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1 Introduction  

Mobility changes with the improvements of the transportation system 

in terms of technology and services as well as environmental and social 

aspects. Transportation is becoming smarter, more efficient, and more 

environmentally friendly. People’s travel behavior is affected by the 

improvement of technology, especially car manufacturing. Recently, the 

concept of autonomous vehicles (AV) has been introduced [1]. AVs are fully 

automated, self-driving vehicles that provide the opportunity to use a car 

without restrictions, eliminate the time spent on parking, release the stress of 

driving, and make the driving without a driving license possible [2-4]. AVs are 

considered as an innovation that brings positive impacts on the environment, 

economics, safety, traffic, and travelers’ mobility as stated by several scholars 

[2-6]. It is foreseen that the travelers’ traditional mobility patterns are going to 

change once AVs arrive on the market [7]. In these new circumstances, 

people’s role when driving is going to change because AVs have the full 

control of the driving process, thus drivers will be converted into passengers. 

As a consequence, the experience of traveling on board of AVs might be more 

pleasant than in case of regular cars [8]. The benefits of AVs are diverse, such 

as minimizing the travel time [7], removing the parking process time [7], 

conducting onboard activities [9], and utilizing the parking spaces generated 

from the decrease in parking demand [10, 11]. Litman [12] explains that AVs 

provide a door-to-door service which influences the travelers’ arrival and 

departure times. Zhong et al. [13] state that the acceptability of AVs as a 

replacement transport mode depends on the value of travel time (VOT). The 

VOT is typically used as a reference point to understand the tradeoffs between 

the travel time and travel cost as well as to evaluate transportation projects, 

policies, and services. Due to the absence of empirical studies on the impact of 

AVs on the travel behavior, different approaches, such as agent-based models, 

discrete choice modeling, and multicriteria analysis can be applied to evaluate 

the effects of AVs on people’s travel behavior.  

2 The novelty of the research topic  

Previous studies show the impact of AVs on travelers’ mobility in 

several case studies. Some papers focus on those aspects that make travelers 

switch to AVs, such as acceptability, the willingness to pay, and group 

differences concerning the usage of AVs. However, only few studies 

investigate the behavior of AVs rather than the impact of AVs on travel time, 

people preferences in the AV era, and the implications of the AVs on the modal 

share. Current study applies the main parameters that have an important role 

on traveler preferences, where simulations are realized with some groups who 
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are more likely to use AVs. Thus, the effects of AV introduction on the existing 

modal share in Budapest is estimated, where the VOT of AVs is less evaluated 

than that of the conventional cars. 

Furthermore, the impacts of both AVs and the park and ride (P&R) 

system on travelers’ mobility are not well covered in the literature. In this 

research, the P&R system and AVs are integrated and simulated along with 

public transport to evaluate the impact of on the overall mobility. A new way 

to introduce onboard activities and to study not solely ICT tools but other tools 

carried by travelers (i.e., not ICT tools), such as work document, food, drink, 

and book is elaborated. This brings a unique added value to current research 

because there is a lack of similar studies in the Central European region. 

Moreover, only a few papers examine the connection between 

conducting onboard activities and the travelers’ carried tools, and whether 

shared AVs provide a better environment for multitasking than conventional 

transport modes (CTMs). Many scholars are interested in the following 

questions: who will be willing to use AVs and who will be the first to adopt 

them. Previous studies primarily focus on examining multitasking on board of 

CTMs and solely a limited number of papers can be found on AVs and SAVs. 

This research adds a contribution since it presents a different setting of 

multitasking, includes both AVs and SAVs, and examines the main trip 

purposes in urban areas when analyzing the transport mode choice. More 

importantly, current paper enriches the literature by taking multitasking 

availability as an attribute besides trip time and trip cost in choosing a transport 

mode.  

Finally, this research adds a new insight, where scarcely can be found 

studies focusing on the stakeholders’ viewpoint in the AV era. Besides, current 

study is the first of its kind that evaluates various stakeholders’ viewpoints on 

private shared AVs. 

3 Research objectives  

In this research, five theses are presented to cover some gaps in the 

literature regarding the impacts of AVs. The research focuses primarily on the 

following points: 

• Estimating the effects of AV introduction on the existing modal share, 

and the travel behavior of certain groups of users. 

• Integrating the P&R system into the activity plans of certain travelers 

as well as integrating AVs into the same framework to study the impact 

of the integrated systems on the travel behaviour and on public 

transport. 
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• Determining the associations between the potential onboard activities 

and the travelers’ carried tools across traveler and trip characteristics 

as well as examining the onboard activities in case of SAVs. 

Analyzing the effects of onboard activities and the tools carried by 

travelers on board of a vehicle on the perceived trip time while 

considering the travelers’ main trip purpose in urban areas (i.e., short 

trips). 

• Predicting the travelers’ behavior when individual-ride AVs, shared 

AVs, cars, and public transport (PT) are available on the market 

considering onboard multitasking availability. 

• Finding the relevant stakeholders in the AV era and analyzing their 

viewpoints on the use of AVs by applying MAMCA method. 

