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Pedestrians’ Experience in Urban Street Environments
Exploring Barrier E [edts of Central Streets in Gothenburg City
ANNIE LINDFORS LJUHS & FRIDA LYSO

Department of Architecture and Civil Engineering

Chalmers University of Technology

Abstract

While barrier e [edts are commonly studied on large infrastructure elements through
street network analysis, perceptions of barrier e[edts occurring from central city
streets are rarely explored. Therefore, this master’s thesis adopts a methodology
based on a case study, where three central, busy streets in Gothenburg city are un-
der examination to understand the perception of barrier e [edts occurring from these
city streets. Since volume of motorised tra [c'13 a commonly used factor indicating
barrier e [edts the case streets were primarily selected based on high and similar traf-
fic flows. Furthermore, the underlying premise of this study is that if the experience
of barrier eledts dilerk between the streets, additional factors, other than tra [c 1
flow, may influence the perception of these barriers. The experiences of a selection
of barrier e [edts and various attributes in the streetscape categorised as 'Transport
features and crossing facilities’ and ’Environmental features’, were collected through
a survey. The survey was administrated through a survey tool integrated with GIS,
known as Public Participatory Geographic Information System (PPGIS), which fa-
cilitated data collection of geographic and non-geographic information. Associations
between the barrier e [edts and attributes were examined mainly through binomial
regression analyses to understand what features influence the perception of barrier
e[edts. In addition, qualitative data such as spatial data and free-text answers were
collected. For this data, methods of thematic analysis and spatial analysis were
employed to enhance the depth of the study. Additionally, the impact of age and
gender were analysed. The main outcome of this thesis is that barrier e [edts are ex-
perienced on central city streets. The results also indicate that vehicular speed, the
distance between crossing facilities, the presence of obstacles, and pavement width
are key factors influencing the perception of barrier e [edts. Regarding the impact
of demographics, no conclusions could be drawn regarding age. Additionally, the
regression analysis models did not show a significant dilerknce between genders,
contradicting previous assumptions in the literature about gender di Lerkences.

Keywords: barrier e [edts, pedestrian experience, city streets, perception, transport
infrastructure, walking environment, impact of streetscape features, binomial logistic
regression analysis, PPGIS
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1

Introduction

Motorways, roads, and railway lines are common features of transport infrastruc-
ture, built to facilitate e cient mobility between neighbourhoods, cities, regions,
and countries. However, transport infrastructure may create barrier e ects on a
local scale, not only impeding accessibility and mobility but also the use of streets
as a social space and have an impact on citizens' life quality, health, and well-being
[Anciaes et al., 2015, Geurs et al., 2009, Handy et al., 2002]. So called barrier e ects
have gained attention in social and political contexts since the 1960s [Anciaes et al.,
2015, James et al., 2005]. This increased relevance has grown alongside both the
rapid growth of car tra c in cities [van Eldijk and Gil, 2020], but also due to a
greater concern about how various demographic groups are a ected di erently by
barriers and their e ects [Anciaes et al., 2015]. Furthermore, as urban populations
grow, there is an increasing demand for e cient urban development and sustain-
able, a ordable transportation options for all citizens. In this context, promoting
and facilitating walkability in cities could play an important role.

While railways and motorways through cities are the most dramatic examples of
transport barriers, motorised tra ¢ also has occupied the residential city streets
and neighbourhoods [Appleyard, 1972]. Already in 1972, Appleyard demonstrated
in a highly cited study that residents in streets with heavier tra ¢ volumes had
fewer social connections than in light-tra c streets. Moreover, motorised tra ¢ im-
pacts noise and air pollution, risking issues regarding health and well-being [Handy
et al., 2002]. In contrast, designing cities that promote active travel, such as walking
and cycling, supports healthier, more vibrant, and livable communities. While it is
evident that the built environment, including factors such as environmental design,
land use patterns, and transportation systems, in uences walking and cycling, the
interrelationship is less clear. Simultaneously, there is relatively little knowledge
about barrier e ects on pedestrians and their strategies to overcome them [Anciaes
and Jones, 2016].

