'D Tampere University

Lukas Brandl

TRAM USAGE IN TAMPERE

Impact factors, attitudes, and their development over
time

Master of Science Thesis
Faculty of Engineering and
Natural Sciences

Examiner: Tiina Rinne
Examiner: Hannele Auvinen
September 2025



ABSTRACT
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time

Master of Science Thesis

Tampere University
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September 2025

As part of a worldwide effort to combat climate change, public transportation (PT) systems are
increasingly updated and expanded to encourage sustainable modal shift. A special focus has
recently been placed on light rail transit systems (LRT), due to their various benefits over more
traditional transportation modes. As part of this overall trend, an increasing effort is conducted to
better understand the drivers behind modal shift and the impacts of PT development projects on
the broader mobility of citizens. This thesis aims to contribute to this understanding by answering
three research questions:

e What are the trends regarding tram usage, impact factors on mobility behavior and
attitudes towards the tram?

e Are environmental attitudes influencing how people perceive and use the tram system
and their overall mobility behavior?

e What are the main factors that impact tram users? Can users be grouped by their
mobility behavior or attitudes?

These questions are answered through the statistical analysis of survey data collected from
residents of the Finnish city of Tampere. As an LRT system has been operational in the city since
2021, a focus is placed on analyzing the research questions in relation to the tramway. The meth-
odology used relies on multiple different approaches, most prominently descriptive analyses, cor-
relation analyses, and a principal component analysis (PCA).

The results showed a shift towards increasing tram and PT usage as well as a growth in more
positive attitudes towards the tramway in general. However, a historical analysis between multiple
survey iterations showed strong fluctuations between them. Environmental views seemed to in-
fluence mobility behavior, however the impact on modal preferences and attitudes was more pro-
nounced than on actual modal usage. Instead of being the dominant factor, environmental atti-
tudes showed a significant connection to monetary and convenience factors. Furthermore, this
combination of multiple factors in influencing mobility behavior was found throughout the analysis,
with single factors not standing out as determinative. As such, car ownership showed only a lim-
ited impact on modal preferences. Similarly, travel barriers seem to play a primary role on an
individual rather than a structural level.

This study thus emphasizes that not a single impact factor plays a role in determining modal
choices and preferences, but instead multiple factors and individual realities. As such, a holistic
approach must be taken in encouraging modal shift, focusing on several different aspects.

Keywords: Tramway impact, light rail (LRT), sustainable mobility, modal shift,
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1 INTRODUCTION

When talking about urban planning, public transportation has always been a key aspect,
with a growing focus on sustainable development aimed at minimizing CO, emissions
[11, [2], [3]. Tramway projects have been increasingly popular in that regard, offering sub-
stantial advantages over more traditional transportation alternatives, especially in terms
of environmental benefits [4], [5]. However, these benefits are only realized if the pas-
sengers themselves are considered and understood on a deeper level, in order to moti-
vate a lasting modal shift towards sustainable options. This thesis aims to contribute to
this understanding by analyzing tramway survey data from the Finnish city of Tampere

in terms of mobility behavior, attitudes, and overall trends.

As the implementation of any new transportation network is a major undertaking, a ho-
listic and thorough understanding is necessary. This is especially true for the impact on
the citizens and potential public transport users themselves. However, the exact nature
of these impacts is frequently hard to grasp and estimate. As such, when the city of
Tampere, one of Finland’s growing urban centers, chose to invest in a tram network, the
decision came with lively public debates [6]. At the heart of the discourse laid pro/contra
arguments as well as NIMBY (“Not in my backyard”) discussions, arguing about the im-
pact on the residents, which will only truly become visible over the next years of active
operations, when travel habits change. Potential changes might encompass raw passen-
ger numbers, but also more long-term impacts on mobility behavior, attitudes, and well-
being of the residents, as well as developments unrelated to the travel experience itself,
such as shifts to apartment prices in areas close to the tram [7]. This impact assessment
is thus multi layered even more complicated by the fact that while the impacts of larger
changes to public transport, such as the construction of tram networks, are comparable,

they remain distinct and influenced by the specific regional conditions [8].

While general mobility behavior has been studied for decades, the focus has often been
on a narrow context, focusing on individual mobility decision [9] and their demographics,
as well as the general modal split [10]. Most studies also focus only on a specific point
in time, rarely measuring longer developments caused by public transportation projects.
Only recently, in light of the urgency of climate change, has this focus expanded to in-

clude a more thorough look at psychological factors impacting mobility decisions, the



intermodal travel behavior [11], as well as a longer time frame [12], with the goal of better

understanding and motivating modal shifts [9].

This thesis aims to contribute to this goal by analyzing survey data from residents of
Tampere to gain a better understanding of their mobility behavior, modal choices, and
attitudes. This analysis is specifically conducted in relation to the Tampere tramway,
which has been operational since 2021. As such, a focus is also placed on identifying
trends in attitudes and travel habits, which are known to be notoriously slow to change

[13]. The resulting main research areas and concrete research questions are as follows:

e (1): What are the trends regarding tram usage, impact factors on mobility be-
havior and attitudes towards the tram?
This part of the overall analysis relies on the comparable historical data from the
surveys conducted in 2024, 2022 and 2020, observing relevant changes in attitudes,

mobility behavior, modal split and impact factors.

o (2): Are environmental attitudes influencing how people perceive and use the
tram system and their overall mobility behavior?
As part of the survey, the perception of environmental issues was questioned and a
potential link between environmental attitudes and tram usage as well as overall mo-

bility behavior is explored.

e (3): What are the main factors that impact tram users? Can users be grouped
by their mobility behavior or attitudes?
Potential impact factors are analyzed and users grouped based on their responses.
While broader mobility behavior is also examined, a special focus is again placed on

tram usage.

This thesis is structured around these three research questions: First, the research
framework is laid out by presenting the underlying research philosophy, which informed
the selection of research questions themselves, but also the choice of methodology. Sec-
ond, the theoretical background is presented. This part introduces the general role of
tramways in urban development, as well as putting a focus on research regarding modal
shift, mobility behavior, impact factors (including attitudes such as environmental views),
and common analysis techniques. Furthermore, the Tampere tram network itself is pre-
sented, highlighting its connecting to the research data as well as existing studies. The
following chapter dives into materials and methods, starting with the data sources used

and their structure. Subsequently, the methodology is introduced. As the different goals



of the research questions differ, so do the methods. Thus, the selected approaches are
presented for each research question separately. This is succeeded by the results, again
presented separately for every question. The following discussion interprets the results,
putting them in the context established in the theory-sections and emphasizes connec-
tions between the separate results. Lastly, the conclusion summarizes the most im-
portant aspects and highlights potential future research topics. To refer to specific re-

search questions throughout the thesis, (1), (2), (3) might be used as defined above.

Through the analysis of the research questions, this study aims to enhance the under-
standing of mobility behavior, its impact factors and ultimately contribute to better incen-
tivizing the usage of public transportation and the tramway network. This research will
also complement existing local studies about the impacts of the tram system in Tampere
[7], [14], [15], contributing to a more holistic understanding of the tramway within the

urban development framework.



2 RESEARCH PHILOSOPHY

This thesis adheres to certain underlying research assumptions on which decisions dur-
ing the thesis process were based. The underpinning research philosophy and method-

ology based on Saunders et al. [16], is shown in Figure 1.

Philosophy *Pragmatism
Approach to theory Deduction
. . eMultimethod quantitative
Methodological choice approach
Strategy eSurvey data analysis

eCross-sectional

Time horizon L
eLongitudinal

eQualitative literature review

Procedures and techniques s .
eQuanitative analysis

Figure 1: Methodological research choices

Overall, a pluralist approach was taken in tackling the research topic. This stance influ-
enced the selection of the research questions, with a focus on different angles, as well
as the choice of multiple methods, and the drawn conclusions and discussions.

The main research philosophy was pragmatism, emphasizing concrete problems and the
search for practical knowledge to inform future actions. This is reflected in the focus on
the specific mobility behavior and impacts linked to the Tampere tram, with the goal of
better understanding (potential) passengers to ultimately incentivize further usage. The
pragmatist approach is also visible in the usage of methods and indicators, again high-
lighting concrete results and their practical implications [17].

Furthermore, a deductive research approach was chosen. This approach is rooted in the
structured methodology, relying on statistically sound methodology as well as trend to-
wards generalization, focusing on the behavior of a larger group instead of individuals,
which is emphasized by the relatively large sample size and anonymous data collection.

However, some elements of a critical realism view can also be found within the research,



such as a focus on individually perceived realities throughout the data set itself and the
research focus [18]. This is most notably the case in research questions (2), focusing on
the impact of subjective attitudes on one’s own behavior.

The methodological choice was a multimethod quantitative approach [16], focusing on
survey data from three different iterations and applying different statistical methods to it.
Common for pragmatism, different methods are thus employed throughout this study to
analyze the data. This approach also informed the overall strategy regarding answering
the research questions as survey data analysis. One the other hand, the time horizon of
the research has two different layers. The analysis of historical data from 2024, 2022
and 2020 (1), is a cross-sectional analysis. However, the assessment of the impact of
environmental views (2), as well as question (3) regarding other impacts factors and
grouping of responses are both longitudinal analysis, which only focus on the situation
at specific point in time (the point of survey conduction). The procedures and techniques
used were primarily a quantitative analysis of survey data, as well as a qualitative study

of existing literature, underpinning the exact methodology and interpretation of results.



3 TRAMWAYS, LIGHT RAIL AND THEIR PART IN
URBAN DEVELOPMENT

Before exploring their role in urban development, the terminology regarding trams is
briefly explained. Light rail transit (LRT) describes any urban transit system that operates
electrically powered vehicles on rail tracks [19]. Tramways are a specific type of LRT,
often operating in a public environment (meaning alongside or on roads, as opposed to
e.g. metros), with a “tram” describing a single vehicle. However, the exact definition of
LRT and tramways varies between regions [20]. As such, the terms tram (network), tram-
way, and LRT are frequently used interchangeably in the literature, also reflecting their

shared purpose in urban mobility. This thesis follows that naming convention.

Internationally, there has been an ongoing implementation of LRT networks within urban
areas, to the point that it has been called a light rail or tramway “renaissance”, or rebirth
[4]. Called so, as tram systems were already employed in many cities for public trans-
portation needs until around the 1930s-1940s, when a more car focused mobility plan-
ning took over [21]. However, this has been reversed since around the 1980s and accel-
erated in recent years, when trams were reintroduced into the urban mobility mix on a
large scale [4]. Petkov [22] analyzed this development in detail, emphasizing the im-
portance of an institutional framework, as well as stakeholder and user interactions as
instrumental in the success, or failure of a tramway implementation project. Similarly,
external factors in the revival of the tram are highlighted by Moraglio [23], especially
rising fuel prices during the oil crisis of the 1970s, which led to a rethinking of urban
mobility. In recent years, these efforts are part of a broader change towards sustainable
transportation, with public transport as one of its centerpieces, and often in the form of
wider public transportation system projects [24], [25]. While these urban planning pro-
jects focus on a multitude of different modes of transportation, such as most notably
buses, metros, or regional trains, tramways are increasingly chosen as they offer several

key advantages over other modes:
e Passenger capacity:

Commonly used trams can carry multiple times the number of passengers as
buses (usually around 2-3 times [26]), making them suited to handle larger pas-

senger flow and move considerably more people in an urban environment [27].

List continued on next page



List continued from previous page
Elevating congestion:

As trams rely on their own track infrastructure, they are not impacted by conges-
tion on the roads as buses would be [27]. Connected to the higher passenger
capacity, they can also contribute to reducing traffic themselves, by replacing

multiple buses with a single tram car.
Environmental friendliness:

As modern trams use electric power, there are no CO, emissions at the point of
use, as well as no air pollution [28]. Of course, these benefits can only be realized
if electricity production, as well as the tramway construction and maintenance are

conducted under sustainable premises.

However, the implementation of a tramway over other public transportations systems

also comes with multiple limitations, which often result in lengthy planning phases and

long public debates. The most prominent drawbacks and considerations are:

Costs:

The most visible aspect of a tramway is its rail network. These rails are purpose-
built and pose a significant investment compared to ordinary bus traffic, which
can rely on existing roads [27]. Additional investments are necessary in support-
ing infrastructure, such as depots or maintenance facilities. Furthermore, the

costs of tram purchases or often higher than for the equivalent buses.
Rigidity of routes:

Connected to their purpose-built infrastructure, trams can naturally only operate
on the designed tram routes. This rigidity extends to potential route changes, as
once finished, tram tracks cannot be easily expanded [29]. Potential traffic dis-
ruptions through damaged or blocked rails might also be more severe, as alter-

native routes are usually not readily available [27].
Land use and effect on general urban infrastructure:

The construction of tram infrastructure takes up considerable space. In the best
case, this is previously undeveloped land, and the tram actually contributes to

more efficient land use [14], [30].

List continued on next page
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In dense urban areas, however, this might be space that was previously available
for the public, and the development might limit existing access and usage [31].
Additionally, planning across multiple municipalities might be more complicated

by different land use zones and regulations [30].

If not thoroughly considered and if tram usage is not properly incentivized, these nega-
tives might even outweigh the benefits and lead to an overall detrimental effect of the
LRT project [5]. Thus, tram networks must not be seen as separate, but as a key part of
the holistic urban transportation system, which impacts citizens on more levels than just
mobility. Especially as they themselves usually work in connection with other modes of
transport, in terms of public transport most notably buses, to transport passengers to
areas with a tram connection [8]. Beim and Haag [32] especially emphasize the need to
support walking and biking infrastructure to allow passengers to reach tram stops in a
sustainable way. Chen [33] also mentions the importance of available parking spaces for
the overall user experience of tramway usage. Thus, this interconnected approach to

urban mobility is increasingly being implemented all around the globe [33], [34], [35].



4 MOBILITY BEHAVIOR, IMPACT FACTORS AND
THEIR ANALYSIS

As described in the previous chapter 3, vast development projects in cities might feature
the renewal, or completely new introduction of tramways as part of their urban mobility
mix. As part of this trend, the impacts of public transportation networks have been ana-
lyzed, focusing on a diverse range of topics, such as property prices, economic impacts,
modal shift, and the passengers themselves. This chapter presents the findings of exist-
ing research tied to public transportation and LRTs. Afocus is placed on the areas studied
in the research questions: mobility behavior, modal choices and modal shift, attitudes
tied to and impact factors on travel behavior, as well as common approaches to analyze
them. It is important to note that the found impact of public transport and LRT can vary
from study to study, especially as local urban conditions must be considered. This can
include specific regional conditions, such as spatial area layout, or existing urban trans-
portation infrastructure, which might include existing tram infrastructure. Radzimski and
Gadzinski [36] especially highlight potential differences in impacts of tramway projects
between large urban agglomerations and small to medium sized cities, and the resulting

need for further studies in this direction.

4.1 Mobility patterns, modal choices, and modal shift

Assessing changes to mobility behavior lies at the heart of multiple studies, as any urban
transportation development aims at changing mobility patterns in some way. However,
travel behavior on a large and long term scale is also hard to predict [37] and slow to
change [38]. This is emphasized by Lyons [39], who mentions the importance of external
factors, such as fuel prices and digitalization, which led to considerable fluctuations in

predicted long-term demand for car travel.

Regarding concrete impacts on modal shift towards newly constructed LRT, the picture
remains inconclusive with varying study results. Especially regarding shifts away from
car usage, as one of the primary justifications for tramway projects is often to combat
congestion and realize environmental benefits. For example, a study conducted five
years after the introduction of a tramway in Ecuador by Cazorla and Avila-Ordofiez [40]
found that while a shift towards the tramway had occurred, the majority of tram users
(67%) previously relied on buses and only 16% switched from private cars. A similar
effect was found by Radzimski and Gadzinski in the Polish city of Olsztyn [36]. In a sur-

vey, a total increase of around 70% in public transportation use and overall travel was
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found, specifically for residents within a 10-minute walk of a tram stop. However, while a
reduction in car usage was visible, it was on a significantly smaller scale and these ef-

fects decreased even further the farther away people lived from the tram stops.

This effect of an overall increase in mobility and tram usage (often at the expense of bus
usage), coupled with a significantly smaller decrease in car usage, also seems to persist
over extended time periods, as shown by Lee and Senior [12]. In their comparative study
between 1991 and 2001 in the greater London area, an increase in the modal share of
LRT is found but appears to be primarily at the expense of the bus modal share. Addi-
tionally, usage of the tram network is not evenly distributed, but highly dependent on the
occasion and destination (such as work trips, or leisure trips to the city center). However,
the authors again emphasize the importance of external and local factors, to which
among others they attribute a notable increase in multiple car ownership per household
in areas close to the tramway. A possible explanation is given by Kuhnimhof et al. [41]
and Lanzini and Khan [42], who both confirm the argument that mobility choices are
made depending on the occasion (such as business travel, shopping, or social trips),
selecting the option that is most fitting based on individual criteria. Using the tram net-
work is thus just another option on the table, and if it is chosen, it is because it was the
most suitable option available and not necessarily because other options (such as driving

or cycling) could not have been used.

Several studies have delved deeper into the drivers of mobility behavior and by extension
what motivates a modal shift. The importance of a positive user experience is regularly
highlighted in motivating a long-term behavior change [43]. The most notable drivers for
a positive user experience are frequently identified as cost, speed, accessibility (includ-
ing comfort and ease of use) [40], and to an arguably lesser extent norms [43]. It is
important to note that the pure experience of using LRT is not enough to form a positive
relationship, but instead that the criteria mentioned need to be fulfilled on a personal
level. This is supported by the findings from Cazorla and Avila-Ordofie [40], who identify
a correlation between higher tram usage and lower satisfaction with the LRT among their
study participants, stemming from unsatisfactory user experiences. Furthermore,
Echaniz et al. [44] points out that this user satisfaction can be highly trip dependent,
especially in regard to spatial and time differences, finding a notable drop in user satis-

faction with public transportation during peak usage hours and in specific areas.

Socioeconomic and demographic factors are also frequently analyzed in regard to mo-
bility behavior with varying results. Allen et al. [45] emphasize different demands and
satisfaction criteria depending on age and income. Furthermore, they explain a higher

frequency for women through differences in trip purpose between genders, as within their
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study sample women are more likely to travel with children, or use public transportation
for shopping trips. Another factor might be unequal car access, as men are more likely
to have access to a vehicle in car deficient households [46]. These findings are generally
confirmed by other studies, often emphasizing the different needs of specific user groups
(e.g. gender-specific safety concerns, or cost considerations for non-earning de-

mographics) [40].

