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Abstract: This paper is an initial exploratory study that provides recommendations for the sustainable
development of future automated and connected transport (ACT) systems in Romania. To achieve
this, our paper investigates the different factors that influence mobility behaviour related to ACT
systems through two different themes. The first part analyses (i) the strategic framework that is
relevant to future ACT deployment and (ii) the spatial development patterns of large cities in Romania
that might influence future mobility behaviour based on ACT systems. We presumed, and the study
confirmed, that there is currently a poor focus on ACT systems in strategic documents and that the
current spatial patterns show some premises for unsustainable mobility behaviour based on ACT
systems. The second part describes the results of our analysis on the WISE-ACT survey deployed in
Romania. We explored how informed Romanian citizens are about AVs; whether they are ready to use
them; and what perceptions, concerns, and attitudes might influence their mobility behaviour when
using ACT systems. The present analysis mainly shows that the perceptions of Romanian citizens
are widely similar to those of citizens from other countries and that, for Romania, the orientation
towards unsustainable forms of individual travel is maintained in terms of the future use of AVs.
The recommendations that are presented here primarily address the spatial and attitudinal factors
that have been identified as prerequisites for unsustainable future mobility behaviour linked to
ACT systems.

Keywords: automated and connected transport (ACT); sustainable mobility; statistical research;
automated vehicles (AVs); citizens’ perception and attitudes

1. Introduction

New Automated Vehicle technology (AV) has made Automated Connected Trans-
portation (ACT) the heart of the emerging paradigm of smart and sustainable mobility.
Although it is in a very early stage, ACT has the potential to cause disruptive changes in
mobility habits and behaviour, both in a beneficial manner (transport optimisation and
resilience, externality mitigation) and in a negative way (increasing the share and volumes
of car-use and related unsuitable impacts) if not well managed. Future AV deployment
has to be designed in line with the sustainable mobility paradigm, harnessing its beneficial
potential and mitigating its eventual negative effects.

The smart mobility paradigm is the result of a continuous and ongoing process of
reformulating principles, models, urban mobility planning methods, and transportation
for social, economic, and environmental sustainability. These changes started in the 1970s
as awareness of negative environmental trends caused by pollution and as urban living
quality deteriorated, both of which were created by car-centric mobility [1–3]. David
Banister theorized the change towards a sustainable mobility paradigm, referring to the
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(un)sustainability of transport, to travel time understood as demand, and to the social
acceptance of change. Banister highlighted both the need to change transport organiza-
tion [1] and also the need to change the characteristics of urban forms that influence travel
demand and mobility behaviour. Banister, Andrés Duany, and Elizabeth Plater-Zyberk [1,4]
highlighted the correlation between the high rate of car use and car-dependent, low-density,
and sprawling urban developments [5]. This type of spatial development has become quite
widespread in Romania in the last 30 years, supporting high car dependency and car-centric
mobility behaviour. To achieve sustainable mobility, Banister identified relevant principles
for urban development, such as functional mixity, higher density, and street redesign. The
authors of [1,2,5–9] also criticised car-based modernist urban planning from the perspective
of city quality while also emphasizing the need to develop spatial premises for walkability
and for a larger share of non-motorized travel methods. In the last two decades, beyond the
need for “cities for people” [8], the urgent need for climate-change mitigation has become
a main and strong concern, accelerating actions related to changes in mobility patterns
through the logic of sustainability. This urgency must also trigger more firm strategies to
reshape cities in order to create spatial and functional premises for sustainable mobility
by also taking the new challenges that could emerge from AV deployment into account.
A significant change in mobility patterns, with unpopular demands related to reducing
car ownership and car use, implies an increase in the awareness that citizens have as
well as their acceptance, leading to changes in their attitudes and behaviour regarding
mobility. This can be achieved inter alia (e.g., along with ecological education) through
social-oriented measures that have been designed within mobility policies (communication
campaigns, costs, tariffs, rules of access, incentives, etc.) [2,3]. To shape mobility habits
related to AV use, a good understanding of our current perceptions and attitudes towards
new forms of transportation is needed.

To synthesize, sustainable mobility responds holistically [1,3] to accessibility require-
ments as well as to those of economic, social, and environmental sustainability. It is a
mobility system that ensures good multimodal, (physically and economically) inclusive ac-
cessibility while also having a low ecological footprint and being harmoniously integrated
into the urban living environment [3]. Since 2007, the European Commission (EC) has
been constantly developing a programmatic European framework for sustainable urban
mobility to support, the evolution of European cities towards being able to sustainably
transport people and goods, in line with the principle of subsidiarity. The Sustainable
Urban Mobility Plan (SUMP) was designed and promoted as a new integrated mobility
planning tool. Currently, the EC is supporting the upgrade of the sustainable mobility
paradigm by adding new concerns regarding evolution towards smart mobility and In-
telligent Transport Systems (ITS) [10] in the sense of using the advantages of digitization
to improve transport through optimization and resilience. These new concerns related to
foreseeable disruptive changes to transportation are currently mostly focused on technical
and technological aspects and on developing a legislative, strategic, and physical ecosystem
for ACT development. This study plans to summarise and model our understanding of the
relationship between AV users and the related ACT in terms of both the general accepted
behavioural aspects as well as the peculiar ones resulting from each country’s context.

To respond to these concerns, in recent years, there has been an increasing number
of studies that have been conducted around the world that have used empirical research
to investigate public perceptions regarding vehicle automation technologies. Our study
undertakes a similar first step to understand the perceptions and attitudes of Romanian
citizens toward AVs and makes relevant recommendations based on the conclusions of the
survey developed during the COST WISE-ACT project deployed in Romania.

Objectives of the Paper

The aim of this paper is to provide a first interdisciplinary exploratory study on ACT
in Romania by linking (i) an analysis of the spatial development characteristics influencing
mobility patterns (ii) an analysis of a strategic framework that is relevant for future ACT
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deployment, and (iii) an analysis of citizen perceptions and attitudes towards automated
vehicles (AVs), influencing future mobility behaviour related to ACT.

Five research objectives are proposed: (1) to provide the first review of ACT- and
AV-related planning in strategic documents in Romania; (2) to perform a general explo-
ration of the urban context in Romania, which influences current mobility behaviour and,
presumably, also influences future mobility behaviour when ACT is implanted; (3) to
perform a literature review in order to compare the perceptions of Romanian citizens on
AVs with those of citizens from other countries, with a specific focus on the south-east
European region; (4) to explore the citizens’ perceptions and factors that influence attitudes
related to automated vehicles in Romania for the first time based on the findings of the
COST WISE ACT survey; and (5) to discuss the results of the four previous analyses to
formulate recommendations for future ACT development in Romania. Our research is
expected to contribute to the broad knowledge base surrounding AVs, particularly in the
Romanian contexts.

The paper is organized as follows: Section 2 details the materials and methods utilized
in this work. In Section 3, the results are presented. Finally, Section 4 presents the discussion,
conclusion, and recommendations.