The most commonly used indicator for assessing barrier e ects is tra c volume
[Appleyard, 1972, van Eldijk et al., 2022]. Other typical parameters include traf-
c speed, heavy vehicle composition, the distance between crossing facilities, and
number of vehicular lanes [Rabjerg and Engell Narby, 2013, van Eldijk et al., 2022].
Additionally, geospatial measurements, such as network indicators providing infor-
mation about detours and barriers positioning towards destinations, are also used
[van Eldijk et al., 2022]. While these measures are commonly applied for measuring
the physical transport environment, studies of users' perceptions of barrier e ects

1



1. Introduction

are less common. Moreover, the impact of environmental features, including factors
such as pavement characteristics, presence of greenery, and social activity, on the ex-
perience of barrier e ects, is rarely studied [Basu et al., 2022, Fonseca et al., 2022].
To address this gap, more research on perceptions of barrier e ects is called for.
This could include qualitative research on citizens' perceptions in order to gain a
deeper understanding of the phenomena. Most existing studies focus on the barrier
e ects of large infrastructure elements. While barrier e ects of busy city streets
characterised by streets with high vehicular tra ¢ volume cutting through densely
populated and central parts of a city with a considerable presence of pedestrians
remain unexplored. This thesis therefore aims to examine busy city streets to
understand the barrier e ects of motorised tra c and its' infrastructure elements
and how it a ects walkability in cities. Additionally, the thesis explores the impact
of transport and environmental features on the perception of barrier e ects.

1.1 Aim and research questions

This thesis aims to contribute to the understanding of pedestrians' experience of
barrier e ects of busy streets in cities. Since tra ¢ volume is commonly used as an
indicator when assessing barrier e ects, it is a central starting point of this project.
If the experience of barrier e ects solely depends on this indicator, streets with
similar tra ¢ volume would generate the same barrier e ect. Therefore the thesis
investigates the role of other factors in the streetscape, including environmental fea-
tures, transport features, and crossing facilities, and how they in uence pedestrians'
experience of barrier e ects. Such features examined are the presence of trees, aes-
thetic attributes, the distance between crossing facilities, and the speed of vehicular
tra c. Additionally, the thesis examines how these perceptions vary across di er-
ent demographic groups. To achieve the aim, the thesis will address the following
guestions:

How do pedestrians experience the barrier e ects of busy streets in central
parts of Gothenburg?
Which features within the streetscape impact the experience of barrier e ects?
What is the impact of transport features and crossing facilities?
What is the impact of environmental features?
How do these experiences vary between age and gender?

A

1.2 Scope

The thesis aims to analyse barrier e ects from transport infrastructure in busy cen-
tral streets. How barrier e ects from transport infrastructure a ect cyclists has
been excluded from this project along with how barrier e ects from cyclists a ect
pedestrians. While biking and walking are frequently studied in combination, this
thesis focuses primarily on pedestrian mobility. Its widespread use and substantial
in uence on individuals' daily lives make it a compelling mode of transport to ex-
plore. Cyclists' experiences of barrier e ects are intentionally excluded due to the

2



1. Introduction

signi cant disparities between biking and walking, including factors such as velocity,
stopping e ort, and travel time. Nevertheless, the topic of biking is partly addressed

in the theory chapter. Furthermore, how barrier e ects a ect motorised vehicles has
not been considered in this project. In the analysis of the impact of the environmen-
tal features on pedestrians' experience of barrier e ects, the thesis focuses solely on
the features surrounding the speci c street. Environmental features of di erent sur-
rounding streets in the neighbourhood were not considered. Similarly, the transport
features included in the analysis are limited to the particular street studied.



1. Introduction




2

Theoretical background

This section provides an overview of the theoretical background and key concepts for
understanding this thesis. Initially, the phenomenon of barrier e ects is described,
covering terminology, a conceptual model, methods for e ect estimation, and its
societal signi cance. Following that, incentives for walking are explored, examining
factors within the street network, streetscape, and demographic considerations that
may impact active travel. Lastly, some theoretical background concerning how to
measure perception is briey described. Throughout the thesis, this theoretical
background serves as a guiding framework for informing the project's decisions,
assumptions, and interpretations.

2.1 Barrier e ects

The presence of transport infrastructure can create barriers in urban areas, resulting
in separation of areas and decreased local accessibility for pedestrians and cyclists
[van Eldijk et al., 2022]. Depending on the features of road infrastructure, it can
result in detours, reduce accessibility, or decrease social connectedness to various
degrees. Barrier e ects emerging from transport infrastructure can be physical or
psychological [Anciaes et al., 2015]. Physical barrier e ects occur due to features hin-
dering the movement across a barrier, whereas a psychological barrier arises from
transport features whose presence discourages people from crossing or travelling
along a barrier [Anciaes and Jones, 2016]. Psychological barriers create an e ect
without forming a physical barrier, e.g., fear of tra c hazards. Physical barrier

e ects can occur from two categories, due to static or dynamic transport features
[van Eldijk et al., 2022]. Static transport features consist of elements in the built
environment, preventing a crossing movement e.g., fences, railings, road width, and
noise screens. Whereas a dynamic barrier e ect can arise both when travelling across
and along a barrier due to, e.g., trac ow, vehicular speed, tra c direction, and
proportion of heavy vehicles.

