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Abstract

The dynamic development of autonomous vehicle (AV) technologies has intensified the
need to understand the factors influencing their acceptance. This study aims to develop
user profiles reflecting different levels of enthusiasm toward autonomous buses in Warsaw.
A quantitative research design was employed, using a survey of 385 residents collected via
CAPI, CATI, and CAWI methods. Cluster analysis (k-means method) identified distinct user
profiles based on attitudes toward autonomous buses and general trust in technology: Clus-
ter 1—Enthusiastic Adopters, Cluster 2—Sceptical Opponents, and Cluster 3—Cautious
Optimists. The study confirmed that demographic characteristics (age, gender, education
level, occupational status) significantly influence the level of enthusiasm for autonomous
buses. Younger, highly educated, and professionally active individuals showed highest
levels of acceptance. Furthermore, a higher level of general trust in technology was posi-
tively associated with greater acceptance of autonomous buses. The research highlights
important implications and recommends focusing on districts with a higher concentration
of Enthusiastic Adopters and targeted communication strategies for Sceptical Opponents
and Cautious Optimists. However, study limitations include the geographic restriction to
Warsaw and the absence of data capturing changes in attitudes over time. Future research
should be expanded to other cities, exploring ongoing dynamics of trust and acceptance.
Despite limiting the research to one specific city, the research tool used and the research
itself can be applied to similar cities regardless of their geographical location or size.

Keywords: user profiles; autonomous vehicles; technology acceptance; sustainable
mobility; smart mobility; smart city

1. Introduction
The dynamic development of autonomous technologies in urban transport systems

causes both opportunities and challenges for cities aiming to enhance mobility, sus-
tainability, and quality of life. As autonomous buses emerge as an innovative solution
to address issues such as traffic congestion, environmental pollution, and accessibil-
ity barriers, it becomes increasingly important to understand the social acceptance of
these technologies among potential users [1,2]. Public acceptance will be a decisive
factor for the successful implementation and scalability of autonomous bus systems in
urban environments [3–5].

Previous studies confirm that users’ demographic characteristics (age, gender, edu-
cation level, and occupational status) are significant factors influencing the acceptance
of autonomous solutions in urban spaces [6,7]; however, each settlement unit, due to its
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specific characteristics, requires separate and context-specific studies. Despite the growing
number of research on autonomous vehicle (AV) adoption, there remains a lack of detailed
knowledge about how different user groups perceive and accept autonomous buses, partic-
ularly in the context of specific cities such as Warsaw. Socio-demographic characteristics,
psychological factors such as trust in technology, and individual mobility needs are known
to influence users’ attitudes towards AVs, yet empirical evidence addressing these factors
in a structured, profile-based manner is still limited.

The adoption of autonomous vehicles (AVs) in Poland, and Warsaw in particular,
is influenced by a unique combination of regulatory, infrastructural, socio-cultural, and
perceptual factors. AVs are currently not legal for general use, with testing limited to re-
search purposes on designated tracks, creating a regulatory lag relative to countries such as
Germany, the US, or the UK [8]. Warsaw’s road infrastructure requires significant upgrades
to support AV technologies, particularly Vehicle-to-Infrastructure (V2I) communication,
while ongoing national initiatives aim to improve legislative and technological readiness.
Public attitudes exhibit high theoretical acceptance but practical scepticism, shaped by
concerns regarding cost, safety, legal liability, cybersecurity, and a strong attachment to
conventional vehicles, particularly among older and rural populations [9,10]. In this con-
text, trust in technology emerges as a critical determinant of acceptance, given limited
direct experience with AVs and the novelty of the systems. Addressing these gaps, the
present study develops empirically derived user profiles—Enthusiastic Adopters, Sceptical
Opponents, and Cautious Optimists—integrating demographic characteristics, attitudes
toward autonomous buses, and general trust in technology. By situating the analysis within
Warsaw’s sociocultural environment, linking psychological factors to AV-specific accep-
tance, and highlighting heterogeneity in user attitudes, the study provides a foundation for
user-centered design and targeted communication strategies, contributing to the emerging
discourse on culturally grounded, personalized approaches to AV adoption.

The objective of the present study was to develop user profiles reflecting different
levels of enthusiasm for the use of autonomous buses in urban spaces. In particular, the
research focused on answering the following questions:

• What users’ profiles can be identified for the potential application of autonomous vehicles?
• How does the main AVs adaptation user profile differ in terms of sociodemo-

graphic characteristics?
• To what extent does overall trust in technology determine the social acceptance of

autonomous buses?
• Which population groups are more likely to use AVs in the future?

The article is structured as follows. The next section presents a review of the relevant
literature on urban mobility challenges, the potential role of autonomous buses, and
factors influencing their acceptance. Furthermore, the research methodology is described,
including details of the study sample, data collection procedures, and analytical techniques
used. The subsequent section discusses the empirical results, highlighting the identified
user profiles and the relationships between demographic factors, trust in technology, and
acceptance of autonomous buses. Finally, the article concludes with a discussion of the
practical implications, limitations of the study, and directions for future research.

2. Literature Review
Nowadays, 4.4 billion people live in cities, but this amount is expected to double by

2050 [11]. Reflecting this global trend, in Poland, 59.45% of the population resided in urban
areas in 2023 [12]. Due to increased urbanization [13], more and more people move by road
transport, which generates variety of problems in urban mobility [14,15]. Urban mobility is
a form of mobility that relates to plan public transport [16,17]. It includes diversified modes
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of movement of people within cities [18], including public transport [19], walking [20],
cycling [21], as well as the use of private and shared vehicles [22]. Currently, urban mobility
faces a number of complex issues related to urbanisation, infrastructure, social behaviour
and financial constraints [23].