2. Materials and Methods
2.1. Conceptual Assumptions

Based on the objectives of the paper and our academic and professional knowledge,
we propose the following assumptions:

Assumption 1: There is a poor ACT planning focus in strategic documents in Romania
(research objective 1).

Assumption 2: The current spatial patterns of large cities and the Functional Urban
Areas (FUAs) of those cities in Romania are the premises for unsustainable mobility patterns
that are based on ACT (research objective 2).

Assumption 3: Romanian citizens have limited knowledge regarding AVs (research
objective 4).

Assumption 4: The perceptions of Romanian citizens are similar to those of citizens
from other countries (research objectives 3 and 4).

Assumption 5: An orientation towards unsustainable forms of AV travels (individual
AV use) is maintained and accentuated, and there is poor willingness to use Avs as a
collective (research objectives 1, 3 and 4).

Corresponding to research objective 1, to identify the current state of planning for
ACT future deployment (related infrastructure, vehicles, and services), a study on the
national and local planning framework for transport and mobility in Romania (strategies
for transport, SUMPs) was carried out.

Corresponding to the research objective 2, to understand spatial influences on future
ACT-related mobility behaviour, we characterised the urban development patterns for
large cities and their functional urban areas (FUAs) in Romania, focusing on the main
functional and spatial aspects with high relevance for the current mobility patterns [1–3,5]:
(i) type of growth (extensive/intensive, compact/urban sprawl); (ii) functional aspects
(mono-functionality/functional mix, public facilities, level of functional dependence of
peri-urban areas on main cities); and (iii) density. Furthermore, to highlight the travel
habits influencing the future ACT-related mobility behaviour, we performed a general
characterisation of the mobility patterns in large cities in Romania and in the Functional
Urban Areas (FUAs) of those cities in terms of (i) current transport supply patterns and
(ii) mobility behaviour. Both general characterisations of spatial patterns and mobility
patterns in the large Romanian cities and in their FUAs are synthesized based on numerous
research studies [11–13] and urban planning studies (general master plans, strategies of
urban development, e.g., for Bucharest, Sibiu, Braila) on these topics and SUMPs (e.g., for
Bucharest-Ilfov, Sibiu, Ploiesti, Craiova, Bacau), each of which had the participations of at
least one of the present authors.
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Corresponding to research objective 3, a relevant literature review covering studies
related to citizen perceptions of AVs was performed while focussing on SEE countries.

Corresponding to research objective 4, the WISE-ACT survey was conducted in differ-
ent European countries, including Romania, to determine citizen perceptions and attitudes
towards automated vehicles (AVs) during the deployment of the WISE-ACT COST action.

Discussions on the five assumptions and policy recommendations are provided, corre-
sponding to research objective 5.

2.2. Description of the Survey, Variables, Measurement Scale, and Data Processing Tool

To explore citizen perceptions and attitudes towards automated vehicles (AVs), we
used the large-scale web-based survey designed by the WISE-ACT COST action. The survey
investigated daily transport habits specific to our most important journeys and the modes
of transport used as well as awareness, perception, and attitudes towards autonomous
vehicles. It has previously been deployed in most European countries, and for this study,
we used the responses provided by Romanian participants.

Socio-economic characteristics such as age, gender, disability, education, and income,
were collected. In Romania, we contacted a wide range of people to cover the following
sampling criteria: gender, age, most used mode of transport, education level, household
size, and whether the participants had any known disabilities, reaching a total number
of 309 people. The sample was distributed to various stakeholders at both the national
and local levels, such as interest groups, public transport operators, national road agencies,
universities, cycling groups, car clubs, and citizens. The survey was designed in English
for all of the countries participating in the WISE ACT action, and it was then translated
into Romanian.

A definition of AVs has been included to avoid any misunderstanding: “An au-
tonomous vehicle (AV) is a vehicle that takes full and permanent control of speed and
direction, on all roads and in all situations.” Respondents were asked to consider a fully
automated vehicle, i.e., an autonomous vehicle according to the SAE (Society of Automo-
tive Engineers) level 5. The survey received ethical approval, and the data were collected
anonymously between January–March 2021. The survey was performed in the second
wave of the COST Action.

A six-point Likert scale was used to evaluate the attitudinal variables and of those
measuring user perceptions and preferences, in line with contemporary research [14].
Table 1 presents the selected variables and provides a description of them as well the scale
of measurement.

Table 1. The framework of the variables and scales of measurement used for analysis.

Variable Description Scale of Measurement

Current travel
behaviour and
motivations

What is the purpose of the most important journey of yours? (Going to
work or other professional reasons, go to school, college, or university,
or to attend another educational activity; to complete groceries,
errands, administrative tasks, medical appointments, etc., to pick-up or
drop someone off, visiting someone, leisure, or I do not have any
important journeys)

Categorical scale (ordinal)

What is the main mode of transportation that you use for this
important journey? (private car, shared car, public transport, shuttle
service to work, private bicycle, motorbike, walking)

Categorical scale (ordinal)

I choose . . . {the choice of the above question} as my main transport
mode because of the... (travel cost, reliability, environmental impacts of
my travel, safety, time needed to reach my destination, service
frequency, available facilities, available connections with other modes
of transportation, travel information availability, personal security, lack
of alternatives, privacy)

Continuous scale (Likert
scale: 1-total disagreement
to 6-total agreement)
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Table 1. Cont.

Variable Description Scale of Measurement

Safety-related
experience

How many accidents have you been involved in while driving a car in
the last 3 years? Categorical scale (ordinal)

Knowledge and use of
technology

How often have you used Adaptive Cruise Control when driving a car
in the last 12 months? (every day; 4 to 6 days a week; 1 to 3 days a
week; about once a fortnight; about once a month; less than once a
month; never; I do not have ACC; I do not know what ACC is; I do not
drive a car; I prefer not to respond)

Categorical scale (ordinal)

Perception and
preferences for
using (shared) AVs

I would travel in an Autonomous Vehicle (e.g., car, taxi, bus) with
(without) the supervision of a human operator in the vehicle (remote)

Continuous scale (Likert
scale: 1—total disagreement
to 6—total agreement)

I would allow my children (under 16) to travel in an AV (e.g., car, taxi,
bus) with (without) the supervision of a human operator in the
vehicle (remote)

Continuous scale (Likert
scale: 1—total disagreement
to 6—total agreement)

It is acceptable to travel with other unknown people in an Autonomous
Vehicle for: . . . (myself; my children under 16)

Continuous scale (Likert
scale: 1—total disagreement
to 6—total agreement)

Willingness to buy
an AVs

I would consider purchasing an Autonomous Vehicle . . . (as soon as
they become available; as soon as they become affordable; as soon as I
am convinced about their usefulness; as soon as I am convinced about
their safety; as soon as I am convinced about their reliability; only after
I see them being used by others first)