Furthermore, the impact of cultural and regional differences on travel behavior is increas-
ingly studied, with Klinger and Lanzendorf [47] emphasizing that differences in modal
preferences and mobility culture might even exist between separate neighborhoods in
the same city. Overall, socio-economic and demographic factors impact travel behavior,
especially on a larger scale [48]. However, on an individual level the picture is more
nuanced. While still playing a role, these factors are frequently considered not determi-
native for an individual’s modal split and preferences, where instead more personal fac-

tors gain in importance [49].

Grison et al. [50] categorized these personal mobility behavior decision drivers, iden-
tifying four distinct factors on an individual level, in part based on Litman [51] and Rubens
et al. [52]:

o Accessibility:

Access to a specific mode of transport. This can mean owning a bicycle or a car,

but also the accessibility of public transport by distance to the nearest stop.
¢ Situation specific context:

As mentioned, travel preferences can be highly specific depending on the situa-
tion. As such, this factor encompasses the travel occasion, but also a specific

mood, or goal during traveling.
e Personal criteria:

These refer to an individual’s unique prioritization of factors when making deci-

sions. In the context of travel most notably travel time, cost, and comfort.
o Psychological Factors:

These are again factors on a personal level, however more stable and situation

independent. For example, attitudes, habits, and demographic factors.

Notably, these factors all play a role simultaneously, with varying degrees of importance
to any individual. As such, while a focus on the identified main drivers of cost, speed,

and accessibility can be useful for increased user satisfaction and overall usage [40], all
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factors should be considered for a holistic user experience and to encourage a lasting
modal shift [43], [53].

The “psychological factors”-category notably also includes attitudes, such as environ-
mental views. As these factors play a key role in answering the separate research ques-
tion about the impact of environmental views on travel behavior (2), as well as attitudes
make up a considerable part of the analyzed survey questionnaire, the current research
regarding attitudes and their connection to mobility behavior is examined separately in

the following chapter 4.2.

4.2 Attitudes and their impact on modal choices

An attitude in a psychological sense represents an enduring and general evaluation of
an object, person, issue or concept with a certain degree of favor or disfavor [54]. Initially
introduced by Ajzen in his theory of planned behavior (TPB) [55], attitudes have long
been accepted as one of the key drivers of any behavior (Figure 2) , including related to

mobility.

Intention Behavior

Perceived
behavior
control

Figure 2: The role of attitudes in influencing behavior based on TPB (chart
based on [55])

In recent years, research has increasingly investigated how attitudes affect modal shifts
and general modal choices. This is primarily driven by findings that psychological factors
can play a significant role in reducing car usage and influencing modal shifts towards
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public transportation [56]. Hunecke et al. [57] even conclude that using psychological
factors, and specifically attitudes, result in a higher accuracy for predicting mobility be-
havior than relying on demographic and infrastructure factors. Similarly emphasizing the
importance of attitudes, Vallée et al. [58] shows that strong attitudes might override other

perceived drawbacks for using certain transportation modes.

With the recent growth in environmental awareness around the world, for example as
part of the Fridays for Future movement, the impacts of environmental attitudes on deci-
sion making are increasingly being studied [59]. While environmental views are accepted
as an attitude and thus as part of the behavioral process [60], their role in modal choices
is still being discussed. A focus point of this research is their role in a public transport
context [61], as the general environmental benefits are usually cited as one of the main
advantages of public transport and LRT specifically (see chapter 3). However, how much
this environmental friendliness is a determining decision criterium for potential passen-
gers is investigated with varying results. On one hand, multiple studies have highlighted
the role of environmental views in decision making on an individual level, emphasizing
the significant connection to shaping perceived norms regarding modal choices and a
person’s modal preferences [59], [61], [62]. On the other hand, other findings generally
indicate a limited role of environmental views on modal shift on a larger scale, often
emphasizing the interplay with other factors [63], [64]. Especially regarding modal
choices on a larger population scale, environmental attitudes appear to have a weaker

influence compared to practical considerations, such as cost, or travel time [40].

While influencing modal choices, attitudes about specific transit modes are also in return
shaped by their usage and the previously mentioned positive or negative user experience
[50]. The formation or change of an attitude is long term and dynamic process, especially
if a new transportation mode is introduced to an area [65]. As visible in Figure 2, attitudes
are also strongly influenced by norms. These norms are also increasingly investigated
and can have a significant effect on attitudes and the resulting individual modal split, and

might differ between cities, or even residential areas [43], [47].

In conclusion, the exact impact of attitudes on mobility behavior is still debated. While
the mentioned role of attitudes in shaping intentions and the resulting behavior within the
TPB framework is commonly cited [43], [57], other studies also suggest looking at a
broader picture and for example including habits or past behavior as meaningful personal
indicators [42].
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4.3 Questionnaire and survey data analysis

Researching mobility behavior and modal preferences is frequently conducted through
the use of questionnaires, collecting data either as a direct interview, or as a traditional
self-completion survey [66]. While administered questions can take a similar form, ap-
plied analysis methodology can differ starkly depending on multiple factors, such as re-
search goals, or data availability. From a statistical standpoint, three core features are

frequently highlighted, which determine the applicable statistical methodology [67]:

e The number of dependent/independent variables. This notably also includes the

overall sample size [68], [69].
e The data type of said variables (nominal, ordinal, numerical).

e The survey objectives compatibility with the chosen analysis method’s core as-

sumptions and capabilities (e.g. requiring nominal distribution).

While the range of studies guarantees a myriad of specific research goals, Fink [68]
identifies three underlying survey objectives that also inform the methodology. The fol-
lowing list gives an overview of these objectives, as well as selected methodology and
example sources in which they are used. All chosen studies are relevant to this thesis

through comparable size, focus, or research goal.
e Description:

Description is often the basis for other research goals, and as such found in most
studies. It generally aims at summarizing and representing the sample (e.g. [70],

[71]). Often involves frequencies, percentages, means, and medians [68].

In the descriptive category also fall more complex methods, which aim at dividing
the sample into multiple groups. Employed methods include Principal component

analysis [52], [57], or K-means clustering [40].
¢ Relationship and prediction:

The “Relationship” objective aims to explore how different variables relate to each
other and the general association between them. Frequently, this is conducted
with the use of any correlation analysis (e.g. Pearson correlation [42], Cramér's V
[40]). Often used in a similar way to assess relationships, predictive analysis might
be used to predict the impact of one variable on larger behavior. Commonly em-
ployed tools include regression analysis (e.g. Ordinary-least-squares-regression

[36] , or hedonic regression [7]).

List continued on next page
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List continued from previous page
e Comparison:

Comparative studies might rely on multiple methods and simply compare results
of these methods in a descriptive manner. In the context of mobility research and
LRT-projects, the overarching objective is often assessing modal shift and pro-
portions in modal split over certain time periods (e.g. [12], [72]). Furthermore,
comparative approaches might be tied to the “Relationship”-category, assessing
and comparing the impact of multiple variables (e.g. gender [40] or location [47]).

As such, comparisons are frequently conducted alongside other study goals.

It is important to note these criteria and objectives do not necessarily result in one single
valid methodology. Instead, multiple methods might be viable and employed within the

same paper or study.
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5 THE TAMPERE TRAM

The following chapter looks specifically at the Tampere tramway, as the analyses in this
study are specifically based on survey data connected to it. The first section examines
the tram network in general, as well as giving a short overview of its construction and
operational phases. The second part looks into previous research that has been con-

ducted on the impacts of the Tampere tram.

5.1 Tampere tramway network

Tampere is one of Finland’s growing urban centers, with its roughly 260 000 inhabits
making it the country’s third largest city [73]. Even though initiatives for a tram system in
Tampere have existed since 1907, realization of the project has been interrupted multiple
times by external factors [74]. Until recently, the local public transportation network has
thus primarily relied on buses. However, the necessity for a new public transportation
concept became increasingly apparent, due to Tampere’s rapid growth over the last dec-
ades and its unique position between two lakes, which both led to increasing congestion
of the city center through motor traffic. This congestion also often led to delays to the bus
services, especially during peak hours [8]. To reduce said traffic, the option of a tram
network was thus starting to be explored from 2001 onwards, with more detailed studies
and planning over the following years leading to the general approval of the tramway by
the Tampere City Council in 2014. After the approval of the final plans in 2016, construc-

tion ultimately began in the following year [7], [75].

The construction of the entire network was broken into two distinct phases, with regular
traffic starting on the tracks of the first phase in August 2021 [76]. The planned construc-
tion remaining in phase 1 will focus on expanding the tram network until 2028 as well as
supporting infrastructure (such as expanding a tram depot located in Hervanta).
The so far finished tram sections start from the area of Hervantajarvi, go through the city
center, ending at Pyhalldnpuisto (Figure 3 on the next page, line marked in grey). Addi-

tional shorter tracks connect the main line to Kaupin Kampus and Sorin Aukio.
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Figure 3: Tampere tram routes and expansion phases (based on [77])

The two operational lines notably also connect Hervanta and Kaleva directly to the tram,
the two districts selected for the survey data collection. Hevanta lies towards the end of
line 3 with six stations, while Kaleva’s more central location with its respective six sta-
tions connects it to line 1 as well as 3. Both districts are marked in green in Figure 3

based on their post codes and their individual stations are marked in Figure 4.

Sorin aukio Line 3: Hervantajérvi - Hakamets& - Sorin Aukio

Figure 4: Tram stops in Kaleva and Hervanta (based on [78])
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Phase 2 (planned for 2028-2032) will focus on finalizing the expansion of the network,
adding more stops and connecting the tram to the eastern district of Linnainmaa as well
as the neighboring western municipality of Pirkkala (Figure 3, Phase 1 and Phase 2;
marked in red and dark blue) [29].

The trams themselves are designed and manufactured by Skoda Transtech Oy [79], one
of the founding members of the SmartRail network [80]. Each of the 26 trams currently
in service averages speeds of around 20 km/h, with maximums up to 70 km/h. While
these speeds are comparable to public transportation buses, the significantly higher pas-
senger volume of up to 264 people per tram (around triple that of a bus [74]) helps to
significantly reduce motor traffic and thus the mentioned congestion. In 2024, an average
of around 45 500 tram trips per day was recorded, representing roughly 31% of all public

transportation trips in the Tampere area [81].

5.2 Impacts of the Tampere tramway

As the Tampere tram has only been operational since 2021, assessments of its impact
are only gradually forthcoming. Studies done by Kangas and Viippola [7] and Laakkonen
[82] focus on the development of property and rental prices in areas close to the tram.
Findings generally attest an increase in square meter prices observable near to the tram-
way stops. Other research focuses more on passenger numbers and specific de-
mographics such as school children, disabled, and elderly, highlighting a faster than ex-
pected growth in passenger numbers, but also initial problems with winter maintenance
and congestion of tram cars [83]. Vattulainen [84] looked at maintenance costs tied to

the surface materials used for the tram tracks, examining multiple different options.

Vainio and Nippala [14] investigated the impact of the tramway on a broader, urban de-
velopment scale, taking into account not only goals for passenger data but also for tax
revenue and property usage. In general, they found that most objectives were fulfilled,
and an overall positive impact had been achieved in the areas connected to the tram
lines. Furthermore, a case study compared the effect of the tramway between Tampere
and the German city of Braunschweig, with both cities relying on a similar mix of bus and
tram for their public transport needs [8]. The importance of specific, local conditions is
highlighted to properly assess the impact, such as the city layout and existing infrastruc-
ture. While a positive effect on the accessibility of the city center was found, it is also
pointed out that areas further away from the tramway might not benefit from the devel-

opment.
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The operator company of the tram itself also regularly assesses its impact from a cus-
tomer experience standpoint through a consumer survey [15]. The findings in the latest
2024 iteration include a slight increase in tram usage from the previous year, especially
for shorter commutes, as well as an overall positive view of the tramway and its expan-

sion by a vast majority of participants.

Within the SmartRail projects, several papers have been published with a focus on the
tram. Three articles by Mikkonen et al. [85], Sjogren and Tiikkaja [71], and Tiikkaja [70]
offer a descriptive analysis of the main survey results from 2024, 2022, and 2020 respec-
tively (see also chapter 6.2.3). The 2022 data was also used by Sjogren et al. [86] to
analyze the impact of barriers on subjective wellbeing, finding a connection between
certain barriers and a potential decline in wellbeing. Similarly, Tiikkaja et al. [87] used the
2020 survey results as a basis for research into car usage and barriers regarding well-

being-related travel.
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6 MATERIALS AND METHODS

This chapter presents the materials and methods that were used for answering the re-
search questions. For the analysis, data from a survey conducted as part of the Smar-
tRail#3-project was used as the main data source. The SmartRail ecosystem is thus
briefly explored first. Second, the data sources are investigated in more detail: starting
with the main survey and its conduction, before explaining more about secondary data
sources. Lastly, the evaluation methodology for answering the research questions is ex-
plained. The start of each subchapter might mention a specific research question and be
marked by (1), (2), (3), indicating which concrete question outlined in chapter 1 the pre-
sented material or method concerns. If no specific number or research question is given,

the chapter was relevant for the analysis of all three questions.

A short note about the naming conventions: By definition, the term “(survey) item” refers
to one question or statement within a questionnaire, which requires an answer from a

respondent. However, in the academic literature the terms “item”, “question”, and “state-

ment” are frequently used interchangeably [88] and as such are throughout this thesis.

6.1 SmartRail ecosystem and the SmartRail#3 project

This thesis is part of the SmartRail#3 project and the broader SmartRail network, relying
on surveys that were conducted as a part of it. As such, the wider project context is
described briefly.

SmartRail is a network and ecosystem, which aims to tackle the challenge of the digital-
green transition in the transport sector by enhancing and developing tram and light-rail
integrated services [89]. Among others, partners include Skoda Transtech, GIM Robot-
ics, Tietoevry Create, Finnish Transport and Communications Agency Traficom, the City
of Tampere, Tampere University and VTT Technical Research Centre of Finland, com-

bining the expertise of various public and private actors in the field [80], [90].

SmartRail#3 as a project is building on insights from previous SmartRail initiatives. It
specifically aims at improving travel experiences and travel-chains for all users through
data-driven and digital solutions, working towards the sustainable future of urban mobility
[89], [90]. SmartRail#3 also provided the framework for the conducted 2024 survey that
was used as the main data source for this thesis. A thorough explanation of said survey
is given in the following chapter 6.2. The previous SmartRail surveys from 2022 and

2020 that were used as data sources are described in chapter 6.2.3.
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6.2 Data Sources and preparation

The main data source for addressing the research questions was a survey conducted in
the Hervanta and Kaleva districts of Tampere during autumn 2024, containing questions
about demographics, the impacts of the Tampere tram, travel behavior as well as mobility
attitudes. The used questionnaire was adapted from an earlier survey conducted by
Sjogren and Tiikkaja in 2022 [71], as part of the SmartRail#2 project. In turn, this had
been based on the survey conducted in 2020 [70], ensuring comparability of results. The
main difference between the survey years was the inclusion of items directly related to
personal tram usage and impact in the 2024 and 2022 iterations. As the tramway was
still under construction until the start of regular operations in 2021 [75], these questions
are missing in the initial 2020 survey. Small additional changes between the different
questionnaires were made, adjusting them to relevant developments and findings made
during the previous survey(s). The 2024 survey results were manually digitalized and
used in the analysis of all three research questions, while the 2022 and 2020 survey

results were only used for the comparative analysis as part of research question (1).

6.2.1 2024 survey design and structure
The 2024 survey had a total of 180 items, which were divided into five main categories.

Some of the most important items per area are listed below. These items are phrased in
different ways: The respondent is asked a direct question or for direct information (e.g.
"Do you consider travel time as an obstacle for making trips?", “Age”) , or the respondent
hast to rate a statement (e.g. “I can reach destinations important to my wellbeing within

reasonable time®, “I support construction of new tram routes”). Not all questions were
used for the conducted analyses and the specific items used are mentioned in the meth-
odology and results sections, as well as the appendix. The full original questionnaire can
be found in the publication by Mikkonen et al. [85]. The different categories and key

questions per category were:

1. Background information: In this section, basic demographic information about
the respondent and their household is asked. This includes:
a. Age and gender
b. Household gross income

c. Number of cars in the household and the car availability for personal travel

List continued on next page
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List continued from previous page

2. Mobility behavior and modal preferences: These questionnaire items deal

with basic mobility behavior including different modes of transport and opinions

regarding mobility choices.

a.

® a o T

Number of trips and time spent on these trips

Attitude towards using public transport after the tram had been finished
Frequency of tram trips made

Frequency of car trips made as driver

Travel and wellbeing: Asking about the possibility to do all trips important
to the respondent’s wellbeing; asking the respondent if his wellbeing
would increase through more trips

Preference of other modes of transport (public transport/walking/cycling)

over driving for convenience/environmental/monetary reasons

3. Impacts of and attitudes towards the tram: This section asks about opinions

and impacts of various aspects of the tram, mostly by naming a statement that

the respondent has to rate.

a.
b.
c.
d.

Asking if public transport usage has increased due to the tram
Asking if car usage has decreased due to the tram
Level of appreciation of the environmental friendliness of the tram

Asking the respondent if their wellbeing has increased due to the tram

4. Barriers to mobility and facilitators for improving mobility opportunities:

Statements regarding barriers to trips and potential facilitators regarding mobility.

Do you consider the following as barriers for making trips:

a.
b.

C.

Cost of travelling
Insufficient public transport connections

Not having a car

Would the following changes help make trips easier:

d.

e.

f.

Cheaper public transport prices
More frequent public transport service

Wider public transport network

List continued on next page
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List continued from previous page

5. Assessing one’s own wellbeing: This part of the survey consists of questions
asking the respondent about various aspects of their subjective wellbeing. These
questions in turn are used to calculate the personal wellbeing index, an estab-
lished scale of subjective wellbeing [91], which was analyzed in previous Smar-
tRail papers [86]. However, since the research questions of this thesis focus on
other areas, the wellbeing section of the survey and its related questions were

not analyzed further.

The answer possibilities to the questions vary depending on the section. While some
questions are answered on a nominal scale (e.g. demographic data such as gender, or
residential area), most of the answers are on an ordinal scale, i.e. categorical data that
can be put in a meaningful order (e.g. income brackets, satisfaction scores). For the
majority of these ordinal questions, various versions of the established Likert-scale are
used throughout the survey [92], differing in their number of response options (3- to 5-
point scale), as commonly seen in comparable surveys [43]. Where relevant, the specific
answer possibilities are directly mentioned with the corresponding questions in the re-

lated section.

