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1. Introduction

The rapid development of technology observed in recent years has greatly affected many
different areas of daily life, including public transportation (Gohar, Nencioni, 2021). One of the
most popular trends in this sector is autonomy and sustainability, which are closely related to
the concept of smart and sustainable urban mobility (Herdiansyah, 2023). The goal of both ideas
is not only to improve transportation, but also to minimize negative environmental impacts and
adapt the city's infrastructure primarily to the needs of residents, but also to the constantly
changing standards of modern and smart cities (Mach, Skrzypek, 2019).

It is true that modern cities are changing at a rapid enough pace to keep up with new
technologies and call themselves the smart cities of modern times. A key element of these
transformations is the development of urban mobility, so as to effectively face the new
challenges of urbanization of cities, minimizing congestion, improving safety and protecting
the environment (Mouratidis, Serrano, 2021).

One of the technological developments that are contributing to the modernization of urban
development strategies in the transportation field is autonomous vehicles. Focusing on public
transportation vehicles, one increasingly hears about autonomous buses. These driverless
vehicles, capable of driving themselves without a driver, have great potential to revolutionize
the way cities get around (Banach, 2020). This is already seen in more than a dozen cities in
Europe and around the world that decided to test this means of transportation, such as Helsinki,
Oslo and Stockholm (Olivier Wyman Forum, 2023).

An interesting example of a place where autonomous buses could be implemented is
Bialystok, a city located in the northeastern part of Poland, which is the capital of the Podlaskie
Voivodeship. On the one hand, the city remains open to innovation, as evidenced by its
investment in a Traffic Management System or expansion of its electric bus fleet (Oficjalny
Portal Miasta Biatystok, 2025). On the other hand, residents of Bialystok may have a variety of
opinions on such innovative solutions as driverless buses. Before deciding on implementation,
it's worth studying public opinion, as residents will be the daily users of autonomous buses if
the city finally decides to implement. In addition, the implementation of autonomous buses
could help eliminate a problem in Bialystok of a deficit of bus drivers and a lack of applicants
for this position (Barometr Zawodow, 2025).

Therefore, the purpose of this article is to analyze the possibility of implementing
autonomous buses in Bialystok. The study will analyze the current situation of Bialystok's
public transportation, as well as the opinion of residents about autonomous vehicles. The results
of the analysis will indicate what steps should be taken to effectively implement autonomous

buses in public transportation in the city of Bialystok.
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2. Literature review

2.1. Concept of sustainable and smart urban mobility

We can term urban mobility as any way in which people move around in cities for daily
duties, travel and other social purposes (Kos et al., 2023). It is worth noting that there is a steady
increase in the mobility of society, and consequently growing needs for efficient relocation.
In an attempt to meet these expectations, such methods of relocation are increasingly
popularized, such as: public transportation or the rental and sharing of cars, motor scooters,
electric scooters, bicycles (Janczewski, Janczewska, 2022).

Looking at modern urban development and the evolution of urban society, urban mobility
requires special attention when implemented in urban spaces. Given the growing awareness of
the need to protect the environment and the desire to follow the latest technological trends
among today's communities, these issues should be a priority in the urban mobility design
process (Kos et al., 2023). Focusing on these two overarching values, two related concepts have
emerged in the field of urban mobility: sustainable urban mobility and smart urban mobility
(Herdiansyah, 2023).

The topic of sustainable mobility in the European arena was addressed as early as 1992 by
the European Union in the “EU Green Paper.” This entry was one of the first to address the
ever-increasing environmental impact of transportation, which was the direct cause for the
concept of sustainable mobility (European Commission, 2025). For that moment, the concept
was about reducing the negative impact of transportation on the environment, improving energy
efficiency and taking care of the public's quality of life. Most of these goals are still relevant,
but the scope of sustainable mobility issues has expanded to include a greater focus on
sustainable urban mobility. This focus has begun to draw attention to challenges such as the
excessive number of vehicles in cities, high emissions and increased noise levels (Holden et al.,
2019, Aladayleh et al., 2023).

When it comes to smart urban mobility, it is also a current topic, as it is one of the six
dimensions of smart city functioning (Herdiansyah, 2023). The idea of smart cities is shaping
today's cities, which are trying to respond to any problems related to urbanization, pollution,
mobility, economy, quality of life of residents or effective management of (Goumir et al., 2023).

