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Introduction

In the context of public authorities implementing a sustainable mobility pol-
icy, the provision of the public urban transport services offer is regarded
as an element of that policy. On account of its characteristics: high
transport capacity, low emissions and noise per passenger-kilometre,
low energy consumption, and low land use (compared to private cars)
(Wyszomirski, ed., 2008), public transport should serve as a pillar of sus-
tainable mobility (Grzelec, Hebel, Wyszomirski 2020).

In undertaking actions in respect of sustainable mobility, public authori-
ties align their own policies with the goals of sustainable mobility. Concepts
in the field of sustainable development, an element of which is sustainable
mobility, appear to focus on two main ideas. There is no contradiction
between economic growth and “green” pro-ecological development (Wan-
ner 2015). It is recognised that the current social and economic system,
oriented towards accumulation and growth, can and should be replicated,
and our way of life should be maintained, achieving ecologically sustain-
able development through a change of subsystems using modern tech-
nologies (Scruton 2012). Proponents of the second concept, degrowth,
claim the need to radically transform the social and economic system
through: “a fair reduction in production and consumption that enhances
human well-being and improves environmental conditions both locally
and globally, in the short and long term” (Schneider, Kallis, Martinez-Alier
2010). When conducting sustainable mobility projects, in order to demon-
strate the justification for pursuing such a policy, politicians and officials
refer to the reports of agencies such as (EEA 2022) and reviewed scien-
tific publications (Gallo, Marinelli 2020). They also cite political and social
justifications concerning the influence of sustainable mobility in areas
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such as well-being, equality in society, and quality of life (Beyazit 2011;
Jones, Lucas 201 2). Justifications for actions advancing the goals of sus-
tainable transport can be found in the micro- and macro-economies,
using the Lorenz curve and the Gini coefficient to measure the outcomes
(Delbosc, Currie 2011).

The critical approach to sustainable mobility policy is not concerned
with the policy itself', namely, the aspiration to reduce the negative effects
of urban transport on cities and the lives of their residents. There are,
however, calls for the wider involvement of shareholders in the creation
and implementation of sustainable mobility plans (Botte et al. 2019).
Pointing to attempts to reconcile ecological goals with economic growth
(Krahmer 2021), calls have been made to reconsider the classification
of electric vehicles as an effective instrument of sustainable mobility
(Henderson 2020).

Leaving aside the unresolved matter of the best path to sustainable
mobility, it can be claimed that it not only affects the views of academ-
ics but is also reflected in economic practice, including the identified
actions of local authorities in transport policy. From the point of view
of the goals and solutions included in this monograph, it is important
to highlight that in many publications dedicated to the problem of sus-
tainable development, including sustainable mobility, the authors cite
research and report perspectives that are selective towards matters
requiring further research and discussion?, and often ignore the problem
of shaping human needs and attitudes rooted in personal freedom, under
the assumption that a collectivist approach to civilizational development
and the pursuit of set objectives is consistent with the norms of democratic
societies. In many publications on topics such as electromobility in public
urban transport in Poland, it is ignored that many studies of cost-benefit

Nevertheless, there are also scientific publications which are critical towards the idea
of a scientific consensus concerning the human causes of climate change (Dentelski
et al. 2023).

An example of this is the universal practice of limiting citations to the summaries
of Intergovernmental Panel on Climate Change (IPCC) reports.



Introduction

analyses show that, in the current energy conditions, the operation of elec-
tric vehicles is without economic or social justification (when factoring
in internal costs) (Jagietto 2021).

The author of this monograph is of the opinion that sustainable mobil-
ity must not be only a political project, conducted using public funds,
which omits the market as a reference point for assessing the benefits,
costs, and risks for social and economic development. The concepts
of sustainable mobility and the smart city, both of which employ modern
technologies, must be treated as innovations, which should ultimately
be verified by the market and the procedures of public choice based
on democratic rules.

In this context, the right solution for public urban transport, which will
allow its services to form the principal sustainable means of meeting
transport requirements, is to recognise the role of marketing in shaping
the service offering of this transport mode. Marketing concepts related
to shaping transport services, pricing, service distribution, promotion
mix, customer service, tangible service evidence, acquiring and retain-
ing loyal customers, as well as establishing partnership-based principles
of cooperation within the logistics chain, are proven methods of effective
operation. They align with the objectives of sustainable mobility and ena-
ble their achievement. The realisation of the concept of marketing mix
in public urban transport allows services to be offered that are adapted
to the transport needs, expectations, and preferences of residents. Only
a high level of satisfaction with the quantity and quality of services offered
can be an indicator of the ability of this mode of transport to satisfy
an increasing number of transport requirements and improve its share
in urban transport.

This monograph presents the following research hypothesis: The adap-
tation of the number and quality of public urban transport services
to the different preferences and expectations of residents on the quality
of services and their complex transport behaviours requires the transport
organiser and provider to carry out marketing research. Accordingly,
the achievement of sustainable mobility goals is determined by shaping
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the public urban transport services offer according to the marketing rules
and regulations, based on the results of marketing research. The results
of such research should be used to validate the effectiveness of the activ-
ities of public authorities in relation to sustainable mobility.

The aim of this monograph is to show that the decision processes con-
cerning the quantity and quality of public urban transport services should
be based on the outcomes of research into demand, preference, trans-
port behaviour, and customer satisfaction. Research outcomes in these
areas may support the decision-making process, however, it should be
remembered that not all factors that determine demand on public urban
transport services identified by researchers can be implemented in prac-
tice. This is determined by specific market-related constraints, including
financial constraints and constraints resulting from certain transport
behaviours. Attempts to change these behaviours, which are reliant
only on administrative solutions (obligations and prohibitions) may cause
society to strongly resist the goals of sustainable development, which
in democratic countries, in certain political conditions, could lead to their
radical modification or even to resignation from such goals.

Publications dedicated to the issues addressed in this monograph are
spread across multiple themes within the scope of the research topics.
Papers published in journals tend to focus on narrow research areas,
much like the reports produced by institutes or organisations dedicated
to the functioning of public urban transport. Monographs on the complex
issue of the functioning of this transport mode typically focus on demand,
price elasticity of demand, or market organisation. In the majority of cases,
work on marketing research deals with market phenomena as a whole,
whereas the subject matter of public transport research is most often
explored in handbooks. This monograph aims to address this gap by
showing the role of marketing research in achieving the goals of sustain-
able mobility in urban areas.

The monograph consists of seven parts.

Chapter 1 characterises sustainable mobility in terms of its essence,
the management of this form of human activity, the conditions influencing

10
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the implementation of actions outlined in Sustainable Urban Mobility Plans
(SUMP), and implementation concepts, including Mobility as a Service
(Maas).

In Chapter 2, public urban transport is presented as a sustainable
mobility service. The discussion focuses on the development of motori-
sation as the main driving force of urban mobility and the consequences
of the uncontrolled increase in the number of cars and the number of trips
carried out by this transport mode in cities and agglomerations. The chap-
ter includes examples of breaking the development deadlock of cities
connected with the development of motorisation, which leads to the dys-
function of urban areas. It discusses the role of public transport in the real-
isation of urban mobility goals, whilst providing examples of the effective
substitution of journeys by car with public transport. The conditions for
the development of public transport are also indicated.

Chapter 3 focuses on the characteristics of public urban transport.
In the course of the analysis of the market characteristics of this trans-
port mode, the main conditions concerning the formation of demand,
supply, prices, and competition in public urban transport are presented.

Chapter 4 looks at the scope and characteristics of the sources, meth-
ods, and research instruments used in marketing research related to pub-
lic urban transport. The chapter’s content is largely based on the expe-
riences of the author and his team, with whom he has worked for more
than 30 years as a researcher and practitioner on shaping the market
for this transport mode.

In Chapter 5, the author discusses the main elements which make up
the public urban transport services offer, determined by the characteristics
of transport services. This section of the monograph contains a review of
the literature and makes use of the rich but dispersed research results
on demand, preferences, and transport behaviour in the international
and Polish literature as well as the author’s own results and those of his
colleagues. The principal focus of the discussion in this chapter are
the attributes of public urban transport.

11
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Chapter 6 includes an overview of the results of chosen marketing
research into public urban transport in the context of their application
in the implementation of sustainable mobility in cities and agglomera-
tions. A significant part of this chapter contains the author’s own research
findings, published in journals and conference proceedings, as well
as analyses that have yet to be published. It also quotes interesting
research results of other authors, including those with whom the author
had the pleasure of working in various research teams.

Chapter 7 presents the conditions for conducting and utilising market-
ing research in public urban transport in meeting the goals of sustainable
mobility.

The monograph ends with a summary of the most important
conclusions.

In the English literature, the terms “transport” and “transit” are used
interchangeably and refer to bus, coach, light and heavy railway, tram
and ferry services, as well as taxis and rental cars (Wallin Andreassen
1995; Parkan 2002; Balcombe et al. 2006). The term “public transport”
is mainly used in Europe, Japan, and Australia, while the terms “mass
transit” and “public transit” are more commonly used in North America
and Southeast Asia (primarily in China, Hong Kong, and Singapore). These
terminological conventions, however, are not strict rules and are often
used interchangeably (Redman et al. 2013). In the literature, the term
public urban transport refers to all passenger transport services offered
in cities and metropolitan areas (i.e., within the scope of urban mass tran-
sit, as well as individual transport services such as car sharing, bike shar-
ing, e-scooter rentals, taxis, and Uber). The subject of this monograph is,
however, mainly public urban transport in the form of buses, trolleybuses,
trams, urban rail, metro, water trams and other public transport modes
as part of the integrated services offering, in particular in terms of tariffs.
Therefore, the author uses the term public urban transport in this narrower
meaning. An exception is made with the research results of other authors
in cases where it was unclear whether these results concern public urban

12
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transport. In such instances, the original vocabulary, or a faithful trans-
lation, has been maintained (e.g., public transport, urban transport).

The monograph is aimed at researchers and students involved
in the study of sustainable mobility and public urban transport. It will also
be of interest to practitioners and policy-makers implementing specific
solutions concerned with mobility and the functioning of public urban
transport.

Part of the marketing research results presented in the publication,
especially in Chapter 6, but also those concerning practices in forming
a public urban transport services offer, are the original work of the author
and have not been previously published. The author is a member of staff
in the Transport Market Department in the Faculty of Economics at Gdansk
University. He is also a practitioner in research and shaping the public
transport services offer in the greater Gdarnsk area and in other cities
in Poland.

k %k %

The monograph is the result of many years of research work of the author
and his team of colleagues, whom he would like to thank sincerely for
their years of collaboration, reflected in the author’s scientific research
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I would especially like to thank Professor Olgierd Wyszomirski, my men-
tor, doctoral supervisor, and for many years my superior at the University
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itude to Professor Katarzyna Hebel, my colleague at the Transport Market
Department, with whom I still have the pleasure of conducting research,
analyses and publishing research results. | also thank Maciej Helbin
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1. The nature and determinants of sustainable
mobility management in urban areas

In a sustainable approach to socio-economic development processes,
concern for economic growth is accompanied by respect for ecological
resources. In the long run, the development of the economy must remain
within the limits of the environment’s carrying capacity. Therefore, basic
human needs should be met in a way that respects the sustainable use
of resources. The traditional, still currently employed approach to eco-
nomic development aims to achieve maximum economic growth, without
paying attention to the associated ecological aspects. At the present
stage of sustainable development, its guiding paradigms are undergoing
modification.

Changes in the rules of functioning of the entire economy and the tran-
sition to sustainable development have resulted in radical changes
in the production of energy and the protection of the climate. This tran-
sition is characterised by the management of processes (Monkelbaan
2019). There is not one optimal management development method that
ensures its sustainability. When implementing initiatives, each case must
be considered individually. It cannot be assumed that the exclusive use
of the self-regulating market mechanism or solely the actions of public
authorities will suffice to achieve the goals of sustainable development
(Kemp, Parto, Gibson 2005).

Paprocki indicates the obstacles appearing in some of the principles
for a sustainable economy: “Analyses carried out in the second decade
of the 21st century have indicated growing doubt about future scenarios
that assume continuous and increasingly accelerated growth in genera-
tion capacity and efficient energy production using the aforementioned

14



1. The nature and determinants of sustainable mobility management...

renewable energy technologies Thus, it raises doubts about the legitimacy
of the development process following an exponential growth pattern.
In several Western European countries, a slowdown has been observed
in the development of photovoltaic cell capacity, along with a stabilisa-
tion in the share of electricity generated by these cells in total electricity
production (...), and it cannot be ruled out that the pace of implement-
ing new solutions will decelerate sooner than enthusiasts anticipate.
As a result, the expected growth in outcomes may slow down or even
fade out entirely, leading to a development process that follows the course
of a logistic function” (2018).

Achieving more sustainable transport necessitates coordinated
and concurrent efforts in land use management, transport, and finance,
alongside the execution of strategic infrastructure investments and a focus
on environmental care (Kennedy et al. 2005).

Zuidgeest and team discuss a sustainable transport system, i.e., a trans-
port system that meets the needs of the public in terms of mobility,
accessibility and safety, whilst staying with the accessible and affordable
environmental, financial, and social resources. Accessible and afforda-
ble resources are outlined based on intergenerational aims (Akinyemi,
Zuidgeest 2000; Zuidgeest, Witbreuk, Van Maarseveen 2000).

Sustainable mobility is not a new idea — it was presented in the Euro-
pean Commission’s Green Paper on the effects of transport on the envi-
ronment in 1992, which was a continuation of “Our Common Future”
and its discussion on the global challenge of sustainable development.

Sustainable mobility constitutes an alternative paradigm within which
the complexity of urban environments may be examined, and the interre-
lationships between land use and transport can be reinforced (Kennedy
et al. 2005). Sustainable urban mobility ensures the possibility of travelling
to one’s destination in a manner that is convenient, easily accessible both
economically and spatially, while minimising the impact on the environ-
ment and on other individuals (Lam, Head 2012).

Should the public travel more effectively, in a different way, and/or
less often, mobility may become sustainable. Based on this statement,

15



1. The nature and determinants of sustainable mobility management...

we can distinguish the three principal strategies of sustainable mobility:
efficiency, change, and reduction. The efficiency strategy, indicates that
environmental efficiency and availability can be improved through more
efficient, innovative technologies, including hard (technology) and soft
(reorganisation, promotion, change of habits) solutions. The change strat-
egy refers to changes in travel structure (changes in the share of the var-
ious travel modes. The means to achieving a reduction in travel include
appropriate spatial planning, teleworking, and a shift in existing travel
preferences (Holden et al. 2020).

Three distinct positions emerge in debates concerning who should
be entrusted with the implementation and execution of measures aimed
at achieving the goals of sustainable mobility (Dryzek 2022):

— entrusting the matter to experts and authorities (homo bureaucra-

tis);

- letting residents decide (homo civicus);

— leaving the key decisions to companies and the market mechanism

(homo oeconomicus).

Sustainable urban mobility requires undertaking measures, which
should result in: limitation of the need to travel; reduction in journey dis-
tances; use of more ecological transport; assurance of greater transport
efficiency; improvements in the availability of infrastructure, especially
for pedestrians and cyclists (Karon et al. 2017: 20).

Sustainable mobility is also defined as a purposefully shaped spa-
tial structure and transport behaviours which support the optimisa-
tion of journey lengths, in which cars do not undermine the function-
ing of public urban transport and non-motorised modes of transport,
and the maintenance of harmony between transport, the natural envi-
ronment, and the built and cultural environment is ensured (Rudnicki
2010). Urban sustainable mobility should, therefore, be understood
within the context of the long-term strategy for the future development
of urban areas, including transport infrastructure and mobility services
(Costa, Neto, Bertolde 2017).

16
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An effectively functioning sustainable urban transport system requires
the implementation of measures aimed at: reducing mobility needs,
adopting transport policies that support a shift in travel modes through
the selection of non-polluting travel modes that occupy relatively less
urban space, improving the quality of public transport in cities, and con-
sidering the determinants of its operation at the urban planning stage,
as well as the use of alternative fuels derived from renewable sources
(Banister 2008).

The sustainable mobility goals of individual cities vary in their details.
European sustainable mobility goals are also subject to change and revision,
like all strategic goals. In the Communication from the Commission
to the European Parliament, the Council, the European Economic
and Social Committee, and the Committee of the Regions, the following
assumptions were adopted as the objectives of the strategy for sustain-
able and smart mobility — European transport on the road to the future
(Komunikat Komisji do Parlamentu Europejskiego... 2020):

— atleast 30 million zero-emission vehicles will be on European roads;

— 100 European cities will be climate-neutral;

- high-speed rail traffic will double;

- regular public transport for distances up to 500 km should be

carbon-neutral within the EU;

- autonomous mobility will be widely deployed.

Sustainable mobility goals in cities may encourage local authorities
to implement comprehensive measures in its development. They most
often include: the accessibility of urban areas for different types of vehi-
cles, urban logistics, intelligent urban transport systems, and road safety
in cities (Chamier-Gliszczyniski 2016).

The particular aims of mobility management are:

— meet transport needs through more efficient and integrated use

of existing transport and urban infrastructure;

- reduce traffic congestion through a reduction in the number

and duration of car journeys and a reduction of demand for these
journeys;

17
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— limit noise, air pollution and greenhouse gas emissions through
the use of energy-efficient vehicles and alternative fuels;

— improve the availability of transport modes through modern tech-
nical and technological solutions within vehicles and the infrastruc-
ture;

- integrate different transport modes and improve connections (within
the meaning of, for example, an increase in the frequency of public
transport routes);

— improve the economic efficiency of transport system operations
(Nosal, Starowicz 2010).

Mobility management is described as actions connected with the plan-
ning, organisation, coordination and control of the movement of peo-
ple and goods through the use of available human, financial, mate-
rial, and information resources with the aim of affecting attitude, demand,
and transport behaviours and leading to the use of alternative transport
modes to cars (Nosal, Starowicz 2010).

Mobility management includes the promotion of sustainable transport
and the management of the use of cars, through a change in the atti-
tudes and behaviours of travellers. Sustainable mobility in cities, improve-
ments of the environmental conditions in urban areas, public health
and well-being can be achieved through the creation of conditions and
incentives for a shift from the use of private vehicles to public transport,
walking, and cycling (Elias, Shiftan 2012). Such a shift takes place when
public urban transport is widely available and the quantity and quality of its
services meet the expectations of the public. An increase in the number
of pedestrian journeys will also occur, provided that the safety of these
pedestrians is ensured and the attractiveness of urban spaces for them
is enhanced (Baron et al. 2019).

Advocates of sustainable mobility propose the concept of public urban
transport 2.0, aimed at increasing its modal share (the so-called modal
shift) and promoting shared mobility. Change in the structure of urban jour-
neys is believed to be a more important issue than that of electromobility,

18



1. The nature and determinants of sustainable mobility management...

with indications showing that true changes in this area may lead to a 20%
reduction in CO, emissions (Holden et al. 2020).

It is proposed that sustainable mobility plans should be implemented
by:

- quantifying the various elements of a sustainable transport system,
i.e., identifying the essential needs and aspirations of the movement
of people within the urban environment;

— describing the resources used by the transport system and their
quantities;

- harmonising the elements of sustainable development (using model-
ling techniques) for use in the planning and designing of sustainable
transport systems (Zuidgeest, Witbreuk, Van Maarseveen 2000).

The relationship between mobility instruments and individual trans-
port behaviours and their change in the direction of sustainable mobility
is analysed by specialists, researchers, and practitioners (Shiftan, Geer-
ling, Stead 2012).

An important element of the formation of sustainable mobil-
ity is the establishment and acceptance of chosen, defined progress
and regression monitoring indicators on the path to achieving sustainable
mobility goals. The subject literature includes various research approaches
to sustainable mobility in urban areas (Campos, Ramos, De Miranda
E Silva Correia 2009; Litman 2021). The level of sustainable mobility
is decided by, inter alia, the share of ecological transport in the modal
split, the sustainable mobility strategy implemented in the city in question,
the development of car sharing, financing of the public bike-sharing sys-
tem, and the intelligent card system. Conversely, its effects are decided
by safety (the number of road accident deaths), the level of atmospheric,
water, and earth pollution, the motorisation indicator, and the average
travel speed (Ciaston-Ciulkin 2016).

The comparative analysis method, through the use of composite sus-
tainable mobility indicators for chosen European cities, has allowed for
the analysis of three measures of sustainable mobility: economic, social,
and environmental. It has enabled the classification of cities according

19
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to the factors which contribute to the greatest degree to the achievement
of sustainable development in transport; the wealthiest and biggest cities
usually have the most sustainable transport systems. Research has also
indicated certain opportunities for the improvement of the transport sys-
tem through anincrease in the share of public transport and the avoidance
of urban sprawl (Alonso, Monzdn, Cascajo 2015).

One concept for the implementation of sustainable mobility, in which
public urban transport is positioned as the key pillar of urban transport,
is Mobility as a Service (MaaS). MaaS radically changes the way the pas-
senger transport market functions. In the literature, it in presented as one
of the most revolutionary trends in the sector since the start of mass
production of passenger vehicles in the early 20th century. In MaaS sys-
tems, users and their needs are indeed a key variable in the planning
and functioning of the transport sector. The implementation of the Maa$S
model offers a personalised, comprehensive range of transport services,
tailored to the declared needs of its users (Zawieska 2018). Thanks to this
approach, the system is not limited only to public mobility. It can also be
applied to the transport of goods, especially in urban areas.

MaaS services may be designed and serviced by a public or private
entity based on a licence (for a specific time). MaaS services conducted
by a public entity, being a de facto public monopoly, facilitate the imple-
mentation of the applied regulations and ensure access to services
on the basis of public value. Public authorities are assured access to infor-
mation indispensable for shaping mobility policies, including infrastruc-
ture. Another reason for the MaaS model to be maintained by a pub-
lic entity is seen in the role public urban transport (managed by public
authorities) plays as the backbone of the system of sustainable mobility.
It secures access to databases containing a substantial volume of jour-
neys. The public monopoly within MaaS may restrict the number of service
providers and flexibility of the system by creating bureaucratic barriers
for entry and disregarding user preferences, especially those who are
not users of public transport. It is likely that MaaS will be dominated
by public services. In such circumstances, private entities may create

20
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a competitive MaaS model, exclusive of public transport, based mostly

on passenger cars and bicycles. There are concerns that some legal

solutions may restrict the scope of possible actions performed by a pub-

lic entity, restricting it exclusively to the functions of a given tier of public
authority (EMTA 2019).
Research conducted in London showed that MaaS influences a broader

perception of the available possibilities when choosing a travel mode,

and it may contribute to a decrease in private car use (Matyas 2020).

The literature concerned with MaaS implementation (Butler, Yigitcanlar,
Paz 2021) indicates that:

demand is restricted by a lack of effective cooperation between
the authorities and private entities providing mobility services
and complex solutions supporting the integration of subsystemes,
inclusive of business support;

MaaS provides an attractive solution for elderly residents who use
public transport and some private car users;

implemented solutions translate to a decrease in the volume of trav-
elled kilometres, parking frequency, and giving up private vehicle
ownership (usually, there is another car in the household);

Maa$S solutions in individual countries are characterised by fea-
tures that correspond to the nature of the solution within the scope
of mobility and the applicable law;

MaaS should not be treated as a separate instrument of urban sus-
tainable mobility policy.

The model’s aims may be achieved only through its integration with

other tools such as low-emission zones, pedestrianised areas, street

parking restrictions, and resident mobility management (Polis 2017).



2. Public urban transport
as a mobility service

Coordination of the development of a transport network and urban
planning constitutes a precondition for the sustainable development
of urban areas. Beside the visions of a city’s ‘coherence’ with transport
that are promoted in the strategic documents of individual countries, local
examples of change implementation in the concept of urban develop-
ment are of utmost importance. The experiences of many cities indicate
the significance of ideological conflicts regarding spatial development
and the development of transport networks, and the divergence of inter-
ests and their impact on the implementation of specific development
visions. Certain past decisions can have a significant influence on urban
and transport policies within cities, making it impossible for the author-
ities to adjust without delay to the strategic changes occurring in other
cities (Gallez et al. 2013).

Beginning in the 1950s, the boom of motorisation in developed
countries led to adjustments in urban planning in order to accommo-
date increasing car traffic and the growing demand for parking spaces.
Urbanists and urban traffic engineers quickly noticed that car transport
requires the planning of more space per capita in comparison to active
transport modes (bicycles) and public transport (Leurent et al. 2024).
Within 60 years, the belief that private cars play the leading role in meet-
ing the transport needs of urban residents was abandoned in favour
of the vision that maintaining certain urban values goes hand in hand
with sharing roads among various transport modes, and that mixed-use
urban space should serve as the starting point for road planning (Pousin
2005). In the 1970s, following a referendum in Bern, a decision was
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2. Public urban transport as a mobility service

made to close two central areas of the city to car traffic. In the mid-
1970s, in Strasbourg, the procedures of planning transport infrastructure
were altered following the so-called Agglomeration Act. The purpose
of the changes was to pedestrianise a large central area of the city.

In the 20th century, in the West (in Poland in the 21st century), owning
a car was no longer a luxury but became attainable for every average
family. This resulted in overburdening urban road networks with traffic,
which led to many problems with the functioning of the cities. Apart from
congestion, there was a notable increase in noise pollution and emissions
from transport. An increasing number of central areas within cities were
adjusted to accommodate the growing car traffic (the roads were broad-
ened; new parking spaces were constructed). These actions were taken
at the expense of other road users as well as public spaces and green
zones. Despite good access to central areas by transport, their attrac-
tiveness slowly decreased (Gadziriski, Goras, eds., 2019).

It seems that an important reason for the growing significance of pri-
vate cars in urban travel in Poland — one that has been underemphasised
in the literature for many years — is the process of spatial planning. This
process approves the development of residential areas with low-rise
buildings that are not constructed alongside the existing public transport
infrastructure. As a result, it is difficult to provide public transport services
to these residential areas, which in practice translates to an increased
use of private cars. Also, the increase of significance of passenger cars
has its source in the location of large shopping centres and other objects
generating traffic at a substantial distance from the urban areas with more
dense development and public transport infrastructure. These locations
provide economies of scale, but generate an increase in the number
of individual journeys (Grzelec, Hebel, Wyszomirski 2020).

The advocates of sustainable urban planning are critical towards
solutions which take into account such features as, for example, street
network planning that reduces walking distances, the creation of con-
gested and burdensome collector and distributor routes, resulting from
an imposed hierarchy rather than interconnected networks, compounded
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by suboptimal street designs and dendritic, hierarchical systems that pri-
oritise car owners and users (Parham, Jones 2020). Already in the 1990s,
the cities of Bern, Basel, Zurich, and Karlsruhe became cities where the pro-
cesses of coordinated plans for their development and transport networks
as well as construction of shopping centres and services in the vicinity
of transport hubs, led to more sustainable usage of different transport
modes (Donovan 1997).

Implementation of the policies of sustainable mobility was becoming
increasingly based on the results of research into optimising the use
of urban space. In India, a heterogeneous microsimulation model allowed
for an evaluation of urban space usage. It showed that 66% of examined
road users were bus passengers, yet they occupied only 26% of the road
surface (Thamizh, Vedagiri 2010). A similar study conducted in Berlin,
which compared the share of road surface with its utilisation by different
road users, found that car users had, on average, 3.5 times more road
space available to them than those who did not drive or ride in a car
(Creutzig et al. 2020). In Melbourne, it was established that pedestrians
generating a 56% share in multimodal trips could use only 33% of the road
surface that was dedicated to pavements. At the same time, the study
showed an oversupply of infrastructure in relation to some types of sus-
tainable mobility. For example, the share of bike paths in the city amounted
to 12% of road surface, whereas cyclists had a share of only 2% in travel
(De Gruyter, Zahraee, Young 2022).

In many cities, the restriction of car traffic brought about the desired
effects. The following cities serve as an example of restricting car usage:
Gothenburg, Marseille, Berlin, Karlsruhe, Gelsenkirchen, Halberstadt,
Konzen near Aachen, Castelnau-le-Lez near Montpellier, and Stuttgart
(Wesotowski 2008). Restrictions on passenger car use in cities, and indeed
restrictions imposed on car users, may prove counterproductive in the long
term unless they are preceded by substantial improvements in the qual-
ity of public urban transport and the voluntary acceptance of changes
in travel behaviour by the majority of residents, leading to an increased
share of trips made by public transport, walking, cycling, and car sharing.
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One-sided actions of local authorities reduced to restricting the freedom
of choice between various transport modes (directed primarily against
private passenger cars) may have a negative effect on economic devel-
opment, especially within the automotive market.

Shared mobility is seen as a potential remedy to the difficulties brought
about by individual transport modes (Currie 2018; Standing, Stand-
ing, Biermann 2019). Intermodal interchanges, MaaS and other ways
of sharing mobility may persuade residents to resign from travelling by
private car (Liyanage et al. 2019; Spickermann, Grienitz, von der Gracht
2014). However, some researchers point to challenges that render these
forms of mobility less likely to become widespread. Among such causes
they name: individual beliefs and mobility culture (Bergman, Schwanen,
Sovacool 2017; Clements, Kockelman 2017) as well as individual deci-
sions regarding mobility, determined by economic factors (Manski 2000;
Nijkamp, Kourtit 201 3). Shared mobility does not take into account many
factors connected with comfort (such as no zone restrictions to travel).

In addition to academic publications, the vision of replacing private
cars with carsharing, based on the paradigm of giving up car ownership
for the sake of accessibility to mobility services, became the subject
of numerous debates at the World Economic Forum. At the current stage,
it is difficult to perceive such debates as a benchmark for transport pol-
icies in democratic countries, where property ownership and the right
to possess it remain fundamental pillars of personal freedom. It should
also be remembered that in democratic countries, public authorities
and their actions are subject to validation through general elections.
Decision-makers’ reliance on media and poll-driven popularity — charac-
terised by highly volatile expectations — and their susceptibility to pres-
sure from public opinion, often representing small but well-organised
activist groups, frequently lead to decisions guided not by the strategic
objectives of transport policy but by political goals in the strict sense.
This may lead to a very populist understanding of sustainable mobility
and attaining its aims, or even to a complete abandonment of its goals.
On the basis of a report from 2020, produced by The European Court
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of Auditors, it can be said that the value of spending on mobility within
cities that was funded by European structural and investment funds,
increased from 11.2 billion euros in the period 2007-2021 to 16.3 billion
euros in 2014-2020 (ECA 2020). The majority of infrastructural and rolling
stock investments into public transport in Poland have not yet produced
a proportionate change in the transport behaviour of residents as per
the aims of sustainable mobility (Wolariski 2022).

A rational solution would be the creation of a substitute, complemen-
tary public transport subsystem that would be capable of providing a level
of comfort comparable to that of using privately owned cars and one that
would meet all mobility demands. The example of Singapore is a model
success born out of coordinated actions taken simultaneously by the gov-
ernment and reflected in the transport development strategy (Spirin, Zavy-
alov, Zavyalova 2016). Screening research from 2018 revealed a direct
correlation between the quality of services as a measure of the accessi-
bility of public transport and the intention of using the services (Mugion
et al. 2018).

Public urban transport is perceived as a type of transport that may help
to organise a sustainable mobility system that meets the transportation
needs of local communities. This type of transport is much more effec-
tive in comparison to individual transport. This results from its lower land
intensity, emissivity, and energy consumption per user (Beshah, Kitaw,
Berhan 2013; Newman, Kenworthy 1999).

The distinctive nature of public urban transport as a field of manage-
ment and a service of general interest creates difficulties in clearly defin-
ing its concept and in unambiguously situating it within both the vertical
(sectoral) and horizontal classifications of transport (Wyszomirski, ed.,
2008). Within Poland’s legislation, there are varied terms referring to pub-
lic urban transport such as, for example, municipal transport, communal
municipal transport, and commune public transport.

In Poland, the tasks of local authorities concerning the operation
of public urban transport are outlined in the respective legislation. Local
governments cannot opt out of performing these tasks on the grounds
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of financial constraints. They are also not authorised to privatise public
transport precisely because they are assigned to govern it. It is, however,
possible to delegate the execution of the tasks to a private entity (Moszoro
2010). In the functional structure of a city, public urban transport serves
as an ‘urban product’, that is, a component of the city’s overall offering
directed towards its users (i.e. residents, tourists, investors). In some cases,
it also, to a large extent, determines the image of a city. Trolleybuses may
serve as a good example of this. In some European, countries trolleybuses
are rare, therefore cities in which they operate are perceived as unique
(Wyszomirski, ed., 2008).

Local authorities often face serious financial obstacles in the process
of improving the quality of public urban transport. It has been demon-
strated that improving the financial stability of public transport helps
to realise its potential environmental and social benefits, as it increases
accessibility to its services. In Germany, over the two decades from
1990 to 2010, the quality of public urban transport improved signifi-
cantly. This was reflected in increased employee productivity (between
1998 and 2006, the number of kilometres operated per employee rose
by 31%), reductions in unit costs and public subsidies (passenger reve-
nue per vehicle-kilometre increased by 21%, while budgetary subsidies
per passenger fell from €0.57 to €0.39), and a notable rise in passenger
numbers (an increase of 22%) (Buehler, Pucher 2011).

The need to subsidise public transport from local authority budgets
arises from its recognised utility, its role as an instrument for achieving
transport and social policy objectives, and, in recent years, the rising costs
associated with increases in fuel and energy prices as well as the introduc-
tion of modern, environmentally friendly vehicles. Unconventional sources
of financing for this type of transport are used in many cities (Table 1).
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Table 1. The share of alternative assets in the budget or public transport costs

Share in the (annual) public transport budget

Cat E |
ategory xample or in the investments
Tax paid by Versement 33% of transport companies’ budget
the employer (France) (e.g., 20% of RATP budget in Paris).

Portland (USA)

In 1985, 66% of the local transport authority’s
budget was financed from this source.

Ownership tax

Vancouver
(Canada)

San Francisco
(USA)

In 1999, 99% of operating budget was financed
from this source.

50% of expenditures for the new infrastructure
and 5% of the operations budget was financed
from this source.

Developmental
fees

San Francisco
(USA)

In 1996, 2% of the operating budget of urban
rail (Muni) was financed from this source.

Parking fees Heathrow 0.3% of total expenditures of the airport,
(England) including large infrastructural projects, were
financed from this source.
Amsterdam Total revenue from parking covered about
(Netherlands) 1% of total tram infrastructure costs (ljtram).
Road usage San Francisco 49% of the operating budget of a bus and ferry
charge (USA) company was financed from this source.
Local Washington In 1986, 26% of the local transport organiser’s
motorisation State (USA) budget was financed from this source.
charge

Consumption tax

Reno (USA)

Fort Worth (USA)

In 1997, 66% of operating budget of a local
transport company was financed from this
source.

In 1996, 71% of the operating budget of a local
transport company was financed from this
source.
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Table 1 (cont.)

Share in the (annual) public transport budget

Cat E | . .
ategory xample or in the investments

Atlanta (USA) Revenues from taxes were divided

in the following way: 50% was allocated

to the operating budget (53% of the transport
company’s budget); and 50% financed new
infrastructure

Source: (Ubbels et al. 2001).

This type of transport is characterised by subsidies. This results from
the fact that public urban transport:

- meets the goals of sustainable mobility, including the opera-
tion of routes that are persistently unprofitable, whilst sustaining
the prices of fares at a level acceptable to the residents even
at times when the revenues from ticket sales do not cover the costs
of providing transport services;

- meets the goals of social policy that assume providing access
to public urban transport through the introduction of discounts
and free travel entitlements for chosen groups of residents.

In the light of economic theory, subsidies for public urban transport are
justified by the existence of economies of scale (Mohring 1972; Pedersen
2003)% and by the fact that the congestion and environmental costs gener-
ated by private vehicle users are not internalised. Moreover, local authori-
ties often fulfil revenue redistribution goals by subsidising public transport.
These funds are allocated for particular groups of residents: children,
youth, elderly, and disabled. However, it is notable that the low demand
elasticity for private transport in relation to public transport ticket prices

3 Adifferent stance is held by van Reeven, who using microeconomic models proves

that the economies of scale are not necessarily enough to justify subsidising public
urban transport. If consumers do not use the timetables (in circumstances where
services are frequent), then the frequency ensuring maximisation of profit is identi-
cal to the frequency providing maximum welfare and may be used by them to their
advantage (van Reeven 2008).
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decreases the effectiveness of subsidies, seen as a mechanism used for
the optimisation of the division of transport tasks within a city. Research
conducted at the beginning of the 20th century in the cities of Spain has
proven that the impact of income redistribution on the decrease of income
inequality is minor, especially taking into account the relatively weak
influence of consumption of public transport services on the budgets
of average households (Asensio, Matas, Raymond 2003).

Due to the particular nature and public utility of public urban transport
resulting from attaining the goals of sustainable mobility policy through
the use of its services, some researchers and policymakers advocate
that it should be funded entirely from a city’s budget (free public trans-
port). According to them, this type of funding would better correspond
with the goals of sustainable mobility. The traditional mode of operation
of the transport system within cities does not envisage charging private
car users with the external costs, nor does it take into account the gradual
depletion of natural resources. In support of free public urban transport,
claims are substantiated that the act of waiving charges is merely the same
as increasing the level of its subsidisation. We are simply shifting from
approximately a one-third, half, or two-thirds subsidisation of total costs
to a complete, 100% subsidy covering all outgoings (van Hulten 2015).
Proponents of free public transport often overlook, when advancing envi-
ronmental and social arguments in its favour, that public transport services
are the outcome of entrepreneurial activity, entailing all the consequences
of running a business, including fixed and variable costs, capital invest-
ment, and the maintenance of infrastructure throughout its life cycle. Such
considerations fail to recognise that the trend towards expanding free
access to public transport, as well as the range of its services, is typically
not accompanied by a corresponding increase in budgetary resources
to offset the resulting deficit. Examples of rich cities that offer free public
transport (Geneva) are incomparable to the situation of many cities found
across the European Union. On the other hand, leading examples of cities
thatintroduced free public transport in the last dozen or so years, cited by
the supporters of the concept as model solutions, did not stand the test
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of time (Swider 2024) (free public transport 2013). It is vital to remember
that attaining the goals of sustainable mobility requires a long-term, stable
policy of financing urban mobility. Financing public urban transport ser-
vices solely from the budget does not provide for such stability. A change
of political priorities on the part of the authorities or resulting from changes
in the government most often leads to an abandonment of the goals
and assumptions of a given policy or its complete re-modelling, causing
financial sources to be re-allocated from free public transport to other
public utility goals. An example of such a turn of events can be seen
in the Belgian city of Hasselt. In light of the above facts, financing public
urban transport services through the market, provided that the services
satisfy the most important travel demands, seems to carry a smaller risk
from the perspective of supply stability. Firstly, transport preferences
and behaviours do not change overnight, in contrast to political prior-
ities. Secondly, changes in residents’ transport behaviour should stem
from increased ecological awareness and attitudinal shifts grounded
in individual autonomy, rather than — as is too often advocated — through
restrictions, regulatory pressures, or structural and coercive measures
imposed on residents. The path towards changes in transport behaviour
and systems can be shaped by marketing research and, beyond the mar-
ket context, by education and the intergenerational transmission of values,
including environmental awareness.