6.2.2 2024 survey conduction and data digitalization process
The questionnaire was sent out to a total of 4000 households in the autumn of 2024 [85].

The respondents were randomly selected based on the following criteria:

e Resident of the Hervanta (post code: 33720), or Kaleva (post code: 33540) dis-
trict of Tampere. Both areas are connected to the tram (see Figure 3).

e Overthe age of 18

e Native Finnish speaker
These criteria are in line with the conduction of the previous surveys of 2022 and 2020,
thus again ensuring comparability of the [70], [71]. The necessary population data was
randomly selected through the Finnish Digital and Population Data Services Agency’s
Population Information System (Digi- ja vaestoétietovirastossa vaestotietojajeselmasta),
aiming at a balanced distribution (Table 1; next page). The survey itself was accompa-
nied by a research form, cover letter, instructions, return envelope and data protection

notice. All documents can be found in the publication by Mikkonen et al. [85].
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Table 1: Age and residential area of selected respondents (based on [85])

Hervanta Kaleva
Age group Number Percentage Number Percentage
18-29 1015 37 % 530 43 %
30-44 763 28 % 317 26 %
45-64 487 18 % 200 16 %
65-74 273 10 % 90 7 %
over 74 229 8 % 96 8 %
Sum 2767 100 % 1233 100 %

Responding to the survey was possible via post, or through an online form, which was

implemented through the Microsoft Forms platform. Besides minor differences in answer

possibilities not relevant for this thesis, the questions were identical in both answer pos-

sibilities. Responses were received and assessed between the end of November 2025

and February 2025. Reminders about participation in the survey were not sent and after

assessment, the letters received were destroyed after digitalization. Out of 4000 letters

sent, 628 valid responses were received (Table 2).

Table 2: Valid survey responses in 2024 based on age and residential area

Age 18-29 30-44 45-64 65-74 over 74 Sum
Hervanta 108 92 89 72 53 414
Kaleva 54 51 51 35 23 214
Sum 162 143 140 107 76 628

The postal responses were digitalized by entering their data into the online form, mean-

ing all answers were in the online format before being prepared for further steps. The

final data set used for the analysis consists of 628 data rows (each representing one

respondent), with values in 183 columns (each representing the answer to one survey

item, including two ID-values and one calculated wellbeing indicator). All original ques-

tions can be found in the study done by Mikkonen et al [85]. All used survey items, in-

cluding the original Finnish question and an English translation, are attached in the ap-

pendix.
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6.2.3 2022 and 2020 survey data

Previous iterations of the survey were conducted in 2020 and 2022, with the questions
building on the same framework to ensure comparability. Together with the newly col-
lected data from the 2024 questionnaire, the data from these previous surveys was used
for conducting the comparative analysis of research question (1). The main descriptive
results from the 2022 survey were jointly published by Sjégren and Tiikkaja [71], while
the results from the 2020 survey were published by Tiikkaja [70]. These key publications
were used as the primary data source for the historical analysis and were manually ex-
tracted and organized into Excel. A subsequent manual comparison analyzed the data
sets for differences in questions (e.g. additional/missing questions, different phrasing)
and answer scale (e.g. different answer possibilities), to ensure comparability for the
following comparative analysis. Additionally, the raw data results from both previous sur-

vey iterations were available as a separate data sheet for SPSS.

6.3 Evaluation methodology

This chapter presents the methodology used for answering the research questions.
Again, the concerning research question is marked by (1), (2), (3). The chapter concern-
ing the Spearman’s rank correlation is relevant for multiple research areas. Ordinary

statistical methodology such as descriptive frequency analysis will not be expanded on.

Within the SmartRail#3 project an identifier-code was internally defined for each survey
item. These codes help with traceability between different papers, analysis methods, au-
thors and most notably languages (Finnish — English). The identifier itself usually takes
the form of the Finnish survey section name and the number of the question item within
(e.g. Liikkuminen14, Ratikkavaikutukset51). The codes are used throughout the chapters
Materials and Methods as well as Results to identify the exact survey item that was used.
Whenever a code is used, the English translation or meaning of the question is also
mentioned. A full list of all the used survey items, their original Finnish phrasing, an Eng-

lish translation, and the identifier-code can be found in the appendix.



26

6.3.1 Comparative Analysis of survey results from 2024, 2022,
and 2020

To answer the first research question and conduct the comparative analysis between the
different survey years (1), a descriptive approach was used, focusing on quantitative and
proportional changes. This is in line with previous analysis conducted with the used data,
ensuring comparability of results [70], [71]. The data sources were the survey data from
2024, 2022 and 2020, which was extracted and prepared as described in chapter 6.3.1.
Five categories were defined for the analysis, each with underlying focus points (Figure
5). These categories represent the general survey sections and main focus areas of the

questionnaire (compare chapter 6.2.1).

: Financial Mobility Attitudes And Travel
*Age groups *Household *Used mode «Attitudes *Lack of car
<Residental income of transport towards the availability

area *Impact of *Car _ tram and public *Public
*Response rate public ownership transportation transport
transportation and «Potential barriers
*Wellbeing facilitators
and mobility

Figure 5: Comparative analysis question categories

For each category multiple items were selected, based on their significance and compa-
rability between the surveys, meaning that the question appeared in all survey iterations
and was thematically related to the defined five categories. A special focus was also
placed on mobility behavior in relation to the tramway and general public transportation.
These questions were not necessarily taken from the same section within the question-
naire but picked for their focus. The answer scale of the questions differed and where
beneficial, several answers were combined for increased readability (e.g. “fully agree”
and “somewhat agree” to simply “agree”). The concrete questions per category can be

found within appendix A and are presented together with the results within chapter 7.1.

Descriptive statistics were used to analyze the quantitative and proportional changes for
each question, identifying trends within the responses as well as in the broader catego-

ries. The analysis was conducted in Microsoft Excel (Version 2504).
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6.3.2 Impact of environmental awareness
To assess the potential impact of environmental views on mobility behavior (2), a corre-

lation analysis was conducted. Two predictor variables (PV) were selected among the
survey items to serve as a basis. The correlation of these PVs with other key items was
then assessed. The PVs were selected according to their question focus, while also hav-
ing a slightly different outlook, to ensure a broader picture and validation of results. The

two PVs for the assessment of environmental awareness were:

PV1 is based on the item “| appreciate the environmental friendliness of the tram” (Ratik-
kavaikutukset51). It reflects the respondents” valuation of the tram's environmental ben-
efits, making it suitable to assess the impact of environmental views specifically tied to
the tramway. Answers to this question were measured on a 5-point Likert-scale (1 — fully
disagree, 2 — somewhat disagree, 3 — neither agree nor disagree, 4 — somewhat agree,
5 — fully agree), with higher ratings indicating a stronger positive attitude driven by envi-

ronmental views.

PV2 combines multiple separate statements. This indicator is formed through the addi-
tion of three separate survey items, which all measure the willingness of the respondent
to use a specific mode of transportation over driving for environmental reasons, instead
of purely focusing on the respondents” viewpoint like in the first question. Additionally,
the items are not tied to only the tram, but to a broader impact of environmental views

on modal choices. The three individual items were:

. “I prefer public transport over driving for environmental reasons” (Liikkuminen14)
. “I prefer walking over driving due to environmental reasons” (Liikkuminen17)
. “I prefer cycling over driving due to environmental reasons” (LiikkuminenZ20)

Answers to these statements were measured on the same 5-point Likert-scale as PV1
(1 — fully disagree, 5 — fully agree). The indicator is formed by adding up the responses
to these three items, giving it a scale of min. 3 to max. 15, with the maximum expressing
a strong preference for choosing a mode of transport over driving for environmental rea-

sons. This indicator is referred to as PV2, or “combined environmental views”.
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6.3.3 Impact factors on tram usage
To identify general potential impact factors on tram usage as well as to identify connected

trends (3), another correlation analysis was conducted. Again, multiple PVs were defined
to serve as a basis. Two PV focus on tram usage, for the validation of results, and one

PV on car availability. The defined PVs were:

PV3 was chosen as a measure for general tram usage and is based on the item meas-
uring frequency of tram use (Matkat_ratikka). This question asks the respondents how
often they use the tram on a frequency-based 5-point Likert-scale [93] of 0 to 4 (0 —
never, 1 — less than once per month, 2 — around 1-3 times per month, 3 — weekly, 4 —
daily or almost daily). This item is one of the primary indicators in the survey for objective

tram usage.

PV4 targets the change in the respondent’s public transportation usage as an impact of
the tram and is based on the item “l use more public transport after the construction of
the tram” (Ratikkavaikutukset17). While also connected to general tram usage, it was
chosen to get comparative results, as its slightly different focus allows for a broader view-
point, while still validating the results of the first question. The respondent had to rate the
question statement on a 5-point scale of 1 to 5, with higher numbers representing
stronger agreement (1- fully disagree, 2 — somewhat disagree, 3 — neither agree nor

disagree, 4 — somewhat agree, 5 — fully agree).

PV5 analyzed the impacts of car usage on mobility behavior, attitudes, and tram usage
through the item car availability (Auto_k&yttémahd). This question asks the respondent
about the availability of a car for personal trips on a 3-point scale of 0 to 2 (0 — rarely or
never, 1 — sometimes, 2 — always or almost always). As the scale is coarse, the analysis

of this item was only exploratory.
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In total, the following five PVs were thus defined and used in the correlation analysis for
research questions (2) and (3) (Table 3). The correlation methodology is explained in the

following chapter 6.3.4.

Table 3: Defined PVs

PV and research ques- Subject Identifier-code
tion
PV1 (2) Appreciation of environ- Ratikkavaikutukset51

mental friendliness

PV2 (2) Preference of transport Based on:
modes for environmental Liikkuminen14
reasons (Combined envi- Liikkuminen17

ronmental views)
Liikkuminen20

PV3 (3) Frequency of tram use Matkat_ratikka

PV4 (3) Increased public transport Ratikkavaikutukset17
usage after the construc-

tion of the tram
PV5 (3) Car availability Auto_ké&yttbmahd

6.3.4 Spearman’s Rank Correlation
The correlation analysis with the five PVs (2)(3) was conducted using the Spearman’s

rank correlation coefficient (also commonly called Spearman’s Rho and usually denoted
by p or rs [94]). At its core, this correlation coefficient is a tool to measure the strength of

the relationship between two variables (bi-variant correlation) [95] .

While related to the commonly used Pearson correlation, Spearman’s correlation is still
distinct in its approach [96]. Instead of using the original data values, each data point in
every variable is assigned a rank. Meaning that in essence, the data is sorted by size
and “ranked” accordingly [97]. The Pearson correlation is then calculated using the
ranks. The Spearman correlation is thus a Pearson correlation, except that ranks rather

than the original data values are used [94].
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This produces a dimensionless value, which is referred to throughout this work as p. The

resulting equation is thus the following [98]:

_ 4 6%d]
'0_1 n(n?-1) M

P = Spearman’s rank correlation coefficient
d; = Difference between the two paired ranks
n = Number of paired ranks, i.e. the sample size

This approach has two main advantages over the Pearson correlation for the data set on
hand. Firstly, Spearman’s correlation does not require data to be normally distributed,
making it more robust to potentially non-normally distributed and skewed data [96]. Sec-
ondly and more importantly, Pearson correlation requires continuous, interval or ratio
data [94], [96]. However, most of the survey questions are answered on a Likert-scale,
making the answers ordinal data. Nevertheless, these individual ordinal data points can

be ranked further, which means that Spearman’s Rank can be applied.

The result of the calculation is a dimensionless value on a scale of -1 to 1, with a value
towards the extremes suggesting a stronger relationship and a value of p = 0 indicating
no relationship at all between the variables [96], [99]. A positive value suggests a positive,
and a negative value a negative relationship. The threshold values for the interpretations
of the correlation coefficients can differ between researchers, fields and specific study
goals [94], [100]. For the assessment of the strength of the correlation coefficients in this

thesis, the following guidelines were employed, which are based on Schober et al. [96]:

Table 4: Interpretation of Spearman’s correlation coefficient

Magnitude of the Interpretation of
correlation coefficient (positive and the correlation
negative)

0.00-0.10 Negligible

0.10-0.39 Weak

0.40 - 0.69 Moderate

0.70-0.89 Strong

0.90-1.00 Very strong
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Statistical significance was assessed with a = 0.05, as commonly used in statistical hy-
pothesis testing [94]. Test themselves were conducted as two-tailed significance tests,

which equally test for positive and negative correlation [99].

As mentioned, Spearman’s Rank is a bivariant correlation, which means the relationship
between two variables is analyzed separately. Initially, the correlations between the base
questions and most other survey questions were analyzed, if they fulfilled the require-
ment of being on an ordinal scale. Based on these exploratory findings, the selection for
deeper analysis was limited to include only questions with notable findings and/or a sig-
nificant link to the research questions. These specific questions and their correlation re-
sults are presented in chapter 7. The full results of the correlation analysis can be found
in appendix B. All correlation analyses were conducted with IBM SPSS STATISTICS
(Version 29.0.1.0).

6.3.5 Principal Component Analysis
To group the responses to the survey questions and identify underlying relationships (3),

a Principal Component Analysis (PCA) was conducted. Similar to factor analysis, this
type of analysis breaks down a larger set of variables into several components based on
their correlations and total variance, with each factor ideally representing an underlying
theme or construct within the data [94]. Due to this ability to simplify larger data sets,

PCA is frequently used in the exploratory analysis of survey results [101].

The goal is to reduce the dimension of a large data sample and group the variables into
smaller sets called principal components (PC; or simply “component”), each of which aim
to capture the maximum variance in the data [102]. The method relies on the calculation
of the Pearson correlation to assess the relationship between the individual variables
[94]. As stated previously in chapter 6.3.4, the Pearson correlation works best with inter-
val or ratio data. The analyzed questions use ordinal data on a 5-point scale, which is
still commonly accepted for data exploration purposes [103]. A Varimax rotation (orthog-
onal rotation) was applied to the initial matrix for easier interpretation [104]. Further set-
tings included the Kaiser normalization, which sets the eigenvalue cutoff point at 1, re-
taining only components with greater eigenvalues. The result of these calculations is a
matrix, which splits the input variables into multiple components. Every variable has com-
ponent loading values, which represent the strength of the correlation between it and the
components [94]. Ideally, the variables only have a correlation with the component they
are assigned to. However, cross loading (i.e. notable loadings of one variable with mul-

tiple components) is a common phenomenon.
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These individual steps are all combined for the analysis. Thus, the entire process-flow
for the PCA is shown in the following figure (Figure 6):

*Compute variance and correlations between
individual variables

*Basis for further calculation

Covariance and Correlation
matrix calculation

+Identifiy components that capture the most variance

Eigenvalue and eigenvector *Quantify this variance through eigenvalues

calculation

*Sort components based on highest eigenvalues
=lale ok Nelolglelela =Tt 1= [ETaiifo]g M + Kaiser normalization (cutoff at eigenvalue of 1)

*Orthogonal rotation for easier interpretation
Apply varimax rotation +Hide low factor loadings for better readibility

*KMO-test, Bartlett's test for signifincance,

Verfiy and interpret results cumulatitive variance explained
*Identification of underlying themes or constructs

Figure 6: PCA process flow

For visual clarity, the resulting matrix excluded loadings less than 0.2, still retaining val-
ues close to the critical threshold of 0.3 in line with Field [94] and Hair et al. [105]. The
Kaiser-Meyer-Olkin measure of sampling adequacy and the Bartlett's test of sphericity
were used to determine whether the PCA result was appropriate for the data [106]. Fur-
thermore, the total variance explained was considered as a separate measure of fit. The

strength of component loading was assessed based on Hair et al. [105]:

Table 5: Interpretation of PCA factor loading

Component loading Interpretation
(positive and negative) of structure - strength
0.00-0.29 Negligible

0.30-0.40 Minimal threshold

>0.50 Practically significant

>0.70 Well-defined

While several areas of the questionnaire were analyzed, the main PCA analysis was
conducted on the mobility behavior questions of the survey (Liikkuminen1-20; n = 628).
These questions are especially suited to answer research question (3) as their focus lies

on individual mobility preferences, attitudes towards multiple modes of transport and the



33

general impact of mobility on the respondent. Answers to the selected questions were
measured on a 5-point Likert-scale (1 — fully disagree, 2 — somewhat disagree, 3 — nei-
ther agree nor disagree, 4 — somewhat agree, 5 — fully agree), with higher ratings indi-
cating a stronger positive attitude. This 5-point scale also makes the questions better
suited to PCA than other survey sections with a smaller range of answer possibilities, as
the employed Pearson correlation works best with continuous data, which is better ap-
proximated by ordinal data on a larger scale (i.e. more answer possibilities) [94]. The
PCA was conducted with IBM SPSS STATISTICS (Version 29.0.1.0).



34

7 RESULTS

The following section presents the analysis results for each research question sepa-
rately, following the order of the research questions. Again, the concerning research

question for each subchapter is marked with (1), (2), or (3).

7.1 Comparative analysis of historical data

The results of the comparative analysis (1) of the surveys from 2024, 2022, and 2020
are presented following the categories defined in Figure 5 and following the approach
outlined in chapter 6.3.1. Where values were not available for specific questions, it is
directly mentioned for the corresponding analysis. As mentioned, a full list of the survey

items used, as well as their original phrasing can be found in appendix A.

7.1.1 General demographics
In total, 628 valid responses were collected for the 2024 survey. This was less than for

the 2022 iteration with 803, but more than the 489 in 2020. Nevertheless, a look at the
age distribution shows a comparable picture for all three surveys, with a maximum of 3%

proportional difference within an age group (Figure 7).

35%
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10%
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18-29 30-44 45-64 65-74 over 74

2024 m2022 ®=2020

Figure 7: Response percentages per age group (ikd)

Similarly, the gender distribution is comparable with 53% women in 2024 (2022: 53%;
2020: 52%) and 45% men (2022: 46%; 2020: 45%). The percentage for respondents
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who did not want to answer or chose “other” stayed stable at 1-2%. Distributions for age
and gender are thus comparable in all survey iterations. Respondents per residential

area could not be compared as the data from previous surveys was not available.

