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Abstract: New transport technologies, such as autonomous vehicles, are increasingly discussed in
the debate on the transition to a sustainable urban future. Automated vehicles (AVs) are expected to
reduce the value of travel time (VoT), allowing the use of time for other types of activities during
travel, including working, reading, sleeping, entertainment, etc. Our study aims to provide empirical
insights on future modal choice preferences for regular trips for Romanian citizens, using a sample
of 309 respondents to a web survey on issues related to automated vehicles. Using multinomial
logistic models (MNL), we analysed the relationship between three mode choices: regular car,
private automated vehicle, and shared automated vehicle, along with the individual and household
characteristics. In addition, we calculated the VoT for each mode choice based on the results of
MNL analysis. Results showed that VoT is strongly influenced by travel cost and travel time, by
socio-economic characteristics such as age, gender, and education, and has the lowest value for the
shared AV compared with a regular car or a private AV. Future research may conduct comparable
studies in European countries but also explore the opinions and perceptions of vulnerable road users
on AVs and VoT.

Keywords: shared automated vehicle; discrete choice; multinomial logit model; user preferences;
value of travel time

1. Introduction

Research investigating the acceptability of connected and automated vehicles (CAVs) has
become consistent since the early 2000s, when it was evident that automated (shared)
vehicles would increasingly influence people’s mode of travelling and determine a dis-
ruption in the way urban planning has been considered [1–5]. CAVs are expected to have
revolutionary impacts on transportation systems and the configuration of urban areas, but
the level of market penetration and their take up remains uncertain, even though some
predictions have already been made. Technologically, automated vehicles are expected to
become common place and affordable between 2040–2060 [6], while the travel demand for
AVs needs to consider several factors, such as age composition, individual travel needs, and
level of service for alternative modes of transportation, that may influence this adoption [7].
From an urban development perspective, it is very clear that the introduction of connected
and automated vehicles will produce disruptions in many ways, but there is still a lack of
knowledge on these disruptions and what policy strategies are needed to address them [6].
The important influence of CAVs is assumed to be on land-use planning and the built
environment, and these assumptions are not always in favour of CAVs. It is estimated
that the quality of built environment will be improved by re-densification, or regeneration
of inner-city areas [7], and redesigning of street infrastructure for a wide user access [8]
but they will increase urban sprawl [9]. From an environmental perspective, researchers
generally agree that CAVs are expected to have a positive impact, these being electrical
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vehicles and the source of energy can be renewably generated [10–14]. Another important
disruption is foreseen in the field of urban transportation [10], with the introduction of
smart mobility [15] bringing new business models for collective transport [16] or shared au-
tomated transport [17–19]. However, it is still unclear whether shared automated vehicles
would be easily accepted or not by the public, as this depends on several factors, such as
price [20,21], density of the area of residence [22,23], and personal and data privacy [24–26].

Besides these aspects, CAVs are expected to provide important benefits by reducing
the role of the human driver and allowing more time for other activities during travel,
but the real effects are still under investigation. In recent years, substantial research has
been focused on determining the changes that CAVs will influence on the value of travel
time (VoT or VoTT) as a result of the adoption of automated (shared) vehicles, considering
that the time spent during the travel could be allocated to other activities. A number of
authors, based on different types of research, estimate different values for VoT reduction:
41% compared with private cars [27], and 8–32% (8–14% for shared automated vehicles)
compared with driving [28]. In some cases [29], it has been found that driving a private
automated vehicle might reduce the VoT by 31% compared with driving manually, but
travelling in a shared automated vehicle is perceived 10% less negatively than driving man-
ually. Research [30–32] has shown the influence of socio-demographics, trip characteristics,
and on-board activities on monetizing the value of time. However, Gao et al. recommended
a need for caution in making predictions based on current consumers’ perceptions of
automated vehicle (AV) technology [33].

In Romania, Andrei et al. [34] explored citizens’ perceptions, concerns, and attitudes
which may influence their mobility behaviour when using automated and connected
transport (ACT) systems. The paper demonstrated that the perceptions of Romanian
citizens are broadly similar to those of citizens in other countries, in terms of security,
privacy, vehicle sharing with other occupants, and women’s reluctance to use AVs.

Considering all the above, and keeping in mind that value of time for automated
vehicles has never been discussed in Romanian scientific literature, in order to continue the
research on AV for Romania [34] and to extend the analysis performed in European coun-
tries [35–37] in terms of VoT for AV, the following research questions are proposed. (1) What
are the socio-demographic factors influencing VoT for automated vehicles? (2) Which type
of vehicle (CAR, PAV, or SAV) corresponds to the lowest value of VoT? (3) How do the
results in Romania compare with those in other countries that used the same survey?

To answer these questions the objectives of the paper are: (1) to provide the first
exploratory study on automated vehicles and perception of value of travel time in Romania,
and (2) to discuss the results by comparing them with the results obtained by applying
similar questionnaires in several countries all over Europe [35–37]. Thus, our paper aims to
analyse how autonomous driving may change mode choices for regular trips considering:
(i) regular private CAR, (ii) privately owned automated vehicle (PAV), and (iii) shared
autonomous vehicle (SAV). The results of this study aim to provide empirical insights
on future modal choice preferences for regular trips for Romanian citizens, positioning
them within a wider range of preferences of Europe’s citizens. Considering that AVs
are not widely available, data collection will be a stated preference (SP) survey using
hypothetical scenarios.

The hypotheses tested in the present investigation are: (1) the mode choice depends
on travel time and travel cost, (2) the mode choice depends on socio-demographic charac-
teristics of the population, and (3) VoT has the lowest value for SAVs. All these hypotheses
are closely related to the survey questions described in the materials and methods section
with the aim of providing comparable and consistent research at the European level.

This paper is organized as follows: Section 2 provides a literature review followed
by the materials and methods used in the research in Section 3. Section 4 discusses the
results in comparison with the results obtained in other countries by applying the same
questionnaire. Section 5 provides the conclusions and discusses policy implications.
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2. Literature Review

The studies conducted so far have been oriented towards shaping the future of the
CAV system based on user preferences and investigating how people will benefit from
travel time for any other activity. Most of the research used different mode choice scenarios
for this estimation. Asgari et al. performed a comprehensive analysis of mode choice and
influencing factors [38], suggesting that on-demand AV services (with lower operating
costs) could become a viable option for many travellers despite most drivers and passengers
preferring single trips over shared trips at the moment, for both daily or occasional travel.
Using a stated preference experiment and a mixed logit model, Zhou et al. [39] revealed
that women, elderly, and non-driving people have negative opinions on the use of SAVs. In
a study conducted in Germany and USA, Kröger et al. [40] indicated that contextual factors
determined by national policy will influence AV adoption and impact the development of
travel demand. The influence of time, cost, and technological factors for public transport
users on the decision to switch to ridesharing were analysed by Azimi et al. [41]. In addition,
the study revealed that the main concerns of drivers when choosing ridesharing are travel-
ling with unknown people and pleasure of driving. On the other side, Webb et al. [42] and
Lavieri et al. [43] found that commuters are more likely to accept travelling with unknown
people when using SAVs. Haboucha et al., using discrete choice modelling, performed a
comparative study on mode choice between cars, PAVs, and SAVs [44] showing that hesita-
tion towards AV adoption still exists and the early AV adopters are likely to be younger,
students, more educated, and spend more time in vehicles.

Further research has shown diverse opinions and willingness of potential users to
adopt PAVs or SAVs depending on socio-demographic perspectives. Automated vehicles
are expected to reduce the VoT as long as they allow the use of time during travel for other
types of activities, including working, reading, sleeping, entertainment, etc. [35,45–48].
Hammadneh and Kiss showed that each onboard activity has a different impact on the
transport mode choice, public transport (PT) being preferred to SAVs in terms of multitask-
ing possibility, travel time, and cost [49], and demonstrated that PAV is preferred over SAV
and PT, with the lowest likelihood of choosing SAV [30]. Furthermore, reading and social
media use are preferred to writing alone activities.

Thus, another question raised in adoption of different form of CAVs concerns their
social impact on travel time use and travel costs. The perceived value of travel time
savings (VTTS), expressed as value of (travel) time (VoT), described as the cost of travel
time, is conceptualized as a willingness to pay for reducing travel time or avoiding an
additional hour of travel. The influence of the introduction of self-driving vehicles on
their VoT acceptance has been investigated in numerous studies worldwide [50–54], as
VoT is an important factor that determines the use, and the route choice [50,55]. Typically,
VoT is inferred from stated preference experiments, from discrete choice modeling [51],
predominantly using either the multinomial probit model (MNP) [52], or the multinomial
logit model (MNL). Rashidi et al. [53] generally agreed that AV will lead to a reduction in
travel time but specified that the results are influenced by the individuals’ characteristics,
location (urban, rural), use of a personal AV or shared AV, and the type of experiments
used in these forecasts.