The most significant problem in large cities is traffic congestion [24], which gen-
erates high economic costs—estimated at around €270 billion per year in the EU [25].
This issue not only affects economic efficiency by slowing down the flow of goods and
services but also contributes to environmental degradation through increased carbon
emissions [26]. According to the European Commission, road transport is responsible
for approximately one fifth of emissions in the European Union and only passenger cars
account for 60.6% of all CO2 emissions caused by road transport in Europe [27]. More-
over, according to World Health Organisation data, almost the entire world population
(99%) breathes air that exceeds guideline limits for pollutants [28]. The high level of air
pollution can cause acute and chronic diseases in humans [29]. The other significant
problem is also the high level of noise in cities. According to the EEA report, road traffic
is the main source of noise pollution in Europe [30]. Another research carried out by the
Barcelona Institute for Global Health also indicates that 60 million people are exposed to
noise due to road traffic [31]. In order to decrease the growing problems of air pollution,
noise and traffic congestion, it is necessary to create appropriate transportation modes
that are safe and sustainable [32].

Most large and medium-sized cities have public transportation systems, but they
generally do not solve local traffic problems [33]. Current infrastructure and transport
systems are overburdened and generate high maintenance and modernisation costs [34].
In many cities lack a network of cycle paths [35,36], pedestrian pathways [37] and
adequate infrastructure for alternative forms of transport such as scooters and electric
bikes [38,39]. This may cause people to choose a more convenient form of transportation,
such as their own car, because they do not have the proper conditions to use other forms
of transportation. Over by the decade 2012–2022 average number of passenger cars
increased by 14.3% [40].

A lack of knowledge is also important social problem in urban mobility [41]. Many
people, especially the elderly, are unaware of the benefits that can be derived from the
use of innovative solutions [42], such as autonomous vehicles, which can be safer, more
comfortable and efficient than traditional modes of transportation [43].

Autonomous vehicle technology is constantly evolving. Autonomous vehicles, which
are means of transportation that can move without human intervention [44], are equipped
with a range of advanced technologies, including sensors, cameras, on-board computers,
GPS systems, receivers and radars [45]. According to CNBC, this technology can account
for up to 50% of vehicles on the road by 2040 [46]. In urban space, autonomous vehicles
can be used in various areas such as: trains [47–49]; buses [50–52] or shuttle buses [50,53];
mobility on demand like private vehicles [54], car-sharing [55,56], cabs [57–59] or flying
cabs [45,60,61]; urban logistics and delivery by courier robots [62,63] and autonomous
delivery vehicles [64,65]; and emergency and municipal services like patrol or monitoring
vehicles [66]. Referring to public transportation, autonomous buses have already been used
in several cities in Europe like Stavanger, Norway; Tampere, Finland; Göteborg, Sweden;
and around the world like in Sentosa, Singapore, Seoul, South Korea; or Cambridgeshire,
United Kingdom. The use of autonomous buses is becoming more popular both in Europe
and around the world. Autonomous buses are increasingly seen as alternative to traditional
means of public transport and as part of future transport solutions.

The implementation of autonomous vehicles can bring many benefits including mainly
reducing human error and increasing road safety [67]. Autonomous vehicles do not speed
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and make risky manoeuvres. According to the European Commission, up to 95% of all
traffic accidents are caused by human error [68]. Autonomous systems may react faster
than humans, significantly reducing the risk of collisions and their consequences. Another
advantage is the improvement of mobility because AVs enable independent travel for
elderly, disabled people which improves their access to services and social activities [69,70].
In addition, autonomous vehicles may optimize energy consumption [71] and reduce
emissions by driving smoother and avoiding unnecessary stops [72]. Furthermore, by com-
municating between vehicles and road infrastructure, AVs can better coordinate traffic [73]
and reduce congestion [74], travel time [75] and trip costs [76].

The acceptance of autonomous vehicles (AVs) represents a complex socio-technological
phenomenon requiring advanced theoretical modeling to predict adoption behavior. Schol-
ars have increasingly adapted established acceptance frameworks—most notably Technol-
ogy Acceptance Model (TAM) and the Unified Theory of Acceptance and Use of Technology
(UTAUT)—to the unique context of automation, uncertainty, and trust in artificial intelli-
gence systems. The synthesis presented below, highlights key theoretical modifications and
model innovations found across the AV acceptance literature. Choi and Ji [77] expanded
TAM by integrating trust theory, emphasizing the role of perceived system reliability,
transparency, and competence. Their results demonstrated that trust and perceived risk
significantly influence perceived usefulness and behavioral intention. Wang et al. [78]
proposed an integrated TAM that includes trust and perceived risk as mediating variables,
showing that user confidence in system safety and reliability critically shapes adoption
intention in smart transportation contexts. Other scholars have moved beyond traditional
models, developing frameworks tailored to the specific characteristics of autonomous vehi-
cle (AV) technology. Seuwou et al. [79] introduced the Autonomous Vehicles Technology
Acceptance Model (AVTAM), incorporating constructs such as self-efficacy, anxiety, legal
regulation, and trust in manufacturers. Golbabaei et al. [80] conducted a systematic re-
view and proposed a conceptual framework summarizing key predictors—demographics,
psychological variables, mobility behavior, and prior experience—highlighting the multidi-
mensional nature of AV acceptance.

A distinct line of research has focused on trust, perceived risk, and perceived control as
central constructs. Nordhoff et al. [81] identified major acceptance dimensions—including
usefulness, ease of use, and trust—through cross-national factor analysis. Brell et al. [82]
demonstrated that experience with automation mitigates perceived risks related to data
privacy, safety, and technical reliability. Hegner et al. [83] explored how trust and perceived
control interact with personality traits and motivational factors, finding that perceived loss
of control negatively affects adoption intention.