7.1.2 Financial Situation
Respondents were asked about multiple aspects and impacts of their financial situation

regarding mobility and public transportation. A look at the development of gross house-
hold income shows a slight overall increase, driven by a proportional decrease in lower
income households and an increase in higher earning income ones (Figure 8). In 2024,
a combined 27% of households reported an income above 60 000 €, compared to 22%
in 2022 and just 17% in 2020. Similarly for the lower income brackets: in 2024 29% of
households report a lower income than 20 001 € (2022: 33%; 2020: 35%). In the middle-
income bracket, a slight overall decrease can be observed, from 48% of households
reporting an income between 20 001 € to 60 000 € in 2020, to only 44% in 2024.
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<10 000 € 10 000-20 000 € 20 001-40 000 € 40 001-60 000 € 60 001-80 000 € >80 000 €

30%

m2024 m2022 ®2020

Figure 8: Response percentages for household gross income (koti_tulot)

In general, a large majority of respondents throughout all years answered that they can
reach destinations important to their wellbeing with reasonable costs. In 2024, 91%
agreed with that statement, which was an increase of 6% from the 2022 survey. However,
this percentage is still lower than 93% in 2020. Similarly, the number of people who dis-

agree has improved from 8% in 2020, but at 6% in 2024, is still worse than the 3% in
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2020. Thus, while an upward trend can be observed between 2024 and 2022, the most

positive answers were still given in 2020 (Figure 9).

3%

3%
neither agree or disagree L 7%

4%

91%
somewhat/fully agree 85%

i 93%

6%
somewhat/fully disagree 8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

®2024 m2022 ®=2020

Figure 9: Response percentages for “I can reach destinations important to my
wellbeing with reasonable costs” (Hyvinvointi3)

The percentage of respondents that stated that cheaper public transport prices do not
make travel easier decreased sharply from 45% in 2020, to 40% in 2020, and to 33% in
2024 (Figure 10; next page). The perception that cheaper public transport prices make
travel a little bit easier remained stable, with 37% of respondents in both 2020 and 2022,
and a slight increase to 38% in 2024. Consequently, while only 18% of respondents in
2020 answered that cheaper public transport prices would make it easier for them to do
trips important to their wellbeing, this percentage gradually increased to 24% in 2022
and even further to 29% in 2024. A clear shift can thus be observed in favor of the answer

possibilities, which state that cheaper public transport prices would make travel easier.



37

29%
makes it a lot easier 24%
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Figure 10: Response percentages for “Would this change make it easier to
travel: Cheaper public transport prices” (Liikkumishelpotus1)

In 2024, 60% of respondents considered the cost of travelling to not be a barrier (Figure
11). While this is an improvement to 57% in 2022, it is still a strong overall decline from
73% in 2020. Similar strong shifts can be seen in the percentage of people that consider
costs to be a small or moderate barrier. In 2020, this applied to 24%, which saw a strong
rise to 40% in 2022, and a subsequent small decline to 35% in 2024. On the other hand,
the proportion of answers that considered costs to be a major barrier remained steady
at a low level, with 3 % of respondents in 2020 and 2022, and 4% in 2024. Thus, while
initially not seen as a barrier by almost 3/4 of respondents in 2020, costs have continu-

ously been regarded as some level of mobility barrier by around 60% since 2022.

no barrier —

major barrier '

0% 10% 20% 30% 40% 50% 60% 70% 80%

2024 m2022 ®2020

Figure 11: Response percentages for "Do you consider the following as barrier
for travel: Cost of travelling” (Liikkumisesteet1)
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7.1.3 Mobility Behavior

The respondents were asked multiple questions about their mobility behavior especially
regarding modes of transportation and ability to do trips important for their wellbeing. In
2020, 23% of respondents agreed that their wellbeing would increase if they could do
more trips (Figure 12). This percentage decreased to 19% in 2022, before again rising
to 21% in 2024. This change is mirrored by the proportion of people that disagree, with
an increase between 2020 and 2022 (2020: 47%; 2022: 53%), and a following decrease
in 2024 (49%). The number of people who neither agree nor disagree remained stable
at between 28-30%.

Tiniiiiniiziniiziziizizicioiiioioiiiioioioioioioloionoiieioinieioiniol 47%
disagree 53%
49%
e T T EE IR E LR EErERPLe 1)
neither agree or disagree 28%
30%
e 0
agree 19%
21%
0% 10% 20% 30% 40% 50% 60%

22020 m2022 m2024

Figure 12: Response percentages for “My wellbeing would increase, if | could
make more trips” (Liikkuminen2)

A similar question asked whether respondents could make all trips important to their
wellbeing (Figure 13; next page). While the percentage of people agreeing with the state-
ment remains stable (2024: 96%; 2022: 95%; 2020: 97%), a look at the exact answer
rates shows more distinct changes. The number of people fully agreed with the statement
was 83% in 2020 and 82% in 2024 but saw a steep drop to only 74% in 2022, where
people were instead more inclined to only somewhat agree (21%). Percentages for dis-
agreeing and being indifferent towards the question remained stable at a low level

throughout all years.
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Figure 13: Response percentages for "I can make all trips important to my well-
being” (Liikkuminen1)
Several questions were asked about car ownership and usage. Generally, the percent-
age of respondents who always/almost always have access to a car has been on a slow
decline from 52% in 2020 to 47% in 2024 (Figure 14). Mirroring this, the percentage for
never or rarely having access to a car rose from 32% in 2020 to 37% in 2024. The pro-
portion of people who state that they sometimes have access to a car for trip remained
stable at around 16%. A gradual trend away from car availability for trips can thus be

observed.

0% 10% 20% 30% 40% 50% 60%

32020 m2022 ®2024

Figure 14: Response percentages for the possibility to use a car on personal
trips (Auto_kdyttébmahd)
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Another question asked whether respondents had the possibility to make personal trips
important to their wellbeing without a car (Figure 15). 71% answered yes in 2020 and a

gradual increase to 79% in 2024 can be observed.

2020 29% 71%

2022 24%, 76%

2024 249 79%

0% 10 % 20% 30% 40 % 50 % 60 % 70 % 80 % 90 % 100 %

mno Myes

Figure 15: Response percentages for the importance of the possibility to do
personal trips without a car (Hyvinv_auto)

Asked about potentially getting rid of their car because of improvements in public trans-
portation (Figure 16). The answers saw a slight shift away from fully/somewhat disagree-
ing (2020: 56%; 2024: 52%), and more towards a neutral opinion as well as agreement
with the statement (2020: 11%; 2024: 13%). As this question asks about the direct impact

of the operational tram, data for 2020 was not available.
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Figure 16: Response percentages for “| have considered getting rid of my car
because the current public transport system serves me better than before” (Ratik-
kavaikutukset22)
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Respondents were furthermore asked if they can reach destinations important for their
wellbeing within a reasonable time and with reasonable effort (Figure 17). A large major-
ity of answers agree to some degree that they can reach destinations within a reasonable
timeframe throughout all survey iterations. In 2020, 74% fully agreed, which dropped to
60% in 2020, before again rising to 66% in 2024. This was mirrored by the percentages
for somewhat agreeing, with 21% in 2020, 34% in 2022 and 28% in 2024. The percent-
ages of answers that disagreed or were neutral remained in the single digits for all survey
years, meaning that the main changes were between the categories of fully and some-

what agreeing.

The picture for “reasonable effort” is similar. Again, percentages for disagreement and
being neutral remained stable throughout, but there were changes in the different “agree-
ing” categories. 68% of respondents fully agreed in 2020, which dropped to 57% in 2022
and rose again to 64% in 2024. “Somewhat agreeing” saw an increase from 26% (2020)
to 34% (2022), followed by a drop to 29% (2024).

Thus, for both questions, general agreement was high. However, significant changes still
occurred between the categories of fully and somewhat agreeing within the respective

questions, while neutral and negative opinions remained stable at a low level.
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| fully agree W somewhat agree & neither agree nor disagree B somewhat disagree M fully disagree

Figure 17: Response percentages for "l can reach destinations important to my
wellbeing within reasonable time/effort” (Hyvinvointi1/2)
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Questions regarding the respondents” usage of different means of transport were also
part of the survey (Figure 18). Car usage (as driver) saw a slight shift towards rarer use,
with an increase of respondents that never use a car from 33% (2020 and 2022) to 37%
(2024) and a drop in daily use from 25% (2020) to 19% (2024).

The usage of buses also saw an increase in the “never” category from 11% to 15% be-
tween 2022 and 2024, while a small drop can be seen in the “less than once per month”-

category. Percentages for the other modal possibilities remained stable.

Regarding the tram, 26% of respondents in 2024 state that they use it on a daily or almost
daily basis, making the tram the most popular mode of transport on a day-to-day basis.
The percentage of people that never use the tram has halved from 8% (2022) to 4%
(2024) and similarly, the “less than once per month” category also saw a decline from
16% (2022) to 10% (2024). The other two categories remained again relatively stable,
with only the “weekly” category growing from 33% to 36% between 2022 and 2024. Data
for buses and trams in 2020 was not available, as the questions were not part of the

respective survey.
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Figure 18: Response percentages for the frequency of trips per mode of
Transport (Matkat)
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7.1.4 Attitudes and facilitators

Several items dealt with the attitudes and opinions of the respondents towards the tram.
Two questions asked how happily people use public transportation before and after the
construction of the tram (Figure 19). For the comparison, only the “opinion about public
transportation after the construction of the tram”-data will be used for 2024 and 2022
(Joukkolsuht2) and for 2020 only the “opinion before the construction of the tram”-data
is available (Joukkolsuht1), as the tram was not functional yet. Both questions thus cap-
ture the general attitude towards public transportation at the time of the survey conduc-
tion. In 2020, 51% of answers stated that they gladly use public transportation, which
saw a substantial increase to first 63% in 2022 and then 74% in 2024. The other catego-
ries all saw a decrease since 2020. For example, initially 36% (2020) stated that they
use public transport but prefer another mode of transport, which dropped continuously
to 21% in 2024. Similarly, the percentage of people who only use public transport when
absolutely necessary dropped from 9 % (2020) to 4% (2024). In 2024, even 0% of re-
spondents said that they never use public transportation at all (2022: 2%; 2020: 1%).

1%
- #%

2020 LR 36%

Attitude before
the tram
(Joukkolsuht1)

2022 BV 26%

Attitude after the tram
(Joukkolsuht2)

2024 PEI 21% A4%H H 0%

0% 10% 20% 30% 40 % 50 % 60 % 70 % 80 % 90% 100 %

H | gladly use public transport

H | use public transport when needed, but | prefer another mode of transport
# | use public transport only when absolutely necessary

B | can't use public transport due to sickness or injury

H | don't use public transport

Figure 19: Response percentages for attitudes towards the public transporta-
tion system (Joukkolsuht 1/2)
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The survey also included questions about the attitudes towards the tram and its impact
on the respondents (Figure 20). As the tram was not yet finished, these items were not
included in the 2020 iteration. Overall, a positive trend in the perception of the tram can
be observed across all questions. Around 84% percent of respondents in 2024 agreed
that they support the construction of new tram routes, an increase from 77% in 2022.
Similarly, 86% in 2024 concurred that the construction of the tram was a good idea (2022:
77%). Also, regarding wellbeing there is a positive trend: While in 2022 36% agreed that
the tram had increased their wellbeing, this rose to 46% in 2024, when more than a third
of all respondents even fully agreed with the statement. Furthermore, in 2022 80% were

content to live near the tram route, which rose to 88% in 2024.
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Figure 20: Response percentages for attitudes towards the tram (Ratikka-
vaikutukset)
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Part of the survey asked questions about whether specific changes would make traveling
easier (Figure 21). Around half of the respondents said that more frequent public trans-
portation services would make it easier for them to do well being trips, with percentages
remaining relatively stable over the years with a slight positive trend towards 2024 (2020:
47%; 2022: 44%; 2024: 49%).

In 2020, 44% stated that a wider public transportation network would not make it easier
to travel, which shrank to 32% in 2022. While this remained at a comparable 33% in
2024, the percentage of people that said a wider network would make it a lot easier rose
to 25%.

The need for less transfers saw a similar trend. Initially in 2020, 57% stated that less
transfers would make traveling easier to some degree, which continuously rose to 63%
(2020) and 68% (2024).

More frequent service
(Liikkumishelpotus2)

Wider network
Liikkumishelpotus4)

Less transfers
(Liikkumishelpotus5)

2024 G 43%

0% 10 % 20% 30% 40 % 50 % 60 % 70 % 80 % 90% 100 %

B does not make easier W makes a little bit easier # makes a lot easier

Figure 21: Response percentages for “Would the following make it easier to
travel?” (Liikkumishelpotus)
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7.1.5 Barriers
Other questions asked about barriers to making wellbeing trips (Figure 22). The option

“l can’t say/not applicable to me” was only available in the 2024 survey.

Travel time was considered as one of the main barriers: In 2020, 39% of respondents
considered it to be some level of barrier. This percentage increased in the following sur-
veys, with 51% in 2022 and 48% in 2024.

A similar trend can be seen with insufficient public transport connections, which were not
considered to be a barrier by 69% in 2020, which decreased to 52% (2022) and 51%
(2024). Subsequently, the number of people that considered it some form of barrier rose
from initially 31% (2020) to 48% (2022) and 46% (2024).

Not having access to a car was seen as another major issue, with 38% of respondents
considering it as a barrier in 2020, which rose to 46% in 2022. While this percentage
dropped to 25% in 2024, a substantial amount of 41% respondent with “| can’t say/not
applicable to me”. On the other hand, only 33% did not consider it as a barrier, which is
a significant decline from 54% (2022) and 62% (2020) respectively.
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Figure 22: Response percentages for “Do you consider the following things as
barriers for making trips important to your wellbeing?” (Liikkumisesteet)
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7.2 Environmental views and their impact on mobility and tram
usage

As described in chapter 6.3.2, the impact of environmental views on mobility behavior
(2) was assessed through a correlation analysis using Spearman’s rank with two PVs as
a base. Statistical significance was set at a = 0.05. All correlation values refer to the
Spearman correlation coefficient and are statistically significant unless stated otherwise.
The strength of the correlations was assessed as defined in Table 4. The sample size for
all correlations was n = 628. Throughout the analysis only notable correlations will be

mentioned and the full results of the correlation analysis can be found appendix B.

7.2.1 Appreciation of the environmental friendliness of the tram
The first question, whose correlations were analyzed was PV1 (“| appreciate the envi-

ronmental friendliness of the tram”; Ratikkavaikutukset51). This item has answer possi-

bilities on a Likert-scale from 1 (fully disagree) to 5 (fully agree).

Regarding the use of different modes of transport, mostly weak correlations were found
(Table 6), such as to the frequency of tram trips (Matkat ratikka; p = 0.243) and fre-
quency of car trips as driver (Matkat_autokulj; p = -0.148). Correlations to other modes
of transportation (e.g. bus, cycling, taxi) were found to either be insignificant, or very low
(e.g. walking (Matkat_kévely); p = 0.088).

Table 6: Correlations of PV1 with modes of travel

Survey item Correlation Coefficient Sig. (2-tailed)
Frequency of tram use 0.243 <0.001
(Matkat_ratikka)
Frequency of car use -0.148 <0.001
(Matkat_autokulj)
Walking 0.088 0.028
(Matkat_kévely)

However, regarding self-reported mobility and preferences for certain means of
transport, a more varied picture emerges (Table 7, next page). “I prefer using public
transport over driving because it is a more environmentally friendly alternative” (Liikku-
minen14) shows a medium strength correlation of p = 0.482. The similar question of |
prefer walking over driving due to because it is a more environmentally friendly option”
(Litkkuminen17) has a similar correlation of p = 0.429. Still, other items related to mobility
changes regarding the tram and car usage only show a weak positive correlation, such

as “l make less trips by car now than before the tram” (Ratikkavaikutukset21; p = 0.235)
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and “I have considered getting rid of my car because the current public transport system

serves me better than before” (Ratikkavaikutukset22; p = 0.227).

Table 7: Correlations of PV1 with mobility preferences (PT= public transport)

Survey item Correlation Coefficient Sig. (2-tailed)

Preference of PT over 0.482 <0.001
driving for env. reasons
(Litkkuminen14)

Preference of walking over 0.429 <0.001
driving for env. reasons
(Liikkuminen17)

Less trips by car than be- 0.235 <0.001
fore the tram
(Ratikkavaikutukset21)

Getting rid of own car be- 0.227 <0.001
cause of PT
(Ratikkavaikutukset22)

Furthermore, a generally positive correlation to the perception of the tram was found
(Table 8, next page). For example, the items Ratikkavaikutukset52-54 and 57-60 all had
medium correlations above p = 0.4. These questions primarily deal with attitudes towards
the tram such as “The tram improves Tampere city image” (Ratikkavaikutukset53; p =
0.494), “The tram has increased my wellbeing” (Ratikkavaikutukset58; p = 0.428) and ‘|
support construction of new tram routes” (Ratikkavaikutukset60; p = 0.478). Multiple re-
lated questions also showed a similar trend, with positive correlations often in the weaker
range of 0.2 to below 0.4, such as “How do you feel about public transportation nowa-
days” (Joukkolsuht2; p = 0.368), “The tram routes work well for my trips” (Ratikka-

vaikutukset2; p = 0.318), or “| can recommend the tram” (Liikuminen6; p = 0.37)
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Table 8: Correlations of PV1 with attitudes

Survey item Correlation Coefficient Sig. (2-tailed)

Improvement of the city’s 0.494 <0.001
image by the tram
(Ratikkavaikutukset53)

Increased wellbeing 0.428 <0.001
through the tram
(Ratikkavaikutukset58)

Support of new tram 0.478 <0.001
routes
(Ratikkavaikutukset60)

Attitude towards current 0.368 <0.001
PT system
(Joukkolsuht2)

Alignment of tram routes 0.318 <0.001
with trips
(Ratikkavaikutukset2)

Recommendation of the 0.372 <0.001
tram
(Liikkuminen6)

Looking at barriers and facilitators, mostly weak or insignificant correlations can be seen,
with maximum values below +/- 0.3 (Table 9). As such, the strongest connections in the
barrier-category are to insufficient car parking opportunities (Liikkumisesteet13,;
p =-0.271) and insufficient public transport connections (Liikkumisesteet6; p = - 0.231).
For facilitators, the strongest correlations can be found with decreased costs of driving
(Litkkumishelpotus11; p = -0.208) and better car parking opportunities (Liikkumishel-
potus12; p = -0.207).

Table 9: Correlations of PV1 with barriers and facilitators

Survey item Correlation Coefficient Sig. (2-tailed)
Insufficient parking -0.271 <0.001
(Liikkumisesteet13)
Insufficient PT connec- -0.231 <0.001
tions
(Litkkumisesteet6)
Decreased costs of driving -0.208 <0.001
(Liikkumishelpotus11)
Better parking -0.207 <0.001
(Litkkumishelpotus12)
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Thus, while direct correlations to mobility are found to be low, medium correlations can
be seen to a positive view of various aspects of the tram and a self-reported preference
of using the tram. The appreciation of environmental benefits appears to be one among

multiple factors shaping mobility behavior.