The city of Gothenburg is characterized by the presence of a multitude of transport-
related barriers [Goteborgs Stad, 2013]. The car tra c that crosses the city con-
tributes to reduced accessibility, neighbourhood segregation, and decreased social
connectedness. Streets with prioritized car tra ¢ undermine the creation of vibrant
urban environments and result in insu cient urban space utilization. Notable bar-
riers within Gothenburg that pass through densely populated and central parts of
the city include the motorways E6, E20, and E45, but also smaller roads are men-

5



2. Theoretical background

tioned as Parkgatan, Nya Allén and Skanegatan. Additionally, a signi cant volume

of public transportation and bicycles are also perceived as barriers within the city
[Goteborgs Stad, 2014]. Other mentioned barriers include the river Géta alv, a
railway called Hamnbanan, and a tra ¢ route known as Dag Hammarskjoldsleden

[Goteborgs Stad, 2013, 2014].

'‘Barrier e ects' are only one of many terms used for describing the e ects of trans-
port infrastructure and motorized tra ¢ [Anciaes et al., 2016]. Commonly used
variants of the phenomena are e.g., community severance and social severance. The
di erences in terminology re ect how di erent disciplines, researching within the
subject, are not collaborating. This might explain why so few actions have been
developed to address the issue. The di erent disciplines include e.g., urban studies,
public health, economics, and geography, but the issue also concerns many stake-
holders, such as practitioners in di erent elds, road users, and local communities,
with various understandings of the issue. According to Anciaes et al. [2016], re-
searchers and practitioners are generally working separately, trying to create policy
solutions, which simultaneously hinders the process of developing an assessment of
the issue.

2.1.1 Emergence of barrier e ects: a conceptual model

In a literature review by van Eldijk et al. [2022], a conceptual model to describe
the issue of barrier e ects of transport infrastructure is de ned. The model, pre-
sented in Figure 2.1, illustrates factors determining the size of a barrier, outcomes
of barrier e ects, and the interplay within the phenomenon. Factors determining
the occurrence of barrier e ects consist of ve determinants:Transport features
Crossing facilities and Street NetworkPeople's abilities People's needsand Land
use and are illustrated with mathematical expressions to understand the relations
between them. The rst determinant, transport features, refers to any element of
transportation infrastructure that a ects the movement or accessibility, such as a
road. The feature accounts for both static and dynamic properties, and how the
characteristics in uence the separation of the barrier, e.g., the ease or di culty of
crossing the barrier. Without a legitimate transport feature a ecting barrier ef-
fects, the separating value is zero and no barrier e ect can be detected. Moreover,
separation characteristics can be mitigated by the determinant crossing facilities.
This determinant includes bridges, tunnels, and pedestrian crossings and can ease
the crossing of the barrier and decrease its e ects. The impact of crossing facilities
depends on their location within the street network and the quality of the crossing
facility. However, depending on individual factors of the people that want to cross,
such as age or ability, the crossing facilities' usefulness could be a ected. If a user's
ability to cross a batrrier is limited, barrier e ects increase. Moreover, the deter-
minant of people's needs imposes the need to reach certain destinations, which is
related to the determinant of land use, describing where di erent destinations are
located compared to each other. Together, these two determinants decide the need
for crossing the barrier which is important to consider since a transport feature only
transfers into a barrier when it obstructs an individual's path to their destination.
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Importantly, changes in the environment and urban development change the deter-
minants, determining the barrier e ects of a dynamic process. Naturally, the built
environment is constantly in change, with both fast and slow changes currently go-
ing on [Handy et al., 2002]. For example, the use of a particular street could di er
between day and night, while the building exterior could change over decades.

Figure 2.1: Conceptual model illustrating the emergence of barrier e ects of trans-
port infrastructure, adapted from van Eldijk et al. [2022].