In a large-scale study of 1800 U.S. commuters, Zhong et al. [28] demonstrated a
potential travel time reduction rate of 24% for AVs and 13% for SAVs in urban areas. In the
same study, the potential VoT reduction rate was 17% in the rural area for AVs and 7% for
SAVs. In Germany, Kolarova et al. [27] found that the estimated reduction in VoT compared
with conventional cars was 41% for the commuters and no change for leisure or shopping
trips. An interesting approach was undertaken in an experiment by Correia et al. in the
Netherlands, where a trip in a conventional car was compared with a chauffeur-driven car
and an AV [54]. The average VoT of conventional car travellers in both experiments (AVs
and chauffeur experiments) was 7.5 €/hour and, in addition, travelling alone was preferred
to travelling with companions in an AV.
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Nevertheless, Singleton et al. [56] argued that AV users may feel more like passengers
in a car than passengers on a train, with shared AVs potentially attenuating the use benefits
of travel time, productivity gains being limited to long-distance travel, and recommended
further empirical research on the experiential, time use, and VoT impacts of AVs.

Etzioni et al. [35] and Polydoropoulou et al. [36] approached the VoT on automated
vehicles as part of the studies carried out during the WISE ACT action, funded by the
COST programme. Etzioni et al. demonstrated that in six European countries (Cyprus,
UK, Slovenia, Montenegro, Hungary, and Iceland), VoT estimates are higher than expected,
reflecting the degree of uncertainty in AV implementation in countries of all sizes and
GDP per capita, while Polydoropoulou et al. highlighted the importance of analysing the
effect of SAV attributes and shared-ride conditions on future acceptance and adoption rates,
and calculated willingness-to-pay values for private non-autonomous vehicles and private
and shared autonomous vehicles in seven EU countries (Cyprus, Greece, Hungary, Israel,
Iceland, Finland, and United Kingdom). Both travel time and travel cost were calculated
based on the responses received from each participant regarding the time they spent on a
regular trip.

From reviewing the relevant literature, we can observe that the discussion on the
influence of socio-demographic factors on VoT is still a work in progress; only a few papers
discuss the VoT for automated vehicles in the former communist countries, which have
certain specificity, being predominantly car-oriented [34]. The present paper enriches the
research, representing the first exploratory study on AV and perceptions of VoT in Romania.

3. Materials and Methods

A European survey focusing on travel behaviour and user attitudes towards future
AV deployment was developed and applied during COST WISE-ACT Action. The survey
was written in English, translated into the local language, and distributed to the different
interest groups, as universities, national and regional agencies, NGOs, network of mobility
interests, and public transport providers. In Romania, the data was collected during
the COVID-19 outbreak, but the responders were asked to think about their usual travel
behaviour before the pandemic restrictions, so the data collected and analysed in this study
reflect pre-COVID-19 conditions.

The definition of AV has been included to avoid any misunderstanding of this notion:
“An Autonomous Vehicle (AV) is a vehicle which takes over speed and steering control
completely and permanently, on all roads and in all situations. The driver-passenger cannot
drive manually because the vehicle does not have a steering wheel. The driver-passenger
only sets the travel destination” [57]. The responders were asked to consider the SAE level
5 of autonomy of this vehicle [56]. The survey received ethical approval and all the data
collected were anonymous.

The present research investigates the mode in which travel time/travel cost and
socio-demographic characteristics of Romanian citizens influence the decision to choose
between CARs, PAVs, and SAVs, based on stated preference discrete choice modelling
(SPDCM) experiment, with different scenarios. The stated preference method is often used
in analysing the transport behaviour research to determine the response to different choice
situation to reveal situations that are not present in the market [58].

3.1. Survey Design and Variables Analysed

The survey was designed in three parts, as follows:
The first part aimed to investigate the daily transport habits specific to the most

important journeys and the modes of transport used, as well as awareness, perception,
and attitudes on automated vehicles. In the first part of the questionnaire, after explaining
the notion of autonomous vehicle [57], the respondents were made familiar with the
activities they could carry out while travelling in an autonomous vehicle. The question
was developed based on a 6-point Likert scale approach (from 1 = strongly disagree to 6 =
strongly agree) and the results are shown in Figure 1.
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Figure 1. Preferred activities to be carried out during a travel in an AV, based on the survey analysis.

We observed that most of the responders preferred to enjoy the scenery, listen to the
music, or pay attention to the vehicle behaviour. These preferences could result from the
fact that the autonomous vehicle concept is currently not very well understood or tested.

The second part was conceived as a stated choice experiment. It included 24 scenarios,
divided into 4 blocks, each block having 6 choice scenarios and the respondent being
randomly allocated to each block. At the beginning of the second part, responders were
asked to estimate the travel time for a regular trip by car, for a usual journey, even if they
do not use this type of transport mode and they inputted as well the regular trip scope. For
this specific travel cost, a national average travel cost value was used, based on a journey
of approximately 10 km by taxi from an international airport to the main city in the country
where they lived. For Romania, the cost considered was 1.7 lei/km (approximate EUR
0.37/km). The travel time (TT) and travel cost (TC) values provided to the respondents
in the scenarios were based on these values, as presented in Figure 2. The construction of
the stated preference (SP) sample scenario is presented in Table 1. In the survey, it was
assumed that AVs are already operating in the city environment.
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the preferred modes for this regular journey. The majority of respondents (Figure 3)
stated that the main purpose for their journey was work (61%), administrative purposes
(11%), and leisure (7%), while the most used means of transport for a regular journey
(Figure 4) was personal car (58.4%), followed by public transport (22.4%), walking (6.5%),
and cycling (3.6%).
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3.2. Model Formulation
3.2.1. Analysis Framework

The hypotheses mentioned above are tested by using multinomial logistic regression
(MNL). MNL is an extension of binary logistic regression that allows for more than two
categories of the dependent or outcome variable and is considered an attractive analysis
because it does not assume normality, linearity, or homoscedasticity [59]. MNL, one of
the most used statistical models for determining mode choice is used in conjunction with
the utility function for travel behaviour analysis [59]. In addition, the research aims to
determine the value of time (VoT) of each choice, based on the parameter coefficients of
the travel cost (TT) and travel time (TC). This can be defined as the price users willingness
to pay for the additional unit of time by maximizing his/her utility under the time and
budget constraints [60].

To analyse the survey results and to perform the correlations, we used 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 widely used as a research tool in engineering, marketing and education,
social science, healthcare, and data mining.

3.2.2. Construction of the Utility Theory

Mode choice modelling represents the most important model in transport planning
based on random utility theory [51,60]. An individual chooses an alternative to maximize
his/her utility. The utility function (U) is an economic term for measuring relative satis-
faction and has the property that an alternative is chosen if its utility is greater than the
utility of all other alternatives in the individual choice set [61–63]. The utility of a service
or good consists of two parts: one part is represented by the factor influencing the utility
of alternative i, of mode t of each individual n (Vitn) and the unobserved utility εit. The
error term simplifies an arbitrary usage pattern by integrating variables that have not
been observed.

Uitn = Vitn + εitn (1)

where:
Uitn = the utility function of the alternative (i) to the mode choice (t) for the individual n,
Vitn = the deterministic or observable portion of the utility estimated and includes

variables related to the choice alternatives (travel cost, travel time) and to the individual
itself (gender, age, education, etc.),

εitn = the error or the portion of the utility which could not be observed (capture
the uncertainty).

The deterministic term Vin of each alternative is a linear function, determined by the
attributes of the alternative itself and by the characteristics of the individual.

Vitn = ∑
k

βkXintk (2)

where:
βk = vector of parameters representing a coefficient of variables that defines the

alternative of mode choice. It provides information on how a parameter positively or
negatively, influences the choice.

Xintk = vector of parameters representing a coefficient of variables that defines the
alternative of mode choice.

The mathematical structure of multinomial logistic Model (MNL) can be expressed as
the probability (P) that a given individual chooses alternative i from a choice set of M (i = 1,
2, 3, . . . , M) for a mode choice (t) and is given by equation:

Pi =
eVit

∑i∈M eVit
(3)
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where:
Pik = the probability of utility for a mode choice (t) by the individual choosing alterna-

tive (i),
Vit = the utility of systematic component for a mode choice (t) by the individual using

alternative (i).
Value of travel time (VoT) is a key indicator for cost-benefit evaluation of transport-

related projects when choosing an alternative mode. It usually refers to the value of money
equivalent for a minute spent in travelling, influencing the travel behaviour, and it varies
across individuals [61,64]. It is calculated as the ratio between the time coefficient and cost
coefficient in discrete choice model [65]:

VoTt = −60 sec ∗
βt

TT
βt

TC
(4)

where:
βt

TT = coefficient of variables estimated for travel time,
βt

TC = coefficient of variables estimated for travel cost,
t = travel mode choice.
It was considered that, as long as an individual agrees to share an automated car with

other unknown people (SAV choice), the number of co-travellers and their gender does not
significantly influence this choice.

