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ABSTRACT: This study examines the social factors influencing the acceptance of autonomous buses, with a focus on per-
ceived benefits, safety, and comfort. It also explores whether these factors differ among residents of cities with varying sizes
and urban mobility solutions. A survey was conducted in three Polish cities, collecting data from 1,160 respondents. Structural
Equation Modelling (SEM) was used to analyse relationships between perceived benefits, safety, comfort, and future intentions
to use autonomous buses. Results indicate that safety and comfort positively influence future intentions to use autonomous
buses. However, the effect of perceived benefits varies across cities, suggesting that urban mobility conditions shape public
acceptance. The study focuses on Polish cities, which may limit generalizability. Future research should examine other geo-
graphical contexts. Findings provide insights for policymakers and manufacturers on enhancing public trust and promoting
autonomous bus adoption. Improving public awareness and addressing safety concerns may increase societal acceptance of
autonomous mobility. The study uniquely assesses how city characteristics influence social acceptance of autonomous buses.
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Introduction

The growing attention toward autonomous vehicles (AVs) in urban mobility is largely driven by
their ability to revolutionise transportation, promote sustainability, and enhance city living. They are
regarded as a crucial element in the transition to smart cities and sustainable urban development.
The European Commission has acknowledged automated mobility as essential for lowering emis-
sions, improving road safety, and mitigating congestion (European Commission, 2018).

The autonomous vehicle market is expected to experience substantial expansion, fuelled by tech-
nological progress and emerging business opportunities. However, its development will be influenced
by competitive forces, regulatory policies, and public adoption (Gulc & Budna, 2024). Integrating AVs
into current transportation systems presents both challenges and benefits, with shared mobility ser-
vices (Gulc, 2024) anticipated to be a key factor in the early stages of deployment.

The diversity of autonomous vehicle applications will shape the future market for these solutions
(Budna et al,, 2025). Even today, their potential uses are highlighted in: urban and rural transporta-
tion (Dianin et al., 2024; Xing et al., 2025); freight and logistics (autonomous trucks and cargo vehi-
cles (J. Li et al,, 2021); transportation of medical supplies (Adnan, 2024); manufacturing environ-
ments (Autonomous mobile robots (AMRs)) and autonomous guided vehicles (AGVs) (Zhao & Chid-
ambareswaran, 2023); agriculture (De Francesco et al.,, 2025).

According to Alatawneh and Torok (2025), AV sales could peak at approximately 12.5-13.4 mil-
lion units annually around 2042-2044. At the same time, research conducted by Rezaei et al. (2023)
on a sample of 11,000 respondents, confirmed that the overall weighted average market acceptance
of autonomous vehicles (AVs) among the 11,057 surveyed individuals was 65%.

Despite the growing market for autonomous vehicles and their applications, both the benefits
and negative impacts of this developing technology remain a subject of scientific inquiry. The litera-
ture highlights both positive and negative effects of autonomous vehicle development in the context
of urban mobility. Among the negative aspects of autonomous mobility development, one concern is
the increase in Vehicle Miles Traveled (VMT), which could potentially offset the reductions in emis-
sions (Uzzaman & Muhammad, 2024). Autonomous vehicles (AVs) could promote urban expansion
and alter land use patterns, leading to varied impacts on emissions and overall environmental quality
(Pimenta et al., 2023).

On the other hand, the presence of autonomous vehicles in urban spaces is considered to offer
numerous potential benefits. Autonomous vehicles (AVs), especially when combined with shared
mobility systems, are anticipated to transform urban passenger transport by providing adaptable,
on-demand services that may lessen the reliance on private car ownership (Acheampong etal., 2021;
Cugurullo et al,, 2020). The adoption of autonomous vehicles (AVs) is expected to support urban
sustainability by minimising car dependency, reclaiming parking areas, and potentially curbing urban
sprawl. This shift could result in more efficient land use, along with lower pollution levels and reduced
traffic congestion (Duarte & Ratti, 2018; Tomaszewska & Florea, 2018; Winkowska et al., 2019).
Autonomous vehicles (AVs) have the potential to lower greenhouse gas emissions by enhancing fuel
efficiency, incorporating electric vehicle technology, and optimising driving patterns (Uzzaman &
Muhammad, 2024). AVs improve traffic flow and decrease congestion, further helping in reducing
emissions (Rahman & Thill, 2023b). The advancement of autonomous vehicles (AVs) is fueled by
technological progress and evolving societal perspectives on mobility. These vehicles offer enhanced
convenience, safety, and accessibility, enabling users to make more efficient use of their travel time
(Sadeghpour & ince, 2024).

A comprehensive understanding of the future evolution and possible integration of autonomous
vehicles (AVs) requires an in-depth exploration of individual perspectives that influence their adop-
tion (Waltermann & Henkel, 2025). The literature also indicates that policymakers should prioritise
comprehensive public awareness initiatives to prepare society for the adoption of new driving tech-
nologies (Alatawneh & Torok, 2025).