The instruments required to enhance the competitiveness of public
urban transport can be grouped into three main areas of action: regulation,
organisation, and market adaptation. The regulatory sphere is primarily
the domain of public authorities. Market adaptation falls within the remit
of service providers, while the organisational sphere constitutes a shared
arena for joint actions undertaken by public authorities, public transport
boards, and operators. The difficulties in reaching a definitive definition
of public urban transport in the Polish context translate directly into chal-
lenges for its practical operation. State regulations sometimes create
difficulties in conclusively classifying certain transport services as urban
transport, particularly when these services extend into suburban areas.
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This, in turn, affects the organisation, financing, and integration of public
passenger transport.

The evolution of regulations governing public urban transport has
made some political authorities inclined to exercise direct control over
this form of public service and to expand their competencies across stra-
tegqic, tactical, and operational decision-making, despite the appointment
of specialised entities for this purpose (Grzelec 2013b). Under such cir-
cumstances, the service offer of public urban transport is shaped not by
traffic studies, marketing research, or economic and financial analyses,
but rather by the pursuit of political aims.

The role of public urban transport in shaping sustainable mobility stems
from the fact that (Newman, Kenworthy 1999):

— companies and residents align their decisions regarding the location

of headquarters and the choice of dwellings with the availability of
a high-quality public transport offer;

— residents using public transport tend to combine individual trips

into single journeys, thereby reducing their overall number;

— households using public transport give up car ownership;

— public transport users complete their journeys using a combination

of public transport, walking, or cycling.

The large carrying capacity of public transport predisposes it to play
the primary role in meeting urban mobility needs. Mutual interactions
between public transport and private cars can, however, in extreme cases,
result in a significant deterioration in service quality. This, in turn, risks
triggering the so-called ‘vicious circle’ of urban public transport, whereby
the number of passengers opting for car travel increases cyclically,
while the number of public urban transport passengers decreases.

The challenges in realising the potential of public urban transport
as a means of achieving sustainable mobility goals arise from the fragmen-
tation and lack of integration among the entities responsible for a city’s
transport operations, planning, and urban design, as well as from the con-
flicting interests of these entities. This limits their capacity to address
the factors that determine the attractiveness of public urban transport
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and its competitiveness relative to private cars. In some cases, favoura-
ble outcomes for this type of transport service can be achieved through
changes to legal regulations and the organisational framework of the sys-
tem (Hrelja, Khan, Pettersson 2020). It is important to deepen the under-
standing of cities’ experiences where significant positive outcomes have
been achieved in using public transport as an instrument of sustainable
urban mobility policy, combining theoretical knowledge with practical
experience (Grzelec, Hebel, Wyszomirski 2020).

The effective use of public transport as a tool for advancing sustain-
able mobility depends on the prerequisite of universal access to its ser-
vices. In most countries, public transport is regarded as a public utility
service, and the principle of accessibility is implemented within this frame-
work. The definition of accessibility is typically narrowed to two principal
categories: spatial accessibility, which relates to reaching the location
where the public transport service is provided and is measured in terms
of time or distance (Cheng et al. 2018). The other category of accessi-
bility is connected to a person (a passenger, a resident). This second
category is concerned with activities undertaken by people who travel
in space using available resources and technologies (Miller 2007). Ana-
lysing the resources required for travel makes it possible to distinguish
a subcategory of accessibility, namely economic accessibility, which refers
to residents’ purchasing power and determines their ability to undertake
journeys by specific means and transport modes. In the sustainable
mobility plans (SUMP), accessibility to public transport services is defined
as accessibility to: stops and stations, rolling stock, public space, and infor-
mation (Holve 2023).

In 2016, Lattman and colleagues proposed broadening the conven-
tional assessment of accessibility by incorporating measures that capture
residents’ subjective evaluation of accessibility and link it to their transport
behaviours (Lattman, Friman, Olsson 2016). Increasing the accessibility
of public transport services leads to higher levels of daily activity among
residents, provided that the increase is accompanied by a greater modal
share of public transport in overall trips. Active lifestyle can be directly
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influenced by providing accessible public transport modes, especially
to the low-income groups and minorities (Besser, Dannenberg 2005).
The connection between the accessibility of public transport and employ-
ment have long been researched (Dujardin, Selod, Thomas 2008; Ozbay,
Ozmen, Berechman 2006; Sanchez, Shen, Peng 2004; Yi 2006), yet some
researchers manifest elevated cautiousness in forming definite correlative
connections in this scope. For example, British studies have demonstrated
that a 10% difference in bus travel time between areas is correlated with
a difference in employment levels of as little as 0.13-0.30%, depending
on the type of area. Higher values were observed in more urbanised
areas, which typically have better-developed public transport networks
and higher levels of usage (Johnson, Ercolani, Mackie 2017).

Social inequalities regarding mobility and access to basic goods
and services constitute elements of social policies aimed at combating
social exclusion. A Geographic Information System (GIS) is being used
in research focused on social exclusion connected to transport. GIS allows
for the identification and evaluation of the connection between particular
social circumstances, public transport accessibility needs, and provision
of those services (Fransen et al. 2015). In Poland, analyses of accessibil-
ity of public transport were carried out in such cities as Poznan, Cracow,
and Warsaw. The isochronic analysis of accessibility of the public trans-
port network in Poznan revealed that the city lacks radial tram lines that
would secure fast connections between the city’s districts, especially in its
northern part (Gadziriski, Beim 2010). The research in Cracow confirmed
the earlier results showing discrepancies in the accessibility to urban
public transport (measured by the density of the network and frequency
of services on individual routes). A much higher density ratio is, of course,
identified in the city centre of Cracow (Barta 2020). The Warsaw research
revealed that the attractiveness of public transport is lower in compari-
son to the trips completed by car and bike, taking into account the time
of travel, speed and accessibility. The greatest potential benefits are
associated with metro and rail networks (Moscicka et al. 2019).
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Itis important to stress that sustainable development is also concerned
with fears associated with the exploitation of current resources and its goal
is to sustain their levels for further generations. From the point of view
of economics, sustainable development is connected to the idea of opti-
misation of resources, with the provision that transport is planned in a way
that allows for better accessibility and capability to reach the desired
location with a reduced use of resources (Vega 2011). In this context,
sustainable development and accessibility to transport services may be
mutually contradictory. With respect to transport infrastructure, sustain-
able development calls for consideration of the value of shared public
space, whereas the accessibility principle at times treats that same space
as an obstacle to be overcome (Tyler 2017).



3. Characteristics of the public
urban transport market

Demand on the public urban transport market results from the existence
of transportation needs (mobility). A mobility need is defined as a per-
son’s willingness or necessity to relocate from one place to another
using a transport mode. In part, mobility needs are satisfied without
the use of vehicles, namely by walking; some are satisfied through use
of so-called micro-mobility means, such as scooters, or Segway vehicles.
Not all mobility needs manifest themselves on the market.

The type and volume of the mobility needs of residents are varied.
This results from their varied levels of activity. When planning for mobility
needs, the needs and expectations concerning mobility must be con-
stantly identified since they are diverse and change dynamically in time
(Kostakis, Pandelis 2009). Part of the mobility needs will not be satisfied
and will therefore not translate into demand for public transport. Most
commonly, the reasons those needs are not met are as follows: incompat-
ibility of the service offer to demand (too few services, unsuitable route,
unacceptable price, lack of sufficient information on services); and cancel-
lation of travel for reasons unrelated to market phenomena (e.g., iliness).
In the market context, namely the dependency between demand and sup-
ply, mobility needs constitute potential demand that turns into effective
demand provided the passengers possess adequate purchasing funds.
Having a certain level of purchasing power enables mobility needs to be
met through alternative transport modes, provided that, under the given
circumstances, these modes function as substitutes for one another.
Public urban transport faces its strongest competition from private cars
(and, in the Polish context, to a lesser extent from motorcycles, electric
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bicycles, and mopeds) and, to some degree, from car-sharing services.
When travelling at short distances, public urban transport is substituted
or complemented with cycling, Personal Light Electric Vehicles (PLEV)?,
and walking. To sum up, from the point of view of issues discussed in this
monograph, mobility needs in the public urban transport market may be
divided into the following categories:

— met by public urban transport;

— met by individual transport modes and walking;

- unfulfilled needs.

The first from the above categories of mobility needs constitutes
the effective demand for entities providing public urban transport ser-
vices. The other two are defined as potential demands, however, not
in the full scope. Only some of the needs that can be qualified as belong-
ing to those categories can be met by public transport services. In circum-
stances where other ways of travel are complementary to public transport
(i.e., reaching a terminus loop or a bus stop), a mobility need will partially
translate into effective demand. Research into transport behaviours
in the city of Rumia, Poland (in the agglomeration of Gdarisk) revealed
that the share of multimodal trips with the use of public urban transport
is very little. Trips completed by car and a public transport mode consti-
tute a share of only 0.3%. The research did not identify a single instance
of a bicycle being used as a complementary mode of transport. It is also
symptomatic that the share of public urban transport in the city of Rumia
amounts to only 15.1% (MZKZG 2023).

Park and Ride systems are one of the most effective elements of influ-
encing multimodal travel within cities. In Amsterdam, about 10% of city
centre travel is conducted with the use of this system. In Munich its share
amounts to 15% and in London to 12% (Mills, White 2018; Sargious,
Janarthanan 2011; Zijlstra, Vanoutrive, Verhetsel 2015).

The definition of travel is broader than that of only a ride. Travel
is a door-to-door movement that consists of (Wyszomirski 1997):

*  PLEV: scooters, including electric scooters, monocycles, Segways, etc.
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— reaching a stop;

— waiting for a vehicle;

— ride on board;

- transferring to another service;

— arriving at the destination from the stop.

5:10 3:19 16:45 5:38 16:39 8:25 16:12 5:00 5:00 5:58
0:00 10:00 20:00 30:00 40:00 50:00 60:00 70:00 80:00 90:00
Time [min, s]
m Getting to the stop Waiting m Travel time | m Transfer and waiting
m Travel time Il m Transfer and waiting Travel time Il Transfer and waiting
Travel time IV Arriving for the destination

Figure 1. Average duration of different stages of travel using public urban
transport in Gdynia in 2018 [minutes]

Source: Own work on the basis of results of marketing research carried out by
the Public Transport Board in Gdynia.

Figure 1 presents the duration of travel using public urban transport
in Gdynia in 2018 at each stage of the journey. The average access time
to a stop was 5 minutes and 10 seconds. The average waiting time for
a vehicle, depending on the number of transfers, ranged from 3 minutes
and 19 seconds to 8 minutes and 25 seconds. The in-vehicle travel time
ranged from 5 minutes to 16 minutes and 45 seconds, again depending
on the number of transfers. The average time taken to reach a destination
amounted to 5 minutes and 58 seconds.

The particular nature of supply on the public urban transport market
is characterised by:

— transport services involving the carriage of passengers as an

exchange commodity;

- operators (transport companies) as producers of services and organ-

isers of public transport; and households as customers purchasing
these services;
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- local spatial range limited to the boundaries of a single city or sev-
eral cities within an agglomeration, including suburban areas that
are organically connected to the urban core.

The public urban transport service, characteristics and methods of pro-
vision are a matter for marketing research and activities that are thoroughly
discussed in Chapter 4 of this monograph.

Supply on the public urban transport market is created by the infrastruc-
ture and transport means (public transport rolling stock). The supply of this
form of transport, aimed at meeting mobility needs, is characterised by:

— simultaneity of service production and consumption;

- bidirectionality of services production;

— regularity of services production.

The simultaneity of production and consumption of public urban trans-
port services is expressed in the simultaneity of:

— production and consumption time;

— place of production and consumption;

— production and consumption volume.

This characteristic necessitates aligning the volume of supply with
the maximum levels of demand observed during peak periods. Since
transport services cannot be stored, they cannot be produced in advance,
during off-peak hours, to later be offered to consumers. Effectively,
the carrying potential of the public urban transport is completely utilised
only at particular times (Wyszomirski, ed., 2002).

The degree of supply utilisation is measured by the average number
of passengers on board public urban transport vehicles. This is expressed
as the ratio of passenger-kilometres completed during a given period
to the number of seat-kilometres provided. The index is calculated using
the following formula (Wyszomirski, ed., 2002):
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2P,
W= —— (1
C;l,K,-

where:

n — stands for the total number of route segments;

P;— stands for the number of passengers on a section and in the direc-
tion from 1 to n;

[;— the length of the section and;

C — number of seats on board the vehicle;

K;— number of vehicles covering the section, for which the value P;was
established.

The average vehicle occupancy rate of public urban transport vehicles
for the whole 24-hour period oscillated between 30% and 35%. During
peak times, this figure rises, oscillating at approximately 50%. This means

that in public urban transport, circa two seat-kilometres have to be offered

per one passenger-kilometre.

The infrastructure of urban transport comprises elements from multiple

branches of transport, with characteristics shaped by the need to meet

the mobility demands of urbanised areas. It consists of the following:

roads and streets, including all their permanent facilities, used for
the organisation of vehicle and pedestrian traffic;

metro, rail, and tram tracks;

electric network supplying power to the metro, rail, trams, and trol-
leybuses;

power substations;

stops, stations, and transport hubs;

bus, trolleybus, and tram depots;

car parks.

Supply in the context of transport modes may be more or less diver-

sified on the public urban transport market. Carriage services may be

provided by one or more types of transport modes.
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Assuming that individual urban transport includes solely the travel

of one person, the following journeys may be counted as part of this

type of transport:

spontaneous pedestrian movement;

PLEV, which since the beginning of the 21st century have been used
mainly for amusement purposes (scooters, longboards, Solowheels,
Segways);

bike rides (excluding tandem bikes);

travel by mopeds, motorbikes, and electric bikes, provided they
are used only by one person;

travel by car, provided the only person travelling is the driver.

Public urban transport consists mainly of journeys completed by
vehicles that by definition are designed to carry a larger volume of pas-

sengers, namely:

minibuses;

midibuses;

buses;

trolleybuses;

trams;

urban rail;

metro;

cable car;

water trams, car and passenger ferries;
personal rapid transit means.

Public urban transport may include pedestrian travel completed

in an organised manner (i.e. walking of an organised group of children

on a route from home to school) and journeys involving more than one

person:

on a tandem bike;

on motorcycles, mopeds, electric bikes (provided they are equipped
with passenger seats);

private cars.
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From the point of view of functionality and sustainable mobility policy
aims, it is important to divide public urban transport according to the cri-
terion of the type of propulsion used for the journeys undertaken:

- human-powered mobility (walking, cycling, using scooters);

— combustion engine vehicles;

— electric engine vehicles.

— the mode of vehicle access allows the following types of transport
to be distinguished: private, completed by vehicles in order to meet
the mobility needs of their owners;

— public, completed by vehicles provided to users in order to meet
their mobility needs.

The abovementioned division is arbitrary. From the perspective of sus-
tainable urban mobility policy objectives, attempts to establish a strict
taxonomy delineating clear boundaries between different modes of trans-
port are largely futile, as each form of movement must be analysed indi-
vidually. For instance, bicycles may be classified both as human-powered
and, increasingly, powered by electric or even combustion engines
(although the latter are typically custom-built and should not be equated
with standard e-bikes). A similar definitional challenge arises in distin-
guishing between public and private transport, as the former category
encompasses car-sharing schemes. Private transport, meanwhile, can also
be used to meet the mobility needs of individuals other than the driver
(including in cases of carpooling). Its classification as private transport
ultimately depends on the mobility needs of the vehicle owner, the pas-
sengers they carry, and any person to whom the vehicle is lent (Grzelec,
Hebel, Wyszomirski 2020).

The way in which the public urban transport market is organised
and functions is an important determinant concerning the scope and fre-
quency of marketing research. In monopoly or oligopoly markets, market-
ing research is usually carried out in situations where securing a profitable
(monopolised) position and competitive advantage on the market largely
relies on knowledge of the shifting preferences of consumers.
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Public urban transport is characterised by specific market conditions.
Transport service providers typically operate as monopolists, transport ser-
vices are classified as public utilities, and the principles of universal acces-
sibility, pursued through transport and social policy objectives, necessitate
subsidisation. For monopolistic service providers, many of which are pub-
lic entities, these conditions create the possibility of delivering services
in @ manner that insufficiently reflects residents’ transport preferences
and expectations regarding acceptable service quality. The goals of sus-
tainable mobility, which by definition should support the development
of the public urban transport offer, often become a pretext for using this
mode of transport to pursue particular political interests and questionable
ideological or activist agendas, especially when considering its effec-
tiveness measured by passenger growth. The practical value of some
publications is limited, as their proposals for changes to the service offer
fail to take into account the feasibility of implementation within the reali-
ties of a functioning market and a democratic system of governance.

Table 2 presents the analysis of the market behaviours of various enti-
ties that has been divided into four models for the organisation and man-
agement of public urban transport. Model 1 occurs when the operator
or operators active in the market are wholly or partly publicly owned.
When there is more than one operator active on the market, each of them
manages the service offer independently. Tariff agreements may be
established within this model. Model 2 assumes the operation of a public
transport board and one operator. The model is characterised by a lack
of competition at the level of service provision and division of manage-
ment functions between the public transport board and the operator.
Model 3 is characterised by the public transport board and competing
operators. Model 4 is based on deregulation of the market, where inde-
pendent carriers compete for passengers.
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Table 2. Operating models of the entities active in the market that supply

transport services

Management | ) el 1 Model 2 Model 3 Model 4
components
Management | The longest The longest The longest Paying marginal
strategy possible route | possible route |possible route | costs over
network network network a short space
of time
Pricing policy | Satisfactory Satisfactory Satisfactory Profit
aims level of cost level of cost level of cost
coverage coverage coverage
through fare through fare through fare
revenues revenues revenues
Pricing policy |Cross- Cross- Cross- Prices based
terms subsidising subsidising subsidising on marginal
of routes of routes of routes costs of routes

Source: compiled based on (Costa 1996).

Monopolies on the public urban transport market are an obstacle
to the achievement of the goals of sustainable mobility. A typical monop-
olistic situation occurs at the level of realisation of carrier services when
those services are provided by one entity. According to the model of mar-
ket entities’ behaviour, a monopolist works towards reaching economic
goals through using their position on the market. When public transport
is subsidised, certain macroeconomic conditions often lead to pressure
from the monopolistic provider to secure increased budgetary subsidies
without making any changes to the volume or quality of services offered.
A monopolist may therefore shift the inefficiencies of market operation
onto the burden of public funds (Grzelec, Hebel, Wyszomirski 2020).

The downfalls of monopoly in the context of public urban trans-
port, including the restrictions in attaining the goals of transport policy,
in the mid-1980s, became the premises for a search for new organisa-
tional solutions for this type of transport. These solutions called for open-
ing the market to private operators and using competition as a means
of improving service quality. The widest scope of deregulations concerning
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public urban transport took place in Great Britain. The expectations
of authorities connected with the deregulation of public urban trans-
port in the United Kingdom regarded an increase in supply; a decrease
of subsidies, including cross-financing of services, cutting back on costs,
and the implementation of innovative and diversified services (Mackie,
Preston, Nash 1995). These expectations were based on theoretical
assumptions suggesting that competitive markets provide for a more
effective mix of prices than in a monopolistic reality; and that bus services
is, to a large extent, a contestable market (Ferndndez, Mufioz 2007).

Initially, deregulation brought positive results, namely a decrease
by a third of costs connected to operations of public transport, which
stemmed directly from competition and the adjustment of the ser-
vice offer to demand (Mackie, Preston, Nash 1995). Later, however,
the model began to manifest it shortcomings. The following may be named
as the most significant (Preston 1999; Savage 1993):

- tariff disintegration resulting from carriers using their own, individ-
ual tariffs and restricting the discounts to segments of passengers
with high price elasticity of demand;

- need to contain costs, coupled with the awareness of potential
failure and the risk of losing to competitors, prevented high levels
of investment. In consequence, the rolling stock was often found
in a poor technical condition due to necessary cut-backs in invest-
ment;

- unprofitable routes were discontinued, creating a situation when
mobility demands were only partially met;

- between 1985 and 1989, the number of journeys on bus trans-
port, with the exception of London, which was not deregulated,
decreased from 4 to 22%.

The introduction of a spokesperson representing the interests
of the passengers and public authorities, focused on attaining the com-
plex goals of sustainable mobility policies, was one of the premises for
the separation of organisational functions from transport operations.
The economic benefits of the solution, consisting of the separation
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of organisation from transport provision, the appointment of a public
transport board, and the introduction of competition between the oper-
ators, resulted from the nature of competition as a mechanism of enforc-
ing high efficiency of actions in the face of the threat to the position
on the market. A company pressured by competition must strive to best
address the needs of the consumer. In the context of regulated public
urban transport, where the organisation activities are separated from
transport operations, it is the organiser, representing public authori-
ties, who becomes the immediate buyer of the services provided by
the transport company. In the context of regulated public urban trans-
port, where the organisational activities are separated from the transport
operations, the direct purchaser of the transport services provided by
the transport company is the organiser (PTB) representing the public
authorities. Competition on the market in the scope of providing trans-
port services allows the organiser, who purchases transport services, for
the verification of their costs (Grzelec 2013b).

In the public transport model featuring an appointed public transport
board and a monopolistic operator, a monopsony can also be observed.
This is the role played by the public transport board. What thus emerges
in the market is a specific situation in the transactions between these
two entities: a bilateral monopoly, in which there is only one provider
of transport services and a single purchaser (the public transport author-
ity). Research conducted by Wolariski revealed that separating organisa-
tional activities from transport operations in the case of a monopolistic
municipal carrier proves more costly than when the monopolist acts
simultaneously as both organiser and operator. The possibility for the pub-
lic transport board to influence the quality of the services provided by
a monopolistic operator of services in the face of their strong position,
both formally and informally (especially if the operator is also owned by
the city) is significantly restricted. It is relatively higher when the public
transport board and operator are companies. It gets worse, on the other
hand, when the public transport board operates as a budgetary unit with
a limited autonomy in decision-making (Wolariski 2011).
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The downfalls of the way in which public transport boards operate
in Poland result mostly from the ineffective yet commonly accepted
organisational structure of budgetary units of these entities (Grzelec
2011). The need to operate within budgetary structures typically results
in the performance of routine tasks, ingrained in employees’ habits,
and a tendency to select the easiest, albeit lawful, means of imple-
mentation. The measure of employees’ activities is their legalisation,
and not positive market results in the form of high customer assessments.
Additionally, there is a danger of taking on tasks that exceed financial
and organisational possibilities. “There is this irrational misconception
that taking on a grand task makes its executorimportant. This phenom-
enon, often referred to as ‘budget attachment’, involves taking on tasks
beyond actual capacity, later invoking the argument of continuity to justify
ever-increasing budget allocations, which seldom reflect the true priorities
of the community” (Pakoriski 2001: 21).

A notable study into the inclination to implement marketing strat-
egies taking into account the organisational pattern of the company
and the position of public urban transport on the market in Poland was
conducted by Mendryk. In the years 2006—-2007 and 2010-2011 she
examined in the above-mentioned context the actions of 18 public urban
transport organisers (public transport boards) and 77 public urban trans-
port operators in Poland. The research results revealed that 78% of oper-
ators and 79% of organisers segmented the market solely in spatial
terms, disregarding material and subjective dimensions, 83% of operators
and 68% of organisers preferred using defensive strategies. The dom-
inating actions in shaping services were coordinating service timeta-
bles — a strategy declared by 85% of operators and 90% of organisers.
The strategies concerning prices were dominated by mimicry (comparison
of fare prices to those in other cities of similar size). Only 9% of operators
and 25% of organisers supported their fare proposals submitted to pub-
lic authorities with comparative cost analyses of public urban transport
versus private car travel.
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For a better understanding of the results, they could be viewed
in the context of research conducted by Public Transportation Agen-
cies and Specialised Transportation Agencies in the USA. A marketing
plan is adopted by 65% of entities, and in 20% of the cases the person
responsible for marketing holds a director’s position. Amongst services
provided by external companies, the prevailing type of companies con-
tracted are those working in design, production, marketing and research
(Cronin, Hightower 2004).



4. Marketing research sources, scope,
methods and tools in the context
of public urban transport

The typical scope of marketing research, according to the classification
adopted in marketing textbooks, is inclusive of (Siripipatthanakul, Chana
2021):

- external and internal conditions influencing the operations of public
urban transport and the entities providing services;

- tools of influence on the market, defined as a marketing compo-
sition that consists of actions connected to shaping the services,
prices, distribution, promotion, personnel, customer service pro-
cess, and physical evidence concerned with building the image
of service providers;

- company’s performance results.

Research into the conditions of operations of a public urban transport
company can be divided into research on the external conditions influ-
encing the organising company and/or the service provider, and research
into the internal conditions (Wyszomirski, Grzelec 1998).

Results of research into the external conditions provide informa-
tion on the company’s surrounding environment. Such results allow for
the identification of specific trends and phenomena that influence its
operations. Thanks to the findings of such research, the company can
adjust to the surrounding environment. On the other hand, the results
of research into the internal conditions provide information on the compa-
ny’s resources and business competencies. They allow for the evaluation
of the potential for the company to operate effectively on the market.
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Research into the external conditions that influence the company’s
operations concerns economic, political, legal, technical and technologi-
cal, cultural, and social determinants. External conditions are also shaped
by the structure of the market (including the number and size of compet-
itors and the threats they pose) as well as by phenomena related to con-
sumer preferences and behaviours. The external conditions that shape
the environment in which public urban transport operates are determined
mainly by sustainable urban mobility policies, as set out in SUMPs, and by
electromobility goals. Those conditions are accompanied by changes
in the so-called mobility culture and in the perception of particular trans-
port modes, both from an ecological perspective and, more broadly, from
the perspective of comfort associated with urban life.

Research into phenomena concerning entities offering public urban
transport services consists of research into:

- techniques and technologies for service provision, including pri-
marily the range of vehicles used within the public urban transport
network, electronic ticketing systems, and passenger information
services (such as trip planners and real-time departure informa-
tion displayed at stops and stations);

— shaping the range of public urban transport services. Including pri-
marily their integration with services provided by other transport
modes that form part of the sustainable mobility subsystem;

- systems of organisation of public urban transport services. Including
primarily the efficiency of market segmentation models concerning
public urban transport and the organisational forms of transport
boards and operators;

- financial, metrical, and human resources within the entities providing
public urban transport services, including financing sources of this
type of transport effectiveness of various financing mechanisms for
operational and investment activities.

Research into the external conditions relative to the entities consists of:

- research into general economic, political, legal, technical, techno-
logical, cultural, and social determinants;
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- research into competitors, including analysis of their activities
and programmes. This research concerns primarily the main com-
petitor of public urban transport, namely private cars. In situations
where organisational activities are separated from transport oper-
ations and competition is introduced in the provision of transport
services, operators contracted by the organiser should conduct
competition research aimed at increasing their own market share;

- research into market needs and demand.

Amongst research into external phenomena, the research into trans-
port needs and demand is of particular importance due to their specific
nature.

Research into a company’s tools of market influence focuses primarily
on aspects related to transport needs, potential and effective demand
(including non-price elasticity, such as income elasticity and supply elas-
ticity of demand), residents’ transport preferences (including desired
characteristics of public urban transport), residents’ transport behaviours
(including the modal split), and residents’ satisfaction with service quality
(aligning the quality offered with the quality expected by users).

Research into prices in public urban transport focuses mainly on the
price elasticity of demand (including the impact of free public urban trans-
port on demand) and the profitability of various tariff solutions, including
tariff integration. Analyses of distribution are concerned with research into
the channels of distribution of services connected with purchasing tickets.
They examine the ease of purchasing tickets as part of so-called intensive
distribution and the effective use of various tools to this end. Research
into promotion makes it possible to determine the effectiveness of actions
undertaken to support sales and the methods of promoting services.

Research into the results of operations of companies typically con-
sists of:

- studies on attainment of the SUMP goals using specified indicators

of their completion;

- studies on results connected with offering services on the market;
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— studies on the market share of public urban transport, and within its
submarkets, studies on the share of entities organising and deliv-
ering transport services;

— research into the image of public urban transport and entities pro-
viding services.

Performance indicators connected with offering public urban trans-
port services are expressed in natural units (passenger volume, share
of loyal passengers, share of public transport in urban travel), quantitative
indicators (revenues from ticket sales), and qualitative indicators (level
of customer satisfaction with services, evaluation of quality of service).

The main indicator of the efficiency of marketing activities leading
to sustainable mobility is the share of public transport, including public
urban transport, in transport. Data on the structure of usage of transport
modes in various cities cited in academic publications and reports has
to be treated with caution due to varying methods of survey and anal-
ysis, resulting in specific errors in structural indicators (fractions). Sus-
tainable mobility plans should indicate the desired share of individual
transport modes, taking into account the goals of sustainable mobility
and considering:

— level of satisfaction with transport needs expected by residents;

— transport mode preferences;

— minimisation of the negative impact transport has on the natural
environment;

— potential to fund sustainable transport from the budget.

In public urban transport markets with competing service provid-
ers, it is vital to research and analyse the impact of the supply struc-
ture on the financial effectiveness of the system. Efficiency studies
and analyses in this area are conducted similarly to those applied to dis-
tribution channels, treating operators as intermediaries in the provision
of services.

Research into the image of public urban transport provides informa-
tion on how it is perceived by residents and, consequently, on the factors
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influencing their attitudes towards this segment of the sustainable mobil-
ity market.

The above context allows for the division of the sources of information
used in market research into internal and external sources. Those, in turn,
can be divided into primary and secondary sources (Kaczmarczyk 2002).

The particular nature of the organisation of supply on the public urban
transport market blurs the line between internal and external sources.
Let us take as an example a market with regulated competition where
the role of the transport organiser is performed by the public urban trans-
port board, which is responsible for the quality and quantity of services,
and the services themselves are provided by operators® contracted by
the board. In such circumstances, the organiser can include in the inter-
nal sources not only documents, reports, and sales reports analyses
drafted by the board, but also documents produced by contractors,
namely the contracted operators and other outsourcing companies.
Such a classification of marketing information sources will be justified
by a holistic approach to the public urban transport service offer. A full
evaluation of the quality and quantity of services and the reasons for
discrepancies between the planned and delivered quality are possible
to identify and, consequently, alter, under the provision that all available
sources of information connected to the planning, execution, and mon-
itoring of the parameters of services provided by the public transport
board and operators alike, shall be taken into account.

5 In everyday speech, the terms ‘operator’ and ‘carrier’ are used interchangeably.

In the literature on the subject and in Polish law, an operator is a transport company
that provides transport services after winning a tender organised by a public urban
transport board, whilst a carrier is an entity active on the market and usually operat-
ing as an in-house entity publicly owned and employed on the basis of Regulation
(EC) No. 1370/2007 of the European Parliament and of the Council of 23 October
2007, on public passenger transport services by rail and by road (OJ EU L 315/1,
03.12.2007).
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For public urban transport, the following can be named as some

of the internal sources of secondary marketing information:

ticket sales reports, broken down into types, channels of distribu-
tion and sales brokers, as well as sales periods;

ticket inspection reports broken down by areas where inspections
were carried out and by individual inspectors;

reports from the traffic control centre on compliance of the services
provided with the conditions set out in the transport agreement,
including deviations from established timetables (unrealised or
partially realised services) and punctuality. Reports on explanations
provided by operators regarding the reasons for timetable devia-
tions, as well as driver performance checks carried out by special-
ised staff, with a breakdown by operator and individual driver;
passenger (or wider: stakeholders) complaints, requests and pro-
posals, submitted in writing;

synthesis and analytical reports from the ITS (Intelligent Transporta-
tion System) regarding deviations from timetables, with a particular
focus on delays on particular route sections.

Primary internal sources of information, defined as findings of mar-

keting research obtained independently by the organiser of transport

as a result of providing services or by the operator, include:

transport needs;

demand,;

preferences and transport behaviours of residents;
level of satisfaction from the services provided;
quality of services (e.g., mystery passenger method);
other, concerning changes to the transport offer.®

In this scope, good practices were established by the Public Transport Board in Gdy-

nia, which verifies the requests to alter individual routes or change timetables at par-

ticular stops made by residents, city councillors, and district councils using market-
ing research. Requested changes to the offer are evaluated by the passengers (the
research is carried out at bus stops). This enables the organiser to verify the relevance
of these changes.
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The secondary internal sources forming the system of marketing infor-

mation for public urban transport are comprised above all of:

reports and analyses of comprehensive traffic surveys with public
transport traffic models;

industry reports regarding public urban transport (in Poland, such
reports are published by such entities as Warsaw Chamber of Com-
merce of Urban Transport [Izba Gospodarcza Komunikacji Miejskiej
w Warszawie));

reports from market research and analyses carried out in other
Polish cities, the European Union, and globally;

national, regional, and municipal statistical data collected and pub-
lished by the city, commune, and regional authorities, Eurostat data,
reports and publications of UN agencies;

academic articles and publications on sustainable urban mobility;
press articles and media reports.

documents, decisions, acts, and regulations, both national and EU.

The primary external sources comprise marketing research obtained

after organiser commissions (or pays) external entities to carry out such

research. The scope of such research usually includes:

transport needs;

demand,;

preferences and transport behaviours of residents;
level of satisfaction with the services provided,;
quality of services (i.e. mystery passenger method);
tests and experiments, i.e. fare system tests.

Due to the mass character of the public urban transport services, mar-

keting research is usually carried out using a sample. Research carried

out on whole populations usually concern smaller communities (e.g.,

employees of companies dealing with mobility, stations, stops). Studies

into the volume of effective demand are carried out increasingly often

on entire populations provided that public urban transport vehicles are

equipped with suitable passenger counting devices or access to mobile

device operators’ databases is ensured. Research on large populations
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(residents of cities, communes, regions or states) is carried out using
a representative sample.

In randomly selected samples, probability theory is applied within
the framework of statistical inference. The method is based on a math-
ematical representation of the correspondence between the sample
and the population it is supposed to represent. Social and experimen-
tal sciences define a random sample, used as the basis for reasoning,
as either a subset of individuals randomly selected from a predefined pop-
ulation (to which the later findings will apply) or a randomised controlled
experiment in which the evaluated individuals are randomly assigned
to one of two groups: the experimental group (exposed to a stimulus)
and the control group (Szreder 2021).

The following aspects decide whether a sample is deemed represent-
ative (Davern 2008):

— a complete list of data, including information on all individuals
in a population, enabling the use of a sampling frame in which
each unit has a non-zero (though not necessarily equal) probability
of being selected;

— using a randomised pattern for sampling individuals;

— collection of data for each individual chosen for sampling — no
exceptions.

In the great majority of studies, only the first condition of random sam-
pling is met, often with considerable expenditure of effort and resources
(Jabkowski 2015).

Complex research into mobility needs, demand, preferences and trans-
port behaviours (as well as its equivalents referring to urban transport
en massé in the shape of comprehensive traffic surveys aimed at model-
ling the traffic in cities and agglomerations) are usually carried out using
random sampling. The results of research carried out by the Public Trans-
port Board in Gdynia (PTB) quoted in this monograph are based on ran-
dom sampling research carried out within households. In this research,
the residents meeting the required parameters laid out in the sampling
frame are the sampling unit. The sample is a stratified random sample.
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Selected residents are chosen proportionally to the population of indi-
vidual districts, gender, and age. Such sampling is justified by the spe-
cific nature of public urban transport services related to spatial move-
ment and the fact that approximately 40-50% of passengers travel
to their place of residence. Gender and age are statistically significant
determinants of needs, behaviours, and transport preferences (Haust-
ein, Siren 2015; Loukaitou-Sideris 2014; Tyrinopoulos, Antoniou 2013;
Weinberg 1979).

For a number of years, the team lead by the author would choose
a sample on the basis of a list of residents registered in Gdynia (personal
address sampling). In the 21st century, the main issue connected to con-
ducting the study (bias in the non-random sampling) can be seen in the dis-
crepancies between the persons chosen for the sample who, according
to official records, should reside at the given address, and factual circum-
stances resulting from the common practice of property rental. This causes
the need to create a backup list of selected residents (and addresses)
that could be included in the survey for the sake of meeting the assumed
volume of the sample. Another mistake with the completion of the sample
for the study is connected to refusals and the above-average professional
activity of some residents. The highest probability of conducting the inter-
view, resulting from the availability of the respondent, is found among
respondents over 65 years of age. The results of the analyses, however,
prove that the oldest respondents are also most likely to refuse partici-
pation in the study (Jabkowski 2015). In such cases, it is also necessary
to include respondents from backup lists in order to carry out the intended
sample (Helbin, Wotek, Wyszomirski 2015). “The consequences of such
errors, such as respondent refusals, deficiencies in the sampling frame
(coverage errors), content-related inaccuracies, or data processing errors
arising at later stages of the study, constitute some of the most signif-
icant challenges faced by statisticians today. Many researchers, who
are conscious of these errors, make efforts to convince the recipients
of the results that a sufficiently large sample levels or nullifies the con-
sequences of their impact” (Szreder 2021: 19).
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One of the consequences of completing surveys using respondents
from the backup lists in research by PTB was an increase in the sam-
ple of people with lower mobility, which, in turn, resulted in an increase
in the share of people using public urban transport. Towards the end
of the second decade of the 21st century, the data protection legislation
and the pandemic additionally hindered the research process concerning
conducting interviews in households.