7.2.2 Combined environmental views
To verify the findings and get a broader picture, the same correlation analysis was per-

formed with the combined environmental views indicator (PV2), which was described in
chapter 6.3.2. Correlations regarding specific means of transport were again small, with
p = 0.249 regarding frequency of tram use (Matkat_ratikka), p = 0.260 for bicycle use
(Matkat_pyéréa) and p = - 0.284 for driving (Matkat_autokulj) being among the strongest
(Table 10).

Table 10: Correlations of PV2 with modes of travel

Survey item Correlation Coefficient Sig. (2-tailed)

Frequency of tram use 0.249 <0.001
(Matkat_ratikka)

Frequency of bike use 0.260 <0.001

(Matkat_pyoréa)

Frequency of car use -0.284 <0.001
(Matkat_ autokul))

Again, questions regarding personal mobility preferences present a different view (Table
11; next page). This is especially apparent in statements regarding other reasons than
environmental views for choosing a certain means of transport. The items Liikkuminen12,
13, 15, 16, 18, and 19 all address the preference for using public transport, walking, or
cycling instead of driving, either to save money or due to the inconvenience of driving.
These statements show a positive, medium-to-strong correlation with PV2, with the
strongest correlation related to the desire to save money. Specifically, the preference
cycling over driving to save money (Liikkuminen19) and the preference of walking over
driving to save money (Liikkuminen16) have a correlation of p = 0.628 and p = 0.563,
respectively. While slightly weaker, the correlations regarding the inconvenience of driv-
ing still range in the medium range (e.g. Lilkkuminen18: preference of cycling over driving
because driving is more troublesome; p = 0.528). Additionally, the statement “| have con-

sidered getting rid of my car because the current public transport system serves me
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better than before” (Ratikkavaikutukset22, p = 0.352), shows a medium correlation. How-
ever, answers for other questions tied to the impact of the tram on personal mobility
preferences still only show weak correlations such as “I use more public transport after
the tram” (Ratikkavaikutukset17; p = 0.198) and “I| make less trips by car now than before
the tram” (Ratikkavaikutukset21; p = 0.228).

Table 11: Correlations of PV2 with mobility preferences

Survey item Correlation Coefficient Sig. (2-tailed)

Preference of cycling over 0.628 <0.001
driving for monetary rea-
sons (Liikkuminen19)

Preference of walking over 0.563 <0.001
driving for monetary rea-
sons

(Litkkuminen16)

Preference of cycling over 0.528 <0.001
driving for convenience
reasons

(Liikkuminen18)

Getting rid of own car be- 0.352 <0.001
cause of PT
(Ratikkavaikutukset22)

Increased PT usage after 0.198 <0.001
tram
(Ratikkavaikutukset17)

Less trips by car than be- 0.228 <0.001
fore the tram
(Ratikkavaikutukset21)

The combined environmental views indicator (PV2) had a generally positive connection
to a positive view of the tram (Table 12, next page), having a weak to moderate correla-
tion with statements such as “The tram has made trips easier” (Ratikkavaikutukset1; p =
0.311), “Travelling by tram is easy” (Ratikkavaikutukset25, p = 0.264) and the general
attitude towards public transportation (Joukkolsuht2; p = 0.336). As expected, a stronger
correlation exists with “I appreciate the environmental friendliness of the tram (Ratikka-
vaikutukset51; p = 0.461), which was used as the other environmental views base ques-

tion.
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Table 12: Correlations of PV2 with attitudes

Survey item Correlation Coefficient Sig. (2-tailed)

Tram made travel easier 0.311 <0.001
(Ratikkavaikutukset1)

Ease of travel by tram 0.264 <0.001
(Ratikkavaikutukset25)

Attitude towards current 0.336 <0.001
PT system
(Joukkolsuht2)

Appreciation of env. friend- 0.461 <0.001
liness of the tram
(Ratikkavaikutukset51)

Again, barriers and facilitators only showed weak correlations with values below the
threshold of +/-0.3 (Table 13). The strongest correlations are negatively tied to car usage,
such as the barriers not having a car (Liikkumisesteet10; p = -0.232) and insufficient car
parking opportunities (Liikkumisesteet13; p = -0.275), as well as the facilitators de-
creased cost of driving (Liikkumishelpotus11; p = -0.275) and better car parking oppor-
tunities (Liikkumishelpotus12; p = -0.264). Aweak, positive relationship can be seen with
items related to cycling and walking infrastructure (better bicycle parking opportunities
as facilitator; Liikkumishelpotus16, p = 0.265; better walking and cycling paths as facili-
tator; Liikkumishelpotus14, p = 0.230).

Table 13: Correlations of PV2 with barriers and facilitators

Survey item Correlation Coefficient Sig. (2-tailed)
No car ownership -0.232 <0.001
(Liikkumisesteet10)
Insufficient parking -0.275 <0.001
(Litkkumisesteet13)
Decreased costs of driving -0.286 <0.001
(Liikkumishelpotus11)
Better parking -0.264 <0.001
(Litkkumishelpotus12)
Better bicycle parking 0.265 <0.001
(Litkkumishelpotus16)
Better walking and cycling 0.230 <0.001
paths
(Litkkumishelpotus14)
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Overall, the picture using the combined environmental indicator (PV2) closely resembles
the results of the first indicator regarding appreciation of environmental friendliness
(PV1), supporting the findings. Direct impacts on the usage of specific modes of transport
are low, but a positive correlation exists to self-reported usage and mobility preferences.
Especially strong correlations were found between environmental reasons, the desire to
save money and a generally perceived inconvenience of driving, that lead to preferring
other modes of transport over cars. Furthermore, a positive connection between the en-
vironmental views and a positive view of the tram was found throughout most of its as-
pects. Lastly, only small connections exist with barriers and facilitators, with weak, posi-
tive correlations specifically towards supporting more biking and walking infrastructure

and negative ones towards aspects connected to driving, such as car infrastructure.

7.3 Impact factor analysis and principal component analysis

The analysis of impact factors on tram usage and the grouping of responses and re-
spondents (3) was conducted with two different methods, a correlation analysis and PCA
as described in chapter 6.3.5. The impact factors were analyzed through three PVs and
the Spearman correlation. The separate grouping relied on the PCA. Both approaches
are described in detail in chapter 6.3. The correlation analysis of the PVs is presented
first, where statistical significance was set at a = 0.05. All correlation values refer to the
Spearman correlation coefficient and are statistically significant unless stated otherwise.
Again, correlation strength was assessed as defined in Table 4. The sample size for all
items was n = 628. Throughout the analysis only notable correlations will be mentioned

and the full results of the correlation analysis can be found in appendix B.

7.3.1 Frequency of tram use
Frequency of tram use (PV3; Matkat _ratikka) was the first item that was analyzed

through its correlations. It asks the respondents how often they use the tram on a scale

from 0 to 4 (0 — never, 4 — daily or almost daily).

First focusing on the relationship to other modes of transport (Table 14, next page): Look-
ing at car availability (Auto_kéyttbmahd) and car usage as a driver (Matkat_autokulj),
negative correlations of p =-0.376 and p =-0.314 respectively are visible. The correlation
with buses as another possible transport mode is medium (Matkat_bussi; p = 0.393).
Relationships with other modes of transport as well as travel time and travel frequency
were either found to be insignificant, or very weak. Even the correlations mentioned,

while being the strongest, are still considered rather weak (o = < 0.4; compare Table 4).
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Thus, while a connection of tram usage and the usage of other modes of transport can
be seen, it remains on the weaker side. Similarly, correlations to self-reported prefer-
ences for different modes of transport were relatively weak, with the strongest being with
Preference of public transport over driving to save money (Liikuminen13; p = 0.380) and
Preference of public transport over driving for environmental reasons” (Liikuminen14;
p = 0.340).

Table 14: Correlations of PV3 with modes of travel and mobility preferences

Survey item Correlation Coefficient Sig. (2-tailed)

Car availability -0.376 <0.001
(Auto_kéayttémahd)

Frequency of car use -0.314 <0.001
(Matkat_autokulj)

Frequency of bus use 0.393 <0.001
(Matkat_bussi)

Preference of cycling over 0.380 <0.001
driving for monetary rea-
sons

(Litkuminen13)

Preference of PT over 0.340 <0.001
driving for env. reasons
(Litkuminen14)

On the other hand, a generally positive correlation with a positive attitude of the tram and
its various aspects was found (Table 15, next page). The strongest correlations are with

overall positive statements about the tram such as:
o Attitude towards current public transport system (Joukkolsuht2; p = 0.542)
e “The tram has made trips easier” (Ratikkavaikutukset1; p = 0.477)
e “The tram has increased my wellbeing” (Ratikkavaikutukset58; p = 0.442)
e “I'm content that | live near the tram route” (Ratikkavaikutukset57; p = 0.422)

Correlations with items regarding barriers and facilitators were generally insignificant or
very weak, with the strongest one being p = 0.257 (More frequent public transport ser-
vices as facilitator; Liikkumishelpotus?2). Notably, this also includes questions and state-
ments linked specifically to public transportation, such as cheaper public transport prices
as facilitator (Liikkumishelpotus1; p = 0.211) and insufficient public transport connections

as barrier (Liikkumisesteet6; statistically insignificant).



55

Table 15: Correlations of PV3 with attitudes, barriers, and facilitators

Survey item Correlation Coefficient Sig. (2-tailed)

Attitude towards current 0.542 <0.001
PT system
(Joukkolsuht2)

More PT usage after tram 0.477 <0.001
(Ratikkavaikutukset1)

Increased wellbeing 0.442 <0.001

through the tram
(Ratikkavaikutukset58)

Content to live near the 0.422 <0.001
tram
(Ratikkavaikutukset57)

More frequent PT 0.257 <0.001
(Litkumishelpotus?2)

Cheaper PT prices 0.211 <0.001
(Litkumishelpotus1)

Insufficient PT connec- -0.059 0.146
tions
(Liikkumisesteet6)

In summary, while a connection between tram usage and other modes of transport can
be seen, it remains on the weaker side. However, a positive relationship between tram
usage and attitude towards the tram is visible. Furthermore, no clear pattern and only

weak relationships are visible for barriers and facilitators.

7.3.2 Increased public transport usage after the construction of

the tram
‘I use more public transport after the construction of the tram” (PV4; Ratikka-

vaikutukset17) was the second item which was analyzed. The respondents were asked
to rate the statement “| use more public transport after the construction of the tram” on a

scale of 1 to 5 (1 — fully disagree, 5 — fully agree).

The only notable relationship with modes of transport that is significant, both statistically
and strength-wise, is with the frequency of tram usage (Matkat_ratikka; p = 0.387). This
includes car usage (Matkat_autokulj) and car availability (Auto_kéyttémahd), which were
both found to be non-significant (Table 16, next page). Similarly, the correlations with

questions, which ask about the respondent’s mobility preferences (Liikkuminen1-20),
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were non-significant or weak. The strongest ones were with the two items ranking pref-
erence of public transport over driving for convenience and monetary reasons (Liikku-
minen 12/13; p = 0.244 and p = 0.258).

Table 16: Correlations of PV4 with modes of travel and mobility preferences

Survey item Correlation Coefficient Sig. (2-tailed)

Frequency of tram use 0.387 <0.001
(Matkat_Ratikka)

Frequency of car use -0.042 0.288; not significant
(Matkat_autokul))

Car availability -0.023 0.568; not significant
(Auto_kéyttémahd)

Preference of public 0.244 <0.001

transport over driving for
convenience reasons
(Litkkuminen12)

Preference of cycling over 0.258 <0.001
driving for monetary rea-
sons

(Liikkuminen13)

Again, a positive relationship between the PV and the attitude towards the tram was
found (Table 17, next page). However, the strength of the correlations using PV4 were

generally stronger and more pronounced than with the previously presented PV3.
Multiple correlations reached values around 0.5 and higher, with the highest ones being:

e ‘| like visiting the city center more after the tram construction” (Ratikka-
vaikutukset7; p = 0.621)

o “The tram has made trips easier” (Ratikkavaikutukset1; p = 0.596)
o “The tram has increased my wellbeing” (Ratikkavaikutukset58; p = 0.562)

Furthermore, a significant correlation of p = 0.509 was found with the item Ratikka-
vaikutukset21, where respondents need to assess whether they make less trips by car
after the completion of the tram. On the other hand, all correlations with barriers and
facilitators were found to be statistically insignificant or of negligible strength, similar to

the first analysis.
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Table 17: Correlations of PV4 with attitudes

Survey item Correlation Coefficient Sig. (2-tailed)

Increased visits to city 0.621 <0.001
center
(Ratikkavaikutukset7)

Increased PT usage after 0.596 <0.001
the tram
(Ratikkavaikutukset1)

Increased wellbeing 0.562 <0.001
through the tram
(Ratikkavaikutukset58)

Less trips by car than be- 0.509 <0.001
fore the tram
(Ratikkavaikutukset21)

The second analysis with PV4 showed similar findings to PV3: the correlations between
the base item, modes of transport and mobility preferences was found to be only weak.
A positive connection exists between PV4 (“I use more public transport after the con-
struction of the tram”) and the general perception of the tram, which is even more pro-
nounced than in the analysis with PV3. Again, barriers and facilitators had no clear con-

nection to the PV, but only minimal or non-significant correlations.

7.3.3 Car availability

Car availability and usage was further analyzed, based on the findings of the PV3/4,
which suggested a limited impact of car ownership and availability on tram usage. To
look further into this, PV5 (Auto_kéyttémahd) was used as the base for further correlation
analysis, using the same methodology described in chapter 6.3.3. This question asks the
respondent about the availability of a car for personal trips on a scale of 0 to 2 (0 — rarely

or never, 2 — always or almost always).

Regarding mobility behavior, moderate strength correlations were found with items fo-
cusing on giving car rides to other passengers (Kyyditseminen; p = 0.537) and monthly
transportation costs (Liikkumiskust; p = 0.479). Other correlations were generally
weaker, but still notable (Table 18, next page). This includes a negative correlation with
the usage of buses (Matkat_bussi; p = -0.344) and trams (Matkat_ratikka; p = -0.376),
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as well as with statements expressing preference for other modes of transport over driv-
ing (e.g. Liikkuminen13: Preference of public transport over cars for monetary reasons;
p =-0.401).

Table 18: Correlations of PV5 with modes of travel and mobility preferences

Survey item Correlation Coefficient Sig. (2-tailed)

Giving a ride by car 0.537 <0.001
(Kyyditseminen)

Monthly transportation 0.479 <0.001
costs
(Liikkumiskust)

Frequency of bus use -0.344 <0.001
(Matkat_bussi)

Frequency of tram use -0.376 <0.001
(Matkat_ratikka)

Preference of cycling over -0.401 <0.001
driving for monetary rea-
sons

(Litkkuminen13)

The section about the impacts of and attitude towards the tram showed only a weak trend
towards a negative relationship, with the vast majority of correlations remaining under
0.2 (Table 19). The strongest connection was with Ratikkavaikutukset22 (p = -0.395),
which expresses the consideration of getting rid of one’s car because of improvements
in public transport. Barriers and facilitators showed a similar picture, in that most corre-
lations were on the weaker side. The exceptions were with questions that are specifically
linked to driving, such as with better car parking as facilitator for more trips (Liikkumishel-
potus12; p = 0.377).

Table 19: Correlations of PV5 with attitudes and facilitators

Survey item Correlation Coefficient Sig. (2-tailed)

Getting rid of own car be- -0.395 <0.001
cause of PT
(Ratikkavaikutukset22)

Better parking 0.377 <0.001
(Litkkumishelpotus12)

The analysis focused on car availability (PV5) showed that while a negative connection

to the usage of the tram exists, this remains limited. Similarly, while a slight negative
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trend regarding the attitude towards the tram can be seen, this can be considered mini-
mal. Correlations with barriers and facilitators were negligible, with the exception being

questions that explicitly target specific aspects of driving and car ownership.

7.3.4 Principal component analysis
To reduce the items to their underlying themes, group responses and respondents, and

identify patterns regarding mobility, a PCA was conducted as described in chapter 6.3.5.
The following section will look at the PCA results for the mobility behavior questions of
the survey (Liikkuminen1-20; n = 628). These questions focus on individual mobility pref-
erences, attitudes towards multiple modes of transport and the general impact of mobility
on the respondent. Answers were measured on a 5-point scale (1 — fully disagree, 5 —

fully agree).

The Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) shows a value of 0.797
(Table 20), suggesting an adequate fit [106]. The Bartlett’s test of sphericity was signifi-
cant at <0.001 [107].

Table 20: KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.797
Bartlett’s Test of Approx. Chi-Square 4882.382
Sphericity df 190

Sig. <0.001
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With the cutoff point at an eigenvalue of 1, a cumulative 66,5% of variance was explained
(Table 21). Component 1 accounts for the highest individual variance at 27%, while com-
ponents 2 and 3 contribute between 8% and 9% each. The other four components ex-
plain around 5% each. The cumulative explained variance and distribution is acceptable
for exploratory purposes [94], [108]. All test results thus indicate the data is suitable for
PCA.

Table 21: Variance explained and PC-eigenvalues

Initial eigenvalues
Component Total % of Variance Cumulative %
1 5.411 27.054 27.054
2 1.782 8.911 35.966
3 1.676 8.382 44.348
4 1.176 5.882 50.230
5 1.158 5.789 56.018
6 1.069 5.345 61.363
7 1.036 5.179 66.542

Through the rotated component matrix (Table 22; next page) seven principal components
(PC) are visible, with varying levels of loading. For visual clarity, loadings less than 0.2
were excluded, still retaining values close to the critical threshold of 0.3 (Table 5). For
easier readability, the individual items are referred to by their code only in the following

table. The full questions can be found in appendix C.
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Table 22: Rotated component matrix (loadings less than 0.2 excluded; the
strongest loading per item appears in bold and groupings are highlighted in grey)

Components

Survey item PC1 PC2 PC3 PC4 PC5 PC6 PC7

Liikkuminen12 | 0.808

Liikkuminen14 | 0.780 -0.226

Liikkuminen13 | 0.747

Liikkuminen17 | 0.689  0.369 -0.211

Liikkuminen15| 0.681  0.279

Liikkuminen16 | 0.625  0.395 0.221

Liikkuminen11 0.839

Liikkuminen19 | 0.404  0.750

Liikkuminen20 | 0.415  0.729

Liikkuminen18 | 0.421  0.706
Liikkuminen2 -0.686
Liikkuminen1 0.639 -0.261
Liikkuminen& 0.603 0.398
Liikkuminen6 | 0.465 0.511 -0.233
Liikkuminen8 0.791 0.225
Liikkuminen7 0.628 -0.363
Liikkuminen9 0.289 0.694
Liikkuminen3 0.846
Liikkuminen4 0.800

Liikkuminen10 0.453 -0.416 0.497
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Six items loaded onto PC1, namely the items Liikkuminen12-17. These questions all re-
late to a preference for either walking or public transportation over driving for three dis-
tinct reasons: because driving is more troublesome, to save money, and for environmen-
tal reasons. This component thus measures the preference of public transport and walk-

ing over driving.