The future development of autonomous vehicle applications will largely depend on public accept-
ance of these solutions (Ejdys & Gulc, 2022). Among the key factors influencing social acceptance of
autonomous vehicles (AVs) are perceived benefits, as well as concerns related to their safety and user
comfort.
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In Poland, research on autonomous vehicles remains limited. A survey conducted by Baczkowska
etal. (2023) on a sample of 1,067 Poles examined the general level of knowledge about autonomous
vehicles, the perceived potential benefits of their implementation (increased travel safety, shorter
travel time, reduced traffic congestion in cities, creation of new jobs), and the perceived barriers (lack
of legal regulations, insufficient road infrastructure, absence of service rules, and lack of traffic regu-
lations) (Beczkowska et al., 2023) The analysis of the results indicated a low level of knowledge
among respondents. In 2019, Dudziak et al. (2021) conducted a study on a sample of 579 Poles,
aiming to analyse selected factors influencing the perception of autonomous vehicles. The research-
ers focused on the impact of demographic variables (age, gender) on the perception of autonomous
vehicles, as well as the scope of perceived benefits (comfort, more efficient use of time, safety, less
stress, greater mobility and independence) and drawbacks (boredom, no driving pleasure, redun-
dant driving course, being used to driving a car, no control over electronics, elimination of profes-
sions, cybercrimes) of the analyzed technology (Dudziak et al., 2021).

In addition to the social characteristics of users, city features and geographical factors may also
play a significant role in the adoption of autonomous vehicles (Gulc & Budna, 2023). There is still no
consensus on how residential variations impact the adoption of autonomous vehicles (AVs) (Zhang &
Kamargianni, 2023).

The authors sought to answer two research questions.

1. Are the social factors (perceived benefits, comfort and safety) determining the acceptance of
autonomous vehicles differentiated among residents of cities varying in size and implemented
mobility solutions?

2. To what extent does the theoretical model, reflecting the relationships between three variables
- perceived benefits, user comfort and safety, and future intentions to use AVs - align with the
characteristics of cities differing in size, and consequently, in their urban mobility solutions and
user needs?

The novelty of the conducted research is manifested, among other things, in the fact that the
Authors attempted to examine whether the factors determining social acceptance of AVs technology
are differentiated among residents representing different-sized settlement units, cities.

The remainder of the article includes sections covering the literature review, which served as the
foundation for constructing the theoretical model, a description of the research methodology, an
analysis and discussion of the results, as well as conclusions and recommendations.

An overview of the literature

Autonomous vehicles (AV) represent a technological revolution that aims to change the way peo-
ple travel (Panasewicz & Jorge, 2023), but their acceptance by the general public depends on over-
coming various psychological-social factors (Xing et al., 2025). Many authors identify social factors
which relate to demographic characteristics such as age (Ding et al.,, 2022; Chen et al., 2022; Sciac-
caluga & Delponte, 2020; Glimm & Fabus, 2024), gender (Chen et al., 2024; Tapia et al., 2024),demo-
graphic differences (Hafeez et al., 2024), education level (Pang et al., 2024; Sitinjak et al., 2024), aver-
age monthly spending (Shen & Deng, 2022), income (Ding et al., 2022; Chen et al,, 2022; Pang et al,,
2024) or driver’s licence possession (Glimm & Fabus, 2024). Authors Chen et al. (2024) and Wang et
al. (2022) indicate that men show more positive attitudes towards autonomous vehicles than women,
while the authors Sutarto etal. (2023) show no significant differences. According to Pang et al. (2024),
education level influences attitudes towards autonomous vehicles, which is confirmed by the research
that women have less knowledge about autonomous vehicles than men, which may partly explain the
differences in their attitudes (Tapia et al., 2023). Furthermore, people who earn more are more will-
ing to pay for an autonomous vehicle (Rezaei et al., 2023).