In addition to the determinants, three levels of barrier e ects are described in the
conceptual model presented in Figure 2.1, includinDirect e ects, Indirect e ects,
and Wider e ects [van Eldijk et al., 2022]. Direct e ects are what travellers expe-
rience due to a barrier, such as an additional e ort to cross or extra travel time.
Direct e ects are experienced but the sacri ce to cross e.g., in e ort or time, is still
accepted. Once the barrier e ect violates a citizen's level of acceptance it results
in a changed behaviour of the traveller and is de ned as an indirect e ect. The
behavioural changes can relate to travel frequency, route choice, destination, and
choice of travel mode. These changes in the travel behaviour of citizens can further
result in wider e ects, which are e ects continuing over a long time, impacting in-
dividuals, groups, and society at large. Wider e ects include social connectedness,
health and well-being, urban development, and economic activity. It can also con-
sequently concern an increased fear of crime due to a reduced number of passers-by
in the vicinity of the transport infrastructure.

Fundamentally, barrier e ects can generate feedback loops, implying both positive
and negative consequences brought back to the origin determinant [van Eldijk et al.,
2022]. One such example is if heavy tra ¢ encourages individuals to choose driving
instead of active modes of transportation. Consequently, this leads to increased
vehicular tra ¢, making even more people opt for driving, thereby intensifying the
barrier e ect. Another such feedback loop is where transportation barriers increase
fear of crime, resulting in avoidance of the area, consequently increasing the feeling
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of desolation, and making even more people avoid the area.

2.1.2 Estimating barrier e ects

Despite established correlations between large tra ¢ volumes and disadvantageous
consequences on pedestrian movement and street life, the understanding of how
barriers a ect pedestrian behaviour and network, as well as strategies to overcome
them, remains relatively limited [Anciaes and Jones, 2016]. Typical parameters to
assess barriers and their e ects include tra c volume, trac speed, heavy vehi-
cle composition, distance between crossing facilities, and number of vehicular lanes
[Rabjerg and Engell Narby, 2013]. However, a study assessing the relevance of these
parameters concludes that they provide an incomplete representation. Today, meth-
ods to assess barrier e ects are mostly represented by quantitative methods, such
as geospatial analysis and counting observations [van Eldijk et al., 2022]. These
types of methods are more compatible when measuring direct e ects, implying that
direct e ects have been conducted to a greater extent compared to indirect and
wider e ects. Within this framework, a variety of measurement approaches can be
conducted and analysed to comprehend barriers and their e ects. Geospatial indi-
cators, like distance between crossing facilities, can inform about the frequency of
con icts between various tra ¢ modes and thereby shaping perceptions of urban
streets [Anciaes et al., 2019]. Similarly, the ratio between network route distance
and straight-line distance provides valuable insights into the detours induced by
road barriers [van Eldijk et al., 2022]. Additionally, indicators such as between-
ness and centrality o er insights into the relative positioning of barriers towards
destinations and the surrounding network, thereby in uencing barrier signi cance
[Dhanani and Vaughan, 2016]. Although geospatial analysis, such as assessing dis-
tance to various destinations, can provide insights into pedestrian convenience, it
is essential to recognize that additional factors also in uence individuals' travel be-
haviour [Forkenbrock et al., 2001]. However, observations, site audits, and to a lesser
extent, surveys and interviews have been utilized to evaluate direct e ects, but their
application has been comparatively limited [van Eldijk et al., 2022]. Moreover, ac-
cording to Anciaes and Jones [2020], the ndings in studies related to direct e ects
measures are rarely utilized in practice. Additionally, in another article, the authors
highlight the scarcity of knowledge regarding barrier e ects on pedestrians and their
corresponding strategies to overcome them [Anciaes and Jones, 2018]. Also, Handy
et al. [2002], emphasizes the limited available data on walking behaviour, adding
complexity to research e orts. Hence, e orts should be made to develop more com-
prehensive datasets to facilitate thorough examinations within this eld.

Measuring indirect e ects requires a better understanding of the travellers' or po-

tential travellers' behaviour, which is important since some behavioural changes,

such as suppressed trips, cannot be observed directly [van Eldijk et al., 2022]. For
this purpose, combining commonly used quantitative methods, such as geospatial
analysis, with basis from surveys and interviews about citizens' behaviour and per-
ceptions of barriers becomes highly relevant when assessing barrier e ects. For
example, interviewees can tell about changes in frequency for certain visits or rout-
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ing of trips, while travel behaviour statistics can be used to assume suppressed trips.