4 The applied scientific methods  

In this section, a brief presentation of the main scientific approaches 

applied in this research is presented. First the used definitions have to be 

unified and explained. The IR-AV is defined as a driverless car not owned by 

individuals but used unshared by other passengers, and its capacity is like a 

personal car’s. Shared AV (SAV) is a driverless car not owned by individuals 

but used shared with other passengers, and its capacity is like cars. The 

privately-owned AV (PAV) is a driverless car owned by individuals. Besides, 

an SAV and private SAV (PSAV) are defined as a fuel-powered vehicle 

available, operated by a manufacturer. PSAV is similar to a car-sharing option 

without an actual driver, while SAV is a taxi without a driver.  

4.1 The Multi-agent Transport Simulation  

In this research, multiagent-transport simulation (MATSim), which is 

an agent-based modeling, activity-based microsimulation model using a co-

evolutionary algorithm to simulate the travelers’ daily activity plans, is applied 

[14]. The MATSim tool is characterized as a detailed disaggregated 

microsimulation tool, which can simulate large projects within competitive 

time. It can study more details concerning the daily activity plans at the micro-

level than other software.  

The MATSim loop is used to optimize the travelers’ utility based on 

the Charypar and Nagel utility function, which includes the mobility 

simulation, scoring, and re-planning steps. The re-planning step is where a 

mutation and selection of a plan are executed (i.e., genetic algorithm) to 

generate a good solution rather than the optimal one. The scoring depends on 

several factors, such as the time and the cost as well as the Vickrey bottleneck 

model parameters [14]. The MATSim loop is shown in Figure 4-1.  
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Figure 4-1: MATSim loop. 

4.2 Statistical analysis 

The Likert scale is applied to analyze the categorical (i.e., ordinal) 

questions [15]. The Chi-square, which is a nonparametric test, is used to 

examine the dependence between the variables. Whenever the results are 

significant, Cramer’s V is applied to measure the strength of the associations. 

Phi represents the correlations between the variables [16]. Furthermore, the 

Kruskal-Wallis H test (i.e., one-way ANOVA on rankings), which is a rank-

based nonparametric test, is used to determine the differences between two or 

more groups [17]. The statistical method of exploratory factor analysis (EFA) 

is applied to find the underlying structure of a large set of variables, where the 

EFA is executed based on the correlation matrix between the variables. The 

multivariate generalized linear model (GLM) is applied to examine the 

statistical difference between the multiple dependent variables taken at the 

same time of the same sample size and more than one independent variable 

(e.g., gender group) [18]. To examine any differences between the independent 

variables, the one-way multivariate analysis of variance (i.e., one-way 

MANOVA) is applied.  

4.3 Discrete choice modeling 

In a traveler choice context, the random utility theory assumes that 

every individual is a rational decision-maker, and travelers try to maximize the 

utility based on their choices [19]. Certainty stating which alternative (i.e., 

transport mode) a traveler selects is not applicable, but the probability that a 

traveler chooses one alternative over the others is possible to be estimated. This 

can be expressed by Equation (1). 

𝑃(c𝑗/C)  =  P(𝑈c𝑗
> 𝑈𝑘) ∀ 𝑘 ≠ 𝑗, 𝑘 ∈ 𝐶 (1) 

Where P (cj/C) is the probability of an individual choosing alternative 

(j) from choice set (c), C is the available choice sets for a traveler. Ucj is the 

perceived utility of choosing alternative (j) from choice set (c), where the 

obtained utility is larger than the utility of all other alternatives (k) in choice 

set (c) [19]. The utility function consists of two parts, a deterministic and a 

stochastic part, as shown in Equation (2). 

𝑈𝑗 = 𝑉𝑗 + ε𝑗 (2) 

Where V is the deterministic part, and ε is the stochastic part. The 

deterministic part represents the travelers’ mean perceived utility when 
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choosing an alternative [19]. The random part represents the unknown 

deviation of the travelers’ utility from the mean value, and it captures the 

uncertainty in the choice modeling [19]. The characteristics of the stochastic 

part determine the type of the model that fits the data and makes the produced 

model more accurate.  

The mixed logit (ML) model is applied, where the error part can be 

identified by an extended analysis such as measuring the random taste 

heterogeneity. This can be done by letting the parameters’ estimates vary 

across the individuals. The panel data-ML model, which is known as the 

heteroskedastic error component type model, is used in this research to capture 

the unobserved factors and the correlations between the choices selected by 

the same participant [20]. 

4.4 Multi-Actors multi-criteria analysis (MAMCA)  

In the context of evaluating various stakeholders, the MAMCA 

method is widely used to evaluate each stakeholder’s role by considering 

several criteria [21]. In the analysis and ranking step, a proper multicriteria 

analysis method is selected. The type of the method depends on the nature of 

the problem and the type of the data. However, due to the large number of 

pairwise comparison matrices, the Parsimonious AHP (PAHP) method is 

chosen. When using PAHP, the involved stakeholders’ efforts in the evaluation 

process are reduced [22]. The benefits of PAHP include that the distortion of 

comparing different numbers of relevant objects is avoided, and the reversal 

problems are avoided (i.e., the occurred changes of the order in the 

prioritizations due to adding or removing one or more objects from the set of 

considered objects), too. When using PAHP, the efforts of the involved 

stakeholders in the evaluation process are reduced [22].  