Differences in perceptions of autonomous vehicles may also be due to other psychological (per-
sonal) factors, which mainly include attitudes (Yuen et al.,, 2020;Acheampong & Cugurullo, 2019),
experience (Shen & Deng, 2022; Sciaccaluga & Delponte, 2020; Zilahy, 2023) or hedonic motivation
(Quinones etal., 2024; Yuen et al., 2020; Kettles & Van Belle, 2019). Authors Yuan and Yu (2024) point
out that previous experience with driver assistance systems supports the initial development of trust
to AV. Compatibility with lifestyles and travel needs (Guo et al.,, 2021; Jing et al., 2020), perceived
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benefits (Acheampong & Cugurullo, 2019), usefulness and ease of use (Li et al., 2022; Jing et al., 2020;
Acheampong & Cugurullo, 2019; Chen et al., 2022) or anxiety (Bohm et al., 2017) are also important
factors influencing the acceptance of autonomous vehicles. People value their comfort and conveni-
ence, and they choose modes of transport that satisfy their needs (Paschalidis et al., 2020). The suc-
cess of autonomous vehicles is also based on the provision of liability, privacy, cybersecurity (Alawa-
dhi et al,, 2020; ; Hossain et al., 2024;Li et al.,, 2022; Seuwou et al., 2020) and regulatory frameworks
(Othman, 2021; Raj et al,, 2020; Tripathi, 2024). Legislation has not only guarantee the safety of
users, but also provided rules for liability in the case of breakdowns or traffic incidents. There is no
doubt that discomfort and distrust negatively affect attitudes towards autonomous vehicles (Bilici &
Tiirkoglu, 2024), but it can be changed by social influence (Béhm et al,, 2017) and mass media (Zilahy,
2023). Social media can play a crucial role in popularising autonomous vehicles, highlighting their
many benefits through dynamic campaigns and engaging content (Hendra et al., 2025).

The holistic approach to autonomous vehicles focuses on people and their needs, but develop-
ments in technology (Alawadhi et al., 2020; Asmussen et al., 2020; Hossain et al., 2024; Othman,
2021), infrastructure (Alawadhi et al., 2020) or vehicle design (Hossain et al., 2024) affect willingness
to use new technology (Rahman & Thill, 2023a, 2023b; Bohm et al,, 2017) and trust to AV (Jing et al,,
2020; Ahmed et al.,, 2022; Zilahy, 2023; Kettles & Van Belle, 2019). Author Ejdys (2017) identifies two
characteristic features of trust in technology: functionality and the willingness to rely on technology.
In the context of autonomous vehicles, these two aspects are fundamental because users need to be
confident that these systems will work as expected (Ejdys, 2020), and that they will be able to entrust
them with their safety (Szpilko et al,, 2023) and comfort in their daily journeys. Fear of losing control
of the vehicle, fear of autonomous system failure and mistrust of artificial intelligence technology are
common emotional reactions towards autonomous vehicles, therefore, user safety remains one of the
key aspects (Prasetio & Nurliyana, 2023).

A number of research findings confirm that users’ perceived benefits of autonomous vehicles
positively influence future use intentions (Acheampong & Cugurullo, 2019; Golbabaei et al., 2020;
Huang, 2023; Meidute-Kavaliauskiene et al., 2021; Yuen et al., 2021; Orsot-Dessi et al., 2023; Wishart
etal,, 2023). Perceived benefits and usefulness are positively associated with attitudes and intentions
towards using private automated vehicles (Kaye et al, 2021). These users’ perceived benefits of
autonomous vehicles include enjoyment, trust, usefulness, and the productive use of travel time
(Huang, 2023). Users’ perceptions of the characteristics of AV innovation, such as relative advantage,
compatibility, and visibility, influence their perceptions of the usefulness and ease of use of the tech-
nology, which in turn impact their intention to use it (Yuen et al., 2021). Additionally, psychological
driving pleasure (Orsot-Dessi et al.,, 2023) and positive attitudes, along with social norms, are signif-
icant determinants of users’ intention to use AVs (Wishart et al., 2023). Perceived drawbacks are
negatively related to intention to buy AVs and to use robotaxis, but not to attitude toward AVs (Li et
al,, 2022). However, despite a positive outlook towards AVs, disabled people are reluctant to use them
due to a lack of trust in the technology. Policymakers can influence public attitudes and promote the
adoption of AVs among impaired persons by addressing both the perceived benefits and risks of the
technology (Thapa et al., 2021). Overall, users’ perceptions of AVs’ advantages strongly drive their
future intentions to use them, although trust and safety concerns still present challenges (Golbabaei
et al, 2020; Kaye et al., 2021). Taking the above into account, the following research hypothesis has
been formulated.

H1: Users’ perceived benefits of autonomous vehicles positively determine future user intentions in
terms of their use

The influence of safety on customers’ future intentions to use autonomous vehicles has been
analysed in previous studies. However, it is defined differently - either from a negative perspective as
concerns about safety or from a positive perspective as perceived safety. Concerns regarding safety
negatively impact intention to use autonomous vehicles (Wishart et al., 2023). However, perceived
safety of autonomous vehicles positively predicts intention to use them (Meidute-Kavaliauskiene et
al,, 2021; Yuen et al,, 2021; Widyanti et al., 2024) while perceived risks negatively influence intention
(Meidute-Kavaliauskiene et al., 2021; Orsot-Dessi et al., 2023 ). It was also found that the perceived
safety of AVs and their attributed value for transport and road safety mediate the associations
between drivers’ features and the final intention of using autonomous vehicles. The results of
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Montoro et al. (2019) study suggest that perceived safety and the value attributed to AVs significantly
influence the intention of adopting them (Montoro et al., 2019). Consequently, safety is a critical
determinant of the future AV market share (Alatawneh & Torok, 2025). Therefore, the primary rec-
ommendations for manufacturers of vehicles would be to indicate that the autonomous vehicle is not
risky or that its risk is considerably less than that of a human-driven vehicle (Wishart et al., 2023).
Emphasising the safety, crash prevention, and efficiency benefits of autonomous vehicles may
increase their acceptance and adoption among drivers (Yuen et al,, 2021). The conducted literature
review has allowed for the formulation of the following research hypothesis.