Assessing wider e ects is generally a complex issue since it includes many factors
and is often changed stretching over a long time [van Eldijk et al., 2022]. Wider
e ects are also often related to other impacts, such as noise and pollution, and are
therefore hard to assess objectively and to draw conclusions from solely based on
the barrier and its e ects. Consequently, there is relatively little that has been ex-
amined within this area. Though, one such methodology is to analyse changes in
monetary value resulting from a barrier [Anciaes and Jones, 2020]. For example,
analysing housing prices in relation to the characteristics of roads or tra ¢ could
expose one such e ect. However, ndings from these types of studies pose challenges
in determining the in uencing factors, given the simultaneous presence of both air
and noise pollution as signi cant factors.

As previously mentioned, barrier e ects are a phenomenon including numerous scien-
ti ¢ disciplines and stakeholders, with various understandings of the issue [Anciaes
et al., 2016, van Eldijk and Lundberg, 2023]. For instance, mobility is not only
dependent on transport availability but also on environmental, psychological, and
social factors [Anciaes et al., 2016]. Moreover, the link between transportation and
public health is evident. However, despite this acknowledgement, there are rela-
tively few tools to identify and assess the problem. The scarcity of development
regarding actions on how to address barrier e ects is mostly due to how the di er-
ent disciplines, researching the subject, are not collaborating. In a study by Sallis
et al. [2006], the authors emphasize the need for contribution from other sciences
when prompting active travel in communities, e.g., measurements of physical activ-
ity, behaviour change models, and approaches to form concepts of environmental
elements. These inputs can bene cially be provided by other sciences such as archi-
tecture, transport planning, urban planning, and studies of leisure [Anciaes et al.,
2016]. Moreover, wider e ects have been studied in other elds, e.g., social sci-
ences, which also could be relevant for the transportation science eld [van Eldijk
et al., 2022]. This further highlights the potential bene ts of cross-disciplinary re-
search within the issue and a collaboration that presently is missing. Consequently,
most practitioners, such as land use planners and transport planners, do not have
adequate knowledge regarding the process of assessment, hindering the interaction
between them [van Eldijk and Lundberg, 2023].

2.1.3 Social impacts of barrier e ects

Various disciplines encompass the concept of barrier e ects, re ecting the numerous
social impacts. Foremost, active travel is hindered by barriers, resulting in impacts
on e.g., frequency of walking and cycling [van Eldijk et al., 2022]. Active modes
of transportation are known to mitigate physical inactivity [Mackett and Thoreau,
2015] and to promote health and well-being, which may be compromised in the
presence of motorized tra ¢ [Anciaes et al., 2019]. Moreover, motorized tra c con-
tributes to emissions and causalities, further compromising public health [Mackett
and Thoreau, 2015].
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Transport infrastructure and high tra ¢ volumes also impede social connectedness,
physically segregating urban areas and communities [Appleyard, 1972, Hart and
Parkhurst, 2011]. Especially, barriers may impact the social inclusion of people
with disabilities [Baobeid et al., 2021]. Further, social relationships play an evident
role in reducing mortality and in uencing overall health, often surpassing the impact

of traditional risk factors like smoking, high blood pressure, as well as insu cient
physical activity and obesity, [Holt-Lunstad et al., 2010]. Thus, understanding and
addressing the social impact of barrier e ects are important for promoting public
health and fostering inclusive communities.

Barriers a ect active travel, leading to reduced access to essential services and op-
portunities. This includes limitations on activities, employment, and recreation
[Crombie, 2002], as well as access to food and healthcare [Mackett and Thoreau,
2015]. In literature, barrier e ects are suggested to a ect genders di erently. In the
past women have typically had a di erent role in the household compared to men,
resulting in higher demand for local accessibility [van Eldijk and Gil, 2020]. Addi-
tionally, the di erences in car ownership between genders consequently generate an
inequality in access to the road network and the accessibility it provides. Generally,
accessibility to facilities and other necessities a ects societal inequality, particularly
for marginalized populations who already experience a greater extent of transport-
related externalizes, such as causalities and emissions [Mackett and Thoreau, 2015].
Further, barriers can segregate areas from each other, resulting in social segregation
[van Eldijk and Gil, 2020].