3.2.3. Modelling Framework

Figure 5 presents the modelling framework for the mode choice behaviour, respectively,
CAR, PAV, and SAV as a function of two types of variables: individual characteristics and
household characteristics. Table 2 shows the variables that are investigated, coded, and
sorted for the specific group of variables.
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Table 2. Description of variables investigated.

Variable Description Measure

Individual characteristics

Age Age ordinal
Gender Gender (dummy variable indicate which 0 if male, 1 if female) scale

Education Education level (dummy variable indicate which 1 if Primary school or
equivalent, 2 if High-school, 3 if College/University, 4 if Postgraduate) scale

Employment_status
Employment status (dummy variable indicate which 1 if Employee, 2 if
Self-employed, 3 if Company owner, 4 if Unemployed, 5 if Retired, 6 if

Full-time education, 0 if Other)
scale

Driving_licence Driving license (dummy variable indicate which 0 if no, 1 if yes)
Household characteristics

HHM Number of members in the household, including responders scale

HHM_care No. of members in the household need caring responsibility, including
yourself (children, disabled, elderly, etc) scale

No_cars No. of cars in the household scale

Annual_income
Annual income (dummy variable indicate which income class a respondent

belongs to 1 if Low annual income, 2 if Medium annual income, 3 if High
annual income, 0 if Not disclosed)

ordinal

Trip characteristics (stated preference)

TT Travel time scale

TC Travel cost scale

CAR, PAV, SAV Transport mode nominal

Consequently, the general utility function will have the form in (6) and the utility
function of each alternative (CAR, PAV, SAV) can be written as in (6)–(8):

Ut
in = ∑

k
βt

XkXt
ink + ∑

k
βt

YkYt
ink + εitn (5)

Un
CAR = βCAR

TT TTn +βCAR
TC TCn + βCAR

age AGEn + βCAR
genderGendern + βCAR

educationEducationn

+βCAR
employmentEmploymentn + βCAR

driving_licDriving_licn + βCAR
HHM HHM

+βCAR
HHM_careHHM_caren + βCAR

no_carsNo_carsn

+βCAR
Annual_income Annual_incomen + εCAR

(6)

Un
PAV = βPAV

TT TTn +βPAV
TC TCn + βPAV

age AGEn + βPAV
genderGendern + βPAV

educationEducationn

+βPAV
employmentEmploymentn + βPAV

driving_licDriving_licn + βPAV
HHM HHM

+βPAV
HHM_careHHM_caren + βPAV

no_carsNo_carsn

+βPAV
Annual_income Annual_incomen + εPAV

(7)

Un
SAV = βSAV

TT TTn +βSAV
TC TCn + βSAV

age AGEn + βSAV
genderGendern + βSAV

educationEducationn

+βSAV
employmentEmploymentn + βSAV

driving_licDriving_licn + βSAV
HHM HHM

+βSAV
HHM_careHHM_caren + βSAV

no_carsNo_carsn

+βSAV
Annual_income Annual_incomen + εSAV

(8)

where:
βt

Xk = vector coefficient of the individual attributes,
Xt

ink = vector of parameters representing a coefficient of variables that defines the
alternative of mode choice related to the individual characteristics.

βt
Yk = vector coefficient of the household attributes,

Yt
ink = vector of parameters representing a coefficient of variables that defines the

alternative of mode choice related to the household characteristics.
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t = travel mode choice

4. Results and Discussion
4.1. Socio Economic Characteristics

A total of 309 responses were recorded and validated. The individual and socio-
economic characteristics of the analysed sample are presented in Tables 3 and 4. From the
statistical point of view, the sample fits the characteristics of the national population in
terms of gender [66]. The number of cars per household is 1.34, confirming the perception
of a car as a status symbol that was perpetuated in Romania following the fall of the
communist regime [67]. It can be observed, however, that there are significant variations
between education groups, with the majority of the respondents having at least university
or postgraduate education (90%), which may be partly as a result of recruitment through
the authors’ professional network in the web-based survey, this being a common feature
of all the countries where the survey was distributed [35,36]. Respondents are generally
employed, which is fully in line with the European statistics [68], and the majority hold
a valid driving license. In terms of income, there was a uniform distribution among the
respondents, with 11% in the middle-income range, but a relatively high percentage of the
respondents (18.4%) did not want to disclose their income.

Table 3. Descriptive statistics of individual and household characteristics.

Mean Std. Deviation Variance

Statistic Std. Error Statistic Statistic

Age 40.27 0.706 12.404 153.866
Gender 1.05 0.28 0.501 0.251

No. of members in the household 2.67 0.070 1.230 1.513

No. of members in the household need caring responsibility,
including yourself (children, disabled, elderly, etc.) 0.61 0.053 0.931 0.867

No. of cars in the household 1.34 0.050 0.870 0.758

Table 4. Descriptive statistics of the socio-economic characteristics of the sample data.

Frequency Percentage

Gender
Female 155 50.2

Male 154 49.8

Highest level educational degree

Primary school or equivalent 1 0.3

High school 30 9.7

College/University 141 45.6

Postgraduate 137 44.3

Car driving license
Yes 256 82.8

No 53 17.2

Employment status

Employee 210 68.0

Self-employed 26 8.4

Company owner 36 11.7

Unemployed 1 0.3

Retired 8 2.6

Full-time education 27 8.7

Other 1 0.3

Annual income

Not disclosed 342 18.5

Low annual income 690 37.3

Medium annual income 739 40.0

High annual income 78 4.2
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The allocation per group of scenarios is indicated in Table 5. We randomly allocated
the responders, considering a balanced number of participants per group, and we did not
take into account any response provided for previous questions in the survey.

Table 5. Distribution of participants per groups.

No. of Participants Male Female

1st group 84 36 48
2nd group 77 43 34
3rd group 70 35 35
4th group 78 40 38

Total 309 154 155

From the total number of interviewed people, the responses for 1 person were elim-
inated because their questionnaire was not filled out completely. A total of 1.848 valid
responses has been recorded and the choices for CAR, PAV, and SAV are presented in
Table 6. We observed a high preference for regular cars (41%), followed by SAVs (37%),
indicating similar reservation towards acceptance of AVs as people participating in the
same survey in six European countries [35], and which also emphasized that 70% of choices
are regular cars.

Table 6. Distribution of answers per choices for CAR, PAV, and SAV.

CAR PAV SAV Total

No. of answers 763 395 690 1.848

The questions and choices for each group are shown in Tables 7–10 below. For ex-
emplification of choice scenario, the descriptive statistics are presented from the gender
preferences perspective. The values in bold show the dominant preferences by gender, for
each choice.

Table 7. Group 1—choice scenarios and responses for gender preferences.

Gender

Female Male

C
ho

ic
e

1 1.3 × T × C lei, 1 × T min, other passengers: 0 CAR 29.2% 38.9%

1.2 × T × C lei, 0.8 × T min, other passengers: 0 PAV 22.9% 22.2%

1.1 × T × C lei, 0.7 × T min, other passengers: 0 SAV 47.9% 38.9%

C
ho

ic
e

2 0.7 × T × C lei, 1.2 × T min, other passengers: 0 CAR 54.2% 55.6%

1.5 × T × C lei, 1.2 × T min, other passengers: 0 PAV 10.4% 5.6%

0.5 × T × C lei, 1.3 × T min, other passengers: 0 SAV 35.4% 38.9%

C
ho

ic
e

9 0.7 × T × C lei, 1.2 × T min, other passengers: 0 CAR 60.4% 69.4%

1.2 × T × C lei, 1.4 × T min, other passengers: 0 PAV 8.3% 5.6%

1.1 × T × C lei, 0.7 × T min, other passengers: 1 W + 1 M SAV 31.3% 25.0%

C
ho

ic
e

11 1.3 × T × C lei, 1 × T min, other passengers: 0 CAR 31.3% 30.6%

0.9 × T × C lei, 1 × T min; other passengers: 0 PAV 41.7% 50.0%

0.5 ×T × C lei, 1.6 × T min, other passengers: 2 M SAV 27.1% 19.4%

C
ho

ic
e

18 0.7 × T × C lei, 1.2 × T min, other passengers: 0 CAR 39.6% 44.4%

0.9×T×C lei, 1.4×T min, other passengers: 0 PAV 6.3% 8.3%

0.5 × T × C lei, 1 × T min, other passengers: 0 SAV 54.2% 47.2%

C
ho

ic
e

24 1 × T × C lei, 1.2 × T min, other passengers: 0 CAR 39.6% 47.2%

1.2 × T × C lei, 0.8 × T min, other passengers: 0 PAV 18.8% 19.4%

0.8 × T × C lei, 1 × T min, other passengers: 1 M + 1 W SAV 41.7% 33.3%
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Table 8. Group 2—choice scenarios and responses for gender preferences.

