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Abstract: Driverless vehicles (i.e., autonomous and shared autonomous vehicles) are associated with
many advantages for the transportation market. However, they may also increase the traveled miles
on roads due to improved accessibility, thus aggravating congestion. Road pricing (RP) is a possible
solution for mitigating traffic-related problems like congestion. Despite its benefits, RP is usually
resented by the public, which may hinder its introduction. This study investigates the factors that
may influence RP acceptability in the era of driverless vehicles and driverless vehicle adoption in
the presence of RP. For this purpose, a survey was distributed in Hungary, Jordan, Ukraine, and
Brazil. The study applied factor analysis, multiple linear regression, and multinomial logit modeling
to examine RP acceptability and driverless vehicle adoption. All examined factors have a significant
impact on mode choice. For instance, respondents willing to share their trips with others due to
the application of RP, opted for shared autonomous vehicles, while those who enjoy driving were
less likely to choose autonomous vehicles. In terms of RP acceptability, the respondents who were
environmentally conscious in their trip planning showed more acceptance of RP. This study shows
the significant impacts of the investigated factors on RP acceptability and driverless vehicle adoption.
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1. Introduction

Advancement and expansion in the field of autonomous vehicles (AVs) and shared
autonomous vehicles (5AVs) are burgeoning quickly, with the intense competition among
motor companies to capture market share. The Navigant Research Leaderboard set ten
criteria (e.g., vision, technology, marketing, and others) for evaluating which manufacturers
are better positioned in the sector of automated driving [1,2]. Considering the increasing
role of AVs and SAVs as future travel modes worldwide, increased legislation is being
reviewed and implemented in various countries and regions [3,4]. In addition to AVs,
SAVs will also likely emerge as an on-demand travel service, being used as taxis or for
carsharing [5]. Consequently, growth in the AV and SAV sectors opens a wide field of
research and development both in industrial and academic contexts.

Since AVs are new travel modes with no human intervention [6], users of AVs can
utilize their travel time more effectively by executing other activities such as reading,
working, or even sleeping instead of driving [6,7]. Moreover, AV sensors can assess the
environment and traffic conditions, thus providing comfort and safety for users [8]. AVs
and SAVs are expected to have substantial benefits, particularly in regard to improving
energy consumption, reducing environmental impacts, and increasing accessibility [9,10].
However, the impact of AVs and SAVs on road network congestion is unclear and may lead
to serious problems [11-13].

On the one hand, the tighter headways between AVs and optimal utilization of inter-
sections will increase traffic throughput [7,14,15]. On the other hand, AVs and SAVs will

Sustainability 2022, 14, 12798. https:/ /doi.org/10.3390/su141912798

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su141912798
https://doi.org/10.3390/su141912798
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-0293-3114
https://orcid.org/0000-0003-1332-7152
https://orcid.org/0000-0001-6233-0812
https://doi.org/10.3390/su141912798
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su141912798?type=check_update&version=2

Sustainability 2022, 14, 12798

2 of 32

most likely increase the number of trips and traveled miles on roads due to their improved
accessibility. In particular, their use by those who cannot drive because of age or disability
will increase the number of cars on the road and aggravate congestion [10,16].

Road pricing (RP) is regarded by many transport professionals, economists, and traffic
engineers as a successful measure in mitigating traffic-related problems such as congestion
and reducing carbon emissions [17-19]. Moreover, RP is being adopted by several cities
worldwide such as Singapore, Oslo, London, Stockholm, and Milan [20]. Therefore, the use
of RP as a travel demand management tool can also play an important role in tackling the
expected upsurge in congestion associated with the emergence of AVs and SAVs.

Despite the expected improvement of traffic-related problems through the application
of RP, there is also public resentment towards such schemes, as drivers do not want
to pay for the use of roads that were previously free [21-23]. Low public acceptance
of implementing an RP scheme hinders its introduction [24]. For example, authorities in
Auckland, Copenhagen, the Netherlands, and Edinburgh failed to implement RP schemes
due to public rejection [25-27]. However, case studies from Stockholm and Milan showed that
public acceptance of RP schemes could be enhanced if they are properly introduced and include
measures such as using revenues for improving public transport (PuT) services [28-30].

Adoption of new travel technologies such as AVs and SAVs, and the successful imple-
mentation of RP, require initial public acceptance. Therefore, since the late 1980s, numerous
studies have investigated the acceptability of RP and generated a vast amount of literature.
Likewise, many researchers and consultancy companies have developed questionnaires to
investigate public perceptions of the advantages and disadvantages of AVs and SAVs [31].
However, to the best of the authors” knowledge, there is no study yet that has investigated
RP acceptability in connection with the adoption of AVs and SAVs and the factors influenc-
ing them. Therefore, addressing this gap was the primary research aim of the authors of
this study. Considering AVs and SAVs will likely be operating on the streets in the future, RP
will be a suitable measure to manage the travel demand, but it still requires public acceptance.

In this research, a questionnaire was developed and distributed to residents of Brazil,
Jordan, Ukraine, and Hungary. Six hundred and fifty-seven valid responses were received.
The questionnaire included various latent variables derived from previous well-known
models to explore public preferences relating to RP, AVs, and SAVs. An analysis of the re-
ceived data using different econometric models provided insight into the public perception
of RP, AVs, and SAVs. It also sheds light on the relationship between the survey’s latent
variables and public perception.

A review of previous research studies on the acceptability of RP and the adoption of
AVs and SAVs indicates that this study is distinctive with respect to simultaneously study-
ing the relationships among RP acceptability, preference for future cars, latent variables,
and socio-demographic characteristics. Therefore, this research opens new avenues for
understanding the factors influencing RP acceptability for addressing traffic congestion
issues foreseen as a result of the increased accessibility of self-driving cars and an increase
in their presence due to their various benefits. Here, it is worth mentioning the recent
study by Shatanawi et al., that discussed RP adaptation to future cars, in which the authors
deployed a stated preference experiment including different attributes (e.g., travel time and
travel cost). However, the research results were limited to the impact of socio-demographic
characteristics on both RP acceptability and future car choice [32].

Thus, the contribution of this paper to the literature on RP, AVs, and SAVs is twofold:
firstly, it investigates the relationship among RP acceptability, future car choice (AV or SAV),
and the studied latent variables. Secondly, it explores the cognitive determinants of RP
acceptability and future car choice. The collected data were analyzed using various econo-
metric models, including a factor analysis, multiple linear regression (MLR), multinomial
logit model (MNL), and descriptive statistics.

The economic level of a given country has been shown to play a role in influencing
the adoption of automated vehicles through GDP per capita [33]. Therefore, the countries
selected in this research illustrate its breadth by analyzing the research impacts in countries
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from four different regions: Hungary (Central Europe), Brazil (South America), Ukraine
(Eastern Europe), and Jordan (Middle East). These countries also represent different
economic conditions: Jordan and Brazil have developing economies, Ukraine has an
economy in transition, and Hungary has a developed economy [34]. However, little research
has been carried out in these countries with reference to RP, AVs, and SAVs. In light of this,
participants belonging to different demographics, cultures, languages, and exposures (in
terms of transportation systems, economic conditions, environmental conditions, and other
factors) are involved in this research, highlighting its broad scope. Table 1 summarizes a
few characteristics of the four studied countries to provide an overview. The data for the
Area, Population, Density, and GDP are based on the year 2020, while the data for Vehicles
in Use/1000 People, Passenger Vehicles Annual Sales, Roadway Density (Km /100 Km?),
and Rail Network Length (Km) are based on the data of the years 2015, 2016, 2018, and
2019, respectively.

Table 1. Overview of the key characteristics of the countries under study.

Criteria Brazil Jordan Ukraine Hungary
Area (Mkm?) 8.5 0.089 0.603 0.093
Population (million) 210 10 41.7 9.76
Density (inhabitant/km?) 25 113 69 105
GDP (billion US$) 1434 44.566 153.895 154.562
Vehicles in Use /1000 People 210.07 " 123.38 " 213.66 " 377.52"
Passenger Vehicles Annual Sales 1752,328 14,000 88,437 131,885
Roadway Density (Km/100 Km?) 23 8 28 227
Rail Network Length (Km) 29817 622 19787 7945

" (https:/ /datahelpdesk.worldbank.org /knowledgebase/articles /906519#Upper_middle_income) (accessed on
16 May 2022).

This paper is structured as follows: Section 2 provides a review of the previous research
relevant to RP, AVs, and SAVs. Section 3 presents the theoretical background of the latent
variables used to investigate the acceptability of RP, AVs, and SAVs. Section 4 elaborates on
the survey design and presents the survey instruments along with the analytical framework
of the research. The results of this study are provided in Section 5 and discussed in Section 6.
Finally, Section 7 highlights the conclusions of this research and provides insights into
policy implications as well as the limitations of the study.

2. Literature Review

Extensive research has been carried out on the acceptability of RP since the late 1980s,
with comparatively fewer studies being conducted regarding public concerns related to the
adoption of AVs and SAVs. However, to the best of the authors’” knowledge, there are as
of yet no studies that interlink both RP acceptability and the adoption of AVs and SAVs,
including the impacts of various factors on both. This study aims to contribute to bridging
this research gap. The section that follows is divided into three parts: The first recapitulates
the literature related to RP acceptability, while the second and third parts summarize the
main findings of questionnaire studies examining public perspectives on the adoption of
AVs and SAVs, respectively.

2.1. RP Acceptability

Since Pigou introduced the concepts of negative externalities and corrective tax about
a century ago [35], many economists have emphasized the efficacy of RP in alleviating
traffic-related problems [17,18,36,37]. Despite the sound economic theory behind RP, it
has low public and political acceptance, which hampers its introduction and international
spread [38]. Some of the reasons behind its low acceptability are that the aims of imple-
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menting RP can also be achieved by taking alternative measures like improving PuT or
using access restriction rules. Moreover, RP is often perceived as unfair because it is a new
tax supplementing existing taxes [39].