PC2 consists of four items. Three of these items (Liikkuminen18-20) all share a pattern,
which is similar to the previous component: The preference of cycling over driving for
monetary, environmental, or convenience reasons. An additional item (Liikkuminen11)
deals with the preference of cycling over public transportation due to health benefits. The

component can be interpreted as a preference of cycling over driving.

Notably, PC1 and PC2 contain several questions that exhibit a relevant degree of cross-
loading, showing significant loading on more than one factor [109]. This hints at the ques-
tions in these components being related and measuring similar underlying concepts, as

is suggested by the focus of the questions themselves.

PC3 groups four items, which touch on multiple themes. First, two items address the
frequency and ability to make trips (Liikkuminen1), as well as connecting those trips to
the respondent's personal wellbeing (Liikkuminen2). Another question asks about the
financial ability to afford a public transport seasonal ticket (Liikuminen5). The last item
questions whether the respondent would recommend Tampere’s public transportation
system to their friends (Liikkuminen6). This component thus reflects the connection be-
tween public transport and wellbeing, as it contains questions which revolve around the
impact of mobility on personal wellbeing as well as the general attitude towards public

transport and its affordability.

Two items loaded onto PC4 (Liikkuminen7-8). Both items express the wish to avoid (un-
necessary) travelling, by either working/studying remotely, or by combining trips. The

component thus reflects a desire for travel avoidance.

The components after PC4 become smaller, less clear, and less connected, with gener-
ally lower component loadings indicating that the underlying concepts are not as distinct,
and the questions not as conceptually related. This is supported by several variables
having moderate, spread-out loading on multiple components. As no clear pattern
emerges, neither in the components and their loading, nor in the questions themselves,
PC5-7 will not be analyzed further.
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8 DISCUSSION

The following chapter discusses the most important findings and their implications, while
putting them in the context of the relevant, current research. The discussion is presented
separately for each research question, with links between them being highlighted.
Research question specific limitations are included in the relevant discussion chapter,

with general limitations being discussed after the individual results.

8.1 Comparative analysis of historical survey results

The comparison of the survey results from 2020, 2022, and 2024 (1) showed a positive
development regarding modal shift and attitudes towards the tram, which is in line with
Tampereen Ratikka’s own findings [15]. The need for transportation is continuously met
on a high level, with a shift towards public transportation and slight move away from
private car usage. Similarly, the popularity of the tram has been increasing in almost all
aspects, with barriers and facilitators that were perceived as the most critical, being
mainly related to car usage and not public transport (e.g. limited parking spaces). One
exception was the development regarding costs as barriers as well as facilitators. While
still not at a critical point, a growing number of people see costs as a barrier to travel,
which is in line with general cost awareness, inflation, and lower purchasing power
across large segments of the population [110]. These slow changes in attitudes and mo-
bility behavior and a gradual acceptance of new public transport options are generally
expected. For example, Lanzini and Khan [42] suggest that existing habits are one of the
main drivers in determining mobility choices, even if new, more advantageous options
are available. As habits only change slowly, this results in equally slow changes to mo-
bility patterns. This is underlined by studies measuring customer satisfaction with public

transport in Helsinki, which showed similarly slow changes in customer views [111].

However, significant differences exist between the survey years, with the 2022 survey
showing a noticeably more negative outlook among almost all categories. Positive de-
velopments in the recent survey thus often only manage to reach the previous highpoint
in the initial 2020 iteration. A possible explanation lies in external developments. Most
notably the Corona pandemic, which severely impacted everyday life as well as the real
and perceived risk of larger crowds, such as in public transportation. The results were
notable drops in public transport passenger in Tampere, due to the mandatory closings

and lower service frequency [112]. In Finland, measures to prevent the spread of the
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pandemic were only lifted in June 2022 [113], meaning that COVID-19 was most likely

still present in the public’s mind during the 2022 survey.

8.2 Impact of environmental awareness on mobility behavior

The impact of environmental attitudes on mobility (2) was examined through a correlation
analysis and showed a connection to general mobility behavior, including tram usage as
well as other means of transport. A tendency is found towards more sustainable options
such as the tram, buses, or biking. While this relationship was statistically significant, the
measured correlations were still of weaker strength, except for stronger ties to some self-
reported mobility preferences. Similar research has clearly shown that environmental
views shape attitudes and intentions, which in turn influence mobility behavior, transpor-
tation habits and the resulting preferred mode of transport [58], [60]. However, Lanzini
and Khan [42] also showed that there can be a significant gap between these intentions
and actual mobility behavior (intention-behavior gap). Furthermore, the analysis sug-
gests that environmental views are only one of multiple factors that influence behavior,
as has also been shown by Bouscasse et al. [61]. Specifically, a connection between
environmental, monetary and convenience reasons for choosing a specific mode of
transport is implied by the high correlations between questions from these different ar-

eas, as well as them being placed in the same components during the PCA analysis.

Additionally, a measurable but small impact on public transport replacing cars can be
found. This small change must be seen in the light of most people relying on multiple
modes of transport, as public transportation usually does not fully fulfil every mobility

need [58], and the mentioned slow change to mobility habits [42].

Moreover, a positive connection between environmental views and a general positive
attitude towards the tram was found, as often attested with public transportation in gen-
eral [61], [64]. This positive connection to the tramway is not restricted to specific areas
but rather extends throughout all aspects of tram travel and the tram network. Thus, while
a measurable impact of environmental views on transportation choices exists, it is one
of multiple factors and is not limited to the tram only. Instead, it appeared as a general
preference to use other modes of transport over driving. However, environmental con-
ciseness strongly influences the positive perception of the tram and the intention to use
it.

It is important to note that the answer possibilities and their ordinal scales could have
impacted results. For example, the frequency of tram travel does not account for more

than one daily trip, the length of each trip, or trips that were already done previously and
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now changed to the mode of transport (e.g. a previous car trip that is now done by tram).
This was partially mitigated by using multiple PVs and indicators for the correlation anal-
ysis (specifically regarding environmental views and mobility behavior), thus verifying the
results. These coarse scales could have led to the low-strength connection to usage
numbers, opposed to the notably stronger connection to self-reported mobility prefer-

ences.

8.3 Impact factors and analysis of usage groups

The impact analysis (3) suggested that multiple factors influence travel patterns equally.
Car ownership has shown to have a limited impact on direct mobility behavior, with a
slight negative correlation to public transportation usage. This might be linked to house-
holds with car access also relying on other modes of transport and opting for the one
which best fits the specific occasion [42], which often also includes public transport [41].
However, a noticeable connection between car ownership and a more negative percep-
tion of the tram and public transport in general has been found. This combines with less
desire to substitute one’s car usage for public transport, a stronger preference for car
usage overall and a more car focused perception of barriers and facilitators; findings that

are attested through multiple studies (e.g. [114] and [58]).

Similar to the connection between environmental views and a positive view of the tram,
a positive relationship between frequency of tram usage and said positive view was
found. The correlation analysis regarding the frequency of trips by tram and the item “I
use more public transport after the tram” showed a clear connection to a positive attitude
towards the tram in its various aspects. While this relationship is documented for public
transportation in general [114], Ingvardson and Nielsen [43] pointed out that the fre-
qguency of use alone is only one side and that passengers need to be satisfied with vari-
ous aspects of the travel experience (e.g. travel speed, service frequency, costs) to form
an overall positive attitude, which can in turn shape the behavior [42], [55]. The found
connection between frequency of use and a positive attitude towards tram usage thus

suggests an overall positive experience for tram users in the survey districts.

Ingvardson and Nielsen [43] also showed that high usage and overall satisfaction with
public transportation leads to an increase in willingness to recommend it to others. The
PCA analysis strongly grouped together the willingness to recommend public transport
and the satisfaction with the number of trips the respondent can do. Thus, it can tenta-
tively be assumed that by contributing to the fulfillment of the respondent’s travel needs,
public transportation contributed to their wellbeing and the satisfactory usage experience

increased the likelihood of recommending it. However, the connection to wellbeing was
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not explored further. One question about the affordability of public transportation was
also placed in the respective component, suggesting the perceived affordability plays a

significant role in fulfilling travel needs and the overall travel experience.

Tram related barriers and facilitators showed no significant correlations to any of the
chosen indicators, suggesting that individual realities play a bigger role in the perception
of barriers and facilitators, instead of systematic issues. This importance of individual
perception is confirmed by Bhagat-Conway et al. [115], who highlight the significance of
subjective variables, as well as Vallée et al. [58] who found that even individually per-
ceived barriers might not always reduce usage. Instead, as mentioned in the discussion
about environmental values, a combination of factors seems to play a role in deciding for
and against a specific mode of transport [61], as suggested by the PCA grouping and
the correlations analysis, which consistently linked questions tied to environmental, mon-
etary and convenience reasons together. Furthermore, respondents that favor one alter-
native to driving for its different reasons, seem to usually favor other ones as well. How-
ever, this was not supported by the findings of the correlation analysis, where no notable
correlations were found between the frequency of tram use and other modes of transport

outside of a negative connection to car usage.

The PCA analysis also suggested that while strong connections exist between the pref-
erence of public transport, walking and biking, the mobility behavior and demands of
cyclists are still distinct. This finding that patterns between cycling and public
transport/walking are related yet separated is supported by multiple studies [116], with
Mertens et al. [117] emphasizing the importance of biking infrastructure as a separate
decision factor. The linkage between multiple usage reasons and the related yet distinct
demands of bike usage suggests that rather than focusing on a specific issue, a holistic
approach needs to be chosen, which considers all aspects of tram travel, other public
transportation, and mobility in general, to encourage lasting behavioral changes. Vallée
et al. [58] thus suggest matching mobility options first and foremost to people’s needs,
including all necessary infrastructure. Pietrzak and Pietrzak [118] expressed a similar
feeling, albeit in a more poetic way, calling for a rethinking of urban planning “to create

cities that are focused on the citizen”.

8.4 Limitations of the study

It is important to emphasize that the results and the drawn conclusions primarily apply to
the respondents of Kaleva and Hervanta and cannot necessarily be generalized to other
areas of Tampere. As both areas are connected to the tram, and no third area was sur-

veyed as a control group, it cannot be ruled out that some findings are less related to
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mobility behavior and more to broader societal trends, or other spillover effects [7]. This
was, however, in part balanced by the comparison with the 2022 and 2020 survey results,
especially as the 2020 survey was conducted before the completion of the tram. Simi-
larly, potential negative effects of the tram construction on other areas (e.g. through
changes to bus routes) cannot be assessed. Additionally, limiting potential respondents
to Finnish native speakers could have skewed the results, especially as around 10% of
Hervanta’s population are estimated to be immigrants [119], higher than Tampere’s av-
erage [120]. Similarly, results might have been affected by limiting respondents to being
above 18 years, as it excludes younger demographics such as school children, who also
make up a substantial amount of public transportation users [121]. Lastly, the large num-
ber of questions within the survey covers a broad range of topics but might have led to
respondent fatigue, resulting in inaccuracies in the responses and a decline in answer
quality [122].
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9 CONCLUSIONS

This Master's thesis investigated the mobility behavior, attitudes, and impact factors of
residents in the Hervanta and Kaleva districts in relation to the Tampere tram, using sur-
vey data and statistical analysis. The research focused on three separate research ques-
tions with the overall goal of contributing to a better and more holistic understanding of
mobility behavior, modal choices, and attitudes. These research questions focused on
the identification of trends since the tram started operations, the potential impacts of
environmental views on attitudes and mobility behavior, and the analysis of impact fac-

tors on tram usage and the grouping of users.

Regarding the identification of trends, a positive shift in both tram usage and attitudes
towards the tram, was found. Self-reported mobility needs are met on a high level and
perceived barriers are generally not related to public transportation. One exception is
travel costs and prices, which are increasingly seen as an obstacle. Furthermore, strong
fluctuations between the different survey years are present, which are likely influenced

by broader external and societal developments.

A statistically significant, but limited impact of environmental views on direct tram usage
was identified through a correlation and PCA analysis. However, a stronger connection
between environmental consciousness and mobility preferences as well as a generally
positive attitude towards the tram was established. The findings suggest that environ-
mental views play an important role in determining mobility behavior but are still only one

of multiple factors.

No single impact factor stood out as determinative in influencing mobility behavior and
preferences. Instead, a connection between environmental, convenience, and monetary
reasons for determining mobility choices was shown by the PCA grouping, which addi-
tionally suggested a distinct relationship with the demands of cyclists. Additionally, a pos-
itive connection existed between the frequency of tram use and a general positive atti-
tude towards the tram. Opposed to environmental views, car ownership was found to
have a negative connection to tram usage and attitudes towards the tram. However, the
concrete impact on mobility behavior and modal choices was limited, and the effect
stronger for attitudes and preferences. Regarding barriers and facilitators, no clear pat-
terns were found throughout the analysis, suggesting that individual realities and percep-
tions play a bigger role than systemic issues. These findings were generally supported

by the results of comparable studies.
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Further research could dive deeper into exploring the reasons and causes behind the
found behaviors, such as socio-economic and demographics factors, which were only
investigated on a surface level. This could also focus on potential differences in local
travel culture. Exploring the causes behind such potential differences in attitudes and
behaviors could help in the targeted encouragement of a lasting modal shift on a local
level. Such an area-specific study would also contribute to a better understanding of the
impacts of the tramway on different areas of Tampere. This broader understanding might
be especially useful considering the future growth and expansion of the tramway net-
work. Especially if it is paired with data collection in an area without tram access, this
would make a more holistic assessment of the impact of the tram on the entire city pos-
sible. Another focus area could be the concrete impact of the Corona-pandemic, as the
historical comparison suggested a strong and lasting impact on travel behavior. Studies
of such changes based on COVID-19 are only slowly forthcoming, especially regarding
long term shifts in modal usage, travel habits, and attitudes, which were not directly in-

fluenced by travel restrictions.

In conclusion, this thesis emphasizes the existing modal shift towards more tram usage,
which goes hand in hand with a positive change in attitudes. Multiple impact factors con-
tribute to mobility behavior to varying degrees, with environmental views being one
among them. Rather than there being a dominant one, a combination of factors seems
to influence behavior. Besides the environmental views mentioned and other attitudes,
this most notably includes monetary and convenience factors. To encourage further
modal shift towards the tramway, a holistic approach should thus be chosen, which im-
proves the user experience on all these levels equally. However, as public transportation
is increasingly taking center stage in urban mobility, future research is still required to
gain a deeper understanding of the broader mobility behavior and the exact role of spe-

cific impact factors on modal shift.
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APPENDIX A

Items used in the comparative analysis (1)
The following tables present the survey items that were used in the comparative analysis

for each category.

Appendix A1: General demographics

76

Identifier-code

English translation

Finnish original phrasing

lké Age Ika

Koti tulot Household gross income Kotitalouden bruttotulot

Hyvinvointi3 “l can reach destinations | “Pystyn kulkemaan koh-
important to my wellbeing | tuullisilla kustannuksilla hy-
with reasonable costs” vinvointini kannalta tarkei-

siin kohteisiin”

Liikkumishelpotus1 “Would the following | "Helpottaisivatko seuraa-
changes make it easier to | vat muutokset liikkumis-
travel to destinations im- | tanne hyvinvoinnin kan-
portant for  wellbeing: | nalta tarkeisiin kohteisiin:
Cheaper public transport | Edullisemmat joukkoliiken-
prices” teen hinnat’

Liikkumisesteet1 ‘Do you consider the fol- | “Koetteko seuraavat tekijat

lowing things as obstacles
for making trips important
to your wellbeing?: Cost of
travelling”

esteiksi hyvinvointinne
kannalta tarkeiden matko-
jen tekemiselle?: Liikkumi-
sen hinta”

Appendix A2: Mobility behavior

Identifier-code

English translation

Finnish original phrasing

Liikkuminen2 “‘My wellbeing would in- | "Hyvinvointini  lisdantyisi,
crease, if | could make | jos pystyisin tekemaan
more trips” enemman matkoja”

Liikkuminen1 ‘I can make all trips im- | "Pystyn tekemaan kaikki

portant to my wellbeing”

hyvinvointini kannalta tar-
keat matkat”

Auto_kéyttbmahd

“Car availability to use a
car on personal trips”

"Henkildauton kayttdmah-
dollisuus omilla matkoilla”

Hyvinv_auto “Possibility to do personal | "Mahdollisuus tehdd oman
trips important to wellbeing | hyvinvoinnin kannalta tar-
without a car” keat matkat ilman omaa

autoa”

Ratikkavaikutukset22 “l have considered getting | “Olen harkinnut autosta

rid of my car because the
current public transport
system serves me better
than before”

luopumista, koska joukko-
likennejarjestelma palve-
lee minua nykyaan parem-
min”

Hyvinvointi1

“l can reach destinations
important to my wellbeing
within reasonable time”

“‘Pystyn kulkemaan koh-
tuullisessa ajassa hyvin-
vointini kannalta tarkeisiin
kohteisiin”
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Identifier-code

English translation

Finnish original phrasing

Hyvinvointi2

”| can reach destinations
important to my wellbeing
with reasonable effort”

“Pystyn kulkemaan koh-
tuullisella vaivalla hyvin-
vointini kannalta tarkeisiin
kohteisiin”

Matkat_ratikka

“Frequency of tram trips in-
side own residential area”

"Omien matkojen teko rati-
kalla oman asuinseudun
sisalla”

Matkat_bussi

“Frequency of bus trips in-
side own residential area”

"Omien matkojen teko bus-
silla oman asuinseudun si-
salla”

Matkat_autokulj

“Frequency of car trips in-
side own residential area”

"Omien matkojen teko hen-
kildautolla kuljettajana
oman asuinseudun sisalld”

Appendix A3: Attitudes and facilitators

Identifier-code

English translation

Finnish original phrasing

Joukkolsuht1

“Attitude towards public
transport before the tram”

