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This study evaluates the dimensions of service quality and smart mobility features of the
Nysse public transport system in Tampere, Finland, from the perspective of its users. The
study aims to answer the main research question: What is the users’ assessment of the
current smart mobility attributes of the NYSSE public transport system? Specifically, it
examines which features users evaluate most positively, which features receive the
lowest evaluations, and the overall level of user satisfaction with the system.

A quantitative cross-sectional survey design was employed. During Spring 2025, a
structured online questionnaire was distributed through Microsoft Forms to 60 current
Nysse users. The questionnaire measured users' perceptions across four key
dimensions: digital travel information, service reliability, route coverage and frequency,
and ticketing experience. The collected data were analysed using descriptive statistics,
including frequencies, means, and standard deviations.

The findings indicate that digital ticketing and travel information received the highest
evaluations. The highest mean scores were reported for mobile ticketing (SMART
application) (M = 4.50), clarity of digital travel information through the Nysse application
(M = 4.43), and ease of travel card payment (M = 4.41). In contrast, service reliability
received comparatively lower ratings. The lowest-rated features were transfer
convenience between buses and trams (M = 3.70), handling of service disruptions (M =
3.73), and bus punctuality (M = 3.77). On the single overall satisfaction item, respondents
reported a moderate to high level of satisfaction with the Nysse public transport system
(SD = 0.99), while value for money showed the greatest variation among the individual
item ratings (SD = 1.26).

The findings suggest that Tampere has made significant progress in developing digital
public transport services that users perceive as clear, accessible, and easy to use.



However, improvements are still needed in service reliability, particularly in transfer
coordination, punctuality, and communication during service disruptions. This study
contributes context-specific descriptive evidence from a medium-sized Nordic city, a
setting that has received relatively limited attention in the smart mobility literature. As the
study was based on a small convenience sample, the findings should be interpreted with
appropriate caution and cannot be generalized to the wider population.

Keywords: smart mobility, public transport, user perceptions, service quality, Nysse,
Tampere, digital ticketing, real-time information
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CHAPTER 1: INTRODUCTION
1.1 Background and Context

Digitalization and sustainability goals are reshaping urban mobility systems across
Europe. Cities are adopting smart mobility tools such as real-time travel information,
digital ticketing, and multimodal journey planning to modernise their public transport
networks (Shaheen et al., 2019; Neirotti et al., 2014). In this thesis, the term "smart
mobility features" refers to these technology-enabled services within the Nysse system:
real-time travel information, digital ticketing, and multimodal coordination. Tampere, the
third-largest city in Finland, has invested heavily in this transition, most notably through
the launch of the Tampere tramway in 2021 alongside digital platforms for real-time
information and electronic payment (Tampere City, 2020; Finnish Transport Infrastructure
Agency, 2021). This thesis evaluates the user experience of the Nysse system as a whole,
covering both digital smart mobility features and core service quality dimensions such as
reliability, punctuality, transfer convenience, and route coverage, as these jointly shape
how users perceive and use public transport.

1.2 Problem Statement

Tampere has put significant resources into smart mobility infrastructure but little research
exists on user perceptions of the infrastructure in their journeys. To date, most of the
assessments of smart mobility systems have been limited to the technical parameters of
the system, e.g., uptime, number of app downloads, and not much attention has been
given to users' perceptions of the system as a whole (Lyons et al., 2019; Cottrill et al.,
2017). This leaves two associated gaps. First, transport companies have no systematic
information about user experiences or what they think is useful or annoying (De Ona &
De Ona, 2015; Luiu et al., 2017). Second, if it is not present, then future improvements
could be based on user concerns that are not actually observed (Grotenhuis et al., 2007;
Redman et al., 2013). This thesis aims to fill this gap by conducting a descriptive survey
of the existing Nysse users and studying their perception about the digital and service
quality aspects of the system.

1.3 Research Aim and Objectives
1.3.1 Research Aim

The purpose of this research is to analyze the evaluation of the digital smart mobility
features and basic quality dimensions of the Nysse public transport system in Tampere,
such as real-time information, digital ticketing, service reliability and route coverage and
frequency, from the users' perspective and to determine which of these features are
perceived as most positive and which as most negative, as well as to identify whether the
users are generally satisfied with the public transport system.
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1.3.2 Research Objectives
To attain this aim, the study has the following objective:

To examine overall user perceptions of the Nysse public transport system in terms of its
digital and operational aspects, including real-time travel information, use of digital tickets,
ease of transfer, route coverage, travel frequency, and level of reliability. This goal is
achieved by using a structured survey that records both positive and negative ratings of
users towards the system and gives a descriptive picture of the overall satisfaction of the
users.

This objective will be a reaction to the systematic evidence about the user-centred
aspects of the smart mobility system in Tampere that function well from the user's point
of view and the aspects that function poorly or cause discontent, among users. Through
a thorough study of several dimensions of smart mobility features, the research offers an
in-depth insight into user experiences and does not offer the isolated evaluation of a
particular feature. This will entail collecting and analyzing user perceptions on these
dimensions, identifying strengths to be maintained and weaknesses to be modified.

1.4 Research Questions
This study is guided by one central research question with three aspects:

RQ: How do users evaluate the current smart mobility features of the Nysse public
transport system?

* Which features are rated most positively?

* Which features are rated most negatively?

* Are users generally satisfied with the system?
1.5 Significance and Contribution of the Study

The research contributes to the practical, policy, and academic spheres. Practically, the
findings provide Tampere transport authorities and Nysse with descriptive evidence of
which smart mobility features and service quality dimensions users value most and least,
supporting informed decisions about where to focus future improvements. At a policy
level, the study offers context-specific user feedback that can inform ongoing efforts to
promote sustainable mobility and reduce private car dependency in Tampere.
Academically, the study contributes empirical evidence from a medium-sized Nordic city,
an under-represented context in the smart mobility literature, which has primarily focused
on larger metropolitan areas.
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1.6 Structure of the Thesis

This thesis is structured in six chapters where each chapter leads to the next based on
the findings of the research and the analysis of the findings:

1.

5.

6:

Presents the research context, problem statement, research aim, objectives, and
research question.

Reviews literature on smart mobility, public transport service quality, real-time
information systems, digital ticketing, and user perceptions relevant to the study.
Describes the research design, survey methodology, sampling strategy, data
collection procedure, and analytical approach.

Presents the descriptive findings from the survey, including the sample profile,
perception scores across all measured dimensions, and key findings.

Discusses findings in relation to existing literature and presents practical
recommendations for Tampere.

Conclusions Presents the conclusions of the study, returning directly to the

research question and summarizing the main descriptive findings.
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Chapter 2: Literature Review
2.1 The Nysse Public Transport System in Tampere

Tampere is the third largest city in Finland, where the population of the urban region (City
of Tampere) is over 400,000 (Tampere City, 2020) and the number of residents in the city
proper is approximately 250,000. The Public Transport Unit of the City of Tampere (Nysse,
2024a) is responsible for public transport in the Tampere region under the Nysse brand.
The network consists of Tampere and seven surrounding municipalities (Kangasala,
Lempaala, Nokia, Orivesi, Pirkkala, Vesilahti, Ylojarvi) as well as buses, trams and
regional trains in the network, which are all integrated into a single ticketing and journey-
planning system (Nysse 2024a). The goals for integration are included in the City of
Tampere's Sustainable Urban Mobility Plan, which aims for a higher proportion of trips
made using public transport, walking or cycling (City of Tampere, 2021).

2.1.1 Network Structure and Service Modes

The main transportation method in the Nysse network is by bus, both in the central area
and in the suburbs. Construction of the tramway in Tampere began in 2017 and the tram
was put into operation in August 2021 with an investment of some 330 million euros
(Tampereen Ratikka, 2024). There are two lines in operation, one from Kaupin Campus
to Pyhallopuisto and one from Hervantajarvi to Sorin aukio, both with a frequency of 7.5
minutes during day time hours (Tampereen Ratikka, 2024). The network is continually
growing, with extensions towards Pirkkala and Linnainmaa being built (Nysse, 2024c).
The integrated multimodal offer (Nysse, 2024a) is extended since 2019 with tickets also
valid for commuter trains of the VR network in the Nysse zone.

2.1.2 Ticketing and Digital Services

Nysse has implemented a zone-based fare system for zones A, B and C (Nysse, 2024d).
The passengers can pay with a Nysse travel card, by using the Nysse Mobiili smartphone
app or by using a contactless bank card payment (Nysse, 2024d). Purchase of single and
period tickets is possible through the Nysse Mobiili app and integrated travel planning is
offered together with the real-time schedule information (Nysse Mobiili, 2024). The
majority of city center stops have digital real-time arrival displays (Nysse, 2024b). The
City of Tampere is working on an account-based payment system, where ticket
information is not stored on the card, but in a backend system which provides greater
flexibility in payments (City of Tampere, 2024).

2.1.3 Relevance of User Perceptions for Nysse Development

The vision of Nysse is to offer services of good quality that gradually make private car
trips unnecessary in the Tampere region (Nysse, 2024a). In spite of this orientation, the
level of systematic knowledge about the perception of the users of the digital tools and
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the dimensions of quality of service that are now available is still very low, especially after
the big changes that followed the tram in 2021. This gap has made it relevant to Nysse's
development priorities and is the main rationale for the current study when looking at user
perception research.

2.2 Smart Mobility: Evolution and Conceptualization
2.2.1 Defining Smart Mobility in Contemporary Urban Systems

The concept of smart mobility has gained much traction in urban development policy but
there is no agreed definition of the term. It is used to designate a variety of technological
interventions, organizational practices and policy frameworks, and is defined in various
ways by various researchers. This variation is due to the fact that both the smart mobility
concept is very complex, and the field itself is relatively young, in which theories are still
evolving as technologies grow and experience continues.

Neirotti et al. (2014) studied 70 smart city projects in European and North American cities
and came up with six key dimensions of smart cities: smart mobility, smart economy,
smart environment, smart people, smart living, and smart governance. Smart mobility
integrates innovative technologies with sustainable transport infrastructure in their
framework, aiming to optimize urban mobility, minimize environmental footprint, and
enhance accessibility and user experience. However, their analysis revealed that the
interpretation of this vision was very different across cities: some saw it as a traffic
management and control system, others saw it as digitalizing public transport, and others
interpreted it as integrated multimodal platforms or new technologies such as
autonomous vehicles and shared mobility.