Given the difficulties in constructing a randomised sample based
on a list of residents, an increasing number of entities have opted to col-
lect samples using either cluster sampling (all residents of a randomly
selected household’) or the random route method. The method involves
choosing addresses at random, providing starting points for the inter-
viewers. Later, when conducting the interviews, they choose their route
and the residential buildings and apartments according to specific instruc-
tions (Adams, Brace 2006). Some researchers regard this method as more
effective than reaching respondents by additional pooling of ‘substitute’
respondents in case of the absence or refusal of the originally selected
respondent that was well suited to the profile of the research carried
out within a localised area (Gdrny, Torunczyk-Ruiz 201 1). Random route
procedures are justified and applied when choosing a sample within
blocks of flats (from randomly chosen addresses) or households (from
randomly chosen residential buildings), however, aside from facilitating
fieldwork, they have questionable value in the random and represent-
ative selection of individuals for research samples (Jabkowski 2015).
Although this method yields a demographic distribution of the sample
that corresponds to the population, it is likely that unexamined varia-
bles are significantly biased. The main assumption of the random route
is that every household has an equal probability of sampling. In practice
this may prove to be overstated. Simulations carried out by Bauer have
proven that the random route samples may lead to unequal probabilities

7 This is the method that has been applied for years in Poland when carrying out com-

prehensive traffic surveys (CTS) in households.
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of household sampling (Bauer 2014). The results of research carried
out in Sopot in 2018 and 2024 by the author of this monograph did not
confirm the results of the aforementioned simulations for two groups:
single-family and multi-family households. The differences in sample
spread in both instances proved to be statistically immaterial. There
was, however, a significant change regarding a characteristic vital for
the research into transport behaviour of residents, namely a decrease
in the share of households where a car is owned, which could not be
used as a component in the sampling process. This change in this charac-
teristic can be partially explained by demographic and housing changes
in Sopot between 2002 and 2024 of a significant number of Ukrainian
refugees (relative to the total population), the majority of whom were
renting their own flats by 2024. However, this does not fully explain
the 7% drop of the share of households that own a car that was noted
in Sopot in the years 2018-2024.

In instances when a sample cannot be randomised, the researchers
turn to non-randomised sampling (quota sampling, convenience sampling,
judgement sampling).

Sometimes non-randomised samples are treated as representative
in their subject matter under the provision that the ratio in choosing
respondents is representative of the structure of a given population.
The most common criteria taken into account are demographical (gen-
der, age, education) and geographical (place of residence). Such sam-
ples are an example of quota sampling. If such samples are treated
as being representative it is assumed that there are no variables, apart
from those taken into consideration as a criterion of sample structure,
which would significantly influence the results obtained on the basis
of the sample. Overlooking a variable which would, in this case, have
an influence on the transport needs, preferences, and behaviours will
lead to the results differing from the real-life parameters, characteristic
of the whole population. When executing a quota sample, the interviewer
independently establishes which respondent fulfils the criteria, which
in certain circumstances can be a source of errors.
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Some researchers are convinced that an increase in the size
of the non-randomised sample allows for an equal inference with regards
to the whole population as in randomised sampling. “Large sample size
deceives some researchers into thinking that it guarantees an accurate
and credible inference regardless of the quality of observations in the sam-
ple. They most often forget that the main categories of non-randomised
errors are not functions of the sample size. (...) It is a fact that the increas-
ing size of a sample increases the capacity of a statistical test to cor-
rectly differentiate between a true and false hypothesis. On the other
hand, it should be noted that although sampling error decreases with
an increase in the number of observations in a sample, this principle
should not be extended to overall inference error, as its other non-random
components are not subject to this relationship”® (Szreder 2021: 11). This
partially results from the tendency in recent years to attempt to validate
research findings by establishing statistical significance (p-value), whilst
at the same time forgetting that the non-randomised sample selection
bias may, to a greater extent than sampling error, influence the deter-
mination of the significance of discrepancies, which are the basis for
the rejection of the zero hypothesis.

In the 21st century, data production and storage processes pro-
vide new possibilities for shaping production processes. It is estimated
that in 2025 the volume of data stored in binary form is going to reach
175 zettabytes (Reinsel, Gantz, Rydning 2017). Big Data analyses con-
cern the possibility to use stored data for pattern identification purposes
which may provide priceless information and may be used to study
demand and transport behaviours. In the context of public transport, big
data analysis is commonly implemented in ITS where: the data is stored;
analysed (carried out using such methods as supervised, unsupervised,
enhancement, deep learning, and ontology-based methods); and solu-
tions are implemented aimed at solving particular traffic problems (usually

8 The test strength, apart from the sampling error, does not take into account any other

errors which may apply to the results in a sample (Szreder 2021).
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congestion). Botte et al. (2019) conducted comprehensive research
of ITS literature.

A wide range of measurement methods and techniques is applied
in marketing research in the context of public urban transport. Some
research implements relatively rare methods which correspond with
the specific nature of a given research and decision problem. This mon-
ograph presents the most important and frequent of those methods,
grouping them together according to the research topic connected with
the service (Table 3).

Marketing research is concerned with the characteristics of services,
volume of demand for those services, structure of demand, transport
behaviours of residents (including consumers of public urban transport —
passengers), preferences, and level of service satisfaction as perceived
by the users.

The choice of research method is determined by the aim of the mar-
keting research (Hair et al. 201 3). The mass nature of the services, as well
as their spatial character, also influences the choice of research method.®
Measurements of the volume of demand for public urban transport services
may be carried out using alternative or, in some cases, complementary
methods. Example: Calculation of the estimated passenger volume (travel
volume') for a given city (transport network) is possible when using sec-
ondary sources of market information, such as ticket sales reports. Such
data is, however, insufficient to calculate the total passenger volume as it
is incomplete (inexhaustive — it does not include all necessary information).
Sales reports include the number of sold tickets with varying validity ranges.

More on the topic of the rules, advantages, and disadvantages of individual meas-
urement methods can be found in: (Kaczmarczyk 2002).

Passenger volume is often mistakenly confused with travel volume, whilst statistics
is concerned with the number of rides. One journey may consist of multiple rides
as long as the passenger changed the transport mode (transferred) during his journey
from point of origin to destination.
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Table 3. Methods of marketing research in the context of public urban transport with corresponding issue, scope,

location of research and research frequency

Research topic

Scope

Methods

Location of research

Frequency of research

Transport needs

Demand

Demand

Demand

Identification of transport
needs

Identification of reasons
and motivation behind
making a journey

Estimated or real volume
of demand across:
transit corridors,

routes, services, stops,
service areas (i.e. cities,
communes, districts,
residential areas,
metropolitan areas)

Estimated volume

of demand across:

a residential area,

a city, city communes,
metropolitan areas

Volume of demand related
to the service of specific
traffic sources

Surveys, interviews

Observations,
recording

Secondary internal
sources, interviews

Surveys, interviews,
observations,
recording

Depending on the research
aim: households,

places of work, schools,
universities, institutions,
and other origins

and destinations of travel

Public urban transport
vehicles, stops, stations

Transport organisers,
households

Sources of traffic (e.g.,
schools, places of work,
hospitals, institutions, etc.)

Comprehensive research
every 2-5 years
Research regarding
particular aspects,
repeated every 2-3 years
in order to monitor
changes

Recommended: continuous
studies

Comprehensive research
of the transport network
every 1-3 years

Comprehensive research
every 2-5 years

Depending on demand




Table 3 (cont.)

Research topic

Scope

Methods

Location of research

Frequency of research

Demand

Transport behaviours

Transport
preferences

Level of satisfaction
with the services
provided

Structure of demand
according to a specified
criterion (i.e. tickets used,
entitlements to reduced
and free fares)

Ways in which an urban trip
was completed

Share of individual
transport modes in modal
split

Travel directions, time

of execution and duration
of travel

Travel destinations

Transport demands
(desired characteristics

of public urban transport)
Reasons for choosing
particular transport modes
Standard of comfort

Level of fulfilment
of transport demands
Service quality evaluation

Secondary internal
sources, surveys,
interviews, recording

Surveys, interviews,
observations,
recording

Surveys, interviews

Surveys, interviews

Households, vehicles

Households, vehicles,
stops, stations

Households, places
of work, schools,
institutions, etc.

Households, places
of work, schools,
institutions, etc.

Comprehensive research
every 1-3 years
Depending on demand

Comprehensive research
every 2-5 years

Comprehensive research,
every 2-5 years or ad hoc,
depending on demand

Comprehensive research,
every 2-5 years or ad hoc,
depending on demand

Source: Own work.
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Usually, public urban transport organisers offer single fare, short-term,
and long-term tickets. Single fare tickets are valid for one trip, so the num-
ber of tickets sold will represent the number of trips (passengers) com-
pleted using these tickets. Short-term and long-term tickets usually do
not limit the number of trips which can be made in the given timeframe
(hourly tickets, 24-hour tickets, monthly tickets, term tickets, annual
tickets). In this context, in addition to the number of tickets sold, it is
important to determine how often they were used in their validity period.
In practice, this means there is a need to complete additional research
(e.g., on boards of vehicles, at points of distribution, on the internet) based
on which the volume of completed trips by the passengers holding peri-
odic tickets of a given face value is calculated (the price they were sold at).
It is advised that the number of trips be averaged for a given face value
rather than the type of ticket, due to the varied spatial validity of peri-
odic tickets (i.e. they may be valid in a certain zone or across the entire
network). Spatial validity strongly influences the number of trips com-
pleted on the basis of such a ticket, i.e. during one day (Grzelec 201 3a).
Such research is usually completed using direct standardised interview
method, and less often in a form of a survey (due to a low return index).
The average number of trips for a given type of ticket is established by
some analysts using the pattern method by using the data from market-
ing research concerning usage of periodic tickets in various cities, or by
drawing the data on transport mobility from statistical data. It is, however,
a risky solution due to the specific characteristics of transport behaviours
in individual cities (Grzelec 1997).

Due to the complex nature of some factors (characteristics, transport
demands, qualities of public urban transport) the conduction of in-depth
interviews, both group and individual, is advised. Identification of individual
experiences of chosen residents is usually the aim of in-depth interviews,
as well as the mechanisms and motives for making decisions concern-
ing certain transport modes. It also aims to describe complex character-
istics which consist of many varied factors. The task of the moderator
(the person conducting the interview) is to uncover the motives behind
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behaviours and to understand the views and emotions associated with
mobility decisions. In-depth interviews are more suited to developing
an understanding of the attitudes and motivations of an individual.

Table 4 presents selected instruments, together with their correspond-
ing methods as well as the scope and frequency of research carried out
on public urban transport.

Questionnaires are the most universal marketing research instruments.
Their use in market research is involves asking a question concerning
a given quality and obtaining an answer from the respondent.” The fol-
lowing are the most common questionnaire-based marketing research
techniques:

— PAPI (paper and pen personal interview), until recently, the most typ-
ical questionnaire-based interview where the respondent’s answers
to questions asked are recorded on a paper questionnaire;

- CATI (computer-assisted telephone interviewing). Interview con-
ducted over the phone where the interviewer is asks questions
and enters the answers into a computer script. The script allows for
partial automation of the questionnaire, e.g., by filtering the ques-
tions asked or randomising their order;

- CAWI (computer-assisted web interview), where the data for quan-
titative research is gathered via an online questionnaire completed
by the respondents.

Paper questionnaires, so popular in the 20th century, are now being
substituted in research carried out using direct interviews and surveys
with electronic questionnaires. These days, the questionnaires are
uploaded to a tablet or, in the case of simple questions, an iPhone or
smartphone. This allows for the automatization of measurements where
the questions are chosen according to the answers given (live filtering).

" More on the measurement process and principles of questionnaire design can be

found in: (Kaczmarczyk 2009).
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Table 4. Marketing research instruments in the context of public urban transport services, together with their

corresponding topics, scope, and research frequency

Research topic

Scope

Methods

Instruments

Frequency of research

Transport needs

Demand

Demand

Identification of transport
needs

Identification of reasons
and motivation behind
making a journey

Estimated or real volume
of demand across:
transport corridors,
services, stops, service
areas (e.g., cities,
communes, districts,
residential areas,
metropolitan areas)

Estimated volume

of demand across:

a residential area,

a city, city communes,
metropolitan areas

Surveys, interviews

Observations,
on board data
recording

Secondary internal
sources, interviews

Questionnaires

Observation forms, record
forms, counting gates,
video recording systems,
electronic ticket systems
(trip planners)

Desk research
instruments, questionnaire

Comprehensive research
every 2-5 years
Research regarding
particular aspects,
repeated every 2-3 years
in order to monitor
changes

Recommended: continuous
studies

Comprehensive research
of the transport network
every 1-3 years

Comprehensive research
every 2-5 years




Table 4 (cont.)

Research topic

Scope

Methods

Instruments

Frequency of research

Demand

Demand

Transport behaviours

Volume of demand related
to the service of specific
traffic sources

Structure of demand
according to a specified
criterion (i.e. tickets used,
entitlements to reduced
and free fares)

Ways in which an urban trip
was completed

Share of individual
transport modes in modal
split

Travel directions, time

of execution and duration
of travel

Travel destinations

Surveys, interviews,
observations,
recording

Secondary internal
sources, surveys,
interviews, recording

Surveys, interviews,
observations,
recording

Questionnaires,
observation forms, record
forms, counting gates,
video recording systems,
electronic ticket systems
(trip planners)

Desk research
instruments,
questionnaires,
observation forms, record
forms, counting gates,
video recording systems,
electronic ticket systems
(trip planners)

Questionnaires, in-depth
interview guides,
observation forms, record
forms, counting gates,
video recording systems,
electronic ticket systems
(trip planners)

Depending on demand

Comprehensive research
every 1-3 years
Depending on demand

Comprehensive research
every 2-5 years




Table 4 (cont.)

Research topic

Scope

Methods

Instruments

Frequency of research

Transport
preferences

Level of satisfaction
with the services
provided

Transport demands
(desired characteristics

of public urban transport)
Reasons for choosing
particular transport modes
Standard of comfort

Level of fulfilment
of transport demands
Service quality evaluation

Surveys, interviews

Surveys, interviews

Questionnaires, in-depth
interview guides

Questionnaires, in-depth
interview guides

Comprehensive research,
every 2-5 years or ad hoc,
depending on demand

Comprehensive research,
every 2-5 years or ad hoc,
depending on demand

Source: Own work.
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In survey methods, an electronic questionnaire may be placed on internet
portals, websites, or sent via email. Similarly to CATI and CAWI methods,
when designing a questionnaire, it is possible to account for the need for
accurate word entry by the interviewer and to pair the questionnaire with
a dictionary, as well as selecting names from dropdown menus, presenting
animated videos, pictures, and drawings. A correctly designed electronic
questionnaire facilitates and shortens the process of data reduction.

Observation and record forms used for example in measuring the vol-
ume of passengers and concurrently recording their structure can also
be created in an electronic form, uploaded to a tablet (or similar device).
In this case, however, the peculiar environment for conducting surveys
(public urban transport vehicles and stops) must be taken into account.
It may be that while conducting a survey on board a moving vehicle, it is
easier to record the answers on paper rather select the appropriate field
on a tablet screen using a finger or stylus. The choice of place used for
conducting observations influences the transparency of a survey and its
accuracy. Restrictions on the use of this method arise from the limita-
tions of human senses and the predispositions of observers conducting
the research. Measurement error when using this observation method
increases proportionally with the number of passengers assigned to each
observer. The benefits of using electronic record forms correspond
to those of electronic questionnaires.

Gates, cameras, and electronic ticket systems mounted on board
vehicles or at entrances to platforms are modern measuring instruments
used in public urban transport marketing research.

Automated systems measuring demand in public urban transport were
introduced in the 1970s. The scope of their implementation has rapidly
increased in recent years. At present, automated measuring systems are
characterised by their multifunctional qualities. The measurements include
Automated Vehicle Location (AVL), Automated Passenger Counting (APC),
and Automated Fare Collection (AFC). However, these are often systems
designed to perform specified and relatively narrow functions to the ben-
efit of transport authorities and operators. They automatically integrate
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passenger counting with the location of a vehicle (Rosetti 2000). The lack
of integration of subsystems means the data obtained during automated
measuring of demand may be inaccurate both in its volume and structure.
Specific limitations also arise from the system’s intended functionality.

The manufacturers of automated measuring systems used for counting
passengers provide devices based on different technologies of varying
accuracy. Such solutions include scales installed on vehicles, pressure
mats and stairs, photocells, cameras, and e-ticket systems.

The scales installed on board vehicles provide data on the weight
of an empty vehicle and a vehicle with passengers on board. The conver-
sion factors used to calculate demand applied in this case are a source
of relatively large measurement error and are therefore used only rarely
(Kovacs, Nadai, Horvath 2008). The essence of this concept lies in calcu-
lating the actual weight of the vehicle based on driving dynamics, vehi-
cle energy data, and track geometry, which necessitates the installation
of an additional measuring device.

Measuring instruments in the form of a specially designed pressure
mat or steps conduct measurements when pressure is applied to a sensor.
In addition to counting the passengers, these are also used to improve
security, e.g., by blocking the doors.

Entrance gates quipped with photocells are installed above a vehi-
cle’s doors. An analysis of the accuracy of an automated measurement
of passenger volume using entrance doors, as well as data provided by
the manufacturers of such devices, estimates that the measurement error
(namely the difference between the total number of passengers getting
on and getting off) may amount to +15% (Lebedeva, Mikhailov 2017).
This error largely depends on the calibration of the measuring devices.

The use of cameras for an automated count of passengers is still
being perfected in order to decrease the measurement error caused by
resolution, the changing background and lighting conditions, the per-
son’s positioning, and image scale. The results of tests in relation to this
are presented in the literature on the topic (Lebedeva, Mikhailov 2017).
Modern passenger counting techniques comprise three components,
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namely: person recognition, person tracking and calculation (Mukherjee
et al. 2011). Passenger counting systems based on a tracking function
performed by one camera provide 96.5-99% accuracy (Yang 2010). With
this method, accuracy drops as the number of passengers increases
and the camera shakes in motion (Li et al. 2017).

Electronic tickets, used as a measuring instrument, regardless
of the technology and storage medium, are usually used to measure
the volume and structure of paying passengers. This means that the pas-
sengers entitled to travel on free fares and fare dodgers are not registered.
Passengers who subscribe to the first group may be included in meas-
urements provided that they are obliged to carry a card (electronic free
fare card) and register their trips. However, implication of this solution
in practice and its execution is rather difficult as part of passengers enti-
tled to free fares are minors, elderly and disabled residents.

Using contemporary ticketing systems as a tool for measuring
the demand causes concerns of a legal nature. They are connected
to the obligation of registering trips by passengers holding tickets entitling
them to unlimited travel during the validity period (short- and long-term
tickets). Whilst the introduction of the requirement to register trips by all
passengers does not cause formal concerns, its enforcement, seen in pen-
alty fees imposed for failure to do so, was already debated by the Polish
Office of Competition and Consumer Protection which ruled penalising
passengers who hold a valid periodic ticket but fail to register their trip
is out of question. Proposals to vary the prices of periodic tickets for pas-
sengers who would commit to registering their trips and, in return, pay less
for their periodic ticket, and for passengers who would not wish to register
their trips and pay a higher price, were also questioned by solicitors who
pointed to the public nature of tariffs in public urban transport. Leaving
the registration of trips completed using periodic tickets to the goodwill
of passengers would render the collected data incomplete, and a sample
obtained in this way would be non-randomised (convenience sampling)
and more than likely consist of very few registered rides, making itimpos-
sible to estimate the population sample.
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A similar issue can be seen with regard to the registration of every trip
by all passengers entitled to free fares. In some cities of Poland, a solu-
tion to this problem was implemented in the shape of a free ticket (with
a 100% discount) that these passengers had to collect to ride. However,
it must be stated that a requirement to register every trip by passenger
who are entitled to free carriage (with the assumption that they are to col-
lect a free ticket in the ticket machine, be issued a special card, or install
an application on their smartphones) is difficult to enforce due to social
considerations enumerated earlier on. At present, the above solution
is in operation when travelling with Polish Rail. Its implementation in urban
transport (within agglomerations) would be connected to the necessity
of registering at least one entrance on board a vehicle, which, taking into
account much higher ratios of changes during a journey, could be met
with firm resistance on the part of the passengers. To sum up: using elec-
tronic ticketing systems for the purposes of data collection in the context
of demand is possible, however, it seems that the introduction of the rules
requiring every trip to be registered would be difficult and troublesome
and, in some cases, would raise legal concerns or bluntly breach the law.
On the other hand, using incomplete data regarding the demand and its
structure (without the possibility to estimate the lacking data) is, from
the point of view of planning the service offer, rather irrational.

Tickets purchased via mobile apps, including smartphones, are also
a form of electronic ticket. Most recent solutions in this scope assume
an interactive exchange of data between a mobile device and a database
system — namely, using the Wi-Fi signal of a mobile device to estimate
the passenger volume (Myrvoll et al. 2018). This would allow the type
of ticket held by a passenger to be established. Those systems are cur-
rently undergoing tests and require adjustments to solve formal and legal
issues connected to data protection.



5. The public urban transport services offer
as the subject of marketing research

The characteristics of the public urban transport market are deter-

mined by the nature of the subject of the transaction, namely, transport

services. It is the characteristics of shared urban transport that primarily

decide its features as a market offering. The most important specific fea-

tures of services, which decide, inter alia, the range of marketing actions

carried out, are presented in Table 5.

Table 5. Characteristics of services and their consequences for marketing

activities

Characteristics of services

Consequences for marketing

Intangibility — the service cannot
be measured, shown before purchase,
patented, or transported.

Focusing activities on:

— minimising purchase uncertainty by
creating and providing customers
with material proof, e.g., pamphlets,
catalogues, information booklets,
programmes and service quality
guarantees

- presenting the benefits of purchasing
the service

- providing the customer with reliable
information on the quality of services —
despite a lack of opportunity to present
these services

- breaking down barriers associated with
a lack of understanding of the nature
of services
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Table 5 (cont.)

Characteristics of services

Consequences for marketing

Perishability — a service does not
exist outside the process of its delivery;
it cannot be stored or inventoried,

and there are difficulties in synchronising
supply with demand.

Inseparability —the processes

of production and consumption occur
simultaneously and in the same

place; the customer often participates

in the service delivery process and comes
into direct contact with the service
provider.

Inconciliation — the quality of services
depends on many uncontrolled

factors and the quality of work of staff,
the difficulty of standardising services.

Inability to acquire ownership
of the service — acquisition
of ownership — services

- implementation of actions that reduce
the negative effects of demand
on certain seasonal services, e.g.,
a reservation system, pre-purchase,
discounts

— recognising staff as a valuable part
of marketing

— educating and training staff to provide
professional service

- building lasting relations with clients

- focus on ensuring favourable
conditions for the provision of services
and their availability

- eliminating queues, shortening waiting
times, and service duration

— conducting marketing research

- intensification of activities that build
the brand of a service company (single
services rarely have their own brands)

- creation of franchise networks

— developing customer service
procedures

— implementing ISO 9004-2 norms

- development of service quality
standards

— monitoring the quality of services
offered by competitors

— implementing a pricing policy that
considers the customer’s expected
value-for-money ratio

— and providing tangible proof
of reservation or service delivery

Source: (Czubata et al. 2012).
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The public urban transport service should be offered, taking into
account the importance of the individual characteristics of its quality
(attributes) for passengers.

According to Redman, the attributes of public transport can be divided
into the physical, the survey of which is possible without the partici-
pation of the passenger, and the perceived, the assessment of which
is the result of a subjective assessment by individual passengers (Redman
et al. 2013) — Table 6.

Table 6. Public transport service attributes

Type Attribute Explanation

Physical | Reliability The extent to which the actual service is provided
according to the timetable

Frequency How frequently the service is offered during a given
period

Speed Travel time between specified points

Availability Level of service accessibility for the highest number
of people

Cost Costs associated with making the journey

Information Information about routes and transfer hubs

Connections Simple connections and ease of transfers

Vehicles Technical condition of the vehicle (mechanical

aspects) and frequency of breakdowns

Perceived | Comfort Travel comfort, defined by the availability of seating,
driver service, and noise levels

Safety Sense of personal safety and safety of the journey
itself

Convenience Ease of use and impact on travel convenience

Aesthetics Attractiveness of vehicles, stops, and stations from

an aesthetic perspective

Source: (Redman et al. 2013).
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Based on the norms of the EU Standardisation Committee, eight attrib-

utes of public transport quality can be distinguished (Table 7).

Table 7. Public transport quality norms according to the EU Standardisation

Committee
Attribute Explanation

Availability The range of services offered in terms of geographic coverage,
timing, frequency, and transport modes

Accessibility Ease of access to the public transport system, including transfers
to other transport modes

Information Systematic provision of information about the transport system
to support travel planning and execution

Time Important aspects for travel planning include travel time,

Customer Service

Comfort
Safety

Environment

punctuality, and vehicle frequency

Adaptation of services to passenger needs, staff friendliness,
and response to complaints

Levels of crowding and cleanliness of vehicles and stops
Ensuring safety throughout the entire journey

Environmental impact of the services

Source: (Anderson, Condry, Findlay 201 3).

A comprehensive set of indicators of public urban transport quality was

devised by Starowicz and includes the following 26 indicators (Starowicz,
Gretkowska 2003):
- frequency of services;

— competence and customer service culture;

— direct connections;

- ease of making connections;

- information on board the buses;

- distance to and from the bus stop;

— travel conditions on board the buses;

— waiting conditions at bus stops;

- travel comfort;
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— travel time by public urban transport;

- frequency of routes;

— information at the bus stops;

— availability of the bus in a given place and at a given time;

— variety of transport options;

- legibility and ease of remembering the travel timetable;

- price of single tickets;

— price of periodic tickets;

— speed of travel;

— availability;

— punctuality of routes;

— certainty of completing the planned journey;

— personal safety of passengers;

- impact of noise, vibrations, and exhaust fumes;

— services offered on weekdays;

— services offered on Saturdays;

— services offered on Sundays and on holidays.

A further developed list of quality indicators (62 in total) determin-
ing the choice of transport mode was provided by Parkhurst et al. They
identified several groups of determinants influencing choice: basic fac-
tors such as travel time and the location of the destination; logistical
factors including frequency, punctuality, reliability, and transfers; factors
related to the travel environment like the influence of fellow passengers,
cleanliness, and vehicle equipment; and finally, motivations of travellers
connected with the very possibility of choosing a particular mode of travel,
such as the inability to travel on foot, the need to transport goods or
shopping, and the relationship between the potential costs incurred
and the quality of the journey (Parkhurst, Kenny, Goodwin 1992).

In research conducted in the Upper Silesian conurbation, Sierpiriski
also considered cleanliness, the possibility of transporting bicycles,
and a place for luggage as attributes of transport service (Sierpinski
2016). In research carried out by Cheba and Saniuk in Gorzéw Wielkopol-
ski the list of attributes includes courteous service provided by drivers,
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friendly ticket inspection, as well as clean stops (Cheba, Saniuk 20186).
The examples presented indicate that the list of transport demands
(i.e., attributes of public transport services) is not exhaustive. Conse-
quently, the quality of services should be regarded as a multidimensional
phenomenon.

A single, universally applicable ranking of transport demands for
public urban transport can also not be established, as it is determined
by the specific conditions governing transport in a given city. Thus,
establishing a hierarchy of transport demands for a specific city enables
the proper development of sustainable mobility for its residents. After
analysing the results of various studies conducted in Polish cities, Zajfert
concluded that these passenger demands are decisive, as they translate
into tangible benefits that reduce both the cost and duration of travel.
However, demands of a qualitative nature are of relatively minor impor-
tance (Zajfert 2018).

A common mistake made by public urban transport service provid-
ers, such as local authorities, transport management bodies and oper-
ators, is assessing the quality of transport services solely through aver-
aged demand intensity indicators (e.g., the number of services per hour,
vehicle-kilometres per capita, or stops per city or district etc.), rather than
through an evaluation of individual service attributes as perceived by
users or user segments (Rietveld 2005).

Supply indicators (i.e., the costs of providing services in specific
transport sectors) can be used to enhance the expected quality level
of services associated with a particular attribute. Research conducted
in eleven German cities has shown that replacing bus connections with
rail connections has led to an increase in the reliability and speed of ser-
vices. These changes increased the number of public transport journeys
in the examined cities from 15 to 38 per capita, amounting to a total
increase of more than one million journeys (Redman et al. 2013). In Tyne
and Wear in the UK, improvements in punctuality (following the intro-
duction of bus lanes), service frequency, and travel comfort resulted
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in a 40% increase in the number of journeys within the first two years
(Hensher, Mulley, Yahya 2010).

Public transport is generally perceived to be safer than travelling by car
(Paulssen et al. 2014). Safety is, however, often not ranked. It is regarded
as an attribute whose fulfilment is both essential and self-evident.

A pyramid of attributes relating to stations and public transport stops,
based on Maslow’s hierarchy of needs, was proposed by Peek and van

O

Convenience

Hagen (Figure 2).

Ease of Use

Speed

Safety and Reliability

Figure 2. Pyramid of passenger requirements and expectations for public
transport stations
Source: (Peek, Van Hagen 2002).

Only when the requirements and expectations at each level of the pyr-
amid are met will the customer perceive the public transport station
as a welcoming place for transfers. If the standards at any level of the pyr-
amid are not sufficiently high, the overall assessment is adversely affected.
For example, passengers consider it less important if a station is gloomy,
provided it enables a quick transfer, than if it is visually attractive but
requires long walks between platforms or considerable time to locate
suitable connections. Reliability and safety form the foundation of the cus-
tomer requirements and expectations pyramid. When these fundamental
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requirements are not met to the level expected by passengers, fulfilling fur-
ther expectations may not make much sense (Peek, Van Hagen 2002).

The proximity of origins and destinations of urban journeys to public
transport infrastructure and networks can also be regarded as a fun-
damental determinant of public transport use. This factor is particularly
significant in newly built housing estates located in peripheral areas.

Noteworthy conclusions were reached by Walker. He demonstrated that
the demand for public transport services is more responsive to changes
in service supply than to changes in income or prices. According to his
findings, improvements in public transport services themselves have
the most substantial influence on changes in demand. For instance, among
commuters, demand is most strongly affected by a marked and percep-
tible increase in service frequency, particularly when combined with
changes in branding and promotion of services. An additional external
factor contributing to increased demand in this segment is a relatively
sharp rise in fuel prices (Walker 2009).

Table 8 presents the results of studies on the average elasticity of public
transport demand in the United Kingdom. These results confirm the afore-
mentioned findings, indicating that demand is more sensitive to changes
in service supply than to changes in income or prices.

Table 8. Demand elasticities for short-distance public transport travel
in selected areas of the UK

Item Price elasticity Income elasticity Supply elasticity
Average from -0.12to -0.15 -0.29 0.46
London from —0.10 to —-0.12 - -

Metro services from —0.08 to —-0.12 - -
Counties from -0.17 to -0.19 - -
Scotland from -0.14 to -0.16 - -
Wales from -0.16 to —0.18 - -

Source: (Dargay, Hanly 2002).
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The significance of ticket price as an attribute of the public urban trans-
port service offering is classified by market segment and its purchasing
power. The price level should not be analysed in isolation from the tariff
system, including its structure, the ratio of single-ticket prices to short-
and long-term ticket prices, the degree of tariff integration and interopera-
bility among subsystems of public urban transport, and mechanisms such
as partial refunds for unused long-term tickets. The lack of coordination
between price-level measures and other tariff and ticketing schemes may
lead to adverse outcomes, including a reduction in demand. Modern tick-
eting systems should be implemented professionally, taking into account
both passenger expectations and their concerns about the changes intro-
duced, as well as the concerns of organisers and operators regarding
the impact of these changes on revenues (Wilson 1999).

Currently in Poland (2024), despite the existence of Sustainable Mobil-
ity Plans, which at best maintain passenger numbers for this mode of trans-
port, and despite the commitment of European funds to sustainable
mobility, this objective has been achieved in only a few cities (typically
those of medium size) (Wolanski 2022). Not only is the number of pas-
sengers declining, but the share of ticket revenues in covering the costs
of urban transport is also falling. In many Polish cities this share does
not exceed 30-35% (IGKM 2023). Such a low level of cost-recovery for
services has prompted the authorities of certain cities and municipal-
ities to introduce free public urban transport. Demand-oriented mar-
keting research, both desk-based and fieldwork, can support rational
decision-making. The experience of cities of various sizes in this regard
is diverse. In France, free public transport has been introduced in thir-
teen cities with populations ranging from 10,000 to 110,000 inhabitants
(Freepublictransport.Info 2020). In Germany, experiments with free public
transport have been conducted in several locations, including two cities
with populations of approximately 15,000. Beyond Europe, free public
transport has been implemented in the past or is still in place in 39 cities
in the United States and 15 in Brazil. One of the largest free-fare initia-
tives was carried out in Chengdu, China, a city of 15 million inhabitants

81



5. The public urban transport services offer...

(Kebtowski 2018). It is generally considered that free urban transport
holds greater potential outside of large metropolitan areas. As an example
of the effective introduction of fare-free (FF) public transport, the Belgian
city of Hasselt (population 50,000) is often cited. Following the measures
implemented by the municipal authorities, the number of passengers
increased from 360,000 in 1996 to over 4.5 million, accompanied by
a substantial expansion of service provision. The annual volume of vehi-
cle kilometres in the city increased by more than 2.5 times in compared
to before the introduction of free fares (Brand 2008). Free public transport
was also introduced in Tallinn, the capital of Estonia.'? Research findings
confirm earlier speculations (Storchmann 2003) that all public transport
systems adopting FF experience rapid, and sometimes sustained, growth
in the number of journeys. However, this growth is typically achieved
at the expense of walking and cycling rather than car travel (Borjesson
etal. 2015; Thggersen, Mgller 2008). Analyses of the FF project in Tallinn
show that the programme’s results are limited, since its aims were only
partially achieved.

In two studies (Fujii, Kitamura 2003; Thggersen 2012) it was claimed
that fare-free public transport can initially attract car users to public trans-
port services, but that only the maintenance of high service quality can
secure such a shiftin demand in the long term (Redman et al. 2013; Sen,
Tiwari, Upadhyay 2007).

It is widely recognised that the pricing policy of public urban transport
services itself will not achieve the objective of ensuring sustainable urban
mobility. It should be combined with other measures to increase their
effectiveness. Synergies with parking policy instruments are particularly
significant, as the cost relationship between public transport and pri-
vate car use in urban areas plays a crucial role in shaping sustainable

2. However, press reports from November 2023 indicate that Tallinn’s authorities have

reintroduced fares for the use of public transport, while Hasselt had already signifi-
cantly curtailed its fare-free scheme in 2013. Furthermore, at the end of 2024, Berlin
decided to withdraw its low-cost public transport ticket priced at €29.
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mobility. An important element of the cost of travelling by car is the cost
of parking.

Pricing of public urban transport services is used as a means of seek-
ing a balanced modal split. This results in the widespread applica-
tion of low fares for public urban transport services. At the same time,
cross-subsidisation is permitted, whereby revenues generated from pri-
vate car users are used to subsidise public urban transport services.

It is difficult to formulate general principles applicable to price-setting
across all modes of transport and travel. Research conducted by Ricci
has shown that applying identical or similar pricing rules for public urban
transport services in both urban centres and suburban areas is likely
to generate additional revenue when a distance-based tariff is applied
in the centre, whereas revenues from suburban travel under such a tariff
may fail to cover the full cost of suburban services. Cross-subsidisation
can help mitigate such undesirable effects (Ricci 2003).

In many cities, fares for public urban transport services are set by
local authorities to ensure affordability for low-income residents who
have no alternative travel mode. Fare increases for public transport are
often the subject of political disputes, irrespective of their economic jus-
tification. Pricing for public urban transport services is often the result
of political compromise, with lower fares accepted in exchange for lower
service quality. However, it is possible to encourage low-income users
to accept higher public transport costs in order to prevent a reduction
in service supply (Bank World 2002). Price and service frequency are
the most important attributes of public urban transport for low-income
users (Eboli, Mazzulla 2008).

Discounts and entitlements to free travel, which are primarily instru-
ments of social policy, also play a key role in shaping public urban mobil-
ity through public transport pricing policy. Allowances and entitlements
to free travel for social reasons should be linked to the income levels
of those using these services. A minimum income threshold can be estab-
lished for the allocation of such entitlements. In many countries, there
is a tradition of granting free or discounted transport to a broad range
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of government and local authority officials. Care should be exercised
in granting such privileges, as enforcing payment from passengers who
are required to pay is becoming increasingly difficult when a large pro-
portion of them travel free of charge (Grzelec, Hebel, Wyszomirski 2020).
Where reduced fares arise from the implementation of specific sectoral
policies (such as health care, social security, or law enforcement), their
costs should be charged directly to the budgets of the respective sectors
(Bank World 2002).

In several studies, including Wallin Andreassen (1995), Hensher, Sto-
pher, Bullock (2003), lower fares (ticket prices) and speeds have been found
to significantly contribute to improving the perception of public transport
quality by customers. However, it is concluded that reducing fares is not
an effective solution, as passengers often perceive current ticket prices
as too high in relation to the quality of the services provided. Increases
in customer satisfaction should first be achieved through improve-
ments in service quality attributes (Hensher, Rose, Greene 2005).

A highly significant role in shaping urban sustainable mobility is played
by tariff integration. Integrated tariffs may improve the attractiveness
of public transport services. The concept of integrated tariffs is defined
in various ways. Abrate, Piacenza, and Vanni (2009) define an integrated
tariff system (ITS) as one that allows passengers to use multiple modes
of transport (e.g., intercity and urban buses, metro, local rail, ferries) with
a single ticket, valid either for a short period (such as two hours or one
day) or for a longer period, such as a week, month, or year.