H2: Users’ perceived safety and comfort of autonomous vehicles positively determine future user
intentions in terms of their use

The impact of comfort issues on AV future use is often considered in the literature. Traditionally,
comfort refers to a state of physical and mental well-being, characterised by the absence of pain and
the satisfaction of bodily needs. This definition has historical roots, with the term gaining promi-
nence in the eighteenth century as part of the ideal lifestyle, reflecting material well-being and emo-
tional support (Odile-Bernez, 2014; Pinto et al., 2017). The comfort of autonomous vehicles positively
determines future user intentions to use them, with trust, hedonic motivation, social influence, com-
patibility, and effort expectancy as key determinants (Foroughi et al., 2023). Comfort and trust in
shared autonomous vehicles are positively correlated and increase with experience, but comfort is
not directly determined by vehicle attributes (Paddeu et al.,, 2020). Moreover, the comfort of autono-
mous vehicles positively determines future user intentions, but this effect differs between innovative
and lagging users (Keszey, 2020). Factors that can enhance comfort in AVs include good communica-
tion channels and ensuring the AV’s capabilities match user expectations (Peng et al., 2024). Discom-
fort negatively affects attitudes towards autonomous vehicles (Bilici & Tiirkoglu, 2024). On the con-
trary, other research revealed that the comfort of autonomous vehicles does not positively determine
future user intentions to use them, as private car ownership remains the preferred travel mode (Pak-
usch et al,, 2018), while factors like knowledge, perceived risk, attitude, subjective norm, and per-
ceived behavioral control do (Jing et al., 2019). However, it is worth highlighting that, from a technical
perspective, comfort and safety considerations impact the development of autonomous driving tech-
nologies (Aledhari et al., 2024). Therefore, to encourage AV adoption, manufacturers should focus on
improving user comfort, emphasising reduced risks compared to human-driven vehicles (Bilici &
Tiirkoglu, 2024; Orsot-Dessi et al., 2023).

H1
Future
/ intention to use of AVs
Safety and comfort H2

Theoretical model

Perceived benefits

There is still no consensus on how residential variations impact the adoption of autonomous
vehicles (AVs) (Zhang & Kamargianni, 2023). However, research suggests that the size of a city is one
factor that influences the development of smart cities and autonomous mobility (Campisi et al,,
2021). Larger cities with higher population growth are more likely to be prepared for AV integration.
A study in Shanghai demonstrated that 128,000 shared AVs could meet the motorised travel demands
of 3 million users, highlighting the potential for efficient AV fleet sizing in large cities (Wang, 2020).
City characteristics, including population density, political ideology, and government expenditures,
influence attitudes towards AV regulation. Local officials are generally optimistic about AVs’ potential
to improve safety, reduce congestion, costs and pollution (Freemark et al., 2019).
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The literature review conducted on examined constructs - perceived benefits, safety and comfort
and future intention to use - enabled the development of the theoretical model shown in Figure 1.

Research methods

Research data and sample

The study was conducted between November and December 2024 on a total sample of 1,160
Poles representing three cities in Poland. The selection of cities for the study was based on their
characteristics, both demographically and in terms of the urban mobility solutions used. The basic

characteristics of the cities included in the study are shown in Table 1.

Characteristics tomza city Warszawa City Wroctaw City
population density (number of residents per 1 km?, 2023) 1827.7 3,599.4 2,301.0
population in thousands (2023) 59.7 1,861.6 673.7
area in km? (2023) 33 517 293
Length of the network of bicycle paths in the city (km, 2023) 426 773.4 368.0
Density of bicycle paths (km/100 km? 2023) 1304 149.5 1258
Bicycle roads per 10,000 population (km/10,000 inh, 2023) 713 415 5.47
Number of “Park&Ride” parking lots (2023) 1 217 11
Number of traffic accidents (2023) 13 610 615
Number of injured in road accidents’ (2023) 14 694 666
Number of bicycles rented per 1000 inhabitants (2023) 344 2,638 2,773
Average annual levels of particulate matter (ug/m3, 2023) 222 208

Data were collected using the CAPI (Computer-Assisted Personal Interviewing) technique, sup-
ported by CATI (Computer-Assisted Telephone Interviewing) or CAWI (Computer-Assisted Web
Interview). The samples were nearly equal in size across the cities and accounted for the diversity of
respondents in terms of age, gender, and education, reflecting the characteristics of the general pop-
ulation. The respondents’ demographic structure based on gender, age, and education is presented in

Table 2.