The concept of smart mobility is presented by Benevolo et al. (2016) dividing the concept
into two wide group of solutions: technology-based and citizen-based. The technology-
based approaches focus on optimizing the system, streamlining networks and making
use of data analytics, and are usually measured in technical metrics like traffic flow,
operational cost or data processing speed. Citizen-based approaches, on the other hand,
are concerned with the impact of mobility innovations on the individual, access to
opportunities, satisfaction with traveling and quality of life — and are evaluated using user
surveys, behavioral indicators or social impact measures. Benevolo et al. (2016)
emphasize the need for a balance between the two: the technology needs to be smart
and sophisticated, but this is not sufficient for sustainable smart mobility, if it does not
bring any benefit to the user.

Smart mobility may also be placed into a longer continuum of the use of technology to
address urban mobility issues. The first generation of intelligent transportation systems
(ITS), developed primarily in the 1980s and 1990s, had primarily a traffic management
and control mission, with the aim of achieving maximum traffic flow and minimizing traffic
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congestion using sensors, automated traffic control signals and centralized control
Centres. 2nd generation systems appeared in the 2000s and included traveller
information via variable message signs, telephone hotlines and early mobile platforms.
Third generation systems integrate multiple services in a single system; they feature the
coordination of multimodal services through the use of smartphone apps and cloud
services, as well as digital payments and the provision of cross-modal real-time
information in cities, e.g. Tampere. The fourth generation is primarily pilot and is designed
to incorporate artificial intelligence, predictive analytics and self-driving cars.

The relationship between smart mobility and Mobility as a Service (MaaS) also needs
clarification, since the two terms are often used interchangeably despite important
differences. MaaS refers to the full integration of different transport modes and operators
into a single platform that offers door-to-door mobility through one digital interface,
typically with built-in payment and, in some models, a subscription (Sochor et al., 2018).
MaasS is therefore best understood as one specific organisational and business model of
smart mobility, in which platform integration and customer relationships are managed by
a MaaS operator rather than by individual transport companies; smart mobility is the
broader umbrella term, encompassing MaaS as well as other, less fully integrated digital
innovations. Current practice in cities such as Tampere reflects this more limited
integration rather than the full MaaS vision, although policy ambitions increasingly point
in that direction (Kamargianni & Matyas, 2017). For the present study, this distinction
matters because Nysse's unified ticketing and journey-planning system across buses,
trams, and regional trains (Nysse, 2024a) corresponds more closely to an integrated
smart mobility system than to full MaaS, which shapes the specific features examined in
this thesis.

2.2.2 Smart Mobility within Sustainable Urban Transport Frameworks

Smart mobility also needs to be considered in the context of sustainable urban mobility,
because digital technologies are often seen as means to reach long-term sustainable
mobility objectives. But the linkage of technological innovation and sustainability
outcomes is a subject of debate: some researchers see technology as a remedy for
sustainability problems, whereas others believe that it's not a viable alternative to deeper
changes to the urban form, transport investment, and travel behavior.

Banister (2008) presented a highly influential sustainable mobility framework which
continues to be used in policy and research. It outlines four complementary strategies:
less total travel through integrated land use planning; modal shift from private cars to
public transport and active modes of transport (walking and cycling); system efficiency
improvements through better transport system management; and system cleanliness
(cleaner vehicles and fuels) to reduce the environmental impact of each trip. Smart
mobility technologies are usually talked about as facilitating the modal-shift approach, that
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is to make public transport more competitive with private vehicles by providing more
information, convenience, reliability and optimizing services based on data.

This positive spin, however, has been called into question. Smart city-related technologies
can be introduced without considering who benefits and who is being negatively
impacted, or if digital technologies are solving a symptom of urban issues or a true
solution. (Hollands, 2008) In the context of smart mobility, the critique proposes to go
beyond the question of whether a technology is working well and to consider whether it
is enabling sustainable development, or further perpetuating inequitable situations, car
dependency and unsustainable consumption. The technology that helps people move
about more conveniently in their cars can also help improve the experience of using public
transportation, and the advantages of the technology may not be felt by more at-risk
populations as much as by those who already use a smartphone and have some digital
literacy.

The evidence of the impact of smart mobility on sustainability is mixed. One line of
research has examined the sustainable transport indicators in cities in the Mediterranean
region of Europe, and found that cities with a very large number of intelligent transport
systems (ITS) had measurable improvements in public transport punctuality and
efficiency, indicating that ITS can provide real technical improvements. The operational
benefits were not always associated with an increased share of public transport use,
fewer cars on the road and a reduction in transport emissions. Other cities with more
sophisticated digital infrastructure recorded no growth or even lost ridership, while others
recorded larger modal shifts with less extensive technology investments but more robust
complementary policies, such as parking restrictions and congestion pricing, transit
priority infrastructure, coordinated land use planning, among others.

The results suggest that technology is only a part of a broader mobility system and that
technological capability cannot ensure sustainable mobility transitions without enabling
policy, institutional capacity, physical infrastructure and behavioural change. Smart
mobility should therefore be considered as a condition, but not a sufficient condition for
sustainable urban mobility. The understanding of service system design forms the basis
of the present study, which focuses on the smart mobility features as part of a broader
service system that is only valued by the users if the features can be implemented well,
are compatible with the existing system and can respond to user needs.

2.3 Public Transport Service Quality: User Perspectives
2.3.1 Service Quality Dimensions and Conceptual Frameworks

Service quality dimensions and conceptual frameworks are discussed in this section. This
section discusses dimensions of service quality and conceptual frameworks.
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The perception of and the rating of the quality of the public transport systems are crucial
background information for the research on smart mobility features as the ultimate goal
of such features is to enhance certain quality dimensions. The literature on public
transport service quality is based on the wider literature on service quality, but has been
modified for the specific context of public transport.

The SERVQUAL model by Parasuraman et al. (1985) suggests five generic dimensions
of service quality: tangibles (physical facilities, equipment and appearance of staff),
reliability (accuracy of service delivery), responsiveness (willingness to help the
customers promptly), assurance (staff knowledge and courtesy which inspire trust), and
empathy (individualised attention and caring to customers). While initially developed for
commercial services, SERVQUAL has been extensively used in public transport, in which
some dimensions may need to be adjusted as competition is restricted, many users are
not voluntary customers and delivery of the service is limited by technical and resources
factors.

Transport-specific quality frameworks reflect aspects of quality not covered by generic
models. Tyrinopoulos and Antoniou (2008) present a nine dimensional model that is
particularly relevant to transit, covering the following nine areas: availability - spatial
coverage (stop location) and temporal coverage (service hours, frequency); accessibility
- ease of reaching and using stops, stations and vehicles; security - safety from accidents
and crime; environmental impact - noise and emissions; pricing - fare levels, structure,
perceived value for money. Their empirical studies in a number of European cities
revealed that each of these dimensions is significant to different groups of users
depending on the route being travelled e.g. regular commuters tend to value time and
reliability more heavily on familiar routes, whereas occasional users tend to value
information and ease of navigation more heavily on less familiar routes.

Service quality is multidimensional so enhancing service quality is challenging both
conceptually and practically. Operational changes and infrastructure investment are more
suitable for different dimensions, such as punctuality, while the improvement of
information quality can be more easily achieved through digital platforms and
communication. The size also influences each other, too: If one attribute, e.g. reliability,
is poor, this can influence the perception of other attributes, which may have been good
(otherwise). Smart mobility features are more likely to focus on specific dimensions, such
as information or usability, and less on time savings, accessibility, comfort or security,
dimensions. These policies indicate that assessing quality of public transport services
should be based on several aspects together, which is applied in this research.

2.3.2 Expectations, Perceptions, and Satisfaction Formation

Based on the expectancy-disconfirmation paradigm developed from Oliver's (1980)
consumer satisfaction research, it provides a useful lens through which to examine the
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nature of consumer satisfaction judgements. In this paradigm, satisfaction is a function of
the discrepancy between actually received service and one's own expectations.
Perceived performance greater than expectation will result in satisfaction or even delight;
perceived performance equal to expectation will result in moderate satisfaction; and
perceived performance less than expectation will result in dissatisfaction. In the context
of smart mobility, it means that managing expectations is as important as meeting
technical performance: if you promise a feature that is not actually delivered, this can
negatively impact satisfaction, even if the performance of the feature may be reasonable.

Grotenhuis, et al (2007) looked into the sources of expectations formed by public
transport users and found a number. These were their previous experiences, information
delivered by operators in their marketing and service messages, comparison with peers
and experience of service quality in other areas, especially the digital consumer service.
Retail, banking and entertainment apps have raised the bar for quality and users are now
evaluating transit apps against these business expectations, not the more traditional
transit information applications. This puts strain on the transit agencies, which often have
smaller technological budgets than commercial technology companies, and can lead
even to good performing apps getting negative user reviews.

However, user satisfaction has the tendency to decrease over time even if the service
quality is the same (Van Lierop & EI-Geneidy, 2016). They believe that initial positive
reviews, based on novelty and lack of experience, are replaced by more critical reviews
as users recognize problems that lead to a more realistic view of the service. If that's the
case, then with smart mobility features, the initial enthusiasm after adoption, or a
successful pilot activity, does not signify the end of satisfaction a constant monitoring and
improvement process based on user feedback is required, not taking the initial success
for granted.

Perceived control also influences satisfaction with Smart mobility features. Fellesson and
Friman (2008) found that users who feel they have control, understanding, and prediction
of their trip have higher level of satisfaction than users who feel they have less control of
their trip and less understanding and prediction. This feeling of control can be
complemented by real-time information and journey-planning tools, which can help to
minimize uncertainty and help users adapt to disruptions. However, this benefit relies on
the accuracy of the information provided information that can become more problematic
if it is inaccurate on the part of the user, or if there are system failures, in which case the
user may end up feeling worse off than if no information were provided in the beginning.

2.4 Real-Time Passenger Information Systems

2.4.1 Development and Technical Implementation
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Real-time passenger information is one of the smart mobility features most widely being
implemented, and has increased in recent 20 years because of the development and
decreasing cost of the technology. The systems rely on GPS tracking, automatic vehicle
location, and prediction algorithms to calculate the approximate arrival time of vehicles
and disseminate this information via stop and station displays, in-vehicle displays, mobile
applications, internet and text messaging.

Since 1990s, the sophistication of real-time information systems has improved greatly.
Initial systems only utilized the most basic information about the location of a vehicle and
basic algorithms that assumed that all vehicles traveled at a constant speed, so they were
susceptible to error when the vehicles were serving customers in heavy traffic or when
services were disrupted. More modern systems employ machine learning algorithms that
now take into account historical performance data, present traffic data and conditions,
weather factors, and special events to produce more accurate forecasts and some are
connected to traffic signal priority and automated vehicle control systems that actively
control services instead of merely forecasting them.

But high level of technical sophistication does not automatically mean user's satisfaction.
Users are concerned with the quality of implementation correct predictions, availability of
information, clear presentation and responsiveness in the event of disruption. Such a
system, although having good behavior in normal situations, may fail or confuse the user
exactly at the time of disruption, exactly at the time when the information conveyed must
be accurate, deprives the user of confidence.