According to Bianchi, tariff integration can be said to occur when it is
possible to travel across the entire urban area using the same travel doc-
ument (not necessarily a ticket) while making use of different transport
modes (2012). From the point of view of the transport organiser, the ITS
ensures the cooperation of various transport modes. This enhances
the convenience of transfers, enabling passengers to use different routes
and modes of transport with a single ticket. Moreover, it eliminates certain
negative consequences associated with competition between operators
(Saliara 2014).
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Research on integrated tariffs was conducted by Cascetta and Carteni.
These authors noted that the introduction of integrated tariffs improved
service quality indicators related to availability (Cascetta, Carteni 2014).
Based on his own research, Douglas concluded that a transparent fare
system and a convenient ticketing system are highly desirable from
the passenger’s perspective. He also demonstrated that tariff integra-
tion should be supported as long as it facilitates travel (Douglas 2017).
Chowdhury and Ceder observed that integrating fares across a multi-
modal public transport network facilitates transfers and thereby encour-
ages the use of public transport services. In addition, it reduces the cost
of trips involving transfers, thereby increasing the attractiveness of public
transport (Chowdhury, Ceder 2013).

Demand for public urban transport services is characterised by a spe-
cific response to changes in ticket prices. It is considered to be price ine-
lastic (Webster, Bly 1981). Findings from research on the price elasticity
of demand indicate that elasticity values vary significantly across individual
passenger segments, types of travel, and journey times (Balcombe et al.
2006). Price elasticity of demand also changes over time; analyses should
therefore distinguish between short-, medium-, and long-term elasticity.
Most authors define the short term as one to two years, the medium term
as five to seven years, and the long term as twelve to fifteen years (and
in some cases up to twenty) (Polat 2012). In this case, residents have time
to adapt to various changes, such as those in employment and family
circumstances, urban travel patterns, and the purchase of a first or sub-
sequent car (Dargay, Hanly 2002).

Price elasticity of demand for public urban transport is greater
in response to fare increases than to fare reductions, particularly for com-
muting trips. The increase and price reduction by the same percentage
do not have to cause symmetrical changes in price elasticity indicators.
Moreover, price elasticity of demand is greater for lower quality services
(Balcombe et al. 2006).

On average, the price elasticity of demand for public urban transport
is estimated at —0.3. British studies indicate that for bus transport, price
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elasticity is approximately —0.4 in the short term, —0.56 in the medium
term, and —1.0 in the long term; for metro services itis —0.3 in the shortterm
and —0.6 in the long term; and for suburban rail it is around —0.6 in the short
term (Balcombe et al. 2006).

Litman’s analyses (2004), based on numerous studies conducted
since the 1960s indicate that elasticity values for various fare levels,
operating costs, and service parameters show that the supply elasticity
of services has the highest value, amounting to 1.1. This suggests that
changes in service supply will lead to more than proportional changes
in demand (Table 9).

Table 9. Price elasticity of demand for public urban transport services

Demand respo'nse Journey Price elasticity value

to a change in: in the short term in the long term
ticket prices total from -0.2to -0.5 from -0.6 to -0.9
ticket prices peak times from -0.15t0 -0.3 | from -0.4to -0.6
ticket prices off-peak times | from —-0.3 to -0.6 from -0.8 to -1.0
ticket prices suburban from —-0.3 to —-0.6 from -0.8 to -1.0
number of services total from0.5t0 0.7 from0.7to 1.1
vehicle operation costs | total from -0.05t0 -0.15| from -0.2 to -0.4

Source: (Litman 2004: 53).

In other research on 23 British cities, the average waiting time elasticity
was estimated at —0.64: in the range of —1.17 in the case of adults travel-
ling outside peak hours, to —0.39 in the case of adult passengers travelling
within peak hours (Jgrgensen, Preston 2007).

If the value of price elasticity of demand stays within the range O to
—-0.99, the price increase results in an increase in revenues.” When it is
greaterthan —1, the price increase results in a decrease in revenues. This

" Aslong as the increase of prices does not result in demand shifts: from relatively more

expensive single fare tickets to cheaper periodic tickets.
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has serious implications from the point of view of managing public urban
transport. Such a situation may occur when ticket prices are increasing,
whilst the scope of transport services is decreasing.

Apart from the research into the direct impact of price changes
on demand in the context of public urban transport as a subsystem,
research has to be carried out into the impact of price changes on the vol-
ume of journeys completed in using a different means (cross-elasticity
of demand). Appropriate price policies in public urban transport should
prevent is cannibalisation and, as a result, serve the sustainable devel-
opment of the entire passenger transport within a city. An unfavourable
situation from the point of view of sustainable urban mobility may occur
due to the decrease of shares in walking and cycling trips in favour of pub-
lic transport, for examples, following the introduction of free services for
this transport mode (Cats, Susilo, Reimal 2018; Volinski 2012).

Frequency is often a key attribute of these modes of transport, whose
technological characteristics provide for a relatively high speed of travel.
Research carried out by Bus Rapid Transit (BRT) showed that 75% of pro-
jects assume a high frequency of services. In consequence, the passen-
ger volume increased from 38 to 76% depending on the route (Levinson
etal. 2003). In Great Britain it was calculated that the elasticity of demand
in relation to frequency in bus travel is additionally correlated with an indi-
cator of e = 0.4. This served as a basis for an estimated 20% increase
in passenger volumes in bus travel on one route in Winchester, with
the assumed increase in the number of buses from 4 to 6 (Wall, McDon-
ald 2007). A change in the frequency of services should be thoroughly
considered so not to disturb the coordination of various services and,
in consequence, the quality assessment of the entire public urban trans-
port offer (Friman 2004).

Increasing the speed of public urban transport vehicles travelling
on roads and railroads is of fundamental significance in reducing travel
time. In bus transport (especially on express services) and trolleybus
transport, an increase of speed may be achieved by allocating lanes for
public transport vehicles. Another way to reduce travel time between stops
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is to introduce a signal priority system that automatically activates a green
light for buses and trolleybuses as they leave the stop and merge into
traffic. Another solution is to grant public urban transport vehicles priority
at intersections. The latter solution is also successfully used to increase
the speed of trams.

Simulation research carried out in Warsaw revealed that the intro-
duction of priority systems for trams decreased delays by up to 25%
and lowered energy consumption by up to 23% which, in turn, led
to a decrease in pollution of 3% (Czerepicki et al. 2021). In Seoul, sepa-
rated central lanes for Express Buses (BRT) increased their speed from
11 to 22 km/h (Pucher et al. 2005). In Vilnius, the introduction of bus
lanes in the main areas of the city, comprising 75% residential areas
and places of work, and a simultaneous decrease in the number of stops,
increased the speed by 6 km/h on average (Burinskieneé, Gusaroviene,
Gabrulevicitté-Skebiené 2014). It is notable that an increase in vehicle
speed should be accompanied by a reduction in the waiting time for
a vehicle’s arrival (Pucher et al. 2005). This can be achieved by improving
coordination of timetables between services and public transport types
on junctions and at interchange stops as well as certain routes travelling
in main transport corridors.

The significance of the accessibility attribute was discussed in depth
in Chapter 1. It was proven that it is the main factor determining the pos-
sibility of making use of services. Chien and Qin arrived at notable con-
clusions regarding accessibility. By modelling the number of public urban
transport junctions on a theoretical, 3-mile route, they have proven that
itis not the length of a route that decides the optimal number of junctions,
but the assessment of the time and speed with which the passengers may
reach the junction, as well as the volume of demand (Chien, Qin 2004).

In the subject literature, comfort is usually identified as a general idea
of the quality of travel on public transport. A study carried out in Chicago,
has proven a 5% increase of passenger volume over 5 years (15 mil-
lion trips per annum) as a result of improvements to the travel comfort,
comprising: vehicle cleanliness, safety, ease of boarding the vehicle,
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and a more effective complaint handling system. Another study carried
out in the same city has shown an improvement of the quality of service
as a result of an increase of frequency. Increasing vehicle density leads
to the improvement of: the feeling of safety, accessibility of destinations,
temperature on board of vehicles, and ease of boarding and getting off
a vehicle (Foote 2004).

Table 10 presents ten main factors defining comfort in metro stations
in various countries.

Table 10. Ten main indicators of comfort on metro stations measured by
CoMET and Nova Metros

Indicators Share [%]

Accessibility of escalators and lifts 71
Quality of service provided by staff 53
Delays measured for acceptable thresholds of 2 and 5 minutes 53
Cleanliness of stations/trains 47
Crowding 47
Information provided at stations 47
Accessibility of ticket purchasing services/indicator of failure 47
frequency of ticket machines/time devoted to purchasing

a ticket

Waiting time for a vehicle 47
Service punctuality based on delay thresholds of 2 and 5 35
minutes

Accessibility/failure frequency of access gates 35

Source: (Anderson, Condry, Findlay 2013).

Customer satisfaction research revealed that comfort, comprising
of a vehicle’s cleanliness, available space, and temperature, significantly
influences the overall evaluation of the quality of bus services (de Ofia
et al. 2013). Other research by (Jain et al. 2014) has shown that the per-
sons commuting to a place of work were inclined to pay more in exchange
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for a better public transport service, as the cost of travel was not consid-
ered an important criterion.

Convenience, which in the Polish language is often treated as a syn-
onym for comfort, is defined by some authors as the ease and simplicity
of using public transport (Redman et al. 201 3). In Haifa, after simplifica-
tion of the tariff system, introduction of zone tariffs, and a correspond-
ence tariff, 30% of the respondents indicated that the number of trips
they complete by bus increased. In some EU documents, convenience
is defined as a passenger’s perception of overall experience and effort
put into gaining access to the basic benefits connected with using pub-
lic transport. They may include: total travel time, cost, comfort, safety,
and carbon footprint. Issues with providing a desired level of comfort
may concern such problems as crowds, vehicle cleanliness, appropri-
ate AC / ventilation adjustments, and proper functioning of the vehicle
(Hunkin, Krell 2020).

Research carried out by the author of this monograph in 2024, using
in-depth group interviews with two groups of students, has shown that
within the social and professional group, the notion of travel comfort by
urban public transport includes various categories of service quality char-
acteristics for this type of transport, which are primarily associated with:

- possibility to take a comfortable seat (respondents referred
to the size of a seat and its softness);

— appropriate temperature on board;

- noise caused by other passengers (loud music, conversations,
including phone conversations) and, to a lesser extent, by the vehi-
cle;

- directness of a connection (this characteristic, similarly to conven-
ience, is ranked as one of the ten most important characteristics
in quantitative research. This means that failure to meet this require-
ment may lead to worse assessments of the travel comfort);

- number of passengers on board the vehicle.
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Among other factors that influence comfort are:

— possibility to hold onto a rail or handle by standing passengers
(it was noted that this is not always possible when there are high
volumes of passengers on board);

- other passengers, especially their behaviour and personal hygiene;

— vehicle cleanliness;

- facilities improving the experience for passengers using mobile

devices, such as charging ports;

— vehicle’s technical condition, including the fact that it is new;

— driving technique used by drivers and tram operators.

Air conditioning should be installed on board the vehicles if the tem-
perature is to be kept at a satisfactory level for passengers, but even
then, maintaining steady conditions is hard to achieve as the doors open
at every stop. To save energy, some cities have introduced the practice
of opening doors only on request. Table 11 presents the results of resi-
dents’ preferences with regard to the temperature on board public urban
transport vehicles in Gdynia (2018). The average desired temperature
on board is 20°C. Taking into account the measure of dispersion, a com-
fortable temperature ranges from 18 to 22°C.

Table 11. Passengers’ preferences regarding temperature on board
vehicles (2018)

Temperature Number of answers Perc;/on]tage
15°¢ 10 0.54
1e’c 17 0.93
17 44 2.40
18°C 283 15.41
19°C 251 13.66
20°c 627 34.13
21°c 196 10.67
22°C 234 12.74
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Temperature Number of answers Perc[eo/n]tage
23°¢ 68 3.70
24°¢ 30 1.63
25°¢ 18 0.98

No answer 59 3.21
Total 1837 100.00

Source: Own work.

Complex market research into preferences and transport behaviour
of residents has been carried out since 1994 by PTB, and also since
2009 by the Public Transport Metropolitan Association of Gdarisk Bay,
studying the standard of comfort understood as the expectation of cer-
tain conditions during travel, determined by the number of passengers
on board (Figure 3).

Always a seat

Mostly a seat

A standing place m Kosakowo 2023
in non-difficult conditions Rumia 2022
m Gdynia 2018

| accept travelling
in crowded conditions

| have no opinion

|

0 5 10 15 20 25 30 35 40 45

Figure 3. Expected standard of comfort during travel on board public urban
transport vehicles in Gdynia (2018), Rumia (2022), and Kosakowo (2023)
Source: (MZKZG 2023; 2024; ZKM 2018).
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The results of this research made it possible to determine the existence
of statistically significant differences in the expected level of travel comfort,
arising from variations in travel duration among residents of neighbouring
communes within a single agglomeration, as well as among segments
distinguished by their transport behaviour in choosing a particular trans-
port mode.

In Britain, the influence of information on the comfort and ease of using
public transport was studied in Winchester. It was found that intensifica-
tion in the provision of information to the benefit of trip planning did not
have a significant influence on the numbers nor on passenger satisfaction
levels (Wall, McDonald 2007). The low importance of information among
passengers was confirmed in research conducted in Gdynia in the years
2010-2018. Among ten characteristics, information has always scored
the lowest in every study conducted. Based on research conducted
by PTB in 2018, it can be stated that there are no major differences
in the overall importance of the information attribute among the gen-
eral passenger population across segments distinguished by the way
an urban journey is completed, namely, passengers who always travel by
car, mostly travel by car, travel equally by car and public transport, mostly
travel by public transport, and always travel by public transport, as well
as across segments distinguished by motorisation status: persons from
car-free households, from households that own a car, and the main car
users within a household.

The importance of the information characteristic, especially for people
travelling on varied routes and rarely using public urban transport, may
change in a situation when trip planners are introduced and include com-
plex information allowing for trip planning on a given route, and the choice
of different variants of a trip connected with the time, cost, vehicle
type, etc.

Research conducted by the author of this monograph in the student
segment, a social group that is most likely to use modern technological
solutions, shows that trip planners are becoming the main tool of informa-
tion on long, multimodal and ad hoc journeys. The expected functionalities
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are basically the same as those that are currently offered by applications
for trip planning. Attention has been given to the need to expand trip
planners and provide information on route disruptions on a chosen jour-
ney, including propositions to change the route within the amount paid
or for a surcharge.

An increase in supply does not automatically translate into an increase
in the demand for services (Fuijii, Kitamura 2003). Merely providing cer-
tain services with specified parameters by the organiser (and operator)
of public urban transport is not equivalent to passengers perceiving them
in a way that leads to the purchase of those services (i.e., completing
a journey).

The general level of satisfaction with the journey is a reaction to the ser-
vice attributes. General satisfaction from a journey is sometimes defined
as cumulative satisfaction (Suzuki et al. 2014), meaning that it is composed
of accumulated elements. Public urban transport services comprise jour-
neys that differ in the way they were completed, their duration, accompa-
nying passengers, comfort, and other factors. Passengers combine their
empirical and emotional experiences when asked to express their overall
level of satisfaction with completed journeys. Although most research
on journeys focuses on the characteristics of service quality that may influ-
ence overall satisfaction, it is equally important to identify bottlenecks or
the critical (minimum) level of a given service quality attribute. Failure to sat-
isfy a given quality characteristic cannot be compensated by other char-
acteristics (Sukhov, Olsson, Friman 2022). Failure to satisfy the demand
for frequency in its minimal expected degree cannot be compensated
by a low ticket price or even free public urban transport services.

The complex character of the issues in connection with quality encour-
ages their comprehensive evaluation in the context of urban transport.
The cycle of actions connected to shaping quality creates the quality
loop of public urban transport. The following are named as its parts
(Rudnicki 1999):

- demanded quality, usually defined by the local authorities both

in the categories of specified and unspecified expectations;
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- planned quality, which the organiser intends to provide for pas-
sengers, including allowances for unforeseeable circumstances.
It depends on the expected quality level, external and internal pres-
sures, budgetary constraints, and actions taken by competitors;

— experienced quality, meaning the quality actually delivered by
the organiser, encompassing not only normal operating conditions
but also disruptions, whether attributable to the organiser or not;

— perceived quality, experienced by the passenger. Its impartiality
is distorted by many factors.

Actions connected to shaping the transportation offer include a com-
plex set of instruments allowing for the adjustment of the individual
parameters of the offer to passenger expectations. Desired qual-
ity is the level of service preferred by the customer. Target quality
expresses the level that the transport organiser plans to achieve. Pro-
vided quality is the quality experienced daily, during normal conditions.
All disruptions, regardless of whether they were caused by the organ-
iser or not, are taken into account. Experienced quality expresses
the quality level perceived by the passengers of public urban transport.
Itis determined by the personal experiences of passengers, other people’s
opinions, and the scope of information received. Required and per-
ceived quality constitute the basis for the formulation of the indicators
of customer satisfaction. Planned quality and provided quality
constitute the basis for the evaluation of the performance of tasks by
the organiser and operators (when these two aspects are separated).
The required, provided, and perceived quality are described by indicators
reflecting the passenger’s point of view, where the perceived quality usu-
ally expresses the subjective opinion of passengers (Rudnicki 1999).

A model solution related to the quality loop for shaping the quality
of public urban transport services was proposed by Starowicz (Figure 4).
The model, consisting of three circles, graphically illustrates actions aimed
atimproving service quality. The overlapping areas represent the mutual
interactions of organisers, operators, and passengers that influence ser-
vice quality.
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Development of research into
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Figure 4. Transport quality shaping model

Source: (Starowicz 2001).
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One of the main implementations of satisfaction assessment is seen
in monitoring the quality of services in public transport and providing
the operators with incentives to sustain or increase their levels. Customer
satisfaction assessments are a useful tool for regular monitoring of the per-
formance of companies selected through tenders, as well as for evaluat-
ing external factors such as weather, strikes, infrastructure disruptions,
and other events beyond the organiser’s control. Customer satisfaction
survey results are often linked to bonuses and penalties in contracts with
tendered companies (Borjesson, Rubensson 2019: 220).

Notable research results were presented by Friman and Fellesson.
They analysed data regarding public urban transport services customer
satisfaction from six European cities: Stockholm, Oslo, Helsinki, Copenha-
gen, Barcelona, and Vienna. Comparing the number of vehicle-kilometres
per resident in each of these cities (an objective indicator) with the overall
level of satisfaction with public urban transport services (a subjective indi-
cator) did not reveal a statistically significant correlation between the two
(Friman, Fellesson 2009). The absence of a correlation between the actual
supply of public transport services and overall satisfaction indicates that
the latter is based not solely, or even primarily, on objective measures.
“More” public transport does not automatically mean a higher number
of satisfied customers (Schneider, White 2004).

Research into correlation between customer satisfaction with particular
characteristics and impartial characteristics indicators (services volume/h,
available room, speed) proved to be more difficult to intuitively or theoret-
ically explain. The absence of correlation between the supply of transport
services and meeting the demand for frequency may depend on diffi-
culties in adjusting supply to demand (transport may be secured but not
at a required time and/or place). The absence of discrepancies between
the perceived and provided availability of space may result from the fact
that insufficient frequency is compensated by the increased cubic capacity
of a vehicle in cases studied. On the other hand, the negative, and seem-
ingly counterintuitive, correlation between average speed and travel
duration may reflect the influence of journey type: a long journey may
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still be perceived as time-consuming, even when made in a fast vehicle.
Transport systems with a large share of long-distance journeys to work-
places may, therefore, receive lower scores for perceived travel duration
than systems consisting mainly of city buses, which are comparatively
slower and used primarily for short distances (Friman, Fellesson 2009).

Rather popular, though simplified, is the micro-economical approach
that assumes customer choices and behaviours result from the compar-
ison of costs and benefits, and all aspects of choice may be expressed
in those two categories. As a result, in their choices, people are led
by the principle of maximisation of usefulness, as per the principles
of rational choices made by homo oeconomicus (Zafirovski 1999). When
choosing a particular way to travel (transport mode), residents are guided
by the principle of minimisation of personal involvement (e.g., the cost
of travel, time to reach the stop) and maximisation of personal benefits,
which include such notions as minimisation of the duration of travel,
maximisation of travel comfort, and dependability. Transport behav-
iours are, therefore, the result of both substantive factors, such as travel
duration, cost, gender, and age, and non-substantive factors, including
dependability, safety, image, and attitudes toward a given travel mode
(Chen, Li 2017). The principle of maximisation of usefulness ignores, how-
ever, the assessments resulting from cognitive processes and the abil-
ity of humans to subjectively evaluate the characteristics of services.
Hybrid choice models (HCM) have been in use since the 1980s. They
take into account the influence of variable attitudes on decision-making
processes. They use psychometric data, individual attitudes, and obser-
vations, as well as their influence on the choice of how to complete a jour-
ney. Models that take into account those variables can more precisely
explain behaviours regarding the choice of individual transport modes
and the influence individual parameters have on those choices (Yafez,
Raveau, Orttizar 2010).

Human behaviour does not conform to a fixed pattern; instead,
it undergoes modifications and is constantly evolving (Van Cranenburgh,
Chorus, Van Wee 2012). Transport behaviours are based on individual
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preferences, attitudes, and perceptions of the attractiveness of travel by
various transport modes (Gardner 2009). Influence on transport behav-
iours and the choice of public transport mode, results from own beliefs
and social norms, as well specific pressure exerted by the environment
(Bamberg, Hunecke, Blobaum 2007). It was established that personal
beliefs are based on two correlated, yet separate, processes: an antic-
ipated sense of guilt and perceived social norms. The consciousness
of the influence of urban residents’ attitudes in fulfilling mobility needs
should be the key factor influencing investment decisions made by
public authorities. Conditioning investment decisions only to the belief
that the increase of accessibility of public urban transport is a sufficient
determinant of passenger volume growth often leads to an ineffective use
of assets. An increase in demand for public transport requires an under-
standing of passengers’ experiences connected with the use and assess-
ment of the transport offer (Beirdo, Sarsfield Cabral 2007).

A value is created by a belief that a given behaviour is more benefi-
cial for an individual person or society. Values reflect basic adaptation
qualities and serve as the basis for attitudes and behaviours. Although
attitudes and behaviours are susceptible to change and evolve over time,
values form a set of more stable and enduring beliefs that transcend
specific objects, situations, and issues (Schwartz 1992). Research into
transport behaviours is dominated by the study of attitudes. The need
to take into account the influence of values is stipulated by Zhao (2009);
Choo, Mokhtarian (2004). Decisions which initially may seem irrational
can often be explained by values (Pdez, Whalen 2010). Paulssen and col-
leagues give an example of a person who values the feelings of power,
control, and pleasure. Such a person will travel by car even if it means that
choosing this transport mode for a given trip is more expensive, and not
necessarily faster or safer. This results from experiencing the feeling
of control and freedom (the latter being a value on its own) that such
individuals associate with driving a car (Paulssen et al. 2014).

In the marketing campaigns of car manufacturers, this transport mode
is promoted as a symbol of control over one’s life, power, and a source
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of high self-esteem (Steg 2005). Moreover, it has been proven that people
are using cars not only as a direct result of their transport needs but also
as an expression of their own choice (Handy, Weston, Mokhtarian 2005).
In this context, the de-marketing of cars is proposed as a means to promote
alternative modes of transportation. This could be achieved by bringing
attention to the negative aspects of car travel in urban trips and decreas-
ing the strength of affective connotations drawn from advertisements
(Dimoula 2018). Affect refers to situations in which consumers express
their attitude toward an object, situation, or phenomenon in terms of liking
or disliking it. When people expect that the positive outcomes associated
with a given behaviour will outweigh the negative ones, the likelihood
of that behaviour occurring increases (Ajzen, Fishbein 2021). For example,
when the number of late arrivals at work caused by tram delays increases,
the tendency to switch to car travel rises. Conversely, if traffic conges-
tion significantly lengthens car travel times while delays on buses using
dedicated lanes are minimal or non-existent, the likelihood of switching
to bus travel increases. This likelihood increases the more an individual’s
transport behaviour is influenced by travel time and the more comfortable
public transport travel becomes.

A customer’s perception of quality (perceived quality of services)
depends on the personal experience they have with a service, informa-
tion they obtain on the service, and their unique qualities such as gender,
age, social status (de Ofa et al. 2016).

Analyses of the reasons behind the decrease in passengers on public
transport in Southern California have shown that one of the main factors
which convinced passengers to stop using public transport at a time
when cars were more readily available was the low assessment of per-
sonal safety on public transport (Siemer, Rajah 2024). In other research
from that same city it was proven that the rapid increase in the number
of homeless people contributed to the decrease of passengers using
public transport (Manville, Taylor, Blumenberg 2018).

Encouraging residents to change their mode of transport is considered
to be the main strategy of sustainable mobility within cities. In this context,
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itis proposed not only to rank the various attributes of urban transport but
also to calculate willingness to pay (WTP) for a better quality of service,
namely, a higher level of performance of individual attributes (Lunani,
Vasudevan, Kumar 2022). For example, research conducted by Dutch
and Belgian researchers has proven that passengers would be willing
to pay to improve the quality of vehicle equipment in order for it to meet
their requirements (i.e. comfortable seats that would allow them to work)
(van der Waerden, Couwenberg, Wets 2018).

In various statistical and econometric models based on utility, it is
assumed that passengers faced with a set of alternatives choose
the option that maximises utility. Choices are modelled as a function that
maximises the overall utility of the mobility pattern within the available
alternatives (Bhat 1995). In this context, the possible travel options consti-
tute the set of all alternatives known to the respondents. This means that
the passenger considers various elements: contextual factors, available
alternatives, and the subjective values assigned to them, before making
the journey. The most common tool is multinomial logit modelling, which
is characterised by a well-defined mathematical structure and easily inter-
pretable results. It makes it possible to estimate the impact of different
variables on the choice of transport mode and to identify the optimal way
to travel based on the utility function. The logit model was used, inter
alia, in research conducted in Budapest to analyse the determinants
of transport mode choice. It was found that the most important variable
was the “distance of travel.” The next in the ranking were: “travel time”
and “travel destination” (Al-Salih, Esztergar-Kiss 2021).

Change of place of residence may be an important factor in chang-
ing the way urban travel is conducted, including the tendency to switch
from a car to public urban transport (Bamberg, Rolle, Weber 2003). Since
owning a car is often positively correlated with income levels (Bamberg,
Rolle, Weber 2003), and public transport services are an alternative
to using private cars, it seems clear that young people and individuals
with low-income are more likely to use this transport through necessity
than choice. Therefore, their assessments of performance attributes
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are often more negative than those of users who have relative freedom
in choosing a mode of transport.

The impact of demographic factors on the rank and assessment
of the performance of the attributes of urban public transport is also
suggested by research on public transport users in Melbourne (The-
vathasan, Balachandran 2007). Furthermore, experience from previous
use of public urban transport services influences the assessment of ser-
vice requirements (Tyrinopoulos, Antoniou 2008).

Improving the quality of public transport may be less important in cer-
tain cases than increasing the cost of using private cars. Increasingly,
public authorities are reaching for tools that limit the use of private cars.
The commonly include parking fees, entrance fees to the central urban
zone, and clean transport zones. Research conducted in 2001 in Trento,
Italy, found that introducing a toll system would significantly more effec-
tively reduce the use of private cars than increasing the speed of public
transport vehicles (Fiorio, Percoco 2007). The main reasons for the choice
of public urban transport by Sopot residents with access to a car are
shown in Figure 5.

The three main reasons for the use of public transport by residents
with access to a car are associated with certain difficulties connected with
its usage: difficulties with parking at the destination (17.9%), parking fees
(17.6%) and road congestion (12.8%). Only 7.5% of respondents from this
segment indicated they were satisfied with the quality of public transport.
It should be noted that on an assessment scale from 2 (lowest) to 5 (high-
est), public urban transport in Sopot was rated 4.1 in the analysed segment,
while the average rating of the public transport offer was 3.7.

Research conducted among employed persons in one of Sweden’s
medium-sized cities (82,000 inhabitants) shows that car users would
increase their use of public transport if travel times were shorter, service fre-
quency higher, and ticket prices lower (Eriksson, Friman Garling 2008).
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Difficulties with parking at the destination 17.9%

17.6%

Parking fees

Road congestion

Use of the car by another person

Psychophysical indispositions

Poor technical condition of the car

Satisfactory quality of public transport

Lower cost of public transport

Weather conditions

Other

0.0% 5.0% 10.0% 15.0% 20.0%

Figure 5. Ranking of reasons for the use of public transport by persons with
access to a car in Sopot (2018), n =145
Source: (MZKZG 2018).

Analysing the effectiveness of the “Quality Partnerships”* programme

in Manchester, there was a lack of reliable data on shifts in demand between
cars and public transport. The poor marketing related to the implementa-
tion of this project was also indicated as well as the lack of sufficient infor-
mation on the benefits of public transport (Davison, Knowles 2006).

" Programmes based on cooperation between local authorities, transport boards

and operators to improve the quality of public transport services
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As part of research carried out in Krakow to exam the compliance

of respondents’ opinions on the validity of individual factors in transport

decisions, an analysis of the ranking of factors affecting the use of urban

public transport, taking into account the level of availability of a car
in the household, was based on the Kendall’s W coefficient. The study
demonstrated consistency of opinion on this subject at a significance level

of 99%. Based on the sum of weights for individual factors, a hierarchy

was established, ranking them from the greatest to the least influence

on the choice of public transport (Table 12).

Table 12. Ranking of factors influencing the choice to travel by car according

to the car access criterion (Cracow, 2013)

Having
Havi hared
All public aving share Having
access access
transport f no access
Public transport attributes users toacarfor | toacar to a car
personal use| together
with family
Attribute position in the ranking

Punctuality of services 1 2 1 1
Consistency of travel time 2 3 2 3
Safety onboard the vehicle 3 4 3 4
Frequency of services 4 6 6 2
Direct connection 5 1 4 5
Safety at the stop 6 8 7 6
Frequency of routes 7 10 8 7
Lower cost of travel than 8 7 5 9
by car
Stop accessibility 9 11 12 8
Congestion on roads 10 9 10 10
No possibility to park 11 5 9 12
at the destination
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Having
Havi hared
All public aving share Having
access access
transport p no access
Public transport attributes users toacarfor | toacar to a car
personal use| together
with family
Attribute position in the ranking
Shorter travel time than by 12 12 11 11
car
Car not available on the day 13 13 13 13
required
Risk of car theft or damage 14 14 14 15
Greater travel comfort than 15 15 15 14
by car

Source: (Ciaston-Ciulkin, Nosal 2014).

A similar analysis carried out for the ranking of attributes of the public

urban transport services among the Gdynia residents also revealed statis-

tically significant similarities among the segments distinguished accord-

ing to the criterion of access to a car within the household (Table 13).

Table 13. Ranking of attributes of public urban transport services according

to Gdynia residents (2018) according to the access to a car criterion

Frequency of occurrence [%]

Attributes n =556
of public urban Person from
P
trans'port Main car user a household with ina hojsr:;:r;Isd with
services in the household a car who is not
) no car
the main car user
Directness 14.5 14.5 16.3
Frequency 17.1 17.4 19.1
Availability 13.0 13.8 13.5
Reliability 9.3 11.4 8.2
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Frequency of occurrence [%]
Attributes n =556
of public urban Person from
transport Main car user a household with . Persons .
services in the household acarwhoisnot | M ° ho:zect;c:ld with
the main car user

Low cost 9.5 9.9 10.5
Speed 10.6 9.9 7.2
Punctuality 16.3 14.8 16.6
Rhythmicity 3.6 29 2.4
Information 0.7 0.6 0.4
Convenience 3.2 3.3 25
Other 0.2 0.1 0.2

Source: Own work.

It has been suggested that a relatively simple approach — ranking
two-dimensional correlation coefficients from highest to lowest — may
be the most effective technique for determining the relative importance
of travel attributes from a customer’s perspective (Weinstein 2000).

As noted by Wolanski, the drawback of ranking declared service attrib-
utes (stated choice) lies in the limited practical capacity to account for
a large number of quality attributes. As a rule, such rankings are limited
to the basic attributes related to time and price. This limitation does not
stem from mathematical constraints but rather from the limited perceptual
capacity of survey respondents: when presented simultaneously with
several attributes, they tend to focus only on the most important ones,
disregarding the rest. Overlooked attributes may include improvements
to ticket availability (via vending machines or staff), seat availability, pas-
senger information, and vehicle equipment (Wolanski, Jakubowski 2014).
In such cases, it is recommended that Integrated-Hierarchical Informa-
tion Integration research be conducted. This approach involves dividing
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attributes into groups, designing separate experiments for each group,
and including within each experiment only attributes related to a spe-
cific dimension (e.g., service information). All groups are subsequently
combined into a single model by means of a bridging experiment, which
treats each group as a single attribute. This bridging experiment may
take the form of a choice experiment, in which respondents select one
of several options, or a typical stated-choice study (Louviere, Timmer-
mans 1990).

Furthermore, the presence of city bikes and docking stations near pub-
lic transport stops and stations encourages residents to adopt multimodal
travel behaviour, thereby ensuring continuity of journeys and improving
accessibility to destinations, including places of work and study (Zhao,
Li 2017).

During the SARS CoV-2 pandemic, mobility restrictions affected travel
demand and influenced the transport preferences of urban residents.
In the first and second phases of the pandemic, schools, shops, restau-
rants, and cinemas were closed, public events were banned, and remote
working from home became widespread. All these measures are collec-
tively referred to as social distancing. In the first phase of the pandemic,
some countries (e.g., China, ltaly, Spain) enforced social distancing by
imposing lockdowns (either regionally or nationwide), whereas others
(e.g., the Netherlands, Sweden, the United Kingdom, and the United
States) adopted less stringent approaches (De Vos 2020).

Pandemic-related restrictions led to the increased use of Big Data
and enabled cross-sectional research to be conducted simultaneously
across multiple cities and countries (Barbieri et al. 2020). Nevertheless,
identifying changes in traveller behaviour and preferences, including
following the end of the pandemic, required the use of questionnaires.
Such surveys were more expensive and time-consuming and involved
relatively small sample sizes.

Measurements in Budapest showed that, following announcement
of the pandemic, traffic volumes fell by 34—-37% (depending on the route).
Public transport passenger counts in week 13 indicated a 90% decline
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in the number of passengers. The time spent outside the home decreased
from 6.63 hours (23 March 2020) to 2.92 hours (31 March 2020).
In the second half of March, the number of walking trips decreased by
50%. Car-sharing data showed that in the same period the number of vehi-
cle rentals decreased by 15-20%. During the pandemic, the modal share
of cars in traffic increased from 43% to 65%, while the share of public
transport fell from 43% to just 18% (Bucsky 2020).

Research conducted in London after the first wave of travel restrictions,
once transport behaviour had largely returned to pre-pandemic levels,
showed that travel time savings should not be achieved at the expense
of higher ticket prices. The increase in ticket prices showed a stronger
negative utility compared to the reduction in travel time. In commuting
trips, passengers expressed a clear expectation for specific information,
such as the name of the next stop and the extent of any vehicle delay.
Expanding the range of information provided to passengers during their
commute to work did not increase the utility of the service (Ulahannan,
Birrell 2022). This suggests that the return to unrestricted transport
behaviour is accompanied by a reversion to the standard perception
of the usefulness of individual service attributes.

In the Gdarisk agglomeration, a study of transport behaviour conducted
across 14 cities and municipalities during the pandemic revealed that,
aside from an increase in cycling, travel behaviour patterns did not change
significantly across the different phases of the pandemic. The modal split
remained largely unchanged throughout the pandemic, regardless of fluc-
tuations in the intensity of mobility restrictions (Table 14). The number
of journeys, however, decreased significantly, especially during the ini-
tial phase of the pandemic (Grzelec et al. 2023). Based on the research
findings, potentially unfavourable changes in the modal split considered
detrimental to the objectives of sustainable mobility were identified fol-
lowing the end of the pandemic, including an increased share of private
car travel. These changes should be counteracted through improving
the quality of public transport services (Grzelec et al. 2023).
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Table 14. Analysis of the frequency of use of specific types of mobility in the Gdarsk agglomeration from March to June

2020 compared to the pre-pandemic frequency

Travel mode before the pandemic (n = 3000)

Travel mode c
March—June Car* PT* Bike Carsharing Walking P?I'r Other
2020
[%] [%] [%] [%] [%] [%] [%]

Car* 1417 (94.4) 39(3.8) 3(2.2) 1(6.3) 1(0.8) 128 (68.1) 4(17.4)
PT** 25(1.7) 864 (85.3) 4(3.0) 0 (0) 0 (0) 3(1.6) 2(8.7)
Bike 5(0.3) 6 (0.6) 125 (92.6) 0 (0) 2(1.6) 3(1.6) 0 (0)
Car-sharing 1(0.1) 1(0.1) 0 (0) 12(75.0) 0 (0) 1(0.5) 0 (0)
Walking 6 (0.4) 24 (2.4) 3(2.2) 0 (0) 115 (92.7) 2(1.1) 0 (0)
Car/PT 31(2.1) 33(3.3) 0 (0) 1(6.3) 0 (0) 40 (21.3) 0 (0)
Other 1(0.1) 0 (0) 0 (0) 0 (0) 1(0.8) 0 (0) 3(13.0)
No travel 15(1.0) 46 (4.5) 0(0) 2(12.5) 5(4.0) 11 (5.9) 14 (60.9)
Results X2 (7)=9210.59; | X2 (7) = 4924.49; |x? (7) = 792.94;| x? (7) =59.00; |x?(7) = 731.23;|x? (7) = 583.40;| x? (7) = 55.26;

p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001

PT — public urban transport; * private or for work; **including rail transport
bold — Statistically significant changes in the choice of means of transport before and during the pandemic

Source: (Grzelec et al. 2023).
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The decrease in the number of public urban transport passengers
and its share in travel following the lifting of restrictions during the pan-
demic have been confirmed by comprehensive surveys of the prefer-
ences and transport behaviour of the residents of Rumia (MZKZG 2023)
and comprehensive traffic surveys carried out by other authors in Gdansk
(KBR 2022). In Gdynia, the number of passengers on public transport run
by PTB is yet to return to pre-pandemic levels. According to PTB data,
78.4 million passengers were transported in 2019, while in 2023 this
figure was 70.1 million. This indicates a further decrease in the share
of public urban transport in travel in the Gdarisk agglomeration, where
the overall mobility indicators have returned to those of the pre-pandemic
period.