Continuous scale (Likert
scale: 1—total disagreement
to 6—total agreement)

Perception of
benefits/treats
related to AVs

Autonomous vehicles will . . . (Benefits: reduce accidents, reduce traffic
congestion, allow the use of travel time for non-driving activities,
reduce travel stress, improve mobility options, decrease travel time,
reduce greenhouse gas emissions, make travelling more comfortable)

Continuous scale (Likert
scale: 1—total disagreement
to 6—total agreement)

Autonomous vehicles will . . . (Threats: increase traffic congestion,
increase the risk of personal assault or terrorist attacks, increase privacy
risks, be a new target for cyber-attacks, reduce the pleasure of driving,
reduce our freedom of travel, reduce the need for professional drivers)

Continuous scale (Likert
scale: 1—total disagreement
to 6—total agreement)

To analyse the survey results and to perform the correlations, we used the IBM SPSS
Statistics Grand Pack 28.0 PREMIUM. IBM SPSS is designed to perform various statistical
calculations, from descriptive statistics to inferential statistics, data management, and
graphs, and it is a widely used research tool in engineering, marketing and education, the
social sciences, healthcare, and data mining.

3. Results
3.1. Results from Analysis of the Strategic Framework for Transport and Mobility Planning
in Romania

From 1990 to 2015, similar to in other SEE countries, strategic mobility planning was
largely geared towards meeting the growing demand for motorised traffic and on-street
parking, with little attention being paid to the externalities [3,15]. Since 2010, in the context
of the European Urban Mobility Policy and within the adoption of the first phase of the
Sustainable Urban Mobility Plans (SUMP) planning model [16], national and local strategic
frameworks for transportation and mobility in Romania has been more firmly oriented
towards satisfying sustainability demands. New mobility policies are currently being
designed for the development of a more balanced and multimodal transport supply and
to discourage and mitigate individual motorised travel and to achieve more sustainable
mobility behaviour.

ACT is not yet a focal point during the strategic planning of transport and mobility in
Romania [17–20]. However, a first pilot project (open interfaces for connected and auto-
mated vehicles on the Nadlac–Constanta motorway) is outlined in the Intelligent Transport
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Systems (ITS) Strategy Implementation Plan for Programme 5 (Cooperative ITS) to encour-
age the further development of intelligent infrastructure to support automated vehicles.

At the local level, SUMPs and other strategies with a mobility planning component do
not yet explicitly contain ACT-related actions. Nevertheless, smart mobility-related projects
that are aimed at the digitization of transport (ITS) are present in recently elaborated upon
“smart city” strategies for some Romanian cities [21–23]. These smart mobility-oriented
projects could be considered to be preliminary steps towards the future development of
ACT ecosystems: charging infrastructures to accommodate electric vehicles, smart traffic
management, smart platforms for public transport, smart stations, smart parking, and smart
streets. Other large-scale projects, such as the deployment of 5G network infrastructure for
communication purposes, have been implemented in the large Romanian cities, supporting
the transition towards the smart city model.

Even though the few ACT-related projects that are planned in Romania at the national
level have yet to be implemented, pilot projects are being designed locally in some large
cities. For instance, Cluj has planned a pilot phase for AV implementation through 14 au-
tonomous minibuses (with 10–12 seats) that will soon be purchased for public passenger
transport. The city also plans to develop routes to test automated vehicles through the
“Innovation, Testing and Promotion Centre Cluj” project. The first “smart street” has been
also (re)arranged in Cluj.

3.2. Results from Analysis of Spatial Development and Urban Mobility Patterns of the Large Cities
in Romania

Romania, alongside other post-communist countries in South-Eastern Europe, has
undergone a series of complex societal transformations since 1990, the year the political
regime changed. The transition towards a fully functional market economy has been long,
and though these countries are developing quickly, they still have Gross Domestic Product
(GDP) per inhabitant and the national average income levels that are considerably lower
than those found in the rest of Europe.

After the release of the restrictions imposed before 1990, the majority of the large cities
experienced two types of rapid but uncontrolled spatial development: (i) intensive spatial
development through densification within cities and (ii) extensive spatial development in
suburban areas (periphery) and peri-urban settlements (cities or small towns), with core
cities being spatially and functionally stronger and connected into larger territories and
accessed via daily commuting—Functional Urban Areas (FUAs) [3]. The extensive spatial
growth has been triggered by new urban-rural social migration, and, in most cases, has par-
tially followed the dysfunctional patterns of car-dependent urban sprawl (low density, low
functional mix, underdeveloped public facilities, undersized road infrastructure) [3,24–27]
because (i) the lengthy process of replacing the post-socialist institutional and urban plan-
ning frameworks (previously designed for centralised planning) with a new one that is
more appropriate for managing new types of urban development and that is mainly based
on medium- and small-scale private initiatives within a market economy and (ii) institu-
tional and administrative weakness [15,26,28]. New built-up areas have been developed
as a result of land opportunities and road accessibility, many of which lack or have poor
accessibility to public transport [3,29]. In most cases, these areas have poor job opportuni-
ties and undiversified public facilities of daily interest (educational, healthcare, cultural
facilities, etc.) nearby. Consequently, they often have a high level of functional dependence
on the main (“magnet”) cities and generate high amounts of commuter traffic, most of
which is car-based.

In terms of mobility patterns, after the fall of the communist regime, private car use
has been the strongest driving force supporting developments with extensive urban sprawl
in Romania. The rate of car ownership has rapidly increased, reaching high levels in large
cities, especially in the capital city, though the national average rates of motorizations are
considerably lower than the local ones. Romania’s capital, Bucharest, for instance, has a



Energies 2022, 15, 1698 7 of 23

very high car ownership rate: 662.3 vehicles/1000 inhabitants (2017), while the national
average is 357 vehicles/1000 inhabitants (2019) [30,31].

The dispersed spatial growth of large cities has largely been car-oriented and has gen-
erated high levels of motorised commuting. New and strongly car-centric travel behaviour
has become dominant not only at the FUA level but also within large major cities [15,26,32],
despite the fact that the latter usually have satisfactory public transport systems.

A significant proportion of people have become reluctant to use public transportation
because of (i) two decades of mobility policy geared towards unconditionally satisfying the
constantly growing demands of individual motorized traffic, (ii) the several unsatisfactory
features of public transport, and (iii) the social perception of cars as a status symbol [3,33].

A significant example of the mobility behaviour in large Romanian cities is in Bucharest,
the capital city, which benefits from a good public transportation system. The modal share
was estimated in the SUMP for Bucharest-Ilfov (2016) as being: use of private car: 36%, use
of public transport: 27%, walking: 31%, cycling: 2%, and other: 4%.

At the same time, people living in peri-urban areas who do not have a driver’s licence
(children, elderly, or disabled people) are often dependent on drivers (e.g., “taxi-parents”) to
access different activities and locations or face situations of captivity due to low accessibility
to public transport.