2.4.2 User Experience Research and Behavioral Impacts

In a field experiment performed in Stockholm, Dziekan and Kottenhoff (2007) have
observed that the perceived waiting time could be decreased even if the real waiting time
remained unchanged: real-time information reduced the perceived waiting time by about
two minutes as passengers with real-time information felt they waited even if they did not.
This psychological benefit, which is related to lower levels of anxiety and higher levels of
control, was found even when the predictions were not perfect, indicating that the users
appreciate the efforts made to give them timely information even if that information is
sometimes incorrect.

This was extended by Watkins et al. (2011) in a field experiment where they repeated the
test in Chicago with two different sets of user segments for routes with and without real-
time information. They discovered that real-time information had a positive impact on user
satisfaction and users' trust in the transit agency, especially for users who value being
informed and in control. Benefits were not uniform, however: Infrequent users of
unfamiliar routes benefited more than frequent users of familiar routes, who already had
reliable mental models of typical service patterns.
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In a quasi-experimental study in New York City, Brakewood et al. (2015) reported that
real-time information raised the mean number of passengers on buses by 1.7 to 2.0
percent, with higher impacts on bus lines with lower frequencies and higher schedule
variability, which led to higher levels of uncertainty and hence passenger value of
information. The economic analysis they did revealed that the benefits of the scheme
outweighed the costs of implementing and running the scheme, giving a positive return
on investment, though the absolute amount of the ridership effect was not significant.

2.4.3 Implementation Challenges and User Frustrations

However, real-time data is not always embraced. In this study, Ferreira et al. (2013)
showed how many common problems occur when users experience real time systems in
the cities of Portugal: inaccurate predictions leading to the users to miss vehicles or wait
unnecessarily; inconsistent availability at different stops; displays difficult to read both in
daylight and from some angle; confusing presentation formats; and most importantly the
lack of information when a service breaks down.

Unreliability seems to hurt users' trust more than no information whatsoever: users feel
more frustrated when a predicted arrival time is incorrect than when no arrival time is
predicted and thus no specific expectation. This imbalance indicates that systems should
be able to reach a satisfactory level of accuracy and reliability before deployment, as
disinterested users will not trust in poorly functioning real-time information, but they will
trust in systems that work well.

The overall conclusion of these studies is that the use of real-time information systems
seems to have a positive impact on user experience broadly if they can be relied on, but
that disruption communication is one of the most important elements of system quality.

Caulfield and O'Mahony (2007) conducted a survey of users to determine their
perceptions of the information attributes most important to them, which found that
accuracy was perceived as more important than coverage, presentation clarity and
update frequency. A simple display of core information, such as the arrival time of the next
vehicle was preferred to a more complex display including multiple routes or services. It
implies that developers need to focus on the reliability and clarity of the core information
instead of adding features.

Gains from use of digital information tools are not evenly shared among users. Tang and
Thakuriah (2012) have found that real-time information is advantageous to those already
possessing smartphones and some digital skills, but not for those who do not have such
skills or devices. While this study does not directly measure accessibility perceptions, it
offers context to understanding results from a sample that is likely to be too high in
digitally-literate users.
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2.5 Digital Ticketing and Payment Systems
2.5.1 Technology Evolution and Implementation Models

Another prominent smart mobility feature is digital ticketing which eliminates paper and
cash transactions on different platforms. Pelletier et al. (2011) follow the development of
these technologies, from magnetic-stripe cards to contactless smartcards and then to
mobile ticketing (using a mobile phone) and most recently to account-based solutions
where the travel entittements are recorded centrally, not on the physical card.

These technologies have different implications for the users (Pelletier et al., 2011).
Smartcards need to be issued as a physical card, which may require registration as well
as an upfront cost of the smartcard and replacement if lost or damaged. Mobile ticketing
is the elimination of the need for a separate card, but it does need a smartphone and may
not be as convenient for people not as tech-savvy. Account-based systems are flexible,
but there are privacy concerns associated with traveling. Open-loop contactless bank
card payment does not require any media for transportation, but can make fare capping,
transferring fares and concession fare mechanism for certain user groups difficult.

The benefits of digital ticketing for transit agencies include lower costs and security
concerns associated with cash handling, increased revenue through reduced fare
evasion, more detailed information on service usage for planning, ability to offer more
complex fare structures (e.g. time-of-day or distance-based), and easier fare integration
among operators (Pelletier et al., 2011). These benefits however can only be achieved
with significant initial investments, maintenance, system training and support, data
privacy management and security.

2.5.2 User Adoption Patterns and Barriers

Design, user features and context are important factors in determining the rate of adoption
of digital tickets (Pelletier et al., 2011). A major concern for privacy sensitive users is the
tracking of travel data, but there is a great deal of diversity in attitudes toward tracking
data. A card's initial expense may also deter infrequent travelers who will not be able to
get their money's worth, and the registration process may discourage some potential
users. If it doesn't seem much more convenient or quicker than a traditional ticket, they're
not going to bother, and their lack of interest in convenience or speed is matched by their
lack of interest in the change.

There is also a systematic variation in adoption by users category (Pelletier et al., 2011).
Those who use public transport regularly are likely to be enthusiastic about digital
ticketing, especially at peak times when the cash payment extends their journey by a few
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seconds. Occasional travellers are more likely to keep purchasing the traditional ticket,
even if it costs more, than paying for a special ticket because they do not want to be
registered and don't want to be followed. Some of these systems are not used by older
users or by those who are less digitally literate, or who just prefer not to use them.

Usability research identifies interface design as a recurring issue as well. Blythe (2004)
mentions the problems of the feedback the user receives when reading a card or a device,
the complexity of the interface to achieve a simple task with mobile applications, and the
lack of clarity in the presentation of the balance and cost information in the interface,
which leave the user with uncertainty about what to do. Many of these issues, Blythe
(2004) says, stem from systems that technologists and transport planners design without
sufficient end-user testing, resulting in systems that are technically correct and yet may
cause needless problems for users.

Overall, these results indicated that the adoption of digital ticketing is related to the
technical quality of implementation and the features of the user group, thus highlighting
the value of user-centred evaluation.

There are other benefits that mobile ticketing via the smartphone app provides compared
to a physical smartcard (Pelletier et al., 2011): ability to buy tickets anytime, without
needing to visit a ticketing office or vending machine, and can be integrated with a
journey-planning tool in the same application. It also comes with its own set of issues,
though — reliance on battery and connectivity, decreased usability for those less
technologically savvy, and issues with verifying tickets during inspection.

The availability of research on mobile ticketing adoption is still limited, due to the relative
newness of mobile ticketing. Research indications are that mobile ticketing is more easily
embraced by younger users and those with a greater technological confidence than by
older users and less techno literate users (Van Deursen & Van Dijk, 2011). There are
equity issues to consider, too, as transit agencies make the switch to mobile ticketing as
their primary revenue stream without maintaining other payment methods.

Combining ticketing and journey planning within a single application can create useful
synergies, but also design challenges, including interface complexity, cognitive load, and
the risk of confusing interactions between different app functions. Evidence on these
integration questions remains scarce, and this is an area where practice is advancing
faster than research can evaluate it.

2.6 Multimodal Integration and Journey Planning
2.6.1 The Transfer Challenge in Public Transport

A key but frequently problematic part of multimodal journeys is transferring between
different modes. Early conceptual frameworks have been developed by Hine and Scott
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(2000) that demonstrate that although transfers provide a wider network of choice, they
also increase ‘time' and 'physical effort' costs, and create ‘navigational' costs that may
make a multileg journey less attractive than an alternative single mode trip.

There are a number of components to these transfer costs (Hine & Scott, 2000). Transfer
time (the time required to walk between modes and the waiting time for a transfer) has
been shown to consistently have a greater perception of burden compared to an
equivalent amount of in-vehicle time. For users with mobility issues, heavy luggage or
young children, physical effort is a special concern. Wayfinding difficulty occurs when a
station layout is poorly designed or unrecognized by the traveller, and connection
uncertainty occurs when real-time information is not available or schedules are not
reliable.

In a stated preference experiment in London, Guo and Wilson (2011) estimated these
penalties to be 2.0 to 2.5 of an in-vehicle walking time and 1.5 to 2.0 of an in-vehicle
waiting time. These penalties become greater when the environment is not favorable, like
when climbing stairs, exposure to bad weather, and or a complex station layout. It implies
that transfer burden reductions are a significant driver of the competitiveness of
multimodal journeys that even a small transfer delay can make a significant difference in
the appeal of a multimodal trip.

Combined, these studies indicate that transfer is a major pain point in multi-modal
journeys, and that transfer satisfaction with ease of transfer is a key determinant of overall
system satisfaction.

2.6.2 Smart Mobility Solutions for Transfer Challenges

There are a number of ways to overcome the issue of transfers.Smart mobility features
can do this in several ways. Integrated journey planning does not aim to optimise each
mode individually, but aims to identify multimodal routes based on a consideration of
transfer time, walking distance and reliability of the connections. Synchronised scheduling
ensures the schedules of each mode are aligned to reduce waiting at important transfer
points. Integrated payment eliminates the need to buy tickets for each mode or operator.
Real time information allows the user to better evaluate the connection and alter the plans
in case of a disconnection or delay in the connection.

Chowdhury and Ceder (2016) created timetable-synchronization models that will reduce
average transfer waiting time by 30-40 percent for a variety of network structures,
compared with the uncoordinated schedules. They also highlighted challenges in
implementation such as the institutional issues that arise when operators operate different
modes, technical issues related to coordination with varying reliability of service, and
compromises between optimizing transfers at certain nodes and keeping the regular
headway that some users desire.
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Hernandez et al. (2016) investigated the impact of integrated journey-planning apps on
the willingness to take multimodal trips in Spanish cities and concluded that availability of
such a planning app led to an increase of 15 percent in multimodal trips in comparison
with those made by people who were not users of the app. The apps resulted in a
cognitive lightening in planning a journey from various modes, which makes them more
interesting than a single mode journey, especially when it comes to car use. This was an
advantage only if the information was accurate: if an app said there was a connection
when there wasn't, users lost faith in the app and went back to simpler travel habits or to
the car.

2.6.3 Physical and Institutional Dimensions Beyond Digital Solutions

However, smart mobility functions are in no way capable of replacing poor physical
conditions or the failure to coordinate the institutions. Guo and Wilson (2011) determined
that physical factors (transfer walking distance, stairs or escalators, weather protection,
and station layout complexity) continue to be factors that make a transfer feel good. While
digital wayfinding and live connection information may assist, it cannot remove the burden
of a long walk, flight of stairs, and / or weather exposure.