Several studies have developed different models to study the impact of individuals’
attitudes, behaviors, and characteristics on RP acceptability. Verhoef et al. gathered data
using a survey on RP from road users in Randstad, the Netherlands, during morning peak
hours. The results showed that their willingness to pay to save trip time significantly
depends on their income level and the compensations offered to users for paying the
toll [40]. Likewise, a similar study in the Netherlands by Rienstra et al. concluded that the
effectiveness of the proposed policy and problem perceptions influence the acceptability of
transport policy measures. Moreover, participants with certain socio-demographic charac-
teristics supported the transport policy measures; for instance, a higher level of education
was shown to positively impact acceptability, while having a car had a negative impact [41].
Strikingly, income level did not show a significant influence on the acceptability of the trans-
port policy measures. In contrast, a study investigating congestion charging acceptability
in Athens showed that respondents aged from 35 to 64 years old with high household
incomes tended to travel through the charging areas using a passenger vehicle [42]. An
analysis of survey data that investigated various transport policies in Texas by Kockelman
et al. revealed that the implementation of congestion pricing would likely motivate the
elderly to decrease their travel and large household members to alter their travel routes,
while full-time employees would be less likely to change their travel patterns [43].

Attitudinal surveys were the most frequently used method to explore the factors
that affect RP acceptability. Jones performed twelve surveys in the United Kingdom on
the public perception of traffic-related issues and support for various pricing measures.
However, the analysis of the data did not reveal interdependence between the proposed
measures’ acceptance and the examined factors [44]. This gap was addressed by Schade
and Schlag, who investigated RP acceptability levels in four European cities, as well as the
relationship between the investigated factors and the acceptability of RP in particular [24,45].
The latter model was replicated in Vienna [46,47] and five capitals around the world by
Shatanawi et al. [48]. Some of the key findings from the four previously mentioned
studies include the significant positive relationships between RP acceptability and the three
predictors: “personal outcome expectation”, “social norm”, and “perceived effectiveness”.
A stated preference experiment was carried out in London and Leeds by Jaensirisak to
evaluate the impact of different aspects of scheme design, such as the value of charges,
location and period of charging, type of charging, and utilization of revenue on acceptability.
The key findings of the study were that non-car users who considered congestion and
environmental problems as serious and perceived RP as an effective measure of alleviating
these problems were more receptive to the scheme’s implementation. Furthermore, it
confirmed that the impact of attitudinal variables on the acceptability of RP is greater than
the impact of socio-demographic characteristics [28].

Public opinion is a critical determinant of any new technology or policy, and RP is
no different. Hensher and Li reviewed voting behavior in various RP referendums in
cities such as Stockholm, Milan, and Edinburgh. They concluded that lack of knowledge
about the RP scheme and uncertainty about its effectiveness were the main reasons for
voting against its implementation. To successfully implement RP schemes and gain public
support, they proposed developing a forecasting model during the design phase to inform
the public about expected changes and introducing a trial period preceding a referendum,
later evaluating and displaying the outcomes to the public through media [49]. The latter
point is consistent with the findings of Winslott-Hiselius et al., who analyzed the effect
of the Stockholm congestion trial on public attitudinal changes toward the proposed RP
scheme [50]. The findings are also consistent with Gu et al., who claimed that one of the
possible reasons for the rejection of the proposal to introduce a congestion pricing scheme
in New York City (in 2007) was the lack of an RP trial [51]. In addition, the media also plays
a vital role in affecting public opinion; for instance, newspapers in Edinburgh reported
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negative coverage on the introduction of the RP scheme, which led to its rejection in the 2005
referendum [26]. On the other hand, the abundance of information announced regarding
the effectiveness of the RP schemes implemented in Stockholm, Milan, and London had a
major role in their success and acceptance by the public [51]. A review of public opinion
data before and after the implementation of RP in California, Texas, and Minnesota by
Ungemah and Collier revealed that the public support for applying tolls increased over
time in the case of the SR-91 Express Lanes and I-15 FasTrak High Occupancy Toll (HOT)
Lanes in California, and especially after their implementation [52]. For more information
about the SR-91 Express HOT Lane and other HOT lanes in the U.S., see [38].

Palma et al. summarized the results of public opinion surveys concerning RP. They
found that the allocation of revenues from RP to explicit and particular uses within the
transport sector increases the public acceptability of RP [38]. Several studies have discussed
the optimal distribution of revenues. Small suggested returning 70% of the revenues to
commuters and earmarking 30% to improve the transportation system [53]. Estimation of a
bivariate probit model applied to the responses collected from Southern California residents
by Harrington et al. showed that allocation of the revenues collected by implementing RP
to reduce other taxes increased the acceptability of RP by 7% [54]. Farrell and Saleh recom-
mended using the revenues from RP to enhance the PuT system by improving ticketing
systems and reliability by offering more discounts, expanding the network coverage, and
providing real-time information [55]. Ubbels and Verhoef stated that the acceptability of RP
will increase if the revenues are allocated to reduce the fuel tax and abolish car taxation [56].

Equity was identified as one of the key public concerns regarding RP by Kocak et al.
due to the scheme’s potential to cause economic or social disturbances, constrain the free
movement of individuals and goods, and threaten the economic viability of companies
in RP zones [57]. These concerns are reflected in a study by Sun et al. on the impact of
several variables affecting RP acceptability in China [58]. The RP scheme can be made more
equitable and fair, according to Hao et al., by offering low-income and short-travel-distance
groups a transportation subsidy, as well as by providing the low-income and long travel
distance groups a tax subsidy, thus taking vertical equity into consideration. Horizontal
equity can be achieved by using part of the tax for passenger benefits and lowering taxes on
users’ vehicles [59]. The distributional effects of nine different RP schemes on commuters
in Paris were simulated and compared using an econometric model developed by Bureau
and Glachant. A key finding was that equity patterns are influenced by the level of traffic
reduction and the RP scheme design [60].

2.2. Adoption of AVs

The boom in AV technology is evident, and the number of studies have estimated
that AVs will capture future market share. Payre et al. investigated the opinions of French
travelers regarding AVs. Out of 421 respondents, 78% were willing to buy an AV at a
much higher price than a regular car. The survey results revealed that the most preferred
situations for using an AV were monotonous driving situations such as highways or stress-
ful driving conditions such as congested areas [61]. Another international survey-based
study investigating public opinion on automated vehicles by Kyriakidis et al. estimated
that automated vehicles will acquire 50% market share by the year 2050. However, higher
prices of AVs will also generate negative externalities, resulting in market stagnation if
innovative measures are not implemented [62]. Nevertheless, pricing incentives (e.g., sub-
sidies) are expected to have a significant role in accelerating the market penetration of
AVs. If government agencies subsidize AVs in the early deployment and near-saturation
stage, the market share of AVs can increase drastically [63]. Furthermore, the results of a
survey investigating the network effects of connected and AVs in South Korea indicated
that consumers prefer AVs over conventional cars (CC), and the network effects of AVs
significantly affect consumer choice [64].

AV adoption in relation to individuals’ status was studied by Bansal et al. through
an online survey in Austin, Texas. The results showed that new technology lovers, those
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living in urban areas, and those who have experienced road crashes are interested in
adopting AVs [65]. On the other hand, the adoption of AVs in relation to attitudinal
variables was investigated by Leicht et al. through a survey that studied the relationship
between consumer innovativeness and intention to purchase AVs in France. The main
findings showed that consumers’ performance expectancy, effort expectancy, and social
influence, as defined by Venkatesh et al. [66], are major drivers of AV purchase intention [67].
Another empirical study focused on the adoption factors of AVs, which were necessary
for millennials in smart cities, found that the perceived benefits of AVs are vital for their
adoption, and their perceived safety can significantly affect concerns regarding their use.
Moreover, personal and societal benefits were the most influential factors for adopting AVs
for people aged between 20 and 30 years [68].

AV’s economic and other beneficial aspects (e.g., improved accessibility) are vital
for the adoption of future cars. AVs can facilitate the movement of elderly and disabled
people who were not previously able to drive [10,69]. Fagnant and Kockelman stated that
AV technology is expected to alleviate congestion, lower parking demand, enhance fuel
economy, and drastically change the transportation systems in the U.S. [10]. Their research
estimated the annual economic benefits of using AVs at around $27 billion with only a 10%
market share, and has an estimated potential of $450 billion in annual savings in the U.S.
only. Rahimi et al. explain that negating public concerns surrounding AVs and promoting
their benefits in terms of cost, time, and functionality will increase the inclination towards
AV adoption in the U.S. [70].

Previous studies highlighted the perceived risks associated with AV adoption, such as
system hacking and loss of data privacy. These public concerns about AVs undermine their
acceptability. For instance, public acceptance of AVs will decrease if they are programmed
to sacrifice their passengers in case of a crash to save the people on the road [71]. Research
has shown that the willingness of Americans to pay for the adoption of AVs will not
drastically increase if the associated policies are not introduced, and the prices of AVs
are not rapidly reduced [72]. Similar survey-based research has reported that Americans
are more worried about AVs with respect to system failures, data privacy, and interaction
with human-driven vehicles [73]. A survey in Dublin concluded that the majority of
respondents were concerned about the interaction of AVs with other road users, and
technical failure [74]. Bezai et al. examined 400 papers worldwide related to AVs, and
an analysis of the shortlisted 140 papers concluded that all the barriers affecting the
acceptability of AVs could be separated into two categories: user/government perspectives
about AVs and information and communication technology of AVs [75]. The diversification
of the rapidly increasing research in the field of AVs is reviewed by Sciaccaluga and
Delponte, who recommend the use of new instruments such as gamification to analyze
users’ sensations, perceptions, and fears about using AVs in a new way [76]. Another
barrier to the adoption of AV technology is cyber and information security threats which
were investigated by Maeng et al.; they found that consumers are highly sensitive about
their personal data privacy and communication failures in AVs [77].