Comprehensive reviews have synthesized findings across theoretical traditions. Rah-
man and Thill [84] organized predictors of AV acceptance into internal (psychological,
socioeconomic, and experiential) and external (contextual, infrastructural, and regulatory)
categories, forming an Internal and External Factors Framework. Theoretical research on
AV acceptance reveals a shift from adapting general technology acceptance theories to
developing integrated and domain-specific models. Central across all frameworks are
the constructs of trust, risk perception, and control, which mediate users’ perceptions of
usefulness and safety. Future research should aim for longitudinal and cross-cultural vali-
dation of these models to improve predictive power and policy relevance in autonomous
mobility adoption.

Although autonomous buses have many benefits, their effective implementation de-
pends on the level of community acceptance and involvement. Research on autonomous
vehicle acceptance reveals a complex interplay of factors influencing public attitudes.
Key determinants of AV adoption include perceived usefulness, ease of use, safety, and
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trust [81,85], as well as system transparency, technical competence, and situation man-
agement [84]. Optimism and ease of use positively predict intention to use and overall
acceptance [86]. Moreover, domain-specific attitudes and psychological factors play a
more significant role [80,85]. Internal factors like psychological attributes and external
factors like transportation and technology infrastructure influence people’s willingness to
adopt AVs [84]. Contextual factors such as road conditions and national characteristics also
determine AV acceptance [81,85].

Barriers to AV acceptance include privacy and data protection concerns [82], scepticism
about computer-controlled vehicles, and the desire for manual control [81,85]. To promote
AV acceptance, researchers suggest addressing challenges such as safety assurance and veri-
fication [87] and providing direct experiences with AVs through targeted education [80,86].

Trust in technology plays a crucial role in determining the acceptance of smart and
sustainable mobility technologies in cities. Multiple studies have found that trust signif-
icantly influences citizens’ intention to use smart city services [88–90]. Factors such as
perceived security, privacy, and usefulness contribute to building trust [89]. Perceived trust
is a significant determinant of acceptance for IoT-based and sustainability-oriented smart
city services [91]. Acceptance of using mobile phone data for smart city technologies is
higher among individuals with stronger technological trust [92]. As far as autonomous
vehicles are concerned, trust plays a critical role in their acceptance. Previous studies have
shown that trust in technology is a major determinant of intention to use AVs [77,83,93].
Trust consistently emerges as a critical factor influencing public acceptance, alongside
concerns such as safety and performance [79], sustainability [94], perceived benefits [95],
and perceived loss of control [83]. Key elements shaping trust include system transparency,
technical competence, and effective situation management [77], while institution-based
trust—particularly perceptions of technical safeguards and situational normality—also
plays a significant role [93].

Previous research has explored user profiles and their relation to AV acceptance.
Sociodemographic characteristics, while relevant, have relatively small correlations with
AV acceptance [81]. However, other studies identify demographic factors—such as age,
gender, and education level—as key predictors [96]. Golbabaei et al. confirmed that
demographic characteristics play a significant role in the development of models explaining
AV adoption [80]. According to Thomas et al. [96], respondents with higher education are
less concerned about liability and system failure, while middle-aged individuals tend to be
more sceptical of AVs than younger or older users. Personalized driving styles based on
user preferences may enhance comfort and adoption [97].

Latent profile analyses have identified personality-based segments, showing that lower
anxiety, higher self-confidence, and technology affinity correlate with greater openness to
AVs [98]. Rahimi et al. [99] identified distinct user classes—auto-dependent, all-mode, and
non-drivers—demonstrating that pro-technology attitudes positively influence adoption
and willingness to pay, whereas privacy concerns and perceived loss of driving enjoyment
act as barriers. User profiles across ages also differ: engineering students are most will-
ing to adopt AVs, while seniors show greater hesitation and desire for manual control
options [100]. Efficient management of distributed user profiles in connected cars can
support personalization and safety applications through adaptive real-time modeling [101].
Although autonomous buses have many benefits, their effective implementation depends
on the level of community acceptance and involvement.

Previous research has explored user profiles and the acceptance of autonomous
vehicles. Research on autonomous vehicle acceptance reveals a complex interplay of
factors influencing public attitudes. Key determinants of AVs adoption include per-
ceived usefulness, ease of use, safety, and trust in AVs [77,78], as well as perceived
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usefulness, system transparency, technical competence, and situation management [79].
Optimism and ease of use positively predict intention to use and overall acceptance [80].
Moreover, domain-specific attitudes and psychological factors play a more significant
role [78,81]. Moreover, internal factors like psychological attributes and external factors
like transportation and technology influence people’s willingness to adopt autonomous
vehicles [79]. Similarly, contextual factors such as road conditions and national character-
istics also determine AVs acceptance [77,78]. Barriers to AVs acceptance include privacy
and data protection [82], scepticism about computer-controlled vehicles and the desire
for manual control [77,78]. To promote AV acceptance, researchers suggest addressing
challenges like safety, assurance, and verification [83], providing direct experiences with
AVs and targeted education [80,81].

Overall, promoting AV adoption involves addressing diverse user needs, offering
control options, and leveraging technology affinity to create personalized, user-friendly
experiences. The current research primarily focuses on certain geographic and demographic
populations. Despite the rapidly expanding body of literature on autonomous vehicle
(AV) acceptance, most existing studies have concentrated on technologically advanced
regions (e.g., Western Europe, North America, or East Asia) and have predominantly
examined generalized user attitudes rather than localized behavioral patterns. This has left
a geographical and cultural gap in understanding AV acceptance in Central and Eastern
Europe—particularly in Poland, where autonomous mobility initiatives are still emerging.
A broader exploration of how cultural differences influence attitudes toward AVs—such as
perceptions of safety, trust in technology, and privacy concerns—could provide valuable
insights into global adoption strategies. Research has shown that psychological factors
like trust, anxiety, self-confidence, as well as sociodemographic features play a significant
role in AV acceptance. However, there is limited exploration into how these factors can
be specifically integrated into AV systems to create a personalized experience. Moreover,
there is scarce research on AV user profiles in Poland and the correlations between their
acceptance of AVs and trust in technology. Further investigation into the potential for
dynamic, user-specific interface adjustments could contribute to improve comfort and trust
in AV technology. This study aims to fill this research gaps. The present study contributes
novelty by providing one of the first empirically grounded analyses of public attitudes
toward autonomous buses in Warsaw, capturing how trust in technology, demographic
characteristics, and psychological factors interact to shape acceptance levels. While prior
research has emphasized these factors individually, limited attention has been given to
their integration into distinct user profiles reflecting different combinations of enthusiasm,
scepticism, and cautious optimism.