5 Novel scientific findings 

The following theses are formulated to estimate the implications of 

introducing AVs into the market on people’s travel behavior, the trip time, and 

the CTMs. Besides, the travelers’ in-vehicle travel behavior during traveling 

to their main activities in urban areas is covered. Furthermore, the adoption of 

AVs as a transport mode from the viewpoints of relevant actors is examined, 

as well. 
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Thesis 1: The Impact of Autonomous Vehicle (AV) Introduction on the 

Transport System and Travel Behavior 

A multi-agent model is developed, where AVs are integrated in the travelers’ 

daily activity plan framework. The implications of AVs on the travel behavior 

of different groups of travelers, the current modal share, and the travel time are 

estimated. The impact of various willingness to pay for the travel by AVs on 

the travel behavior is studied. The results demonstrate that AVs reduce travel 

time, attracts mostly cars drivers, but affect transport mode choice to a certain 

extent. The differences between the impact of AVs on certain groups of people, 

for instance, the travel time reduction and the additional driven VMT are 

demonstrated. The degree of AV’s impact depends on the characteristics of 

user’s group, such as their travel distance. Moreover, concerning two 

penetrations of AVs, the results demonstrate that increasing the AV’s fleet 

beyond 10% does not affect the modal share significantly. Finally, the impact 

of full penetration of AVs on different groups of people is evaluated. The 

results show that one AV is capable to replace more than one conventional car.  

 

Previous studies show the impact of AVs on travelers’ mobility by 

concerning certain case studies. However, none of the previous research works 

study people’s willingness to change to AVs in Hungary. Moreover, some 

studies focus on those aspects that trigger travelers to switch to AVs, such as 

the acceptability of the new mode, the willingness to pay, and group 

differences considering the usage of AVs. Current study uses those aspects in 

simulations, such as the decrease in VOT. Moreover, it is found that 

researchers primarily have simulation studies focusing on the impacts of AVs 

on people regardless of certain groups. Previous papers mention some potential 

users of AVs based on the results of SP surveys; however, scarcely can be 

found studies that simulate certain groups of people based on the results of the 

SP surveys. The hypotheses of current research include the following:  

• AVs affect the existing modal share to some extent, 

• The impact of AVs on certain groups of travelers is varied, 

• One AV replaces more than one conventional transport car, 

• AVs reduce the travel time and increase the VMT. 

The daily activity plans are simulated and optimized through 

scenarios by using the MATSim software. The simulations include the analysis 

of the existing condition through a representative household sample size, the 

travelers’ daily activity plans when all CTMs are replaced by AVs, and the 

daily activity plans of households when AVs are integrated in the daily activity 

plans by using different VOTs of AVs. The scenarios study travelers’ current 

mobility and the impact of AVs on travelers’ mobility and on CTMs. 
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The first part of the results covers the impact of AVs on the modal 

share, the VMT, and the travel time, where the perception of people and their 

VOT on board of an AV are studied, as shown in Figure 5-1.  

 
Figure 5-1. The proposed traveler behavior simulation scenarios 

 

The second part examines the introduction of AVs into the market 

through two cases: first, with a penetration of 10% of the demand, and second, 

with the 20% penetration of the demand, as shown in Figure 5-2. 

Scenarios

Scenario (1)

Long commuters with 

high-income

Scenario (4)

Part-time workers

Scenario (3)

Elderly people 

who are retired

Scenario (1)

All travelers

 
Figure 5-2. The proposed traveler behavior simulation scenarios 

 

The third part examines the impact of AVs on certain types of people 

who are more likely to use AVs, as shown in Figure 5-3 

 
Figure 5-3. The proposed traveler behavior simulation scenarios 

 

In the first part a base model is developed. The required fleet size of 

AVs needed to fulfill the demand of different groups of travelers is determined, 

and the new modal shares of the transport modes when AVs appear on the 

market are predicted, as shown in Figure 5-4.  
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Figure 5-4. The modal shares with the presence of AVs 

 

In the first part, AVs have different degrees of influence on certain 

groups as demonstrated in the occurred changes in the modal share and the trip 

time shown in Figure 5-5.  

 
Figure 5-5. The fleet utilization differences across the two AV penetrations and 

the average served request by an individual AV 

 

In the second part, it is presented that an increase in the fleet size of 

AVs beyond 10% of the demand does not significantly raise the modal share 

of AVs, as shown in Figure 5-6. 
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Figure 5-6. The results of the mode-share shift when the AV penetration 

increases from 10% to 20% 

 

In the third part, the results show the comparison between the results 

of AVs and CTMs, based on the seven scenarios. In Table 5-1 it is shown that 

the time saving for using AVs ranges from 13% to 42% in group a, 33% in 

group b, and 15% to 33% in group c.  
Table 5-1. Trip time comparison between conventional modes and AVs 

Group Scenario 

No. 

AV CTM Time-

saving 

per trip 

(minute)* 

AVs 

fleet 

size 

95th percentile 

passenger 

waiting time 

(minute) 

Average 

trip 

duration 

(minute) 

Average 

travel 

time 

(minute) 

a (1) 120 10.6 14.5 43.3 18.2 

(2) 70 10.2 20.4 37.3 6.7 

(3) 300 9.0 15.4 28.2 3.8 

b (4) 425 10.9 13.2 36.2 12.0 

c (5.1) 650 9.5 14.1 31.2 7.6 

(5.2) 850 10.5 9.1 23.2 3.6 

(6) 150 10.4 14.1 34.1 9.6 

(7) 475 9.8 12.1 27.1 5.2 

 

My scientific publication related to Thesis 1 are [23], [24], [25], and 

[26]. 
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Thesis 2: The Impact of Integrating Autonomous Vehicle (AVs) and the 

Park and Ride (P&R) System in the Travelers’ Daily Activity Plans  

An agent-based model, where the P&R system and AVs are integrated into the 

travelers’ daily activity framework, is developed. The impacts of this 

integration on the travel time and modal share are estimated. The results 

demonstrate that using P&R system increases the travel time while integrating 

AVs with P&R system decrease the travel time to some extent. The evaluation 

of the change in the car users’ modal share is estimated with different settings, 

where a fixed fleet of AVs is provided, and rules do not enforce car users to 

park their cars in the P&R facilities. The findings demonstrate a considerable 

shift from public transport to AVs (35%) and from cars to AVs (29%). It is 

concluded that transport management laws that are applied in an urban area 

control the transport modal share, such as parking pricing. 