AVs are expected to function as future long-distance travel modes. A study exploring
the implications of long-distance travel in Michigan after introducing AVs by LaMondia
et al. estimated that AVs would emerge as the preferred long-distance travel mode for less
than 500 miles against private cars and airlines [78]. Other estimations of shifts in long-
distance travel modes using the rJourney model in the U.S. indicated that wide acceptance
of AVs as a long-distance travel mode would reduce U.S. domestic airline revenues by
53%, and that the advent of AVs would impact the destination choice of passengers [79].
Anticipation of how AVs and SAVs will affect travel across the Texas megaregion showed
that domestic air travel is expected to fall by 82%, and congestion of roads is expected due
to the 47% increase in vehicle miles traveled by the year 2040 unless regulatory policies like
RP are implemented [80].
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2.3. Adoption of SAVs

With recent advances in the field of AVs, SAVs have been presented as a solution to
traffic-related problems. A study on the adoption of single-occupant SAVs in Singapore,
using actual travel data, found that each SAV can replace three privately owned vehicles [81].
Fagnant and Kockelman designed an agent-based model for SAVs in a grid-based urban
area to estimate the environmental benefits of adopting SAVs instead of conventional
vehicles. The study concluded that each SAV could replace up to 11 conventional private
vehicles, while on the other hand it would require 10% more travel distance [16]. A
similar simulation in Austin, Texas, revealed that each SAV could replace nine CCs with
an additional 8% traveled miles added to the trip [82]. Another study by Chen et al.
produced a model showing that electric SAVs can have a similar per-mile cost compared
to CCs for low-mileage households. Each electric SAV can replace nine conventional
private vehicles and remain competitive against conventional carsharing services [83].
However, the last three mentioned studies [81] did not consider the ride sharing option
in the simulation of SAVs, as they considered the SAV to operate as a driverless taxi. A
study that accommodated ride-sharing options for a fully electric SAV fleet, as the adoption
of electric vehicles is growing worldwide [84], investigated the implications of SAVs on
the performance of the Budapest road network using simulation-based dynamic traffic
assignment. The results showed that increasing the SAVs share would improve the overall
network performance [85]. An analysis of the potential benefits of dynamic ride sharing
using SAVs over traditional taxis in New York City demonstrated that the fleet size could
be reduced by 59% without increasing the waiting time. A reduction of carbon emissions
of up to 866 metric tonnes per day was also reported in the same study [86].

Similarly to AVs, the acceptability of SAVs is connected to individual’s status and
attitudinal variables. Results of a stated choice survey indicate that young travelers are more
attracted to the adoption of SAVs with dynamic ride sharing [5]. Similar results regarding
young people’s willingness to adopt new transportation technologies were found by Tian
etal., who added that consumers’ main concerns about SAVs as an alternative to car-sharing
options are their cost, access time, and availability [87]. Merfeld et al. conducted a Delphi
study on drivers, barriers, and future developments of car sharing with SAVs in the next
ten years and found that a strong perception of technological aspects, consumer acceptance
considerations, and legislative concerns are the most important factors in the adoption
of SAVs [88]. In Italy, the inhabitant of Naples showed resistance to using future cars,
as they are willing to pay more or spend additional travel time in traditional transport
modes rather than using new traffic technologies for the same trip. The reason behind
this reluctance is related to concerns over security and safety. However, the same research
indicated that males and young bus or taxi users are less reluctant to use SAVs as driverless
taxis than females and older users (above 40 years old), respectively [89].

SAVs with dynamic ride sharing implies that passengers would travel with strangers
in the same vehicles for a certain period of time, and also entails an increase in travel
time due to the loading and unloading of other passengers. Lavieri and Bhat examined
these issues and found that trip purpose determines the anxiety towards these concerns.
Travelers on a leisure trip are more sensitive to riding with strangers but are less sensitive
to extra travel time and vice versa on a commute trip [90]. Nevertheless, various studies
predict that AVs will likely function as pooled AVs. For example, a choice experiment
showed that 61% of Swiss users opted for pooled AVs rather than private AVs [91]. A study
on the willingness to pay for SAVs accommodating dynamic ride sharing with strangers
used 70 questions in a stated preference survey and was answered by 2588 respondents; it
suggested that willingness to pay for ride sharing will increase over time. The study also
suggested that SAVs will be preferred for long-distance business travel [92].

3. Theoretical Background

This section investigates the latent variables which may affect the acceptability of
RP, AVs, and SAVs. Many of them were drawn from a previously developed heuristic
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model [24,45,93,94] and are based on the theory of reasoned action and planned behav-
ior [95,96]. Ajzen’s “Theory of planned behavior” aimed to anticipate the behavior of people
in life’s different aspects and believed that most patterns of social behavior are consciously
controlled. On the other hand, Fishbein and Ajzen’s “Theory of reasoned action” focuses
on the relationship between behaviors and attitudes with regard to actions that determine a
person’s behavior [46]. The latent variables were derived from the before-mentioned model
due to its coherent methodology, clear concept of definitions, detailed research framework,
and the acceptance of the method by the scientific community as reflected in its use in
various publications [46—48]. The term acceptability refers to a potential decision regarding a
hypothetical measure that would be presented in the course of time [45]. The following factors
and their expected impact on the acceptability of RP, AVs, and SAVs are described below.

° Awareness

People have lower levels of information about pricing measures like RP compared to
other demand management measures like “improving PuT”. Lack of knowledge about
RP results in a lower acceptability level [94]. The hypothesis is that those with more
information about the RP scheme will be more receptive towards its implementation due
to a higher awareness of its benefits and effectiveness. A similar concept applies to the
adoption levels of AVs and SAVs.

e  Effectiveness

Perceived effectiveness represents the extent to which the policy objectives are achieved.
For example, if the RP scheme is implemented in a city to achieve specific aims such as
improving air quality, higher expectations of achieving the goals will result in higher ac-
ceptability of the scheme [45]. This implies a positive relationship between the acceptability
of a measure and its perceived effectiveness [24,46,97]. However, people may justify their
refusal of a coercive measure or policy by evaluating it as ineffective in the context of a
strategic response [41]. This research makes a distinction between perceived effectiveness
and personal effectiveness. The latter represents a change in travel behavior due to the
application of the RP scheme; reducing the number of trips using personal cars after RP
implementation is an example of personal effectiveness [41,56].

e  Social Norm

Social norm is a social factor that refers to the “perceived social pressure” to comply
with certain behavior, where social pressure is defined as the perceptions, beliefs, and
judgments of other households and community members. Both attitudes and social norms
are grounded in the belief systems of an individual [98,99]. For instance, if close relations
such as family or friends favor implementing a specific policy measure, this will create a
positive social influence on the person to accept the same measure. Hence a policy or measure
has a higher probability of being accepted if the social environment accepts it [22,24].

e  Sensing Traffic Problems

People who understand the implications of traffic-related problems are more open to
accepting measures or policies that intend to mitigate their adverse effects [45]. However,
according to empirical findings, this approach is not fully confirmed and needs to be
ascertained. For example, stakeholders in Spain refused an RP measure despite perceiving
traffic related issues as serious problems [100]. Rienstra et al., on the other hand, found a
relationship between the acceptability of policy measures and problem perception, with
the public supporting policy measures that improve safety, the environment, or reduce
congestion [41]. The same concept can be applied to AVs and SAVs, as they are expected to
reduce the impact of traffic-related problems [10,83].

e Equity

One of the main reasons for the low acceptability of RP schemes is that people con-
sider them to be unfair. Hence, perceived equity is one of the essential requirements for a
scheme’s acceptability [101]. The “intrapersonal” component of perceived equity concerns
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the respondents’ personal cost-benefit ratio before and after applying the policy mea-
sure [24]. In our study, equity refers to perceived intrapersonal equity and this component
is considered for analysis.

° Fairness

Similar to equity, perceiving an RP scheme as fair is also a prerequisite for its successful
implementation. This can be achieved by the appropriate utilization of expected revenues,
which is proven to be an essential factor for the acceptability of RP schemes [44,101]. The
fairness of an RP scheme can be assessed through perceived optimal revenue usage, the
level of trust in their government, and the perception of other elements of fairness (e.g., RP
should be implemented for all vehicles without exemptions; RP should vary according to
the congestion level).

e  Travel Behavior and Attitudes

The items used to investigate the respondents’ travel behavior and attitudes are drawn
from Haustein [102]. Mobility-related attitudes are measured using a five-point Likert scale.
Travel behavior and attitudes of respondents are measured to evaluate how respondents
interpret a certain behavior (e.g., cycling, walking, and using PuT).

e  Safety and Security

A number of studies have explored public opinion concerning new travel technologies and
have shown that respondents regard safety as the paramount advantage and essential factor
for adopting AVs and SAVs [65,103]. Some of the studies revealed concerns about the safety of
AVs, such as a vehicle’s computer system being hacked or a vehicle’s system failure [73,104,105].
Other issues include legal liability, traveler privacy, and interactions with CC.

e  Socio-Demographic Characteristics

Schade and Schlag argued that socio-demographic characteristics might influence the
acceptability of RP [45]. For instance, higher income groups should be more interested
in the implementation of RP than lower income groups [41]. Moreover, other researchers
found a relationship between socio-demographic characteristics and variables which might
affect acceptability. For example, Wang et al. concluded that “gender, age, and education
level have a significant effect on the perceived uncertainty about effectiveness and fairness
of congestion charging” [106]. Conversely, the direct impacts of personal features on the
acceptability of RP were found to be rather low in some studies [22,41]. On the other hand,
other studies have found a relationship between age and adoption level of AVs and SAVs
(e.g., younger travelers are more likely to use SAVs) [5,68].