Gender

Female Male

C
ho

ic
e

5 1 × T × C lei, 1.2 × T minutes, other passengers: 0 CAR 73.5% 67.4%

1.5 × T × C lei, 1.4 × T minutes, other passengers: 0 PAV 14.7% 7.0%

1.1 × T × C lei, 1.6 × T minutes, other passengers: 0 SAV 11.8% 25.6%

C
ho

ic
e

12 1.3 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 32.4% 23.26%

1.5 × T × C lei, 1 × T minutes, other passengers: 0 PAV 29.4% 13.95%

0.5 × T × C lei, 0.7 × T minutes, other passengers: 1 M SAV 38.2% 62.79%

C
ho

ic
e

16 0.7 × T × C lei, 1.2 × T minutes, other passengers: 0 CAR 61.8% 51.16%

1.2 × T × C lei, 1 × T minutes, other passengers: 0 PAV 32.4% 37.21%

1.1 × T × C lei, 1.6 × T minutes, other passengers: 1 M SAV 5.9% 11.63%

C
ho

ic
e

19 0.7 × T × C lei, 1.4 × T minutes, other passengers: 0 CAR 38.2% 30.23%

1.5 × T × C lei, 1.4 × T minutes, other passengers: 0 PAV 11.8% 6.98%

0.5 × T × C lei, 0.7 × T minutes, other passengers: 1 W SAV 50.0% 62.79%

C
ho

ic
e

20 1.3 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 32.4% 18.60%

1.5 × T × C lei, 0.8 × T minutes, other passengers: 0 PAV 41.2% 41.86%

0.5 × T × C lei, 1.6 × T minutes, other passengers: 1 W SAV 26.5% 39.53%

C
ho

ic
e

21 1 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 29.4% 16.28%

0.9 × T × C lei, 1 × T minutes, other passengers: 0 PAV 52.9% 60.47%

0.8 × T × C lei, 1.6 × T minutes, other passengers: 0 SAV 17.6% 23.26%

Table 9. Group 3—choice scenarios and responses for gender preferences.

Gender
Female Male

C
ho

ic
e

4 1.3 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 25.7% 31.4%

1.5 × T × C lei, 1.4 × T minutes, other passengers: 0 PAV 5.7% 11.4%

1.1 × T × C lei, 1.3 × T minutes, other passengers: 0 SAV 68.6% 57.1%

C
ho

ic
e

6 1 × T × C lei, 1.4 × T minutes, other passengers: 0 CAR 25.7% 25.7%

1.2 × T × C lei, 0.8 × T minutes, other passengers: 0 PAV 14.3% 28.6%

1.1 × T × C lei, 0.7 × T minutes, other passengers: 0 SAV 60.0% 45.7%

C
ho

ic
e

8 1 × T × C lei, 1 × T minutes, other passengers: 0 CAR 57.1% 54.3%

1.5 × T × C lei, 0.8 × T minutes, other passengers: 0 PAV 20.0% 17.1%

0.8 × T × C lei, 1.3 × T minutes, other passengers: 2 M SAV 22.9% 28.6%

C
ho

ic
e

10 0.7 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 22.9% 28.6%

0.9 × T × C lei, 0.8 × T minutes, other passengers: 0 PAV 51.4% 54.3%

0.8 × T × C lei, 1.3 × T minutes, other passengers: 0 SAV 25.7% 17.1%

C
ho

ic
e

14 0.7 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 42.9% 48.6%

1.5 × T × C lei, 1.2 × T minutes, other passengers: 0 PAV 11.4% 8.6%

1.1 × T × C lei, 1 × T minutes, other passengers: 2 W SAV 45.7% 42.9%

C
ho

ic
e

17 1.3 × T × C lei, 1.4 × T minutes, other passengers: 0 CAR 17.1% 22.9%

0.9 × T × C lei, 1.2 × T minutes, other passengers: 0 PAV 62.9% 48.6%

0.5 × T × C lei, 1.6 × T minutes, other passengers: 1 M + 1 W SAV 20.0% 28.6%
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Table 10. Group 4—choice scenarios and responses for gender preferences.

Gender
Female Male

C
ho

ic
e

3 0.7 × T × C lei, 1 × T minutes, other passengers: 0 CAR 52.6% 52.5%

1.5 × T × C lei, 0.8 × T minutes, other passengers: 0 PAV 7.9% 15.0%

0.5 × T × C lei, 1.3 × T minutes, other passengers: 0 SAV 39.5% 32.5%

C
ho

ic
e

7 1.3 × T × C lei, 1.2 × T minutes, other passengers: 0 CAR 18.4% 30.0%

0.9 × T × C lei, 1.4 × T minutes, other passengers: 0 PAV 13.2% 10.0%

0.5 × T × C lei, 0.7 × T minutes, other passengers: 0 SAV 68.4% 60.0%

C
ho

ic
e

13 0.7 × T × C lei, 1 × T minutes, other passengers: 0 CAR 63.2% 62.5%

0.9 × T × C lei, 1 × T minutes, other passengers: 0 PAV 5.3% 25.0%

0.5 × T × C lei, 1.6 × T minutes, other passengers: 2 W SAV 31.6% 12.5%

C
ho

ic
e

15 1.3 × T × C lei, 1 × T minutes, other passengers: 0 CAR 31.6% 42.5%

1.5 × T × C lei, 1 × T minutes, other passengers: 0 PAV 5.3% 7.5%

0.8 × T × C lei, 1 x T minutes, other passengers: 2 W SAV 63.2% 50.0%

C
ho

ic
e

22 1 × T × C lei, 1 × T minutes, other passengers: 0 CAR 55.3% 65.0%

1.2 × T × C lei, 1 × T minutes, other passengers: 0 PAV 13.2% 17.5%

1 × T × C lei, 1.3 × T minutes, other passengers: 1 W SAV 31.6% 17.5%

C
ho

ic
e

23 0.7 × T × C lei, 1.6 × T minutes, other passengers: 0 CAR 36.8% 32.5%

0.9 × T × C lei, 1.4 × T minutes, other passengers: 0 PAV 13.2% 12.5%

0.8 × T × C lei, 0.7 × T minutes, other passengers: 2 M SAV 50.0% 55.0%

In the case of the first group, we can see that the respondents, both male and female,
generally preferred the cheaper option of travel (Choices 1, 9, 18, 24), regardless of whether
the trip was made with a CAR, PAV, or SAV. When the interviewees were exposed to a
cheaper option, but would have to travel with other people (1 man + 1 woman or 2 men),
they chose the next option as a cost, regardless of whether it was CAR or PAV. It is also noted
that in three cases (Choice 1, 11, and 24) women in this group prefer to share the vehicle
with other passengers, while men prefer to share a vehicle only in two cases (Choice 1
and 18).

Similarly, in the case of the second group, we can notice that the respondents generally
preferred (4 cases out of 6) the cheaper option of travel, regardless of whether the travel
was with a CAR, PAV, or SAV.

When the interviewees were exposed to a cheaper option, but they would have to
move to a SAV with other people (1 woman), they chose the next option as a cost, regardless
of whether it was a CAR or PAV. In this case, both men and women (Choice 19) preferred
the option of travelling with an SAV. It is noteworthy that when the cost of travel was
slightly higher than in the case of an SAV, participants preferred PAV, probably due to the
shorter travelling time (Choice 11).

In the case of the third group, the preferences varied among the cheapest or shorter
time option, regardless of whether the travel was made with a CAR, PAV, or SAV. In this
group it can be observed that there was a preference for women to share a vehicle with other
women (Choice 6 and 14). The alternative PAV was chosen in only two cases (Choice 10
and 17), when the travel time was the shortest.

In the case of the fourth group, we can see that the respondents preferred the cheaper
option of travel in three cases (Choice 7, 15, and 22), and in two of the three cases this was
with an SAV. Regarding travelling with other people in the vehicle, it is noted that both
men and women preferred this option especially if they were travelling with 2 women or
2 men (Choices 15 and 23).
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The results for all groups showed that, whether female or male, the preferences were
largely for the best options presented from the cost point of view and then for the shortest
travel time. In addition, men were more likely to use a shared car regardless of the presence
of other unknown attendant(s), while women preferred to use a shared autonomous car
but without any passengers. The option for using a PAV was less chosen.