One of the attempts to make efficient use of urban infrastructure and improve the comfort
of residents' daily travel is smart mobility. The concept of smart mobility focuses on the design
of intelligent, but also sustainable transportation, based on the use of Information and
Communicastions Technology (/7C) - including, among others, the Internet of Things (lo7T),
artificial intelligence or real-time analysis of large data sets (big data) (Augustyn, 2020).
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2.2. Sustainable and smart urban mobility solutions

The guarantee of a high level of sustainable and intelligent urban mobility in road transport
is continuous improvement. By improvement we should understand the implementation of
modern transport systems, the use of environmentally friendly measures to reduce emissions of
exhaust fumes and pollutants, as well as the popularization of the combination of various forms
of transport. The literature highlights more than a dozen available solutions that promote the
progress of urban mobility at the same time and are complementary to each other. They can be
classified into public transportation, micromobility and Intelligent Transportation Systems
(ITS) solutions. (Janczewski, Janczewska, 2019). A detailed division with example

technologies is presented in figure 1.
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Figure 1. Classification of sustainable and smart urban mobility solutions.
Source: own elaboration.

The segment of solutions that the article particularly focuses on is public transportation.
This group includes standard vehicles such as buses, streetcars, urban trains, subways
(Nakamura, 2024). In the literature, most information can be found on the most common means
of public transport - the bus (Jozwiak, Guciewski, 2018).

More and more often hear about the modernization of classic buses, especially in cities
implementing smart city concepts. One of the upgrades in the bus transportation industry is the
introduction of autonomous buses, the kind that doesn't need the human driver's intervention to
move (Banach, 2020).

Autonomous buses are a popular solution around the world, not only on public roads,
but also in private areas such as universities and even cmenatres. As it turns out, the universities
of Salford-Manchester, Gothenburg, Michigan and Adelaide have decided to test small
autonomous shuttle buses in campus towns, which are used by the university community on
a daily basis. (Navya, 2025). Of other interesting examples, self-driving shuttles were tested in

2021 in the Gdansk cemetery. Due to the high car traffic in the area, there was an initiative to
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minimise the traffic, so autonomous buses were used to drive visitors along the main avenue of
the cemetery (Trapeze, 2021).

These types of vehicles operate fully or partially without human supervision, which means
they can autonomously perform such maneuvers for example accelerating, braking, turning and
even reacting to obstacles on the road (Banach, 2020). This is possible by using artificial
intelligence technology, navigation systems and rich equipment with various types of sensors
placed on the vehicle. The more technologically advanced and better equipped a vehicle is, the
higher level of autonomy it has (Scurt et al., 2021, Siderska et al., 2023). In order to correctly
identify the environment and minimize human error, devices such as:

- video cameras - responsible for transmitting images,

- lidars (laser radars) - responsible for scanning the space around the vehicle,

- ultrasonic sensors - responsible for detecting obstacles over short distances,

- infrared sensors - responsible for detecting obstacles at long distances,

- microphones - responsible for detecting sounds around the vehicle.

Using the sum of the collected information from all sensors, it is possible to determine
a complete picture of the traffic situation (Choromanski et al., 2020). An example of sensor

placement in an autonomous vehicle is shown in fig. 2.
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Figure 3. An example of the arrangement of basic sensors on autonomous vehicle.

Source: elaboration based on Choromanski, Grabarek, Koztowski, Czerepicki, Marczuk, 2020, p. 122.
2.3. Benefits and barriers to implementing autonomous vehicles

The implementation of autonomous vehicles is one of the newest steps being taken towards
the development of public transportation and public transport. Like any novelty in the market,
there are some benefits and barriers to implementation, which must be analyzed before
implementing the technology on a larger scale (Olivier Wyman Forum, 2023).

There is no doubt that commercially available urban mobility solutions, including
autonomous vehicles, offer numerous benefits for all users of transportation systems, such as
drivers, pedestrians, passengers, public transportation, people with reduced mobility, but also

institutions related to transportation management (Tomaszewska, 2022).
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Conducting a review of the available literature and the research done, the benefits of
implementing smart and sustainable solutions can be divided into three main categories:

- environmental benefits (environmental aspects),

- organizational benefits (economic aspects),

- social benefits (safety aspects, educational aspects, user comfort) (Tomaszewska, 2022).