4. Methods

This section describes the methods used in the study. The survey design will begin
with a description of the valid response rate among the four countries of interest. This
will be followed by an explanation of the survey instruments and analytical framework to
provide a holistic picture of the study goals. Multiple statistical techniques were used in
the study (i.e., factor analysis, MLR, and MNL). With the help of these techniques, a set of
models were constructed. The purpose of the models is to answer the following research
questions:

1.  What factors play a role in affecting RP acceptability in the four countries of inter-
est? Do socio-demographic characteristics (e.g., age and income) influence the RP
acceptability in the four countries of interest?

2. What factors play a role in affecting the adoption of AVs and SAVs in the four countries
of interest?

3. Do the added variables (e.g., RP_Awareness, AV_Perceived_Ease_of Use, and Sens-
ing_Traffic Problems) significantly affect RP acceptability or the adoption of AVs
and SAVs in the four countries of interest? How do the additional variables impact
the acceptability of RP and willingness to adopt AVs and SAVs in the four countries
of interest?
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4. To what extent do the respondents from the four countries of interest perceive their
governments as trustworthy in collecting RP tolls? In which areas do the respondents
from the four countries of interest expect their government to spend the collected
road toll?

4.1. Survey Design

An online survey was distributed simultaneously in Brazil and Jordan during January
and February of 2020 and in Hungary and Ukraine during March and April of 2020.
Qualtrics survey software was used to create the survey. Explanatory videos about RP,
AVs, and SAVs were integrated into the survey to provide respondents with a better
understanding of these concepts. These videos conveyed the information in the native
languages of the respondents, which allowed a better understanding of the survey. In this
way, a large amount of textual information was summarized rather than being included in
the survey. The videos introduced respondents to AVs, SAVs, and RP. It was highlighted
that AVs are driverless cars that do not require human intervention while driving; therefore,
travel time can be used to engage in different activities such as reading, sleeping, working,
and relaxing instead of driving. SAVs are treated as driverless shared taxis, which can
be requested through a smartphone. This implies that other passengers with a similar
destination may share the SAV, resulting in lower cost, less privacy, a lower level of
comfort, and a longer waiting time. Information presented in the video regarding SAVs
was drawn from Lokhandwala and Cai [86]. At the end of the video, the concept of RP
was explained. As the responses have the potential to be significantly affected by how
the introduced concepts are presented, the video was presented in a neutral manner, with
no evaluative adjectives used to avoid the problem of induced bias and endogeneity. In
addition, backward translation was carried out.

The survey was distributed randomly using social media platforms such as Facebook.
Consequently, self-selection sampling was adopted, as the participants made the decision
either to participate or not in the survey. Out of 1999 initial respondents to the survey, only
723 respondents completed it. Only the respondents who answered the questionnaire in
more than 10 min and were declared as “A normal response” by Qualtrics were considered.
The final number of total usable responses was 657, as detailed in Table 2. The valid
response rate in this research ranged between 24% and 43% and fell within the range of
response rates (20% and 54%) mentioned in [107,108], indicating that the distribution was
wide and unbiased.

Table 2. Distribution of responses across countries.

Brazil Jordan Ukraine Hungary Total

Survey Initiations 598 885 315 201 1999
Survey Completions 269 270 100 84 723
S“g’gi’iﬁ:ﬁ?ﬁ?ﬁ in 255 248 77 77 657
Valid Response Rate 43% 28% 24% 38% 33%

The questionnaire consisted of three main parts. First, questions about the behav-
ioral response towards the latent variables which may influence RP acceptability and the
adoption of AVs and SAVs were presented. Secondly, questions related to RP acceptability,
future car choice, and the utilization of revenues were introduced (e.g., the respondents
were asked to assess their level of acceptance of the application of road pricing in their
cities based on a 5-point Likert scale from totally unacceptable (1) to totally acceptable (5)).
Finally, the socio-demographic characteristics of respondents were collected.
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4.2. Survey Instrument

This section presents the derivation of the factors from the original survey questions.
Building a model utilizing raw survey questions may be challenging and can also result in
a difficult interpretation of the results. Therefore, to overcome this issue, factor analysis is
often applied. For example, the previously explained variable “perceived effectiveness” in
the Section 3 resulted in two factors that were derived from nine items, as shown in Table 3.
The items utilized to develop each of the investigated factors are presented in Table Al,
Appendix A.

Table 3. Factor analysis example.

# Item Description Extracted Factor

I think the application of road pricing is likely to

! reduce travel time.
5 I think the application of road pricing is likely to

decrease the congestion level.
3 I think the application of road pricing is likely to

reduce air pollution. Perceived_Usefulness_RP
4 I think the application of road pricing is likely to
reduce noise, annoyance, and disturbance.
5 I think the application of road pricing is likely to result
in a better fuel economy.
6 I think the application of road pricing is likely to
reduce the number of accidents and incidents.
7 I think the application of road pricing is likely to
increase the price of the trip.

8 I think the application of road pricing is likely to make Negative_Expectations_RP

the PuT modes more crowded.
9 I think the application of road pricing is likely to result

in increasing social inequality among the citizens.

4.3. Analytical Methods

A two-step approach was applied in the data analysis. First, a factor analysis was
conducted to reduce the large set of items into a lower number of factors. A principal
components analysis was used as the extraction method with varimax rotation. Cronbach’s
Alpha results indicated a sufficient level of internal consistency, with each factor explaining
more than 50% of its total variance, except “AV_Safety_Security_Concerns” in the Jordan
sample. All the extracted factors achieved satisfying results; a sample of the factor analysis
results is shown in Table 4.

With the use of a dimension reduction technique (i.e., principal components analysis),
the large initial set of items was reduced to a reasonable number of factors. Variables
were checked for multicollinearity before the regression analysis, and no multicollinearity
was found between the variables. Next, the selected factors with socio-demographic
characteristics were used to understand RP acceptability through the use of MLR, while
the AV and SAV adoption preferences were modeled with MNL. This is further depicted
in Figure 1, where the items used and factors obtained are presented in Table Al in
Appendix A.
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Table 4. Descriptive values of some factors were generated by a factor analysis.

Country Variable Name Number of Items Alpha Cronbach Total Variance Explained
Perceived_Usefulness_RP 6 0.82 52.99
Brazil Sensing_Traffic_Problems 6 0.80 50.45
Social_Norm 2 0.72 78.26
Perceived_Usefulness_RP 6 0.84 56.02
Jordan AV_Safety_Security_Concerns 7 0.79 44.95
Social_Norm 2 0.77 81.16
Perceived_Usefulness_RP 5 0.85 63.47
Hungary Negative_Expectations_RP 3 0.75 66.51
Willingness_to_Share 4 0.75 57.52
AV_Awareness 3 0.85 77.61
Ukraine Social_Norm 2 0.83 85.43
Perceived_Usefulness_RP 5 0.82 58.74

ing Dimension Reduction Techniques (Factor An;

prability

Socio-Demographic Characteristics H AV & SAVs Adoption

Figure 1. Analytical Framework.

4.4. Descriptive Statistics

Table 5 shows the distribution of the socio-demographic characteristics in the form of
“country profiles” for the four countries. A total of 657 valid responses were collected from
the four countries, with Brazil having the highest share with about 39% of the total collected
sample and Jordan having the second highest share with about 38%, while Hungary and
Ukraine accounted for about 23% collectively. The age distribution of the respondents is
relatively young, with all four countries having more than 70% of their respondents falling
below the age of 38. The gender distribution was relatively balanced across the four selected
countries. In each country, the higher income group was shown to be the smallest out of the
three income levels. The majority of the respondents reported being educated, and those
with a bachelor’s or a postgraduate degree (PhD or master’s) showed the highest number of
responses compared with other educational levels. Similarly, regarding their employment
status, the respondents reported being full-time workers, which mirrors the respondents’
age distribution. The results concerning driving licenses and car ownership illustrate the
status of PuT in each of the four countries. Respondents from Brazil and Jordan report
higher rates of having a driving license or owning a car compared to respondents from
Hungary and Ukraine. This finding might reflect that the possibility of owning a vehicle
increases in countries with lower quality of PuT.
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Table 5. Socio-demographic characteristics “Country profiles”.
n =657 Brazil Jordan Hungary Ukraine
Count
(Percentage%)
255 248 77 77
(38.8%) (837.7%) (11.7%) (11.7%)
Characteristics
Age
<20 13 (5.1%) 8 (3.2%) 7 (9.1%) 32 (41.6%)
20-26 78 (30.6%) 74 (29.8%) 30 (39%) 33 (42.9%)
27-32 95 (37.3%) 59 (23.8%) 15 (19.5%) 6 (7.8%)
33-38 12 (4.7%) 37 (14.9%) 9 (11.7%) 2 (2.6%)
39-44 14 (5.5%) 23 (9.3%) 5 (6.5%) 2 (2.6%)
45-50 12 (4.7%) 28 (11.3%) 4 (5.2%) 0 (0%)
>50 31 (12.2%) 19 (7.7%) 7 (9.1%) 2 (2.6%)
Gender
Male 110 (43.1%) 136 (54.8%) 44 (57.1%) 39 (50.6%)
Female 145 (56.9%) 112 (45.2%) 33 (42.9%) 38 (49.4%)
Educational Level
Elementary school certificate 5 (2%) 0 (0%) 0 (0%) 3 (3.9%)
High school certificate 52 (20.4%) 13 (5.2%) 21 (27.3%) 14 (18.2%)
Bachelor or Diploma 139 (54.5%) 151 (60.9%) 27 (35.1%) 36 (46.8%)
Postgraduate studies o o o o
(PhD or master’s) 49 (19.2%) 80 (32.3%) 28 (36.4%) 14 (18.2%)
Others 10 (3.9%) 4 (1.6%) 1(1.3%) 10 (13%)
Employment Status
Full-time worker 111 (43.5%) 112 (45.2%) 37 (48.1%) 42 (54.5%)
Part-time worker 25 (9.8%) 19 (7.7%) 5 (6.5%) 35 (45.5%)
Unemployed 13 (5.1%) 13 (5.2%) 3 (3.9%) 0 (0%)
Student 78 (30.6%) 59 (23.8%) 21 (27.3%) 0 (0%)
Unpaid volunteer work 1(0.4%) 3 (1.2%) 1(1.3%) 0 (0%)
Retired 9 (3.5%) 11 (4.4%) 3 (3.9%) 0 (0%)
House Keeping 5 (2%) 24 (9.7%) 2 (2.6%) 0 (0%)
Others 13 (5.1%) 7 (2.8%) 5 (6.5%) 0 (0%)
Driving License
Yes 211 (82.7%) 202 (81.5%) 61 (79.2%) 42 (54.5%)
No 44 (17.3%) 46 (18.5%) 16 (20.8%) 35 (45.5%)
Car Ownership
Yes 142 (55.7%) 147 (59.3%) 32 (41.6%) 37 (48.1%)
No 113 (44.3%) 101 (40.7%) 45 (58.4%) 40 (51.9%)