3. Research Method
3.1. Case Study Description

The city of Warsaw is the capital of Poland and the largest city in the country with a
population of over 1.8 million, area of 517 km2 and a population density of 3599.4 inhab-
itants per km2 [102]. The city of Warsaw has many urban mobility solutions and offers
a diverse and constantly evolving transport infrastructure that includes both traditional
modes of transport and modern, environmentally friendly alternatives. Warsaw has a
well-developed public transport network consisting of buses, trams, underground and
SKM (Rapid Urban Rail) trains. The two metro sections currently in operation (M1 and M2)
significantly speed up travel between key points in the city. The city is also investing in
environmentally friendly solutions such as electric buses, electric vehicle charging stations
and the Veturilo system—the urban bicycle rental network. Electric scooters and scooters
can also be rented by the minute, allowing quick and flexible travel over short distances.
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In the capital city of Warsaw, despite the dynamic development of infrastructure and
measures for sustainable transport, there are still a number of significant mobility problems.
One of the most serious challenges is the high level of annual average daily traffic on
national and provincial roads—21% higher than the national average—which leads to
infrastructure overload and an increase in the risk of accidents. Figure 1 shows network
with indicating street traffic intensity in Warsaw. Traffic analysis indicates heavy congestion
on many sections of the network, which limits the flow of traffic. Autonomous buses can
improve the situation by optimizing routes in real time, reduces congestion and increases
the punctuality of public transport.

Figure 1. Road network map of the City of Warsaw with street traffic intensity [103].

Although the overall rate of fatalities per 100,000 inhabitants is lower than in the
rest of the Mazowieckie Voivodeship and the country, alarmingly high values persist in
some local government units, particularly in the eastern municipalities of the metropolis.
An underdeveloped and coherent network of bicycle paths and pedestrian and bicycle
routes, as well as the low standard of maintenance of the already existing infrastructure, is
also a significant problem, which causes a decrease in comfort and discourages the use of
alternative forms of transport [103].

Another challenge is the low awareness among residents of the principles and benefits
of sustainable mobility, which combined with the lack of efficient and accessible alternatives
to individual transport in many municipalities in the metropolis, results in residents’ strong
attachment to the car as the main mode of transportation. At the same time, there is a
noticeable lack of a coherent metropolitan system of road safety education, especially
targeted at the most vulnerable road users—pedestrians, cyclists and the elderly. There
is also a problem with cooperation of local administration with the private sector in the
development of mobility policy, which limits the potential of innovative solutions and
partnerships for modern transport [103]. All these factors indicate the need to intensify
actions towards improving safety, increasing accessibility of public transport and promoting
active and sustainable forms of mobility.
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3.2. Research Data and Sample

The research was carried out between November and December 2024 on a total sample
of 385 residents of Warsaw. The sample size of 385 respondents results from the following
statistical assumptions: the population of Warsaw is 1,650,000 residents, the confidence
level is 95%, and the maximum margin of error is assumed. Based on these parameters, the
calculated minimum sample size is 68 individuals.

The study employed a random sampling method, with the sample structure designed
to reflect the key characteristics of the general population of Warsaw residents. The
selection of respondents was based on random procedures, while major demographic
variables—such as gender, age, and level of education—were controlled to ensure that
their proportions corresponded to those observed in the city’s population. This approach
enabled the creation of a sample with a high degree of representativeness, allowing for
a reliable generalization of the findings to the broader population. Consequently, the
obtained results can be considered robust and reflective of the actual opinions and attitudes
of Warsaw residents, consistent with the city’s demographic structure.

Women accounted for 53.8% of the sample (207 participants), while men represented
46.2% (178 participants). The gender structure of respondents accurately reflects the
demographic structure of Warsaw’s population, in which women account for 53.8%.

In terms of age distribution, the largest segment comprised individuals aged 29–44 years
(35.1%, 135 respondents), followed by those aged 60 and above (29.4%, 113 respondents) and
individuals aged 45–59 years (22.1%, 85 respondents). The structure of respondents by age
is presented in Figure 2. The age structure of respondents corresponds to that of the general
population, in which the 24–44 age group accounts for 34.0%, for example, and the 45–59 age
group accounts for 20.0%.

<18 years
3% 18−28 years

11%

29−44 years 
35%

45−59 years
22%

>60 years 
29%

Figure 2. Structure of respondents by age.

The age structure of respondents presented on Figure 2 corresponds to that of the
general population, in which the 24–44 age group accounts for 34.0%, for example, and the
45–59 age group accounts for 20.0%.

Considering education level, the most represented group consisted of individuals
with higher education degrees (47.8%, 184 respondents), followed by those with secondary
education (31.7%, 122 respondents). Respondents with vocational education formed a
smaller proportion of the sample (15.1%, 58 respondents), while participants with primary
education accounted for 5.5% (21 respondents).
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Data collection was conducted using a mixed-method approach, primarily em-
ploying CAPI (Computer-Assisted Personal Interviewing), supplemented by CATI
(Computer-Assisted Telephone Interviewing) and CAWI (Computer-Assisted Web Inter-
viewing) techniques.