The metropolisation patterns of most cities and the related unsustainable car-oriented
travel behaviour has led to a wide range of social, spatial, economic, and environmental
externalities: high levels of traffic, congestion, time loss, economic loss, high rates of
injuries or road fatalities, the degradation of public spaces, pollution, and greenhouse gas
emissions, which have affected both the accessibility and the liveability of large cities while
also contributing to global warming and climate change [3,26,28].

3.3. Understanding Perceptions and Attitudes on AVs at South-Eastern European Level

In this section, we reviewed several studies focusing on the possible impacts of AVs
and user acceptance. However, we are not providing a detailed background on Avs, as their
ecosystem and development have been covered in several other papers, such as [34–36].

In recent years, the international literature exploring the perceptions and attitudes of
AVs using SP surveys has been extensive [37,38], and other studies [39–43] have shown
different degrees of acceptability.

However, it was discovered that limited literature has been published on AV accep-
tance in SEE countries (Table 2). It is our belief that such a review is necessary to compare
the perceptions of Romanian citizens on AVs with those of citizens from other SEE countries.

Table 2. Overview of the recent literature discussing SP surveys evaluating AVs acceptance in
SEE countries.

Source Objective Countries/Responses
Analysed Relevant Findings Strengths Limitations

[14]

Users’ stated choices and
preferences regarding the
use and the
willingness-to-pay for
private (PAV) and shared
autonomous vehicles
(SAV) using a stated
preference
experiment survey.

Total: 1962
Cyprus—171
Greece—130
Hungary—321
Israel—611
Iceland—535
Finland—100
UK—94

Differences in behaviour between
the southern and northern
countries: travelling with women
has a positive effect on male
respondents in the southern cluster,
while both women and men would
prefer to avoid riding with one or
two men in at least in some
countries in the southern cluster. In
the northern cluster, women would
prefer to avoid riding with one man
in an SAV, while men prefer to
avoid riding with women or
mixed-gendered passengers.
Value of Time (VoT) for Shared
Automated Vehicle (SAV) is higher
than that of Private Automated
Vehicles (PAV) for all countries.

Comparing
responses in the
Northern and
Southern cluster
(seven countries
in Europe)

Heterogeneous
samples, mostly
attributed to different
sampling strategies in
the countries in
the research
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Table 2. Cont.

Source Objective Countries/Responses
Analysed Relevant Findings Strengths Limitations

[44]

Modelled user acceptance
in six
different countries and
discussing possible
implications of AV
acceptance as well as the
possibility of technology
assimilation versus
technology rejection in
different countries

Total: 1669
Cyprus—158
UK—79,
Slovenia—274,
Montenegro—321
Hungary—285, and
Iceland—552.

Men favour AVs more than women
do; men were more willing to
purchase AVs and would pay more
for them;
older individuals may be more
hesitant towards AVs and prefer
private conventional cars.

Survey in six
countries,
allowing common
conclusions

unavoidable
inconsistencies in data
collection in
different countries.
lack of standardization
between countries in
the collected data, with
regard to the
socio-demographics of
the samples and
the sample
sizes, likely influencing
the comparability of
the samples

[45]
Users’ anticipation of AV
safety and their overall
perspective on AVs.

Total 1639:
Cyprus—158
Greece—128
Finland—101
Iceland—561
Italy—78
Montenegro—309
Malta—26
Slovenia—278

Importance of factors other than
safety on public acceptance of AVs
and potential uptake of the
automated technology; factors such
as reliability, affordability, cost,
driving pleasure,
and household size may affect AV
uptake; thus, they should not be
neglected when designing AV
introduction and
deployment policies.

Survey applied in
eight countries

Most of the survey
participants were
male, which does not
necessarily represent
the national gender
quota; no children
participated in the
survey due to the
applicable research
ethics framework

[36,46]

The concept of
autonomous vehicles
was presented, and the
way it was perceived by
users of traditional cars
was reported.
Surveys were carried out
on the possibilities of
developing AVs in Poland.

579 people in Poland

AVs will improve road safety and
create energy consumption savings.
Obstacles to AV deployment
include legal liability, ethical issues,
privacy concerns, cybersecurity,
high costs.
Due to many different factors,
including costs, legal regulations,
and conviction, among others, AVs
will not be a common fixture on
Polish roads and will likely require
a 20-year adaptation period.

Detailed
description of
automation level;
evaluation of
barriers to AV
deployment

Most of the
respondents were
men, young people
18–25 years old, with
secondary or
higher education

The basic factors
influencing the opinions of
the respondents on their
social acceptance of AVs,
particularly in terms of the
advantages and
disadvantages of this
solution, we identified.

[47]

Presents the results of
queries in Serbia among a
wide portion of
the population

Interview with
150 people in Serbia

Acceptance of self-driving vehicles
will decrease pollution, reduce, or
eliminate parking spaces, will
create cybersecurity and privacy
issues; and is good for disabled.
Most people in Serbia were
sceptical of self-driving cars;
education and dissemination of
knowledge on the topic
is necessary.

Use of interviews
to allow
participants
receiving more
explanations and
ensuring en-
riched discussions

Small number of
people involved; not
clear if they are
representative
for Serbia

[48]

Developed a base model to
determine the required AV
fleet size to fulfil the
demands of the different
groups of travellers and
predicted the new modal
shares of the transport
modes when AVs appear
on the market

8500 travellers who
recorded their daily
activity plans in
Budapest, Hungary.

Travellers will be exposed to a
reduction in travel time once
conventional transport modes are
replaced by AVs; a decrease in the
value of time (VOT) of AVs
increases the usage of AVs, and it
particularly decreases the usage of
cars even more than other
transport modes. AVs strongly
affect public transport when the
VOT of AVs becomes close to the
VOT of public transport.
One AV can replace 7.85
conventional vehicles with an
acceptable waiting time.

Use of three
scenarios to
determine the
impact of AVs on
conventional
modes of
transportation;
large group of
respondents

Study does not focus
on the impact of the
AVs on traffic
conditions, and it only
concerned travel time.
The increase in the
demand for AVs from
specific user groups
was not considered,
such as individuals
with disabilities

As seen from the above table, how citizens perceive AVs has not been tested in
Romania before this study. Table 2 shows that there is ongoing research in SEE countries,
with some countries (Cyprus, Greece, Montenegro, Hungary) already leading the way
in studying the perceptions and attitudes of their citizens. Most of the findings are in



Energies 2022, 15, 1698 9 of 23

accordance with the general findings determined in the review of the international literature,
revealing the strong points of AVs, such as improving road safety [49] and reducing
environmental pollution [50] but also demonstrating the main concerns related to security
and privacy [38,51]. Including the interviews would allow a better understanding of the
AVs, and enriched discussions. However, the main limitation is related to the small number
of people involved in the survey.

3.4. Results from Analysis of the Survey Results

The analysis considers socio-demographic characteristics, travel behaviour, knowledge
about AVs, and the influence of socio-demographic characteristics on attitudes towards
AVs (acceptance, sharing, purchasing).