The use of revenue is one of the most crucial factors that determines the public
acceptance of RP [38,56]. An item was included in the questionnaire containing seven
suggested approaches for using the revenue from RP. The answers are based on a Likert
scale from 1 to 5 representing “Totally disagree” to “Totally agree”; the responses to this
item can be seen in Figure 2. The respondents were shown to favor approaches pertaining
to soft mobility, reducing vehicle taxes, reducing PuT and vehicle customs fees, improving
PuT, and constructing new roads, with the exception being the approach that RP revenues
should be used to support the state’s budget, where the average responses showed the
lowest mean value. Figure 2 summarizes the results from the four countries together,
showing that respondents from all four countries of interest showed a similar pattern in

answering this question.
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To enhance the soft mobility 463"
To lessen vehicles' customs fees 348"
To lessen public transport fares 361
To lessen taxes for users [ 3 557 = Mean
To enhance public transport 4470

Potential use of RP revenues

To construct new roads [g 750
To support state's budget IT2797

12345

Figure 2. Mean values of respondent’s preferences for using RP revenues.

The reluctance of the respondents to use RP revenues to support the state budget can
be inferred from Figure 3. The respondents were asked to state whether or not they trust
the government using the revenues of RP. Figure 3 shows that most respondents in the
four countries do not trust their governments to responsibly invest the collected revenues.
Findings reflect the respondents’ lack of confidence in their respective governments in the
four countries.

100%
90%
80%
70%
60%
50%
40%
30%
20%
o 20% 19%

10% 7% 12%

0%
Brazil Jordan Hungary Ukraine
B No = Yes

Figure 3. Respondent’s trust in their governments regarding the use of RP revenues.

5. Results

This section presents and examines the effects of the investigated factors on RP accept-
ability using MLR. In addition, the results of AV and SAV adoption using MNL models
are analyzed to understand individual preferences toward AVs and SAVs based on the
investigated factors.

5.1. RP Acceptability

The effects of the investigated factors and socio-demographic characteristics on RP
acceptability using MLR in Hungary, Jordan, Ukraine, and Brazil are presented in Table 6,
which includes the factors’ estimated parameters, level of significance, and model fit. The
socio-demographic characteristics are income and age. Overall, 20 parameters for each
country were estimated for the RP acceptability model. The intercept significantly differs
from zero in four models. The Hungarian model intercept is positive, indicating that
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Hungarian respondents would accept applying RP regardless of the effects of other factors,
while a negative tendency is associated with respondents from other countries. While many
of the estimated parameters vary across the countries, some of them were found to share a
common sign.

Table 6. MLR Parameters of RP acceptability.

Variable Hungary Jordan Ukraine Brazil
Intercept 0.16* —0.47 *** —0.23* —0.34 ***
RP_Awareness 0.1 *** 0.032 —0.26 *** —0.17 ***
AV_Awareness 0.08 ** —0.05 ** —0.050 —0.06 ***
PuT_Users —0.16 *** —0.030 —0.15 *** 0.010
Enjoy_Driving —0.19 *** 0.04* —0.15 *** 0.07 ***
Cycling_Users 0.040 —0.030 0.13 *** 0.11 ***
Walkers —0.12 *** 0.030 —0.020 —0.010
Technology_Interest 0.06 * 0.040 0.47 *** —0.04*
Environmental_Oriented_Users 0.17 *** 0.17 *** 0.17 *** 0.17 ***
Cost_Oriented_Users 0.060 0.030 0.08 ** —0.04 *
Sensing_Traffic_Problems 0.19 *** 0.05 ** —0.050 0.2 ***
Negative_Expectations_RP 0.2 *** 0.05* 0.16 *** 0.11 ***
Willingness_to_Share 0.41 *** 0.19 *** —0.2 ¥** 0.11 ***
RP_Perceived_Anxiety —0.14 *** 0.020 0.14 *** 0.030
AV _Perceived_Ease_of_Use 0.1 *** 0.003 0.000 0.010
AV_Safety_Security_Concerns 0.16 *** 0.1 *** —0.050 0.07 ***
Social_Norm 0.38 *** 0.16 *** 0.21 *** 0.31 ***
Fairness —0.010 —0.06 *** —0.08 ** 0.11 ***
Equity —0.07 ** —0.020 0.23 *** 0.17 ***
Income 0.004 0.001 0.0002 * —0.001
Age —0.004 0.01 *** 0.010 0.01 ***
R-Square Adjusted 0.546 0.164 0.549 0.314

Significance Level: * (0.1 > p > 0.05); ** (0.05 > p > 0.01); *** (p < 0.01).

Unsurprisingly, the “Environmental_Oriented_Users” factor has a significant positive
effect on RP acceptability. This indicates that respondents who consider their environmental
impact while planning their trips (e.g., using less polluting vehicles) are more likely to
accept the implementation of RP. Similarly, in all models, “Social_Norm” is statistically
significant and has a remarkable positive effect on RP acceptability; this implies that the
respondents from the four countries can be positively influenced by their family and friends
to accept the application of RP. The explained variance differed across countries of interest.
Models of Hungary and Ukraine explained about 54.6% and 54.9% of the variation in
RP acceptability, respectively, whereas the Brazilian model explained 31.4%. The least
explanatory model was Jordan, with only 16.4%.

5.2. AV and SAV Adoption

The estimated parameters of the MNL models are presented in this section. Two
models were generated for each country to assess the respondents’ behavior regarding the
adoption of AVs and SAVs. Model 1 describes the vehicle choice as a function of 19 factors
derived from the original survey’s questions using a factor analysis. Model 2 enumerates
the estimation results for the MNL model, such that both Model 1 variables and individual-
related variables were involved in this model. Model 2 was generated to determine the
impact of the investigated factors in Model 1 plus the inclusion of socio-demographic char-
acteristics and driving habit variables, including “Age”, “Income”, “Gender”, “Education”,
“Employment”, “Driving license”, “Car ownership”, “Access to car as driver”, and “Access
to car as passenger”.

Tables 7-10 display the parameters of the two models for each country separately. The
parameters of AVs and SAVs are relative to the reference mode CC. The models representing
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each country’s data are determined based on statistical tests like the Akaike information
criterion (AIC), Bayesian information criterion (BIC), and McFadden R?.

Table 7. MNL of vehicle adoption in Hungary.

Variable AV Vs, CC SAV Vs. CC
Model 1 Model 2 Model 1 Model 2

ASC (Intercept) 3.81 *** 1.79 1.24 *** 2.5

Awareness

AV_Awareness 1.49 *** 4.57 *** 2.12 #** 5.15 ***

RP_Awareness —0.11 0.11 —0.26 —0.01

Travel Behavior and Attitudes

PuT_Users 0.16 0.42 0.10 —0.29

Enjoy_Driving —-0.5* —1.57 *** 0.27 —0.44

Cycling Users —0.45 —0.91 ** —-0.62* —0.98 *

Walkers 0.5* 0.73 0.22 0.55

Technology_Interest —0.12 —0.38 —0.78 ** —1.42**

Environmental_Oriented_Users 0.48 1.98 ** 0.57 2.28 **

Cost_Oriented_Users —0.77 ** —2.37 #** —0.37 —2.04 **

Sensing Traffic Problems

Sensing_Traffic_Problems —0.66 * —0.52 —0.84 ** —0.80

Perceived Effectiveness

Perceived_Usefulness_RP —0.88 ** —1.49 ** —1.03 ** —1.69 ***

Negative_Expectations_RP —-0.47 —2.0 *** —0.54 —2.09 **

Personal Effectiveness

Willingness_to_Share 0.69 * 1.25* 0.6 0.61

RP_Perceived_Anxiety 0.35 3.22 *** 0.36 3.33 *#**

Safety and Security

AV_Safety_Security_Concerns 0.06 —0.80 0.30 —0.52

AV_Perceived_Ease_of_Use —0.40 —0.50 —0.27 —0.20

Social norms concerning

RP acceptability

Social_Norm —0.34 —1.8 *** —0.23 —1.44 **

Fairness

Fairness 0.55 ** 1.38 ** 0.54 * 1.1*%

Equity

Equity 0.27 2.14 ** 0.03 1.98 *

Age 0.002 —0.07

Income (ref: Low)

Medium income 3.83 ** 2.87

High income 0.15 -1.07

Gender (ref: Female)

Male —0.12 1

Education (ref: less than bachelor)

Bachelor 3.67 ** 1.44

Postgraduate studies (PhD or 3.45 ** 277

Master)

Employment (ref: Working)

Not Working 4.3** 3.35*

Driving license (ref: Yes)

No 1.39 0.83

Car ownership (ref: Yes)

No —2.98 —3.44 **

Access to car as driver (ref: Yes)

No 0..68 1.77

Access to car as passenger (ref: Yes)

No 3.07 % 2.03

AIC 361.5 409.5 361.5 409.5

BIC 533 683.9 533 683.9

McFadden R? 0.265 0.34 0.265 0.34

Significance Level: * (0.1 > p > 0.05); ** (0.05 > p > 0.01); *** (p < 0.01).
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Table 8. MNL of vehicle adoption in Jordan.