The institutional challenges to multimodality integration can be as critical as technical
ones. Seamless multimodal travel is challenging even if every single digital system is a
success if different organizations operate different ticketing systems, have different
service-quality standards and don't cooperate with each other. Sochor et al. (2015) came
up with the following problems: Users in cities of Sweden were frustrated when operators
did not provide consistent level of service, and multimodal trips did not work when one
leg did not work or perform worse than the other leg. Fragmentation can't be addressed
by an integrated digital platform alone. The application and use of system should be
trusted and reliable.

2.7 Trust, Reliability, and Technology Acceptance
2.7.1 Trust in Public Transport Systems

User trust within transport systems and operators has become a subject of growing
research interest as smart mobility is becoming increasingly dependent on digital
information and digital processes that rely on user trust in the correct data. Van Lierop et
al. (2018) state that trust involves the user's confidence in the services to perform as
expected, the information to be accurate, and the operator to act responsibly and in the
user's best interests. Trust is built over time and through a series of positive experiences,
but can be lost very rapidly when services fail, information is incorrect, or it is believed
that the operator is careless or unresponsive.

A distinction can be made between calculative trust, which depends on a rational
evaluation of performance and relational trust, which depends on emotional attachment
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and familiarity (Van Lierop et al., 2018). Relational trust can be built gradually within a
system that has been used successfully over a period of time, through familiarity and
positive experiences that users have had, but can still be broken by failures in the service
or changes that break the familiarity. In contrast, calculative trust is more reactive to the
most recent experience and may be a more reliable measure of user reaction to a given
experience than the aggregate history of the interaction.

In the context of smart mobility, trust can be manifested in a number of ways: the user
has to believe that information presented in real time is accurate; the digital ticketing
system must process payments correctly; the journey planner must show them a way that
is truly optimal, not necessarily the one that favours a particular operator; the personal
travel data must be kept safe; and the operator has to act responsibly when there is a
fault, dismissing the concerns of the user (Van Lierop et al., 2018).

2.7.2 Service Reliability and Predictability

Generally, the dimension of reliability is one of the most critical dimensions of service
quality from the user perspective, but it is composed of various parts (Cats & Jenelius,
2014). Punctuality is when services are on time. Regularity refers to the uniformity of
service timing, most important when operating a high frequency service and there is no
use of a timetable. Predictability is whether a user can accurately predict the duration of
a trip. Disruption management is related to the ability of a system to communicate and
react during disruption.

Cats and Jenelius (2014) discovered that the psychological price for service unreliability
is its anxiety and lack of control, which can be more expensive than the time lost. Even if
the average performance is satisfactory, users dislike uncertainty how long the journey
takes and whether they are able to connect. From a smart mobility point of view, this
implies that informing users in a timely and proactive way about delays can help them
deal with the unreliability of the service by giving them additional information, but it can't
replace their own preference for a service that is always on schedule.

Stradling et al. (2007) determined that they give more weight to service failures that are
rare but can be serious, rather than service failures that are frequent but minor. This
implies that instead of focusing on increasing service quality, the next goal should be to
avoid worst case failures, and that it may be more important to communicate realistic
values for maximum delay than just typical service values.

Evidence suggests that even if the delay is severe for users it has a disproportionately
large negative effect on satisfaction and is likely to influence user perception of switching
modes. It seems that negative experiences have a greater weight and are remembered
for longer. This is because it implies that when service is acceptable on a fairly consistent
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basis, it's worth more than being consistently excellent, as one poor service experience
can outweigh many good ones.

2.7.3 Technology Acceptance and Digital Literacy

The technology acceptance theory (TAT) can explain the adoption and usage of smart
mobility features. Davis (1989) has developed the Technology Acceptance Model which
indicates that the two most important factors are perceived usefulness (the belief that the
technology aids the performance of tasks) and perceived ease of use (the belief that the
technology is easy to use). Later studies have found these connections to hold true in
other technologies such as mobile apps, electronic payment platforms and transit
information systems.

Venkatesh et al. (2003) further developed this model into the Unified Theory of
Acceptance and Use of Technology (UTAUT), which incorporates the concepts of social
influence (the belief that important others think one should use the technology), facilitating
conditions (the belief that organisational and technical infrastructure supports use), and
moderating effects of gender, age, experience, and voluntariness of use. The significantly
higher variance explained by UTAUT compared with simpler models suggests that more
factors should be taken into account when examining the acceptance of smart mobility
features.

Digital literacy is a key context for technology adoption and effective use. Van Deursen
and Van Dijk (2011) differentiate between operational skills (the basic use of the device),
formal skills (the ability to locate and select information) and strategic skills (the use of
technology in order to accomplish a certain objective). Users who are more digitally
literate in these areas are more likely to use smart mobility applications, find their way
around interfaces, self-solve problems, and use the features provided.

Digital literacy is unevenly distributed, meaning that certain groups are more digitally
literate than others and that this digital literacy is systematically related, among others, to
age, education and income (Van Deursen & Van Dijk, 2011). To be accessible to a wide
range of users, smart mobility products must therefore have an inclusive design that
allows them to be used by all, even by users who have received an initial training and
need support. They must also provide non-digital alternatives to prevent digital
transformation from leaving out disadvantaged groups.

2.8 Research Gaps Identified from Literature
The literature reviewed in this chapter reveals four gaps that justify the present study:
Gap 1: Limited User-Centered Evaluation of Integrated Systems

There is a significant research base on individual smart mobility elements such as real-
time information (Watkins et al., 2011; Brakewood et al., 2015), digital ticketing (Pelletier
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et al., 2011) and journey planning (Chorus et al., 2006), but less research focuses on the
user experience of the different elements combined within a single journey. However,
most of the studies of Maas in Sweden are directed to individual technologies (Sochor et
al. 2015) and Grotenhuis et al. (2007) emphasize that travel should be looked at as a
whole unit instead of as separate units. This is particularly evident in Sections 2.3 to 2.5
of this review where research is available on individual components, but is limited on
research on the collective experience.

Gap 2: Insufficient Context-Specific Evidence from Medium-Sized Nordic Cities

The maijority of the evidence examined in Sections 2.3 to 2.5 is of large metropolitan cities
(Brakewood et al., 2015; Guo & Wilson, 2011; Tang & Thakuriah, 2012), or from Southern
European cities (Dell'Olio et al., 2011; Hernandez et al., 2016). However, there is limited
evidence available from Nordic countries as Section 2.7 mentions; Sochor et al. (2015)
offer some evidence from Sweden, but warn about the transferability of findings from one
country to another because of the differing sizes and climates of cities, populations of
users and the way services are organized. This is especially true for a medium-sized
Nordic city like Tampere, which has a unique climate and is home to its newly launched
tramway.

Gap 3: Limited Understanding of Which Feature Dimensions Users Rate Most
Positively or Negatively

The literature presented in Section 2.3 showed that service quality is multi-dimensional
and Sections 2.3 through 2.5 discussed some of the dimensions of service quality
separately, however there were not many consistent findings in the literature that the
users are satisfied or dissatisfied with specific features in newly integrated systems. The
results of the studies on what is most important are generally inconsistent, as pointed out
by Redman et al. (2013), and de Ona and de Ofia (2015) argue for more context-specific
research into what is most important and in which contexts and what should be prioritised
for improvement. The lack of evidence of user priorities is especially relevant to a newly
integrated system like Tampere's, where one has little idea of user priorities without data
from the system.

Gap 4: Absence of Baseline Evidence in Recently Deployed Systems

Since the Tampere tramway launched in 2021, the associated digital features have
continued to evolve, yet neither the academic literature nor policy documents provide
systematic evidence on user perceptions of the resulting system (Tampere City, 2020).
This is a practical problem for local transport planning, but also a research opportunity: it
allows user perceptions to be captured while the system is still relatively new, rather than
only once it has become fully established. Dziekan and Kottenhoff (2007) emphasise the
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value of this kind of early evidence for guiding later, more systematic research, a baseline
that is currently missing for Tampere.

How These Gaps Justify the Present Study:

Together, these four gaps justify the present study. A descriptive survey of current Nysse
users that examines perceptions of digital information, service reliability, route coverage
and frequency, and ticketing experience directly addresses them: it provides systematic
user-perception evidence from Tampere (Gaps 2 and 4), examines these dimensions
within a single integrated system rather than in isolation (Gap 1), and compares how
users rate different features to identify priorities for improvement (Gap 3).
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CHAPTER 3: RESEARCH METHODOLOGY
3.1 Research Methodology

This chapter describes the methodology used to investigate user perceptions of public
transport service quality and smart mobility features in Tampere. The chapter presents
the research design, sampling approach, data collection instrument, and analytical
procedures used to address the research question: How do users evaluate the current
smart mobility features of the Nysse public transport system? The study uses a cross-
sectional descriptive survey design, and the analysis is limited to frequencies, means,
and standard deviations.

The research uses a quantitative survey approach, with structured data collected from
public transport users in Tampere. This approach is appropriate because the study aims
to describe perceptions across several dimensions and to identify which features are
rated most positively and most negatively. Qualitative methods could offer more in-depth
context on individual experiences, but a quantitative approach allows systematic
description across dimensions and respondents within a single study.

3.2 Research Philosophy and Paradigm

This study is grounded in a post-positivist research paradigm, which acknowledges that
while an objective reality exists, it can only be partially and imperfectly understood through
measurement. Post-positivism supports the use of quantitative methods to systematically
examine user perceptions, recognizing that survey responses are influenced by individual
experience and context (Creswell & Creswell, 2018). This philosophical stance justifies
the structured questionnaire approach adopted in this study, as it allows perceptions to
be measured and analyzed statistically while remaining mindful of the subjective nature
of user experiences.

3.3 Research Design

The research used cross-sectional descriptive survey design. Cross-sectional designs
gather data at one point in time and do not follow individuals over time, thus giving a
snapshot of perceptions at the time of the study (Bryman, 2016). Descriptive designs are
used to systematically describe the characteristics of populations or phenomena, rather
than to test causal hypotheses or manipulate variables in an experiment (Groves et al.,
2009). Structured questionnaires are used in survey designs to gather standardized data
from samples of respondents that represent a target population.

The cross-sectional design implies that the research reflects user perceptions at a specific
point in time: spring 2025, about four years after the launch of the tramway in Tampere
and when the digital mobility features are still evolving. Findings are at a particular time
of the system's implementation and may not reflect perceptions at earlier or later times in
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the system's development. Establishing baseline evidence about current perceptions,
however, is relevant to the goals of the study for near-term improvements and for future
longitudinal studies to document perception changes over time.