Respondents’ demographic structure based on gender, age, and education

tomza city Warszawa City Wroctaw City

Frequency Percentage Frequency Percentage Frequency Percentage
Gender
Female 214 55.4 207 538 205 52.7
Male 172 44.6 178 46.2 184 473
Total 386 100.0 385 100.0 389 100.0
Age
Below 18 10 26 11 29 16 4.1
18-28 years 49 12.7 41 10.6 44 11.3
29-44 years 133 34.5 135 351 114 29.3
45-59 years 87 225 85 22.1 88 226
Qver 60 years old 107 277 113 29.4 127 32.6

DOI: 10.34659/eis.2025.92.1.1140



ECONOMICS AND ENVIRONMENT 1(92) = 2025

tomza city Warszawa City Wroctaw City
Frequency Percentage Frequency Percentage Frequency Percentage

Total 386 100 385 100.0 389 100.0
Education level

Primary education 38 9.8 21 5.5 30 77
Vocational education 87 22,5 58 15.1 89 229
Secondary education 147 38.1 122 31.7 158 40.6
Higher education 114 295 184 47.8 112 28.8
Total 386 100.0 385 100.0 389 100.0

Measurement

Based on the literature, an initial set of eight variables was identified, reflecting factors determin-
ing the acceptance and future intentions regarding the use of autonomous vehicles. A five-point Lik-
ert scale was employed for variable assessment, where 1 indicated “strongly agree” and 5 indicated
“strongly disagree.”

An Exploratory Factor Analysis (EFA) was conducted to extract the underlying constructs. At the
adopted regression coefficient value threshold of 0.6, one variable was removed from the factor set: |
think that introducing autonomous buses would reduce staffing problems related to the shortage of
drivers.

The EFA facilitated the identification of three constructs, which were named as follows: 1. Per-
ceived Benefits (PB), 2. Comfort and Safety (CS) and 3. Future Intentions (FI).

Results of Exploratory Factor Analysis (EFA) with regression loadings for individual variables

tomza city Warszawa City
Individual variables

1 2 3 1 2 3

| believe that the introduction of autonomous buses will help reduce
traffic congestion and increase road capacity.

I think that autonomous buses can be more environmentally friendly
than traditional diesel buses.

| believe that autonomous buses will be more punctual and run more
frequently than traditional buses.

| would feel comfortable riding an autonomous city bus (without a

driver). 0.63 0.75

| believe that autonomous buses can be

a safe means of transportation. 0.86 0.88

| believe that in the future, autonomous vehicles (buses, cars) will be

0.87 0.59
common on our streets.

In the future, | will use autonomous city buses. 0.61 0.92

Kaiser-Meyer-Olkin (KMO) Coefficient and Bartlett’s Sphericity Test were used as applicability
criteria in Factor Analysis. The results of these measures indicate whether variable reduction is
meaningful and whether it will yield the intended outcomes. The Kaiser-Meyer-Olkin (KMO) coeffi-
cient compares partial correlations with bivariate correlation coefficients. It takes values within the
range of 0 to 1, where low values suggest that variable reduction will be minimal. It is generally
assumed that a KMO value = 0.5 provides a satisfactory level of variable reduction. Bartlett’s spheric-
ity test examines whether there are significant correlations between variables by verifying whether
the correlation matrix is an identity matrix. A significant test result leads to the rejection of this
hypothesis, confirming that correlations between variables exist, indicating the presence of underly-
ing factors. Results of Kaiser-Meyer-Olkin (KMO) Coefficient and Bartlett's Sphericity Test are pre-

0.78 0.87 0.77

0.78 0.61 0.84

0.77 0.77 0.83

Wroctaw City
2

0.85

0.78

0.90

0.77
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sented in Table 4. In Table 4, the last column also indicates the cumulative percentage of explained
variance of the analysed variables.

Table 4. Results of Kaiser-Meyer-Olkin (KMO) Coefficient and Bartlett's Sphericity Test

KMO Coefficient Bartlett’:eiyt)hericity CumuIativsfl’t(}e]re(:ir;taalgge(;f\IIE;(ELa;r:Sd Variance
tomza City 0.923 <0.001 83.90%
Warszawa City 0.903 <0.001 80.68%
Wroctaw City 0916 <0.001 88.09%

For the measurement scales thus identified, reliability and validity indicators were calculated.
A Cronbach'’s alpha coefficient and Composite Reliability (CR) coefficient above 0.7 confirms the high
reliability of the scales (Netemeyer et al.,, 2003). Validity was assessed in terms of convergent validity
using the (Average Variance Extracted - AVE). The AVE above 0.5 confirms the high validity of the
scales (dos Santos & Cirillo, 2023) (Table 5).