6. Use of selected
marketing research results
in shaping the public urban

transport services offer

6.1. Economic and financial efficiency of market segments

The level and method of financing transport activities is a factor determining
the economic efficiency and quality of services provided. Overlooking or
downplaying economic considerations as part of the operation and invest-
ment activities of public urban transport leads to an increasing burden
on public budgets in covering the outlays and costs of this form of transport.
Additional sources of public urban transport financing should be sought,
in addition to the revenues from ticket sales and budget surcharges. Poten-
tial solutions are provided by examples from different countries where this
transport is financed, among others, from fuel taxes, driving license fees,
parking fees, registration fees (Sobanski 2000), and corporate taxes.

The Sustainable Mobility Goals for many decision-makers are sufficient
for the departure of public urban transport from solutions characterised
by high (in given conditions) economic and financial efficiency in favour
of spectacular actions that provide political benefits and whose impact
on the change of transport behaviour towards sustainable mobility is neg-
ligible or none. Among the actions in this area that may be considered
contentious are:

— broadening access to free public transport;

— introduction of free public urban transport;
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— lowering ticket prices without conducting applied analyses on price,
income, supply and cross elasticity (e.g., regarding the interrelation
between ticket prices and fuel prices);

- the implementation of electromobility (purchase and operation
of electric buses) in a situation where cost-benefit analyses show its
inefficiency or low effectiveness (The depreciation of more expen-
sive electric and hydrogen buses increases amortisation costs,
which translates into higher transport service rates and ultimately
leads to a reduction in the cost-recovery of public urban transport
services).

The introduction of electric vehicles for most passengers simply means
the one-to-one replacement of a vehicle of a specific size without a notice-
able improvement in quality and therefore a significant effect on their
transport behaviour.

PTB is one of the few organisers in Poland conducting operational
and economic analyses of public urban transport for municipalities,
routes and services. Such marketing research has been consistently car-
ried out in Gdynia since 1992. A team led by Wyszomirski and the author
developed a methodology for conducting research and analysis
of the demand and operational efficiency of public urban transport,
which after modifications resulting, inter alia, from the use of counting
gates to measure demand, is also used in other cities in Poland. This
paper presents the methodology, selected research results and their
use in the cities and municipalities surrounding Gdynia, where the PTB
organises public urban transport.

The main objective of these studies is to determine the level of subsi-
dies for services provided by municipalities served by the public transport
system and organised by PTB.

In addition to the formal objective, which is the ability to determine
the amount of the budget subsidy in the municipal budget, the supple-
mentary objectives of marketing research on economic and operational
efficiency are:
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— identification of the size and structure of demand on individual
routes and services in a given commune (and consequently their
cost-recovery), which allows for making rational decisions regarding
changes in the transport offer (increasing frequency or the withdraw
of services, and sometimes routes);

— forecasting changes in demand as a result of changes in the trans-
port offer, including in particular changes in ticket prices, the range
of eligibility for reduced-fare and free travel, the supply of transport
services;

— analysis of the impact of the supply structure (intensity of compe-
tition in the provision of transport services) on the cost-recovery
of services and, consequently, on the possibility of increasing
the transport offer under the given conditions of budgetary funding.

Operation and economic performance studies consist of three com-
ponents: research on demand size research (number of passengers),
passenger structure and the use of short- and long-term tickets.

The conditions for the implementation of the tests on the operational
and economic efficiency of public urban transport, limiting the accu-
racy and representativeness of measurements, are:

- volume the supply of services, excluding the possibility of the con-
tinuous measurement of demand in the event that not all vehicles
have measurement instruments, i.e. counting gates (or cameras
constituting a passenger counting system);

— need to submit a draft budget to municipal councils (and cities) by
the end of November of a given year, which in the event of possi-
ble changes to the transport offer (and the need to consult them),
determines the date of submission of the application for a budget
grant (including an appropriate marketing research report, which
is the basis for applying for a specific grant amount) and the period
for carrying out measurements in the months March—May;

— limited financial resources, which constrain sample sizes despite
high variability in demand parameters.
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An alternative to the calculation of budget subsidies by municipali-

ties on the basis of the results of marketing research is their calculation

based on the average costs and revenues from tickets per 1 car-kilometre

in the public urban transport network. The significant variation in passen-

ger numbers and demographic structure across individual routes, ser-

vices, and service areas (i.e. the various cities and municipalities within

the agglomeration) means that using aggregate average measures can

introduce substantial errors in calculations — both overestimating (inflated

ticket revenues) and underestimating (lost ticket revenues) — when applied

to a specific commune (Table 15).

Table 15. Annual revenues from public urban transport tickets calculated

based on the aggregate revenue index for the PTB network and the results

of marketing research in 2023

Ticket revenue
calculated based
on aggregated

Unit revenue
from tickets

unit revenue calculated based Difference Difference
Municipality/ amounting on marketing (1-2) (3:2)x100%
city to PLN 3.75 per research [PLN] [%]
vehicle-kilometre | [PLN per vehicle-
[PLN per vehicle- kilometre]
kilometre]
1 2 3 4
Commune 2,778,817.29 1,793,517.99 985,299.30 54.93
of Kosakowo*
Rumia 3,438,788.13 4,747,127.66 | 1,308,339.53 -27.56
Sopot 2,956,948.73 2,833,916.07 123,032.66 4.34
Commune 611,307.15 268,887.77 342,419.38 127.34
of Szemud
Commune 293,120.89 112,549.06 180,571.83 106.43
of Kosakowo
Commune 1,021,839.33 641,479.65 380,359.68 59.29

of Kosakowo

Source: Own work.
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Taking as a reference point the results of marketing research, it can be
concluded that using the aggregated unit revenue to calculate the amount
of revenue from ticket revenues for municipalities served by PTB, inflates
revenues from 4.34 to 127.34% depending on the commune. In one
case (Rumia), revenues calculated using the simplified method were
understated by 27.56%. Only in one case (Sopot) can it be assumed
that the revenue calculated using the simplified method of revenue
is within the limits of acceptable error. The presented differences in reve-
nues are the result of different real unit revenues per 1 vehicle-kilometre
which characterises public urban transport in individual municipalities
(Table 16). Revenue deviations from average commune revenue for
the PTB network (PLN 3.75) amount to PLN -2.31 to 1.44 per vehi-
cle kilometre depending on the commune. The considerable variation
in per-passenger revenue also makes it inappropriate to use this average
network-wide measure to calculate ticket revenue for individual munic-
ipalities, and consequently, to determine the amount of budget subsidy
corresponding to the financial deficit (Table 16).

Table 16. Average unit revenue from tickets in municipalities served by PTB
in 2023

Average revenue Average revenue
Municipality/city from tickets from tickets
[PLN per vehicle-kilometre] [PLN per passenger]
Commune of Kosakowo 2.43 0.78
Rumia 5.19 1.00
Sopot 3.67 0.75
Commune of Szemud 1.65 0.94
Commune of Kosakowo 1.44 0.39
Commune of Kosakowo 2.36 0.56

Source: Own work.
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It should be added that the described regularities are important when
each commune subsidises public urban transport in its own area (within
its administrative boundaries).

Demand surveys are conducted by PTB for all services on routes
serving a commune on a given day. In the absence of the possibility
of recording demand on a continuous basis (only some vehicles are
equipped with counting gates) the tests are performed on the selected
weekdays, in addition to Mondays and Fridays (i.e. days that are charac-
terised by relatively high deviations of demand) in the period from March
to June.

Table 17. Fluctuations in weekday passenger numbers on selected public
urban transport routes in Gdynia, determined using data from gate counting
devices (2024)

Number of passengers on route numbers
Indicators
150 141/190 133 128 282
Days of the week
Monday 8644 1719 3809 4701 340
Tuesday 8575 1727 3780 4434 319
Wednesday 8699 1658 3929 4638 359
Thursday 8516 1873 3757 4660 364
Friday 8274 1713 3808 4614 386
Average X 8542 1738 3817 4609 354
Calculations

Standard deviation (o) 140 72 59 92 23
Unbiased estimator ((5)) 149 77 63 98 24
% x 100% 1.7 4.4 1.7 2.1 6.8
Xand max — X 157 135 112 92 32
Xand min — X —268 -80 —-60 -175 -35

Source: Own work.
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Since the data presented in Table 17 relates to measurements
of the number of passengers from only one week (five measure-
ments), the value of the standard deviation was adjusted to the size cor-
responding to the unloaded estimator.

The data from the measurement of the number of passengers made
on selected lines using gates of all weekdays of the week indicate
that the values of standard deviations (average deviation of the num-
ber of passengers on individual days of the week from the average
number of passengers) are, depending on the route, from 1.7 to 6.8%
of the average number of passengers. The presented classic dispersion
measures allow the financial consequences of basing revenue calcula-
tions on sample measurements to be calculated. For example, assuming,
in simple terms that the annual actual number of passengers on week-
days on route 150 (Table 17) corresponds to the product of the average
number of passengers and the number of weekdays in the year and that
the average revenue from one passenger is PLN 1,” then the annual
value of revenue from tickets on this route will amount to PLN 2,200,920.
In extreme cases, when the measurement is carried out on one of the days
with the highest deviation from the average, then the revenue will lower
by PLN 69,680 (3.1%), or higher by PLN 40,820 (1.8%). Based on five
measurements, and taking into account the values of the unbiased esti-
mator for the average number of passengers, the calculated revenues
may deviate from the actual figures by +1.7%. These conditions for esti-
mating revenues resulting from measures of dispersion, representing
the different number of passengers on different days of the week, must
be taken into account in the calculation of ticket revenues.

The second stage of calculating ticket revenue for a given service,
route or service area is to determine the structure of passengers accord-
ing to the type of ticket held, including entitlements to discounts and free
travel. For this purpose, measurements are carried out on public urban

'S This value corresponds to the unit-based revenue calculated on the basis of studies

in 2023.
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transport vehicles by way of response recording. As already mentioned,
such tests can be carried out using the electronic ticketing system stored
on cards and apps, provided that the relevant devices record every pas-
senger’s journey and assign to each journey a ticket of a specific face
value or a certificate from the applicable catalogue.

In the presented tests, measurements were carried out using the clas-
sic recording method, where interviewers check tickets and record
the face values of these tickets and free travel entitlements in the appro-
priate box of a measurement card. Measuring by way of direct inter-
viewers with passengers (targeted selection) also makes it possible
to determine the number of journeys completed on the basis of short-
and long-term tickets. Based on the data collected, the value of one jour-
ney for each ticket type is calculated (the value of a journey completed
on the basis of a single ticket corresponds to the value of its face value).
The result of the measurements is the structure of passengers on the ser-
vices studied. The synthetic structure of passengers on selected services
of bus route 85 in Rumia is shown in Figure 6. The data indicates a large
variation in the structure of passengers according to the type of ticket
(entitlements) on individual services. The structure presented on the chart
is the result of data aggregation, which means that individual ticket face
values have been grouped into fare categories. For example, the sub-
group of long-term tickets consists of 33 PTB and PTMAGB tickets, both
full-fare and reduced-fare tickets, personalised and bearer tickets. The cri-
terion for synthesising data therefore has a specific impact on the diversity
of passenger structure on individual services. Analytical data for the 13:04
and 15:33 services presented (including all 33 ticket face values) indicate
that the difference in the share of passengers with a ticket with a given
face value on both services does not exceed 2.8%. Taking into account
the average share and standard deviation of tickets of a given face value
in the total number of services on a given route, the minimum number
of services for which the demand structure should be examined in order
that any error in the calculation of the share of the relevant face value
(fraction) does not exceed 3% has been calculated.

118



100
90
80
70
60
50

Share [%]

40
30
20
10

. Use of selected marketing research results...

= Fare dodgers [%]
= Free travel entitlements [%]
B Long-term tickets [%]
Short-term tickets [%)]

|| | Single-trip tickets [%]

2308 28.57

| 21.05 —

13:04 15:33 17:36 19:05

Time

Figure 6. Passenger structure on selected services of bus route 85 in Rumia

in 2023

Source: Own work based on the results of PTB.

On the basis of the average and the standard deviation for the num-

ber of journeys carried out on the basis of short and long-term tickets

with a nominal number of interviews, the minimum number of interviews

to be carried out with passengers is calculated so that the error of esti-

mating the average value of one journey for a ticket with a given face
value does not show a deviation of more than 10% of this value. Table 18

shows selected parameters for the most common long-term tickets for

bus line 85 in Rumia, whose share is 76%. For the analysed line, taking

into account the share in the structure of individual face values, the total

number of interviews was 843. In practice, the number of interviews con-

ducted by surveyors in selected courses sometimes exceeds 1000.
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Table 18. The minimum number of interviews based on the average number
of journeys when the average value of one journey for a specific ticket face

value
Ticket face value Average va'alue Standard Minimal sample size

[PLN] of one trip deviation for the face value
[PLN] (no. of interviews)

53 2.01 1.558 231

12 25 1942 117

8 1.63 14

42 2. 1.7 152

Source: Own work based on the results of PTB.

Revenue from tickets on a given service is counted according to for-
mula (2)

Po= 21w, (2)

where:

P, — revenue from tickets for a given service

I; — number of passengers holding a ticket of the i-th face value
w; — value of one trip taken using a ticket of the i-th face value

In accordance with the methodology outlined, essential economic
and operational indicators are determined for services carried out on indi-
vidual routes, as well as for routes and groups of routes covering the ter-
ritory of a given commune.

Appendix 1, Table 1.1 shows the economic and operational efficiency
of the individual services on route 85 in Rumia on a weekday in 2023.
Revenues for the service on the analysed route range from PLN 2.85
(22:21 service) to 43.47 PLN (11:02 service). The average income
from tickets per passenger (including passengers entitled to travel free
of charge and so-called fare dodgers) ranges from PLN 0.51 to 2.05
depending on the service. Cost-recovery ratios (the proportion of oper-
ating costs covered by fare revenue) were calculated taking into account
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the running costs of individual services. On the analysed route, they
range from 6.26 to 77.17% depending on the service. Data synthesis for
the entire no. 85 bus route in Rumia found that on an average weekday
in 2023:

— total number of passengers was 1,605;

- ticket revenue amounted to PLN 1,379.57;

— unit revenue from tickets for 1 vehicle-kilometre of operation

amounted to PLN 2.75;

— unit revenue from tickets for 1 passenger was 0.86 PLN;

— cost-recovery ratio amounted to 30.5%.

Table 19 summarises the basic operational and economic parameters
of urban public urban transport run by Public Transport Board in Rumia
for the entire year 2023.

It highlights the differentiation of the number of passengers per 1 km
of route on the individual services, which ranges from 2.4 on the N30 night
service to 10.1 on the R express route. The consequence of such a large
differentiation of unit demand are the differences in the cost-recovery
ratios that characterise individual services. The lowest cost-recovery ratio
is on the N30 night line with 19.7%, and the highest is on the R express
route at 76.1%.

The service supply structure has a specific impact on economic
and financial efficiency. Rumia is served by six operators contracted
by the PTB, including two municipal and four private entities. Private
operators are contracted based on the results of unlimited tenders.
The private operator P.A. “Gryf” currently has the largest share in bus
operations (42.4%) The share of other operators range from 2.0 to 21.9%.
Competition between operators has a positive impact on costs. During
the period of marketing research in Rumia in 2023, the highest rate for
1 vehicle-kilometre, PLN 10.06, was paid to the municipal operator,
and the lowest, PLN 7.30. to the private operator. The costs of operating
transport routes, as calculated by operators for tenders, are determined
by their own cost structures, including the specific operating parameters
of a given route, such as the total number of vehicle-kilometres, total
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operating hours, transport and operating speed, and the type of vehicle
specified in the timetable.

The annual public urban transport budget is calculated as the differ-
ence between the sum of all components of public revenue from urban
transport serving the commune and the costs of providing this service.

In the conditions of service of the analysed commune (Rumia) by
PTB, the revenues of public urban transport in the area of this commune
consist of:

- revenues from PTB and MPTAGB tickets, constituting direct reve-

nue;

- proceeds from additional fees (indirect revenue, calculated based
on the share of vehicle-kilometres operated by public transport
compared with the vehicle-kilometres within the PTB network);

- PTMAGB subsidy to metropolitan tickets (indirect revenue);

- penalties imposed on operators (indirect revenue);

- budgetary subsidy calculated and accepted by the commune
in the previous year and valid for a given financial year.

The costs of public urban transport are:

- costs of services purchased from operators by PTB;

- overhead of PTB’s internal costs.

Table 19 shows the operational and economic parameters of public

urban transport in Rumia in 2023.

Table 19. Economic and operational parameters of public urban transport
in Rumia in 2023

Item Amount [PLN] Share [%]
Total revenue, including: 9,5670,234.49 100.0
— ticket sales 4,747,127.66 49.6
— additional charges 121,984.20 1.3
— MPTAGB subsidy 84,585.57 0.9
— penalties applied by PTB 203,334.05 2.1
— municipal budget contribution 4,413,203.00 46.1
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Table 19 (cont.)

Item Amount [PLN] Share [%]

Total production and sales costs of services, 9,286,547.33 100.0
including:

— invoiced transport costs 8,391,051.01 90.4
— organiser’s costs 895,496.32 9.6
Revenue costs 283,687.15 -
Prior year result 2,011.90 0.0
Current year result 285,699.05 34

MPTAGB - Metropolitan Public Transport Association of Gdarisk Bay; PTB — Public
Transport Board

Source: The economic and operational situation of public transport in Rumia in 2023
in light of marketing research findings. PTB research report. (MZKZG 2023).

6.1.1. Results from research on the number and structure
of passengers

With the results of demand marketing research, the public transport
organiser and the municipal authorities have the basis for making
rational decisions, i.e., justified by the volume of demand and economic
indicators regarding changes in the offer of public urban transport ser-
vices. The scope of these decisions may include individual routes, services
and reconstruction of the entire network of connections operating within
a given commune (so-called optimisation of the offer of public urban
transport services).

In a competitive urban transport services market, local authorities,
through specialised urban transport management units, should make
effective use of tendering procedures for the contracting of transport
services. In Poland, using the provisions of the Act of 16 December,
2010 on Public Transport, the majority of cities were provided with large
carriers constituting municipal property, and sometimes a monopoly
on the transport services market. Restriction of competition negatively
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affects the possibility of increasing the transport offer by launching new
routes and increasing the frequency of services on existing routes. Based
on data from the Chamber of Commerce of Urban Transport, it can be
concluded thatin 2023 the average cost per vehicle-kilometre for private
compared to municipal bus operators was (IGKM 2023):

- from 40 to 90% in Warsaw;
from 92 to 100% in Cracow;
- from 63 to 90% in Poznan;
65% in Gdanisk;
from 63% to 78% in Radom.

The proportions refer to a comparison of the average purchase prices
of transport services from operators and do not represent the factors that
determine the price per vehicle-kilometre, such as: bus type by the pro-
pulsion criterion (electric or internal combustion), vehicle size (mini, midi,

standard, articulated), the scope of operations under the contracted task,
and the required vehicle age at the time of signing the transport contract.
The author’s own analyses of the price of 1 vehicle-kilometre contracted
by PTB for comparable vehicles and tasks indicate that private operators
provide services at costs that are 16—-35% lower than those of munic-
ipal operators. Municipal operators often provide services at average
rates, regardless of the type of vehicles (e.g., electric and internal com-
bustion buses, which are differentiated only according to vehicle size).
The absence of market verification for the purchase prices of services
for electric vehicles hinders the analysis of the economic justification for
operating these vehicles on individual tasks, especially since some
cost-benefit analyses show that for the Polish energy mix the economic
and social benefits for electric buses are lower compared to internal
combustion buses with Euro 6 engines (Jagietto 2021).

Original simulation analyses for the partial PTB market covering
the Sopot area showed that with the participation of municipal opera-
tors in servicing this city at the level of 45%, the takeover by the munic-
ipal bus operator of all bus lines in Sopot would result in an increase
in operating costs by 12%. However, assuming that private bus operators
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would take over the service in Sopot on the bus lines of the municipal
operator at the highest price offered by them (private operators), the cost
of service to the city would decrease by 2%. These calculations assume
that the share of the municipal trolleybus operator, amounting to 32%
and the price per vehicle-kilometre on the services it operates) would
not change.

In the context of operating costs, urban transport organisers should
use the results of marketing research to determine the allocation of vehi-
cles with appropriate capacities to specific routes and tasks, ensuring
that passenger-acceptable levels of travel comfort are not exceeded.
The travel comfort on public transport vehicles is determined based
on the results of surveys on the preferences of residents (Figure 7).

100 ,
90
80 | = | always expect a seat
701 # 1 usuall t a seat
usually expect a sea
60 -
50 m | expect a standing place
40 ! in non-difficult conditions
30 | | accept travelling
20 7 in crowded conditions
| ® | have no opinion
10 |
0!
Lublin 2023 ‘ Gdynia 2018 ‘ Sopot 2024 ‘
n=1000 n=1837 n =849

Figure 7. Expected level of travel comfort determined based on the results
of marketing research [% of residents]

Source: (“Preferencje i zachowania komunikacyjne mieszkaricéw Sopotu w 2024 r”
2024; “Analiza rynku komunikacji miejskiej w Lublinie...” 2023; “Preferencje
i zachowania komunikacyjne mieszkancow Gdyniw 2018 r.” 2019).

Based on the results of the surveys of travel preferences and the vol-
ume of demand across individual services, a limit for the number of pas-
sengers in the vehicle, which does not reduce the perceived level of travel
comfort, can also be determined. Such services with the highest number
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of passengers (marked in red) should be marked for each route, similarly
as shown in Table 1.1. of Appendix 1. In cases where exceeding the pas-
senger limit is not incidental (school trips, sports fans, concert participants
and other non-cyclical events) and repeat themselves, the possibility
of increasing the capacity of the vehicle should be considered by swap-
ping the vehicle for another with a higher capacity or, in justified cases,
by increasing the frequency at certain times.

The database on the size and structure of demand for public urban
transports serving urban districts or rural municipalities may also be used
in modelling the financial consequences of changes to the transport offer,
such as a change in ticket prices or narrowing and, more likely, broaden-
ing the entitlement to free travel.

In 2018, the scope of free travel entitlements was extended
in the Gdansk agglomeration by including primary and secondary school
pupils in the group of persons entitled to free travel. This decision, dictated
by political considerations, was justified by the possibility of generating
additional demand among school pupils and partly also parents taking
their children to school. In practice, this hypothesis has not been proven
either on the basis of the results of demand research or on the basis
of the study of the transport behaviour of pupils, which were presented
in Chapter 6.2.

Table 20 shows the number of passengers and the share of passen-
gers entitled to free journeys calculated on the basis of demand mar-
keting research in three selected municipalities of the Gdansk agglom-
eration. Data is presented for a short period of time: 2018 — before
the extension of the entitlements and the following year (2019), and a long
period of time — 2024 (data for the years 2020-2023 were omitted due
to the impact of restrictions related to the pandemic).

On the basis of the data, it can be concluded that the extension of enti-
tlements in the short term (the share of eligible persons increased from
6 to 15%) did not affect the increase in the number of passengers (a signifi-
cantincrease in the number of passengers in Rumia and Kosakowo in 2019
corresponds to the size of the statistical margin of error in the studies).
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What stands out, however, is the decline in the total number of passengers
in the long term (from 1 to 8%) and a simultaneous increase in the share
of passengers travelling free of charge compared to 2018 of 9 to 21%.
This resulted in a deterioration in the economic and financial efficiency
of public urban transport in the analysed municipalities. In the calculations
presented in the table, the increase in the share of eligible individuals
over a short period of time was assumed as a result of the expansion
of the list of entitlements, along with the average revenue per passen-
ger corresponding to the financial conditions in 2024. The calculations
of the financial consequences presented should therefore be treated
as being cautiously optimistic.

Table 20. Number of passengers and the share of passengers entitled to free
travel in Rumia, Sopot and the rural commune of Kosakowo in 2018, 2019
and 2024

Item Rumia Sopot Kosakowo
Number of passengers in 2018 5,536,671 | 4,153,325 | 2,008,730
Share entitled to free travel [%] 23 34 16
Number of passengers in 2019 5,753,277 | 4,130,538 | 2,109,124
Share entitled to free travel [%] 32 40 30
Number of passengers in 2024 5,077,245 | 3,835,732 [ 1,990,444*
Share entitled to free travel [%] 33 44 37
Estimated lost revenue from tickets in 2024 441,010 174,909 271,400
[PLN]

*the number of passengers generated by new routes are not taken into account

Source: Own work.

Summing up this part of the considerations based on the examples
of the results of the surveys of demand volumes and its structure, it can
be concluded that on the basis of the results of marketing research it is
possible to conduct analyses of the costs and revenues of public urban
transport in relation to the individual services (routes, groups of routes,
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service areas, contractor-operators, customers — e.g., those entitled
to reduced-fare and free travel), in @ manner analogous to that used
for typical services and products offered to customers on the market.
The public usefulness of public urban transport services should not be
a premise for abandoning the assessment of effectiveness of the eco-
nomic and financial efficiency of the various types of services, including
in particular the reasonableness of the decision to launch certain services
and the extension of entitlements to concessions or the free use of ser-
vices. The lack of awareness of decision-makers and residents about
the actual costs and the anticipated outcomes of the changes in the offer
of public urban transport services leads policymakers to base decisions
solely on political and political premises. From an economic point of view,
this situation should be treated as a specific example of generating social
costs, in which a narrow group of beneficiaries burdens the general public
with the costs of irrational decisions.

6.2. Changes in transport behaviour of residents
and passengers

6.2.1. Market segmentation in analysing changes
in the mobility of residents

Cyclical research carried out on the transport behaviour of residents
and passengers in public urban transport creates the possibility of mon-
itoring changes in these behaviours from the point of view of the Sus-
tainable Mobility Goals as set out in SUMP.

For the purposes of urban road traffic modelling and updating
the SUMP, comprehensive traffic surveys are carried out (usually every
five years). The decision of public urban transport authorities to adapt
public transport services to changing needs, behaviour and transport
preferences requires comprehensive marketing research to be carried
out more often than comprehensive traffic studies. It is recommended
that such research is conducted every 2—3 years.
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When analysing changes in the transport behaviour of residents,
account should be taken of changes in potential factors determining
these behaviours, which at the same time often serve as criteria for
the segmentation of the potential (residents) and effective (passengers)
demand. The criteria for segmentation adopted a priori are, inter alia:

- sex;

- age;

— socio-occupational status;

— ownership and access to a car within the household;

- income.'

Table 21 presents the change in the structure of Gdynia residents
during the years 2008-2018.

Table 21. Structure of Gdynia residents during the years 2008-2018

Share in the population [%]
Segments of the population
2008 2010 2013 2015 2018
n=1944\n=1975|n=2000|n=2000|n=1837
Sex

Male 471 47.4 471 47.0 471
Female 529 52.6 529 53.0 42.9

Age [in years]
16-20 6.3 6.8 5.7 5.0 4.9
21-30 19.2 17.8 16.8 15.3 13.7
31-40 19.0 19.2 20.7 21.6 21.0
41-50 15.7 14.9 15.7 16.3 18.4
51-60 21.7 20.7 19.2 179 15.5
61-70 12.8 15.9 17.0 19.0 20.5
above 70 5.3 5.5 5.0 49 6.0

6 Research onincome is difficult as income questions concern sensitive aspects of life.
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Table 21 (cont.)

Share in the population [%]

Segments of the population

2008 2010 2013 2015 2018
n=1944\n=1975|n=2000|n=2000|n= 1837

Socio-occupational status

Employed 46.9 491 53.3 55.8 57.9
Employed 9.1 11.2 11.5 9.4 7.4
Students/pupils 9.6 9.4 8.4 7.9 5.8

Pensioners/disability pensioners 24.3 24.9 22.7 23.3 25.3

Students/pupils 5.3 25 1.9 0.9 2.1
Working pensioners/disability 4.8 29 24 2.7 1.5
pensioners

Car ownership status

Households that own a car 64.0 68.3 73.7 72.2 75.5
Households with no car 46.0 31.7 26.3 27.8 24.5
Main car users in the household 34.2 36.2 431 43.0 47.8

Source: Compiled by the author based on PTB report: (“Preferencje i zachowania
komunikacyjne mieszkarnicéw Gdyni w 2018 r” 2019).

The statistical analysis for segments distinguished based on the cri-

terion of age showed:

- forthe 16-20 years segment: Spearman trend test (STT): a strong
negative monotonic trend was observed: correlation: —0.90, sta-
tistically significant (p = 0.037); Pearson’s linear test (PLT): a strong
negative linear trend was observed: correlation: —0.91, statistically
significant (p = 0.033);

- for the 21-30 years segment: STT: a strong negative monotonic
trend was observed: correlation: —1.00, highly statistically significant
(p <0.001); PLT: a very strong negative linear trend was observed:
correlation: —0.97, significant (p = 0.005).
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— for the 41-50 years segment: STT: positive monotonic trend: cor-
relation: 0.90, statistically significant (p = 0.037).

Detailed results of the analysis for statistically significant changes are
shown in Table 2.1. of Appendix 2.

A very strong negative correlation is characteristic for the student/pupil
segment, which means that the number of students/pupils in the popu-
lation is decreasing. The Spearman test shows an almost perfect nega-
tive correlation, the p-value result may indicate some limitations in data
accuracy or statistical insignificance (depending on the interpretation
of the p-value), however Pearson’s correlation coefficient confirms
the general downward trend.

In the segment of working pensioners, both analyses point to a strong,
negative trend, which suggests that the number of pensioners/disabil-
ity pensioners is also decreasing. This result is consistent in both tests,
therefore strengthening its credibility. This is the result of demographic or
economic changes, such as limitations on the possibility for pensioners
to continue working.

The results indicate marked changes in the age distribution dur-
ing the period analysed. The number of citizens in the age 16-20
and 21-30 years age groups is decreasing, reflecting the decline of fer-
tility and migration of young people. A clear upward trend characterises
the 41-50 and 51+ segments, which is consistent with the population
ageing process.

As a result, the number of pupils entitled to reduced-fare trips
is decreasing in Gdynia, and if this trend continues, from 2018, so will
the number of residents entitled to free travel. This hypothesis will be
verified by the results of research conducted in 2024." At the same time,

7 Further research in Gdynia was planned in 2020. Restrictions related to the pandemic

ruled out the possibility of conducting research in households. PTB carried out fur-
ther research at the end of 2024. For comparison purposes, the results of marketing
research on transport behaviour from 2020, which were carried out by telephone
interview in Gdynia, have also been presented later in the chapter.
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the number of people entitled to reduced-fare and free travel in the 60+
age group is increasing.

Both tests show a strong negative correlation in the segment of
persons who do not own a car, therefore confirming the importance
of the decrease in the number of such persons. The strong positive
correlation in the segment of the main car users proves the statistical
significance of the changes.

The results of the statistical analysis of the factors adopted a pri-
ori as criteria for the segmentation of residents in the years 2008-
2018 indicate that the share of residents over 60 in the years 2008-2018
increased by 8.4 percentage points. The identified change may affect
changes in the transport behaviour of residents, because the mobility
of the elderly differs from the average mobility. The results of the afore-
mentioned studies from 2018 will mean that while the mobility index
of residents over 60 is at the average level at 0.20 journeys per day,
the same indicator for people 60+ in trips by urban public transport
trips is 0.71 p/d (average 0.67 p/d) and in trips by car 0.41 p/d (average
0.93 p/d). An increase in the size of the older age segment may there-
fore result in an increase in demand for public urban transport services.
The identified level of changes in this area in Gdynia will probably not be
felt on the scale of the public urban transport network in Gdynia, neverthe-
less, it may cause an increase in the number of passengers on individual
lines, especially those dedicated to the elderly. In Gdynia, seven such
routes have been launched. Changes in demand on these lines should
be analysed on an ongoing basis, using automatic measurement devices
(e.g., counting gates), or periodically using traditional methods (observers
on board vehicles). The greater requirements of older people regarding
travel comfort should be taken into account.

There was a clear increase in the size of the segment of working resi-
dents by 11 percentage points in the years 2008-2018. Changes in this
segment are most often positively correlated with the level of economic
activity and negatively correlated with the proportion of working-age
individuals who remain unemployed. In the long term, the increase
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in the share of working people may also be the result of changes in pro-
fessional activity measured by the gender criterion, which may be caused
by lifestyle changes. The segments identified in Table 22 according
tothe socio-occupational criterion are characterised by diversified mobility.

Table 22. Mobility of Gdynia residents across the identified segments
according to the criterion of socio-occupational status in 2018

Average number of trips per day
Segments according
to the socio-occupational criterion Walking Public urban Car
transport

Employed 0.15 0.57 1.29
Studying/in education 0.23 1.68 0.36
Working and in education/studying 0.12 1.72 0.67
Disability pensioners 0.32 0.48 0.31
Pensioners 0.24 0.61 0.39
Working pensioners/disability pensioners 0.19 0.81 0.52
Employed 0.43 0.53 0.55
Average of all residents 0.20 0.67 0.93

Source: Compiled by the author based on: (“Preferencje i zachowania komunikacyjne
mieszkancéw Gdyni w 2018 r.” 2019).

The highest rates of public transport mobility in Gdynia are character-
ised by pupils and students (1.68—1.72 trips per day), and the smallest by
pensioners, disability pensioners and the unemployed — respectively 0.68,
0.48 and 0.53 trips per day. The most unfavourable phenomenon from
the point of view of the goals of sustainable mobility is the much greater
(by 38%) mobility of residents using a private car compared to those who
use public transport. In the largest segment of working residents, this
indicator is shaped even less favourably: the average number of car trips
in this segment is 2.26 times higher in comparison to public transport. Such
a situation constitutes a challenge to the achievement of the objectives
of sustainable mobility and should encourage city authorities to create
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incentives and promote the use of bicycles and PTD (personal transport
devices, e.g., electric scooters) for travel of relatively short distances.

The most important challenge for sustainable mobility policy
is the increase in the number of private cars. In Gdynia, between the years
2009 and 2018, the number of registered cars increased from 109,153
to 148,242, i.e. by 35.8%, and by 2023 had increased by a further 13.4%
(“Bank Danych Lokalnych” 2024). The presented research results corre-
late with the Statistical Office data. The share of households that own a car
increased from 2008 to 2018 by 11.5 percentage points (approx. 18%).
In addition, the saturation of households with domestic cars increased:
the motoring index of households in Gdynia increased from 0.81 cars
per household in 2008 to 1.01 cars per household in 2018, i.e. by 24%.
As a result of these changes, the share of the main car users in the house-
hold also increased by 13.6 percentage points.

Table 23 shows changes in the characteristics of residents in the con-
text of two variables: socio-occupational status and access to a car.

Table 23. Changes in the characteristics of residents across segments defined
by socio-occupational criteria in Gdynia in the years 2008-2018

2008 2018
Segments according n=1944 n=1837
to the socio- Persons in the |Main car users|Persons in the |Main car users
occupational criterion | posehold in the household in the
with a car household with a car household

Employed 75.0 52.1 84.8 66.7

In education/studying 72.7 5.4 77.4 9.4
Pensioners 35.2 17.9 56.8 29.3
Disability pensioners 45.6 15.7 45.2 16.1
Employed 52.3 17.6 72.8 22.8

Source: Compiled by the author based on: (“Preferencje i zachowania komunikacyjne
mieszkancéw Gdyniw 2018 r.” 2019).
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The test for proportions based on data from a 10-year period showed
that, apart from the disability pensioners segment, changes in all seg-
ments are statistically significant. The share of households that own a car
increased from 4.7 percentage points (pupils and students) to 21.9 per-
centage points (pensioners and disability pensioners). The share
of the main car users in the household increased from 4 percentage
points (pupils and students) to 14.6 percentage points (employed).

The presented changes in the volume of segments according to the cri-
teria analysed indicate unfavourable trends in the structure of residents,
which in turn negatively affect changes in their transport behaviour
from the point of view of sustainable measures adopted by the Gdynia
authorities.

The transport behaviour of urban residents may constitute a foundation
for distinguishing specific segments of customers. One of the methods
leading to the identification of segments is the analysis of clusters.

The cluster analysis consists of multidimensional techniques, the pri-
mary purpose of which is to group objects that characterise specific fea-
tures by searching in a set of subset objects called clusters that are both
homogeneous and separable. The homogeneity of the collection means
that the units belonging to a particular group (coupling) are similar to each
other, while at the same time they differ as much as possible in relation
to objects belonging to other classes (Kaciak 2011).

Based on the results of research on transport preferences and behav-
iours of Gdynia residents from 2010 (Hebel 2013) respondents from
Gdynia were grouped into four segments with the following respective
sizes: 501 (25.4%), 699 (35.4%), 172 (8.8%) and 603 (30.5%).

For example, the largest segment (35% of Gdynia residents) is mainly
made up of young people aged: 21-30 years (25.2%) and 31-40 years
(20.3%), as well as what distinguishes this segment from the others:
residents aged 16-20. The largest state group were working people
(45.9%). The smallest share in this segment is that of pensioners (14.9%)
or those in school/higher education (14.5%), 38.5% of respondents always
use public urban transport, whereas 27.0% mostly use this transport
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mode. This segment is characterised by a shorter average time to reach
the stop compared to the other three segments (4.93 minutes compared
to the average for all residents of 5.03 minutes). For 70.2% of respond-
ents the travel time has not changed in the last 2 years. The three main
reasons for the use of a car of urban trips are:

— more convenient (32.9%);

- shorter travel time (22.4%);

- no need to wait for public transport (15.2%).

The three most important reasons given by respondents for the use
of public urban transport (despite access to a car in the household) are:

- use of the car by another person (16.8%);

- difficulty parking at destination (15.6%);

- lower cost of travel by public transport (14.6%).