3.4 Population and Sampling
3.4.1 Target Population

The target population consists of current users of Nysse public transport in Tampere who
have sufficient experience with the system to evaluate it, including commuters travelling
to work or educational institutions, students, residents using transit for shopping or
leisure, and other users who have direct experience with the service, regardless of how
frequently they travel.

The population is geographically confined to the city of Tampere and its surrounding areas
with Nysse as the service provider. The population is limited to those who are at least
moderately familiar with the possibilities of smart mobility, which means that the potential
respondents must have at least some experience with digital ticketing, real-time
information, or mobile apps to form informed perceptions. It does not include complete
non-users or individuals who have never interacted with digital features, as these users
cannot assess functionality and reliability.

The study includes all current Nysse users who have sufficient experience to evaluate the
system, regardless of travel frequency. Users who travel less than once per week are
included provided they have direct experience with the relevant features, such as the
Nysse app, ticketing, or stop displays.

3.4.2 Sampling Strategy

The research uses non-probability convenience sampling because of practical
considerations and population properties. Convenience sampling involves selecting
participants who are easily accessible and willing to participate in a study, as opposed to
sampling in a way that ensures that every member of a population has a known chance
of being selected (Bryman, 2016). Convenience sampling is less generalizable than
probability sampling but may be suitable and used for exploratory research to describe
patterns and to provide ideas for further investigation rather than for producing estimates
of population parameters.

The multi-channel approach is designed to minimize the sampling bias that can occur in
convenience sampling methods by reaching users across multiple channels to avoid
relying on one source of recruitment that may systematically exclude certain types of
users. However, there are limitations in biasing that the sample will over-represent
younger, digitally literate, and university affiliated users relative to elderly, digitally
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excluded, or infrequent users. These restrictions are recognized and commented on in
the context of findings.

3.4.3 Sample Size

The sample for this study is 60 completed questionnaires that were obtained by
convenience sampling. The sample size of 60 is adequate for descriptive analysis
because this study is exploratory and time and access are practical limitations (Fowler,
2014). The sample consisted of current Nysse users with direct experience of the
system's digital and service features, regardless of travel frequency in Tampere who had
been recruited via university and social media, and the results are not necessarily
representative of Nysse public transport users in Tampere.

3.5 Data Collection Instrument
3.5.1 Questionnaire Design

The data collection instrument is a structured online questionnaire developed based on
the principles of survey methodology (Dillman et al., 2014; Fowler, 2014). Items were
developed by adapting question formats commonly used in public transport satisfaction
research, including item structures drawn from Eboli and Mazzulla (2007), Dell'Olio et al.
(2010), and de Ofia and de Ona (2015), and revising the wording to reflect the specific
context of the Nysse system in Tampere, including its tram and bus services. The
questionnaire was reviewed and refined across several rounds with the thesis supervisors
before distribution to improve clarity and ensure the items were appropriate for the local
context, and their comments were incorporated into the final wording of the items. The
questionnaire consists of five sections: (1) demographics and travel behaviour, (2) real-
time information perceptions, (3) digital ticketing perceptions, (4) transfer convenience
and pricing perceptions (5) satisfaction measure.Perception items use five-point Likert
scales (1 = Strongly Disagree to 5 = Strongly Agree). The questionnaire also included a
single five-point item on overall satisfaction; however, the overall picture of user
perceptions reported in Chapter 4 is derived cautiously from the pattern of item-level
ratings (Q6—Q22). This structure allows systematic measurement across four groups of
questionnaire items: digital information, service reliability, route coverage/frequency, and
ticketing experience. The full questionnaire is provided in Appendix A.

3.5.2 Survey Administration

The data were collected from a popular online survey tool, Microsoft Forms, which
provides a secure and user-friendly environment for conducting academic studies. The
survey was sent using a special link sent via the channels of Tampere University students
and social media, and the answers were collected anonymously, so no personally
identifiable data (such as email addresses or IP addresses) was gathered. The use of
Microsoft Forms allowed response rates to be monitored in real time, and automatic
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export of responses into Excel format for further descriptive analysis. The survey was
presented in Finnish and English to reach out to the different language backgrounds of
Tampere public transport passengers.

3.6 Data Analysis

Survey data was exported from Microsoft Forms to Excel for analysis. The data were
analysed descriptively using frequencies, percentages, means, and standard deviations.
The purpose was to identify which smart mobility features received the most positive and
most negative evaluations, and to provide an overall descriptive picture of user
perceptions of the Nysse public transport system.

3.7 Ethical Considerations
3.7.1 Ethical Principles

The research is conducted in accordance with the ethical principles for research on
human subjects as defined by the guidelines of the research ethics committee of Tampere
University and are in accordance with the general European and international guidelines:

Informed consent: Participants are informed about the purpose of the research, the
procedures, the use of data, the voluntary nature of participation, and how to contact the
researcher prior to deciding to participate. Consent is given by explicit agreement (after
reading information), not assumed from survey completion.

No coercion or undue inducement: No coercion or undue inducement to participate.
The respondents may withdraw at any time by closing the survey, but completed
anonymous responses cannot be withdrawn after submission, because they cannot be
identified for withdrawal.

Anonymity and confidentiality: No personally identifying information (names, email
addresses, IP addresses) is collected. Demographic data is not collected in specific
values that could allow identification. Data is collected and stored securely with access
restricted to the researcher and supervisor.

Data protection: Data processing is compliant with the requirements of the EU General
Data Protection Regulation (GDPR): lawful basis for data processing (research purposes
with explicit consent), minimization (only necessary data is collected), security (encrypted
data storage) and limits of retention (deletion after thesis completion and after
publication).

Respect for people: Questions do not touch on areas that are likely to upset. The survey
has to do with the potentially frustrating experiences of transport services, which is not as
dangerous as research on sensitive topics. Language is respectful and non-judgmental.
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Beneficence: The research aims to benefit participants indirectly by generating evidence
to improve services they use. More generally, findings can contribute to society in the
context of sustainable mobility improvements.

Justice: Recruitment procedures are not designed to exclude groups, although some
populations are underrepresented due to practical constraints. Findings are intended to
serve the needs of a variety of users, including those who are underrepresented in the
sample.
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CHAPTER 4: RESULTS AND FINDINGS

This chapter presents the findings from the descriptive analysis conducted to address the
research question: How do users evaluate the current smart mobility features of the
Nysse public transport system? The results are reported in the following sequence:
sample profile, descriptive statistics for survey items, and a summary of the features rated
most positively and most negatively.

4.1 Sample Profile

Sixty complete responses were received. Table 4.1 shows the age distribution of the
respondents. The sample is predominantly aged 25-34 years (n = 39, 65.0%), followed
by 35-44 years (n = 15, 25.0%), with smaller proportions in the 18-24 (n = 3, 5.0%) and
45-54 (n = 3, 5.0%) age categories. Not a single respondent was aged 55 and over,
reflecting the convenience sampling methodology (via university and social media), and
therefore the results are likely more representative of young to middle aged working age
users.

Age Group Frequency (n) Percentage (%)
18-24 3 5.0

25-34 39 65.0

35-44 15 25.0

45-54 3 5.0

Total 60 100.0

Table 4.1. Distribution of respondents by age group.

The distribution of people depending on public transport usage frequency is presented in
Table 4.2. Most of the respondents use the public transport services daily (15, 25.0%) or
three to five times a week (22, 36.7%). Another 11 respondents (18.3%) use public
transport one to two times a week, and 12 (20.0%) respondents less than once a week.
The majority of frequent users is suitable for a study that looks at perceptions of specific
features of the digital system, as frequent users will have more opportunity to form an
informed opinion about system performance.
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Usage Frequency Frequency (n) Percentage (%)
Daily 15 25.0

3-5 times per week 22 36.7

1-2 times per week 11 18.3

Less than once per week 12 20.0

Total 60 100.0

Table 4.2. Distribution of respondents by public transport usage frequency.

Regarding access to a private car, 27 respondents (45.0%) reported having access to a
private car while 33 (55.0%) did not, indicating a fairly even mix of respondents with and
without an alternative private mode of transport.

4.2 Descriptive Statistics of Perception Items

Items are grouped into four broad categories for presentation: digital information, service
reliability, route coverage/frequency, and ticketing experience. These groupings reflect
the main topic of each questionnaire section; some items, such as transfer convenience,
also relate conceptually to multimodal integration and overall user experience beyond the
single category shown. In addition to these four dimensions, Q26 addressed perceptions
of environmental sustainability and is reported separately in Table 4.3; it is presented
alongside the main items for completeness but was not treated as a fifth core dimension
in the analysis.

Table 4.3 presents the means and standard deviations for all perception items across the
four measured dimensions. Items are grouped by dimension for clarity.

Q Item Description Construct Mean | SD
No.

Q6 | Digital travel information (app, Google | Digital Travel Information | 4.43 | 0.72
Maps) is clear and easy to understand
(Q6)

Q7 | Travel information on stop displays is | Digital Travel Information | 4.25 | 0.99
clear and easy to understand (Q7)




37

Q8

Updated information is provided
promptly during delays and disruptions
(Q8)

Digital Travel Information

3.86

0.95

Q10

Transfers between buses and trams
are convenient in terms of timing and
coordination (Q10)

Service Reliability

3.70

0.88

Q11

Buses generally arrive on time
according to schedule (Q11)

Service Reliability

3.77

0.98

Q12

Public transport arrival times are
predictable during regular travel (Q12)

Service Reliability

3.98

0.73

Q13

Service disruptions are handled
effectively (Q13)

Service Reliability

3.73

0.73

Q14

Public transport routes adequately
cover the areas where | usually travel
(Q14)

Route
Coverage/Frequency

4.22

0.76

Q15

Public  transport  services run
frequently enough for my needs (Q15)

Route
Coverage/Frequency

4.07

0.95

Q20

Paying using a Nysse travel card is
easy (Q20)

Ticketing Experience

4.41

0.83

Q21

Paying wusing a bank card or
contactless payment is easy (Q21)

Ticketing Experience

3.98

1.21

Q22

Using  mobile tickets  through
smartphone applications is easy (Q22)

Ticketing Experience

4.50

0.86

Q23

Overall value for money of public
transport services in Tampere is
satisfactory (Q23)

Ticketing Experience

3.97

1.26

Q24

Overall, | am satisfied with the Nysse
public transport system. (Q24)

Satisfaction

3.88

0.97
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Q25 | | would recommend Nysse to others. | Satisfaction 3.99 1.02
(Q25)

Q26 | Using public transport helps reduce | Additional item (not a|4.17 |0.79
environmental impact  (reported | main dimension)
separately; not part of the four main
dimensions)

Table 4.3. Means and standard deviations of all perception items.