 

The impacts of both AVs and the P&R system on travelers’ mobility 

need more research and efforts by scholars. The P&R system and AVs are 

integrated and simulated with public transport to evaluate the impact of the 

P&R system integration on the overall mobility. Current study is the first of its 

kind which integrates the existing P&R facilities in the car travelers’ daily 

activity plans in Hungary. In current research the following two cases are 

studied. 

Case 1: Private car users are enforced to use P&R facilities as a way 

of decreasing traffic in the city center. A simulation of AVs being part of a 

multimodal system, when the P&R system is integrated in the daily activity 

plans, is carried out to determine the required AV fleet size needed to fulfill a 

certain demand and to study the impacts of AVs on the trip time and distance. 

The conducted simulations are shown in Figure 5-7. 

Case 2: No rules are set to enforce car users to park their cars in the 

AVs era. The change in the car users’ modal share, when a fixed fleet of AVs 

is provided, is estimated. Besides, decision-makers establish a pricing scheme 

and let travelers decide on using the P&R system or not. The conducted 

simulations are shown in Figure 5-8.  

In case 1, four scenarios are simulated: 1) the existing condition, 

where travelers use their personal cars (i.e., base scenario 1), 2) AVs on the 

market as a replacement for personal cars, 3) integrating P&R facilities with 

the public transport scenario (i.e., base scenario with AVs), and (4) integrating 

P&R facilities and public transport with AVs, as shown in Figure 5-7, where 

10 P&R facilities are used in the simulation. 
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Figure 5-7. The simulation scenarios of working and shopping travelers 

 

In case 2, three scenarios are simulated: 1) Scenario 1 simulates the 

existing situation, where travelers record their actual daily activities, 2) 

Scenario 2 includes the integration of the P&R system in the car users’ daily 

activity plans, and 3) Scenario 3 includes a tradeoff between using the P&R 

system and switching to AV (i.e., using P&R is not mandatory) when a parking 

fee are applied. Figure 5-8 illustrates the three scenarios. Based on the sample 

size, which is extracted from the original data, where 13 P&R facilities are 

used. 

 
Figure 5-8. The three scenarios of the simulations 

 

In case 1, the results for Scenario 4 show that the average trip time is 

21.6 minutes including the average waiting time which is smaller than the 

average travel time of scenario 3. Figure 5-9 presents the number of vehicles 

(i.e., AV) that are on their way to pick up or drop off travelers, and also the 

number of empty and occupied vehicles. It is shown in Scenario 3 that the 

number of AVs that are used to replace the conventional cars of travelers are 

much less than the number of conventional cars.  

 
Figure 5-9: Time profile of 750 AVs, when the conventional cars are replaced by 

AVs in scenario (4) 
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In case 2, the modal share of Scenario 1 is 50% public transport and 

50% car. The inclusion of an AV into the system leads to a change in the modal 

share based on the travelers’ utility (i.e., maximizing their score concerning 

the time and the cost). The new modal share is 21% car, 15% public transport, 

and 64% AV, while the average trip time is 26.75 minutes. In summary, the 

simulations are conducted based on the existing P&R facilities in Budapest, 

Hungary. In both cases, the results demonstrate that the P&R system increases 

the overall travel time compared with using a private car, while using AVs as 

a replacement for conventional cars reduces the travel time. The findings of 

case (2) demonstrate that the use of AVs as a transport mode impacts the 

existing modal share. 

 

My scientific publications related to Thesis 2 are [27], [28], and [29].  

 

 

 

Thesis 3: Multitasking and Travelers’ Carried Tools on Board of 

Conventional Transport Modes (CTMs) and Shared Autonomous 

Vehicles (SAVs) and their Impacts on the Trip Time in Urban Areas  

The most common onboard activity types and carried tools that travelers can 

conduct and use on board during their travel in urban areas are collected. 

Different options of onboard activities are presented based on the trip purpose 

and the use of Information and Communication Technology (ICT). The 

findings show that onboard activities and travelers’ carried tools enhance the 

perception of the travel time. Moreover, transport modes are ranked based on 

the positive impact of the onboard activities, for example, public transport is 

the most convenient transport mode for reading and writing activities while car 

as a passenger is the most convenient transport mode for talking. The 

participation on onboard activities is varied across the group of travelers, for 

instance, women multitask more than men. It is also found that travelers are 

more willing to be engaged in onboard activities when using SAVs compared 

to CTMs. The effects of several factors on the acceptability of SAVs, and the 

possibility of conducting onboard activities are assessed, such factors are the 

availability of extra tools (e.g., internet, smart technology) on board of SAVs. 