Variable AV Vs. CC SAV Vs. CC
Model 1 Model 2 Model 1 Model 2

ASC (Intercept) 0.15* —0.14 0.95 *** 1.83 ***

Awareness

AV_Awareness 0.12* 0.14* 0.3 *** 0.44 ***

RP_Awareness

Travel Behavior and Attitudes

PuT_Users —0.28 *** —0.28 *** —0.26 *** —0.17 **

Enjoy_Driving 0.02 0.03 0.11 0.13*

Cycling_Users -0.01 —0.01 -0.10 -0.09

Walkers 0.14* 0.13 0.03 0.04

Technology_Interest 0.34 *** 0.36 *** 0.17 ** 0.09

Environmental_Oriented_Users 0.14* 0.17* 0.23 *** 0.27 ***

Cost_Oriented_Users 0.32 *** (0.29 *** 0.63 *** 0.61 ***

Sensing Traffic Problems

Sensing_Traffic_Problems 0.34 *** 0.35 *** 0.35 *** 0.37 ***

Perceived Effectiveness

Perceived_Usefulness_RP 0.49 *** (0.45 *** 0.06 0.08

Negative_Expectations_RP 0.02 —0.002 0.17 ** 0.16 *

Personal Effectiveness

Willingness_to_Share 0.25 *** 0.26 *** 0.54 *** 0.6 ***

RP_Perceived_Anxiety 0.16 * 0.17* 0.29 *** 0.33 ***

Safety and Security

AV_Safety_Security_Concerns —0.3 —0.26 *** —0.22 *** —0.16 **

AV_Perceived_Ease_of_Use —0.03 —0.03 —0.09 —0.08

Social norms concerning

RP acceptability

Social_Norm —0.01 —0.03 0.13 0.19 **

Fairness

Fairness —-0.12 —-0.13 —-0.01 0.02

Equity

Equity —0.01 —0.01 0.14* 0.13

Age 0.01 —0.02 **

Income (ref: Low)

Medium income 0.29 —0.18

High income —0.01 0.05

Gender (ref: Female)

Male —0.56 *** —0.46 ***

Education (ref: less than bachelor)

Bachelor 0.01 0.16

Postgraduate studies (PhD or Master) 0.3* 0.46 ***

Employment (ref: Working)

Not Working 0.03 —0.03

Driving license (ref: Yes)

No 0.37 —0.04

Car ownership (ref: Yes)

No 0.4* —0.25

Use the vehicle as driver (ref: Yes)

No —0.51 *** 0.32*

Use the vehicle as passenger (ref: Yes)

No —0.05 —0.05

AIC 2206.5 2380.3 2206.5 2380.3

BIC 2406.0 2707.8 2406.0 2707.8

McFadden R? 0.13 0.16 0.13 0.16

Significance Level: * (0.1 > p > 0.05); ** (0.05 > p > 0.01); *** (p < 0.01).
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Table 9. MNL of vehicle adoption in Ukraine.

Variable AV Vs. CC SAV Vs. CC
Model 1 Model 2 Model 1 Model 2

ASC (Intercept) 0.10 —3.05 *** —0.42 *** 0.06

Awareness

AV_Awareness 0.14 —0.37 ** —0.37 ** —0.54 **

RP_Awareness 0.23 0.54 ** 0.32 ** 0.37

Travel Behavior and Attitudes

PuT_Users 0.62 *** 0.87 *** —0.09 —0.12

Enjoy_Driving —0.45 *** —1 0.18 —-0.13

Cycling_Users 0.28* 0.33* 0.07 0.07

Walkers 0.10 0.37 ** 0.25 0.45 **

Technology_Interest -0.20 -0.21 -0.24 -0.27

Environmental_Oriented_Users —0.25* —0.07 —-0.21 —0.12

Cost_Oriented_Users 0.33 ** 0.23 0.33 ** 0.31

Sensing Traffic Problems

Sensing_Traffic_Problems —0.47 *** —0.8 *** 0.07 0..04

Perceived Effectiveness

Perceived_Usefulness_RP —0.42 *** —0.58 ** —0.6 *** —0.88 ***

Negative_Expectations_RP 0.37 ** 0.35* 0.48 *** 0.6 ***

Personal Effectiveness

Willingness_to_Share 0.4 ** 0.08 0.35 ** 0.55 ***

RP_Perceived_Anxiety 0.35 *** 0.25 0.64 ** 0.29

Safety and Security

AV_Safety_Security_Concerns 0.06 —-03*% —0.28 ** —0.12

AV_Perceived_Ease_of_Use —0.3 ** —0.24 —-0.23 —-0.32*

Social norms concerning

RP acceptability

Social_Norm 0.63 *** 0.51 ** 0.51 *** 0.53 **

Fairness

Fairness —0.14 0.15 —0.002 0.14

Equity

Equity 0.44 *** 0.41** —-0.13 —0.11

Age 0.05* —0.03

Income (ref: Low)

Medium income 0.22 0.59

High income —0.40 —0.92 **

Gender (ref: Female)

Male 2.2 *** 0.68

Education (ref: Less than bachelor)

Bachelor —0.29 0.24

Postgraduate studies (PhD or Master) 0.09 0.30

Employment (ref: Working)

Not Working 0.57 —0.30

Driving license (ref: Yes)

No 2.13 *** —0.28

AIC 633 707.7 633 707.7

BIC 804.5 952.8 804.5 952.8

McFadden R? 0.18 0.27 0.18 0.27

Significance Level: * (0.1 > p > 0.05); ** (0.05 > p > 0.01); *** (p < 0.01).
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Table 10. MNL of vehicle adoption in Brazil.

Variable AV Vs. CC SAV Vs. CC
Model 1 Model 2 Model 1 Model 2

ASC (Intercept) 0.15 0.3 1.93 *** 2.96 ***

Awareness

AV_Awareness —0.21 ** —-0.13 % 0.14* 0.16*

RP_Awareness 0.19 * 0.12 0.03 —0.08

Travel Behavior and Attitudes

PuT_Users —0.05 —0.09 —0.06 —0.005

Enjoy_Driving —0.08 —-0.22% 0.12 —0.09

Cycling_Users 0.05 —0.01 0.24 *** 0.09

Walkers —0.15 —0.09 —0.14* 0.06

Technology interest 0.48 *** 0.51 *** 0.31 *** 0.29 ***

Environmental_Oriented_Users 0.23 ** 0.26 ** 0.26 *** 0.24 **

Cost_Oriented_Users 0.1 0.04 —0.002 —0.1

Sensing Traffic Problems

Sensing_Traffic_Problems —-0.19* —0.21** 0.1 0.004

Perceived Effectiveness

Perceived_Usefulness_RP 0.16 0.17 —0.22 ** —0.16

Negative_Expectations_RP —0.05 0.05 -0.15* -0.13

Personal Effectiveness

Willingness_to_Share 0.17 0.18 0.55 *** 0.59 ***

RP_Perceived_Anxiety -0.14 —-0.23 ** -0.14 -0.17*

Safety and Security

AV_Safety_Security_Concerns 0.03 —0.01 0.02 —0.05

AV_Perceived_Ease_of_Use —0.09 0.01 0.02 0.12

Social norms concerning

RP acceptability

Social_Norm 0.03 —0.07 —-0.2% —0.27 **

Fairness

Fairness —0.16 —-02* 0.08 0.03

Equity

Equity 0.23 ** 0.31 *** 0.18 ** 0.29 ***

Age —0.02 *** —0.06 ***

Income (ref: Low)

Medium income 0.43 0.09

High income 0.85 *** 0.91 ***

Gender (ref: Female)

Male 0.13 0.05

Education (ref: Less than Bachelor)

Bachelor 0.35 —0.001

Postgraduate studies (PhD or Master) 0.13 0.52 **

Employment (ref: Working)

Not Working —0.07 0.3

Driving license (ref: Yes)

No 0.71 ** 0.49

Car owning (ref: Yes)

No —0.24 —0.16

Use the vehicle as driver (ref: Yes)

No 0.52* 0.38

Use the vehicle as passenger (ref: Yes)

No —0.14 -0.29

AIC 1747.92 1815.08 1747.92 1815.08

BIC 1967.41 2166.26 1967.41 2166.26

McFadden R? 0.10 0.15 0.10 0.15

Significance Level: * (0.1 > p > 0.05); ** (0.05 > p > 0.01); *** (p < 0.01).
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The alternative specific constant (ASC) represents the mean of all unobserved resources
of the utility. It could be noticed that ASC sy and ASCgpy are significantly different from
zero in the MNL models. Based on the Hungarian responses, both constants have a positive
sign; however, there is a preference for choosing AV over the other two modes. Regarding
the Jordanian model, both ASCay and ASCsay are significant and positively affect the
utility functions of these modes. Unlike Hungarian respondents, Jordanian respondents
prefer SAVs over AVs and CCs. In terms of the Ukrainian responses, ASCgay is associated
with a negative sign, which increases the disutility of the SAV mode. Thus, based on the
Ukrainian respondents’ viewpoint, CCs are still the preferred mode compared to SAVs.
The responses from the Brazilian model show that ASCgay is significant and positively
affects the utility function, and SAVs are considered the most preferred mode.

6. Discussion

This section provides a discussion of the presented results from the previous section.
The discussion is divided into three sub-sections. The Sections 6.1 and 6.2 discuss the MLR
and MNL, respectively. The Section 6.3 provides a summary of the results.