The key benefits of implementing autonomous vehicles in public transport are primarily:
reduced operating costs (due to the lack of need for physical drivers) (Kornaszewski et al.,
2017), improving the quality of the environment (Tomaszewska, 2022), increase the safety of
passengers and other road users (Crisan et al., 2021), as well as increasing the accessibility of
public transport and more efficient traffic management in the city (Wach-Kloskowska, Rze$ny-
Cieplinska, 2018). A detailed analysis of the benefits with specific categories is provided in
table 1.

Table 1.
List of benefits of implementing urban mobility solutions
Benefit Range of
category benefits Examples of benefits

- Reducing the harmful impact of urban transport on the environment.
Environmental | Environmental |- Reducing exhaust and toxic emissions.
benefits aspects - Reduction of fossil fuel consumption.
- Reducing the loss of urban greenery.
- Reduction in financial outlays for road resurfacing and repairs.
- Reduction of operating costs.

Organizational| Economic

benefits aspects - Strengthening the city's budget.
- Automated road safety inspection.
- Quick response when a dangerous situation is detected (accident, collision,
other danger).
Safety 8 ) . o
- Reduction of accidents and dangerous situations.
aspects . .
- Reducing traffic congestion.
- Optimal use of transport infrastructure potential.
- Optimal use and capacity expansion of available road infrastructure.
Social Educational | Encourgging the public to use environrpentglly friendly travel methods.
- Promoting an environmentally responsible lifestyle.
benefits aspects . . o .
- Continuous improvement of urban mobility solutions.
- Improved mental comfort due to the ability to track the location of the
transport in real time.
User - Save time with faster travel.
comfort - Improved quality of life due to reduced noise and lower emissions.

- Improving travel comfort with the newest fleets.

- Reducing stress, for example, in connection with the search for a parking
space.

Source: elaboration based on Tomaszewska, 2022, pp. 345-346.

The risks, as well as the benefits associated with implementing autonomous vehicle
solutions, can affect many levels of city operations and its stakeholders (Czupich et al., 2016).
Possible difficulties most often arise at least from the structure of the city's finances, legal

conditions, or public attitudes toward innovation and change (Hesse, 2008).



From vision to reality... 667

The fact is that the development, and subsequent implementation, of innovative projects
and high-quality transportation services is an expensive process, especially in the early phases
of the investment process. This is quite problematic given the public budgets of cities, which
are often highly strained (Werland, Rudolph, 2019). Lack of adequate funding can also be
a problem when it comes to infrastructure in need of renovation. Often the current transportation
infrastructure in cities is not sufficient to adapt new technologies (Sadowski, Pasternak, 2014).
The population, or potential users of autonomous vehicles, may also prove to be a challenge,
mainly their beliefs and attitudes toward change. On the one hand, the current population is
increasingly aware of the need to implement sustainability and ecological measures, and yet
there are still concerns about the introduction of new technologies. Fear of change and
resistance to adapting new solutions is a natural human reaction. In the face of such attitudes,
there may be voices of opposition from residents, which will have to be faced by authorities
wishing to follow the mobile development of their cities (Krawiec, Krawiec, 2019;
Schachenhofer et al., 2023; Ejdys et al., 2024).

Therefore, it is possible to consider classifications of barriers to the implementation of
autonomous vehicles distinguishing such types of barriers as financial, infrastructural, social
and legal (Hesse, 2008). More examples of barriers considering the aforementioned division

are presented in table 2.