It focuses on perceptions related to the benefits and threats of using AVs and attitudes
towards using them individually or collectively.

A total of 309 responses were recorded and validated. Most of the people who
responded to the survey were between 20 and 49 years old and comprised the portion of
the population with access to the internet. The sample was balanced in terms of gender
representation. Most of the respondents had received college or university education
(44,7%), and a high percentage of the respondents received postgraduate education (40.8%).
In terms of income, there was a uniform distribution among the respondents, with 11%
in the middle-income range. A relatively high percentage of the respondents (18.4%) did
not want to disclose their income. The socio-demographic characteristics of the sample are
presented in Table 3.

In terms of transport habits, the majority of the respondents declared that the purpose
of their most important trip is to go to work (67.31%), followed by other professional
reasons (7.77%) (Figure 1). The main most of transportation used to achieve his purpose
were as follows: private car (56.67%) followed by public transport (25%) (Figure 2).

Table 3. Socio-demographic characteristics of the Romanian sample (Source: Authors’ survey data).

Socio-Demographic Variables Frequency Percent

Age

Under 19 1 0.3

20–29 60 19.4

30–39 100 32.4

40–49 70 22.7

50–59 58 18.8

60–69 16 5.2

70–79 3 1.0

Over 80 1 0.3

Gender
Women 155 50.2

Men 154 49.8

Highest educational degree

Primary school or equivalent 1 0.3

High school 30 9.7

College / University 138 44.7

Postgraduate 126 40.8

Other 14 4.5
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Table 3. Cont.

Socio-Demographic Variables Frequency Percent

Current employment status

Employee 209 67.6

Self-employed 26 8.4

Company owner 36 11.7

Unemployed 1 0.3

Retired 8 2.6

Full-time education 23 7.4

Other 6 1.9

Mobility-reducing disabilities

No known disability 289 93.5

Mobility issues 3 1.0

Visual impairment 3 1.0

I prefer not to respond 13 4.2

Other 1 0.3

Driving license
No 53 17.2

Yes 256 82.8

No. of cars in the household

0 46 14.9

1 141 45.6

2 99 32.0

3 18 5.8

4 4 1.3

5 1 0.3

Figure 1. Purpose of main trip (Source: Authors’ survey data processing).
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Figure 2. Modal share for the most important trip. (Source: Authors’ survey data).

Table 4 presents the determinants for choosing the mode of transportation used
for each participant’s most important trip, which was based on the statistical mean
(M) calculated by considering a Likert scale that ranged from 1= strongly disagree to
6 = strongly agree. A total of 296 responses were considered because 309 declared that they
do not take any important journeys.

Table 4. Factors that determine the mode of transportation for the respondents’ most important trips.

What Is the Main Mode of Transport You Use for This Important Journey?

Private
Car

Shared
Car

Public
Transport

Shuttle Service
to Work

Private
Bicycle Motorbike Walking

No. of responses 170 3 75 10 9 2 27

I choose... as my main transport
mode because of... Mean (M)

Travel cost 2.86 5.33 4.76 5.20 4.78 3.50 4.15

Reliability (e.g., arriving at the
expected time) 5.02 4.67 3.75 4.20 5.44 6.00 5.22

Environmental impacts of my
travel (e.g., air pollution) 2.21 2.33 4.24 4.10 5.22 5.50 5.11

Safety (e.g., travel accidents) 4.68 3.33 4.15 3.70 3.11 2.00 4.33

Time needed to reach
my destination 5.19 4.00 4.29 4.30 5.33 6.00 4.93

Service frequency 5.06 4.67 4.19 4.80 5.00 6.00 4.70

Available facilities (e.g., parking
slots, seat, Wi-Fi) 4.31 2.67 3.03 4.20 2.89 4.50 2.67

Available connections with other
transport modes 2.88 1.33 4.32 4.30 1.89 2.00 3.52

Travel information availability 3.81 1.33 3.80 4.80 2.33 1.00 3.56

My personal security (e.g., risk of
assault, aggressive behaviour) 4.81 3.33 3.52 4.50 3.00 3.50 3.33

Lack of alternatives 3.99 5.33 4.27 3.60 3.00 4.50 3.19

Privacy options 4.09 2.00 3.04 3.60 2.56 6.00 3.11
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The survey participants were questioned about their level of knowledge and expe-
rience regarding autonomous vehicles through two questions: whether they had heard
about autonomous vehicles before and whether they had ridden in an autonomous vehicle
before. A total of 224 of them said that they had heard about Avs, and only 34 said that
they had ridden in one. Figure 3 depicts how in general, younger people have much
more knowledge about AVs, with 33.5% of those who answered yes to this question being
included in the 30–39 age group. Among those who declared that they had travelled in an
AV (Figure 4), the preponderance of young people aged 30–39 can be observed once again,
i.e., 41.2%. This leads to the conclusion that young people are much more informed about
technological developments and that they are probably more willing to test them.

Figure 3. Knowledge about AVs.

Figure 4. Experience with AVs.
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The following section presents the correlation between the socio-demographic vari-
ables (gender, age, education, employment status, members in the household, members in
the household who need care, disability, gross annual household income, driver’s licence,
number of the operational cars in the household), other survey variables (transport mode
used for the main travel purpose, car accidents in the last 3 years, use of Adaptive Cruise
Control), and variables related to AV acceptance. For this purpose, because the nature of
the distribution of the parameters is not known or differs from the normal distribution, the
data are ranked according to an ordered Likert scale for some variables, and for others, such
as main mode of transportation used, where a private car is ranked lower than a shared car
or walking), Spearman’s rho correlation is used. The Spearman’s Correlation Coefficient
(1), which is represented by ρ, is a nonparametric measure of the strength and direction of
the association that exists between two ranked variables and provides a numerical value of
the degree of correlation or non-correlation (1):

ρ = 1 −
6 ∑ d2

i
n(n2 − 1)

(1)

where n is the number of data points of the two variables, and di is the difference in the
ranks of the ith element of each random variable considered. The Spearman correlation
coefficient, ρ, can take values from +1 to −1.

- ρ = +1 indicates a perfect rank association;
- ρ 0 indicates no association between ranks, and the closer ρ is to zero, the weaker the

association between the ranks;
- ρ = −1 indicates a perfect negative rank association.

However, The Spearman correlation has several limitations because it determines the
strength and direction of the monotonic relationship between two variables rather than the
strength and direction of the linear relationship between two variables. This method was
preferred to compare the results obtained from the Romanian sample and for the results
from the other countries where the same survey was applied [45].

In the present paper, we only presented significant Spearman correlations and coefficients
related to the correlation between socio-economic characteristics and A-related parameters.