Table 5. Results of the Reliability and Validity Assessment of Measurement Scales

Individual variables AVE CR a-Cronbacha

Abrr. | Perceived Benefits (PB)

PB1 I believe that the introduction of autonomous buses will help reduce
traffic congestion and increase road capacity.
PB1 I think that autonomous buses can be more environmentally friendly 1)0.600 10818 1)0.888
than traditional diesel buses 2) 0571 2)0.7% 2) 0831
‘ 3) 0.661 3)0.854 3)0.917
PB1 | believe that autonomous buses will be more punctual and run
more frequently than traditional buses.
Abrr.  Comfort and Safety (CS)
SC1 I would feel comfortable riding an autonomous city bus (without a
driver). 1)0.568 1)0.720 1)0.822
. 2) 0.669 2)0.801 2)0.827
SC2 | Ibelieve that autonomous buses can be a safe means of transporta- 3)0.665 3)0.779 3)0.862
tion.
Abrr. | Future Intentions (FI)
Fl1 I believe that in the future, autonomous vehicles (buses, cars) will be 1) 0562 1)0.713 1)0.747
common on our streets. 2)0.593 2)0.735 2)0.739
FI2 In the future, I will use autonomous city buses. 3)0.696 3)0.820 3)0.796

1) tomza; 2) Warsawa; 3) Wroctaw.

Results of the research

To test research hypotheses, Structural Equation Modelling (SEM) was employed, allowing for
the analysis of causal relationships between variables. The verification of the four hypotheses was
conducted based on the structural path coefficients. The figure 2 presents structural path estimates
between constructs and variables.

Structural Equation Modelling (SEM) was applied to examine the research hypotheses, enabling
the analysis of causal relationships among variables. The validation of the three hypotheses was car-
ried out using structural path coefficients. Figures 2 (a, b, c) illustrate the estimated structural paths
between constructs and variables
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a) tomza City

Perceived
benefits (PB)

H1: 0.202
(p=,096)
N

Future intention
to use (Fl)

e -
H2: 0.533 /
(p<0.001)

Safety and

Comfort (PT)
— (o]
™ o
— — 0.76 0.80
@] @]
w w
0.90 0.80
¢) Warszawa City
0.82 0.75 0.86
— (9] ™
o m [aa]
o o o
Perceived
benefits (PB) H1: 0.542***
(p<0.001)

Future intention
to use (FI)

Safety and

Comfort (PT)

— 8V}

o o

— — 0.69 0.87
®] O
w0 w)
0.87 0.81

b) Wroctaw City

0.90 0.88 0.89

PB1
PB 2
PB 3

Perceived
benefits (PB) H1:0.01

(p=,089)

Future intention
to use (Fl)

/

H2:0.702™

Safety and

Comfort (PT) (p<0.001)
— (9]
[ [T
— — 0.72 0.95
o) &)
) )
0.88 0.86

Figure 2. Measurement models for three cities a) tomza, b) Wroctaw, ¢) Warszawa

The analysis of factor loadings of paths and the p-value indicate that all four hypotheses have
been confirmed (Table 6). The obtained model fit indices confirm that the model fits well. Among
researchers, there is a consensus on the fundamental model fit measures. According to lacobucci
(Iacobucci, 2010), the Chi-square test (CMIN) should be indicated first, along with degrees of free-
dom and p-value. An ideal model fit is confirmed by a Chi-square statistic indicating no statistically
significant relationship (p>0.05). However, the Chi-square statistic has significant limitations as it is
sensitive to sample size. With large samples, the Chi-square statistic will almost always indicate poor
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model fit (p<0.05). A solution used in such situations is the Chi-square statistic divided by degrees of
freedom (CMIN/DF), and its value should not exceed 3, with an acceptable level being 5. Commonly
used model fit measures include RMSEA, CFI, GFI, AGFI. The measurement model exhibits a high level
of fit, as confirmed by the RMSEA (Root Mean Square Error of Approximation) with a value of 0.033.
For the RMSEA, values within the range <0; 0.05> indicate good model quality, with 0.08 being the
upper limit for satisfactory estimation and 0.1 as the threshold for model rejection. Regarding the GFI
(Goodness of Fit Index) and AGFI (Adjusted Goodness of Fit Index), values above 0.9 indicate accept-
able model fit.