The findings reveal that onboard multitasking and using the tools carried by 

travelers are affected by the transport mode, trip purpose, trip time, gender, 

age, education, and job variables. 
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Current research presents a new way of introducing onboard activities 

and studies not solely ICT tools, but other tools carried by travelers (i.e., not 

ICT tool), as well, such as work document, drink, food, and book. Moreover, 

the framework of this thesis includes the presentation of multitasking based on 

the need of ICT tools, and the traveler preferences when they travel to their 

main destinations in urban areas. Thus, current research examines urban areas, 

where the travel time is relatively short. Almost all studies focus on ICT tools, 

and in most cases, there is no unified use for onboard multitasking. In addition, 

some scholars analyze specific transport modes and traveler groups while 

neglecting others. It is found that there is a lack of exhaustive conclusion on 

the impacts of multitasking and ICT tools due to the absence of consensus 

about the definition of multitasking as well as the continuous advancement in 

ICT. Scarcely can be found studies that examine the connection between 

conducting onboard activities and the travelers’ carried tools as well as 

whether the SAVs provide a better environment for multitasking than CTMs. 

This research covers the most common onboard activity types that 

travelers conduct on board and the tools travelers carry and use on board. 

Besides, current study is not limited to a specific mode of transport but 

considers all main transport modes. This research uses travel data collected in 

Budapest, which enables a novel empirical application of the developed 

methods. This is a unique added value because there is a lack of similar studies 

in the Central European region. 

10 onboard activities and 12 tools carried by travelers are introduced 

and studied in this work. The impacts of multitasking and tools carried by 

travelers on board on the perceived trip time are examined. The study discusses 

the relationship between travelers’ carried tools and onboard activities, where 

the traveler and trip characteristics are considered. A comparison between 

SAVs and CTMs based on the suitability of multitasking according to the 

travelers’ preferences is conducted.  

Figure 5-10 shows the structure of methodology, where the 

connections between onboard activities and the tools carried by travelers are 

examined as well as a comparison between SAVs and CTMs are studied based 

on people’s preferences to multitask. 
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Figure 5-10. The methodology used to find the factors affecting multitasking on 

board and the connections between multitasking, travelers’ carried tools, and the 

group of travelers on board of CTMs and SAVs 

 

Figure 5-11 depicts the methodological approach followed while 

examining the impact of multitasking and the carried tools on the trip time. 

 
Figure 5-11. The methodological approach of finding the impact of multitasking 

and the tools carried by travelers on the trip time on board of CTMs 
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In the analysis, several statistical methods are used, as shown in 

Figure 5-10 and Figure 5-11. The results of the examination are the following:  

• The objects carried by travelers influence the types of activities 

conducted on board. 

• The types of conducted activities are associated with the travelers’ 

groups, such as transport mode and gender. 

• Differences between the activities on board of SAVs and CTMs, and 

the factors affecting onboard activities are found.  

• The waiting time has the largest negative impact on the travel time, the 

seat availability affects the conduction of onboard activities, and the 

internal design of SAVs influences the use of SAVs as a transport 

mode. 

• People are interested in conducting more activities on board of SAVs 

than on board of CTMs.  

• Travelers generally seek a better environment on board to multitask, 

and they expect that they can multitask on board of SAVs when it 

appears on the market. 

• Almost all onboard activities and tools carried by travelers impact the 

trip time positively (i.e., the perception is enhanced).  

• For each transport mode, the most frequent onboard activities that 

impact the trip time positively are obtained, and the connection 

between each onboard activity and each tool carried by travelers is 

found (i.e., moderate to strong association).  

• The participation in an onboard activity is ranked across certain 

groups, such as the tendency of women to be engaged in onboard 

activities is higher than for men.  

• Regarding the positive impact on the trip time, a statistical difference 

is demonstrated between groups, where the use of the tools carried by 

travelers is varied across the transport mode, trip purpose, trip time, 

gender, age, education, and job variables.  

 

My scientific publications related to Thesis 3 are [30], [31], and [32]. 
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Thesis 4: Modeling Multitasking on Board of Individual Ride 

Autonomous Vehicles (IR-AVs), Shared Autonomous Vehicles (SAVs), 

Cars, and Public Transport to Identify the Potential Changes in Travel 

Behavior 

A transport mode choice model, which includes several variables influencing 

the choice of cars, AVs, and SAVs considering the multitasking availability, 

is developed. Different presentations of multitasking are demonstrated in the 

Discrete Choice Experiments (DCEs). Additionally, the utility of different 

onboard activities on the travel behavior of people is estimated. Two mode 

choice models are developed, where one model combines IR-AVs, SAV, and 

car, and the second combines IR-AVs, SAV, and public transport. The results 

of the first model show that travelers are willing to choose IR-AVs over cars, 

and SAVs over IR-AVs to maximize their utilities, while the second model 

shows that travelers prefer using IR-AV over SAV and public transport, while 

the probability of choosing SAV is the lowest. Moreover, reading and using 

social media on board activities have the highest positive impact on the travel 

behavior when choosing IR-AVs, SAV, and public transport.  

 

This research examines the main trip purposes in urban areas with 

relatively short journeys while analyzing the transport mode choice. More 

importantly, current study adds a contribution to the literature as it takes 

multitasking availability as an attribute in addition to the trip time and trip cost 

in choosing a transport mode.  