The use of a mixed-method approach combining CAPI (Computer-Assisted Per-
sonal Interviewing), CATI (Computer-Assisted Telephone Interviewing), and CAWI
(Computer-Assisted Web Interviewing) was intended to enhance the reliability and com-
prehensiveness of the data collected. CAPI ensured high data quality through direct
interaction with respondents, allowing for clarification of questions and minimizing non-
response errors. CATI complemented this method by reaching individuals less available
for face-to-face interviews, thereby improving coverage and representativeness. Mean-
while, CAWI provided additional flexibility and cost efficiency, enabling participation
among respondents more comfortable with online communication. The integration of
these techniques allowed for the inclusion of diverse respondent groups and reduced
potential sampling bias. The survey was conducted by an experienced external research
institution, which ensured methodological rigor, standardized procedures, and adherence
to ethical research standards.

3.3. Measurement

Based on a review of the existing literature, nine statements (S1–S9) were developed to
assess the level of social enthusiasm for autonomous bus. Participants evaluated each state-
ment using a five-point Likert scale, where 1 indicated “strongly disagree” and 5 indicated
“strongly agree”. An additional variable incorporated into the construction of user profiles
was general trust in technology. Trust was measured using three items, each assessed on
the same five-point Likert scale. The sources of all measurement statements are presented
in Table 1.

Table 1. Measurement statements.

Variables Source

S1. I believe that in the future, autonomous buses will be common on our streets [104,105]
S2. I believe that autonomous buses can be more environmentally friendly

than traditional combustion engine buses [106]

S3. I believe that the introduction of autonomous buses will reduce traffic
congestion and increase road capacity [107]

S4. I believe that the introduction of autonomous buses would solve staffing
issues related to the shortage of drivers

Own elaboration of
authors

S5. I believe that autonomous buses will be more punctual
and will run more frequently than traditional buses [51,108]

S6. I believe that autonomous buses can be a safe means of transportation [105,109]
S7. In the future, I will use autonomous city buses [107]

S8. I would feel comfortable riding an autonomous city bus [without a driver] [109]
S9. Autonomous city buses could be a significant source of road hazards [105,106]

T1. Thanks to science and technology, the world is a better place [110]
T2. Science and technology make our lives easier and more comfortable [110]

T3. Science and technology create more opportunities for societal development [110]

The internal consistency of the nine-item scale measuring the acceptance of au-
tonomous buses (S1–S9) was assessed using Cronbach’s alpha, which reached a satisfactory
value of α = 0.80, indicating strong internal reliability, while the three-item trust in technol-
ogy scale (T1–T3) also demonstrated satisfactory consistency, with a Cronbach’s alpha of
α = 0.76, confirming acceptable internal reliability.
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4. Research Results
To identify profiles of potential users of autonomous buses, a cluster analysis was

performed using IBM SPSS Statistics 31 software. The k-means clustering method was
applied, in which the number of clusters is predetermined, and the algorithm assigns
individual observations to groups in order to minimize within-cluster variability and
maximize between-cluster differences. The optimal number of clusters was determined
using the elbow method, which identified a clear inflection point at k = 3, indicating that
further increasing the number of clusters did not significantly improve model fit. To verify
whether the identified clusters differ significantly in terms of the analyzed variables, an
analysis of variance (ANOVA) was performed. The results confirmed statistically significant
differences among the clusters, indicating the validity of the segmentation

The clustering procedure, based on the average ratings of nine evaluative state-
ments, led to the identification of three clearly differentiated user segments. Each
segment represents a distinct users profile characterized by varying levels of enthusiasm
for autonomous bus (Table 2). According to the assumptions of cluster analysis, the con-
dition for identifying clusters is the significance of individual variables for the structure
of clusters, which was confirmed by the p-value. Additional pairwise comparison tests
post hoc of differences between clusters at the level of individual statements showed
statistically significant differences for all analyzed variables S1–S9 and for all cluster
combinations (1–2, 1–3, 2–3).

Table 2. Mean scores for statements related to autonomous buses across clusters.

Statements Cluster 1 Cluster 2 Cluster 3 p-Value

S1. I believe that in the future, autonomous buses will be common on our streets 4.63 2.92 3.64 <0.001
S2. I believe that autonomous buses can be more environmentally friendly than

traditional combustion engine buses 4.49 2.29 3.45 <0.001

S3. I believe that the introduction of autonomous buses will reduce traffic
congestion and increase road capacity 4.39 2.33 3.14 <0.001

S4. I believe that the introduction of autonomous buses would solve staffing
issues related to the shortage of drivers 4.33 2.92 3.74 <0.001

S5. I believe that autonomous buses will be more punctual and will run more
frequently than traditional buses 4.33 2.18 3.02 <0.001

S6. I believe that autonomous buses can be a safe means of transportation 4.22 2.07 2.91 <0.001
S7. In the future, I will use autonomous city buses 4.20 1.83 3.05 <0.001

S8. I would feel comfortable riding an autonomous city bus [without a driver] 3.98 1.53 2.36 <0.001
S9. Autonomous city buses could be a significant source of road hazards 2.38 4.25 3.62 <0.001

The mean scores for variables S1–S8 are the highest within Cluster 1, consistently
exceeding 4.0. The variable S9, referring to the perceived road hazards associated with the
use of autonomous buses, received the lowest evaluation (mean = 2.38) among respondents
in Cluster 1. An opposite pattern is observed within Cluster 2, where the evaluations of
variables S1–S8 are the lowest, while the assessment of road hazard perception (S9) is the
highest. Cluster 3 reflects an intermediate attitude among respondents. The analysis of the
mean ratings of individual statements within three identified clusters enabled to define
three distinct user profiles:

Cluster 1: Enthusiastic Adopters (The Future-First).
Cluster 2: Sceptical Opponents (Technology Sceptics).
Cluster 3: Cautious Optimists (Open-Minded Sceptics).
Subsequently, the demographic characteristics of potential users within each identified

cluster were analysed. The distribution results of demographic characteristics (gender, age,
education level, and occupational status) within the clusters are presented in Tables 3–6.
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Table 3. Age distribution of respondents across clusters.