Table 2.
List of barriers in the implementation of urban mobility solutions

Types of barriers Examples of barriers
- High investment costs - costly urban mobility technologies.
- Burdened city budgets - no readiness to take on new investments.
Financial barriers |-  Difficulties in raising funds for new technologies.
- Unknown and lack of knowledge of all possible financing tools.
- Lack of skills or sufficient experience in preparing grant applications.
- Complete lack of infrastructure necessary to implement modern technologies.
- Current but insufficient urban infrastructure (unsuitable for adaptation of new|
Infrastructure technologies).
barriers - Lack of funds to renovate outdated infrastructure.
- Difficulties in integrating new solutions with current systems.
- Problems with spatial adaptation.
- Fear of change.
- Resistance and negative public attitudes to change despite growing environmental
awareness.
Lack of sufficient knowledge about new urban mobility technologies.
Lack of awareness of the benefits of adapting new technologies.
- Lack of long-term experience in implementing sustainable and smart urban mobility|
solution.
- Personal beliefs and biases.
- Regulatory and legal barriers.
Difficulties in adapting regulations to new solutions.
- Lack of synergy and harmonization between new and existing regulations.
Source: own elaboration.

Social barriers

Legal barriers
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2.4. Characteristic of the urban transport system in Bialystok

Bialystok is the administrative center of the Podlaskie Voivodeship and thus the largest city
in northeastern Poland, even though it occupies only about 0.5% of the area of the entire
voivodeship (102,13 km?) (Bielawska et al., 2024).

The location of the city of Bialystok is very advantageous, as it is located at the intersection
of major national and international transportation routes - primarily road, and in the future,
railroads (Urzad Miejski w Biatymstoku, Diagnoza..., 2021). The city also has many district
and municipal roads, which have lengthened by 5.8% in five years since 2015. The situation is
similar when it comes to the lengthening of streets that serve as the city's bypasses - these have
increased by 25.5% over the same period under review (Urzad Miejski w Biatymstoku,
Strategia. .., 2021). As a result of the city's progressive road infrasturcture, it is characterized
by a radial-circuit system (Urzad Miejski w Biatymstoku, Diagnoza..., 2021).

The urban transport system of Bialystok consists of such kinds of transport as public
transport, bicycle and individual transport (Pidrkowska, Szpilko, 2019). As it turns out,
Bialystok is the only Polish city with a population of more than 250,000, and yet it has
no alternative forms of public transportation other than bus transport (Public Transport
Consulting Marcin Gromadzki, 2021).

Public transport organization in Bialystok is the responsibility of the Bialystok Public
Transport Authority — in Poland is called Zarzad Biatostockiej Komunikacji Miejskiej (BKM).
This one, in turn, outsources the given transport tasks to three operators belonging to the
municipal transport company, these are (Public Transport Consulting Marcin Gromadzki,
2021):

- Komunalne Przedsi¢biorstwo Komunikacyjne sp. z 0.0. (KPK).

- Komunalne Przedsi¢biorstwo Komunikacji Miejskiej sp. z 0.0. (KPKM).

- Komunalny Zaktad Komunikacyjny w Biatymstoku sp. z 0.0. (KZK).

Thus, the transportation companies listed are only responsible for city bus service, which
has a total of 56 lines, including (Komunikacja Biatystok, 2025):

- 30 city lines (one- and two-digit designations),

17 suburban lines (designations 1xx),

3 municipal lines (designations 2xx),

6 night lines (designations from N1 to N6).

In terms of the fleet of public transport buses, it definitely stands out on the city's streets,
as each vehicle has a distinctive white and green color scheme along with the BKM logo
(Pidrkowska, Szpilko, 2019). The current fleet of public transport buses, has a total of
267 buses, which are divided into two types: single-frame and double-frame (articulated).
The number of vehicles of both types is quite equal, as there are 136 single-frame buses and
131 articulated buses (Zarzad Biatostockiej Komunikacji Miejskiej, 2024). It is also worth

noting that the vast majority (more than 95%) are low-floor buses, which allow for greater
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comfort and safety of travel, especially for passengers with disabilities, parents with strollers,
or the elderly (Piorkowska, Szpilko, 2019).

Equally optimistic is the fact that BKM is investing in environmentally friendly buses,
although still not in large numbers. As of 2024, Bialystok's fleet consisted of 92 diesel buses
meeting the latest Euro VI palin emission standard (including 6 hybrid buses) and 20 electric-
powered buses. This represents 34% and 7% of the total fleet (Zarzad Biatostockiej
Komunikacji Miejskiej, 2024).

3. Methodology

The main objective of the study was to analyze the possibility of implementing autonomous
buses in Bialystok.