Compared to the characteristics of the other segments, the largest
group stands out with the highest proportion of respondents choos-
ing public transport due to the availability of the metropolitan ticket
and the satisfactory quality of public transport. The third largest features
of public transport for residents from this segment are in the following:
directness, frequency and punctuality. Nearly half (40.2%) expect either
a standing place in acceptable conditions or, preferably, a seat on public
transport vehicles (31.9%), 64.7% of people in this segment rated pub-
lic urban transport services as good (Hebel 2013).

Table 24 shows the characteristics of segments highlighted by the con-
centration method.
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Table 24. Transport profiles of distinguished segments of the urban transport
market in Gdynia in 2010

Characteristic

Profile of distinguished segments

(when choosing
three factors)

Segment 1 Segment 2 Segment 3 Segment 4
n=501 n=699 n=172 n=603
Most commonly bus bus bus bus
used public trolleybus trolleybus trolleybus
transport mode Fast Urban Fast Urban
Rail (SKM) Rail (SKM)
Age of respondents | 31-40 21-30 16-20 51-60
51-60 31-40 21-30 61-70
Socio-occupational |employed, employed, employed, employed,
status of respond- retired retired, working retired
ents working and in educa-
and in educa- |tion/studying
tion/studying
Mode of travel always by car  |always mostly always
by public by public by public
transport transport transport
Three most 1.car used 1.car used 1.car used 1. difficulty
important by another by another by another parking
determinants for person person person 2.car used
choosing public 2.difficulty 2.difficulty 2.difficulty by another
transport parking parking parking person
3.congestion 3.low cost 3.congestion | 3.low cost
Most important directness directness directness directness
characteristic
of public transport
(factor indicated
first)
Most important — punctuality — directness | — directness |- directness
characteristic — directness — frequency — frequency — availability
of public transport — availability — punctuality |- availability |- punctuality
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Table 24 (cont.)

Characteristic

Profile of distinguished segments

Bus comfort

Bus cleanliness

Punctuality

Safety on board

Price of trolleybus
tickets

Speed of trolleybus
travel

Convenience
of trolleybus travel

comfortable

clean

punctual

safe

comfortable

clean

punctual

safe

neutral

fast

convenient

somewhat
comfortable

somewhat
clean

somewhat
punctual

somewhat
safe

neutral

somewhat fast

somewhat
comfortable

Segment 1 Segment 2 Segment 3 Segment 4
n=501 n =699 n=172 n=603
The best-performing | — availability — availability —availability —availability
characteristic
of public transport
The — punctuality —punctuality | —punctuality | —punctuality
worst-performing
characteristic
of public transport
Expected standard | —mostly a seat | — a standing —a standing — mostly
of comfort —no opinion place in place in a seat
acceptable acceptable | —in accept-
conditions conditions able condi-
—mostly —mostly tions
a seat a seat
Assessment good good good good
of public transport
in Gdynia
Price of bus tickets | neutral neutral neutral neutral
Speed of bus travel |fast fast somewhat fast | fast

comfortable

clean

punctual

safe

neutral

fast

comfortable
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Table 24 (cont.)

Profile of distinguished segments
Characteristic Segment 1 Segment 2 Segment 3 Segment 4
n=501 n=699 n=172 n=603

Cleanliness - clean somewhat clean

of trolleybuses clean

Punctuality - punctual somewhat punctual
of trolleybuses punctual

Safety of trolleybus - safe somewhat safe

travel safe

Price of Fast Urban - neutral neutral -
Rail (SKM) tickets

Speed of Fast Urban - very fast fast -
Rail (SKM) travel

Convenience of Fast - convenient somewhat -
Urban Rail (SKM) convenient

Speed of Fast - somewhat dirty -
Urban Rail (SKM) clean

cleanliness

Fast Urban Rail - punctual punctual -
(SKM) punctuality

Fast Urban Rail - safe somewhat -
(SKM) safety safe
The symbol "—” means that 98% of respondents of the segment chose the response:

no opinion.

Source: (Hebel 2013).

The profiles of distinguished segments can be used to create a mar-

keting strategy based on the objectives of sustainable mobility. From this

point of view, it is a challenge to obtain passengers from the first seg-

ment, whose number is approximately one-quarter of the city’s residents

and retain them as regular customers. The most important attributes

of public urban transport are, in order: punctuality, directness and acces-

sibility. Particularly notable is the first attribute, since the punctuality
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of public urban transport in Gdynia is also the worst-performing attribute.
Therefore, building bus lanes can be considered a legitimate marketing
strategy aimed at attracting new passengers for public urban transport.
Residents in this segment rated the services close to the average; how-
ever, it is worth noting that they are individuals who always travel by car.
A good overall assessment of public urban transport services and pos-
itive detailed assessments are not therefore, in most cases, assess-
ments resulting from their own experience as passengers, but are based
on the assessment of others (family or friends). It should therefore be
assumed that the actual (resulting from experience) expectations of these
persons in relation to the quality of public urban transport services will
be different from those resulting from research.

6.2.2. Changes in the modal split

The main objective of the study of transport behaviour of residents
in cities is to identify the modal split, namely the share of individual trans-
port modes in urban travel. Research on transport behaviour, leading
to the identification of the share of individual means of urban transport
in travel, is most often carried out using measurements which employ
a technique called “A Day in the Life” (or “One-day Travel Diary”), in which
respondents are asked about all trips made on the day before the study.
It is recommended that the study of transport behaviours be carried out
by means of an interview, as this increases the likelihood of obtaining
a complete picture of resident mobility. When analysing each journey,
it is necessary to identify the individual stages determined by the possi-
ble change of the transport mode. The scope of the travel-specific data
should include: journey time, place of start and completion, data on all
means of transport used on the trip from origin to destination, motivation
(the purpose of travel understood as the fulfiiment of a specific need), or
additional data on the costs of each ride by individual means of transport
or the number of people travelling together in cars.
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A summary of data from the classic questionnaire on the study of trans-
port behaviour of the residents of Gdynia was presented in Figure 8.

Based on travel data, information is obtained on:

- intensity of journeys over time, including periods of accumulation

of travel at the so-called transport peaks (Appendix 3, Figure 3.1);
- structure of the motivations (destinations) of the journey (Appen-
dix 3, Figure 3.2);

— directions of movements during a 24-hour period and at different
times of the day (Appendix 3, Figure 3.3);

— share of individual means of transport in the implementation of urban
travel — modal split (Appendix 3, Figure 3.4).

From the point of view of the competitiveness of sustainable mobil-
ity modes (public urban transport, bicycles, car sharing, PLEV) changes
in transport behaviour should be monitored by comparing them
to the modal split established in the SUMP.

As early as the 1960s, it was pointed out that more flexible work-
ing hours were desirable for the purpose of mitigating transport peaks
(Thompson 1967). Flexible working hours are conducive to liberalisation
of the labour market and an increase in the number of self-employed
(Nurvala 2015; Thoemmes 2015), so some consider them to be tools
for transport demand management (TDM) (Nakamura, Hayashi 2013).
However, the possibility of making use of flexible working hours often
does not significantly affect the mitigation of transport peaks (Meis-
sonnier, Richer 2021; Munch, Proulhac 2023; W6éhner 2022). In light
of the overview of research findings presented in the monograph, it can
be stated that a more effective course of action leading to the reduction
of congestion related to transport peaks is to lead to modal shifts, namely,
the forgoing of certain car journeys, by improving the quality of public
transport and its integration with other travel modes considered to be
sustainable and pro-ecological.
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Interviewer: present the following definition of a trip to the respondent
Trip - moving from point A to point B for a specific purpose, e.g., work.

A trip may consist of several stages (rides or walking trips longer than 0.5 km).

If other matters are dealt with in between, e.g., shopping, giving someone a lift, etc., then it is
considered a separate trip with another purpose, resulting in two trips.

Please provide data on all non-walking and walking trips (walking trips longer than 0.5 km,
including walking to the means of transport) made yesterday (round trip included).

No. Dep. Purpose | FROM | FROM - | TO - TO - Means of | No. of
time -town | street/ | town street / | transport | people
building building in car
(besides
driver)*
1
2
3
4
5
6
7

Interviewer: enter the number of people in the car besides the driver; applies to trips by car
as driver (Sk) and as passenger (Sp).

[No trips - go to E7

Trip purposes:
P - Work; N - School / Study; Z - Shopping; SZ - Professional / Business matters; SO -
Personal matters; ST - Social activities; R - Recreation

Modes of transport:

A - Bus; T - Trolleybus; TM - Tram; K - SKM, PR, PKM or other railway; AZ - Company
bus/shuttle (closed trip); BUS - Private coach / long-distance bus; PKS - Regional bus
transport; Sk - Car (as driver); Sp - Car (as passenger); TX - Taxi; SR - Scooter; R - Bicycle;
M - Motorcycle (moped); Pi - On foot

Figure 8. Scope of data in measuring travel behaviour — the ‘Previous Day
Snapshot’ technique (paper questionnaire)

Source: PTB materials.
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Table 25. Motivations (destinations) for urban travel of all residents in selected
cities and municipalities of the Gdarisk agglomeration

Destinations Gdynia 2018 | Rumia 2022 |Kosakowo* 2023 | Sopot 2024
(travel motivations)| n=1837 n =867 n =987 n =849
Home 45.3 46.7 46.5 47.8
Work 25.8 27.2 28.4 259
Shopping 9.2 11.1 9.8 10.4
Personal matters 8.2 5.4 3.6 5.6
Recreation 3.2 0.8 1.7 3.0
Education 33 4.6 3.4 3.0
Social activities 1.9 1.9 1.9 29
Other 3.1 23 4.7 1.4

* rural commune

Source: Own work.

Home is the destination of the majority of urban trips. This is perhaps
obvious as home is the main final destination of return trips. The share
of workplaces as travel destinations is shaped by numerous macroe-
conomic factors, both those captured in statistics, such as unemploy-
ment rates, the proportion of the working-age population, and the level
of the minimum wage, and those identified through primary research,
such as the ease of doing business and lifestyle patterns. Table 25
shows the share of travel destinations in selected cities and municipal-
ities of the Gdansk agglomeration. The share of trips connected with
home and work show no difference in statistical significance. Greater
differentiation occurs in relation to other travel destinations and results
from the demographic characteristics of the area, the level of the motor-
isation of households and the distance of the commune from the core
of the agglomeration, where the majority of metropolitan functions
are located.

Table 26 shows the share of travel destinations in the segment of res-
idents travelling always or mostly by private car.
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Table 26. Motivations (destinations) for urban travel of the totality of residents
and those declaring to travel always or mostly by public urban transport (PUT)
and always or mostly by private car (PC) in Gdynia in 2018

N Travelling always Travelling always
Destinations Total
(travel motivations) n=1837 or mostly by PUT or usually by PC
n=780 n=834

Home 45.3 46.3 44.8
Work 25.8 20.9 31.4
Shopping 9.2 9.8 8.2
Personal matters 8.2 9.4 6.4
Recreation 3.2 3.5 3.7
Education 3.3 7.0 0.5
Social activities 1.9 2.1 1.4
Other 3.1 1.0 3.6

Source: Own work.

Figure 9 shows the distribution of travel destinations for three groups
of residents: all, public urban transport users, and the main car users
in the household.

The Kruskal-Wallis test indicates statistics 0.204 and the value p =0.903.
Because the p-value is much greater than the typical significance level
(e.g., 0.05), it can be concluded that there are no statistically significant
differences between segments. The percentage share in each category
(total residents,[%]travelling by public transport, travelling by car) is similar
in terms of the timetable between different destinations. This means that
the motivations of the general public and of public transport and those
travelling by car are similar. This is also confirmed by the chi-square test
(Appendix 4, Table 4.1), which indicates statistically negligible differences
between groups. The exception is the travel destination education, but
in the context of all travel destinations in individual segments, it can be
concluded that these differences are statistically irrelevant. This is due
to the fact that identified travel destinations, such as work, shopping or
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recreation, are common to all residents, regardless of the choice of trans-
port mode. Since the data concerns only three groups from a single
measurement, they should be carefully interpreted, in particular with
regard to the relatively large differences between groups in travel to work
and a place of education. The Kruskal-Wallis test analyses the differences
in the distribution of values between groups (segments). P-values and sta-
tistics suggest that differences in distributions between groups are not
strong enough to be considered statistically significant. Due to the differ-
ent ranges of travel shares to work and place of education, a pair com-
parison test was carried out. Moreover, the results of the Mann-Whitney
test between the groups (travel destinations) “Work” and “Education”
and other destinations show no significant differences, which means that
there were no statistically significant differences.

50
45
40
35
30
25 m Total residents [%]
20
Travels always or mostly
15 public transport [%]
10 m Travels always or mostly
private car [%]
5
0

e & & & Qo o & &
N S N ¢ 0 d & N
€ ¥ K 3 & L S
’»(Q Q,é <'>’b
& <« 3
S
&
€

Figure 9. Analysis of the different travel destinations of three groups of Gdynia
residents (2018)

Source: Own work.
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The study of transport behaviour enables the analysis of the main direc-
tions and intensity of trips from origin to destination. Assuming research
on an appropriate sample of residents, the results within a given area
enable the analysis of demand for trips between districts (or between
housing estates). This is a kind of analysis of demand volatility in spatial
terms. The travel matrix reflects the spatial variation in demand (Appen-
dix 3, Figure 3.3).

The spatial distribution of demand for public urban transport is often
represented using cartograms showing the distribution of demand (pas-
senger pipelines) along the main urban roads — Figure 10. Such tests
are most often carried out as part of CTS and include not only the move-
ment of passenger vehicles, but also the transport of cargo. These stud-
ies use the methods characterised in this monograph (single methods,
interviews and observations) and specific measurements, e.g., cordon
surveys and metadata obtained from mobile device operators. The anal-
ysis of CTS results is carried out using specialised computer programmes
(e.g., Visum).

The modal split of trips by transport mode is essential for achieving
the goals of sustainable mobility. It is treated most often as an indicator
of the degree of achievement of the goals set out in the SUMP. The modal
split in cities of similar size may vary significantly — see Figure 11.

146



Cardiodiagram of passenger traffic volume [pass./hl]
Afternooon peak

Legend : 4
[ Ralway

o /
Cardiodiagram Jana |ll Sobieskiego Street

Means of transport

Figure 10. Distribution of passenger flows in Sopot in 2022

Source: Transport Simulation Model for the City of Gdarisk 2022, Gdarisk Development
Office 2022 on the basis of results from programme PTV Visum.
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Figure 11. Comparison of modal split for European cities
with 0.8 to 1.3 million residents using data from the TEMS database

Source: (Pilko, Tepees, Brezina 2015).

Many factors have an impact on the differences in the share of dif-
ferent transport modes deemed sustainable. The share of public trans-
port in trips has been shown to increase with the size of the city (Susilo,
Maat 2007; Scheiner 2010). The revenue is positively correlated with
the increase in the share of cars (Balcombe et al. 2006; Chen, Gong,
Paaswell 2008; Dargay, Hivert, Legros 2008), however, in relation to pub-
lic transport, the results are not unequivocal. The influence of the city’s
attributes on the modal split has been examined (Lee et al. 2022), show-
ing the most significant influence on the composition of travel behaviour
across socio-demographic groups. Other identified factors in cities are
the population density and employment rate, which are positively linked
to low-carbon modes of transport. The high fuel tax and low prices of pub-
lic transport and taxis often make people reconsider whether they really
need to own their own car. The authors also point out that bad weather
conditions may prevent the use of bicycles. The study of factors deter-
mining the mode of travel, including access to a car, age, whether or not
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there are children in the household, public transport ticket prices, popu-
lation density, travel distance, land use, and others has been conducted
(Santos et al. 2013).

The share of public transport in selected cities is shown in Table 27,
whereas the share of sustainable travel modes in connection with pop-
ulation density is shown in Figure 12. In cities with a relatively high
population density, there is a greater preference for non-car transport
modes. Short travel distances further encourage this tendency, making
walking and cycling more appealing. Higher-density areas are also char-
acterised by intense resident activity, allowing public transport to effec-
tively combine origins and destinations.
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Figure 12. Share of sustainable mobility (public transport, cycling and walking)
in selected cities, taking account of population density

Source: (Kenworthy, Laube 2001).
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Given the different test methodology, including data measurements

and analysis, when comparing the modal split, even for cities of a simi-

lar size, the assessment of their sustainable mobility policies should be

carefully interpreted. For example, in some studies all walking distances

are considered to be walking trips regardless of the distance, whereas

others only take into account distances over 250 or 500 m, while others

still only include trips over a kilometre." The varied walking distances

included in the modal split are applied for both urban and rural areas.

Changes in the share of sustainable urban travel are the main measure
of the effectiveness of SUMP activities. Table 28 shows the share of indi-
vidual travel modes in Gdynia in the years 2008-2018.

Table 28. Modal split and bus and trolleybus operations in Gdynia in the years

2008-2018

2008 2010 2013 2015 2018

Mode of travel n=1944|n=1975 | n=2000 | n=2000 n=1650*
Share of types of travel

Bus 30.0 28.8 25.0 24.6 27.3
Trolleybus 14.8 15.0 14.0 10.5 8.7
Train 7.2 6.3 6.4 4.8 55
Bike 0.8 0.4 0.8 1.8 2.4
Car 47.2 48.7 53.1 57.8 55.5
Other - 0.8 0.7 0.5 0.6
Number of bus 11.88 12.02 11.61 11.50 11.65
vehicle-kilometres [million]
Number of bus 4.85 4.86 4.84 4.79 5.15
vehicle-kilometres [million]

*excluding walking trips

Source: Own work.
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Marketing research on transport behaviour of the Gdynia residents
in the years 2008-2018 was carried out according to the same method-
ology including, inter alia, the same sampling method (stratified random
sampling) and the same data reduction procedure for aggregating indi-
vidual trips into journeys. In 2018, walking journeys over 0.5 km were
included in research for the first time. For comparison purposes, however,
these journeys are not included in Table 28. Irrespective of the analysis
of the changes in the correlation between the proportion of trips under-
taken by buses and trolleybuses and the service offer as measured by
operational work (Appendix 5), the share of sustainable travel modes
decreased over the period of 10 years by 9 percentage points, reaching
its lowest in 2015.

In the period analysed, bus operations (vehicle-kilometres) showed
a negative slope of the trend line (the inclination coefficient of the line
was —0.039 at p-value = 0.156, which means that the change is not sta-
tistically significant). The trend of changes in the operation of trolleybuses
is positive (0.022), but also not statistically significant (p-value = 0.269).
The absence of a statistical significance of the changes in the operational
work does not exclude the relationship between this variable and the num-
ber of bus and trolleybus passengers. The analysis of Spearman’s correla-
tion between the supply (the number of vehicle-kilometres) in bus and trol-
leybus transport, and the demand measured by the share and number
of passengers showed a moderate positive correlation for the buses.
The correlation coefficients were 0.6 for buses at p-value = 0.285, which
means a relatively strong correlation, but is not statistically significant.
With regard to trolleybuses, such correlation does not occur (o = 0.0).

The lack of a statistically significant correlation between the variables
of supply and demand indicates that the supply of services is not a suf-
ficient factor in explaining the changes in the number of passengers,
especially in subsequent years. This is confirmed by the results of stud-
ies carried out by other authors (Friman, Fellesson 2009; Fuijii, Kitamura
2003). Explanations of this phenomenon should be sought in quality fac-
tors, such as lifestyle, and assessment of the quality of public transport
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services in Gdynia. From the perspective of sustainable mobility objec-
tives, the decline in the share of sustainable transport modes — reflected
in the negative slope of the trend curve — is concerning (inclination factor,
—2.66, p-value = 0.028 (R?=0.84, which indicates a good trend match) —
Figure 13.
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Figure 13. Change in the share of sustainable mobility in Gdynia in the years
2008-2018

Source: Own work.

Gdynia is one of the cities in Poland where investments in public urban
transport have not lead to the expected results planned in the SUMP
(Wolanski 2022). A review of the literature and research on the function-
ing of public transport in Gdynia indicates that the potential reasons for
the decrease in the share of sustainable travel modes are:

— failure to adapt the attributes of services to the preferences of res-

idents;

- low quality of public transport services measured by the level of satis-
faction;
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- lack of integration of rail and road public transport services (buses

and trolleybuses);

- absence (in the analysed period) of city bike rental services;

- long journeys by public transport and frequent delays of buses

and trolleybuses that reduce the quality of multimodal services
(trips that use the railways) and the short length of bus lanes;

— failure to implement or insufficiently implement the transport policy

assumptions, including the inefficient use of the policy’s instruments.

Some of these hypotheses will be verified later in the monograph.

When looking for reasons that do not correspond to the goals
of the share of sustainable mobility in the SUMP,?° it is advisable to ana-
lyse the modal split of smaller areas, which may be districts and individual
housing estates (in CTS surveys, so-called regions are determined using
a specific methodology). It is important to note that data relating to units
(or structures) smaller than those selected in the sampling procedure will
be associated with a higher margin of error than initially assumed. For
example, if the sample size for the city is calculated to keep the margin
of error in estimating the share of trips within £3%, the margin of error for
smaller areas (such as districts) will inevitably be higher. Table 29 shows
the model split breakdown for six selected districts of Gdynia.

The share of transport modes considered to be sustainable is strongly
differentiated in individual districts and ranges from 11.8% (Pustki Cisow-
skie) to 58.6% (Chylonia). As a result, the share of cars in handling
the transport needs of district residents is also diverse and ranges from
41.4% (Chylonia) to 88.2% (Pustki Cisowskie). Some of the differences
in mobility presented are easy to explain and result, among other things,
from the availability of individual public urban transport and the intensity
of service, the measure of which may be the operational work in the district
area or the number of residents. The impact of other factors explaining

2% The SUMP for Gdynia for the period 2016—2025 assumed a 10% reduction in the share
of cars in transport.
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the variation in the share of individual travel modes can be identified
from regression models.

Table 29. Modal split for selected districts of Gdynia in 2018

Share of types of travel
Travel . ; .
mode |Babie Doty Chvyar?no Chylonia | Karwiny ,PUStkI, Srédmiescie
-Wiczlino Cisowskie
n=16 n=185| n=85 n=109
n=86 n=71

Bus 25.0 25.8 15.2 18.2 8.2 21.4
Trolleybus 0.0 0.2 27.5 14.6 0.8 1.5
Train 0.0 3.9 13.0 0.8 2.8 15.3
Bike 0.0 1.1 29 1.6 0.0 0.0
Car 75.0 68.9 41.4 64.8 88.2 61.8

Source: Own work.

From the perspective of the public urban transport operator, comparing
the modal split across different districts should serve as a foundation for
identifying the factors that influence the distribution of transport modes
in trips, and understanding how these factors affect the choice of trans-
port options used for travel.

Interesting studies of factors affecting the use of individual modes of
transport were based on the dataset from the study “Quality of life of Lodz
residents” (Rokicka 2013). The measurement was carried out on a repre-
sentative sample of 1000 Lodz residents 2012. The subject of the study
included issues of lifestyle, residents’ habits, economic and health issues,
matters related to safety, social relations and transport. The share of res-
idents declaring daily or almost daily use of public transport was 39.2%,
compared to 31.4% for private transport. The analysis of the determinant
of transport behaviour was based on a logit regression model, where
the probability of p,; for dependent variables took the form:
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The results of the analysis showed (Wéjcik 2019) — that the main synthetic
variable affecting the choice of transport mode is the socio-demographic
characteristics of the residents. Age has a non-linear (parabolic) associa-
tion with the frequency of use of private transport: with age, the likelihood
of regular use of private transport increases for the 35-44-year-old age
group and decreases for residents 45 years and older. The highest prob-
ability was obtained for respondents aged 35-44. With each one-year
increase in age, the likelihood of choosing public transport decreases by
0.004. Women use public transport on a daily basis more often than men
(by 0.09) and use private passenger cars less often than men (by 0.21).
Employment shows a positive correlation with the use of public transport
(0.166). The same variable has three times less influence on the use of pri-
vate transport. Married persons were less likely to choose to use a private
car. However, this effect was only significant at a significance level
of a=0.1 (p-value <0.1). Researchers explain this fact by the use of the car
to meet the needs of other family members in the household. Being
a student or pupil significantly influenced the likelihood of regularly using
public transport. The effect of this variable was 0.256.

The impact of the level of income of residents was examined
on the basis of a subjective assessment of the financial situation. Assess-
ments of moderate or weak financial situations have been shown to pos-
itively influence the preference for more affordable transport modes.
Having two or more cars obviously affects the intensity with which they
are used in everyday travel. Interestingly, the first car in the household
has the strongest impact. In the assessments of the quality of public
transport services, only one variable proved to be relevant. People who
positively assessed public transport had a greater likelihood of choos-
ing this form of transport (0.125) than those who felt that the transport
options were unsatisfactory. The impact of the distance between the city
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centre and the respondent’s place of residence was also shown. For every
1 km increase in the distance from the centre, the probability of regular
use of public transport decreases by 0.013. This effect was not rele-
vant for private transport, which is more flexible in terms of travel time
and the choice of route (Wdjcik 2019).

The organiser of public urban transport should take into account
those factors on which the change has a real impact and which may be
determined on the basis of research or publicly available statistics. Such
factors can include, for example:

— average number of cars in the household;

— distance from the main sources of traffic, measured, for example,
by the ratio of time of travel by public transport to the time of travel
by car;

— assessment of the quality of public transport services;

— classifying one of the three most important attributes as one
of the three best-performing;

- share of employed residents commuting to places of work and study;

- transfer frequency rate;

— accessibility (walking time to the stop);

- waiting time for a public transport vehicle.

The selected factors from comprehensive research on the prefer-
ences and transport behaviour of the Sopot residents (2024) were used
to develop a logit model presenting their impact on the modal split in this
city in commuting to places of work and study. Travel modes in this city
have been grouped into two segments: sustainable (public transport,
bicycles, pedestrian and PTD) and unsustainable (car).

In the first stage of the analysis, the distributions of quantitative var-
iables were examined. To this end, basic descriptive statistics were
calculated, along with the Shapiro—Wilk test for distribution normality.
The results of the analysis are shown in Table 30.
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Table 30. Descriptive statistics for selected variables used in the logistic regression model, along with the results

of the normality test (n = 114) from comprehensive studies on the travel preferences and behaviours of Sopot residents

(2024)
Variable M Me SD Sk. Kurt. Min. Max. w P
Number of cars in the household 1.24 1.00 0.45 1.55 1.21 1.00 3.00 0.54 | <0.001
Assessment of urban transport 4.03 4.00 0.72 -0.18 -0.63 2.00 5.00 0.82 <0.001
Standard of comfort 3.04 3.00 1.29 -0.11 -1.20 1.00 5.00 0.89 | <0.001
Average journey time to destination:
public urban transport 37.98 35.00 16.96 1.34 4.20 1.00 120.00 0.91 <0.001
car 19.57 20.00 9.88 0.98 1.72 1.00 60.00 0.93 <0.001

M — mean; Me — median; SD — standard deviation; Sk. — skewness; Kurt. — kurtosis; Min. — minimal value; Max. — maximum value;

W — Shapiro-Wilk test; p — p-value for the Shapiro—Wilk test

Source: Own work.
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The results of the Kolmogorov—Smirnov test are statistically significant,
indicating a degree of asymmetry in the distributions tested. However,
the assumption of normally distributed variables does not apply to logistic
regression analysis. For this reason, the analysis was carried out taking
into account its other assumptions, such as the lack of linearity (which
was confirmed by the VIF ratio < 3).

For ten selected variables potentially affecting the means of carry-
ing out urban travel, which were initially selected as part of the model,
the analysis examined their impact on the likelihood of selecting sustain-
able travel modes. For this purpose, a logistic regression analysis was
performed for the given type of transport. The analysis included variables:
gender (coding 1 —women, 2 — men), age (divided into 3 groups: under
41 years of age as a reference level, age 41-60 years, and over the age
of 61), the number of cars in the household, the status of the main car
user (1 —yes, 0 — no), the assessment of public urban transport in Sopot,
the standard of comfort and the simultaneous indication of the given
attribute as the most important and the best- or worst-performing (1 — yes,
0 — no). The assessment of public urban transport and the standard
of comfort were measured using the Likert scale, so after checking
the assumptions, they were included in the model as quantitative varia-
bles. There were no problems with co-linearity. The results of the analysis
are shown in Table 31.
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Table 31. Results of a logistic regression analysis examining the probability
of using sustainable transport, based on demographic variables related to car
ownership, public transport evaluation, and travel preferences

(n=102), derived from a comprehensive study of the transport preferences
and behaviours of Sopot residents (2024)

Odds ratio
Variabl B E |Wald(1
ariable S ald(1) p [95% CI]
Age: below 41 reference level
Age: 41-60 0.39| 0.67 0.33| 0.567| 1.47[0.39)5.49]
Age: 61 years and above 296| 1.42 4.37| 0.037|19.35(2.96) 311.53
Sex -1.26| 0.67 3.52| 0.061| 0.28(-1.26)1.06
Number of cars -0.78| 0.75 1.09| 0.297| 0.46(-0.78) 1.98
in the household
Main car users -3.27| 0.87| 14.26|<0.001| 0.04(-3.27)0.21
Average journey time -0.04| 0.03 1.99| 0.159| 0.96 (-0.04) 1.02
to destination by public urban
transport
Average journey time 0.03| 0.04 0.40| 0.528| 1.03(0.03)1.11]

to destination by car

Assessment of public urban 0.61| 0.46 1.79] 0.181 1.85[0.61 4.54]
transport

Standard of comfort 0.10| 0.25 0.15| 0.697| 1.10[0.101.78]
Selected attribute 1.10| 0.71 2.38| 0.123| 2.99[1.10; 12.06]
as the best-performing

Selected attribute 0.28| 0.60| 0.23| 0.634| 1.33[0.28;4.27]
as the worst-performing

Constant 1.73| 2.35 0.55| 0.461 5.66
Overall model coefficients x2(11)=43.78; p < 0.001

test

Hosmer—Lemeshow Test x2(8)=6.43; p=0.599

Nagelkerke R-squared 0.501

Dependent variable: Transport mode (1 — balanced; O — unbalanced);

B — unstandardised regression coefficient; SE — standard error; Wald — test of
significance of a predictor in the model; p — significance level of the Wald test;
95% Cl — 95% confidence interval for the odds ratio

Source: Own work.
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The results of the analysis indicate the appropriate model fit to the data
and the significance of the coefficients in the model based on both tests.
The explained variance was 49%. The model correctly classified 83.3%
of cases. Of the predictors included in the model, only two turned out to be
statistically significant — the status of the main user of the car
in the household and age over 61. The status of the primary
car user is negatively correlated with the dependent variable, while age
over 61 is positively correlated. When interpreting the odds ratio, it should
be assumed that the chance of using sustainable transport is 96% lower
if the person does not have the status of the main car user compared
to a person with such status. The probability that persons over the age
of 61 will benefit from sustainable transport is higher by 1,835% than
for persons under 41. Other predictors did not provide for the likelihood
of using sustainable transport during travel.

The results of the model indicate that driving behaviours to places
of work and study are strongly determined by the respondent having
the status of the main car user in the household. Other given variables,
including in particular the time of commuting to the destination, turned
out to be statistically insignificant. It seems that in Sopot, a city with rel-
atively short distances of travel, differences in travel by car and sustain-
able transport are not relevant when choosing a transport mode. Also,
the fact that a given attribute has been considered the most important
and at the same time is the best- or the worst-performing, does not have
an important significance for residents. In conclusion, Sopot residents
are willing to make use of sustainable travel modes until they become
the main car user in the household. Whereas the chance of such transport
behaviour is 96% lower.

The segment for which the likelihood of using transport modes that
create sustainable mobility is clearly increased is Sopot residents aged
over 60. Since these individuals are of pre-retirement age, their influence
on sustainable commuting is limited. The impact of this segment is likely
greater when all travel is considered, given that it accounts for 30%
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of the resident population; however, confirming this hypothesis would
require the development of an additional model.

Marketing research on transport behaviour also provides insights into
the relationship between travel times by public transport and by private
car. As previously noted, travel time is one of the most important synthetic
(composite) indicators influencing the choice of urban transport mode.
Even without modelling or estimating the effects of individual variables,
comparing travel times between public urban transport and private cars
provides a basis for implementing specific transport policy measures.
Such a comparison is often more convincing for decision makers than
complex logit models or regression analysis. Table 32 compares the com-
mute times to places of work and study by public transport and by car
from selected cities and municipalities of the Gdarisk agglomeration.

Table 32. Comparison of average commuting times to work and places
of study in selected cities and municipalities of the Gdansk agglomeration

Gdynia Sopot |Szemud*| Rumia |Kosakowo*
2018 2018 2019 2022 2023

It
em n,=934 | n,=398 | n,=429 | n,=384 | n,=489
n,=141| n,=63 | n,=78 | n,=61 n,=70
Average journey time 21 22 26 18 23
to place of education by car
[min]
Average journey time 40 36 61 36 52

to place of education by
public transport [min]

Average journey time 23 20 27 21 29
to place of education by car

[min]

Average journey time 39 26 55 34 60

to place of education by
public transport [min]

n, and n, — number of respondents commuting to work and their place of education
* rural commune

Source: Own work.
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The average driving time to the place of work by car compared to pub-
lic urban travel is shorter by 50 to 57%. Private cars provide relatively
greater benefits (shorter travel time to work) for rural residents. The aver-
age travel to a place of education by car is 20 to 50% shorter than by
public transport. Cars provide relatively greater benefits connected with
a reduction in travel time to rural residents than to urban residents. These
benefits are at their lowest levels in towns/small cities (Sopot, Rumia).

Surprising results were obtained by analysing the change in the per-
ceived travel time in Gdynia over a period of ten years, comparing
the data from the 2008 and 2018 studies. In the opinion of respond-
ents, the average travel time by car to work has not changed, and the aver-
age travel time by public transport has been reduced from 41 to 40 min-
utes (by 2.4%). In relation to travel to a place of education, the travel time
by car has increased from 22 to 23 min (by 4.5%), and by public transport
decreased from 40 to 30 min (by 25%). The marketing research data for
public transport was compared with the actual driving times of public
transport vehicles. The driving times of buses and trolleybuses provided
in timetables are verified annually and take into changes in average traf-
fic conditions. Since driving times in timetables reflect the average traffic
conditions in a given period (they only partially take into account random
traffic events, i.e. accidents, emergencies, planned road works and oth-
ers), Table 33 also shows a change in the share of services delayed by up
to 3 minutes (with a relatively low level of inconvenience for passengers),
and 4 or more minutes (high level of inconvenience).
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Table 33. Changes in the perceived travel time by public transport to a place
of work or study, scheduled driving times and the share of delayed public

transport services in Gdynia in 2008 and 2018

Item

2008/2018

Change in perception of average time of commuting
to a place of work by public transport*

Change in perception of average time of commuting
to a place of education by public transport*

Average change in travel times in bus and trolleybus
timetables

Change in the share of services delayed by up to 3 min*

Change in the share of services delayed by more than
3 min*

Share of rail in trips

—2.4% (-1 min)

—2.5% (1 min)

4.5% (+2 min)

+2.8 percentage points

+2.8 percentage points

-1.7%

*concerns only buses and trolleybuses

Source: Own work.

Assuming that the perceived changes in driving times by buses

and trolleybuses are not statistically significant, it is notable that, during

the period considered, the driving times of public transport vehicles, calcu-

lated empirically, increased by an average of 4.5%. Despite the extension

of driving times, the share of services delayed up to 3 minutes increased
from 24.65 to 27.50% between 2008 and 2018, while services that
caused a higher level of inconvenience (delay of 4 minutes or more)

increased from 20.37 to 23.17%. The analysed phenomenon of travel

time perception can be explained as follows:

— passengers only begin to subjectively perceive a change in travel

time once a certain threshold of actual travel time has been

exceeded;

- the total travel time, comprising the time to walk to the stop, wait-

ing time, in-vehicle time, any walking required during transfers,

and the final walk to the destination, was analysed. A change in any
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of these stages may influence the overall perception of the journey,
either positively or negatively;

— although the bus lanes introduced in the analysed period have not
significantly changed vehicle driving times (e.g., bus passes on some
sections of the route to one Gdynia street reduced the actual jour-
ney time of buses by 3.5 minutes), the results of studies of the sub-
jective assessment of driving times on this section showed that
passengers tend to overestimate the time savings obtained by bus
route sections (in the given example estimations amount to twice
the actual figures on average) (Karkut 219).

The importance of shorter travel time as a factor in the choice of
transport mode is indicated by the results of the study of the reasons for
the choice to complete urban trips by car (Figure 14). The shorter travel
time by car was classified as the second most significant among the rea-
sons for the use of this transport mode. The two most important reasons
for transporting children by car are convenience and safety. One rea-
son for travelling by car of 5.1% of residents is to transport a child/children
to school and other activities. Almost 50% of Gdynia residents stated that
no facilities (e.g., free rides for children and parents, special transport
routes exclusively for children) would encourage them to transport their
children by a transport mode other than private car.

As in the case of public urban transport services, the convenience
of travelling by car is a complex attribute. The author’s own research,
conducted through an in-depth group interview with students, revealed
that this factor comprises the following elements:

— directness of travel between origin and destination;

— shorter travel time (appears as a separate factor in ranking studies);

— guaranteed availability of a seat throughout the journey;

— convenientluggage transport (included as a separate factor in rank-
ing studies);

— adapting the travel conditions to the commuter’s needs in terms
of temperature and mood — listening to music at a volume of
the commuter’s choosing.
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0% 10% 20% 30%

Greater convenience

Shorter travel time by car

Transporting goods or shopping

No need to wait

No need to change buses

No need to walk to and from the bus stop
Using the car as a work tool

Transporting children

No bothersome company of other people
Lower cost of travel by car

Poor health

Safety — exposure to aggression

Other (what?)

Figure 14. Reasons for travelling by car in Gdynia in 2018 (n = 834)

Source: (“Preferencje i zachowania komunikacyjne mieszkaricéw Gdyni w 2018 r” 2019).

Other comfort factors include:

- chance to smoke;

- possibility of choosing the route and stop-off locations during
the journey;

- exercising control over the journey’s progress.