The results of the hypothesis statistical verification

Sz:]a;ti:):cstf;ip ST Estimate Standard Error Capability Ratio p HyT[:;ttiil::is
tomza City

H1:PBFI 0.202 0.121 1.667 0.096 Reject
H2: SC FI 0.533 0.113 4712 Hoxk Support
X2 = 27,325, degrees of freedom (df) = 11; x2/df = 2,484, p < 0.05

Wroctaw City

H1:PBFI 0.010 0.075 0.136 0.892 Reject
H2: SC FI 0.702 0.084 8.389 Hokk Support
X2 = 26,134, degrees of freedom (df) = 11; 2/df = 2,376; p < 0.05

Warszawa City

H1:PBFI 0.542 0.124 4.370 Hokk Support
H2: SC FI 0.184 0.100 1.847 0.065 Reject

X2 = 32.120; degrees of freedom (df) = 11; 2/df = 2.920; p < 0.001

tomza City Wroctaw City Warszawa City
CMIN/DF 2.484 2.376 2.920
GFI 0.980 0.981 0.976
AGFI 0.949 0.951 0.939
RMSEA 0.062 0.060 0.071
CFI 0.922 0.940 0.902

Discussion/Limitation and future research

The findings of this study provide insights into the social acceptance of autonomous buses by
examining the impact of perceived benefits, safety, and comfort on future intentions to use autono-
mous vehicles. The results suggest that these factors are not uniformly influential across different
urban settings, highlighting the role of city-specific mobility conditions in shaping public attitudes.

The significant role of safety and comfort in shaping future user intentions aligns with previous
research emphasising safety concerns as a crucial determinant of autonomous vehicle adoption
(Wishart et al., 2023; Meidute-Kavaliauskiene et al.,, 2021). This finding reinforces the need for vehi-
cle manufacturers and policymakers to focus on ensuring both technical safety and user-perceived
security in autonomous transportation (Yuen et al.,, 2021; Montoro et al,, 2019).

Perceived comfort and safety play a significantly greater role in smaller cities (Lomza, Wroctaw)
compared to a large metropolitan area such as Warsaw. In smaller urban areas, factors related to
perceived benefits stemming from the improved functionality of transport systems become less rele-
vant. The prominence of safety as a statistically significant determinant of future intentions to use
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autonomous vehicles in smaller cities may also be attributed to lower levels of knowledge and aware-
ness, which, in turn, contribute to higher concerns among potential users.

While perceived benefits were a significant predictor of future intentions in Warsaw, they did not
have a substantial effect in smaller cities such as Lomza and Wroctaw. In smaller towns, where urban
mobility is not a significant issue, the role of perceived benefits from the introduction of autonomous
vehicles may be less pronounced. They are not regarded as a means of transportation capable of
addressing existing problems, such as congestion or air pollution. The lack of a significant effect
of perceived benefits on future use intentions in smaller cities may be attributed to a lower level
of public awareness and technological readiness (Beczkowska et al., 2023). One of the questions
included in the questionnaire was: “Have you heard about autonomous vehicles - vehicles (such as
buses or passenger cars) that move without a driver?” This question allowed assessment of respond-
ents’ general awareness regarding autonomous vehicles. The percentage of respondents who had
heard about this technology varied significantly between cities (P<0.001). The highest percentage of
respondents familiar with autonomous vehicles was found in Wroctaw (64.2%), followed by Warsaw
(45.5%) and L.omza (41.4%). The smallest city, Lomza, had the lowest awareness of the technology.
Additionally, statistically significant differences were observed in responses concerning safety, com-
fort, perceived benefits, and future intentions between respondents who had heard of autonomous
vehicles and those who had not (P<0.001). Similar relationships were demonstrated in the Warsaw
study. Only in relation to the statement: “I believe that the introduction of autonomous buses will help
reduce traffic congestion and increase road capacity,” were there no statistically significant differ-
ences observed between groups with varying levels of awareness (P=0.065). The response to this
question may stem from the fact that traffic congestion in the city is perceived as such a significant
issue that respondents likely do not believe autonomous buses could effectively resolve it, and thus
their level of knowledge about this technology does not influence this perception.

In Wroctaw, where the largest proportion of respondents had heard about autonomous vehicles,
only responses to the statement, “I believe that in the future, autonomous vehicles (buses, cars) will
be common on our streets,” showed statistically significant differences between groups with varying
awareness of autonomous vehicles (P<0.001). No statistically significant differences were observed
regarding the remaining statements. The above findings confirm that knowledge about modern solu-
tions, such as driverless buses, significantly influences the evaluation of this technology in the context
of social acceptance.

Similar observations have been made in previous research, indicating that knowledge gaps, reg-
ulatory uncertainties, and infrastructure limitations hinder public trust in autonomous mobility
(Othman, 2021; Zhang & Kamargianni, 2023). These findings suggest that targeted awareness cam-
paigns and pilot programs could improve the perceived advantages of autonomous transportation in
smaller urban areas (Hendra et al., 2025).

Achieved results also suggest that larger cities with developed mobility infrastructures may pro-
vide conditions that enhance the perceived utility of autonomous buses, a notion supported by previ-
ous studies on urban planning and autonomous vehicle adoption (Campisi et al., 2021; Freemark
etal, 2019).

Additionally, this study contributes to the ongoing debate on the role of urban density and infra-
structure in shaping public attitudes towards autonomous mobility. Previous research has demon-
strated that factors such as population density, political ideology, and public expenditure influence
acceptance rates (Freemark et al,, 2019). Our results further validate the argument that mobility
solutions tailored to city-specific characteristics can influence the perceived utility and safety of
autonomous vehicles (Rahman & Thill, 2023a).