Within this sample, perception scores tended to be positive across all dimensions, with
means ranging from 3.70 to 4.50 on the five-point Likert scale. The highest rated item
was Q22 (mobile ticketing ease, M = 4.50, SD = 0.86), followed by Q6 (digital travel
information clarity, M = 4.43, SD = 0.72) and Q20 (travel card payment ease, M = 4.41,
SD = 0.83). These results suggest that respondents found digital ticketing and travel
information tools easy to use. The lowest rated items were Q10 (transfer convenience, M
= 3.70, SD = 0.88) and Q11 (bus punctuality, M = 3.77, SD = 0.98), both grouped under
service reliability. Relatively higher standard deviations for Q21 (SD = 1.21) and Q23 (SD
= 1.26) suggest greater variation in respondents' perceptions of contactless payment and
value for money, indicating that these aspects of the ticketing experience were evaluated
less consistently across the sample.

Table 4.4 provides a summary overview connecting the research question to the
questionnaire items, analysis approach, and main findings of the study.

Sub-question Questionnaire Analysis Main Finding
Questions

Which features | Q6, Q7 (Digital info); | Descriptive Mobile ticketing (M=4.50),

are rated most| Q20, Q21, Q22| statistics app info clarity (M=4.43),

positively? (Ticketing) (Mean, SD) and travel card payment
(M=4.41) are rated highest

Which features | Q10 (Transfer); Q11 | Descriptive Transfer convenience

are rated most | (Punctuality); Q13 | statistics (M=3.70), disruption

negatively? (Disruption handling) | (Mean, SD) handling (M=3.73), and

bus punctuality (M=3.77)
are rated lowest

How favourable | ltem-level means | Descriptive ltem means range from
are users' | across Q6—Q22 statistics; 3.70 to 4.50. Overall
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perceptions  of frequency satisfaction  was not
the system distribution directly measured; this is
overall? cautiously inferred from

item-level ratings. Digital
tools rated highest and
service reliability rated
lowest; a generally
favourable overall picture
is cautiously inferred from
these item-level ratings,
as no separate overall
satisfaction item was

analysed
Are users | overall  satisfaction | Descriptive Overall satisfaction was
generally item (Q24-Q25) statistics moderate to high (M =
satisfied with the (Mean, SD) [3.94], SD = [0.99]). Item-
system overall? level ratings across Q6-

Q22 ranged from 3.70 to
4.50, consistent with the
overall satisfaction score;
digital tools were rated
highest and service
reliability lowest

Table 4.4. Summary of sub-questions, questionnaire items, analysis approach, and main
descriptive findings.

4.3 User Satisfaction Across Smart Mobility Dimensions

Within this sample, a clear pattern emerges in how respondents evaluated the smart
mobility features and service quality dimensions of the Nysse system. Digital ticketing and
travel information items tended to receive the most positive ratings, while service reliability
items, particularly transfer convenience and bus punctuality, received the lowest ratings.
Digital information: items in this group were rated positively (Q6, M = 4.43; Q7, M = 4.25),
though disruption communication (Q8, M = 3.86) scored lower, suggesting respondents
were less satisfied with how service interruptions were communicated.

Ticketing: this was the most positively rated group overall, with mobile ticketing (Q22, M
= 4.50) and travel card payment (Q20, M = 4.41) rated highly. Value for money (Q23, M
= 3.97, SD = 1.26) showed the greatest variability, suggesting more divided views on
pricing fairness.
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Service reliability: this group received the lowest scores, with transfer convenience (Q10,
M = 3.70) and bus punctuality (Q11, M = 3.77) rated lowest among all items, and
disruption handling (Q13, M = 3.73) also rated relatively low.

Route coverage/frequency: items in this group were rated positively but less strongly than
ticketing (Q14, M =4.22; Q15, M = 4.07).

Taken together, the descriptive results suggest that respondents in this sample tended to
view digital ticketing and information tools favourably, while service reliability, particularly
transfer coordination and punctuality, represented the area with the most room for
improvement



CHAPTER 5: DISCUSSION

This chapter discusses the descriptive findings presented in Chapter 4 in relation
to the existing literature reviewed in Chapter 2. The discussion addresses each
measured dimension in turn and examines the broader implications of the
findings for Tampere public transport. The conclusions of the study are presented
in Chapter 6.

5.1 Discussion of Findings

5.1.1 Digital Travel Information

The descriptive results suggest that digital travel information features are generally
well perceived by users, with high ratings being given to Q6 (digital app information
clarity) and Q7 (stop display clarity), among the highest in all items. These findings
corroborate with those of the literature that indicated that the use of a well-
designed real-time information system can significantly impact the user's
confidence and perceived waiting time (Dziekan & Kottenhoff, 2007; Watkins et
al., 2011). The results indicate that the Nysse application and stop displays are
seen as clear and easy to understand, which means that Tampere has been
successful in providing broadly usable digital information interfaces to its citizens.

The dimension of prompt disruption communication (Q8, M = 3.86) was however
scored significantly lower than Q6 and Q7, which suggests that the everyday
provision of information is perceived as good, while the responsiveness of digital
channels during service disruption is seen as a weak dimension. This is in line with
Brakewood et al. (2015) who found the importance of real-time information is most
evident when things go wrong, and Cottrill et al. (2017) who highlighted that
disruptions in communication have disproportionate impacts on overall user trust
in digital systems. The lower rating for Q8 compared to Q6 and Q7 suggests that
disruption communication may be perceived by users as a distinct concern,
separate from everyday information clarity.

5.1.2 Service Reliability

The lowest mean scores on the constructs were obtained for Service Reliability;
the poorest rated items on the entire survey were Q10 (transfer convenience, M =
3.70) and Q11 (bus punctuality, M = 3.77). These results align with those obtained
by Guo and Wilson (2011), who concluded that the transfer inconvenience is one
of the most important factors that deter the use of public transport, and with
Mouwen (2015) who determined that perceptions of reliability are among the
strongest predictors of overall service satisfaction in the context of public transport
services in Europe. Transfer ease is especially noteworthy with the lower ratings
as Multimodal integration has been a significant effort in Tampere, with the
investment in the tramway network, but there appears to be a disconnect between
the infrastructure investment and how it is perceived by the users that aligns with
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the findings of Lyons et al. (2019), who found that often there is a gap between the
technical performance of the systems and how they are perceived by users.
Punctuality (Q11, M = 3.77) and predictability (Q12, M = 3.98) have a moderate
difference, but are conceptually related. This is consistent with prior research,
which suggested that users will accept less frequent arrivals if they were able to
predict the pattern of those arrivals, and that predictability would have a more direct
influence on travel-planning confidence than on-time performance. Punctuality and
predictability appear to be related but distinct dimensions of reliability, in line with
the service quality frameworks of Dell'Olio et al. (2011) that propose a
multidimensional approach to service quality.

5.1.3 Route Coverage and Service Frequency

Users were also satisfied with the two measures of route coverage (Q14, M = 4.22)
and service frequency (Q15, M = 4.07) which indicate that they generally believe
the Nysse network meets their travel needs and that the frequency is adequate.
Respondents who rated route coverage positively also tended to rate service
frequency positively, suggesting that perceptions of these two aspects may reflect
a general attitude towards the network rather than entirely independent
evaluations. The result is in line with Redman et al. (2013) who discovered that
users do not consider network coverage and frequency as two technical features
but as a package service proposition.

The positive ratings compared to Service Reliability indicate that users' main
problems are not with the location of services, their frequency of running, or the
failure of services to start or stop, but with the reliability and coordination of
services when they are running. This affects investment prioritization, meaning that
the service punctuality and transfer coordination improvements can yield higher
user satisfaction gains than network extension in a city such as Tampere at this
stage of system maturity.

5.1.4 Ticketing Experience

The results of the highest mean scores in the study were the mobile ticketing (via
smartphone application) with the highest overall score (Q22; M = 4.50) and then
ease of travel card usage (Q20; M = 4.41). As expected in the Nordic countries
where cashless payments are well developed, the results show that digital
payment services are well developed and widely used in the city of Tampere, as
Ferreira et al. (2017) highlighted that a well-designed digital ticketing system can
significantly reduce transaction friction and enhance the overall travel experience.
This high level of comfort with mobile ticketing is in line with the overall trend of
digitalization of consumer behaviour in Finland, as noted by Van Deursen and Van
Dijk (2011).

Value for money (M = 3.97, SD = 1.26) and bank card payment without contact (M
= 3.98, SD = 1.21) received the lowest mean values, but, surprisingly, high
standard deviations, indicating variations and ambivalent answers. The fact that
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the standard deviation of Q23 is quite large validates the results of Pelletier et al.
(2011) that fare satisfaction is highly susceptible to personal aspects such as
income level, trip frequency, and other travel choices. This is reflected in the
difference between the answers for Q23 and the other answers, and the fact that
it concerns a different type of ticketing (e.g. customer service), indicating that value
for money is considered a component of the ticketing experience, which is
relatively independent of operational reliability and information quality.

5.2 Interpretation and Recommendations for Tampere

The descriptive results of this study indicate that respondents in this sample tended
to rate the digital features of the Nysse system more positively than the public
transport service. Digital tools — the Nysse application, the stop displays and
mobile ticketing — are seen as clear and easy to use. By contrast, the quality of
service in operation is lower than the user's expectations, especially with regards
to transfer times, bus reliability of service and communications during disruption.
The results provide tentative practical indications of what Tampere could focus on
in developing the system.

High scores for digital ticketing and information clarity indicate good investments
in these areas, which should be continued. The Nysse mobile app and stop display
infrastructure seems to be doing its job from the users point of view. The lower
scores for disruption communication (Q8, M = 3.86), however, suggest
opportunities for enhancing real-time communication of disruption. When
disruptions happen, users look for timely and transparent information and Nysse
should strive to close this information gap in the near future.

The lowest is the service reliability, especially the convenience of bus transfers
between buses and trams (Q10, M = 3.70), as well as bus punctuality (Q11, M =
3.77). The results show that the introduction of the tramway into the wider Nysse
network has not been successful enough in fulfilling the expectations of seamless
multimodal travel for the users. The results indicate, on a preliminary level, that
there is a need to improve the coordination of tram and bus service times in
Tampere, shorten transfer waiting times, and make the information about the
connections clearly visible in the app and on the bus and tram stops. Reducing
transfer inconvenience is one of the areas with the greatest improvements of the
overall public transport satisfaction, as found by Guo and Wilson (2011) and itis a
high priority for Tampere.