Previous papers primarily focus on examining multitasking on board 

of CTMs and solely a limited number of research works can be found on AVs 

and SAVs. Besides, previous studies include merely digital tools and their 

impacts on the travel time on board of CTMs, while other portable tools 

triggering travelers to conduct different activities are not shown. Moreover, in 

previous papers, the trip purpose and the geographic area are not well defined 

and covered in detail. 

A DCE is designed to estimate the marginal utility of using different 

modes of transport. A stated preference (SP) survey is designed and distributed 

in Hungary, and discrete choice modeling is applied to the collected data. The 

mode choice is modeled by using the ML model, where differentiation between 

the parameters across the transport modes is presented. This thesis point is 

divided into three parts, as shown in the following paragraphs. 

The first part presents the travelers’ preferences toward three modes 

of transport (i.e., cars, IR-AVs, and SAVs) considering the multitasking 

availability. A transport mode choice model, which includes several variables 

influencing the choice of the three examined transport modes, is developed. 

Figure 5-12 shows the structure of the methodological approach followed in 
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current study, where the survey asks the participants to choose car, IR-AV, or 

SAV alternative to reach their main destinations. 

 
Figure 5-12. The structure of the survey and the outputs  

 

The second part concentrates on estimating the utility of different 

onboard activities when travelers use specific transport modes: IR-AVs, SAVs, 

and public transport. The selection of those modes is based on their shared 

characteristics, such as no driver, and all people are converted to passengers.  

A detailed multitasking analysis is presented based on the potential 

need for ICT tools, where active and passive activities are presented. The 

impact of the availability of the main onboard activities on the selection of 

transport modes is analyzed. An experimental design and an SP survey are 

carried out, and the result of the SP survey is analyzed, where the ML model 

that includes various explanatory variables is applied. Figure 5-13 illustrates 

the methodological approach of current paper.  

 
Figure 5-13. The methodological approach  

 

An example of a choice combination is shown in Table 5-2. It is worth 

mentioning that the availability of one activity on board a transport mode 

means that there is a high probability that the travelers conduct primarily that 

activity during their travel.  
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Table 5-2. One choice combination 

 
   

 Attribute  IR-AV SAV Public transport 

Total trip cost 

(HUF) 
175 325 175 

Total trip time 

(minute) 
20 30 20 

Multitasking 

availability  
Talking Reading Writing 

 

It is demonstrated in both cases that multitasking availability affects 

the choice of a transport mode positively, as shown in the first part. While in 

the second part, it is revealed that reading and using social media affect the 

choice of a transport mode positively to a greater extent than other activities, 

while writing alone demonstrates negative utility. 

In the first part, travelers are willing to choose IR-AVs over cars, and 

SAVs over IR-AVs to maximize their utilities. Figure 5-14 shows the increase 

in the probability of choosing a transport mode when multitasking is available, 

for example, the probability of choosing SAVs when multitasking is 

unavailable is 27%, while it is increased to 32% when multitasking is available. 

The slope is the steepest in case of SAVs since it has the most options for 

multitasking. The usage possibility of SAVs is the highest, while cars’ is the 

lowest concerning the onboard multitasking variable.  

In the second part, travelers are willing to use IR-AVs over SAVs and 

public transport, while the probability of choosing SAVs is the lowest. The 

change in the margins across multitasking possibility is demonstrated. Figure 

5-14 shows the changes in margins when onboard activities are altered. The 

probability of an individual choosing a transport mode is varied across the 

availability of the main onboard activities. IR-AVs demonstrate the highest 

margins, while the lowest margin is found in case of SAVs.  



 

20 

 

 
Figure 5-14. The predictive margins when the main multitasking options are 

possible on board 

 

My scientific publications related to Thesis 4 are [33], [34], [31], [35], 

[36], [37], and [38].  

 

 

Thesis 5: Stakeholders’ Viewpoint Analysis on the Autonomous Vehicles 

(AVs) Industry by Using Multicriteria Analysis 

The stakeholders’ viewpoints on the adoption of a specific type of AV use, 

which is the Privately Shared Autonomous Vehicle (PSAV), is analyzed. The 

main objectives and criteria of each of type of stakeholders, such as users, 

legislators, operators, and manufacturers are collected and evaluated. The 

analysis is done by using the Multi-Actor Multi Criteria Analysis (MAMCA) 

method, where additionally the classical Analytical Hierarchy Process (AHP) 

and the Parsimonious AHP (PAHP) methods are applied. The findings include 

two priority ranking tables showing the weights of the objectives and the 

criteria. The results demonstrate the importance of the given ranking of each 

stakeholder at the beginning of the evaluation on the final ranking. The results 

show that safety concerns receive the highest weight and assuring 

interoperability across border have the lowest concerns from stakeholders. 

Moreover, it is demonstrated that similar criteria receive different rankings by 

different stakeholders, such as data privacy and cybersecurity. Policymakers 

can use the results to evaluate the importance of the criteria when AVs are 

being introduced into the market.  
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The acceptability of AVs is controlled by the stakeholders, where 

people's opinions are varied whether this new mode of transport brings benefit 

to them or not. Thus, each stakeholder finds advantages or disadvantages about 

the introduction of AVs into the market. The literature shows different uses of 

AVs. In this research, a focus is given to passenger transport rather than goods 

transport, where the AVs are operated by manufacturers knowing that AVs 

drive to the passengers’ locations. It is later referred to as PSAV. PSAVs are 

fuel-powered vehicles that are available on the market along with the 

traditional transportation modes. 