The investigation determining how the respondents chose the mode of transportation
used for their main travel purposes (Table 5) resulted in the conclusion that the respondents
who use personal cars are not interested in the travel costs or the environmental impact of
their travel but that they are concerned reliability, travel time to their destination, safety, and
personal security. On the other hand, those using shared modes of transportation (public
transport, shared cars, or shuttle service to work) or those using active modes of transporta-
tion (bicycle, walking) are more interested in travel costs and the environmental aspects
and are satisfied with the availability of connections with other modes of transportation.

Table 5. Main mode of transportation used and its determinants (Source: Authors’ survey data).
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Main mode of
transport used

for the most
important

journey

0.422 ** −0.143
* 0.591 ** −0.217

**
−0.174

**
−0.171

**
−0.301

** 0.208 ** −0.043 −0.372
** −0.088 −0.218

**

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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The potential to travel in an AV without the supervision of a human operator (Table 6)
is influenced inter alia by gender, with women being more confident while travelling
without the supervision of a human operator, while those in households without a car have
more confidence in travelling in an AV with a human operator in the vehicle. In addition,
the option to travel in an AV with an in-vehicle or remote operator was preferred by the
younger respondents. Furthermore, those who use personal cars for travel purposes and
those who have used adaptive cruise control (ACC) are more likely to travel in an AV if it
has a human operator. From this, it can be concluded that people who use shared forms of
transportation are not so concerned about the way an AV is driven.

Table 6. Spearman correlation between socio-economic characteristics of the sample and potential
use of AVs (Source: Authors’ survey data processing).

Travel in an AV Gender Age

Members in the
Household who

Need Caring
Responsibility

Operational
Cars in the
Household

Use of
Adaptive

Cruise Control

Transport
Mode Used

WITH the supervision of a
human operator

IN THE VEHICLE
0.024 −0.116 * −0.072 −0.162 ** 0.210 ** 0.140 *

WITH the REMOTE
supervision of a human

operator at a distant location
0.000 −0.166 ** −0.120* −0.089 0.085 0.093

WITHOUT the supervision
of a human operator 0.129 * −0.088 −0.109 −0.035 −0.089 −0.011

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Agreeing to allow one’s own child to travel alone in an AV (Tables 7 and 8) is influenced
by age, and older people who indicated using cars as their main form of transportation in-
dicated that they would be more comfortable with their children travelling in an AV if there
was human supervision (in the vehicle or remotely). This complements the motivations
for personal car use (Table 2), safety and personal security. Moreover, the decision to share
an AV with other people (themselves or their children under 16) (Table 5) was influenced
by gender and age, with women being more accepting of travelling with strangers, and
young people being more likely to accept the idea of their children travelling in a shared
AV. The level of education and the number of family members also influenced this decision,
with highly educated people being less confident in shared vehicles and respondents from
smaller families being more willing to accept travelling or their children travelling with
unknown people. In addition, the respondents who indicated that they did not have
any disabilities indicated that they were more willing to accept travelling in an AV with
other people.

Table 7. Spearman correlation between socio-economic characteristics of the sample and potential
use of AVs by children under 16 (Source: Authors’ survey data).

I Would Allow My Children under
16 to Travel in an AV Age Members in the

Household
Operational Cars in

the Household Transport Mode Used

WITH the supervision of a human
operator IN THE VEHICLE −0.114 * −0.037 −0.119 * 0.161 **

WITH the REMOTE supervision of a
human at a distant location −0.184 ** −0.005 −0.001 0.131 *

WITHOUT the supervision of a
human operator −0.079 −0.141 * 0.012 0.053

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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Table 8. Spearman correlation between socio-economic characteristics of the sample and potential
use of AVs by the children under 16 (Source: Authors’ survey data).
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MYSELF 0.140 * −0.190
** −0.121 * 0.133 * −0.127 * 0.055 0.159 ** −0.182 ** 0.175 **

For MY
CHILDREN <16 0.076 −0.138 * −0.062 0.043 −0.229 ** −0.160 ** 0.083 −0.132 * 0.081

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

Table 9 presents the results of the Spearman correlation between the socio-economic
characteristics of the sample and the willingness to buy an AV. Younger people, those with
low income, those who have had car accidents, or those who use ACC are more confident
in buying an AV under any condition (availability, affordability, safety, and reliability).
Responders with a lower level of education, women, and younger respondents would only
buy an AV after seeing them being used by others.

Table 9. Spearman correlation between socio-economic characteristics of the sample and willingness
to buy an AV (Source: Authors’ survey data).

Willingness To
Buy an AV

G
en

de
r

A
ge

Ed
uc

at
io

n

M
em

be
rs

in
th

e
H

ou
se

ho
ld

W
ho

N
ee

d
C

ar
in

g
R

es
po

ns
ib

il
it

y

D
is

ab
il

it
y

G
ro

ss
A

nn
ua

l
H

ou
se

ho
ld

In
co

m
e

C
ar

A
cc

id
en

ts
in

th
e

La
st

3
Ye

ar
s

U
se

of
A

da
pt

iv
e

C
ru

is
e

C
on

tr
ol

As soon as they
become available −0.003 −0.203 ** −0.083 −0.084 −0.111 −0.131 * 0.132 * −0.170 **

As soon as they
become affordable 0.020 −0.191 ** 0.000 −0.070 −0.199 ** −0.147 ** 0.147 ** −0.145 *

As soon as I am
convinced about
their usefulness

−0.075 −0.185 ** −0.015 −0.072 −0.182 ** −0.151 ** 0.139 * −0.123 *

As soon as I am
convinced about

their safety
−0.087 −0.181 ** −0.027 −0.096 −0.202 ** −0.126 * 0.083 −0.043

As soon as I am
convinced about
their reliability

−0.027 −0.192 ** −0.078 −0.172** −0.147 ** −0.133 * 0.053 −0.044

Only after I see
them being used

by others first
−0.127 * −0.147 ** −0.172 ** −0.090 0.041 −0.071 −0.079 0.107

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

The socio-economic characteristics of the respondents on how they perceive the bene-
fits and concerns of AVs deployment show various levels of influence. The respondents
were asked for their opinions on a set of eight types of presumed benefits (Table 10) and a
set of seven presumed threats (Table 11) resulting from AV deployment. It was found that
women believe that AVs will increase traffic congestion, while men are more confident that
AVs will (i) reduce traffic congestion, (ii) allow the time that is usually spent travelling to
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be used for non-driving activities, (iii) reduce greenhouse gas emissions, and (iv) reduce
the need for professional drivers. In addition, younger people are more confident in the
benefits of AVs, such as reductions in travel stress and green gas emissions, improvements
in mobility options and decreases in travel time. Furthermore, people with disabilities
consider that AVs will increase the risks associated with personal assault or privacy. These
concerns were also considered by the respondents with higher levels of income. The num-
ber of members per household also had an influence on the benefits or concerns related to
AVs. Responders from smaller households believe that AVs will improve mobility options,
while those from larger households believe that AVs will increase privacy risks and reduce
the freedom of travel. People who have experienced car accidents are more confident in
AV-related benefits, such as reducing the number of accidents, traffic congestion, or travel
stress, and decreasing the travel time. The same opinion is shared by those who have
used ACC in terms of the potential reduction in travel stress and making travelling more
comfortable. Those who indicated that they drive more often indicated that AVs will reduce
the pleasure of driving.