"Suhtautuminen joukkolii-
kenteella liikkumiseen en-
nen ratikan valmistumista”

Joukkolsuht2

“Attitude towards public
transport nowadays”

"Suhtautuminen  joukko-
likenteella liikkumisen
nykyaan”

Ratikkavaikutukset57

“I'm content that | live near
the tram route”

“‘Olen tyytyvainen, etta
asun lahella ratikkareittia”

Ratikkavaikutukset58

“The tram has increased
my wellbeing”

‘Ratikka on parantanut
hyvinvointiani”

Ratikkavaikutukset59

“Constructing the tram was
a good decision in my opin-
ion”

"Ratikan rakentaminen oli
mielestani hyva ratkaisu”

Ratikkavaikutukset60

"] support construction of
new tram routes”

“Kannatan uusien ratikka-
reittien rakentamista”

Liikkumishelpotus5

“‘Would the  following
changes make it easier to
travel to destinations im-
portant for wellbeing: Less
need for transfers in public
transport”

“Helpottaisivatko seuraa-
vat muutokset liikkumis-
tanne hyvinvoinnin kan-
nalta tarkeisiin kohteisiin:
Vahaisempi vaihtojen tarve
joukkoliikenteessa”

Liikkumishelpotus4

"Would the  following
changes make it easier to
travel to destinations im-
portant for  wellbeing:
Wider public transport net-
work”

"Helpottaisivatko seuraa-
vat muutokset liikkumis-
tanne hyvinvoinnin kan-
nalta tarkeisiin kohteisiin:
Kattavampi joukkoliikenne-
linjasto”

Liikkumishelpotus2

"Would the  following
changes make it easier to
travel to destinations im-
portant for wellbeing: More
frequent public transport
service”

"Helpottaisivatko seuraa-
vat muutokset liikkumis-
tanne hyvinvoinnin kan-
nalta tarkeisiin kohteisiin:
Tiheampi joukkoliikenteen
vuorovali”
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Identifier-code

English translation

Finnish original phrasing

Liikkumisesteet10

” Do you consider the fol-
lowing things as obstacles
for making trips important
to your wellbeing?: Not
having a car”

“Koetteko seuraavat tekijat
esteiksi hyvinvointinne
kannalta tarkeiden matko-
jen tekemiselle?: Autotto-
muus”

Liikkumisesteet6

‘Do you consider the fol-
lowing things as obstacles
for making trips important
to your wellbeing?: Insuffi-
cient public transport con-
nections”

“Koetteko seuraavat tekijat
esteiksi hyvinvointinne
kannalta tarkeiden matko-
jen tekemiselle?: Puutteel-
liset joukkoliikenneyhtey-
det”

Liikkumisesteet3

"Do you consider the fol-
lowing things as obstacles
for making trips important
to your wellbeing?: Travel
time”

“Koetteko seuraavat tekijat
esteiksi hyvinvointinne
kannalta tarkeiden matko-
jen tekemiselle?: Matkaan
kuluva aika”




APPENDIX B

Environmental and impact analysis (2/3)
The following table (B1) presents the survey items that were used throughout the text
regarding the correlation analysis. The complete results of the correlation analysis can

be found in table B2.

Appendix B1: Items used in the correlation analysis
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Identifier-code

English translation

Finnish original phrasing

Ratikkavaikutukset51 | appreciate the environ- | “Arvostan ratikan
mental friendliness of the | ymparistdystavallisyyttd”
tram”

Liikkuminen14 ‘I prefer public transport | "Suosin  joukkoliikenteen
over driving for environ- | kdyttéa autoilun sijasta,
mental reasons” koska se on ymparistdys-

tavallisempi vaihtoehto”

Liikkuminen17 “l prefer walking over driv- | "Suosin kavelya autoilun
ing due to environmental | sijasta, koska se on ympa-
reasons” ristdystavallisempi vaihto-

ehto”

Liikkuminen20 “l prefer cycling over driv- | "Suosin pyorailya autoilun

ing due to environmental
reasons”

sijasta, koska se on ympa-
ristdystavallisempi vaihto-
ehto”

Matkat_ratikka

“Frequency of tram trips in-
side own residential area”

"Omien matkojen teko rati-
kalla oman asuinseudun
sisalla”

Ratikkavaikutukset17

I  use more public
transport after the con-
struction of the tram”

"Kaytan joukkoliikennetta
enemman ratikan valmistu-
misen myota”

Auto_kéyttbmahd

Car availability to use a car
on personal trips

"Henkildauton kayttdmah-
dollisuus omilla matkoilla”

Matkat_autokulj

“Frequency of car trips in-
side own residential area”

"Omien matkojen teko hen-
kildautolla kuljettajana
oman asuinseudun sisalla”

Matkat_kévely

“Frequency of walking trips
inside own residential
area”

” Omien matkojen teko ka-
vellen oman asuinseudun
sisalla”

Ratikkavaikutukset21 ‘I make less trips by car | “Teen matkoja vahemman

now than before the tram” | henkildautolla nyt kuin en-
nen ratikkaa”

Ratikkavaikutukset22 ” | have considered getting | “Olen harkinnut autosta
rid of my car because the | luopumista, koska joukko-
current public transport | likennejarjestelmd palve-
system serves me better | lee minua nykyaan parem-
than before” min”

Ratikkavaikutukset53 “The tram improves Tam- | “Ratikka parantaa Tam-
pere city image” pereen imagoa”

Ratikkavaikutukset58 “The tram has increased | “Ratikka on parantanut

my wellbeing”

hyvinvointiani”
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Identifier-code

English translation

Finnish original phrasing

Ratikkavaikutukset60 | support construction of | “Kannatan uusien ratikka-
new tram routes” reittien rakentamista”

Joukkolsuht2 “Attitude towards public | "Suhtautuminen  joukko-
transport nowadays” likenteella likkumisen

nykyaan”

Ratikkavaikutukset2 “The tram routes work well | “Ratikan reitit sopivat mat-
for my trips” koilleni hyvin”

Liikkuminen6 ‘I can recommend Tam- | "Voisin suositella tuttavil-
pere public transport to my | leni Tampereen sisaisen
friends” joukkoliikenteen kaytt6a”

Liikkumisesteet13 ” Do you consider the fol- | "Koetteko seuraavat tekijat
lowing things as obstacles | esteiksi hyvinvointinne
for making trips important | kannalta tarkeiden matko-
to your wellbeing?: Insuffi- | jen tekemiselle?: Puutteel-
cient car parking opportu- | liset auton pysakadintimah-
nities” dollisuudet”

Liikkumisesteet6 ‘Do you consider the fol- | “Koetteko seuraavat tekijat
lowing things as obstacles | esteiksi hyvinvointinne
for making trips important | kannalta tarkeiden matko-
to your wellbeing?: Insuffi- | jen tekemiselle?: Puutteel-
cient public transport con- | liset joukkoliikenneyhtey-
nections” det”

Liikkumishelpotus11 "Would the following | “Helpottaisivatko seuraa-
changes make it easier to | vat muutokset liikkumis-
travel to destinations im- | tanne hyvinvoinnin kan-
portant for wellbeing: De- | nalta tarkeisiin kohteisiin:
creased costs of driving” Autoilun kustannusten pie-

neminen”

Liikkumishelpotus12 "Would the following | "Helpottaisivatko seuraa-

changes make it easier to
travel to destinations im-
porant for wellbeing: Better
car parking opportunities”

vat muutokset liikkkumis-
tanne hyvinvoinnin kan-
nalta tarkeisiin kohteisiin:
Auton pysakointimahdolli-
suuksien lisdaminen”

Matkat_pyoréa

“Frequency of bike trips in-
side own residential area”

"Omien matkojen teko pol-
kupyoralla oman asuinseu-
dun sisallad”

Liikkuminen19 “l prefer cycling over driv- | "Suosin py6railya autoilun
ing to save money” sijasta saastddkseni ra-

haa”

Liikkuminen16 “| prefer walking over driv- | "Suosin kavelya autoilun
ing to save money” sijasta saastddkseni ra-

haa”

Liikkuminen18 “I prefer cycling over driv- | "Suosin pyorailya autoilun
ing because driving is | sijasta, koska autoilu on
more troublesome” vaivalloisempaa”

Ratikkavaikutukset1 “The tram has made trips | “Ratikka on helpottanut
easier” matkojeni tekemistd”

Ratikkavaikutukset25 "Travelling by tram is easy” | “Ratikalla matkustaminen

on helppoa”

Liikkumisesteet10 ‘Do you consider the fol- | “Koetteko seuraavat tekijat

lowing things as obstacles
for making trips important

esteiksi hyvinvointinne
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Identifier-code

English translation

Finnish original phrasing

to your wellbeing?: Insuffi-
cient public transport con-
nections”

kannalta tarkeiden matko-
jen tekemiselle?: Puutteel-
liset joukkoliikenneyhtey-
det”

Liikkumishelpotus16 "Would  the following | "Helpottaisivatko seuraa-
changes make it easier to | vat muutokset liikkumis-
travel to destinations im- | tanne hyvinvoinnin kan-
portant for wellbeing: Bet- | nalta tarkeisiin kohteisiin:
ter bicycle parking opportu- | Polkupy6éran  pysakdinti-
nities” mahdollisuuksien paranta-

minen”

Liikkumishelpotus14 “Would the following | "Helpottaisivatko seuraa-

changes make it easier to
travel to destinations im-
portant for wellbeing: Bet-
ter walking and cycling
paths”

vat muutokset liikkkumis-
tanne hyvinvoinnin kan-
nalta tarkeisiin kohteisiin:
Paremmat jalankulku- ja
pyoravaylat”

Matkat_bussi

“Frequency of bus trips in-
side own residential area”

"Omien matkojen teko bus-
silla oman asuinseudun si-
salla”

Liikkuminen13 ‘I prefer public transport | "Suosin  joukkoliikenteen
over driving to save | kayttda autoilun sijasta
money” saastadkseni rahaa”

Ratikkavaikutukset57 “I'm content that | live near | “Olen  tyytyvainen, etta
the tram route” asun lahella ratikkareittia”

Liikkumishelpotus2 "Would the following | "Helpottaisivatko seuraa-
changes make it easier to | vat muutokset liikkumis-
travel to destinations im- | tanne hyvinvoinnin kan-
portant for wellbeing: More | nalta tarkeisiin kohteisiin:
frequent public transport | Tihedmpi joukkoliikenteen
service” vuorovali”

Liikkumishelpotus1 “Would the  following | "Helpottaisivatko seuraa-
changes make it easier to | vat muutokset liikkkumis-
travel to destinations im- | tanne hyvinvoinnin kan-
portant for  wellbeing: | nalta tarkeisiin kohteisiin:
Cheaper public transport | Edullisemmat joukkoliiken-
prices” teen hinnat’

Liikkuminen12 “I prefer public transport | "Suosin  joukkoliikenteen
over driving to save | kayttéa autoilun sijasta
money” saastadkseni rahaa”

Ratikkavaikutukset7 ”| like visiting the city center | “Kéyn mieluummin keskus-
more after the tram than | tassa ratikan valmistumi-
before” sen jalkeen kuin ennen ra-

tikkaa”

Kyyditseminen “How often giving a ride for | "Kuinka usein itse kyydit-
a family member or rela- | see tai saattaa perheenja-
tive” senid tai sukulaisia”

Liikkumiskust “‘Average monthly cost of | “Keskimaarainen oman
personal trips” likkumisen kuukaus-

ikustannus”




Appendix B2: Results of the correlation analysis
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Ratikka-  Corr. 1.000 461 243 .303 -.126
vaikutukset51

Sig. <.001 <.001 <.001 .002

Com- Corr. 461 1.000 .249 .198 -.253
bined_env_views

Sig. <.001 <.001 <.001 <.001

Mat- Corr. 243 .249 1.000 .387 -.376
kat_ratikka

Sig. <.001 <.001 <.001 <.001

Ratikka-  Corr. .303 .198 .387 1.000 -.023
vaikutukset17

Sig. <.001 <.001 <.001 .568

Auto_kayt-  Corr. -.126 -.253 -.376 -.023 1.000
témahd

Sig. .002 <.001 <.001 .568

lka Corr. -.094 -.088 -.188 -.116 152

Sig. .018 .027 <.001 .004 <.001

Kotit_autot Corr. -.145 -.270 -.353 -.073 .807

Sig. <.001 <.001 <.001 .068 <.001

Pyora_kayt-  Corr. .058 223 -.005 .047 .136
témahd

Sig. .146 <.001 .898 .243 <.001

Matkamaara Corr. -.022 .048 .085 .017 .039

Sig. .583 .231 .034 .662 .324

Matkaaika Corr. .036 .081 101 -.047 -.018

Sig. .361 .043 .011 .241 .652

Kyyditsettav ~ Corr. -.018 -.028 .081 -.018 -.057
ana

Sig. .656 487 .042 .645 157

Kyyditsemi-  Corr. -.054 -.163 -.281 -.007 .537
nen

Sig. 176 <.001 <.001 .860 <.001

Liik- Corr. -.091 -.181 -.162 .000 479
kumiskust

Sig. .023 <.001 <.001 .996 <.001

Joukkolsuht1  Corr. 110 .223 197 -.150 -.257

Sig. .006 <.001 <.001 <.001 <.001

Joukkolsuht2  Corr. .368 .336 .542 .345 -.290

Sig. <.001 <.001 <.001 <.001 <.001

Hyvinv_auto  Corr. .241 .281 .350 .161 -.361

Sig. <.001 <.001 <.001 <.001 <.001

Hyvinv_jouk-  Corr. -.023 .068 =117 -.019 .040
kol

Sig. .561 .088 .003 .643 .323

Mat-  Corr. .088 .195 .085 .080 -.089
kat_kavely

Sig. .028 <.001 .033 .045 .026

Mat-  Corr. .045 .260 -.021 -.019 .059
kat_pyora

Sig. .263 <.001 597 .631 142
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Matkat_pot-  Corr. -.016 -.065 101 113 .012
kulauta

Sig. .697 .102 .011 .004 757

Matkat_auto-  Corr. -.148 -.284 -.314 -.042 707
kulj

Sig. <.001 <.001 <.001 .288 <.001

Matkat_au- Corr. -.074 -.067 .055 -.044 175
tomatkj

Sig. .063 .093 167 271 <.001

Matkat_bussi  Corr. .032 .136 .393 .008 -.344

Sig. 420 <.001 <.001 .837 <.001

Matkat_taksi  Corr. -.005 -.041 .011 -.056 .047

Sig. 910 .306 787 162 .235

Liikkuminen1  Corr. 125 113 -.048 .005 191

Sig. .002 .005 .233 .900 <.001

Liikkuminen2  Corr. -.038 -.021 .080 .036 -.219

Sig. .344 .592 .045 .362 <.001

Liikkuminen3  Corr. -.043 -.120 -.093 .023 .035

Sig. .280 .003 .019 .569 377

Liikkuminen4  Corr. -.060 -.089 -.165 -.023 .251

Sig. 134 .026 <.001 .561 <.001

Liikkuminen5  Corr. -.027 -.036 -.078 -.054 214

Sig. .505 371 .051 175 <.001

Liikkuminen6é  Corr. 372 .297 .289 .237 -.147

Sig. <.001 <.001 <.001 <.001 <.001

Liikkuminen7  Corr. .022 .059 .074 111 .010

Sig. .580 141 .063 .005 .798

Liikkuminen8  Corr. 1130 .153 .005 .070 -.056

Sig. .001 <.001 .908 .078 .163

Liikkuminen9  Corr. -.016 144 .105 .064 -.068

Sig. .694 <.001 .008 .108 .088

Liikku-  Corr. .085 .261 -.062 -.027 -.037
minen10

Sig. .032 <.001 119 .506 .357

Liikku-  Corr. .076 .363 -.034 .020 .039
minen11

Sig. .056 <.001 .396 .622 325

Liikku-  Corr. .248 444 .310 .244 -.257
minen12

Sig. <.001 <.001 <.001 <.001 <.001

Liikku-  Corr. .270 460 .380 .258 -.401
minen13

Sig. <.001 <.001 <.001 <.001 <.001

Liikku-  Corr. 482 .849 .340 .235 -.288
minen14

Sig. <.001 <.001 <.001 <.001 <.001

Liikku-  Corr. 219 442 .165 129 -.245
minen15

Sig. <.001 <.001 <.001 .001 <.001

Liikku-  Corr. .235 .563 .193 167 -.348
minen16

Sig. <.001 <.001 <.001 <.001 <.001
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Liikku-  Corr. 429 .908 187 179 -.210
minen17

Sig. <.001 <.001 <.001 <.001 <.001

Liikku-  Corr. .165 .528 115 A1 -179
minen18

Sig. <.001 <.001 .004 .005 <.001

Liikku-  Corr. .246 .628 .148 .102 -.261
minen19

Sig. <.001 <.001 <.001 .011 <.001

Liikku-  Corr. .329 .874 .148 115 -.189
minen20

Sig. <.001 <.001 <.001 .004 <.001

Ratikka-  Corr. 374 311 AT7 .596 =217
vaikutukset1

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. .318 .282 .356 427 -.186
vaikutukset2

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. -172 -.202 -.122 -.203 .061
vaikutukset3

Sig. <.001 <.001 .002 <.001 129

Ratikka- Corr. -112 -.194 -.107 -.043 143
vaikutukset4

Sig. .005 <.001 .007 .286 <.001

Ratikka-  Corr. 327 .229 .360 537 -.114
vaikutukset5

Sig. <.001 <.001 <.001 <.001 .004

Ratikka-  Corr. 279 .278 415 512 -.129
vaikutukset6

Sig. <.001 <.001 <.001 <.001 .001

Ratikka-  Corr. .287 214 .343 .621 -.098
vaikutukset7

Sig. <.001 <.001 <.001 <.001 .014

Ratikka-  Corr. -.347 -.218 -.289 -.313 144
vaikutukset8

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. 277 .209 .246 .218 -.104
vaikutukset9

Sig. <.001 <.001 <.001 <.001 .009

Ratikka-  Corr. .340 247 .320 514 -.142
vaikutukset10

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. -.249 -.133 -121 -.223 .082
vaikutukset11

Sig. <.001 <.001 .002 <.001 .040

Ratikka-  Corr. .289 252 212 .278 -.150
vaikutukset12

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. -.185 -.102 -.092 .002 .047
vaikutukset13