6.1. RP Acceptability

Road network congestion and its related issues are considered major problems in
the transport sector. Therefore, regulatory traffic policies are needed to control travel
demand and alleviate congestion. RP schemes are regarded as an effective solution to
tackle such traffic-related problems; however, authorities are presented with the challenge
of trying to implement RP schemes in an effective way that at the same time will not be
rejected by the public. For example, Selmoune et al. reviewed eight cases of RP scheme
implementation that were either accepted or rejected. This and other studies highlighted
the difficulty in applying RP schemes without strong political and public support and
acceptability [109,110]. Recently many studies have investigated the public acceptability
of applying RP schemes in various countries [106,111]. In their studies, Gu et al. and
Noordegraaf et al. stated that only four main factors of RP were used in most previous
studies, namely equity, complexity, privacy, and uncertainty [51,112]. The current study
expanded on these with the inclusion of other factors related to RP implementation as well
as the adoption of AVs and SAVs to investigate the effect of these factors on RP acceptability
in the era of AVs and SAVs.

The current research shows that the examined factors are significant and have a direct
effect on RP acceptability. Moreover, income has a statistically significant effect on RP
adoption only for Ukrainian respondents, while in the case of Jordan and Brazil, respon-
dents’” age was shown to have a statistically significant effect on the acceptability of RP.
The results differ in different national contexts, such that there are some fluctuations in
the parameters that significantly affect the acceptability of RP in each country. It can be
inferred from Table 6 that Hungarian respondents prefer applying RP in their cities. Al-
though these models show irregularity in the parameters across the investigated countries,
the “Environmental_Oriented_Users”, “Negative_Expectations_RP”, and “Social_Norm”
variables are statistically significant and positively affect RP acceptability in all countries.
This study showed that there is a significant and direct effect of the AV-related variables on
RP acceptability except in the case of “AV_Perceived_Ease_of_Use”, which is statistically
significant only in the case of Hungary. Consequently, only the Hungarian respondents
who expect that using AVs will be easy are more likely to accept RP schemes.

6.2. AV and SAV Adoption

This section discusses the effects of the investigated factors, travel behavior and
attitudes, and socio-demographic characteristics on preferred transport mode choice (AV,
SAV, CC). It is inferred from the results that most of the factors considered have a major
role in determining preferences toward choosing and adopting AVs and SAVs. Particularly,
“AV_Awareness” was associated with a positive attitude toward AVs and SAVs, which
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shows that respondents who have more knowledge of new technologies are more likely
to prefer AVs and SAVs relative to CCs. An exception can be seen in the Ukrainian and
Brazilian models, which demonstrate the opposite perspective toward the adoption of both
AVs and SAVs. The results showed that respondents who enjoy driving are less likely to
choose AVs and SAVs, which is compatible with previous research findings [113,114]. Not
surprisingly, the “Environmental_Oriented_Users” factor was positively significant in all
countries except Ukraine, so respondents with high sensitivity towards environmental
issues have a high propensity to use AVs and SAVs [113]. In all models, respondents willing
to share their trips with others are more likely to use AVs and SAVs. Additionally, the
estimated parameter for SAVs outweighs those of AVs in all models except the Hungarian,
which means those who desire to share their daily transport mode with others have more
acceptance of using SAVs than AVs.

Respondents with more interest in new technologies like AVs, measured by the “Tech-
nology_Interest” factor, have a positive attitude toward adopting AVs and SAVs. The
Hungarian model is the exception in this case, as it demonstrates that this variable was
associated with a significant negative tendency toward AV and SAV adoption; this can
be interpreted according to Schade and Schlag, who stated that having more information
about the scheme might lead to higher evaluation and assessment and consequently higher
reluctance to accept it [24]. In both Jordan and Ukraine, the “Cost_Oriented_Users” factor
that represents respondents sensitive to the trip cost (i.e., those who regard trip cost as the
most important factor in planning a trip) are more likely to choose AVs and SAVs. More-
over, the estimated parameter associated with SAVs is greater than AVs, reflecting a higher
tendency to use SAVs. A probable reason for these findings could be that people assume
AVs optimize the road network, decrease travel time, and reduce travel costs [62,73,104]. In
contrast, an opposite attitude is found in the Hungarian model, where respondents were
less likely to choose AVs and SAVs. This significant negative relation in the Hungarian
model could be due to concerns about the high prices of new technologies, as is consistent
with previous research [15,104,105]. Those who consider traffic-related issues as major or
serious problems (e.g., congestion, air pollution, and traffic noise) are less likely to choose Avs
and SAVs. This disutility could be explained by considering that respondents do not consider
self-driving vehicles to be helpful in reducing such traffic problems. An exception is found in
the Jordanian model, where this variable was associated with significant positive attitudes.

For the respondents in Jordan, Hungary, and Ukraine, the factor “RP_Perceived_Anxiety”
was associated with a positive attitude toward adopting Avs and SAVs. Those who prefer
changing their route instead of paying tolls are more likely to choose Avs and SAVs; on the
contrary, this factor was associated with a negative attitude toward using Avs for Brazilian
respondents. The “Equity” factor was statistically significant and associated with a positive
attitude toward choosing Avs and SAVs. Respondents who realize that RP will provide
them with benefits are more likely to use Avs and SAVs. It can be noticed that an increase in
the level of education also increases the likelihood of choosing Avs and SAVs. The results
do not demonstrate a strong relationship between age and the tendency to use any of the
hypothetical alternative modes. A negative statistically significant relationship associated
with an increase in age is only revealed in the Brazilian model, which means that older
individuals are relatively less likely to select Avs and SAVs. This stands in contrast to the
assumption that Avs could be an attractive transport mode for the elderly [10]. Gender was
not statistically significant in any of the models except for the Jordanian models, where males
were significantly associated with a negative attitude toward adopting Avs and SAVs.

6.3. Result’s Summary

This section summarizes the effects of the investigated factors on the acceptability
of RP and the adoption of Avs and SAVs. As shown in Table 11, there is heterogeneity in
the significance of these factors as well as their effects, whether positive (v) or negative
(X) or insignificant (empty cells). The factors behave differently in the four countries.
Although most of the factors are significant in most countries, none of the factors managed
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to significantly affect RP acceptability, AV choice, and SAV choice in all countries at once.
Considering the significant factors only and looking closely at their impact on each of the
three dependent variables (RP acceptability and AV and SAV choice) separately, it can be

noticed that few of these factors have the same influence in all countries.

Table 11. The relationship between the studied factors, RP acceptability, and future car choice in the

four investigated countries.

Factor

RP

AV

SAV

BR

JO

HU

UA

BR

JO

HU

UA

BR

JO

HU UA

Awareness

AV_Awareness

X

RP_Awareness

<

Travel Behavior
and Attitudes

PuT_Users

Enjoy_Driving

X | X

Cycling_Users

X

Walkers

SIS XL

Technology_Interest

<

Environmental_Oriented_Users

<

X

AR P AN

<

Cost_Oriented_Users

ASAYAYAS

<

X<
<

Sensing Traffic Problems

Sensing_Traffic_Problems

<

Perceived Effectiveness

Perceived_Usefulness_RP

X

Negative_Expectations_RP

Personal Effectiveness

Willingness_to_Share

RP_Perceived_Anxiety

Safety and Security

AV_Safety_Security_Concerns

AV_perceived_ease_of_use

Social norms concerning
RP acceptability

Social_Norm

Fairness

Fairness

Equity

Equity

Background Characteristics

Age

Gender (ref: Female)

Male

Education (ref: Less than
bachelor)

Postgraduate studies

Employment (ref: Working)

Not Working

Use vehicle as driver
(ref: Yes)

No

v

X

Note: BR—Brazil; JO—Jordan; HU—Hungary; UA—Ukraine.
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For example, in all countries “Environmental_Oriented_Users” and “Willingness_to_Share”
factors have a positive impact on AV and SAV choice, respectively. Similarly, the “En-
joy_Driving” and “AV_Safety_Security_Concerns” factors have a negative impact on AV
and SAV choice, respectively, while the influence of the other factors fluctuates between
positive, negative, and non-significant. This can be explained by the presence of unobserved
factors that affect people’s behavior based on the circumstances of every country. These results
are logical as residents of every country have different perspectives, cultures, economic situa-
tions, and other relevant characteristics. Regarding the socio-demographic characteristics, the
results show that they play a more vital role in AV and SAV adoption than in RP acceptability.
Moreover, in line with a previous study [28], the results revealed that the attitudinal variables
have more influence on RP acceptability than socio-demographic characteristics.

Finally, the main findings of this research show that respondents who enjoy driving
are less likely to choose AV, while respondents who desire to share their trips with others
prefer SAV. People who care about the environment while travelling are more willing to
accept RP and prefer AV and SAV over CC. People can be positively influenced by their
family and friends to accept RP schemes.

7. Conclusions

In conclusion, this study investigates the effect of attitudinal factors and socio-demographic
characteristics on RP acceptability and AV and SAV adoption. The results of the current
study show that respondents from different countries have different behaviors regarding
RP acceptability and AV and SAV adoption. Such findings are in line with previous research
by Fiirst and Dieplinger, who replicated the AFFORD study [45] in Vienna to investigate the
factors that affect the acceptability of RP. They concluded that “both studies differ in terms of
influencing factors” [46]. In terms of RP acceptability, according to the responses obtained,
all investigated factors have a significant effect on RP acceptability in most or all of the stud-
ied countries. An exception can be seen in the factor “AV_Perceived_Ease_of_Use” which is
significant only in the Hungarian model. Socio-demographic characteristics do not show a
strong significant relationship with RP acceptability. Among the factors used, it was found
that the following factors, “Environmental_Oriented_Users”, “Negative_Expectations_RP”,
and “Social_Norm” are statistically significant and positively affect RP acceptability in
all countries from the respondents’ perspective. Hungarian respondents would accept
applying an RP scheme regardless of the effect of other factors, while a negative tendency
is found for respondents from other countries.

Regarding AV and SAV adoption, the examined factors have a significant effect on
the respondent’s adoption of AVs and SAVs in all or most of the countries. The “Envi-
ronmental_Oriented_Users” factor is positively significant in all countries except Ukraine.
Similarly, respondents willing to share their trips with others due to the application of RP
are more likely to use AVs and SAVs. It can also be seen that respondents with a high level
of education are more likely to adopt AVs and SAVs. The results do not demonstrate a
strong relationship between age and the tendency to use any of the presented alternative
transportation modes. Furthermore, the results show that respondents do not trust their
government to use the revenues from road tolls to support the state’s budget, and they
prefer more clear and transparent approaches to using RP revenues.