Summarizing the results across the four groups, respondents clearly preferred the
cheaper option of travel in most cases, regardless of whether they travel with a CAR, PAV,
or SAV, confirming the results in [69] which demonstrates consumers’ sensitivity to price
in relation to PAVs and SAVs. However, if the cheaper option is the SAV, the results are
not completely relevant as the preference for travel with (i) one man, (ii) one woman,
(iii) two men, (iv) two women, or (v) one man and one woman is equally shared by the
respondents (three responses for each option). In addition, travelling with one or two
people, regardless of gender, did not seem to influence the choice of SAV, thus further
research should be carried out on a larger sample.

4.2. Investigation of Model Fitting

The logical step in the analysis was checking that data fit the multinomial logistic
model [68]. For this, we ran goodness-of-fit analysis. The results are presented in Table 11,
and show that the overall model is statistically significant (Sig. ≤ 0.05) [70].

Table 11. Goodness-of-fit.

CAR PAV SAV

Chi-Square df Sig. Chi-Square df Sig. Chi-Square df Sig.

Pearson 1859.729 1618 0.000 1965.947 1618 0.000 2065.738 1618 0.000

Deviance 2378.323 1618 0.000 1637.561 1618 0.362 2237.344 1618 0.000

We performed a likelihood ratio test (Table 12) to establish the contribution of each
parameter on the model. The results show the existence of a statistically significant rela-
tionship between the variables. Thus, travel time and travel cost have a significant effect
on transport mode choice for all scenarios. Besides this, age and number of cars in the
household have a significant influence on travel mode choice. On the other hand, education
does not influence the mode choice in any alternative. It can be observed that preferences
for PAVs are unlikely to be influenced by gender, annual income, driving licence, or the
number of household members, although it is influenced by the employment status and
whether there is at least one member in the household that needs care. The option to
share an AV is influenced by the annual income, driving licence, and number of cars in the
household, and is not influenced by the gender, employment status, and if there is at least
one member of the household in need of care.

4.3. Parameter Estimates

Parameter estimation for mode choice is presented in Table 13. In this table, we
removed the subcategories that were not statistically significant. The negative coefficient
indicates the decreased utility associated with increased parameters. The positive influence
of travel time is observed for both CARs and SAVs, while the travel cost is more important
for those who chose PAVs.

Related to the individual characteristics, age negatively influences the choice of au-
tomated, personal, or shared vehicle, with older people preferring the classic car, which
confirms, on the one hand, the results of administering the same survey in three of the seven
countries where the survey was applied, namely Hungary, Israel, and Iceland [35] and,
on the other hand, the findings in the international literature [71]. Additionally, younger
people are more interested in AVs, confirming the research results in [44]. Interestingly,
it was found that education does not influence the choice for PAV or SAV, contrary to the
international literature findings indicating that higher-educated people are more likely to
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use SAVs [43]. This aspect is probably influenced by the sample characteristics, as most
responders have university or post-doctoral studies. As expected, respondents who do
not have a driving licence prefer to use SAVs, while the others prefer personal classic
cars. The choice for PAV is positively influenced by travel time, age (young people), em-
ployment status, number of household members needing care, and number of cars in the
household, which confirms the results in previous research for the countries involved
in the survey [35–37] but also the findings in the international literature [53]. Despite its
potential lower convenience, SAV is more preferred by young people, and those without a
driving licence or car. Furthermore, SAV use is not influenced by gender, in contrast to the
results of the Israel study in [44], which suggests that men are more likely than women to
prefer SAVs, and the findings in [72], which indicate that men are more concerned about
using SAVs than women. Furthermore, SAVs are preferred by those with a low or medium
annual income, probably due to the high cost of purchasing AVs.

Table 12. Likelihood Ratio Tests.

Effect

CAR PAV SAV

Model
Fitting
Criteria

Likelihood Ratio Tests
Model
Fitting
Criteria

Likelihood Ratio Tests
Model
Fitting
Criteria

Likelihood Ratio Tests
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Intercept 2378.323 a 0.000 0 . 1637.561 a 0.000 0 . 2237.344 a 0.000 0 .

TT 2392.971 14.648 1 0.000 1825.147 187.586 1 0.000 2291.809 54.465 1 0.000

TC 2393.068 14.745 1 0.000 1875.599 238.038 1 0.000 2328.301 90.957 1 0.000

Age 2426.780 48.456 1 0.000 1642.566 5.006 1 0.025 2266.591 29.247 1 0.000

Gender 2382.176 3.852 1 0.050 1638.590 1.030 1 0.310 2239.328 1.985 1 0.159

Education 2380.312 1.988 2 0.370 1640.418 2.858 2 0.240 2239.361 2.017 2 0.365

Employment_status 2387.434 9.110 6 0.167 1649.067 11.507 6 0.074 2244.537 7.194 6 0.303

Annual_income 2394.328 16.005 3 0.001 1637.741 0.180 3 0.981 2253.275 15.932 3 0.001

Driving_licence 2394.225 15.902 1 0.000 1637.611 0.051 1 0.822 2251.519 14.175 1 0.000

HHM 2379.851 1.527 1 0.217 1638.714 1.153 1 0.283 2242.411 5.067 1 0.024

HHM_care 2381.580 3.256 1 0.071 1649.835 12.274 1 0.000 2238.374 1.030 1 0.310

No_cars 2381.598 3.275 1 0.070 1642.241 4.680 1 0.031 2251.946 14.602 1 0.000

The chi-square statistic is the difference in −2 log-likelihoods between the final model and a reduced model. The
reduced model is formed by omitting an effect from the final model. The null hypothesis is that all parameters
of that effect are 0. a. This reduced model is equivalent to the final model because omitting the effect does not
increase the degrees of freedom.

We can confirm, based on the results above, that the first and second hypotheses are
confirmed: the mode choice strongly depends on travel time and travel cost as well as on
the socio-demographic characteristics of the population.

With regards to VoT, Table 14 shows the values calculated for each mode choice.
Interestingly, it can be observed that the VoT for SAV (34% reduction rate) is the lowest,
compared with the VoT for CAR and PAV, probably because the respondents consider that
the time spent while travelling can be used for other activities or just for relaxation. This
confirms our third hypothesis for Romania while indicating the preference of Romanian
respondents for better use of travel time by sharing a vehicle, even with unknown people.
The highest value of time was obtained for PAV (7.5% increase compared with classic
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personal car), suggesting respondents’ hesitation to adopt PAV, most probably due to the
expected purchase cost and concerns related to security and privacy [34].

Table 13. Parameter estimates.

Parameter
CAR PAV SAV

B Sig. B Sig. B Sig.

Intercept −1.593 0.082 −18.303 0.000 2.321 0.012

TT 0.007 0.000 -0.052 0.000 0.016 0.000

TC −0.005 0.000 0.035 0.000 −0.018 0.000

Age 0.034 0.000 −0.014 0.026 −0.029 0.000

[Gender = Female] male as reference 0.205 0.050 −0.135 0.310 −0.153 0.159

[Education = High school] 0.108 0.593 0.322 0.200 −0.296 0.164

[Education = College/University] −0.112 0.289 0.198 0.142 −0.032 0.775

[Employment_status = Employee] other
as reference −0.306 0.720 17.121 0.000 −1.096 0.203

[Employment_status = Self-employed] 0.183 0.832 16.678 0.000 −1.369 0.119

[Employment_status = Company-owner] −0.401 0.641 17.173 0.000 −1.065 0.220

[Employment_status = Unemployed] 0.196 0.874 16.931 0.000 −1.489 0.219

[Employment_status = Retired] −0.285 0.753 17.325 0.000 −1.258 0.177

[Employment_status = Full-time-education] −0.398 0.653 16.598 −0.728 0.414

[Driving_licence = Yes] no as reference 0.627 0.000 0.046 0.822 −0.590 0.000

HHM −0.063 0.222 −0.071 0.291 0.116 0.025

HHM_care −0.112 0.072 0.258 0.000 −0.064 0.311

No_cars 0.122 0.070 0.183 0.030 −0.267 0.000

[Annual_income = Low] not willing to disclose
as reference −0.391 0.007 0.076 0.681 0.346 0.026

[Annual_income = Medium] −0.572 0.000 0.066 0.722 0.592 0.000

[Annual_income = High] −0.283 0.302 0.060 0.862 0.216 0.460

When comparing the results with the findings in [36], which used the same survey
run in seven EU countries (Cyprus, Greece, Hungary, Israel, Iceland, Finland and United
Kingdom), Romania shows relative values closest to those of Hungary and Cyprus: VoT
increase for PAV (around 8%) demonstrating similar preferences of respondents (Figure 6).

Table 14. Value of Travel Time (VoT) (lei/hour) and reduction rate by comparison with classic car.