Value for money (Q23) showed the highest variability of all items, with users
divided in their perceptions of pricing fairness. This descriptive finding tentatively
suggests that Tampere could consider communicating the value proposition of
public transport more clearly to users overall. Transparent pricing, clear
information about subscription options, and fare promotions for frequent users
could help address this gap and support the city’s broader modal shift goals
(Tampere City Strategy, 2022).
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These descriptive patterns tentatively suggest that smart mobility features may
help create a positive overall experience for users of the Nysse system. This would
be consistent with the sustainable mobility objectives of the Tampere City Strategy
(2022) and the European Commission (2020) Green Deal mobility targets, though
confirming this would require a larger and more representative sample. The
findings also suggest that digital features alone may not be sufficient to drive modal
shift, and that improvements in operational reliability could usefully accompany
digital investment.

5.3 Implications

5.3.1 Practical Implications

The results have several practical implications for the transport authorities of the
city of Tampere and the service operators in Nysse. First, the digital infrastructure
as it relates to the foundations of digital ticketing and information clarity is
performing well and should be maintained and promoted. From a user satisfaction
perspective, investment in these areas seems to be warranted and in line with the
findings of Ferreira et al. (2017) that seamless digital payment is a high priority
dimension to retain users.

Second, the weaker ratings for transfer convenience and bus punctuality identify
the most pressing areas for operational improvement. The key areas of focus
should be improvement in coordination between the tram and bus services,
minimizing transfer waiting times and quick communication of any disruption via
digital means with the users, as these would be the areas where the differences
between the wuser expectation and experience are greatest. These
recommendations are consistent with those of Guo and Wilson (2011), who stated
that the largest gains in satisfaction are associated with transfer experience
improvement in multimodal urban transit systems.

Thirdly, the value-for-money perception varies widely (Q23, SD = 1.26), indicating
that communication of pricing and clarity of fare structure deserves attention. In
cases where fares are reasonably priced, the level of satisfaction with value is
affected by the explicitness of fare communication and the perceived equity of fare
application to different journey types and user groups (Pelletier et al., 2011).

5.3.2 Policy Implications

At the policy level, the descriptive findings suggest that satisfaction is unlikely to
be explained by smart mobility features alone. This is consistent with the ideas of
Bamberg et al. (2007) and Banister (2008), who argued that sustainable modal
shift should not depend solely on digital improvements but on coordinated
measures of service quality, pricing, infrastructure, and land use policy. In the
context of sustainable mobility for Tampere, this tentatively implies that investment
in digital tools could usefully be complemented with investment in reliability, pricing
communication, and physical transfer infrastructure.
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Well-perceived smart mobility features may cautiously support the long-term
modal shift targets presented in the Tampere City Strategy (2022) and the
European Green Deal mobility targets (European Commission, 2020). Confirming
this potential, including whether perceptions differ systematically between users
with and without access to a private car, would require further research with a
larger, more representative sample and a study design that includes such group
comparisons.

5.3.3 Academic Implications

This study is a descriptive case study that adds context-specific user perception
evidence from a medium-sized Nordic city, a context that has received
comparatively less attention in the smart mobility literature, which has tended to
focus on larger metropolitan areas (Sochor et al., 2015; Neirotti et al., 2014). The
pattern observed in this sample, where ticketing and information features were
rated more positively than reliability features, offers a modest, context-specific
contribution that future research could test in other medium-sized cities.

The observation that disruption communication (Q8) was rated lower than general
information clarity (Q6, Q7) within the same dimension suggests that users may
not view information quality and operational management as entirely separate
concerns. Future research using more differentiated scales could explore this
distinction further, building on the conceptual groundwork of Grotenhuis et al.
(2007).

5.4 Limitations

Several limitations of this study must be acknowledged in interpreting the findings.
First, the convenience sample of 60 respondents, predominantly aged 25-34 and
recruited through university and social media channels, Ilimits the
representativeness of the results. Older users, occasional travellers, tourists, and
digitally excluded populations are underrepresented, and their perceptions of
smart mobility features may differ substantially from those captured here (Luiu et
al., 2017). Second, the cross-sectional design captures perceptions at a single
point in time and cannot establish causal relationships between feature
perceptions and behaviour. Third, the small sample size limits the extent to which
these descriptive patterns can be generalised to the wider population of Nysse
users. Fourth, self-reported perception data is subject to social desirability bias and
recall limitations, and may not correspond precisely to objective service
measurements. Future longitudinal studies with larger, more representative
samples and mixed-methods designs would address these limitations and provide
a more complete picture of smart mobility user experiences in Tampere.
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CHAPTER 6: CONCLUSIONS

This study examined how users of the Nysse public transport system in Tampere
evaluate the system’s smart mobility features and service quality dimensions
through a descriptive survey of 60 respondents. Three aspects of the research
question were addressed: which features are rated most positively, which are rated
most negatively, and whether users in this sample are generally satisfied with the
system.

The most positively rated features within this sample were mobile ticketing through
smartphone applications (Q22, M = 4.50), digital travel information clarity in the
Nysse app (Q6, M = 4.43), and travel card payment ease (Q20, M = 4.41). These
results suggest that the digital payment and information tools available in the
Nysse system are perceived as clear and easy to use by respondents.

The most negatively rated features were transfer convenience between buses and
trams (Q10, M = 3.70), disruption handling (Q13, M = 3.73), and bus punctuality
(Q11, M =3.77). These items consistently received the lowest scores in the survey,
suggesting that service reliability and coordination represent the primary area of
concern for users in this sample.

Regarding overall user satisfaction, the descriptive results suggest that
respondents in this sample were moderately to positively satisfied with the Nysse
system, with means across all items ranging from 3.70 to 4.50. Value for money
(Q23, M = 3.97, SD = 1.26) showed the greatest variability in responses,
suggesting that perceptions of pricing fairness varied considerably within the
sample. These findings should be interpreted with caution given the small and non-
representative convenience sample of 60 respondents.

Taken together, the findings of this study suggest that Tampere has made notable
progress in developing digital tools that users in this sample found easy to use that
are perceived as clear and easy to use, and that service reliability, particularly
transfer coordination and disruption communication, represents the most important
area for further development. Future research with a larger and more
representative sample would help confirm and extend these descriptive findings.

46/



REFERENCES

Bamberg, S., Hunecke, M., & Blobaum, A. (2007). Social context, personal norms
and the use of public transportation: Two field studies. Journal of Environmental
Psychology, 27(3), 190-203.

Banister, D. (2008). The sustainable mobility paradigm. Transport Policy, 15(2),
73-80.

Benevolo, C., Dameri, R. P., & D'Auria, B. (2016). Smart mobility in smart city. In
T. Torre, A. Braccini, & R. Spinelli (Eds.), Empowering organizations. Lecture
notes in information systems and organisation (pp. 13—28). Springer.

Blythe, P. T. (2004). Improving public transport ticketing through smart cards.
Proceedings of the Institution of Civil Engineers — Municipal Engineer, 157(1), 47—
54.

Brakewood, C., Macfarlane, G. S., & Watkins, K. (2015). The impact of real-time
information on bus ridership in New York City. Transportation Research Part C:
Emerging Technologies, 53, 59-75.

Bryman, A. (2016). Social research methods (5th ed.). Oxford University Press.

Cats, O., & Jenelius, E. (2014). Dynamic vulnerability analysis of public transport
networks: Mitigation effects of real-time information. Networks and Spatial
Economics, 14(3—-4), 435-463.

Caulfield, B., & O'Mahony, M. (2007). An examination of the public transport
information requirements of users. IEEE Transactions on Intelligent Transportation
Systems, 8(1), 21-30.

Chorus, C. G., Molin, E. J. E., & van Wee, B. (2006). Use and effects of Advanced
Traveller Information Services (ATIS): A review of the literature. Transport
Reviews, 26(2), 127-149.

Chowdhury, S., & Ceder, A. A. (2016). Users' willingness to ride an integrated
public-transport service: A literature review. Transport Policy, 48, 183—195.

City of Tampere. (2021). Tampere Sustainable Urban Mobility Plan. City of
Tampere. https://www.tampere.fi/sites/default/files/2022-
05/SUMP _taitto2021_englanti.paivitetty.pdf

City of Tampere. (2024). Account-based ticketing development. City of Tampere.
https://www.tampere.fi/en/organisation/digital-development/digitalisation-public-
transport-and-urban-environment

47/



Cottrill, C., Pereira, F. C., Zhao, F., Dias, I|. F., Lim, H. B., Ben-Akiva, M. E., &
Zegras, P. C. (2017). Future mobility survey: Experience in developing a
smartphone-based travel survey in Singapore. Transportation Research Record,
2354(1), 59-67.

Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative,
quantitative, and mixed methods approaches (5th ed.). SAGE Publications.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user
acceptance of information technology. MIS Quarterly, 13(3), 319-340.

Dell'Olio, L., Ibeas, A., & Cecin, P. (2010). Modelling user perception of bus transit
quality. Transport Policy, 17(6), 388—397.

De Onfa, J., & De Onia, R. (2015). Quality of service in public transport based on
customer satisfaction surveys: A review and assessment of methodological
approaches. Transportation Science, 49(3), 605—622.

Dell'Olio, L., Ibeas, A., & Cecin, P. (2011). The quality of service desired by public
transport users. Transport Policy, 18(1), 217-227 .

Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, phone, mail, and
mixed-mode surveys: The tailored design method (4th ed.). John Wiley & Sons.

Dziekan, K., & Kottenhoff, K. (2007). Dynamic at-stop real-time information
displays for public transport: Effects on customers. Transportation Research Part
A: Policy and Practice, 41(6), 489-501.

Eboli, L., & Mazzulla, G. (2007). Service quality attributes affecting customer
satisfaction for bus transit. Journal of Public Transportation, 10(3), 21-34.

European Commission. (2020). Sustainable and smart mobility strategy — Putting
European transport on ftrack for the future. European Commission.
https://transport.ec.europa.eu/transport-themes/mobility-strategy _en

Fellesson, M., & Friman, M. (2008). Perceived satisfaction with public transport
service in nine European cities. Journal of the Transportation Research Forum,
47(3), 93-103.

Ferreira, M. C., Dias, T. G., e Cunha, J. F., & Oliveira, E. C. (2013). Generalized
transport ticketing systems. Proceedings of the 13th International Conference on
Urban Transport, WIT Press.

Ferreira, M. C., Dias, T. G., & Falcdo e Cunha, J. (2017). Contextual mobile
application for public transport ticketing. Journal of Advanced Transportation,
2017, Article 1659154.

48/



Finnish Transport Infrastructure Agency. (2021). Transport network report 2021.
Finnish Transport Infrastructure Agency. https://vayla.fi/en/transport-network

Fowler, F. J., Jr. (2014). Survey research methods (5th ed.). SAGE Publications.

Groves, R. M., Fowler, F. J., Jr., Couper, M. P., Lepkowski, J. M., Singer, E., &
Tourangeau, R. (2009). Survey methodology (2nd ed.). John Wiley & Sons.

