
framework

No 66 3.82 1.276 0.157
Yes 49 3.92 1.134 0.162

AV
cybersecurity

No 66 3.61 1.135 0.140
Yes 49 3.71 1.155 0.165

5. Discussion

The results of this study offer the first insights into perceptions and readiness of citizens in
Slovenia for the adoption of AV and autonomous mobility solutions. Results of the study revealed
that most commonly used transportation mean of participants is a car, which is followed by walking,
biking and only then public transportation. These results reflect the real situation about current status
of public transportation in Slovenia, which is not on a very satisfactory level. Slovenia is a small
country with 2 million inhabitants and with total area of 20.273 km2. Most of the cities are connected
with bus lines (more or less frequent), while trains are rarely used and the lines are less frequent,
in many cases insufficient to be used for daily commuters. This situation results in high congestion on
the roads. In the last two decades, Slovenia made significant investments into roads infrastructure.
However, railway infrastructure in Slovenia is lagging behind and significant investments are needed
for its reconstruction. This is one of strategic goals of Slovenia and the Ministry for Infrastructure is
already taking steps for the operationalization of the projects that are necessary not just to improve
efficiency of public transportation for citizens but also to preserve international corridors in Slovenia
(for example Mediterranean territory–Baltic-Adriatic corridor) [75]. The modern infrastructure is
a prerequisite for efficient and future transportation solutions.

While discussing the results of our study, we should take into account that the demonstration of
AV and autonomous mobility solutions was organized in a regular, but on this occasion traffic-free,
environment. Despite that, this study showed that safety is the most important factor affecting
the adoption of AVs, which is aligned also with other studies [24]. It is evident that all factors
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affecting trust building in AV were perceived as important by participants. They expect AV to
be technically fully functional and annually inspected by an authorized service provider to avoid
equipment failures and possible hacking or misuse of the system. It is interesting that our participants
estimated the legal framework as the most important challenge that needs to be overcome before
widespread adoption of autonomous driving. This is contradictory to some of the previous studies as
for example [24], where participants indicated that legislation seemed to be less important inhibiting
factor. Another important challenge perceived by participants was AV cybersecurity. This is aligned
with some of the previous studies [2,20,21,53]. However, in our study, participants with driving
licenses are more aware of cybersecurity risks and they consider cybersecurity as more important
challenge than participants without driving licenses. Participants without driving experience seem to
lack awareness and understanding of cybersecurity risks. Although it seems that participants do not
see AV artificial intelligence as an important challenge, further analysis showed that those participants
that perceive AV as not yet ready for widespread adoption consider AV artificial intelligence as a more
important challenge compared to those, who perceive AV ready for widespread adoption. For that
reasons further awareness creation campaigns about AI capabilities for autonomous driving and
possible risks should be done among users. Nevertheless, some serious accidents already happened
on the public roads during autonomous driving.

Although participants expressed that they would use AV for several occasions such as, for
example, personal use, transportation to work, delivery of goods, business transportation, and for
fun and pleasure trips, the majority think that AVs are not yet ready for widespread adoption. This is
aligned with real situation as AVs from Level 2 to Level 4 are expected to be implemented only by
2040 [49]. Although (electric) car sharing models are already available in some of the bigger cities in
Slovenia, our results showed that participants are not yet ready for car sharing as a new transportation
business model. A majority of participants still do not use this service or use it on a very rare occasion.
However, as other new business models and technologies also these will need some time to reach
sufficient maturity for wider adoption.

Our engagements and overall observations confirmed that living labs as innovation ecosystems
can play significant role not just in testing of new technologies (ICT), but also in awareness creation
endeavors. With these activities, living labs stimulate positive attitudes of the public towards
innovations, especially by giving people possibilities to test new technologies and solutions in a safe,
but real environment. A variety of stakeholders cooperating in AV living lab managed to prepare a very
successful event, which engaged 1.100 participants who were able to experience highly innovative
autonomous mobility solutions. Without strong engagement and collaboration of all stakeholders,
this would not be possible. In addition to showcase and experimentation with the newest AV and
innovative mobility solutions, technological partners together with business partners developed,
tested and demonstrated new ICT-based concept and business model “Cars on miles”. Overall findings
once again confirmed that technology is already available and per se doesn’t present a challenge.
However, diffusion of each innovation takes time and effort. Real challenges often lie in proper
implementation of innovation in real business environment. For that purpose, the maturity of
whole ecosystem should be achieved from perspective of technology, infrastructure and legislation.
Beside that, readiness of technological and business partners as well as end users should be achieved.
In this endeavor, living laboratories as catalysts for change and innovation will play an important
stimulating role.

6. Conclusions

In this paper, we presented the case of the AV Living Lab as a unique innovation ecosystem for
development and promotion of future autonomous mobility solutions in Slovenia. Beside the
introduction of physical and technological infrastructure available to various stakeholders for
co-creation of innovative future mobility solutions, we also presented the role of living labs in
introduction of innovations and awareness creation for the general public. Specifically, we presented in
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detail a large demonstration event TEN-T days, which was co-organized in collaboration between all
stakeholders. During the event, an ICT-based business model for future mobility, AV and autonomous
driving solutions were presented and tested. In addition, we also gathered first insights into current
transportation habits and readiness of participants for AV and future mobility solutions. Although our
study is limited to 153 respondents, who participated in demonstration events at TEN-T Days, these first
results are important for all stakeholders, including decision and policy makers to prepare a regulated,
safe and secure environment for future mobility solutions.

The limitations of our study offer opportunities for future research. For example, future studies
should include a larger population of the general public in Slovenia. Population from smaller cities
and villages should also be included in the future studies. Also differences in perceptions of AV and
future mobility solutions could be investigated among participants with previous experiences and
participants without previous experiences with AV.

Finally yet importantly, in parallel with technological advancements and developments,
awareness creation and education will play a significant role in preparation of users for AV and
future autonomous mobility solutions. In all these activities, living lab ecosystems as innovation
catalysts will have a significant role in this field.
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