CAR PAV SAV

VoT
[lei/hour]

VoT
[€/hour]

VoT
[lei/hour]

VoT
[€/hour]

Reduction
Rate [%]

VoT
[lei/hour]

VoT
[€/hour]

Reduction
Rate [%]

81.85 16.91 87.99 18.18 7.5 53.69 11.09 −34.4

However, in terms of absolute values, the results from Romania show that the value
for PAV is the highest compared with CAR and SAV, suggesting that findings should be
approached with caution and explored in future studies on larger groups of people, as
various research [56] suggests that the VoT of AVs is likely to be lower than that of regular
cars, since people in PAVs may engage in other activities while travelling [73], being less
time sensitive.
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5. Conclusions

Automated vehicles are expected to play an important role in future city transportation
due to their capacity of preventing accidents caused by human errors, reducing environ-
mental pollution, and improving mobility of citizens while saving time for the drivers.

Our research aims to estimate the influence of various mode choice factors using
stated preference discrete choice. Using multinomial logistic models (MNL), we analysed
the relationship between three mode choices: regular cars, private automated vehicles,
and shared automated vehicles, with the individual and household characteristics. In
addition, based on the results of MNL analysis, the value of travel time for each mode
choice was calculated.

The results showed similarities but also differences in the behaviour of Romanian re-
spondents compared with the other countries’ citizens and the findings in the international
literature; the majority of respondents preferred cheaper options for travelling, and regular
car is the first choice for travelling followed by SAV. Choice of SAV is influenced by the
socio-economic characteristics such as age, education, annual income, and car ownership.

This study fills an important gap in the scientific research on AV acceptance by estimat-
ing perceived VoT among the Romanian population to understand the factors influencing
this acceptance, such as age, education, income, employment status, number of cars in the
household, and number of people in the household needing care. The paper presents for
the first time in Romania a model for estimating the value of travel time for urban areas,
based on discrete choice model and complements the findings on the perception of people
on AVs in the former communist countries, aiming to continue the research started for
Romania in [34].

Limitations of this study include its focus on comparing classic private cars with
automated cars and the fact that it does not consider public transportation. In addition, the
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survey was conceived as a web-based questionnaire, thus, not all the population categories
were included, especially those with limited digital skills. Moreover, the questionnaire was
distributed among professionals with a relatively high level of knowledge about mobility
and land-use planning. Finally, more respondents are needed to increase the accuracy of
the findings.

Even if the results of our study suggest that VoT has the lowest value for SAV, there
is need for future research on larger sample sizes of people to (i) confirm and deepen
these results, (ii) conduct comparable studies in European countries, and (iii) explore the
opinions and perceptions of vulnerable road users on AVs and VoT. It is important to
evaluate various scenarios for the deployment of autonomous vehicles, taking into account
the views and needs of users as they may provide useful insights for a smoother adoption
of AVs by the citizens. In addition, for a deeper analysis, further research in this area should
include the public transportation option, to attract more users to switch to PAV and/or
SAV. Conducting real life experiments would be valuable, since the findings of previous
surveys are based on the respondents’ imagination of AVs and their declared perceptions,
expectations, and behavioural responses are likely to change as a consequence of such
an experience.

On a national level, most sustainable urban mobility plans and master urban plans are
currently in the process of being evaluated and upgraded [74,75], therefore it is necessary
to consider alternative transport options such as shared autonomous vehicles, especially
for new urban developments (last mile), following appropriate educational methods from
primary school to long-life learning [76]. This study can provide policy makers and
urban and mobility planners with useful insights for the acceptance and deployment of
autonomous vehicles in urban spaces, whether personal or shared. The model developed
in this article can be a starting point for the development of the transport model needed to
update these SUMPs, and to develop new ones.
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Demazeau, Y., Pěchoucěk, M., Corchado, J.M., Pérez, J.B., Eds.; Springer: Berlin/Heidelberg, Germany, 2011; pp. 173–178.

4. Buehler, M.; Iagnemma, K.; Singh, S. The DARPA Urban Challenge: Autonomous Vehicles in City Traffic; Springer: Berlin/Heidelberg,
Germany, 2009; ISBN 978-3-642-03991-1.

5. Ferguson, D.; Baker, C.; Likhachev, M.; Dolan, J. A Reasoning Framework for Autonomous Urban Driving. In Proceedings of the
2008 IEEE Intelligent Vehicles Symposium, Eindhoven, The Netherlands, 4–6 June 2008; pp. 775–780.

6. Faisal, A.; Kamruzzaman, M.; Yigitcanlar, T.; Currie, G. Understanding Autonomous Vehicles: A Systematic Literature Review on
Capability, Impact, Planning and Policy. J. Transp. Land Use 2019, 12, 45–72. [CrossRef]

7. Stead, D.; Vaddadi, B. Automated Vehicles and How They May Affect Urban Form: A Review of Recent Scenario Studies. Cities
2019, 92, 125–133. [CrossRef]

8. Burden, D.; Litman, T. America Needs Complete Streets. ITE J. 2011, 81, 36–43.
9. Anderson, J.M.; Nidhi, K.; Stanley, K.D.; Sorensen, P.; Samaras, C.; Oluwatola, O.A. Autonomous Vehicle Technology: A Guide for

Policymakers; Rand Corporation: Santa Monica, CA, USA, 2014; ISBN 978-0-8330-8437-8.
10. Fagnant, D.J.; Kockelman, K.M. The Travel and Environmental Implications of Shared Autonomous Vehicles, Using Agent-Based

Model Scenarios. Transp. Res. Part C Emerg. Technol. 2014, 40, 1–13. [CrossRef]
11. Miller, S.A.; Heard, B.R. The Environmental Impact of Autonomous Vehicles Depends on Adoption Patterns. Environ. Sci. Technol.

2016, 50, 6119–6121. [CrossRef] [PubMed]
12. Kopelias, P.; Demiridi, E.; Vogiatzis, K.; Skabardonis, A.; Zafiropoulou, V. Connected & Autonomous Vehicles—Environmental

Impacts—A Review. Sci. Total Environ. 2020, 712, 135237. [CrossRef] [PubMed]
13. Nunes, P.; Figueiredo, R.; Brito, M.C. The Use of Parking Lots to Solar-Charge Electric Vehicles. Renew. Sustain. Energy Rev. 2016,

66, 679–693. [CrossRef]
14. González-González, E.; Nogués, S.; Stead, D. Parking Futures: Preparing European Cities for the Advent of Automated Vehicles.

Land Use Policy 2020, 91, 104010. [CrossRef]
15. Docherty, I. New Governance Challenges in the Era of ‘Smart’ Mobility. In Governance of the Smart Mobility Transition; Marsden, G.,

Reardon, L., Eds.; Emerald Publishing Limited: Bingley, UK, 2018; pp. 19–32, ISBN 978-1-78754-317-1.
16. Bonnardel, S.M.; Attias, D. The Autonomous Vehicle for Urban Collective Transport: Disrupting Business Models Embedded in

the Smart City Revolution. Available online: https://h2020-avenue.eu/wp-content/uploads/2020/07/Gerpisa-Mira-Attias-20
18-paper.pdf (accessed on 6 June 2022).

17. Barbour, N.; Menon, N.; Zhang, Y.; Mannering, F. Shared Automated Vehicles: A Statistical Analysis of Consumer Use Likelihoods
and Concerns. Transp. Policy 2019, 80, 86–93. [CrossRef]

18. Dichabeng, P.; Merat, N.; Markkula, G. Factors That Influence the Acceptance of Future Shared Automated Vehicles—A Focus
Group Study with United Kingdom Drivers. Transp. Res. Part F Traffic Psychol. Behav. 2021, 82, 121–140. [CrossRef]

19. Narayanan, S.; Chaniotakis, E.; Antoniou, C. Shared Autonomous Vehicle Services: A Comprehensive Review. Transp. Res. Part C
Emerg. Technol. 2020, 111, 255–293. [CrossRef]

20. Pakusch, C.; Stevens, G.; Boden, A.; Bossauer, P. Unintended Effects of Autonomous Driving: A Study on Mobility Preferences in
the Future. Sustainability 2018, 10, 2404. [CrossRef]

21. Naumov, S.; Keith, D.R.; Fine, C.H. Unintended Consequences of Automated Vehicles and Pooling for Urban Transportation
Systems. Prod. Oper. Manag. 2020, 29, 1354–1371. [CrossRef]

22. Merfeld, K.; Wilhelms, M.-P.; Henkel, S.; Kreutzer, K. Carsharing with Shared Autonomous Vehicles: Uncovering Drivers, Barriers
and Future Developments—A Four-Stage Delphi Study. Technol. Forecast. Soc. Change 2019, 144, 66–81. [CrossRef]

23. Clewlow, R.R. Carsharing and Sustainable Travel Behavior: Results from the San Francisco Bay Area. Transp. Policy 2016, 51,
158–164. [CrossRef]

24. Gurumurthy, K.M.; Kockelman, K.M. Modeling Americans’ Autonomous Vehicle Preferences: A Focus on Dynamic Ride-Sharing,
Privacy & Long-Distance Mode Choices. Technol. Forecast. Soc. Change 2020, 150, 119792. [CrossRef]

25. Onik, M.M.H.; Kim, C.-S.; Yang, J. Personal Data Privacy Challenges of the Fourth Industrial Revolution. In Proceedings of the
2019 21st International Conference on Advanced Communication Technology (ICACT), PyeongChang, Korea, 17–20 February
2019; pp. 635–638.