Grotenhuis, J.-W., Wiegmans, B. W., & Rietveld, P. (2007). The desired quality of
integrated multimodal travel information in public transport: Customer needs in
seven European countries. Transport Policy, 14(1), 11-19.

Guo, Z., & Wilson, N. H. M. (2011). Assessing the cost of transfer inconvenience
in public transport systems: A case study of the London Underground.
Transportation Research Part A: Policy and Practice, 45(2), 91-104.

Hernandez, S., Monzon, A., & de Ofia, R. (2016). Urban transport interchanges: A
methodology for evaluating perceived quality. Transportation Research Part A:
Policy and Practice, 84, 31-43.

Hine, J., & Scott, J. (2000). Seamless, accessible travel: Users' views of the public
transport journey and interchange. Transport Policy, 7(3), 217-226.

Hollands, R. G. (2008). Will the real smart city please stand up? City, 12(3), 303—
320.

Kamargianni, M., & Matyas, M. (2017). The business ecosystem of mobility-as-a-
service. Proceedings of the 96th Annual Meeting of the Transportation Research
Board, Washington, D.C.

Luiu, C., Tight, M., & Burrows, A. (2017). Factors preventing the use of alternative
modes of transport following a driving cessation. Travel Behaviour and Society, 6,
116-128.

Lyons, G., Hammond, P., & Mackay, K. (2019). The importance of user perspective
in the evolution of MaaS. Transportation Research Part A: Policy and Practice,
121, 22-36.

Mouwen, A. (2015). Drivers of customer satisfaction with public transport services.
Transportation Research Part A: Policy and Practice, 78, 1-20.

Neirotti, P., De Marco, A., Cagliano, A. C., Mangano, G., & Scorrano, F. (2014).
Current trends in smart city initiatives: Some stylised facts. Cities, 38, 25-36.

Nysse. (2024a). About Nysse. Tampere Regional Transport.
https://www.nysse.fi/en/information.html

49/



Nysse. (2024b). Travel instructions. Tampere Regional Transport.
https://www.nysse.fi/en/instructions/travel-instructions.html

Nysse. (2024c). Network development. Tampere Regional Transport.
https://www.nysse.fi/en/information/planning-of-the-network.html

Nysse. (2024d). Tickets and fares. Tampere Regional Transport.
https://www.nysse.fi/en/tickets-and-fares.html

Nysse Mobiili. (2024). Nysse Mobiili app manual. Tampere Regional Transport.
https://www.nysse.fi/en/nysse-mobiili-manual.html

Oliver, R. L. (1980). A cognitive model of the antecedents and consequences of
satisfaction decisions. Journal of Marketing Research, 17(4), 460—4609.

Parasuraman, A., Zeithaml, V. A., & Berry, L. L. (1985). A conceptual model of
service quality and its implications for future research. Journal of Marketing, 49(4),
41-50.

Pelletier, M.-P., Trépanier, M., & Morency, C. (2011). Smart card data use in public
transit: A literature review. Transportation Research Part C: Emerging
Technologies, 19(4), 557-568.

Redman, L., Friman, M., Garling, T., & Hartig, T. (2013). Quality attributes of public
transport that attract car users: A research review. Transport Policy, 25, 119-127.

Shaheen, S., Cohen, A., Zohdy, I, & Kock, B. (2019). Sharing strategies:
Carsharing, shared micromobility, and mobility on demand. Transportation
Research Record, 2673(6), 98—109.

Sochor, J., Arby, H., Karlsson, I. C. M., & Sarasini, S. (2018). A topological
approach to mobility as a service: A proposed tool for understanding requirements
and effects, and for aiding the integration of societal goals. Research in
Transportation Business & Management, 27, 3—-14.

Sochor, J., Karlsson, I. C. M., & Stromberg, H. (2015). Trying out mobility as a
service: Experiences from a field trial and implications for understanding demand.
Transportation Research Record, 2542(1), 57—64.

Stradling, S., Carreno, M., Rye, T., & Noble, A. (2007). Passenger perceptions and
the ideal urban bus journey experience. Transport Policy, 14(4), 283-292.

Tampere City. (2020). Tampere smart city strategy 2020-2025. City of Tampere.
https://www.tampere.fi/fen/smart-tampere/what-smart-tampere

50/



Tampere City Strategy. (2022). Tampere city strategy 2022—2030: Sustainable
and responsible Tampere. City of Tampere.
https://www.tampere.fi/sites/default/files/2022-
06/The%20Tampere%20City%20Strategy%202030_0.pdf

Tampereen Ratikka. (2024). Tampere tramway. City of Tampere.
https://www.tampereenratikka.fi

Tang, L., & Thakuriah, P. V. (2012). Ridership effects of real-time bus information
system: A case study in the City of Chicago. Transportation Research Part C:
Emerging Technologies, 22, 146—-161.

Tyrinopoulos, Y., & Antoniou, C. (2008). Public transit user satisfaction: Variability
and policy implications. Transport Policy, 15(4), 260-272.

Van Deursen, A., & Van Dijk, J. (2011). Internet skills and the digital divide. New
Media & Society, 13(6), 893-911.

Van Lierop, D., & EI-Geneidy, A. (2016). Enjoying loyalty: The relationship between
service quality, customer satisfaction, and behavioral intentions in public transit.
Research in Transportation Economics, 59, 50-509.

Van Lierop, D., Badami, M. G., & El-Geneidy, A. M. (2018). What influences
satisfaction and loyalty in public transport? A review of the literature. Transport
Reviews, 38(1), 52—-72.

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance
of information technology: Toward a unified view. MIS Quarterly, 27(3), 425-478.

Watkins, K. E., Ferris, B., Borning, A., Rutherford, G. S., & Layton, D. (2011).
Where is my bus? Impact of mobile real-time information on the perceived and
actual wait time of transit riders. Transportation Research Part A: Policy and
Practice, 45(8), 839-848.

51/



Public Transport Survey

This study, conducted by Amber Ikram, Tampere University, examines how users perceive the functioning, reliability, digital
travel information, and sustainability of bus and tram services in Tampere. In this survey, digital mobility features refer to
digital travel information and ticketing services such as the Nysse app, Google Maps, online timetables, real-time updates,
and stop displays. The survey takes approximately 5-7 minutes to complete. Participation is voluntary. The research data will
be used only for this master’s thesis. The data will be destroyed after the thesis has been accepted and published (estimated
year of publication: 2026). Participants may skip any question and withdraw at any time before submitting the survey. For
questions regarding this study, please contact: amber.ikram@tuni.fi

1. Are you 18 years or older and do you voluntarily agree to participate?

O Yes — Continue

O No — End survey

2. Do you use public transport (bus or tram) in Tampere at least once per week?

O Yes — Continue

O No — End survey

SECTION A: Background Information

3. What is your age group?
() 18-24
() 25-34

35-44

45-54

55-64

65-79

80+

o O O O O

4. How often do you use public transport in Tampere?
() Daily

O 3-5 times per week

O 1-2 times per week

O Less than once per week

SECTION B: Digital Travel Information Usage & Clarity
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Please answer based on your experiences during the past 6-12 months.

5. How often do you check travel information (e.g., timetables or real-time updates) using digital
tools before or during your journey?

O Never
O Rarely

O Sometimes

O Often
O Always

Response scale for Q6—Q8:

1 = Strongly Disagree

2 = Disagree

3 = Neutral

4 = Agree

5 = Strongly Agree

N/A = Not applicable / No experience

6. Travel information in digital tools (e.g., Nysse app, Google Maps) is clear and easy to understand.
O 1
O 2

O O O

() NA

7. Travel information on stop displays is clear and easy to understand.
O 1
O 2

O
O
O s
O N

8. When delays or disruptions occur, updated information is provided promptly through official
channels (e.g., Nysse app, website, stop displays).

O 1
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O 2
O 3
O 4
O s

() NA
SECTION C: Service Reliability, Transfers & Capacity

9. Have you used both buses and trams for the same journey in Tampere?

(If Yes — answer 10; if No — select N/A)

Q Yes
O No

Service Reliability

Response scale for Q10-Q15 :

1 = Strongly Disagree

2 = Disagree

3 = Neutral

4 = Agree

5 = Strongly Agree

N/A = Not applicable / No experience

10. Transfers between buses and trams are convenient in terms of timing and coordination.
O 1
O 2
O s
() 4
ON:
() NA

11. Buses generally arrive on time according to schedule.
O 1
O 2
O s
) 4
ON:

12. Public transport arrival times are predictable in my regular travel.
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O O O O

() s

13. Service disruptions are handled effectively.
O 1
O 2
O 3
() 4
() s

Route Coverage & Frequency

14. Public transport routes adequately cover the areas where | usually travel.
O 1
O 2

O
O 4
O

15. Public transport services run frequently enough for my needs.
O 1
O 2
O s
O 4
() s

Crowding

16. How frequently do you experience crowding when using buses?

O Never
O Rarely
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O Sometimes

O Often
O Always

) Na

17. How frequently do you experience crowding when using trams?
O Never
O Rarely

Sometimes

Often

Always

O
O
O
O

N/A

56/



External Factors Affecting Reliability

Response scale for Q18-Q23:

1 = Strongly Disagree

2 = Disagree

3 = Neutral

4 = Agree

5 = Strongly Agree

N/A = Not applicable / No experience

18. Street works negatively affect the reliability of bus services during my usual travel times.
Q Option 1
O 2
O s
O 4
ON:
() NA

19. Road or winter conditions negatively affect the reliability of bus services during my usual travel
times.

O 1
O 2
O s
ox
O s

() NA
SECTION D: Ticketing & Payment Experience

20. Paying using a travel card is easy for me.
O 1
O 2
O s
O 4
ON:
() N
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21. Paying using a bank card/contactless payment is easy for me.
O 1
O 2

O
O
O s
O NA

22. Using mobile tickets through smartphone applications is easy for me.
O 1
O 2
O s
O 4
O s
() N

23. | am satisfied with the value for money of public transport services in Tampere.
O 1
O 2
O s
O 4
O s
() N
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SECTION E: Mobility Choices & Sustainability

24. Do you currently have access to a private car?

O Yes O No

25. Which factors influence your decision to use public transport? (Select all that apply)

j Cost savings

[:‘ Environmental concerns

j Convenience

j Parking limitations

[:‘ No access to private car

D Other (please specify)

Response scale for Q26:

1 = Strongly Disagree

2 = Disagree

3 = Neutral

4 = Agree

5 = Strongly Agree

N/A = Not applicable / No experience

26. Using public transport helps reduce the environmental impact of my travel.

O 1

O O O O O

N/A
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