From the point of view of marketing research in public urban trans-
port, the results of travel time studies in Gdynia lead to the following
conclusions:

1. The duration of the most important mandatory journeys (to place
of work and study) by public transport is 20—60% longer, depending
on the type and distance of travel;

2. Differences in travel times by public transport and car determine
the importance of this factor in choosing this transport mode;

3. Extended travel by public urban transport is subject to the subjec-
tive assessment of passengers who tend to understate it in relation
to real travel time;
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4. Bus lanes are seen by public transport passengers as an effective
tool for reducing travel time. When they are in operation, passen-
gers tend to base their expectations on the actual travel time.

From a scientific point of view, the conclusions presented require
further analysis and modelling of variables. From the point of view
of decision-makers, however, they may be sufficient to consider allocat-
ing bus lanes on specific sections of the roads. Such decisions should be
based on the analysis of traffic and the capacity utilisation of public urban
transport vehicles. It is assumed that there is a justification for the alloca-
tion of lanes on triple carriageways, where the number of buses in one
direction per hour is at least 25 (Sambor 1999).

There are discussions between specialists in the formation of urban
transport systems regarding preferences in the layout of the network
of direct connections and transfers. Leaving this issue aside, it should
be noted that the effective use of connections with transfers of relatively
higher frequencies compared to direct connections must take into account
the urban characteristics of the city or agglomeration and the spatial lay-
out of the transport network, the availability and convenience of transfers
to fast public transport modes (metro, urban rail), tariff and ticket integra-
tion, and the preferences of residents in this regard. Before increasing
the share of transfer-based connections, it is essential to identify the main
inconveniences associated with changing modes of transport, as their
significance may vary from city to city (Figure 15).

The identification of the inconvenience of transfers in individual areas
(districts) indicates to the organiser the potential directions of actions that
should be taken in order to improve the quality of travel. These might be:

- improving coordination of timetables;

- allocation of dedicated bus lanes on approaches to public transport
interchanges;

— ticket tariff integration;

— creating stop clusters for specific routes;

— building bus shelters.
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® the need to possibly walk between stops

m higher price of a connection with a transfer

m the need to wait for the second (next) vehicle

m the risk of missing the transfer

m exposure to weather conditions

m the possibility of worsening travel conditions
in the second (next) vehicle

m other

I do not see such features

Figure 15. The most inconvenient characteristics of transfers in Gdynia
in 2018

Source: (“Preferencje i zachowania komunikacyjne mieszkaricow Gdyniw 2018 r.”
2019).

6.3. Change of transport preferences of residents
and passengers

The basic scope of the study of the transport preferences of residents
includes the identification and ranking of attributes of public urban trans-
port services.

The interrelationship between the importance of the attribute
and the level of satisfaction with its performance has been repeatedly
examined in the literature (Cats et al. 2015; De Ofla, De Ofia 2014;
Oliver 1997). However, the interaction between satisfaction, the level
of the offer, and the significance of the attributes is not fully under-
stood. In designing the service offer, it is crucial to understand: Does
any improvement in the quality of services (individual attributes) improve
satisfaction? What attributes should policy-makers focus on? (Borjesson,
Rubensson 2019).
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Table 34 shows the ranking of public transport attributes in Gdynia
over the period of twenty years 1998-2018.

Table 34. Prioritisation of transport demands (attributes of public urban
transport services) in the light of the results of marketing research on Gdynia
residents in the years 1998-2018

Ranking place of the attribute in further research
Attribute | 41998 | 2000 | 2002 | 2006 | 2008 | 2010 | 2013 | 2015 | 2018
n=1952|n=2001|n=1982|n=1887|n = 1944|n = 1975|n = 2000|n = 2000|n = 1837
Directness 4 4 4 1 1 1 1 1 1
Frequency 3 3 3 3 4 4 3 3 3
Availability 2 2 1 4 3 3 4 4 4
Information 10 10 10 10 10 10 10 10 10
Cost 5 5 5 5 5 5 5 5 5
Reliability 8 7 7 8 6 6 6 6 7
Speed 7 7 8 7 7 7 7 7 6
Punctuality 1 1 2 2 2 2 2 2 2
Rhythmicity 9 9 9 9 9 9 9 9 9
Convenience 6 6 6 6 8 8 8 8 8

Source: (Grzelec, Hebel, Wyszomirski 2020).

Statistical analyses of the data concerning the frequency of indications
for a given attribute (conducted using IBM SPSS Statistics, version 29)
were carried out with reference to basic descriptive statistics (Spearman’s
rho correlation analysis). The common threshold of a = 0.05 was adopted
as the level of statistical significance.
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6.3.1. Basic descriptive statistics of the measured quantitative
variables, along with a test of distribution normality

The distributions of the quantitative variables were examined. To this
end, basic descriptive statistics were calculated, along with the Shap-
iro—Wilk test for distribution normality. The results of the analysis are
shown in Table 5.1 of the Appendix. The results of the Shapiro—Wilk test
were mostly statistically non-significant, indicating that the distributions
of the variables were predominantly similar to a normal distribution.
However, in several instances, kurtosis and skewness values exceeded
121, suggesting potential problems with outliers and asymmetrical distri-
butions (George, Mallery 2021). Given the sample from the five periods
and the previous findings of the distribution analysis, a hon-parametric
test was used in the target analysis.

6.3.2. Analysis of the relationship of the study period with
the number of indications of an attribute as the most important

In order to check whether there is a statistically significant relationship
between the study year and the number of indications for a given attribute
as the most important, a correlation analysis using Spearman’s rho was
performed. The results of the analysis are shown in Table 35.

The results of the analysis showed that there is a statistically sig-
nificant correlation between the year and the accessibility attribute.
The recorded correlation, based on Spearman’s rho, is negative and very
strong. It follows that the validity of the accessibility attribute decreased
over time. There was also a perfect positive correlation (1.00) between
the period and the reliability attribute. The positive value of the correlation
coefficient indicates that from year to year, the value of the importance
of reliability as an attribute is gradually increasing. There was no signifi-
cant correlation between the change in the meaning of other attributes
and subsequent years (change of their meaning over time).
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Table 35. Results of the analysis of the correlation of Spearman’s rho
attributes of public urban transport in Gdynia during the years 2008-2018
for a given period (year), with the number of indications of a given attribute
as the most important

Attributes The Spearr:nan corr.elation value betv.veen the number ?f indications
for a given attribute as the most important and a given year

Directness -0.30

Frequency 0.20

Availability -0.90*

Reliability 1.00

Low cost 0.20

Speed 0.10

Punctuality -0.60

Rhythmicity 0.36

*p<0.05

Source: Own work.

6.3.3. The correlation between the number of attribute indications
as the most important and its implementation

An analysis was conducted to determine whether there is an association
between the perceived importance of the attribute and its evaluated per-
formance. The analyses included indications of the attribute as the worst
and best-performing. The analyses were based on the analysis of the cor-
relation of Spearman’s rho (Table 36).
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Table 36. Results of the analysis of the Spearman’s rho correlation between the number of attribute indications
as the most important and the evaluation of its implementation for the attributes of public urban transport in Gdynia
from 2008-2018

Number of indications as the most important attribute
Variable
Directness | Frequency | Availability Reliability Low cost Speed Punctuality | Rhythmicity
Worst-performing attribute
Directness 0.50 0.10 0.20 -0.10 -0.50 -0.70 0.30 -0.82
Frequency 0.60 0.40 -0.30 0.10 —-0.90* -0.20 0.50 -0.87
Availability 0.00 0.20 -0.60 0.80 0.00 -0.40 -0.40 -0.10
Reliability 0.20 0.00 -0.10 0.30 -0.30 -0.60 -0.10 -0.56
Low cost 0.10 0.60 —-0.50 0.60 0.60 -0.30 -0.20 0.56
Speed —-0.50 —-0.60 -0.20 0.10 —-0.50 0.70 -0.30 -0.21
Punctuality -0.70 -0.70 -0.10 0.00 -0.20 0.90* -0.40 0.15
Rhythmicity —-0.50 —-0.60 -0.20 0.10 —-0.50 0.70 -0.30 -0.21
Information —-0.90* —-0.90* 0.30 0.00 0.60 0.30 -0.80 0.56
Comfort 0.70 0.50 0.40 -0.70 —-0.30 -0.10 0.90* —-0.31
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6. Use of selected marketing research results...

The analysis showed that there is a statistically significant negative
correlation between the number of indications of the directness and fre-
quency attributes as the most important, and the assessment of the infor-
mation attribute as the worst-performing. The more respondents indicated
directness and frequency as the most important attributes, the less they
indicated the information attribute as the worst-performing. In addition,
a negative correlation was observed between the low cost and frequency
attributes, meaning that the more frequently the demand for low cost was
indicated, the less often frequency was indicated as the worst-performing
attribute. Given the size of this particular segment, it can be concluded
that this association affects about 10% of residents.

In addition, there was a positive correlation between the assessment
of the importance of the speed attribute and the worst-performing attrib-
ute, punctuality: the more important the speed attribute was for residents,
the worse the indicated result for punctuality.

A positive correlation was also observed between the assessment
of punctuality as the most important attribute and the indications of com-
fort as the least effectively implemented attribute. It follows that the more
important punctuality was to the residents, the more comfort was indicated
as the worst-performing attribute.

At the same time, statistically significant relationships were found
between the evaluation of the attribute of availability as the most impor-
tant, and the identification of the best-performing attributes of direct-
ness and speed. The first correlation is positive, and the second is neg-
ative. It can be assumed, therefore, that the more often the directness
attribute was indicated as the most important attribute, the more often
it was indicated as the best-performing. In turn, the increase in the num-
ber of indications of the accessibility attribute as the most important
was accompanied by a decrease in the number of indications of speed
as the best-performing attribute.

The indication of the reliability attribute as the most important was
associated with indications of speed as the best-performing attribute.
The nature of this correlation was positive, which means that the more
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6. Use of selected marketing research results...

respondents indicated reliability as the most important attribute, the more
speed was indicated as the best-performing attribute.

In addition, the number of indications of speed as the most important
attribute was negatively associated with the number of indications of fre-
quency and availability. The greater the number of indications of speed
as the most important attribute, the fewer the number of indications
observed for frequency and availability.

The last statistically strong correlation was the number of indica-
tions for punctuality as the most important attribute, and reliability
as the best-performing attribute (negative correlation). The more respond-
ents indicated punctuality as the most important attribute, the less they
indicated reliability as the best-performing attribute.

The strength of all the aforementioned associations fell within the range
of very-strong correlations (r, 2 0.9). The analysis of the correlation
between the importance of the attribute and its evaluations does not
allow for an unambiguous formulation of associations, indicating the need
to take specific actions. Based on the analysis, it is not possible to confirm
hypotheses, such as the one suggesting an increase in the importance
of an attribute identified as the worst-performing. Such correlations may
be local (e.g., within individual districts where the low assessment of ser-
vices may increase the importance of a given attribute. Within the scale
of the entire city, such local associations may cancel each other out).

6.3.4. The correlation between the number of indications
of attributes as the best- and worst-performing

The correlation between the number of indications of the best-performing

attributes and the number of indications of the worst-performing attributes
was tested using Spearman’s rho. The results are presented in Table 37.
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Table 37. Results of the Spearman’s rho correlation analysis of the number of indications of an attribute

as the worst-performing and the best-performing for the attributes of public urban transport in Gdynia during

the years 2008-2018

Number of indications of a given attribute as the worst-performing

Variable
1. 2. 3. 4. 5. 6. 7. 8. flat 9. 10
% 1. Directness 0.00 -0.60 —-0.50 —-0.20 -0.10 —-0.50 -0.30 —-0.50 0.40 0.30
';% 2. Frequency 0.40 0.10 0.30 0.30 0.60 | -0.90* | -1.00 | -0.90* | —0.50 0.30
g o 3. Availability 0.40 0.10 0.30 0.30 0.60 | -0.90* | -1.00 | -0.90* | —0.50 0.30
% ‘g 4. Reliability 0.10 -0.10 0.70 0.50 0.10 0.40 0.30 0.40 0.60 -1.00
E § 5. Low cost -0.10 -0.10 -0.70 -0.30 | -0.90* 0.60 0.70 0.60 0.40 0.20
-,% g 6. Speed -0.15 0.21 0.72 0.21 0.56 0.15 0.05 0.15 -0.15 -0.56
'-é g 7. Punctuality —-0.60 -0.50 0.30 -0.30 0.90* | -0.40 -0.20 -0.40 0.10 -0.30
:'c':> o 8. Rhythmicity -0.30 -0.80 -0.60 —-0.40 -0.20 -0.20 0.10 -0.20 0.70 0.10
é flat 9. Information 0.36 0.05 0.46 0.36 0.72 -0.87 | -0.97**| -0.87 -0.41 0.10
z 10. Comfort 0.80 0.30 0.60 0.90* | -0.30 0.20 -0.10 0.20 0.30 —-0.60

*p <0.05; " p<0.01

Source: Own work.




6. Use of selected marketing research results...

The analyses showed a correlation between the number of indica-
tions of the reliability attribute as the worst-performing and the number
of indications of the comfort attribute as the best-performing. The positive
direction of the correlation indicates that with an increase in the num-
ber of indications of reliability as the worst-performing attribute, the number
of indications for comfort as the best-performing attribute also increases.
Although statistically significant, this correlation is difficult to explain une-
quivocally. Low reliability assessments occur in low-frequency service
areas (districts) and/or a large number of trips with transfers. In such cases,
a missed connection or delay results in a low service quality assessment.
These two features suggest that the observed correlation is likely driven
by responses from residents of peripheral districts, where public trans-
port accounts for a smaller proportion of overall travel. Consequently,
these individuals may experience relatively more frequent opportunities
to occupy a seat.

Subsequently, there were correlations between the number of indi-
cations of the low cost attribute as the worst-performing and the num-
ber of indications of the low cost attribute as the best-performing (neg-
ative correlation), as well as the number of indications of punctuality
as the best-performing (positive correlation): the more low cost was
indicated as the worst-performing attribute, the less it was regarded
as the best-performing attribute, which is an obvious correlation from
a logical point of view. At the same time, the more often the low cost
attribute was indicated as the worst-performing, the more punctuality was
regarded as the best-performing. The increase in the number of indica-
tions for low cost as the worst-performing attribute is accompanied by
an increase in the number of indications of two other attributes regarded
as the best-performing (and the most important in the ranking), i.e. avail-
ability and frequency, although the strength of this correlation is much
weaker. This may prove that residents negatively assessing ticket prices
would be willing to accept, to some extent, a deterioration in the quality
of services in exchange for lower ticket prices. Other conclusions have
already been made by experts at the World Bank (Bank World 2002).
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6. Use of selected marketing research results...

The increase in negative assessments of speed is accompanied by
a reduction in positive assessments of frequency and availability. This
means that congestion lowers the assessment of the quality of services
also in the context of these two attributes. The increase in the neg-
ative assessment of punctuality and rhythmicity assessments is also
accompanied by a reduction in assessment of the quality of services
in terms of frequency and availability. This correlation between the per-
formance of attributes indicates that the increase in the speed and punc-
tuality of public urban transport vehicles, e.g., through the construction
of bus lanes, may be accompanied by an improvement in assessments
in terms of frequency of services and availability, despite a lack of actual
changes in this area.

In addition, a significant correlation between the number of indica-
tions of punctuality as the worst-performing attribute and information
as the best-performing attribute was shown, with the negative direction
of the correlation meaning that with an increase in indications of the punc-
tuality attribute as the worst-performing, the number of indications of infor-
mation as the best-performing decreases. This can be explained by
the fact that as a result of the deterioration of punctuality, some resi-
dents consider information about services, especially timetables, to be
unreliable.

The study of the influence of urban transport attributes in Gdynia
on the quality of services was supplemented by analyses of the associ-
ation between the ranking of attributes and their level over time.

6.3.5. Analysis of the correlation of rankings in different years

The aim of the analysis was to identify changes in correlation between attrib-
utes assessed as the mostimportant, best-performing and worst-performing
in different years. The correlation between the rankings for the following
years, including the most important and the best-performing, and between
the mostimportant and the worst-performing, was calculated. The analysis

178



6. Use of selected marketing research results...

used Pearson’s correlation coefficient and Spearman’s rank correlation,
defined by the following formulas:

Pearson’s correlation coefficient — examines the linear relationship
between variables and is shown in formula (4).

r= S = X)(Y;-Y)
\/2721()([_ Xy x \/27:1(Yi— v)?

(4)

where:
- X;and Y, are the observed values of the variables;
- X and Y are the arrhythmic means of variables X and Y;
— nis the number of observations.
The coefficient r takes values from —1 to 1:
r = 1: perfect positive correlation (an increase in one variable causes
an increase in the other),
r =-1: perfect negative correlation (an increase in one variable causes
a decrease in the other),
r=0: no correlation (the variables are linearly independent).
Spearman’s rank correlation is shown in formula (5):

_ 4 _ _6%df
p= 1 n(n2—‘|) (5)
where:
— d;is the difference between the ranks of corresponding observations
(attributes) in the two sets;

— nisthe number of observations (attributes).

The results of the analysis are shown in Tables 38 and 39.
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Table 38. Pearson correlation values between the rankings of attributes
and their assessments of public urban transport in Gdynia during the years
2008-2018

?l':' Year Importance_vs_Best Importance_vs_Worst
1 2008 0.867 0.366
2 2010 0.900 0.536
3 2013 0.848 0.321
4 2015 0.809 0.710
5 2018 0.547 0.331

Source: Own work.

Table 39. The values of Spearman’s rank correlation of the attributes ranking
and their assessment of the attributes of public urban transport in Gdynia for
the years 2008-2018

?\lf.' Year Importance_vs_Best Importance_vs_Worst
1 2008 0.212 0.454
2 2010 0.333 0.466
3 2013 0.539 0.321
4 2015 0.455 0.695
5 2018 0.515 0.382

Source: Own work.

The results of the Pearson correlation analysis indicate that the correla-
tion values between the attribute rank and its worst assessment are mod-
erate (from 0.320 to 0.710 depending on the year). The highest correlation
was in 2015 (0.710). This result does not again confirm the hypothesis
of a strong relationship between the importance of the attribute and its
non-fulfilment (the worse the service is rated in terms of a given attrib-
ute, the higher its rank). The correlation between the ranking of attributes
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and their highest rating in individual years is significantly stronger (from 0.547
t0 0.900). Notable is the declining correlation between the rank of attributes
and the best-fulfilled attributes, which was at its lowest in 2018. This suggests
a significant reduction in the quality of services between 2015 and 2018.

The correlation of the rank confirms the results of Pearson’s correla-
tion coefficient and indicates a relatively weak correlation of the signif-
icance of a given attribute and how poorly it performs as assessed by
residents (0.321-0.695). It also shows weaker correlations between
the significance of the attribute and the assessment of residents
as the worst-performing.

The differences in the rankings are due to the fact that Pearson’s
correlation coefficient measures the linear relationship between the two
variables, assuming that these variables are continuous and have a nor-
mal distribution. Pearson’s correlation coefficient achieves high values
if the variables change in a proportional way (i.e. as one variable grows,
the other also grows predictably). Spearman’s rank correlation meas-
ures the monotonic? correlation between two variables, whether it is linear
or non-linear. This analysis assesses whether two variables are growing or
decreasing together without examining their linearity. Spearman’s rank
correlation is based on variable ranks, which means that it only examines
the relationship between the ranks and not the specific values of variables
(Wisniewski 2014). The results of Spearman’s analysis suggest a mono-
tonic correlation, but the correlation is weaker and more irregular across
the individual years. The values of Spearman’s rank correlation are smaller
because it has less sensitivity to non-linear correlations. Significance tests
for both correlations (Student’s t-test) showed that in the years 2008,
2013 and 2018, there are no statistically significant correlations (both
Pearson and Spearman) between the ranking and the lowest assessment
of attribute performance. The lowest-rated attributes were implemented
in a way that was less consistent with their importance in the ranking.

2" The monotonic correlation occurs when with the increase of one variable a second

variable also increases (or when with the decrease of one variable a second variable
also decreases). The correlation may or may not be linear.
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6.3.6. Changes in average trends for attributes in the groups
of the best- and worst-performing

A comparison of the volatility of the assessment of the five most impor-
tant attributes and the overall assessment of the quality of public urban
transport services in Gdynia in the years 2008-2018 are presented
in Figure 16A—F.
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Figure 16 A—F. Volatility of the assessment of the five most important attributes:
directness (A), frequency (B), punctuality (C), availability (D), Low cost / ticket
price (E) and the total assessment of the quality of public urban transport
services (F) in Gdynia in the years 2008-2018

Source: Own work.
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The greater the range between the number of indications for an attribute
as the best- and worst-performing, the higher the assessment of the qual-
ity of services in relation to this attribute.?? The persistence of a large
range between positive and negative assessments of attributes through-
out the entire analysed period indicates the stability of the assessment
of a given attribute.

Up until 2013, the directness attribute was characterised by a relatively
high difference between the number of positive and negative assess-
ments. Since 2013, the number of positive assessments of this attribute
has decreased rapidly, and the number of negative assessments has
increased. In 2018, the number of negative and positive assessments
was similar. Since 2015, the range of indications has also decreased
in relation to the demand for frequency, reaching its lowest pointin 2018.
The assessments of the demand for frequency and punctuality since
2015 are also characterised by a decrease in positive assessments
and an increase in the number of negative assessments, with the num-
ber of negative punctuality assessments being greater than positive
in 2018. In the years 2008-2015, stability was observed in the assess-
ment of the demand for availability. An increase was noted in 2018.
Importantly, the relatively small percentage of negative and large percent-
age of positive assessments are confirmed in the high level of accept-
ance of the time to taken to reach a stop (from 94 to 97% of residents
accept the time taken to reach a public urban transport stop). The assess-
ment of the demand for low cost is subject to periodic fluctuations result-
ing from ticket price increases. Passengers then assess the new ticket
price in relation to the unaltered quality of service and see it as too high
(Hensher, Rose, Greene 2005). The negative assessment of the demand
for low cost in 2013 is a reflection of a double price increase in 2011
and 2012. The practice to date in Gdynia in this area took into account

22 The analysis was also carried out for relative values (the percentage of indications
that take into account the different number of samples in individual years), but differ-
ences in the number of samples did not change the shape of the curves and the range
between them.
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only budgetary conditions and, in some cases, price elasticity. When
determining the level of ticket prices, the relationship between the price
of a ticket and the price of a litre of fuel and the level of household income
was not considered. It is difficult to understand the policy of increasing
ticket prices in Gdynia as an action which takes into account the goals
of sustainable mobility. However, it is notable that the demand for low
cost is only fifth in the ranking. The last graph also presents a standard-
ised change in the synthetic assessment of the quality of public transport
in Gdynia in the years 2008-2018. The standardised assessment was
established by calculating its weight for a given year — the percentage
of indications for a given demand as the most important. The weight was
multiplied by the number of times the demand was indicated as either
the best or the worst. The graph shows that since 2013, the number
of negative service quality assessments has increased, and since 2015,
the number of positive assessments has decreased.

The presented trend confirms the general assessments of public
urban transport services in Gdynia in the years 2008-2018 (on the scale
of grades used at Polish universities from 2 — the worst, to 5 — the best),
although the spread of changes of these assessments since 2013 is min-
imal. See Figure 17.
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Figure 17. Average assessment of public urban transport in Gdynia 2008—-2018
Using the scale of grades used at Polish universities (from 2 — the worst, to 5 — the best)

Source: Own work.

6.3.7. Principal Component Analysis — PCA

PCA shows the distribution of attributes across two principal components.
Assigning attributes to these components allows for the identification
of groups of attributes that share a similar pattern of change in the rank-
ing. PCA Components and Explained Variance — shows the percent-
age of variance explained by each principal component. Higher values
indicate that the component better explains the variability in the data.
PCA Transformed Data for Attributes — presents attributes expressed
as combinations of the principal components, allowing for the determi-
nation of how attributes cluster around specific components. By reducing
the dimensionality of the data, PCA highlights which principal components
dominate the description of variability in the ranking data (which attrib-
ute combinations have the greatest influence on the results) and which
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attributes are strongly related to one another, influencing the overall
assessment of performance.

Each point corresponds to the attribute, and the distances between
points indicate similarities in the importance and performance of the attrib-
utes. Attributes close to each other are strongly linked in terms of perfor-
mance and importance.

The chart of attributes in the coordinate system (Figure 18) of the first
two components (PC1/PC2) indicates that:

- the PC1 component explains 67.69% of data variability, on which

it has a dominant effect;

- PC2 explains 28.35% of data variability.
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Figure 18. The presented trend confirms the general assessments of public
urban transport services in Gdynia in the years 2008-2018

Source: Own work.

This means that most of the variability in the data can be explained by
a single dominant pattern, which reduces the data structure to several prin-
cipal components that typically account for the variability in attribute rank-
ings over time. Attributes related to the PC1 component (punctuality, fre-
quency and availability) have the greatest impact on the quality assessment.
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The Shapiro-Wilk test indicated that the hypothesis of normal distribution
is true for both components. In turn, the Pearson correlation indicated
a strong correlation between component PC1 and the average impor-
tance of attributes, and a very weak association for component PC2.

Conclusions from the study of the behaviour and preferences

of residents

The presented results of marketing research can be effectively used

to monitor the results of sustainable mobility policy in cities and agglom-
erations. The SUMP scenario for Gdynia, assuming the achievement
of the goals of sustainable mobility maintains the assumption that, inter
alia, “the mobility of Gdynia, expressed in the average number of trips
per day, will increase by 5% (from 1.65 journeys in 2015 to 1.73 journeys
in 2025),and the share of a passenger car in the distribution
of urban travel will decrease by 10% (from the current 52%, walk-
ing trips, to 42%) (Wotek 2016). As soon as the monograph was submitted
to the Publishing House, PTB made available the results of marketing
research on marketing preferences and transport behaviour of the Gdy-
nia residents in 2024. The share of cars in urban travel in Gdynia in 2024
(without walking trips) was 57.5%, which confirmed the conclusion that
the objectives set out in the SUMP had not been achieved in this city.

Factors that are intended to support the implementation of the sce-

nario are:

- the change of behaviour and lifestyle of some residents of the city;

— an increase in fuel prices and other costs related to owning
and using a car;

— the construction of bicycle infrastructure and promotion of bicy-
cle transport, especially in trips up to 5 km (the majority of trips
in the city);

— afurtherincrease in the attractiveness of public transport, in particu-
lar the complete integration of fares and ticketing within the met-
ropolitan area;

— increased attractiveness of pedestrian zones;

- changes in traffic organisation to improve safety.
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The results of comprehensive marketing research on the transport
preferences and behaviour of residents during a period of ten years
(2008-2018) indicate that the number of segments of residents is chang-
ing, therefore determining transport behaviour. This applies to the follow-
ing groups of residents:

- 16-20and 21-30 year olds, which in 2018 resulted in a reduction
in the share of people entitled to reduced and free travel, and in sub-
sequent years has a negative impact on the number of people
in employment (regardless of unemployment rates), which in turn
affects the share of people travelling on full-fare tickets on public
urban transport;

- 60+, which translates into an increase in people entitled to discounts
and free travel;

- employed persons whose share has increased; however, given
the volatility of these changes in connection with the economic
situation, they should be monitored using demographic and unem-
ployment indicators;

- people from households that own a car, whose share increased by
11 percentage points;

— main car users in the households, whose share increased by
13.5 percentage points.

Changes in the different segments signal changes in transport behav-
iour, including modal splits, which should be considered the most impor-
tant indicator of the results of sustainable mobility activities.

In 2008-2019, the mobility of Gdynia residents increased by 9.5%
of the number of trips per day. The assumptions adopted in the SUMP
on the projected increase in mobility by 10% follow the trend observed
in previous years, although it seems that the increase in the number
of trips in the period 2016-2025 was planned with a certain margin.

The study of the structure of travel motivations did not show sta-
tistically significant changes in almost all travel destinations analysed.
Significant changes have occurred in the share of individual transport
modes. The share of cars increased by 8 percentage points in the years
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2008-2018, and in the years 2015-2018 there was a slight reduction
in this share by 2.3 percentage points, which should be treated with
extreme caution due to the accepted permissible estimation error, as well
as restrictions during the pandemic — a significant factor interfering with
the decrease in the share of cars from 2020 to 2023.

The survey of the behaviour and preferences of transport res-
idents, implemented during the period in which pandemic restric-
tions were in place in the metropolis of Gdansk, did not indicate sig-
nificant changes in the modal split; however, significantly, this is due
to a 40% decrease in the number of trips by public urban transport. Based
on declarations of residents, it was found that after the pandemic period,
the share of public transport may have decreased by 15 percentage
points, and the share of cars may have increased by 9 percentage points.
Given the specific period of submission of these declarations, determined
by the fear of the consequences of contracting the virus, and the fact
that declarations always differ to a certain extent from actual consumer
behaviour, this data should be treated with caution (Grzelec et al. 2023).
Nevertheless, it is notable that in the largest city of the metropolis, Gdansk,
the share of cars in urban travel in the years 2016-2022 increased by
over 4.5 percentage points. In districts bordering Gdynia, where full sur-
veys of demand for public urban transport are carried out, the number
of passengers per vehicle-kilometre in 2024 compared to the num-
ber of passengers in 2019 (before the pandemic) was still 3 to 12% lower,
depending on the district. It should be expected, therefore, that in Gdynia
the indicators planned in the SUMP will not be achieved. This may even-
tually be shown in the studies carried out at the end of 2024.

The main reasons for the expected increase in the share of cars
in trips in Gdynia may be those identified between 2008 and 2018.
These include:

— shorter travel time by car (twice as long compared to public trans-

port);

— more convenient travel;
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— deteriorating quality of public urban transport services in Gdynia
since 2015, including in the context of the most important attrib-
utes: frequency, directness and punctuality.



7. Conditions for the implementation and use
of marketing research results in operational
activities and strategic sustainable mobility

Experience in the implementation of marketing research in the context

of the adopted goals of sustainable mobility led the author of this mono-

graph to develop the last sub-chapter as a starting point for a discussion

on the conditions of research implementation and the scope and method

of its use in achieving the objectives contained in the SUMP, including

a critical assessment of the activities implemented in this area.

Sustainable mobility is part of sustainable development policy.

The goals presented in most SUMPs can be considered ambitious, in line

with the main assumptions of various policies aimed primarily at:

improving quality of life;

minimising the use of natural resources;

minimising the negative impact of human activity, including eco-
nomic activity on the environment;

protecting human and animal life and health, and their natural sur-
roundings;

neutralisation of emissions and waste related to economic and social
development, including human spatial activity;

use in the implementation of the sustainable development goals
of modern technologies, including primarily information technology.

In many publications on sustainable development policy, additional

goals are also identified, such as inclusiveness, understood as coun-

teracting the formation of closed social groups and combating discrim-

ination, the creation of a global partnership, and the pursuit of world
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peace. The implementation of these recent goals, although ethically
correct, socially and civilly desirable, and despite dominating in recent
years in publications, the media and political debates, faces certain
barriers. Some inclusivity goals have expanded to encompass ethically
and culturally questionable issues, and too often, their implementation
is being enforced in ways that deviate from traditional Western prac-
tices. The course of globalisation processes also shows that optimistic
visions of the end of history, in the context of armed conflicts, including
in Ukraine and the Middle East, the dynamic economic and military devel-
opment of China, the continuing protectionist practices, the increase
in developmental differences between the USA and China on the one
hand and the European Union, on the other hand, the increasing dif-
ferences between the poorest and the richest countries, the pauperi-
sation of the middle class in Western countries, and the clear increase
in the wealth accumulation dynamics of the top 1% of the richest people,
have not materialised.

It seems that too broad a treatment of sustainable development
processes and, consequently, the dispersion of activities (and there-
fore expenditures) may lead to similar results that were characteristic
of the bloc of Soviet-influenced countries, where the primacy of invest-
ment actions (largely of low efficiency, subordinated to ideological
assumptions, and not meeting needs through increased consumption),
led in the 20th century to the pauperisation of the inhabitants of the USSR
and Eastern Europe and China, with significant degradation of the nat-
ural environment and the plundering exploitation of the raw materials.
The 21st-century management model, which is implemented by propo-
nents of the green economic transformation, and whose main assump-
tion is supposedly degrowth, in terms of stifling consumption resembles
the actions of supporters of a centrally planned and directive-distributive
economy. Chaotic economic policy and the low efficiency of some activ-
ities, concerning undoubtedly desirable changes in the implementation
of economic processes, are conducive to the depreciation of rigorous
scientific debate that has intensified in recent years. These phenomena
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also occur, although to a lesser extent, in the policy of sustainable mobil-
ity within cities.

Sustainable urban mobility has become the rule in the shaping of urban
space. The rules for sustainable mobility continue to transform towards
the most effective solutions, combining the need for mobility with environ-
mental protection and the comfort of life in cities. Some researchers advo-
cate the implementation of radical degrowth activities aimed at refram-
ing human needs and ways to meet them by abandoning the paradigm
of development by ensuring continued economic growth. These views,
like other concepts (e.g., shareholder capitalism) have been transformed
into ideological assumptions and are being put into practice in this form.

In pursuit of sustainable mobility, monitoring of the degree of achieve-
ment of individual goals set out in the SUMP is assumed. Urbanek (2019)
reviewed the measures presented in the subject’s literature. “These indica-
tors evolve in line with advances in knowledge, the increasing complexity
and diversity of economic processes, as well as the technical and practical
possibilities of measurement and of data processing itself. Equally signif-
icant are the possibilities for automating certain measurements offered
by information systems, which are in practice presentin all major entities
and encompass the entirety of the processes they carry out” (Urbanek
2019: 76). The catalogue of indicators and the scope of their application
demonstrate that sustainable mobility is a multifaceted issue. On the other
hand, there is concern that in the abundance of diverse measurements
of all possible phenomena shaping the image of a city’s sustainable
development, including of course sustainable mobility, the most impor-
tant aspects, namely modal split and modal shift, may be overlooked.
It is the opinion of the author of this monograph that these are two key
issues, which determine whether in relation to a given city, it is possible
to speak of either achieving or not achieving the goals of sustainable
mobility. Simply stated, only through the growth of the share of sustain-
able transport modes, namely public urban transport, bicycles, walking,
PLEV, and in some cases car sharing, can we speak of achieving the goals
of sustainable mobility. Other measures have a supplementary role, as they
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may indicate the depth and durability of changes in transport behaviours
and preferences consistent with the objectives of sustainable mobility.

For example, the Index of Sustainable Urban Mobility, developed,
evaluated and verified in economic practice in Brazilian cities, consists
of several indicators which are each assigned a specific weight. In relation
to urban transport, the indicators include, inter alia: the length of the public
transport network, service frequency, punctuality, average speed, aver-
age fleet age, diversity of transport modes, transfer hubs, pricing policy,
contracts and tenders, public subsidies, and entitlements to reduced or
free fares. The advantage of such extensive indicators is the possibility
of making comparisons between cities and designing models that show
the impact of particular variables on the modal split. However, there
is a risk of uncritical transfer of solutions from cities with a different urban,
transport, demographic, locational, and economic profile, etc., to other
cities, as a result of which the main goals of sustainable mobility may not
be achieved.

In relation to Polish cities, one of these issues was analysed in detail by
Wolaniski, who demonstrated that public intervention in mobility in most
large cities had not produced the expected results. The author gives
examples of simultaneously undertaken investments with diametrically
opposed objectives, such as the purchase of new rolling stock for public
transport and the expansion of road capacity. Another example of actions
of relatively low rationality from the perspective of sustainable mobility
goals is the focus on replacing combustion-engine fleets with electric
ones. Wolanski (2022: 233) argues that, “based on a cost—benefit anal-
ysis of the efficiency of electrification, the electrification of bus transport
in Poland is fundamentally ineffective due to the country’s unfavourable
energy mix and the relatively low average mileage of buses.” EU projects
encouraged the implementation of capital expenditure, which for two
decades held priority in the eyes of decision-makers. Moreover, they
aligned well with the spectacular initiatives of local authorities framed
within the goals of sustainable mobility. Yet, as the author shows by pre-
senting an alternative scenario, if part of the funds had been allocated
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not to capital investments but to increasing the supply and improving
the quality of public transport services, “the efficiency of intervention
would have been much higher” The conclusions presented regarding
the ineffectiveness or low effectiveness of public intervention in Polish
cities confirm the thesis that a focus by decision-makers on partial goals,
such as fleet electrification, emission reduction, or expenditure on public
transport, including rolling stock, does not necessarily lead to sustainable
urban transport. This has also been demonstrated by the results of mar-
keting research carried out in Gdynia.

The actual transport behaviours of residents often do not reflect their
declared pro-environmental attitudes. Studies indicate that the relatively
high position of environmental concern in the ranking of determinants
of consumer behaviour often results from a desire to portray oneself as envi-
ronmentally responsible, rather than from genuine pro-environmental
choices (Auger, Devinney 2007), including the choice of transport mode.
In this context, the purchase and operation of electric vehicles in urban
public transport should primarily be regarded as an expression
of efforts to improve the quality of urban life. However, electromobil-
ity does not have a decisive impact on changing transport behaviours.
Strong evidence for this can be found in rankings of transport prefer-
ences from various cities, including Gdynia. The most important attributes
of urban public transport services remain those related to travel time.

Economic and financial analyses of public urban transport services
make it possible to assess the impact of rolling stock investments
on the economic and financial efficiency of this transport. Higher pur-
chase prices of electric buses increase depreciation costs, which in turn
result in higher fares. In cases where cost—benefit analyses show that
investments in new electric rolling stock are unjustified in most cities,
consideration should instead be given to a fleet replacement policy
based on diesel buses meeting the highest emission standards.?* Based

2 |t should be emphasised that the lack of justification for operating electric buses,
as indicated by cost—benefit analysis, does not imply that the electrification of the fleet
should be abandoned. In addition to the findings of cost—benefit analyses, other
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on the results of economic and financial efficiency studies of individual
routes and tasks, it is possible to simulate the savings obtained by with-
drawing electric buses from operation on specific routes. The financial
resources thus obtained can then be allocated to improving the quality
of services in relation to the most important, and at the same time, the most
poorly rated, attributes.