The subject of autonomous buses is important, especially in light of the prevailing shortage
of bus drivers in the region. As the research shows, there is a serious problem in the public
transport sector in Bialystok County and the city of Bialystok, due to the very low number of
people with the right qualifications. This is problematic because in this region of the Podlaskie
Voivodeship the demand for specialized drivers is the greatest. The main reason for the deficit
is the salary, working hours and the nature of the work, which is physically and mentally
straining (Barometr Zawodow, 2025).

But it is still comforting to know that the city of Bialystok is open to change and following
new technologies, as demonstrated by the moves made by local officials. The city's rulers are
taking concrete steps to positively influence the development of Bialystok, including by
planning a development strategy for the coming years. One of the goals of this plan is to
introduce new forms of transportation by 2030, such as for example autonomous vehicles
(Urzad Miejski w Bialymstoku, Strategia..., 2021).

Therefore, the survey focused on finding out the opinions of Bialystok residents on the
functioning of the current public transportation system and the possible implementation of
autonomous buses. To verify this, a method of quantitative diagnostic survey was used,
supported by the CAWI technique (Computer Assisted Web Interview). The technique is to
conduct an interview by computer using a website (Strojna et al., 2022) — it was Google Forms
ind this case. The link was share by social media, and feedback wac collected for 14 days.

The survey questionnaire consisted of 18 questions, appearing in several forms:

e Single-choice closed questions.

e Closed multiple-choice questions.

e Semi-open questions.

e Evaluation questions using Likert Scale.

e Matrix questions.
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The opening questions were typically demographic questions, designed to collect
information about the survey participants and to systematize information such as gender, age,
education and type of connection to the city of Bialystok. Further questions focused on the
frequency and purpose of travel on public buses, as well as the degree of satisfaction with
current public transportation services in Bialystok. The next part of the survey was devoted to
the issue of autonomous buses, where they were asked, among other things, about awareness
of what autonomous vehicles are. Respondents had the opportunity to express their approval or
disapproval of specific theses related to the implementation of autonomous buses, as well as to
give their opinion on the appropriateness of implementing this solution in Bialystok.

The survey was directed primarily to residents of Bialystok and the nearby areas,
and the condition for participation in the survey was to use Bialystok's public transportation at
a minimum of once. The final group of respondents consisted of 103 people, including

55 women and 48 men.

4. Results

Apart from examining the typical characteristics of respondents, such as gender and age,
it was decided to also pay attention to the respondents' education and type of connection to the
city of Bialystok. Knowing the answers to these questions can help later understand the public's
technical knowledge and general awareness of autonomous technologies and determine the
strength of their relationship with Bialystok.

As for the educational level of the respondents, most of them (43%) have a high school
education. On the other hand, slightly fewer, 40%, have higher education. The smallest
percentage of people represents primary education, it is only 17%, or 18 respondents.
This structure allows us to conclude that the majority of those who took part in the survey have
completed secondary school (high school, technical school or vocational school) or are still
pursuing undergraduate studies. However, it should be noted that a similar result is also
represented by those who have already completed their university education and hold
a bachelor's, engineer's, master's or doctoral degree.

Such results on the question of education are reflected in the answers to the question on the
type of connection to the city of Bialystok. The majority of respondents (54%) declared that
they live permanently in Bialystok. According to the level of education, the second most
frequently chosen type of connection to the city was education, with nearly 36% of respondents
indicating that they study in Bialystok. Just slightly fewer responded that they work in the
Podlasie capital (32%). The least numerous group were those who declared that they do not live
or study or work in Bialystok, but come to the city from time to time (12%). Importantly,
the question was multiple choice, and the distribution of results is shown in figure 4.
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Figure 4. Respondents' answers to the question “What kind of connection do you have with the city of
Bialystok?”.

Source: own elaboration.

The next step was a series of questions examining the frequency of use of bus travel and
respondents' attitudes toward the current way public transportation operates in Bialystok.
First, respondents were asked how often they use public transportation. The responses were
fairly balanced, although statistically the most common answer was “several times a month”
chosen by 36 people (35%). In second place with a score of 27% was the answer “several times
a week,” and the last place on the podium was taken by the answer “several times a year,”
selected by 17.5% of respondents. It can be said that just as often as several times a year, public
transportation is also used daily, with 16.5% of respondents declaring that they choose this
mode of transportation every day. The least frequently chosen answer was “less than once
a year” (4%), which means that each person participating in the survey travels by public
transportation in Bialystok at least once a year. The distribution of responses is presented in

figure 5.