Clusters
Age Distribution of Respondents Across Clusters

Below 18 18–28 Years 29–44 Years 45–59 Years Over 60 Years Old Total

Cluster 1. Enthusiastic Adopters 9.8% 23.2% 43.9% 11.0% 12.2% 100.0%
Cluster 2. Sceptical Opponents 0.0% 3.0% 26.3% 25.6% 45.1% 100.0%
Cluster 3. Cautious Optimists 1.8% 10.6% 37.6% 24.7% 25.3% 100.0%

Table 4. Gender distribution of respondents across clusters.

Clusters
Gender Distribution of Respondents Across Clusters

Total
Female Male

Cluster 1. Enthusiastic Adopters 51.2% 48.8% 100.0%
Cluster 2. Sceptical Opponents 45.1% 54.9% 100.0%
Cluster 3. Cautious Optimists 61.8% 38.2% 100.0%

Table 5. Educational level distribution of respondents across clusters.

Clusters
Education Level Distribution of Respondents Across Clusters

Primary Secondary Vocational Higher Total

Cluster 1. Enthusiastic Adopters 12.2% 17.1% 9.8% 61.0% 100.0%
Cluster 2. Sceptical Opponents 3.8% 34.6% 21.8% 39.8% 100.0%
Cluster 3. Cautious Optimists 3.5% 36.5% 12.4% 47.6% 100.0%

Table 6. Employment status distribution of respondents across clusters.

Clusters
Employment Status Distribution of Respondents Across Clusters

Student Employed Retired or on a Pension Unemployed Other Total

Cluster 1. Enthusiastic Adopters 18.3% 63.4% 7.3% 2.4% 8.5% 100.0%
Cluster 2. Sceptical Opponents 0.0% 50.4% 41.4% 5.3% 3.0% 100.0%
Cluster 3. Cautious Optimists 5.3% 65.9% 20.6% 2.4% 5.9% 100.0%

The predominance of respondents with higher education across all three clusters may
be explained by the fact that individuals with higher educational attainment are generally
more exposed to technological innovations and digital services in their daily and profes-
sional lives. As confirmed by numerous studies, higher education is positively associated
with greater technological literacy, openness to innovation, and the ability to critically
evaluate the risks and benefits of emerging technologies. Even in the case of the Sceptical
Opponents group, scepticism does not necessarily arise from a lack of knowledge, but
rather from greater awareness of potential risks, ethical dilemmas, or systemic implications,
which is also more common among highly educated individuals. Therefore, the overrep-
resentation of people with higher education in all clusters does not signify homogeneity
in attitudes, but rather reflects different cognitive interpretations of autonomous mobility,
from enthusiasm, through cautious optimism, to informed scepticism.

Cluster 1, Enthusiastic Adopters (The Future-First) predominantly consists of women
aged 29–44 and 18–28 years, with higher education and active employment status. Cluster
2, Sceptical Opponents (Technology Sceptics) includes mainly men aged over 60 and
45–59 years, with higher or secondary education levels, and predominantly employed
or retired individuals. Cluster 3, Cautious Optimists (Open-Minded Sceptics) mainly
consists of women aged over 29 years, with higher or secondary education levels and active
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employment status. A summary of the demographic characteristics of representatives of
the three clusters is presented in Table 7.

Table 7. Demographic characteristics across clusters.

Cluster 1. Enthusiastic Adopters
(The Future-First)

Cluster 2. Sceptical Opponents
(Technology Sceptics)

Cluster 3. Cautious Optimists
(Open-Minded Sceptics)

Female Male Female
29–44 years and 18–28 years Over 60 years old and 29–44 years 29–44 years and over 60 years old

Higher education level Higher and secondary education levels Higher and secondary education levels
Employed Employed, retired or on a pension Employed

The predominance of women in Cluster 1 (Enthusiastic Adopters) may be explained
by the fact that women, more frequently than men, rely on public transport for their
daily mobility needs, which is confirmed by numerous European mobility studies. As
regular users of bus-based systems, women may therefore perceive the potential benefits of
autonomous buses more directly, particularly in terms of improved punctuality, safety, and
reliability, which are highly valued in everyday mobility.

Regarding Cluster 2 (Sceptical Opponents), the predominance of men aged over
60 years may be attributed to a stronger attachment to conventional mobility solutions. This
group is more likely to perceive autonomous transport as risky, unfamiliar, and potentially
disempowering. Interestingly, individuals aged 29–44 years with secondary education are
also present in this cluster. This may be explained by economic self-protection concerns,
as workers with secondary education are often employed in sectors directly exposed to
automation (e.g., drivers, operators, logistics). Their scepticism may therefore be driven
less by technological conservatism and more by perceived threats to job security and
professional stability.

Cluster 3 (Cautious Optimists) is predominantly composed of women aged 29–44
and over 60 years, most of whom hold secondary or higher education and are actively
employed. This structure reflects a segment of users who are neither early adopters
nor resistant, but instead open to innovation under the condition of proven reliability
and safety. Their educational background suggests sufficient technological awareness
to understand the potential benefits, while their age and life experience contribute to a
more pragmatic and risk-aware mindset. Rather than rejecting autonomous buses, they
wait for concrete evidence and reassurance, signalling conditional acceptance rather
than scepticism or enthusiasm.

An additional variable included in the analysis was overall trust in technology,
measured by three items (T1–T3). Initially, two clusters reflecting respondents’ levels
of trust in technology were identified: Cluster 1. Tech-Optimists and Cluster 2. Tech-
Sceptics (Table 8).