While this study provides valuable insights into the acceptance of autonomous buses, it has some
limitations. First, the study is geographically limited to three Polish cities, which may affect the gen-
eralizability of the findings. Future research could extend this analysis to a broader range of cities
across different countries as well.

Secondly, while this study focused on perceived benefits, safety, and comfort, other psychological
and demographic factors may also play significant roles in shaping user intentions. Future research
could integrate additional factors to develop a more comprehensive understanding of the determi-
nants of autonomous vehicle acceptance like: awareness, knowledge and loyalty.
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Thirdly, the evaluation of analysed factors, especially perceived benefits, would be more reliable
during the pre-implementation phase of testing AVs, but so far, there are no such tests on a large scale
in Poland. Therefore, future research would cover the social acceptance of AVs after testing by Polish
society.

Lastly, the study relies on self-reported survey data, which may be subject to response biases.
Future research could incorporate experimental methods, such as real-world autonomous bus trials
or simulation studies, to assess user perceptions in more naturalistic settings.

Overall, this study highlights the varying impact of perceived benefits, safety, and comfort on the
acceptance of autonomous buses across different urban contexts. By considering these findings, pol-
icymakers and industry stakeholders can tailor their strategies to enhance public trust and facilitate
the widespread adoption of autonomous mobility solutions.

Conclusions

This research offers important insights into the social factors affecting the acceptance of autono-
mous buses, emphasising the significance of perceived benefits, safety, and comfort. The results indi-
cate that public attitudes toward autonomous mobility are influenced by the urban environment,
with notable variations between large metropolitan areas and smaller cities.

From a practical standpoint, the findings suggest that policymakers and transportation planners
should adapt their approaches based on local conditions. In major cities like Warsaw, where issues
such as traffic congestion and pollution are more pronounced, highlighting the efficiency and envi-
ronmental advantages of autonomous buses may enhance public approval. Conversely, in smaller
cities such as Lomza and Wroctaw, safety and comfort play a more decisive role in influencing adop-
tion. To address public concerns, targeted awareness campaigns, safety demonstrations, and trans-
parent communication about the dependability of autonomous systems could foster greater trust
and acceptance.

From a scientific perspective, this study adds to the ongoing discussion on the factors influencing
public perceptions of autonomous vehicles. The findings align with previous research, which identi-
fies safety as a key concern for potential users (Meidute-Kavaliauskiene etal., 2021; Yuen etal., 2021),
while also reinforcing the notion that urban infrastructure and demographic characteristics signifi-
cantly impact acceptance levels (Freemark et al., 2019; Zhang & Kamargianni, 2023).

Additionally, the study sheds light on the influence of city size on public attitudes toward auton-
omous mobility. While prior research has debated the effect of urban density on autonomous vehicle
adoption, this study provides empirical evidence suggesting that perceived benefits are more rele-
vant in larger cities, whereas safety and comfort take precedence in smaller towns. These findings
highlight the necessity for further research on how local mobility conditions shape public acceptance
of emerging transportation technologies, particularly across different geographical settings.
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KIEROWANIE W PRZYSZ+0SC: POSTRZEGANIE | AKCEPTACJA SPOLECZNA
AUTONOMICZNYCH AUTOBUSOW

STRESZCZENIE: Celem przeprowadzonych badan byta analiza spotecznych uwarunkowan wdrozenia autonomicznych auto-
buséw, ze szczegdlnym uwzglednieniem postrzeganych korzysci, bezpieczerstwa i komfortu. Przeprowadzone badania miaty
réwniez na celu weryfikacje na ile analizowane czynniki roznig sie w zaleznosci od wielkosci miast i stosowanych rozwigzan w
zakresie mobilnosci miejskiej. Badania ankietowe zostaty przeprowadzone w trzech polskich miastach (tomza, Warszawa, Wro-
ctaw), na prébie 1 160 respondentéw. Do analizy zaleznosci miedzy postrzeganymi korzy$ciami, bezpieczeristwem, komfortem
a przysztymi intencjami korzystania z autonomicznych autobuséw wykorzystano modelowanie réwnan strukturalnych (SEM).
Wyniki wskazuja, ze bezpieczeristwo i komfort majg pozytywny wptyw na przyszte intencje w zakresie korzystania z autonomicz-
nych autobuséw. Jednoczesnie wptyw postrzeganych korzysci rozni sie w zaleznosci od miasta, co sugeruje, ze warunki mobil-
nosci miejskiej ksztattujg spoteczng akceptacje analizowanej technologii.

StOWA KLUCZOWE: autonomiczne autobusy, komfort i bezpieczeristwo, postrzegane korzysci, bezpieczenistwo, transport
miejski
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