4%

o Everyday

m Several times a week
B Several times a month
B Severaltimes a year

Less than once
ayear

Figure 5. Respondents' answers to the question “How often do you use public transportation in
Bialystok?”.

Source: own elaboration.
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As it turns out, respondents most often travel by public transportation in connection with
the need to do things in the city, such as doing basic shopping, visiting a doctor, office or bank
(42%). In second place were two responses that were equally indicated by 36% of respondents
- this was to get to school or university, and to get to meetings with friends and family. Slightly
fewer, 33%, also indicated commuting to work as one of the situations in which they choose to
travel by bus. The fewest responses (11%) were for recreational purposes such as getting to the
city beach or to a park. It turns out that young people, who are most likely still continuing their
education, use public transportation almost as often as young adults attending work.
Nevertheless, representatives of both of these numerous groups share one common purpose of
travel, which was indicated most often - to run private errands in the city, which everyone
confronts in their daily lives. The question allowed the choice of more than one answer,

and detailed data is shown in figure 6.

For recreation 11%

Tasks to do in the city 42%

Travel to meetings with friends
and family

36%

Travel to school / college 36%

Travel to work 33%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Figure 6. Respondents' answers to the question “In what situations do you most often use public bus
travel?”.
Source: own elaboration.
Respondents were asked if perhaps there were other reasons for using city buses besides the
specific situations indicated earlier. Only 8% responded that they were not guided by reasons
other than those indicated above. The remaining responses, in turn, were quite diverse, as shown

in figure 7.
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Figure 7. Respondents' answers to the question “What are your main reasons for using city public buses,
other than the situations selected in the previous question?”.
Source: own elaboration.

For the large majority, the most convincing reason for using public transportation is low
ticket prices (47%). The current price list for public buses traveling in Bialystok is unchanged
as of March 14, 2023, which passengers apparently appreciate.

The second most frequently cited reason is the lack of own car (37%) as a result of which
travel by public transportation is necessary. Avoiding traffic congestion (31%) and the problem
of finding a parking space (24%) were also relatively common responses. On the one hand,
some respondents are somewhat forced to travel by public buses due to the lack of a private car,
but still about 60% have a car, and there were nevertheless responses suggesting that public
transportation works as a good alternative to car travel.

It may be worrying that only 10 respondents (about 10%) answered that they choose to
travel by public transportation because they have an environmental awareness and need for eco-
friendly behavior. This percentage of responses may be related to the low availability of green
buses in the current BKM fleet. Of the 167 available buses, only 6 have hybrid power, the rest
are powered by a classic diesel engine that emits pollutants into the atmosphere (Zarzad
Bialostockiej Komunikacji Miejskiej, 2025).

The final, and the key question closing this segment of the survey was “Are you satisfied
with public transportation services in Bialystok?”. The results are shown in figure 8.
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Figure 8. Respondents' answers to the question, “Are you satisfied with the public transportation
services in Bialystok?”

Source: own elaboration.

The large majority of responses were positive, as 48% of respondents answered “rather yes”
and 16% answered “definitely yes,” for a total of 64%. Negative statements were made by 19%
of respondents, marking “rather not” (18%) and definitely not (1%) in the survey. Nearly as
many, with 17%, had trouble answering this question clearly and chose “hard to say”. Without
a doubt, the positive opinion of the majority and only 1 definite negative answer are reasons to
be satisfied with the current operation of public transportation. However, it is worth thinking
about how to change the opinions of the rest of the respondents, who are rather not satisfied
with the services of Bialystok's public transportation or found it difficult to give a specific
opinion on the subject.

The next questions in the survey already focused on the technological aspect, and were
designed to examine respondents' attitudes toward autonomous vehicles. In this regard,
the question was asked “Are you familiar with the concept of autonomous buses?” and its
definition was included. More than half of the respondents answered yes (68%), while the rest
announced that they were not familiar with the concept until now (32%)).