Finally, the results show that the examined factors influence the acceptability of RP
and the adoption of AVs and SAVs, demonstrating the interrelationship between them and
the importance of their simultaneous study. For instance, people who enjoy driving are less
willing to opt for AV, while those willing to share their trips are more likely to choose SAV.
Family and friends can positively influence people to accept RP schemes, and people who
consider the environment are more likely to accept RP and choose AVs and SAVs [29,112].
People in the four countries lack confidence in their governments to use the RP revenues
appropriately. They require the allocation of RP revenues be utilized explicitly and for
particular uses, such as improving PuT.
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7.1. Insights for Policy Implication

Results of this research can provide meaningful insights to stakeholders and policy-
makers for anticipating and planning policy controls related to the adoption of AVs and
SAVs and RP acceptability in the transportation sector. It is difficult to generalize the policy
implications derived from this research due to the small sample size; however, some factors
in the analyzed models have almost the same effect on RP acceptability and AV and SAV
adoption across the investigated countries. We shed light on the effect of these factors in
this section.

The results demonstrate that respondents” awareness of new technologies and RP is an
important factor in their adoption and implementation. Therefore, educational campaigns
through different platforms and various methods should be held to inform people about
the expected benefits of driverless vehicles and RP, which will help raise their acceptability.
Similarly, the “Environmental_Oriented_Users” factor positively affects RP acceptability.
Gaining the support of this group by spreading the word about the environmental benefits
of implementing RP schemes will facilitate the authorities’ task in applying such changes
in their countries. Additionally, respondents want their governments to use RP revenues
in areas where the residents can feel their impact, such as enhancing PuT systems. Such
policies are critical as the respondent’s trust is very low in government entities regarding
the use of revenues. Therefore, it is advised to clearly explain the methods of utilizing the
revenues from RP to satisfy the public’s requirements so that authorities can reduce the
trust gap with their citizens. Furthermore, RP schemes that provide benefits to citizens are
seen as more acceptable. Policy makers should thus consider giving special attention to
these aspects.

It is evident from the results that respondents who are willing to share their trips
with others are more open to accepting RP and using AVs and SAVs. This point can be
utilized by promoting and allowing ride sharing services to operate freely; as the number
of users of these services increases, the acceptability of RP, AVs, and SAVs is likely to
increase. Respondents with safety and security concerns about AVs and SAVs are reluctant
to use them. This information can be used to devise policies to promote the safety and
security features of AVs and SAVs and reduce the anxiety of using these new travel modes.
Most likely, the public will initially resent the implementation of RP, AVs, and SAVs; the
results of this research shed light on the potential reasons for such rejection (e.g., safety
and security concerns) and the positive influencing factors (e.g., environmentally oriented
users). Consequently, public agencies can further elaborate on these insights to motivate
the public to be in favor of RP, AVs, and SAVs. Moreover, this research shows that neither
RP acceptability nor AVs and SAVs adoption can be generalized over a large population;
therefore, city-specific policies will be necessary to efficiently shift the transportation mode
from CCs to AVs and SAVs and, similarly, to increase the acceptability of RP.

7.2. Limitations and Directions for Future Research

This study paves the way to incorporate two research topics, RP acceptability and
the adoption of AVs and SAVs, into a single study. However, the research faces a set of
limitations. The first limitation can be identified in the sample size, which is relatively small
compared to the total population of the selected countries. This is likely a consequence of
the utilization of online questionnaires, which favor youth and individuals who have access
to the internet. Although the online questionnaire provided a video to establish a unified
perception of RP, AVs, and SAVs, it is still doubtful whether all the respondents have come
to the same conclusion after watching the short video. Therefore, the use of the results in
the context of the larger population groups should be carried out critically. Directions for
further research are also possible and highly recommended. There are several approaches
in regard to future research. Researchers can include new variables (e.g., cost, maintenance
cost, technology maturity, AVs, SAVs perceived safety, AVs, SAVs legal liability, or AVs,
SAVs perceived comfort). Moreover, they may conduct research, relying on a large sample
size, using a prototype of AVs and SAVs alongside RP. This allows them to gain more
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useful insights into how the presence of RP and the inclusion of AV and SAV experience is
likely to influence potential users to accept the concept of RP, AVs, and SAVs. In addition,
future research may use a stated preference experiment to explore the effect of RP attributes
(e.g., toll value) on AV and SAV adoption, which can give more insight into how different
RP tolls could affect vehicle adoption.
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Appendix A

The items below were used to extract the investigated factors. The respondents were
asked to assess their level of agreement with the items based on a 5-point Likert scale from
strongly disagree (1) to strongly agree (5).

Table A1l. Items used to extract factors from original survey’s questions.

Awareness

AV_Awareness

Item 1 I am aware of the concept of autonomous cars.
Item 2 I am familiar with the topic of autonomous cars.
Item 3 I am confident that I am able to explain what an
autonomous car is to anyone.
RP_Awareness
Item 4 I am aware of the concept of road pricing.
Item 5 I am familiar with the topic of road pricing.

Travel Behavior and Attitudes

PuT_Users
Item 6 I use public transport on a regular basis.
Item 7 I commute using public transport.
Item 8 I rely on public transport for the majority of my trips.

Enjoy_Driving

Item 9 I enjoy driving.

Item 10 Driving is exciting to me.
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Table Al. Cont.

Travel Behavior and Attitudes

Item 11 I like the feeling of being in full control of my car.
Cycling_Users

Item 12 I cycle on a regular basis.

Item 13 I commute by cycling.

Item 14 I'rely on cycling for the majority of my trips.

Walkers

Item 15 I walk on a regular basis.

Item 16 I commute by walking.

Item 17 I rely on walking for the majority of my trips.

Technology_Interest

Item 18 I think autonomous cars will be fun.
Item 19 I desire to learn about autonomous cars.
Item 20 I am excited to experience autonomous cars.

Cost_Oriented_Users

The price of my trip will significantly influence my

I 21
tem transport mode.

Ttem 22 My main p.rlorlty is to travel at the lowest

possible price.

Environmental_Oriented_Users

The emission of my trip will significantly influence
Item 23

my transport mode.
Item 24 My main priority is to travel using less

polluting vehicles.

I take into consideration the environmental impact
Item 25

of my trip.

Sensing Traffic Problems

Sensing_Traffic_Problems

Item 26 I notice traffic congestion on a regular basis.

I think road traffic is the primary source of

Item 27 air pollution.

I think traffic causes a lot of noise, annoyance

Item 28 and disturbance.

Item 29 I think car parking is a significant problem.

Item 30 I think the public transport system is inadequate.
Item 31 I observe many traffic accidents and incidents on a

daily basis.
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Perceived Effectiveness

Perceived_Usefulness_RP

Item 32

I think the application of road pricing is likely to
reduce travel time.

Item 33

I think the application of road pricing is likely to
decrease the congestion level.

Item 34

I think the application of road pricing is likely to
reduce air pollution.

Item 35

I think the application of road pricing is likely to
reduce noise, annoyance, and disturbance.

Item 36

I think the application of road pricing is likely to
result in a better fuel economy.

Item 37

I think the application of road pricing is likely to
reduce the number of accidents and incidents.

Negative_Expectations_RP

Item 38

I think the application of road pricing is likely to
increase the price of the trip.

Item 39

I think the application of road pricing is likely to
make public transport modes more crowded.

Item 40

I think the application of road pricing is likely to
result in increasing social inequality among
the citizens.

Personal Effectiveness

Willingness_to_Share

Item 41

If road pricing is applied, I think that I will use
public transport more in the future.

Item 42

If the road pricing is applied, I think that I will
reduce the number of unnecessary trips that I make
on a daily basis.

Item 43

If the road pricing is applied, I think that I will start
using shared autonomous vehicles more in
the future.

Item 44

If the road pricing is applied, I think that I will share
my cars with others in the future.

RP_Perceived_Anxiety

Item 45

If road pricing is applied, I will protest against it.

Item 46

If the road pricing is applied, I will change my
traveling routes to avoid paying the tolls.

Item 47

If the road pricing is applied, I am afraid that I
would not understand how road pricing works.
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Safety and Security

AV _Safety_Security_Concerns

I'will be worried if any equipment or system fails in
Item 48 autonomous cars during any adverse conditions
(e.g., heavy rainfall, fog).

I am afraid about the legal liability for owner(s)/

Item 49
operator(s) of autonomous cars.

I am concerned about the possibility of autonomous

Item 50 cars’ computer systems being hacked.

I am concerned about data privacy when using
Item 51 autonomous cars (e.g., disclosure of my travel
destinations to third parties).

I am concerned how autonomous cars will interact

Item 52 with other road users (e.g., conventional vehicles

and bicycles).
Item 53 I think autonomous cars will not be safe to use.

I will not feel secure to use autonomous cars on a
Item 54 . .

daily basis.

AV_Perceived_Ease_of Use

I think it will be easy to learn how to use
Item 55

autonomous cars.
Item 56 I think autonomous cars will be simple to control.
Item 57 I think autonomous cars will be easy to use.

Social norms concerning RP acceptability

Social_Norm

People whose opinions are important to me think

Item 58 that I should accept the application of road pricing.
My friends, family, and colleagues expect me to
Item 59 e ..
accept the application of road pricing.
Equity
Equity
Ttem 60 I think the application of road pricing will be in my
favor.
I think the application of road pricing will benefit me
Item 61
more than other road users.
Fairness
Fairness
I think road pricing should be implemented for all
Item 62 . . .
vehicles without exemptions.
Item 63 I think r‘oad pricing should vary according to the
congestion level.
Ttem 64 I think road pricing should vary according to the

quality of the road
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