Sig. <.001 .011 .021 .968 237

Ratikka-  Corr. .209 143 .136 134 -.091
vaikutukset14

Sig. <.001 <.001 <.001 <.001 .023

Ratikka-  Corr. 104 .058 .015 .100 .035
vaikutukset15

Sig. .009 .145 711 .012 379

Ratikka-  Corr. .281 187 .180 .270 -.030
vaikutukset16

Sig. <.001 <.001 <.001 <.001 457
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Ratikka-  Corr. 329 227 .334 .554 -.061
vaikutukset18

Sig. <.001 <.001 <.001 <.001 125

Ratikka-  Corr. -.361 -.269 -.228 -.266 .044
vaikutukset19

Sig. <.001 <.001 <.001 <.001 .268

Ratikka-  Corr. -.337 -.259 -.252 -.193 .166
vaikutukset20

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. .235 .228 242 .509 .008
vaikutukset21

Sig. <.001 <.001 <.001 <.001 .840

Ratikka-  Corr. .227 .352 .301 .248 -.395
vaikutukset22

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. .037 .087 .196 213 -.125
vaikutukset23

Sig. .359 .029 <.001 <.001 .002

Ratikka-  Corr. .004 .004 .203 157 =177
vaikutukset24

Sig. .920 912 <.001 <.001 <.001

Ratikka-  Corr. .354 .264 331 400 -.148
vaikutukset25

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. 234 115 .193 257 -.067
vaikutukset26

Sig. <.001 .004 <.001 <.001 .093

Ratikka-  Corr. .352 .195 .186 .339 -.055
vaikutukset27

Sig. <.001 <.001 <.001 <.001 .166

Ratikka-  Corr. .291 .164 .130 234 -.052
vaikutukset28

Sig. <.001 <.001 .001 <.001 .189

Ratikka-  Corr. 322 .148 .139 .276 -.049
vaikutukset29

Sig. <.001 <.001 <.001 <.001 224

Ratikka-  Corr. .292 197 274 .242 -.121
vaikutukset30

Sig. <.001 <.001 <.001 <.001 .002

Ratikka-  Corr. .298 1181 .235 .228 -.094
vaikutukset31

Sig. <.001 <.001 <.001 <.001 .019

Ratikka-  Corr. 114 .061 -.068 .095 .061
vaikutukset32

Sig. .004 125 .089 .018 .128

Ratikka-  Corr. 377 .195 .160 333 -.059
vaikutukset33

Sig. <.001 <.001 <.001 <.001 .138

Ratikka-  Corr. 319 .139 179 .354 -.077
vaikutukset34

Sig. <.001 <.001 <.001 <.001 .054

Ratikka-  Corr. .395 227 .263 492 -.044
vaikutukset35

Sig. <.001 <.001 <.001 <.001 .270

Ratikka-  Corr. .306 .185 .243 .343 -.060
vaikutukset36

Sig. <.001 <.001 <.001 <.001 135

Ratikka-  Corr. 274 112 175 .380 .005
vaikutukset37

Sig. <.001 .005 <.001 <.001 .910
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Ratikka-  Corr. -.094 .038 .260 .009 -.166
vaikutukset38

Sig. .018 .344 <.001 .832 <.001

Ratikka-  Corr. =111 .064 .169 .003 -.114
vaikutukset39

Sig. .005 A1 <.001 937 .004

Ratikka-  Corr. -.133 -.089 .003 .006 A17
vaikutukset40

Sig. <.001 .026 .949 .875 .003

Ratikka-  Corr. -.078 .021 .143 .060 -.053
vaikutukset41

Sig. .050 592 <.001 136 .183

Ratikka-  Corr. -.295 -.149 -.152 -.245 .052
vaikutukset42

Sig. <.001 <.001 <.001 <.001 192

Ratikka-  Corr. .381 234 .196 .260 -.020
vaikutukset43

Sig. <.001 <.001 <.001 <.001 614

Ratikka-  Corr. -.189 -127 -.089 -.182 -.026
vaikutukset44

Sig. <.001 .001 .026 <.001 517

Ratikka- Corr. .266 .182 .166 1199 -.040
vaikutukset45

Sig. <.001 <.001 <.001 <.001 .319

Ratikka-  Corr. .232 114 .146 223 -.065
vaikutukset46

Sig. <.001 .004 <.001 <.001 .103

Ratikka-  Corr. .299 .194 242 .227 -.129
vaikutukset47

Sig. <.001 <.001 <.001 <.001 .001

Ratikka-  Corr. 277 242 .140 154 -.062
vaikutukset48

Sig. <.001 <.001 <.001 <.001 123

Ratikka-  Corr. .378 .196 .244 273 -.130
vaikutukset49

Sig. <.001 <.001 <.001 <.001 .001

Ratikka-  Corr. -.359 -.089 -.133 -.300 .008
vaikutukset50

Sig. <.001 .026 <.001 <.001 .834

Ratikka-  Corr. 471 .294 .269 439 -.059
vaikutukset52

Sig. <.001 <.001 <.001 <.001 .140

Ratikka-  Corr. 494 .261 .258 421 -.102
vaikutukset53

Sig. <.001 <.001 <.001 <.001 .011

Ratikka- Corr. 475 .255 224 .367 -.055
vaikutukset54

Sig. <.001 <.001 <.001 <.001 .165

Ratikka-  Corr. 374 .231 211 458 -.071
vaikutukset55

Sig. <.001 <.001 <.001 <.001 .075

Ratikka-  Corr. -.382 -.362 -.182 -.238 .075
vaikutukset56

Sig. <.001 <.001 <.001 <.001 .062

Ratikka-  Corr. 421 313 422 487 =177
vaikutukset57

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. 428 292 442 .562 -.226
vaikutukset58

Sig. <.001 <.001 <.001 <.001 <.001
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Ratikka-  Corr. .498 .276 .356 471 -.157
vaikutukset59

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. 478 244 .321 414 -.143
vaikutukset60

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. -.209 -.032 -.126 -.083 .052
vaikutukset61

Sig. <.001 419 .002 .038 194

Ratikka-  Corr. -174 -.072 -.114 -.118 .038
vaikutukset62

Sig. <.001 .069 .004 .003 .348

Ratikka-  Corr. .323 .245 .354 .376 -174
vaikutukset63

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. .285 .196 .150 .233 -.102
vaikutukset64

Sig. <.001 <.001 <.001 <.001 .010

Ratikka-  Corr. .340 247 .343 .542 -.135
vaikutukset65

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. .282 197 .248 467 -.080
vaikutukset66

Sig. <.001 <.001 <.001 <.001 .045

Ratikka-  Corr. .349 .284 .351 .548 -.134
vaikutukset67

Sig. <.001 <.001 <.001 <.001 <.001

Ratikka-  Corr. .309 .233 .243 459 -.100
vaikutukset68

Sig. <.001 <.001 <.001 <.001 .013

Ratikka-  Corr. .336 .155 .039 .202 .012
vaikutukset69

Sig. <.001 <.001 .333 <.001 .764

Ratikka-  Corr. .323 170 A77 .230 -.059
vaikutukset70

Sig. <.001 <.001 <.001 <.001 143

Ratikka-  Corr. .361 .164 .079 .230 -.036
vaikutukset71

Sig. <.001 <.001 .049 <.001 372

Ratikka-  Corr. 125 1133 .076 .082 -.062
vaikutukset72

Sig. .002 <.001 .056 .040 122

Ratikka-  Corr. 1130 .154 .083 .063 -.065
vaikutukset73

Sig. .001 <.001 .038 113 .105

Ratikka-  Corr. .309 .165 .236 .363 -.113
vaikutukset74

Sig. <.001 <.001 <.001 <.001 .004

Ratikka-  Corr. .248 .151 .223 .239 -.105
vaikutukset75

Sig. <.001 <.001 <.001 <.001 .008

Ratikka-  Corr. .233 120 .169 .287 -.060
vaikutukset76

Sig. <.001 .003 <.001 <.001 135

Ratikka-  Corr. .298 1131 .166 372 -.056
vaikutukset77

Sig. <.001 .001 <.001 <.001 .164

Liikkumises-  Corr. -.074 .036 113 .027 -.109
teet1

Sig. .065 .370 .005 .501 .007
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Liikkumises-  Corr. -.144 -.110 -.045 -.094 -.065
teet2

Sig. <.001 .006 .267 .020 .106

Liikkumises-  Corr. -.126 -.060 -.008 -.068 .033
teet3

Sig. .002 132 .848 .091 413

Liikkumises-  Corr. -.142 =111 -.084 -.056 .065
teet4

Sig. <.001 .008 .043 .180 120

Liikkumises-  Corr. -.162 -.096 -.023 -.003 -.095
teetb

Sig. <.001 .025 .589 .946 .025

Liikkumises-  Corr. -.231 -.159 -.059 -.119 .003
teet6

Sig. <.001 <.001 146 .003 .945

Liikkumises-  Corr. -.206 -.114 -.089 -.071 -.010
teet7

Sig. <.001 .004 .027 .076 .802

Liikkumises-  Corr. -.085 -.033 -.035 .008 .031
teet8

Sig. .049 445 417 .849 AT72

Liikkumises-  Corr. -.120 -.059 -.051 .044 .062
teet9

Sig. .006 A77 .241 313 .155

Liikkumises-  Corr. -.163 -.232 -.046 .004 -.004
teet10

Sig. .002 <.001 .382 .935 .946

Liikkumises-  Corr. -.136 -.146 -.046 .042 .088
teet11

Sig. .029 .018 457 497 .155

Liikkumises-  Corr. -.099 -.063 -.001 -.018 .012
teet12

Sig. .016 126 972 .659 775

Liikkumises-  Corr. -.271 -.275 -.193 -.129 .307
teet13

Sig. <.001 <.001 <.001 .003 <.001

Liikkumises-  Corr. -.066 .044 -.010 .014 .032
teet14

Sig. 107 275 .811 732 426

Liikkumises-  Corr. -.037 .110 .005 .056 .079
teet15

Sig. .388 .010 .909 187 .064

Es- Corr. -.121 -.119 .092 -.072 -122
tevaikutukset1

Sig. .013 .014 .058 141 .012

Es- Corr. -.074 -.103 -.005 -.030 -.004
tevaikutukset2

Sig. 115 .027 .909 .521 .938

Es- Corr. -.185 -.060 -.092 -.098 .078
tevaikutukset3

Sig. .007 .381 .180 154 .257

Es- Corr. -115 -.109 -.138 -.103 .025
tevaikutukset4

Sig. .005 .008 <.001 .011 .539

Es- Corr. -.135 -.125 -.088 -.115 .011
tevaikutukset5

Sig. <.001 .002 .029 .005 .793

Es- Corr. -127 -.070 -.130 -.113 -.020
tevaikutukset6

Sig. .002 .092 .002 .006 .633
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka

Es- Corr. -.129 -.106 -.161 -.071 .015
tevaikutukset7

Sig. .001 .009 <.001 .082 714

Es- Corr. -.089 -.096 -.101 -.058 -.013
tevaikutukset8

Sig. .030 .019 .014 .158 .753

Es- Corr. -.139 -.074 -.020 -.048 -.082
tevaikutukset9

Sig. <.001 .068 .625 .239 .045

Es- Corr. -.130 -.097 -.018 -.057 -.081
tevaikutukset10

Sig. .002 .019 .670 174 .051

Es- Corr. -.164 -.110 -121 -.083 -.052
tevaikutukset11

Sig. <.001 .007 .003 .042 .204

Es- Corr. -.034 .010 114 .009 -.241
tevaikutukset12

Sig. 438 .815 .010 .839 <.001

Liikkumishel-  Corr. .050 .099 211 .166 -.200
potus1

Sig. .206 .013 <.001 <.001 <.001

Liikkumishel-  Corr. .038 .058 .257 .169 -.130
potus2

Sig. 342 143 <.001 <.001 .001

Liikkumishel-  Corr. -.058 .021 .184 .068 -.100
potus3

Sig. 144 .595 <.001 .087 .012

Liikkumishel-  Corr. -.024 -.043 .097 .028 -.109
potus4

Sig. .543 .281 .015 489 .006

Liikkumishel-  Corr. -.081 -.050 .042 .055 -.066
potus5

Sig. .042 211 .289 .168 .096

Liikkumishel-  Corr. -.050 -.019 .068 .064 -.078
potus6

Sig. 210 .640 .087 107 .049

Liikkumishel-  Corr. -.057 .007 .068 .068 -.070
potus7

Sig. .154 .859 .090 .090 .079

Liikkumishel-  Corr. -.042 .045 .079 .081 -.035
potus8

Sig. 294 .260 .046 .042 .376

Liikkumishel-  Corr. -.035 -.039 -.020 .025 -.063
potus9

Sig. .385 331 .615 .525 112

Liikkumishel-  Corr. -.059 -.054 .009 .066 -.038
potus10

Sig. 142 174 .818 .098 .344

Liikkumishel-  Corr. -.208 -.286 -.190 .014 371
potus11

Sig. <.001 <.001 <.001 734 <.001

Liikkumishel-  Corr. -.207 -.264 -.154 -.012 377
potus12

Sig. <.001 <.001 <.001 .755 <.001

Liikkumishel-  Corr. -.110 -.116 -.002 .048 .094
potus13

Sig. .006 .004 .959 232 .018

Liikkumishel-  Corr. 114 .230 .049 .138 -.064
potus14

Sig. .004 <.001 221 <.001 A1
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Survey item Ratikka- Combined Mat- Ratikka- Auto
vaikutukset51 env_views kat vaikutukset17  kayttomahd
ratikka
Liikkumishel-  Corr. .087 134 .168 A77 -.123
potus15
Sig. .028 <.001 <.001 <.001 .002
Liikkumishel- ~ Corr. .108 .265 .043 .148 -.033
potus16

Sig. .007 <.001 .286 <.001 412

Hyvinvointi1 ~ Corr. .200 73 .027 .148 .039
Sig. <.001 <.001 .505 <.001 327

Hyvinvointi2  Corr. 214 .165 .019 119 .058
Sig. <.001 <.001 .640 .003 143

Hyvinvointi3  Corr. 197 116 -.019 .086 .060
Sig. <.001 .004 .640 .030 .136

Hyvinvointi4  Corr. .168 .081 .057 126 .030
Sig. <.001 .043 151 .002 450

Hyvinvointi5  Corr. .092 .047 .030 .050 .026
Sig. .021 244 457 211 .508

Hyvinvointi6  Corr. .074 .040 -.021 .062 .045
Sig. .062 314 .596 123 .264

Hyvinvointi7  Corr. .028 176 .067 .055 -.054
Sig. 481 <.001 .092 .169 176

Hyvinvointi8  Corr. .020 170 .042 .065 -.026
Sig. .621 <.001 .289 .103 517




APPENDIX C

Survey items used in the PCA (3)
The following table includes all survey items used in the PCA analysis.
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Identifier-code

English translation

Finnish original phrasing

Liikkuminen1 “l can make all trips im- | "Pystyn tekemaan Kkaikki
portant to my wellbeing” hyvinvointini kannalta tar-

keat matkat”

Liikkuminen2 “‘My wellbeing would in- | "Hyvinvointini  lisaantyisi,
crease, if | could make | jos pystyisin tekemaan
more trips enemman matkoja”

Liikkuminen3 “l pay all my personal mo- | "Maksan kaikki omaan liik-
bility costs on my own” kumiseeni liittyvat kustan-

nukset itse”

Liikkuminen4 “I pay my mobility costs for | “Maksan puolisoni, van-
my partner, parents or | hempieni tai taysi-ikaisten
adult children” lasteni liikkumiskustannuk-

sia”

Liikkuminen5 “l could afford a public | “Minulla olisi tarvittaessa
transport seasonal ticket” | varaa ostaa saanndllisesti

joukkoliikenteen kausi-
lippu”

Liikkuminen6 ‘I can recommend Tam- | "Voisin suositella tuttavil-
pere public transport to my | leni Tampereen sisadisen
friends” joukkoliikenteen kaytt6a”

Liikkuminen7 “l often work or study re- | "Teen usein etatditad tai
motely to avoid travelling” | opiskelen etana valttaak-

seni matkustamista”

Liikkuminen8 “l often visit multiple loca- | "JKédyn usein saman mat-
tions on the same trips to | kan aikana useissa eri koh-
avoid unnecessary travel- | teissa valttddkseni ylimaa-
ling” raistd matkustamista”

Liikkuminen9 “l often combine cycling | "Yhdistdn usein polku-
and public transport trips” | pyora- ja joukkoliikenne-

matkoja toisiinsa”

Liikkuminen10 “I prefer walking over pub- | "Suosin kavelya joukkolii-
lic transport due to health | kenteen sijasta liikkumisen
benefits” terveyshyoddyn vuoksi”

Liikkuminen11 “I prefer cycling over public | "Suosin pyorailya joukkolii-
transport due to health | kenteen sijasta liikkumisen
benefits” terveyshyddyn vuoksi”

Liikkuminen12 ‘I prefer public transport | "Suosin  joukkoliikenteen
over driving because driv- | kdyttdéa autoilun sijasta,
ing is more troublesome” koska autoilu on vaivalloi-

sempaa”

Liikkuminen13 ‘I prefer public transport | "Suosin  joukkoliikenteen

over driving to save
money”

kayttéa autoilun
saastaakseni rahaa”

sijasta
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Identifier-code

English translation

Finnish original phrasing

Liikkuminen14 ‘| prefer public transport | "Suosin  joukkoliikenteen
over driving for environ- | kayttda autoilun sijasta,
mental reasons” koska se on ymparistdys-

tavallisempi vaihtoehto”

Liikkuminen15 “l prefer walking over driv- | "Suosin kavelya autoilun
ing because driving is | sijasta, koska autoilu on
more troublesome” vaivalloisempaa”

Liikkuminen16 “| prefer walking over driv- | "Suosin kavelya autoilun
ing to save money” sijasta saastddkseni ra-

haa”

Liikkuminen17 “| prefer walking over driv- | "Suosin kavelya autoilun
ing due to environmental | sijasta, koska se on ympa-
reasons” ristoystavallisempi vaihto-

ehto”

Liikkuminen18 “| prefer cycling over driv- | "Suosin pyoérailya autoilun
ing because driving is | sijasta, koska autoilu on
more troublesome” vaivalloisempaa”

Liikkuminen19 “| prefer cycling over driv- | "Suosin pyoérailya autoilun
ing to save money” sijasta saastaakseni ra-

haa”

Liikkuminen20 “l prefer cycling over driv- | "Suosin py6railya autoilun

ing due to environmental
reasons”

sijasta, koska se on ympa-
ristdystavallisempi vaihto-
ehto”