Table 8. Result of cluster analysis of trust in technology.

Statements Cluster 1
Tech-Optimists

Cluster 2
Tech-Sceptics

Thanks to science and technology, the world is a better place 4.11 2.05
Science and technology make our lives easier and more comfortable 4.37 3.55

Science and technology create more opportunities for societal development 4.32 2.41

To analyse statistically the relationship between trust in technology and cluster mem-
bership related to the acceptance of autonomous buses, the non-parametric Kruskal–Wallis
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test was applied. The results confirmed the existence of statistically significant differences
(p < 0.001) in the level of trust in technology across the three user profiles of autonomous
bus users. An additional analysis and Duna post hoc test enabling pairwise comparisons
confirmed that there are statistically significant differences in trust in technology between
Clusters 1 and 2 (p < 0.001) and 3-2 (p < 0.001), and that there is no statistically significant
difference between clusters 1–3 (p = 0.063). Cluster 1. Enthusiastic Adopters and Cluster 3.
Cautious Optimists were more likely to include individuals identified as Tech-Optimists
(Cluster 1), whereas Cluster 2: Sceptical Opponents was more frequently composed of
individuals categorized as Tech-Sceptics (Cluster 2).

A cross-tabulation table was constructed to explore the relationship between trust in
technology and acceptance of autonomous buses (Table 9).

Table 9. Relationship between trust in technology and acceptance of autonomous buses.

AV Adaptation Clusters
Trust in Technology Clusters

TotalCluster 1
Tech-Optimists

Cluster 2
Tech-Sceptics

Cluster 1. Enthusiastic Adopters 90.2% 9.8% 100.0%
Cluster 2. Sceptical Opponents 47.4% 52.6% 100.0%
Cluster 3. Cautious Optimists 78.8% 21.2% 100.0%

The relationship between the levels of AV acceptance and trust in technology is
presented graphically in Figure 3. The figure shows that respondents belonging to Cluster
1 (Enthusiastic Adopters) are characterized by the highest level of trust in technology. In
contrast, respondents in Cluster 2 (Sceptical Opponents) exhibit the lowest level of trust.
The third cluster, Cautious Optimists, includes respondents with a moderate level of trust
in technology. Overall trust in technology clearly influences the level of acceptance of
technologies such as autonomous vehicles (AVs) (Figure 3).

Figure 3. Distribution of trust in technology across user profiles.
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5. Discussion
The conducted study confirmed that the defined profiles of potential autonomous

bus users are determined by users’ demographic characteristics and their overall trust
in technology. Individuals classified as Enthusiastic Adopters of Autonomous Vehicles
(Cluster 1) are more often women, aged 29–44 and 18–28 years, with higher education and
active employment status. Moreover, these individuals are characterized by a high level of
general trust in technology. The obtained results, indicating that in the studied city women
are more likely to express enthusiastic attitudes toward autonomous vehicles (AVs), do
not correspond with the findings of other researchers. The results of research based on a
systematic literature review conducted by Greifenstein based on 77 publications, indicate
that it was reported that significantly more men than women would be willing to use shared
autonomous vehicles (SAVs) in 25.8% of the analysed studies [111]. Moreover, studies con-
ducted by Charness et al. confirmed that men are more likely than women to be enthusiasts
of autonomous vehicles [112]. Similar findings were reported by Xiao and Goulias, who
confirmed that young, well-educated men tend to perceive the usefulness of autonomous
vehicles more positively [113]. Also, studies conducted by Weighl et al. reported that
women tend to have lower acceptance and enthusiasm for AVs compared to men [114].
On the other hand, studies conducted in the city of Malaga confirmed a higher level of
satisfaction among women with the use of autonomous buses [3]. Additionally, studies
conducted on over 2000 respondents from Germany confirmed that women rated their
intentions to use autonomous buses higher than men [115]. In seeking explanations for the
differing results observed among Warsaw residents, it can be inferred that women, who are
more frequent users of public transportation (particularly buses), tend to be greater enthu-
siasts of public transport development in general. In 2024, public transport in the Warsaw
metropolitan area was used by over 956 million passengers, including 447,075,312 indi-
viduals who travelled by bus [116]. They would probably accept autonomous vehicles, as
the advancement of such technologies could contribute to improved punctuality of bus
services and enhanced passenger safety. The results confirm the need for further research
to identify the reasons for women’s enthusiasm for using autonomous buses.

The age of potential users of autonomous vehicles has also been studied by many au-
thors. The findings reported by various researchers indicate that younger individuals (aged
18–28 and 29–44 years) were more likely to be enthusiasts of autonomous vehicle solutions.
Similar results were obtained by other scholars [2,112,114]. Based on a literature review of
77 scientific articles, Greifenstein found that in every third article, the authors indicated
that the tendency to accept autonomous bus solutions decreases with age [111]. According
to Li et al. (2024) research, younger users show greater enthusiasm for using autonomous
demand responsive transit buses [19]. This may be attributed to their preference for more
flexible services and a lower level of concern regarding safety issues [19].

The obtained results also indicate that individuals with higher education levels are
more frequently enthusiasts of autonomous buses. Regarding the factor of educational
level, Greifenstein (2024) found that individuals with higher education demonstrated a
greater intention to use SAVs, as shown in 30.8% of all analysed studies [111]. However,
this finding is not always supported by the results of other researchers. Studies conducted
by Jaszberenyi et al. (2024) did not confirm a statistically significant relationship between
the level of education and the intention to use autonomous vehicles [2]. On the other hand,
many studies confirmed that there are statistically significant differences between the level
of education and the social acceptance of autonomous public transport, indicating that
a higher level of education is associated with greater enthusiasm for and acceptance of
autonomous vehicles [19]. The authors indicate that individuals with higher education
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levels are more confident and more convinced about the safety of AV solutions, and
therefore, express a higher level of enthusiasm.