Table 10. Spearman correlation between socio-economic characteristics of the sample and potential
benefits of AVs (Source: Authors’ survey data).
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Gender 0.083 0.168 ** 0.153 ** 0.049 0.155 ** 0.045 0.120 * 0.045

Age −0.240 ** −0.148 ** −0.175 ** −0.260 ** −0.221 ** −0.136 * −0.199 ** −0.198 **

Employment status 0.05 0.065 0.105 −0.004 0.112 0.102 0.114 * −0.019

Members in the
household −0.09 −0.067 0.004 −0.045 −0.128 * 0.03 −0.029 −0.064

Members in the
household who need
caring responsibility

−0.120 * −0.093 −0.097 −0.07 −0.088 −0.02 −0.004 −0.051

Disability −0.11 −0.075 0.006 −0.159 ** −0.008 −0.1 0.088 −0.124 *

Gross annual
household income −0.114 * −0.022 −0.043 −0.131 * −0.069 −0.093 −0.009 −0.114 *

Driving license −0.054 −0.047 −0.04 −0.157 ** −0.018 −0.042 −0.04 −0.109

Operational cars in
the household −0.04 0.063 −0.09 0.012 −0.07 0.144 * 0.03 0.068

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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Table 11. Spearman correlation between socio-economic characteristics of the sample and potential
concerns about AVs (Source: Authors’ survey data).
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Gender −0.121 * 0.074 0.095 0.159 ** 0.179 ** 0.033 0.182 **

Age 0.064 0.078 0.028 −0.01 0.099 0.039 −0.043

Employment status −0.062 0.097 0.07 0.146 * −0.058 0.006 0.029

Members in the household 0.06 0.104 0.115 * 0.074 0.035 0.123 * 0.032

Members in the household
who need caring

responsibility
−0.006 0.049 0.094 −0.038 0.008 0.119 * −0.023

Disability 0.039 0.142 * 0.129 * 0.021 0.126 * 0.102 0.038

Gross annual household
income −0.03 0.129 * 0.149 ** 0.061 0.069 0.069 −0.029

Driving license −0.005 0.126 * 0.031 0.102 −0.088 −0.034 0.031

Operational cars in the
household −0.054 −0.084 0.01 −0.061 0.051 0.111 0.006

Car accidents in the last 3
years −0.081 −0.151 ** −0.160 ** −0.043 −0.018 0.014 −0.049

Use of Adaptive Cruise
Control −0.001 0.147 ** 0.108 0.140 * −0.120 * −0.06 −0.03

Transport mode used −0.007 0.025 −0.048 0.022 −0.198 ** −0.113 0.078

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

4. Discussion, Conclusions, and Recommendations
4.1. Assumption Assessment and Discussion

Assumption 1: There is a poor focus on ACT planning in strategic documents in Romania.
In the current Romanian mobility and transport planning documents, there is not an

explicit focus on developing ACT infrastructure, though few pilot projects exploring AVs
use are planned. However, other projects supporting the digitization of transport have
been deployed, such as 5G infrastructure, smart traffic management, and smart parking.
We consider these new, smart infrastructures to be supportive of the future development of
an ACT ecosystem.

Assumption 2: The current spatial patterns of large cities and of Functional Urban
Areas (FUAs) create premises for unsustainable mobility patterns based on ACT use.

The extensive and partially sprawling and low-density urban developments that
are largely residential and poorly equipped with facilities and that have urbanized large
peripheric and suburban areas are functionally dependent on large core cities. Moreover,
spatial expansion has not been sufficiently followed and served by the development of
public transport to achieve acceptable and inclusive accessibility to collective transport.
These patterns of metropolitan spatial growth have generated high levels of unsustainable
commuting based on car use, with a wide range of the above-mentioned externalities. It
can be assumed that these spatial and functional patterns, if not corrected, can further
create negative premises for unsustainable mobility behaviour based on the private use
of ACTVs. Even though the core cities of the FUAs, usually have a satisfactory public
transport supply, the current mobility behaviour is unsustainably focused on car use in
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the absence of dissuasive measures that have been designed through mobility policies. As
shown by the survey analysed in this paper, this preference is also related to AV use.

Even if ACT systems will be electric and will have a low environmental impact,
continuing car-centric mobility behavioural patterns will continue to increase the high level
of unsustainable space consumption since AVs enable more people to travel in cars alone.

A positive potential to be explored is how ACT systems could improve the transporta-
tion supply (collective transport, shared-transport, on-demand transport) in the periphery
and in peri-urban areas, making them an attractive alternative to car use.

Assumption 3: Romanian citizens have limited AV knowledge.
There were some differences in the survey responses regarding AV-related knowledge,

depending on the age of the participant: older participants who were older than 60 years
of age demonstrated lower knowledge of AVs, confirming the assumption; nevertheless,
younger people (20–39) have better knowledge, presumably due to their digital abilities,
confirming the literature review results in [41,42,44,45].

Assumption 4: The perceptions of Romanian citizens are widely similar to those of
citizens of other countries around the world.

Similar to the results obtained by [14,44], who discussed the results of the same COST
WISE ACT survey, we found that the attitudes/perceptions of Romanian citizens fall
within the same trends in terms of security, vehicle sharing with other occupants, and the
reluctance of women to use AVs [14]. Similar to [37,38], men have more positive attitudes
towards AVs.

However, the survey respondents expressed some significant concerns, such as in
terrorist attacks, cyber security, and privacy risks, which may hinder AV uptake and use
in Romania and is consistent with previous research at the international level [38] and in
other EU countries [52].

When it comes to the general attitudes towards AVs in the SEE countries, we can say
that the hypothesis is only partially confirmed: while the perceptions in Romanian citizens
are similar to those found in Poland [46], largely expressing a positive view on AVs, most
people in Serbia are sceptical about self-driving cars [47].

When travelling, either by themselves or with children under the age of 16, most of
the respondents in Romania indicated preferring a human operator to be present in the car.
The research shows how important safety is for users to adopt AVs and that a considerable
proportion of the respondents do not fully trust the SAE Level 5 AVs for their journeys in
the absence of human control, confirming the results of the literature review and the survey
results in the WISE ACT countries [14,45]. Besides safety, another important criterion that will
convince people to buy an automated vehicle is its reliability, confirming the results in [38].

Assumption 5: Orientation towards unsustainable forms of travel with AVs (individual
use of AVs) will be maintained and accentuated, and there is poor willingness to use SAVs.

Contrary to the findings in the literature from other countries [53] and to the expected
sustainability benefits [50], the survey highlights that current mobility trends continue in
relation to the future use of AVs, underlining the preferences of citizens in Romania for
individual car use and their reduced willingness to travel in automated shared vehicles.