26. Lim, H.S.M.; Taeihagh, A. Autonomous Vehicles for Smart and Sustainable Cities: An In-Depth Exploration of Privacy and
Cybersecurity Implications. Energies 2018, 11, 1062. [CrossRef]

27. Kolarova, V.; Steck, F.; Bahamonde-Birke, F.J. Assessing the Effect of Autonomous Driving on Value of Travel Time Savings: A
Comparison between Current and Future Preferences. Transp. Res. Part Policy Pract. 2019, 129, 155–169. [CrossRef]

28. Zhong, H.; Li, W.; Burris, M.W.; Talebpour, A.; Sinha, K.C. Will Autonomous Vehicles Change Auto Commuters’ Value of Travel
Time? Transp. Res. Part Transp. Environ. 2020, 83, 102303. [CrossRef]

http://doi.org/10.1016/j.trpro.2015.01.002
http://doi.org/10.5198/jtlu.2019.1405
http://doi.org/10.1016/j.cities.2019.03.020
http://doi.org/10.1016/j.trc.2013.12.001
http://doi.org/10.1021/acs.est.6b02490
http://www.ncbi.nlm.nih.gov/pubmed/27285419
http://doi.org/10.1016/j.scitotenv.2019.135237
http://www.ncbi.nlm.nih.gov/pubmed/31927439
http://doi.org/10.1016/j.rser.2016.08.015
http://doi.org/10.1016/j.landusepol.2019.05.029
https://h2020-avenue.eu/wp-content/uploads/2020/07/Gerpisa-Mira-Attias-2018-paper.pdf
https://h2020-avenue.eu/wp-content/uploads/2020/07/Gerpisa-Mira-Attias-2018-paper.pdf
http://doi.org/10.1016/j.tranpol.2019.05.013
http://doi.org/10.1016/j.trf.2021.08.009
http://doi.org/10.1016/j.trc.2019.12.008
http://doi.org/10.3390/su10072404
http://doi.org/10.1111/poms.13166
http://doi.org/10.1016/j.techfore.2019.03.012
http://doi.org/10.1016/j.tranpol.2016.01.013
http://doi.org/10.1016/j.techfore.2019.119792
http://doi.org/10.3390/en11051062
http://doi.org/10.1016/j.tra.2019.08.011
http://doi.org/10.1016/j.trd.2020.102303


Sustainability 2022, 14, 10828 21 of 22

29. Steck, F.; Kolarova, V.; Bahamonde-Birke, F.; Trommer, S.; Lenz, B. How Autonomous Driving May Affect the Value of Travel
Time Savings for Commuting. Transp. Res. Rec. 2018, 2672, 11–20. [CrossRef]

30. Hamadneh, J.; Esztergár-Kiss, D. The Preference of Onboard Activities in a New Age of Automated Driving. Eur. Transp. Res. Rev.
2022, 14, 15. [CrossRef]

31. Asmussen, K.E.; Mondal, A.; Bhat, C.R. A Socio-Technical Model of Autonomous Vehicle Adoption Using Ranked Choice Stated
Preference Data. Transp. Res. Part C Emerg. Technol. 2020, 121, 102835. [CrossRef]

32. Dudziak, A.; Stoma, M.; Kuranc, A.; Caban, J. Assessment of Social Acceptance for Autonomous Vehicles in Southeastern Poland.
Energies 2021, 14, 5778. [CrossRef]

33. Gao, J.; Ranjbari, A.; MacKenzie, D. Would Being Driven by Others Affect the Value of Travel Time? Ridehailing as an Analogy
for Automated Vehicles. Transportation 2019, 46, 2103–2116. [CrossRef]

34. Andrei, L.; Negulescu, M.H.; Luca, O. Premises for the Future Deployment of Automated and Connected Transport in Romania
Considering Citizens’ Perceptions and Attitudes towards Automated Vehicles. Energies 2022, 15, 1698. [CrossRef]

35. Etzioni, S.; Hamadneh, J.; Elvarsson, A.B.; Esztergár-Kiss, D.; Djukanovic, M.; Neophytou, S.N.; Sodnik, J.; Polydoropoulou, A.; Tsouros,
I.; Pronello, C.; et al. Modeling Cross-National Differences in Automated Vehicle Acceptance. Sustainability 2020, 12, 9765. [CrossRef]

36. Polydoropoulou, A.; Tsouros, I.; Thomopoulos, N.; Pronello, C.; Elvarsson, A.; Sigþórsson, H.; Dadashzadeh, N.; Stojmenova, K.;
Sodnik, J.; Neophytou, S.; et al. Who Is Willing to Share Their AV? Insights about Gender Differences among Seven Countries.
Sustainability 2021, 13, 4769. [CrossRef]

37. Kyriakidis, M.; Sodnik, J.; Stojmenova, K.; Elvarsson, A.B.; Pronello, C.; Thomopoulos, N. The Role of Human Operators in Safety
Perception of AV Deployment—Insights from a Large European Survey. Sustainability 2020, 12, 9166. [CrossRef]

38. Asgari, H.; Jin, X.; Corkery, T. A Stated Preference Survey Approach to Understanding Mobility Choices in Light of Shared
Mobility Services and Automated Vehicle Technologies in the U.S. Transp. Res. Rec. 2018, 2672, 12–22. [CrossRef]

39. Zhou, F.; Zheng, Z.; Whitehead, J.; Washington, S.; Perrons, R.K.; Page, L. Preference Heterogeneity in Mode Choice for
Car-Sharing and Shared Automated Vehicles. Transp. Res. Part Policy Pract. 2020, 132, 633–650. [CrossRef]

40. Kröger, L.; Kuhnimhof, T.; Trommer, S. Does Context Matter? A Comparative Study Modelling Autonomous Vehicle Impact on
Travel Behaviour for Germany and the USA. Transp. Res. Part Policy Pract. 2019, 122, 146–161. [CrossRef]

41. Azimi, G.; Rahimi, A.; Asgari, H.; Jin, X. Role of Attitudes in Transit and Auto Users’ Mode Choice of Ridesourcing. Transp. Res.
Rec. 2020, 2674, 1–16. [CrossRef]

42. Webb, J.; Wilson, C.; Kularatne, T. Will People Accept Shared Autonomous Electric Vehicles? A Survey before and after Receipt of
the Costs and Benefits. Econ. Anal. Policy 2019, 61, 118–135. [CrossRef]

43. Lavieri, P.S.; Garikapati, V.M.; Bhat, C.R.; Pendyala, R.M.; Astroza, S.; Dias, F.F. Modeling Individual Preferences for Ownership
and Sharing of Autonomous Vehicle Technologies. Transp. Res. Rec. 2017, 2665, 1–10. [CrossRef]

44. Haboucha, C.J.; Ishaq, R.; Shiftan, Y. User Preferences Regarding Autonomous Vehicles. Transp. Res. Part C Emerg. Technol. 2017,
78, 37–49. [CrossRef]

45. Piao, J.; McDonald, M.; Hounsell, N.; Graindorge, M.; Graindorge, T.; Malhene, N. Public Views towards Implementation of
Automated Vehicles in Urban Areas. Transp. Res. Procedia 2016, 14, 2168–2177. [CrossRef]

46. Duarte, F.; Ratti, C. The Impact of Autonomous Vehicles on Cities: A Review. J. Urban Technol. 2018, 25, 3–18. [CrossRef]
47. Bissell, D.; Birtchnell, T.; Elliott, A.; Hsu, E.L. Autonomous Automobilities: The Social Impacts of Driverless Vehicles. Curr. Sociol.

2020, 68, 116–134. [CrossRef]
48. Konca, M.; Forrest, A.D. Autonomous Cars & Society; Worcester Polytechnic Institute: Worcester, MA, USA, 2007.
49. Hamadneh, J.; Esztergár-Kiss, D. Modeling of Onboard Activities: Public Transport and Shared Autonomous Vehicle. In

Proceedings of the HCI in Mobility, Transport, and Automotive Systems: Third International Conference, MobiTAS 2021, Held as
Part of the 23rd HCI International Conference, HCII 2021, Virtual Event, 24–29 July 2021; Springer: Berlin/Heidelberg, Germany,
2021; pp. 39–55.