In the following part of the survey, an attempt was made to determine the attitude of the
public towards selected features of autonomous vehicles, such as travel safety, eco-friendly
operation, and travel comfort.

So the first question was asked, “How far do you agree with the statement that autonomous
buses can be a safer means of transportation than human-driven buses?”. As it turns out,
although there was a preponderance of affirmative answers - “definitely yes” (33%) and “rather
yes” (23%), the second most frequently chosen answer was “hard to say” (30%). Therefore,
it can be concluded that the public still remains distrustful of autonomous technologies and is
not fully convinced of the safety of such a solution.

Next, the question was asked: “How far do you agree with the statement that autonomous
buses are a greener alternative to traditional diesel buses?”. A total of more than 80% of

respondents said yes, and only 8% disagreed with the statement. Such a result may indicate that
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even though the need for pro-environmental behavior is not the priority one when choosing to
ride public transportation, public awareness of the benefits of green solutions is at a high level
anyway.

However, the question of feeling comfortable on an autonomous bus is not as obvious as
the aspect of the positive environmental impact of these vehicles. Respondents were asked
“How much do you agree with the statement that you would feel comfortable traveling in
an autonomous bus?”. Although the majority of responses were still affirmative (72%),
the overwhelming response was “rather yes” (50%), rather than “definitely yes” (22%).

The next step of the survey was to find out residents' opinions on the necessity of
introducing autonomous buses in Bialystok and if they think that the current infrastructure is
up to the modern technology.

The question was then asked, “Is it necessary to implement autonomous buses in Bialystok's
public transportation?” It turns out that the public is unanimous on this question, as 42%
answered “definitely yes” and “rather yes” 38%, giving a total of 80% support.

Despite the consensus on the need to implement autonomous buses in Bialystok, it appears
that opinions are divided on the appropriate timing for the introduction of such vehicles in the
city. Nearly 63% of respondents favored the introduction of the technology in the near future,
with 35% voting for implementation as soon as possible, and 27% believing it should happen
by 2030. Another 20% see such a possibility by 2040, and 16% even further in the future.
Only 2% of respondents believe that autonomous buses should not be introduced to Bialystok

at all. The results are presented in figure 9.
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Figure 9. Respondents' answers to the question “How soon do you think autonomous buses should be
implemented in Bialystok?”.

Source: own elaboration.

While respondents recognize the city's potential to implement autonomous buses in the
future, responses to the next question show that at the same time there is clear uncertainty about
the actual readiness of the city's infrastructure for this project. Respondents were asked the

question “Do you agree with the statement that Bialystok's infrastructure is ready for the
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implementation of autonomous vehicles?”. 42% of respondents answered “rather yes” and 29%
answered “definitely yes,” indicating that nearly half of the respondents believe that Bialystok
is at least partially ready for the implementation of autonomous vehicles. However,
the dominance of “rather yes” responses over the more certain “definitely yes” may suggest
that there is some caution and incomplete conviction among the community about the readiness
of Bialystok's infrastructure for modern technology. On the other hand, such responses may
indicate people's high awareness that the implementation of autonomous vehicles requires
diligent preparation, and that the current infrastructure, while at a good level, is not necessarily
fully prepared for such advanced vehicles.

It also tried to study the public's attitude toward the technology, which some respondents
were previously unfamiliar with. A positive finding of the survey is that, despite their low
knowledge of the subject, the majority of respondents said they would be interested to try a ride
on an autonomous bus if such means of transportation were available in Bialystok. Positive
responses totaled 81%, with 36% saying “definitely yes” and 45% saying “rather yes”. 15% of
respondents marked “it is difficult to say,” and only 4% said they would not even want to try

such a ride. Detailed statistics are shown in figure 10.
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Figure 10. Respondents' answers to the question “Would you like to try a ride on an autonomous bus if
it were available in Bialystok?”.

Source: own elaboration.

The question was also asked, “Would the introduction of autonomous buses in Bialystok
encourage you to use public transportation more often?”” Nearly 37% of respondents said they
would definitely use public transportation more often then, and 33% said this was probable.
At the same time, about 19% of respondents felt that the presence of autonomous vehicles
would not affect their frequency of riding public transportation, and nearly 9% had a difficult
task to clearly define themselves.