Nevertheless, the decision to share an AV with other people, (themselves or their
children under 16) is influenced by gender and age, in that women are more likely to accept
travelling with unknown people, and young people are more likely than older people to
allow their children to travel with unknown people in a shared AV, similar to the findings
in [54], which suggested that women who were 26–30 years old are more likely to used
shared services.

4.2. Conclusions and Recommendations towards ACT Deployment in Romanian Cities

The research may conclude that the way transport officials and planners design the
mobility developments using AVs is the key to determining whether this technology will
be accepted or rejected in Romania, what (social, environmental, spatial, economic) impact
their deployment will have, and at what level broader sustainability goals will be met.



Energies 2022, 15, 1698 19 of 23

Factors determining attitudes towards AVs should be investigated further to help allocate
resources towards the sustainable shaping of future ACT models.

The literature indicates that AVs are expected to be safer, cleaner (electric), and more
efficient in their use of the road space, will allow productive travel time, and be available
to all population groups [26]. However, some of these assumed benefits could be par-
tially replaced by negative impacts if car-centric mobility behaviour is not discouraged
by sustainable mobility policies if car-dependency in suburban and peri-urban areas or
not corrected or if the current urban sprawl expands geographically. In this context, the
implementation of automated vehicles could lead to an increase in the share and volume of
car use (for those who do not currently drive, children, the elderly, the disabled, those who
will own and/or use private automated vehicles), both in large cities and in their peri-urban
areas. Given the reluctance to use shared vehicles [14], public transport could lose more of
its attractiveness and modal share [33]. Commuting by car could increase in volume and
length due to people’s greater acceptance of travelling longer distances if they can have a
double use for the travel time so that they can complete other activities [26,28,33].

This paper represents an initial exploratory study in Romania, connecting the analysis
of the spatial development characteristics influencing mobility patterns, strategic frame-
work that is relevant for future ACT deployment, and citizen perceptions and attitudes
towards automated vehicles (AVs), influencing future mobility behaviour related to ACT.

Following the results of the study, we have identified several main recommendations
for the sustainable development of future ACT systems in Romania, which aim to harness
their foreseeable positive potential while mitigating their negative impact.

As per the surveys, the respondents in Romania appeared to be generally positive
about the potential benefits that may be derived from AV deployment, similar to the results
of other studies in the SEE region [46,47].

However, because of concerns arising from the limited knowledge about AVs, there
is a need to increase the awareness and acceptance of both citizens other stakeholders
through information, communication campaigns, and pilot demonstrations aimed at i. a
better understanding of the new features and benefits of ACT, ii. mitigating the negative
perceptions about safety (travelling in the AV and on-street interaction with AV), security,
costs, and the shared use of AVs, and iii. raising willingness to use AVs, especially as
shared and collective transport, for AV implementation to be successful. Current and future
AV-based shared mobility should be explained to change the citizen mobility habits and to
develop a new smart and sustainable mobility culture. Awareness should also be raised
regarding the environmental impact of the different modes of transportation.

Upgraded and more mature mobility policies should be developed to mitigate current
unsustainable mobility habits and to prevent their accentuation through AV use, such as
individual car-centric travel behaviour, long commuting distances, and high preferences
for car ownership over shared mobility. New mobility planning methods and models for
AV integration into urban mobility systems should be incorporated into the next generation
of SUMPs, [33] especially for the ambitious smart cities of the future.

Finally, it is necessary to improve the urban planning strategic framework to create
spatial premises for sustainable mobility and to develop consistent research on the relation-
ship between the (re)modelling of urban environments and ACT systems. The sprawling,
car-oriented spatial development that could generate high AV volumes and commuting
distances, in what Cavoli names “technology-led” instead of “technology-fed” smart ter-
ritories [26] has to be banned. The compact development, functional mixity, polycentric
development, transit-oriented development models and a proper density for supporting
public transportation need to be better regulated for sustainable spatial development [1,3,6].
Prospective studies on the future spatial demands of ACT systems should identify models
for how to re-design and regulate these systems so that cities can adapt to them sustainably.
This is to avoid adopting dysfunctional patterns such as the “adaptation of cities to the
cars” seen in the 1950s and 1960s. It is necessary for mobility planning and spatial planning
to be better integrated in order for AV deployment to be achieved.



Energies 2022, 15, 1698 20 of 23

There are, however, some limitations in the study, especially those related to the online
survey: first, the sample in Romania was not diverse enough to capture the perceptions
that all of the respondents had to all of the categories, as most of the respondents were
highly educated, active people, most of whom were aged 30–49. Since the participants
were digitally educated, the survey excluded the citizens who did not have access to or
who are not familiar with the internet [45]; secondly, because awareness of AVs is limited
and there was no individual AV testing stage before the survey, the responses are based on
personal assumptions. It should also be noted that the respondents in most of the other
studies in the SEE countries were not a representative sample, and often, the number of
responses was relatively low (Table 2), which may reduce their comparability.

Further research should examine the design of sustainable and contextualised ACT
schemes that address specific transport improvement needs in both large cities and their
FUAs in SEE countries. ACT services have to be designed in different areas (inner-city,
suburb, peri-urban area) for multimodal accessibility that is based on low-carbon and
low space-consuming modes and for a better liveability in terms of (i) metropolitan, local,
and-zonal transport services (AV-based public transport) and shared mobility and (ii)
Automated Connected Transport mobility schemes (car-sharing, ride-sharing, ride-hailing)
as well as on-demand transport provisions in areas that currently have poor accessibility
to public transport. ACT systems should be designed to make mobility more efficient,
safe, comfortable, and personalised while also supporting sustainable and less car-centric
mobility habits. The future demands for mobility must be studied and understood in
the context of other general trends or risks such as ageing, the digital marginalisation of
elders, gender inequity in mobility, etc. Moreover, future research should consider the
integration of the new ACT systems with the traditional mobility ecosystems, planning and
practices, through multimodal and intermodal thinking and through Mobility as a Service
(MaaS) approaches. New mobility planning methods and models for AVs integration in
the urban mobility systems should be incorporated into the next generation of SUMPs, and
to consider as well at a wider dimension (respectively at regional transportation plans [55]
when it will be required by the Romanian legislation), knowing that the influence of urban
transport goes beyond the urban area borders. The new ecosystem of new AV-based public
transport models and new shared, automated mobility should be designed through a
quadruple helix approach, involving the four main categories of actors in the innovation
system: science (research and academia), policy, industry, and society.

Our research was not focused on the technological solutions nor on the economic
aspects of AVs in Romania, yet for an integrative approach and future ACT deployment,
further work will need to address thoroughly these dimensions.

Finally, we expect our findings to be relevant to all stakeholders involved in the devel-
opment of future smart mobility, allowing them to contribute to the debate on automated
and connected transport, especially in SEE countries.
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