50. ITF What Is the Value of Saving Travel Time? Summary and Conclusions; OECD Publishing: Paris, France, 2019.
51. Hensher, D.A.; Button, K. Handbook of Transport Modelling; Elsevier: Amsterdam, The Netherlands; London, UK, 2008; ISBN

978-1-61344-939-4.
52. Daganzo, C. Multinomial Probit—1st Edition. Available online: https://www.elsevier.com/books/multinomial-probit/daganzo/

978-0-12-201150-4 (accessed on 1 June 2022).
53. Rashidi, T.H.; Waller, T.; Axhausen, K. Reduced Value of Time for Autonomous Vehicle Users: Myth or Reality? Transp. Policy

2020, 95, 30–36. [CrossRef]
54. de Correia, G.H.A.; Looff, E.; van Cranenburgh, S.; Snelder, M.; van Arem, B. On the Impact of Vehicle Automation on the Value

of Travel Time While Performing Work and Leisure Activities in a Car: Theoretical Insights and Results from a Stated Preference
Survey. Transp. Res. Part Policy Pract. 2019, 119, 359–382. [CrossRef]

55. National Research Council (U.S.). Value of Travel Time; Transportation Research Record; National Academy of Sciences: Washing-
ton, DC, USA, 1976; ISBN 978-0-309-02553-9.

56. Singleton, P.A. Discussing the “Positive Utilities” of Autonomous Vehicles: Will Travellers Really Use Their Time Productively?
Transp. Rev. 2019, 39, 50–65. [CrossRef]

57. Survey 2021—WISE-ACT. Available online: https://wise-act.eu/survey2021/ (accessed on 9 August 2022).

http://doi.org/10.1177/0361198118757980
http://doi.org/10.1186/s12544-022-00540-7
http://doi.org/10.1016/j.trc.2020.102835
http://doi.org/10.3390/en14185778
http://doi.org/10.1007/s11116-019-10031-9
http://doi.org/10.3390/en15051698
http://doi.org/10.3390/su12229765
http://doi.org/10.3390/su13094769
http://doi.org/10.3390/su12219166
http://doi.org/10.1177/0361198118790124
http://doi.org/10.1016/j.tra.2019.12.004
http://doi.org/10.1016/j.tra.2018.03.033
http://doi.org/10.1177/0361198120941841
http://doi.org/10.1016/j.eap.2018.12.004
http://doi.org/10.3141/2665-01
http://doi.org/10.1016/j.trc.2017.01.010
http://doi.org/10.1016/j.trpro.2016.05.232
http://doi.org/10.1080/10630732.2018.1493883
http://doi.org/10.1177/0011392118816743
https://www.elsevier.com/books/multinomial-probit/daganzo/978-0-12-201150-4
https://www.elsevier.com/books/multinomial-probit/daganzo/978-0-12-201150-4
http://doi.org/10.1016/j.tranpol.2020.06.003
http://doi.org/10.1016/j.tra.2018.11.016
http://doi.org/10.1080/01441647.2018.1470584
https://wise-act.eu/survey2021/


Sustainability 2022, 14, 10828 22 of 22

58. Andrejszki, T.; Torok, A.; Csete, M. Identifyingy the Utility Function of Transport Services From Stated Preferences. Transp.
Telecommun. J. 2015, 16, 138–144. [CrossRef]

59. Starkweather, J.; Moshe, A.K. Multinomial Logistic Regression. Available online: https://it.unt.edu/sites/default/files/mlr_jds_
aug2011.pdf (accessed on 24 May 2022).

60. McFadden, D. Conditional Logit Analysis of Qualitative Choice Behavior. Front. Econom. Acad. Press 1974, 105–142.
61. Ben-Akiva, M.; Bierlaire, M. Discrete Choice Methods and Their Applications to Short Term Travel Decisions. In Handbook of

Transportation Science; Hall, R.W., Ed.; International Series in Operations Research & Management Science; Springer: Boston, MA,
USA, 1999; Volume 23, pp. 5–33, ISBN 978-1-4613-7370-4.

62. Ben-Akiva, M.; Mcfadden, D.; Abe, M.; Böckenholt, U.; Bolduc, D.; Gopinath, D.; Morikawa, T.; Ramaswamy, V.; Rao, V.;
Revelt, D.; et al. Modeling Methods for Discrete Choice Analysis. Mark. Lett. 1997, 8, 273–286. [CrossRef]

63. Ben-Akiva, M.; Boccara, B. Discrete Choice Models with Latent Choice Sets. Int. J. Res. Mark. 1995, 12, 9–24. [CrossRef]
64. Wang, Q. Travel Demand Forecasting with Stated Choice Data; Transport and Location Analysis Kungliga Tekniska Högskolan:

Stockholm, Sweden, 2011.
65. Athira, I.C.; Muneera, C.P.; Krishnamurthy, K.; Anjaneyulu, M.V.L.R. Estimation of Value of Travel Time for Work Trips. Transp.

Res. Procedia 2016, 17, 116–123. [CrossRef]
66. Lista de Tabele Structura Demografica. Available online: https://insse.ro/cms/files/RPL2002INS/vol1/titluriv1.htm (accessed

on 25 May 2022).
67. Balau, M. Symbolic and Affective Motives, Constraints and Self-Efficacy among Romanian Car Buyers. J. Mark. Consum. Behav.

Emerg. Mark. 2019, 2019, 14–29. [CrossRef]
68. Ageing Europe—Statistics on Working and Moving into Retirement. Available online: https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Ageing_Europe_-_statistics_on_working_and_moving_into_retirement (accessed on 17 June 2022).
69. Shin, J.; Bhat, C.R.; You, D.; Garikapati, V.M.; Pendyala, R.M. Consumer Preferences and Willingness to Pay for Advanced Vehicle

Technology Options and Fuel Types. Transp. Res. Part C Emerg. Technol. 2015, 60, 511–524. [CrossRef]
70. Logistic Regression. SPSS Annotated Output. Available online: https://stats.oarc.ucla.edu/spss/output/logistic-regression/

(accessed on 30 May 2022).
71. Nazari, F.; Noruzoliaee, M.; Mohammadian, A. (Kouros) Shared versus Private Mobility: Modeling Public Interest in Autonomous

Vehicles Accounting for Latent Attitudes. Transp. Res. Part C Emerg. Technol. 2018, 97, 456–477. [CrossRef]
72. Schoettle, B.; Sivak, M. Motorists’ Preferences for Different Levels of Vehicle Automation: 2016; Transportation Research Institute

(UMTRI): Ann Arbor, MI, USA, 2016; p. 23.
73. Milakis, D. Long-Term Implications of Automated Vehicles: An Introduction. Transp. Rev. 2019, 39, 1545286. [CrossRef]
74. Andrei, L.; Luca, O. Towards a Sustainable Mobility Development in Romanian Cities. A Comparative Analysis of the Sustainable

Urban Mobility Plans at the National Level. Manag. Res. Pract. 2022, 14, 11.
75. Luca, O.; Gaman, F.; Răut,ă, E. Towards a National Harmonized Framework for Urban Plans and Strategies in Romania.

Sustainability 2021, 13, 1930. [CrossRef]
76. Turoń, K.; Kubik, A.; Chen, F. When, What and How to Teach about Electric Mobility? An Innovative Teaching Concept for All

Stages of Education: Lessons from Poland. Energies 2021, 14, 6440. [CrossRef]

http://doi.org/10.1515/ttj-2015-0013
https://it.unt.edu/sites/default/files/mlr_jds_aug2011.pdf
https://it.unt.edu/sites/default/files/mlr_jds_aug2011.pdf
http://doi.org/10.1023/A:1007956429024
http://doi.org/10.1016/0167-8116(95)00002-J
http://doi.org/10.1016/j.trpro.2016.11.067
https://insse.ro/cms/files/RPL2002INS/vol1/titluriv1.htm
http://doi.org/10.7172/2449-6634.jmcbem.2019.1.2
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_working_and_moving_into_retirement
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_working_and_moving_into_retirement
http://doi.org/10.1016/j.trc.2015.10.003
https://stats.oarc.ucla.edu/spss/output/logistic-regression/
http://doi.org/10.1016/j.trc.2018.11.005
http://doi.org/10.1080/01441647.2019.1545286
http://doi.org/10.3390/su13041930
http://doi.org/10.3390/en14196440

	Introduction 
	Literature Review 
	Materials and Methods 
	Survey Design and Variables Analysed 
	Model Formulation 
	Analysis Framework 
	Construction of the Utility Theory 
	Modelling Framework 


	Results and Discussion 
	Socio Economic Characteristics 
	Investigation of Model Fitting 
	Parameter Estimates 

	Conclusions 
	References