It should be noted that a large number of respondents have had no direct contact with
autonomous vehicles before, and some are also not convinced of the validity of introducing
these vehicles into Bialystok's public transportation. It was therefore decided to confront the
public with some ideas for taming the society with this technology.



From vision to reality... 677

The first question asked “Do you agree that public education about autonomous vehicles is
key to their acceptance by the public?” Interestingly, this was the question with the highest
agreement in the entire survey, as 92% were affirmative responses. 66% of respondents said
they strongly agreed with the statement, while 26% “rather yes.” As it turns out, effective
educational campaigns are highly relevant to the public, and increased knowledge of how
autonomous vehicles work could help eliminate fears and build confidence in the new
technology among residents.

Respondents were also asked, “Do you agree with the statement that the government should
support the development of autonomous technology in public transportation?”. The responses
indicate strong support, as 56% of respondents answered “definitely yes”, and an additional
32% answered “rather yes”, for a total of 88% support. It can be seen that respondents place
high hopes on the role of the government in the implementation of autonomous buses in cities,

and expect such support from them. Detailed results are presented in figure 11.
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Figure 11. Respondents' answers to the question, “Do you agree with the statement that the government
should support the development of autonomous technologies in public transportation?”.

Source: own elaboration.

5. Discussion

The results of the survey indicate that the residents of Bialystok are positive about the
solution of autonomous buses. Despite some uncertainty in front of the unknown technology,
they still show interest and desire to learn about the functionality of driverless vehicles.

Respondents see several key advantages of autonomous vehicles in terms of safety, comfort
and ecology, which is in line with the main benefit cateogories identified by Tomaszewska
(2022). Respondents agreed that driverless buses could be a safer and more environmentally
friendly alternative to traditional human-driven diesel buses (Crisan et al., 2021). Respondents

also confirmed that these types of vehicles are a guarantee for more comfortable travel, although
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with this question there were most unsure answers - “rather yes”. This may indicate the problem
of the low level of education of the public about sustainable and intelligent mobility, which is
reflected in a certain uncertainty about the solutions offered in this area (Krawiec et al., 2019;
Schachenhofer et al., 2023).

Nevertheless, this attitude of the public towards new technologies is in favor of the plans
contained in the City Development Strategy to 2030 published by the Urzad Miejski
in Biatystok (2021). Among other things, the strategy involves developing public transportation
and investing in autonomous vehicles.

Unfortunately, despite respondents' frequent travel by public transportation on a daily basis,
nearly half of them are unsure whether Bialystok's infrastructure is ready for the implementation
of autonomous buses. As the literature review showed, this is a relatively common barrier to
implementing autonomous vehicles in cities (Sadowski, Pasternak, 2014).

This is an aspect to look into, especially because the public would like to see such vehicles
appear in Bialystok. Moreover, the respondents mostly admitted that driverless buses are
needed in the city, and mostly declared that they would then probably use public transportation

more often.

6. Conclusions

The study showed that there is a possibility for the implementation of autonomous buses in
Bialystok. However, in order for successful implementation, it is necessary to analyze and
modernize the current urban infrastrcuture and adapt it to driverless vehicles - for example,
by reconstructing roads or tunnels built many years ago, which may not meet current mobility
requirements. An excellent example and inspiration for Bialystok in this field could be the
nearby Scandinavian countries, which especially in recent years, have stood out for their high
standard of implementation of sustainable and intelligent urban mobility solutions.

Key to the successful implementation of the new technology in the city may also prove to
be the education of the public, who themselves highlight such a need. The city's rulers could
solve, for example, educational public campaigns, which in the era of the availability of
numerous mass media are possible in many ways and could make a significant contribution to
minimizing public distrust.

It can also be seen that respondents place high hopes on the role of the government in the
implementation of autonomous buses in urban spaces, and expect such support from
government. It is therefore worth finding out whether the state offers grants or programs to
support the implementation of sustainable and intelligent urban mobility solutions.
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Following the proposed recommendations may prove important in terms of sustaining

residents' interest in autonomous buses and their positive attitude towards the technology.

Certainly, social acceptance will be a welcome development if the city administration decides

to implement driverless vehicles in the urban space of Bialystok.
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