Employment status appears to have a slightly positive and significant influence on the
intention to use SAVs, as indicated in 25.8% of the Greifenstein’s studies [111]. The obtained
results, indicating that employed individuals are more often enthusiasts of autonomous
vehicles compared to those who are unemployed or retired, are also supported by the find-
ings of other authors. However, the majority of studies reported no significant effect [117],
while a significant negative relationship was also identified rarely [118]. Overall, there is a
slight tendency for employed individuals to exhibit a higher likelihood of adopting SAVs
compared to those who are unemployed or retired [111].

The theoretical findings of this study provide actionable guidance for public transport
authorities, policymakers, and technology providers. By identifying distinct user profiles
based on enthusiasm and trust toward autonomous buses, the research enables the design
of segment-specific implementation and communication strategies rather than a one-size-
fits-all approach. The clear link between trust in technology and acceptance of autonomous
mobility solutions highlights the need to prioritise trust-building interventions, such as
awareness campaigns and real-life demonstrations. Moreover, the study supports more
evidence-based decision-making on where and with whom pilot projects should be initiated,
helping to optimise resource allocation and increase the chances of successful adoption

6. Conclusions
The dynamic development of autonomous solutions in urban spaces creates a constant

need for research, on the one hand to understand the needs of users, and on the other
to build public awareness of the possibilities offered by modern technologies. Only a
convinced and informed user will consistently adopt these solutions and encourage others
to do the same.

This research is among the first to explore public attitudes toward autonomous buses
in Poland, offering an empirically based typology of users that integrates demographic, psy-
chological, and trust-related factors. By localizing AV acceptance analysis within Warsaw’s
sociocultural context, the study adds a new regional perspective to the global discourse
on autonomous mobility adoption. Moreover, this study extends existing models of au-
tonomous vehicle (AV) acceptance by situating the analysis within Warsaw’s sociocultural
context, thereby providing insights into how cultural perceptions of safety, control, and tech-
nological trust manifest in a post-transition economy. It identifies empirically derived user
clusters—Enthusiastic Adopters, Sceptical Opponents, and Cautious Optimists—which
reflects heterogeneity in AV acceptance, moving beyond the conventional treatment of the
public as a homogeneous group. Additionally, the study links general trust in technology to
AV-specific acceptance, bridging psychological constructs with applied urban mobility re-
search. By doing so, it offers a foundation for developing user-centered design and targeted
communication strategies for autonomous public transport in Poland. In addressing the
lack of contextualized, culturally grounded, and user-specific investigations, this research
contributes to the broader discourse on how dynamic, personalized interface designs and
localized outreach strategies can enhance user comfort, trust, and adoption in the context
of smart urban mobility.

The results obtained from the study conducted in Warsaw, the capital of Poland,
confirmed that demographic characteristics significantly influence the level of enthusi-
asm among potential users of autonomous buses. It is not surprising that the findings
proved that younger and more highly educated individuals are more enthusiastic about
the implementation of autonomous buses in Warsaw. Therefore, it would be reasonable to
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prioritize the introduction of these solutions in districts with a high concentration of such
demographic groups, for example, university campuses.

Confirming that a higher level of overall trust in technology positively affects the
perception of autonomous vehicles in city, it further underscores the necessity for contin-
uous education and the promotion of modern technological solutions, broadly related to
socio-economic development. Regular exposure to new technologies, both at home and
at work, enhances technological literacy and thus reduces apprehension toward their use.
Such initiatives should be undertaken from an early age, through both formal education
and informal activities, such as community-wide urban campaigns.

The results of the study may be utilized to develop strategies targeted at specific
stakeholder groups to promote modern solutions based on autonomous buses within
urban environments. Moreover, the conducted research represents the first study focused
specifically on the residents of Warsaw, and undoubtedly, it also fulfilled the important
function of building public awareness regarding autonomous transport solutions.

Practical implications and recommendations for public transport authorities includes:

• Pilot deployments should be prioritized in districts with a high concentration of
enthusiastic adopters (e.g., university campuses, cemeteries, business districts), where
acceptance and willingness to test autonomous buses are already strong; examples
of areas for consideration include The Warsaw University of Life Sciences, Powąski
Cemetery in Warsaw or North Municipal Cemetery. For example, the campus of The
Warsaw University of Life Sciences covers an area of 70 hectares, and the distance
between its furthest points is 1300 m. The Powąski Cemetery covers an area of
43 hectares, and the distance between its furthest points is 2 km. North Municipal
Cemetery covers area 143 hectares.

• Communication and educational strategies should be tailored specifically to scep-
tical opponents.

• Cautious optimists require transparent, evidence-based messaging; it is recommended
to present real pilot data (e.g., number of incident-free kilometers, punctuality rates,
congestion reduction) to strengthen trust through facts rather than promises.

• In parallel with pilot projects, public transport authorities should invest in trust-
building initiatives, such as interactive demonstrations, supervised test rides, or
temporary human operator presence, helping to mitigate concerns related to loss of
control and unfamiliarity with the technology.

Further investigation into users’ preferred areas, routes, and segments for deploying
autonomous buses—such as first- or last-mile connections between residences and metro
stations, or longer journeys like travel from home to an airport—would undoubtedly
contribute to expanding the current knowledge base.

Future research should expand to other cities, explore the dynamics of trust and accep-
tance, and investigate behavioral differences between experienced and non-experienced
users of autonomous solutions. This study is limited to residents of Warsaw, which may
restrict the generalizability of the findings to other urban contexts with different socio-
cultural and infrastructural conditions. Moreover, the research captures attitudes at a single
point in time and does not account for potential changes in user perceptions as exposure to
autonomous technologies evolves.
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