The implementation of local government policies through public urban
transport services leads some decision-makers to exercise direct control
in service management. They propose increasing service provision by
introducing or shortening certain direct routes and by raising service fre-
quency. The justification for implementing these proposals is most often
a list of residents who have signed the relevant petition. The organiser
of public urban transport should verify this vox populi against the find-
ings of existing marketing research, and commission such research to be
conducted if necessary. As experience shows, such petitions are also
signed by individuals who have no interest in using public urban transport,
but who support the initiative out of neighbourly courtesy. On the other
hand, the results of marketing research can serve as an effective tool for
implementing transport policy in line with residents’ expectations, pro-
vided that its legitimacy has first been confirmed by economic and finan-
cial analyses. An example of marketing research findings concerning
the city’s transport policy is shown in Figure 19.

assessments, such as dynamic generation cost (DGC) analysis, point to local justifi-
cation for the operation of electric vehicles in public urban transport (Grzelec, Okrdj
2016).
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= | have no opinion

20 40 60 80 100

o

Figure 19. Opinion of Gdynia and Sopot residents on the role of trolleybuses
in transport services in these cities

Source: Own work.

The majority of Gdynia residents and Sopot (79.8% in Gdynia and 57.9%
in Sopot) are at least in favour of maintaining the current proportions
of trolleybuses serving these cities (in both cities, the share of trolley-
buses in service is about 32%). This majority includes between 10.5
and 13.2% of residents who want to replace bus routes with trolleybus
routes, and 9.6—16% who want to create new trolleybus routes. Evidence
that en masse residents are not enthusiastic supporters of the electrifi-
cation of public urban transport can be seen in the case of the residents
of a newly built housing estate in Gdynia. In response to the demands of its
residents, PTB planned to introduce a trolleybus route to serve the hous-
ing estate. The move was protested against by the residents who opposed
the construction of the overhead network along the streets of the estate
for aesthetic reasons. In this case, a bus with an internal combustion
engine was introduced into operation (the city did not have electric buses
at the time), which, after a few years, was replaced by trolleybuses with
an additional battery drive.

The implementation of some solutions shaping the parameters
of the transport offer is attempted by way of experimentation. The solutions
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concern the study of the impact of changes in the supply of services
on demand, in terms of factors such as altering routes, frequency of vehi-
cle operation, introduction of free public urban transport, and the alloca-
tion of bus lanes. Experimental allocation of a bus lane was carried out
in 2024 in Gdansk on one of the city’s main streets. A bus lane was created
on a three-lane section of the road. After a period of analysing changes
in the journey times of buses, the bus lane was made permanent. Regard-
less of the time savings and the increase in the number of passengers,
it is notable that on this section of road the number of buses operated
is three times lower than the limit value justifying the introduction of bus
lanes on three-lane roads. When making the decision, it was not con-
sidered that the “profitability threshold” for such changes in road traffic
should take into account all users using a given section of road (including
private cars), their time start, emissions and noise pollution. The arbitrary
shifting of this threshold frames these decisions as political acts that are
not adequately supported by scientific or empirical evidence.

A frequently overlooked factor in achieving the goals of sustainable
mobility based on the results of marketing research is the role of the pub-
lic urban transport organiser. The role of the organisational culture
of transport organisers and its impact on their ability to concentrate
activities on customers was highlighted by researchers such (Deshpande,
Webster 1989; Walker, Ruekert 1987; Weitz, Sujan, Sujan 1986). Desh-
pande and Webster defined organisational culture as “a pattern of shared
values and beliefs that helps individuals understand how the organ-
isation functions, and thus provides them with norms for behaviour
within the organisation.” This means that organisational culture is linked
to the causality that members attribute to how the organisation operates
(Deshpande, Webster 1989). In many Western European countries public
transport functions organisers operate as local city entities, in which there
are two clearly separated levels of governance: political and manage-
rial. The managerial level is responsible for the marketing management
of public urban transport services. The way in which these entities are
organised and the scope of theirindependence enable them to effectively

198



7. Conditions for the implementation...

shape the individual elements of these transport services. In Poland,
despite the adoption of effective organisational solutions consisting
of the separation of the public transport board and the operators, organ-
isers operate within an inefficient organisational structure that is highly
susceptible to direct control of decision-makers. The managers of public
transport boards in Poland are not treated as managers but as officials,
and the organisational form of municipal budgetary units limits the ability
to develop an organisational culture suited to marketing-oriented man-
agement. Only a few public transport boards in Poland conduct market-
ing research, and even fewer conduct comprehensive research and use
the results to shape their service offer (Mendryk 2013). As a consequence,
some of the implemented solutions in the field of sustainable mobility
in Polish cities are perceived as political and ideological activities, espe-
cially when leading to a reduction in the fulfilment of residents’ mobility
needs. This issue is further compounded by the problem of restrict-
ing competition in the provision of transport services, which is political
and social in nature. In Poland, bus services have been completely priva-
tised in one city only, and the public urban transport market is dominated
by monopolistic or dominant communal operators. The prices of their
services are not verified by the market, given the possibility of employ-
ing them as “in-house” operators. As a result, cities experience difficul-
ties in developing a transport offer that is adapted to the preferences
and transport behaviour of their residents.

Sustainable mobility falls within the sphere of political activity
and the regulation of economic and social phenomena. The selection
of sustainable mobility goals is based on the diagnosis, analysis and pre-
diction of specific phenomena. An example of this is transport models.
If the measurements for transport models have been carried out in a man-
ner consistent with the requirements of comprehensive traffic surveys,
and the analyses carried out reliably using specialised programmes, then
predictive accuracy may be high. Nevertheless, analysts must be aware
of the limitations of models, primarily resulting from the limited reliability
and verifiability of measurements and the uncertainty connected with
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the mathematical modelling of human behaviour, including transport
behaviour. “By knowing the mechanisms of the model’s operation, its
sensitivity, specificity and accuracy, you can find rational arguments for
the results obtained. It also helps to know the results of research on traf-
fic changes, both at home and abroad. This makes it possible to counter
the claim that something is possible or impossible. However, it should be
remembered that any discussion of the results of the model can lead to its
improvements and the modification or elimination of errors” (Jastrzeb-
ski 2014: 164). Oskarbski points out the accuracy and reliability of data
from the traffic management systems databases (ITS): “The conducted
scientific research confirms that the data obtained from ITS services can
be successfully used to develop and verify transport system models
and calibrate them to local conditions. Thanks to the wide range of data
collected on a continual basis, it is possible to update and develop models
and create new ones. The structure of databases in traffic management
systems and the available data formats, their large volume, and the level
of aggregation often require additional processing to adapt the datasets
for research purposes. Attention should be paid to the reliability and accu-
racy of the information obtained, which requires preliminary verification
before being used in modelling” (Oskarbski 2020: 18).
In public urban transport marketing research, there are similar meth-
odological conditions, some of which are presented in Chapter 4.
The implementation of marketing research in public urban transport
is subject to various conditions, among which can be distinguished:
- problems related to the organisation and implementation
of research;
- conditions for data reduction, processing and analysis;
- determinants of the use of research results in achieving the goals
of sustainable mobility;
- other conditions, resulting from the characteristics of a given coun-
try, city, or the public urban transport system of organisation.
One of the most common organisational problems of marketing
research is access to sources of marketing information about the market
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and demand. The computerization of economic and social processes
creates new opportunities for obtaining metadata from databases related
to human activity. These include databases of mobile device operators,
search engines (e.g., Google), data collected by fare collection systems
in public urban transport vehicles, travel planners, surveillance cameras,
and smart city information systems. Each of these sources must be evalu-
ated using a standardised framework for assessing marketing information
sources. The data must be evaluated for:

— accuracy;

- reliability;

- credibility;

— consistency;

— completeness;

— possibility to use the data legally.

The IT databases provide data of varying degrees of accuracy. Meas-
urements using data from mobile device operators to model demand
in public transport are already being carried out. The main advantage
of these data sets is that they contain data about the journeys of very many
units, however it should be remembered that the data is held by several
different operators. The data collected should be anonymised in advance.
The collection and anonymisation of data is a very time-consuming pro-
cess and is subject to strict legal requirements (General Data Protection
Regulation — GDPR). The databases of operators consist of two ele-
ments: “Charging Data Record,” which contains data on active subscrib-
ers and “Signalling Data Sources,” which contains information on data
between the mobile device and the mobile network station (Vidovic et al.
2022). Operators make such data available, but for a fee and in connec-
tion with a specific research and analytical purpose. When using this type
of metadata, its weaknesses should be taken into account. These include
the inaccuracy of the subscriber’s location measurement, interruptions
in data transmissions, and the need to make use of data from different
operators, which results in increased costs of obtaining the data. A spe-
cific problem may be different data recording formats.
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One of the most important problems regarding data acquisition
and the organisation of research conducted using traditional methods
(e.g., interviews in households) is the control of the quantity and quality
of measurements. Many years of experience of the author and the team with
which he cooperates in the implementation of marketing research in public
urban transport highlight the following sensitive areas of research, where
measurement results must be carefully verified in terms of:

— their number, including the completeness of all measurements;

- their quality, including the accuracy of measurements.

Most entities outsource marketing research to specialised marketing
research units. The public transport organiser or the operator can carry
out independent research that does not require the involvement of spe-
cialised workers and equipment. Research carried out independently
should be subject to random checks on its implementation. Research
performed by specialised entities should be controlled by the client,
regardless of the reputation of the research agency performing the mar-
keting research, in accordance with the principle: ‘trust, but check’
Reputable marketing research agencies have their own control proce-
dures and remuneration systems, rewarding the best and most efficient
employees and a penalty system in the event of their failure to perform
their obligations. Nevertheless, regardless of the motivational systems
of research agencies, the author’s thirty years of experience allows
for the identification of the following negative experiences that may affect
the credibility and reliability of results:

- failure to conduct the survey;

- failure to complete the survey;

- failure to conduct the survey and the partial or complete falsification

of the survey’s results;

— conducting the survey on a person from outside the random sample

or who does not meet the established criteria;

- supplementing missing measurements in a way which is not

in accordance with the research methodology;

- supplementing missing measurements at the data reduction stage;
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— errors in the analysis and description of processed data resulting
from a lack of understanding of the specific nature of how public
urban transport operates.

There may be various reasons for the failure to conduct the survey with
the respondent: the respondent’s disagreement to take part in the sur-
vey, the absence of the respondent at the location where the interview
is to be conducted, or the respondent’s place of residence differs from
that listed in the population list. Where there is no possibility to conduct
an interview (e.g., through a second visit to the household), it is nec-
essary to have a backup list from which a reserve respondent (worker,
student, etc., depending on the purpose and place of implementation
of the study) who lives close to the place of residence of the primary
respondent and shares the same main characteristics, which can be
identified based on the information in the list, i.e. gender and age, can
be selected. The use of the respondents’ reserve list should be treated
as a last resort, because the characteristics of the respondents from
the main and reserve list regarding transport behaviour and, consequently,
also preferences, may differ significantly. This is because residents availa-
ble from the reserve list (i.e. those at home) tend to be less professionally
active and lead a different, less active lifestyle compared to those who
are less readily available.

As a result, already at the measurement stage, the sample tends
to include respondents who use a private car less frequently or do not use
one at all, despite car ownership being a factor that enables higher mobil-
ity. Consequently, the share of private car trips in the modal split may be
underestimated. The more respondents from reserve lists are surveyed,
the greater the potential measurement error, leading to an underestima-
tion of the share of private car users. A similar situation occurs in the ran-
dom route method, which assumes that an interview is conducted with
the next available respondent along the designated route if the initially
selected person cannot be reached. The “seek until you find” principle
may likewise result in a reduced share of private car users in the sample
compared to the whole population.
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The failure to complete the survey in its entirety is most often
due to an inability or unwillingness to provide a real and definitive
answer to some questions. People who always use a private car are not
able to answer some questions about the services offered by public urban
transport, especially regarding its assessment. For this reason, when
designing a questionnaire (or another measuring instrument), it should
always be tested on a sample through a pilot study, and in certain cases,
filtering questions should be used. Refusal to answer certain questions
typically relates to sensitive topics, such as income. Since income data
is one of the most important variable models of transport behaviour
and preferences, appropriate measurement scales should be tested
in questions concerning income, choosing those that provide the most
information and result in the fewest refusals.

The inability to conduct an interview or its incompletion often results
in the need to repeat the survey, which prompts some interviewers
to falsify the data. The measurement error resulting from falsification
of data affects the credibility and reliability of the results. Such errors
are detectable by experienced researchers who are aware, for example,
of the specificity of the public transport network. Surveyors falsifying
data often make logical errors, e.g., by answering individual questions
with responses on transport behaviour, which is not possible in practice.
During research carried out under the direction of the author in 2024,
an interviewer falsified the results of the study, consistently repeating his
transport preferences and assessment of public urban transport services
in the questionnaire. An audit of the study showed that the interviews
were not carried out on the ground. A safeguard against data falsifica-
tion is a random spot check, involving the respondent confirming that
the survey has been fully completed. This also allows for the evaluation
of the work, behaviour, and competences of the interviewer. Market-
ing research agencies use mobile devices equipped with an applica-
tion for research, which only launches a questionnaire after reaching
the geographical coordinates corresponding to the place of interview.
This does not completely protect against the possibility of falsification
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of data in a situation where the interviewer is unable to conduct the sur-
vey with the respondent (e.g., the interviewer may falsify the response
in the staircase of an apartment building). Therefore, regardless of the use
of modern measuring devices, the control confirming the measurement
is indicated.

The inability to conduct the survey with a given respondent leads some
interviewers to interview another person available at home and assign
their behaviour and transport preferences to the person selected for
the study. This type of misconduct also indicates the need to ensure
research is carried out correctly.

When marketing research agencies are responsible for the entire
research process (including organisation, implementation, data reduc-
tion, processing, analysis, and reporting), there may be a tendency to fill
in missing data during the data reduction and processing stages. Some
data can be supplemented without compromising the quality of the test
results. These are usually obvious mistakes that can be rectified following
consultation with the interviewer. Other errors require part of the survey
to be repeated.

When commissioning the research to marketing research agencies,
the research aim, hypotheses and scope should be agreed. This allows
for errors resulting from a lack of understanding on the part of the agen-
cy’s employees of the specificity of the public urban transport market,
especially the behaviour and transport preferences of residents, to be
avoided.

Within the next decade, some analytical and calculation operations
are likely to be performed using Artificial Intelligence (Al). Work is already
underway on its use in the arrangement of timetables and work sched-
ules for drivers. The International Union for Public Transport notes in its
report that (UITP 2018):

— Al systems are based on data;

- duetoits nature as a ‘living’ application that learns from user input,

all public transport stakeholders have a role to play in the imple-
mentation of Al, including passengers;
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— stakeholders should engage in a partnership to build synergies
and create highly qualified, multidisciplinary teams;

- service managers should initiate changes to foster a culture of inno-
vation and adopt a ‘fail fast, learn faster’ approach;

|n

— organisations should learn to “safely fail” because Al requires
a trial-and-error approach.

In response to the UITP’s conclusions, the author of this monograph
performed an experiment as part of the analysis of the data contained
in Chapter 6. After performing the analyses and consulting the results
with the statistics, the performance of four analyses was assigned to Al,
in order to check the consistency of the results. Divergent results were
obtained were obtained in three cases, which required the data to be
re-input and the task to be performed by Al to be restated. The discrep-
ancies remained unchanged following a further two attempts. Subsequent
attempts were also unsuccessful, obtaining the same or at least com-
parable results. During further attempts, it could be inferred that during
the learning process Al is inclined to accept various suggestions in order
to satisfy the user with a certain result. However, this observation should
not be regarded as scientific, as it may result from the author’s in-ability
to specify the task in a way that is understood by Al.



Conclusions

The considerations presented in the monograph lead to the follow-
ing conclusions proving the research hypothesis that the adaptation
of the quantity and quality of public urban transport services to the diverse
preferences and expectations of residents regarding the quality of ser-
vices and complex transport behaviours requires public urban transport
organisers to conduct marketing research:

1. Sustainable mobility cannot be only a public-funded policy project,
which disregards the market as a means of assessing the benefits,
costs, and risks to socio-economic development.

2. The sustainable mobility goals of individual cities vary in their details.

3. Urban mobility can become sustainable if people travel more effi-
ciently, travel differently, and/or travel less (the latter, however, will
require appropriate changes in spatial planning). The appropriate
path to a more sustainable mobility, at the current stage of urban
development, is to encourage modal shift by increasing the share
of public transport in urban travel (Phase Il of Poland’s Green Public
Transport Programme (ZTP / UPT 2.0).

4. Modal shift will take place provided that public urban transport
is widely available and the quantity and quality of its services meet
the expectations of residents.

5. Restrictions on the freedom to use private cars in cities, or
even restrictions on users of these vehicles, may prove to be
counter-effective in the long run, if these actions are not preceded
by a decisive improvement in the quality of public urban transport
services.
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14.

Conclusions

Obstacles to the spread of sustainable forms of mobility are indi-
vidual beliefs and mobility culture, as well as individual consumer
decisions on mobility determined by economic factors.

A populist interpretation of the goals of sustainable mobility and sub-
ordinating them to other political objectives leads to the inefficient
use of funds.

. The appropriate course of action is to base sustainable mobility

activities on public urban transport services, which should adopt
a marketing-led management approach based on the results of mar-
keting research.

. The results of marketing research on demand and its structure should

be the basis for making rational decisions on the launch of services
with specific parameters. The reliance of decision-makers solely
on political and ideological considerations may lead to the incur-
rence of social costs.

Only a high level of satisfaction with the quantity and quality of ser-
vices offered can be an indicator of the ability of this mode of trans-
port to satisfy an increasing number of transport requirements
and improve its share in urban transport.

The increase in the competitiveness of public urban transport
in relation to private cars also requires increasing the quantity
and improving the quality of services in a way that positively effects
the level of satisfaction of residents.

The main subject of marketing research in public urban transport
is the demand, behaviour and transport preferences of residents.
The results of marketing research on public urban transport services
provide the basis for making changes to the attributes and costs of
services in accordance with the expectations and preferences
of residents.

The results of marketing research can be an effective tool for
the marketing management of public urban transport when adapt-
ing the attributes of the service to sustainable mobility.
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16.

Conclusions

Marketing research is an effective method in the verification
of the effectiveness of public authority activities in achieving
the goals of sustainable mobility.

After the monograph had been submitted for publication, the author
obtained, the results of a 2024 marketing survey on the transport
preferences and behaviours of Gdynia residents.

These results confirmed the conclusions presented in Chapter 6.

A comparison of the 2018 and 2024 survey results, without detailed

statistical analyses, indicates that:

the share of respondents declaring that they mostly travel by pub-
lic transport decreased by 4.4 percentage points, while the share
of those declaring that they travel equally often by private car
and public transport increased by 3.4 percentage points;

the proportion of respondents declaring that they always or mostly
use a private car changed only slightly (by approximately 1 percent-
age point);

declared travel behaviours were verified using a one-day travel diary
method to determine the modal split: the share of residents travel-
ling by public transport decreased by 2.5 percentage points, while
the share of those travelling by private car increased by 1 percent-
age point. Thus, the objectives set in the SUMP were not achieved,;
the main reasons for using a private car by inhabitants of Gdynia
remain, in order of importance: greater comfort, shorter travel time,
and the need to transport goods or shopping;

parking fees have become a more important reason for choosing
public transport than parking difficulties. The importance of car use
by a second person in the household has also increased;

the most important attributes of public transport services continue
to be directness and accessibility, with their relative importance
increasing, while the significance of service frequency and punc-
tuality has decreased,;

the evaluation of Gdynia’s urban public transport system (on a scale
from 2 to 5) declined slightly — from 4.23 in 2018 t0 4.19 in 2024.
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Table 1.1. Operational and Economic Parameters of Bus Route no. 85 in Rumia for the direction: Rumia Partyzantdw
to Rumia Szmelta in 2023

Total Revenue
Route Relation Time no. of Turnover per Max. no. of passengers No. of
passengers passenger passengers
85 |Rumia Partyzantéw — Rumia Szmelta | 4:32 14 28.73 PLN| 2.05PLN |Zeromskiego (request stop) 14
85 | Rumia Partyzantéw — Rumia Szmelta | 4:50 14 28.73 PLN| 2.05PLN |Zeromskiego (request stop) 13
85 | Rumia Partyzantéw — Rumia Szmelta | 5:11 15 21.80 PLN| 1.45PLN |Zeromskiego (request stop) 14
85 | Rumia Partyzantéw — Rumia Szmelta | 5:35 19 27.62 PLN| 1.45PLN|Zeromskiego (request stop) 17
85 | Rumia Partyzantéw — Rumia Szmelta | 6:01 23 19.42 PLN| 0.84 PLN | Zeromskiego (request stop) 23
85 |Rumia Partyzantéw — Rumia Szmelta | 6:30 36 30.40 PLN| 0.84 PLN | Starowiejska — Poczta 18
85 | Rumia Partyzantéw — Rumia Szmelta | 7:01 36 30.40 PLN| 0.84 PLN | Reja (request stop) 23
85 | Rumia Partyzantdw — Rumia Szmelta | 7:13 30 28.76 PLN| 0.96 PLN | Zeromskiego (request stop) 20
85 |Rumia Partyzantéw — Rumia Szmelta | 7:25 33 31.64 PLN| 0.96 PLN | Zeromskiego (request stop) 19
85 | Rumia Partyzantdw — Rumia Szmelta | 7:51 39 37.39 PLN| 0.96 PLN | Reja (request stop) 29
85 |Rumia Partyzantéw — Rumia Szmelta | 8:10 29 25.20 PLN| 0.87 PLN | Zeromskiego (request stop) 17
85 |Rumia Partyzantéw — Rumia Szmelta | 8:30 35 30.41 PLN| 0.87 PLN | Ceynowy 24
85 | Rumia Partyzantéw — Rumia Szmelta | 8:52 39 33.89 PLN| 0.87 PLN|Zeromskiego (request stop) 27
85 | Rumia Partyzantéw — Rumia Szmelta | 9:30 31 15.90 PLN| 0.51 PLN | Zeromskiego (request stop) 18




Table 1.1 (cont.)

Total Revenue No. of
Route Relation Time no. of Turnover per Max. no. of passengers
passengers passenger ikt
85 | Rumia Partyzantéw — Rumia Szmelta | 9:56 25 12.82 PLN| 0.51 PLN | Zeromskiego (request stop) 18
85 | Rumia Partyzantow — Rumia Szmelta | 10:31 32 39.74 PLN| 1.24 PLN|Zeromskiego (request stop) 22
85 | Rumia Partyzantéw — Rumia Szmelta | 11:02 35 43.47 PLN| 1.24 PLN | Rumia Dworzec PKP 21
85 |Rumia Partyzantéw — Rumia Szmelta | 11:32 27 1116 PLN| 0.41 PLN | Starowiejska — Poczta 17
85 |Rumia Partyzantéw — Rumia Szmelta | 12:02 33 13.64 PLN| 0.41 PLN | Ceynowy 21
85 | Rumia Partyzantéw — Rumia Szmelta | 12:32 18 18.21 PLN| 1.01 PLN | Zeromskiego (request stop) 13
85 | Rumia Partyzantéw — Rumia Szmelta | 13:02 26 26.31 PLN| 1.01 PLN | Zeromskiego (request stop) 17
85 | Rumia Partyzantéw — Rumia Szmelta | 13:32 26 13.39 PLN| 0.51 PLN | Rumia Dworzec PKP 19
85 |Rumia Partyzantéw — Rumia Szmelta | 14:02 26 13.39 PLN| 0.51 PLN | Ceynowy 16
85 | Rumia Partyzantéw — Rumia Szmelta | 14:32 37 19.05 PLN| 0.51 PLN | Rumia Dworzec PKP 25
85 | Rumia Partyzantéw — Rumia Szmelta | 15:02 38 30.73 PLN| 0.81 PLN|Zeromskiego (request stop) 18
85 | Rumia Partyzantéw — Rumia Szmelta | 15:32 47 38.01 PLN| 0.81 PLN | Rumia Dworzec PKP 27
85 | Rumia Partyzantow — Rumia Szmelta | 16:04 15 14.26 PLN| 0.95 PLN | Reja (request stop) 10
85 | Rumia Partyzantéw — Rumia Szmelta | 16:34 25 23.77 PLN| 0.95 PLN | Rumia Dworzec PKP 13
85 | Rumia Partyzantow — Rumia Szmelta | 17:04 31 20.76 PLN| 0.67 PLN | Rumia Dworzec PKP 20




Table 1.1 (cont.)

Total

Revenue

Route Relation Time no. of Turnover per Max. no. of passengers No. of
passengers passenger ikt
85 | Rumia Partyzantéw — Rumia Szmelta | 17:34 22 14.74 PLN| 0.67 PLN | Rumia Dworzec PKP 16
85 | Rumia Partyzantow — Rumia Szmelta | 18:06 17 15.40 PLN| 0.91 PLN | Rumia Dworzec PKP 12
85 | Rumia Partyzantéw — Rumia Szmelta | 18:33 16 1450 PLN| 0.91 PLN | Starowiejska — Poczta 7
85 | Rumia Partyzantéw — Rumia Szmelta | 19:03 10 9.62 PLN| 0.96 PLN | Okrzei 7
85 | Rumia Partyzantéw — Rumia Szmelta | 19:52 9 8.66 PLN| 0.96 PLN | Reja (request stop) 5
85 | Rumia Partyzantéw — Rumia Szmelta | 20:21 6 3.30 PLN| 0.55 PLN | Rumia Dworzec PKP 4
85 | Rumia Partyzantdw — Rumia 20:43 10 550 PLN| 0.55PLN |Reja (request stop) 10
Dworzec PKP
85 | Rumia Partyzantéw — Rumia Szmelta |21:18 5 3.26 PLN| 0.65 PLN | Okrzei 4
85 | Rumia Partyzantéw — Rumia Szmelta | 22:21 2 2.85 PLN| 1.42 PLN | Rumia Dworzec PKP 2

Source: Compiled by the author based on the (MZKZG 2023) in light of marketing research findings from spring 2023.
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Table 2.1. Spearman’s and Pearson’s test results for segments identified

a priori

Ord.
No.

Feature

Trend analysis

Statistic
(correlation)

p-value

Significant
(p <0.05)

Age [in years]

10

16-20

16-20

21-30

21-30

41-50

41-50

51-60

51-60

61-70

61-70

Spearman
Trend Test

Pearson
Linear Trend
Test

Spearman
Trend Test

Pearson
Linear Trend
Test

Spearman
Trend Test

Pearson
Linear Trend
Test

Spearman
Trend Test

Pearson
Linear Trend
Test

Spearman
Trend Test

Pearson
Linear Trend
Test

-0.900

-0.907

-0.999

-0.973

-0.899

-0.915

-0.999

—-0.958

-0.899

-0.924

0.037

0.333

1.40E-24

0.005

0.037

0.029

1.40E-24

0.010

0.037

0.024

True

True

True

True

True

True

True

True

True

True
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Table 2.1 (cont.)

Appendix 2

Ord. Feature Trend analysis Statistic value Significant
No. YSIS| (correlation) | P (p < 0.05)
Socio-occupational status
11 | Students/pupils Spearman -0.999 1.40E-24 True

Trend Test
12 | Students/pupils Pearson -0.925 0.024 True
Linear Trend
Test
13 | Working pensioners/ Spearman —-0.899 0.037 True
disability pensioners Trend Test
14 | Working pensioners/ Pearson -0.891 0.042 True
disability pensioners Linear Trend
Test
Car ownership status
15 |Households with no car | Spearman -0.899 0.037 True
Trend Test
16 | Main car users Spearman -0.899 0.037 True
Trend Test
17 | Main car users Pearson -0.918 0.037 True

Linear Trend
Test

Source: Own work.

216




Appendix 3



54

SiET - 00:€T

65:77 - 00:CC

65:TC-00:TC

65:0 - 00:0T

65:6T - 00:6T

712
\ 618
479 \

08
340

66:8T - 00'8T

65:/T - 00:LT

XY
X

3
67
N\

65:9T - 00:9T

1460
\ 1120

65:GT - 00:ST

439
296

65:¥T - 00:%T

65:€T - 00°€T

672 K
Q\ 596 573

65:2T - 00°CT

345
vlﬁl

65:TT - 00°1T

66:0T - 00°0T

927

NS
N\

65:60 - 0060

1236

65:80 - 00:80

/A
A
o

65:/0- 0020

179

65:90 - 00:90

65:50 - 00:50

65:10 - 000

G'€0 - 00:€0

$170 - 0020

S:T0- 00:TO

$:00 - 00:00

LD

2000

1500
1000

500

e=fll==Public Transport  e=he=Walk

e=f==Private Car

Figure 3.1. Daily variation in travel volume in Sopot in 2024 [n = 849]
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Figure 3.2. Structure of Sopot residents’ travel motivations (destinations)
in 2024 [n = 849]

Source: (“Preferencje i zachowania komunikacyjne mieszkaricéw Sopotu w 2024 r.” 2024).
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Figure 3.4. Travel patterns according to the mode of transport in Sopot
in 2024 [n = 849]

Source: (“Preferencje i zachowania komunikacyjne mieszkancéw Sopotu w 2024 r.” 2024).
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Table 4.1. Analysis of the different purposes for travel of three groups
of Gdynia residents (2018) — Chi-squared test

Destinations

Travelling always

Travelling always or

Chi-squared

(travel motivations) Total oruszs:Ii/r :zszl;l:ic usually(lzoayr private value
Home 45.3 46.3 44.8 0.0256
Work 25.8 20.9 31.4 2.1206
Shopping 9.2 9.8 8.2 0.1441
Personal matters 8.2 9.4 6.4 0.5700
Recreation 3.2 3.5 3.7 0.0365
Education 3.3 7 0.5 5.9055
Social activities 1.9 21 1.4 0.1444
Other 3.1 1 3.6 1.4831

Source: Own work.
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Table 5.1. Basic descriptive statistics together with the Shapiro—Wilk test result

Dependent variable M Me SD Sk. Kurt. Min. Max. w p
Number of indications as the most important attribute
Directness 345.60 362.00 37.95 -2.19 4.83 278.00 366.00 0.63 0.001
Frequency 331.20 | 333.00 11.86 0.25 0.50 | 316.00 | 348.00 0.98 0.913
Availability 272.00 | 254.00 32.03 1.44 1.40 | 248.00 | 324.00 0.81 0.102
Reliability 139.40 140.00 24.20 -1.05 1.84 101.00 166.00 0.93 0.569
Low cost 175.40 180.00 26.42 -0.34 1.27 137.00 | 210.00 0.96 0.841
Speed 137.40 134.00 18.89 1.57 2.66 122.00 169.00 0.84 0.163
Punctuality 336.80 | 336.00 25.16 -0.93 0.75 | 298.00 | 362.00 0.92 0.544
Rhythmicity 59.00 61.00 4.69 -0.36 -2.91 54.00 64.00 0.84 0.154
Number of indications as the worst-performing attribute
Directness 113.20 92.00 38.20 0.95 -1.14 83.00 169.00 0.83 0.145
Frequency 120.40 132.00 22.90 -0.67 -2.35 90.00 141.00 0.85 0.210
Availability 48.00 53.00 10.68 -0.70 -1.31 33.00 59.00 0.91 0.493
Reliability 55.20 56.00 7.63 -0.13 -0.41 45.00 65.00 1.00 0.995
Low cost 138.60 135.00 64.45 1.14 2.06 69.00 | 242.00 0.92 0.509
Speed 92.00 89.00 17.86 0.30 -1.89 72.00 115.00 0.95 0.752
Punctuality 192.40 | 206.00 46.91 —-0.89 —-0.04 122.00 | 240.00 0.94 0.669




Table 5.1 (cont.)

Dependent variable M Me SD Sk. Kurt. Min. Max. w p
Rhythmicity 87.20 74.00 39.44 1.97 4.04 59.00 156.00 0.76 0.033
Information 47.40 46.00 7.27 0.73 -0.54 40.00 58.00 0.95 0.709
Comfort 127.00 111.00 43.93 215 4.72 99.00 205.00 0.67 0.004

Number of indications as the best-performing attribute
Directness 191.60 | 206.00 50.52 -1.34 1.49 110.00 | 232.00 0.86 0.224
Frequency 261.60 | 282.00 45.18 -0.88 -1.09 196.00 | 302.00 0.88 0.326
Availability 309.20 | 330.00 65.97 -1.69 3.40 197.00 | 370.00 0.83 0.134
Reliability 421.40 | 390.00 80.34 2.07 4.43 | 367.00 | 563.00 0.71 0.013
Low cost 94.80 95.00 12.09 —-0.58 0.42 77.00 109.00 0.98 0.927
Speed 91.20 100.00 28.17 -0.12 -2.39 62.00 125.00 0.88 0.291
Punctuality 43.20 42.00 13.63 0.60 -0.19 28.00 63.00 0.97 0.893
Rhythmicity 42.40 41.00 11.13 -0.12 0.38 27.00 57.00 0.99 0.969
Information 42.80 47.00 10.08 -0.41 -3.04 32.00 53.00 0.82 0.124
Comfort 26.00 27.00 7.62 -0.25 -1.38 16.00 35.00 0.98 0.907

M — mean; Me — median; SD — standard deviation; Sk. — skewness; Kurt. — kurtosis; Min. — minimal value; Max. — maximum value;

W — Shapiro-Wilk test; p — p-value for the Shapiro-Wilk test

Source: Own work.
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Table 6.1. Result of the Principal Component Analysis (PCA) analysis

Attribute Best Evaluated Variable| Worst Evaluated Variable
1 Directness 6.4 3.6
2 |Frequency 5.1 1.3
3 | Availability 10.8 0.3
4 | Reliability 15.6 0.1
5 |Low cost 0.4 10.2
6 |Speed 1.9 0.8
7 | Punctuality 0.5 5.4
8 | Rhythmicity 0.3 3.8
9 | Sufficient information 0.3 0.1
10 | Convenience 0.1 4.8

Source: Own work.
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Figure 6.1. Percentage of variance explained by individual components PC1
and PC2

Source: Own work.
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Table 7.1. Cross Analysis Age_v3 * Mean of transport

Mean of transport

Variable non- ] Total
K sustainable
sustainable
Age_v3 Less 40 N 75 119 194
% from Mean 39,9% 44,7% 42,7%
of transport
41-60 N 86 82 168
% from Mean 45,7% 30,8% 37,0%
of transport
More 60 N 27 65 92
% from Mean 14,4% 24,4% 20,3%
of transport
Total N 188 266 454
% from Mean 100,0% 100,0% | 100,0%
of transport
Source: Own work.
Table 7.2. Cross Analysis: Gender * Mean of transport
Mean of transport
Variable non- Total
. sustainable
sustainable
Gender Woman N 78 158 236
% from Mean 41,5% 59,4% 52,0%
of transport
Man N 110 108 218
% from Mean 58,5% 40,6% 48,0%
of transport
Total N 188 266 454
% from Mean 100,0% 100,0% | 100,0%

of transport

Source: Own work.
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Table 7.3. Cross analisys: Main car users * Mean of transport

Mean of transport

Variable non- ' Total
. sustainable
sustainable

Main car users | No N 13 43 56
% from Mean 7,6% 53,8% 22,3%

of transport
Yes N 158 37 195
% from Mean 92,4% 46,3% 77,7%

of transport
Total N 171 80 251
% from Mean 100,0% 100,0% | 100,0%

of transport

Source: Own work.

Table 7.4. Cross Analysis: Public transport assessment * Mean of Transport

Mean of transport

of transport

Variable non- _ Total
. sustainable
sustainable
Public transport | Insufficient N 10 7 17
assessment % from Mean 6,8% 2,8% 4,3%
of transport
Sufficient N 40 63 103
% from Mean 27,0% 25,3% 25,9%
of transport
Good N 72 138 210
% from Mean 48,6% 55,4% 52,9%
of transport
Very good N 26 41 67
% from Mean 17,6% 16,5% 16,9%
of transport
Total N 148 249 397
% from Mean 100,0% 100,0% | 100,0%

Source: Own work.
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Table 7.5. Cross Analysis: Standard of comfort * Mean of Transport

Mean of transport

of transport

Variable non- Total
. sustainable
sustainable
Standard of | accept travel |N 23 22 45
fort i ded
comior n crowde % from Mean 12,2% 83% | 9,9%
conditions
of transport
| expect N 41 44 85
i |
standing place o ¢ Mean 218% | 165% | 187%
in non-difficult ftran it
conditions ottranspo
No opinion N 66 34 100
% from Mean 35,1% 12,8% 22,0%
of transport
| expect mostly |N 37 108 145
t
asea % from Mean 19,7% | 40,6% | 31,9%
of transport
| expect always | N 21 58 79
t
asea % from Mean 12% | 21,8% | 17,4%
of transport
Total N 188 266 454
% from Mean 100,0% 100,0% | 100,0%

Source: Own work.
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Table 7.6. Cross Analysis: The attribute selected as the best implemented *

Mean of transport

Mean of transport

Variable non- ' Total
. sustainable
sustainable
The attribute No N 59 110 169
lected
selecte % from Mean 51.8% | 49,1% | 50,0%
as the best of transport
implemented P
Yes N 55 114 169
% from Mean 48,2% 50,9% 50,0%
of transport
Total N 114 224 338
% from Mean 100,0% 100,0% | 100,0%

of transport

Source: Own work.

Table 7.7. Cross Analysis: The attribute selected as the worst implemented *

Mean of transport

Mean of transport

Variable non- ' Total
. sustainable
sustainable
The selected No N 60 108 168
ttribut
atiribute as % from Mean 47.6% | 46,6% | 469%
the worst of transport
implemented P
Yes N 66 124 190
% from Mean 52,4% 53,4% 53,1%
of transport
Total N 126 232 358
% from Mean 100,0% 100,0% | 100,0%

of transport

Source: Own work.

233




Appendix 7

Table 7.8. Cross Analysis: Age * Main car user

Main car user

of transport

Variable Total
no yes
Age_v3 Less 40 N 40 110 150
% from Mean 50,0% 35,9% 38,9%
of transport
41-60 N 30 143 173
% from Mean 37,5% 46,7% 44,8%
of transport
More 60 N 10 53 63
% from Mean 12,5% 17,3% 16,3%
of transport
Total N 80 306 386
% from Mean 100,0% 100,0% | 100,0%

Source: Own work.
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