This research adds a contribution to the literature, where scarcely can 

be found studies that focus on the stakeholders’ viewpoints in the AV era. 

Besides, current work is the first study of its kind that evaluates the viewpoints 

of different stakeholders toward PSAV. The influences of AVs and the 

stakeholders are needed to be evaluated to facilitate the task of policymakers 

in making decisions by predicting the consequences. The policymakers can use 

the feedback from each stakeholder and have a clear vision of the potential 

advantages and disadvantages of certain decisions on each stakeholder.  

Four stakeholders are presented including all main parties that affect 

and are affected by the introduction of PSAV. The four stakeholders are the 

followings: users, legislators, operators, and manufacturers. AHP and PAHP 

are used in evaluating each actor’s objectives and criteria.  

Figure 5-15 illustrates the MAMCA methodology, as developed by 

Macharis et al. [21]. The problem’s definition is to adopt PSAV as a transport 

mode. The stakeholder analysis includes collecting the relevant stakeholders 

in the AV era and weighing the stakeholders to reflect their importance in the 

decision-making process. In the criteria identification, listing each 

stakeholder’s objectives, weighting them, and listing each stakeholder’s 

criteria and weighting them are presented. Finally, policymakers can stipulate 

regulations and laws based on the ranking results. 



 

22 

 

 
Figure 5-15. The steps of MAMCA 

 

The main findings are the followings: 

• The objectives and criteria are ranked and presented in sequence. For 

example, the safety concerns receive the highest ranking, while the 

ease of use and the interoperability across the borders are estimated 

with the lowest ranking. The ranking of each objective based on each 

actor’s weighting of the relevant objectives and each actor’s influence 

in adopting PSAV as a transport mode (i.e., the weight given by each 

actor compared to others) is shown in Figure 5-16. 

• The results demonstrate the importance of the given weight to each 

stakeholder in prioritizing the objectives/criteria. The increase in 

safety (i.e., reduction in accidents and cybersecurity), fuel 

consumption, data privacy, accessibility, minimizing the in-vehicle 

travel time, the reliability of the travel time, and optimizing the supply 

criteria receive the highest concerns from the stakeholders.  

• Furthermore, it is demonstrated that similar criteria have different 

rankings due to each actor’s impact in the evaluation process, for 

instance, data privacy is evaluated higher by the users than by the 

legislators, as shown in Figure 5-17. 
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Figure 5-16. The rankings of the objectives based on all stakeholders’ viewpoints 

 

 
Figure 5-17: The rankings of similar criteria by different stakeholders 

 

My scientific publications related to Thesis 5 are [39], and [40]. 

  

0 0.05 0.1

Increasing travel safety

Optimizing the travel time

Increasing the revenues

Increasing the travelers’ trust

Minimizing the travel cost

Respecting the users' rights

Increasing the perceived comfort of traveling

Increasing social welfare

Multimodal integration

Protecting the environment

Ease of use

Minimizing the money spent on the health sector

Decreasing the expenditures on infrastructure…

Ensuring the users’ data privacy and system …

Increasing the efficiency of the transport system

Maximizing the revenues

Defining responsibilities among the actors

Providing user benefits

Increasing the GDP

Assuring interoperability across borders

0.0344

0.0108

0.0317

0.0256

0.0106

0.0303

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Cybersecurity (Legislators)

Cybersecurity (Manufacturers)

Cybersecurity (Users)

Data privacy (Legislators)

Data privacy (Manufacturers)

Data privacy (Users)



 

24 

 

6 The application of the scientific findings  

The potential applications and the relevance for long term policy 

making and practical applications of each thesis are presented one by one as 

shown in the following subsections. 

6.1 The applications of the findings of Thesis 1 

The output is beneficial to policymakers in developing strategies for 

new mobility services in urban areas, as the findings provide insights about the 

implication of the AVs on other transport modes. As a result of the simulations, 

it was confirmed that a smaller number of vehicles are to be loaded to the 

network; however, it may result in more VMT. This has an impact on the 

infrastructure and on the depreciation of AVs because the fleet of vehicles 

drives more than required (i.e., empty driven).  

The future modal share in AVs age is determined based on people’s 

evaluation on the cost of the time spent in AVs compared to CTMs. The car 

seems to be the most affected transport mode. Walking and biking, which are 

the two non-motorized modes, are affected slightly. In the long term, the 

penetration of AVs should be controlled to avoid severe impact on public 

transport ridership.  

City planners can get input data to their transport models about the 

reduction of cars and the changes in modal share, which affects the number 

parking spaces and changes the location of activities.  

6.2 The applications of the findings of Thesis 2 

Managing the parking in the city center can be done by using P&R 

systems. Integrating the P&R system and AVs in the daily activity plan is 

beneficial for policymakers, who can adapt regulations to manage the transport 

system in the presence of AVs. For example, the outputs of this thesis are 

useful for decision-makers to find the most suitable incentives, such as pricing 

zones (i.e., buffer), road tolls, discounts on using public transport, and parking 

pricing strategy, to encourage travelers to use P&R facilities or to compensate 

for the extra driven time.  

6.3 The applications of the findings of Thesis 3 

An investigation on the different possible onboard activities and the 

tools carried by travelers is important for transport planners and operators, 

where using the tools carried by travelers and multitasking on board impact the 

perceived trip time. Decision-makers can influence people’s movements by 

focusing on reducing the waiting time, alleviating the congestion, and 

increasing the comfort level. Moreover, the acceptability of SAVs by the 

travelers can be enhanced based on various dimensions, such as the type of the 
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companion, the internal design of SAVs, the provided services, and the 

potential to multitask on board.  

6.4 The applications of the findings of Thesis 4 

This work is beneficial for transport operators to understand what 

makes travelers to switch to a transport mode or to select a transport mode over 

others, such as decreasing the waiting time or increasing the comfort level. 

Transport planners can consider multitasking in their demand prediction in the 

AV era. The developed transport choice models are useful in foreseeing the 

probability of using IR-AVs, SAVs, PT, and cars. The bases of selection are 

the trip time, the trip cost, and the multitasking availability attributes. 

Identifying the onboard activity with the highest utility value is useful for 

stakeholders (e.g., transport operators, manufacturers, and legislators) to 

enhance the perceived travel time. The results demonstrate difficulties in 

accepting ridesharing, which may lead to an increase in congestion since 

travelers prefer the individual mode (IR-AVs) over SAVs and public transport. 

By utilizing the outcomes, policymakers can predict the preferences of 

travelers in the age of AVs.  

6.5 The applications of the findings of Thesis 5 

The adoption of PSAV is negotiable between different actors. The 

importance of the actors’ viewpoints is prioritized based on a scientific 

evaluation. Policymakers can take the rankings and adopt regulations in the 

AV era. Moreover, the findings of this thesis let actors focus on specific criteria 

or objectives in developing AV industry.  

7 Scope for future works  

In case of Thesis 1, the integration of AVs into travelers’ activity 

plans based on updated data, where other micro-mobility modes are included, 

is recommended. Besides, future iterations of this study might include other 

models that have crucial impacts on travel behavior in the long term including 

additional aspects, for example, pedestrian facilities, traffic signals, and land 

use models. To explore the full range of AVs acceptance, further research 

should include more countries and more automated modes such as shared 

automated vehicles and automated transit non-motorized modes including 

micro mobility modes. Parking is not included in this research due to the 

absence of suitable data providing the minimum requirement of input data to 

MATSim, but it is recommended to be examined in further studies. The fleet 

size of AVs is affected by the number of people who request AVs before a 

certain time, for example, travelers can order an AV for 8:00 AM of the 

following day, and AVs have to consider this (i.e., pre-bookings), which means 
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that AVs should be available with priority to those who booked earlier. Future 

research should study the impact of travelers in case of availability of 

previously booked travelers (i.e., waiting time is zero). 

In Thesis 2, considering AVs in the wider area that connects the city 

with the surrounding areas, such as neighboring cities, towns, and villages, 

where travelers come to the city from other places can decide to use P&R 

facilities or AVs, should be further examined. Besides, different levels of 

penetration, as well as different values of those travelers’ VOT who use AVs, 

are to be applied in future research. A wider sample may include different types 

of users, such as shoppers, workers, high-income people, or business trip cases. 

Additionally, different fleet sizes of AVs should be analyzed concerning 

various seats, and the possibility to share the ride is recommended to be 

studied. It is advised to update the results of this study based on the changes in 

the transport system and in the locations of future P&R facilities. Simulating 

the P&R system and AVs with different policies and rules to have 

comprehensive visions on the consequences, such as pricing strategies, zone 

pricing, location, and the capacity of each P&R facility, might be beneficial.  

In case of Thesis 3, conducting similar studies is suggested where 

different types of travelers are included, such as long-distance travelers and 

tourists. The aim is to find the differences in behavior and preferences of 

travelers on board across groups. Moreover, a comparison between different 

types of AVs, such as PSAV, AV, and SAV, based on the use of ICT tools and 

the possibility of multitasking, might be a topic of future research. Current 

study focuses on studying the CTMs and SAVs rather than AVs. It is 

encouraged to expand this work by using a larger sample size, including 

different countries, but using the same methodology. Making comparative 

studies between the different transport modes by using discrete choice 

modelling while considering the availability of multitasking options and the 

carried tools as attributes, is recommended.  

In case of Thesis 4, it is advised to analyze the impact of each activity 

type on the transport modes and to include participants from different countries 

with a representative sample. Studying other transport modes with AVs in the 

future and analyzing the obtained utilities of onboard activities with longer 

distance trips outside urban areas might be interesting research topics. The 

onboard activities presented in DCEs can be improved by proposing a 

combination of two or more activities. Moreover, studying the impact of ICT 

tool availability on board provided by the travelers or by the operators (i.e., 

vehicle) on the transport choice model is potential future research. 

In Thesis 5, the adoption of one potential use of AVs is discussed, 

while other possible uses are not covered in this work. It is recommended to 

study other uses of AVs, such as SAVs. Moreover, the results of the findings 
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of current research can be discussed with the relevant stakeholders, and a 

revised version might be done based on the modified rating. Additionally, sub-

stakeholders can be studied where their objectives and criteria can be ranked 

and prioritized, such sub-stakeholders are   real-estate, retail shops, and energy 

suppliers. The analysis of sub stakeholders is recommended to be studied to 

identify the affected group of people and their weights on the national scale. 

Besides, different methods in the analysis can be used, such as the fuzzy AHP 

method.  
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