2.2 Incentives for walking

Individuals' level of physical activity, including walking, is in uenced by a combina-
tion of societal and personal factors [Transportation Research Board and Institute
of Medicine, 2005], in addition to factors in the urban environment [Handy et al.,
2002, Baobeid et al., 2021]. While some factors are relevant for the willingness to
walk, other factors in uence where and for what purpose the travel is taking place.
Although it is evident that the built environment in uences active travelling, the
interrelationship is less clear. Therefore, research delving into social and psycho-
logical factors is relevant for unravelling this connection. In urban planning, areas
are often designated as 'pedestrian-oriented’ when walking is a viable and attractive
mode of transportation to travel by [Handy et al., 2002]. These types of streets
typically meet speci c criteria encompassing both network and streetscape factors,
such as high connectivity and aesthetically pleasing features. How these factors,
in addition to demographics of individuals and social groups, in uence walking is
further presented in this section.

2.2.1 Network factors

The local street network is important for pedestrian movement, making walking con-
venient [Anciaes and Jones, 2016, Baobeid et al., 2021]. Handy et al. [2002] presents
di erent dimensions of the built environment and how they can be measured. The
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dimensions are based on the neighbourhood scale and are seen to often correlate
or interrelate with each other. The rst dimension is the density and intensity of
urban development, which is normally described as the amount of inhabitants, work
power, or buildings per unit of an area. Another dimension to measure is the mix
of land use, shaped by the spatial organization of housing, stores, o ces, parks,
etc. This dimension could de ne the closeness to di erent land uses within a given
area or the distance from one particular land use, e.g., a home, to another, e.g., a
store, which could impact travel behaviour. Moreover, the connectivity of the street
network can help describe the built environment by determining detours or route
choices from one point to another.

Barriers are often related to these parameters, risking e.g., detours, delays, and
perceived safety, for active travellers [Anciaes and Jones, 2016]. Further, it risks a
reduced walking frequency, since inconvenience and time consumption are shown to
be two important factors for not walking [Transportation Research Board and In-
stitute of Medicine, 2005]. For instance, in most travel mode choice formulas, travel
time is the most dominant indicator, including walking and waiting [Handy et al.,
2002]. Additionally, waiting is more costly when travelling by a non-vehicle than
travelling by a private car. Establishing walking distance between daily activities
as well as improving the local network will decrease car use and increase walking.
In many cases, the local network can be improved e.g., by interconnecting the local
network of streets, pavements, and paths. However, using active travel modes also
depends on the travel experience, including safety aspects, comfort, and aesthetics.

2.2.2 Streetscape factors

The local built environment is shown to in uence people's walking habits whether
for transportation, leisure, or exercise [Handy et al., 2002, Baobeid et al., 2021].
For example, route choice, which often is assumed to depend on the shortest or
fastest route, is also in uenced by the surrounding environment [Anciaes and Jones,
2016]. For instance, characteristics of the pavement, such as width, presence of steps,
or crossing facilities, are impacting factors [Anciaes and Jones, 2016, Wahl et al.,
2012b], as well as aesthetic attributes [Handy et al., 2002, Owen et al., 2004, Baobeid
et al.,, 2021]. Though studies of the impact of streetscape design have resulted in
varying outcomes, while most studies show the streetscapes' relevance, there are also
contradictory results [Fonseca et al., 2022]. Moreover, extensive levels of motorized
tra ¢ and high tra c speeds serve as signi cant deterrents to walking [Owen et al.,
2004]. According to Crombie [2002], one of the main reasons for reduced pedestrian
movement close to streets with high tra ¢ volumes is the perception of road danger.

It is suggested that improving the active travel environment, for enhanced safety
or convenience, would increase these types of travel modes, even for those already
favourably disposed to walking and cycling [Transportation Research Board and In-
stitute of Medicine, 2005]. Generally, adding measures to the built environment is
a complex issue since there is a theoretical trade-o between some parameters. For
example, adding crossing facilities decreases the risk but does not decrease delay,
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while decreased delay and distance could be achieved with fewer lanes but then gen-
erate an increased risk. Therefore, measures might worsen the barrier e ect even
more [Anciaes and Jones, 2020]. One such example is crossing facilities that often
have poor design or maintenance, requiring too much e ort or inconvenience to use.

Barriers can also be experienced when walking along a busy road, making the char-
acteristics of the pavement a vital aspect [Anciaes and Jones, 2016]. This could
include factors such as the quality of the pavement, but also lightning on the street,
and the magnitude of footstep noise from other users of the street. Other examples
are greenery and parks, which in addition to being appealing to pedestrians also
spread shadows, improve air quality, and reduce temperatures [Baobeid et al., 2021]
One measure describing the characterization of the built environment is a scale of
the street [Handy et al., 2002]. The scale of the street refers to the three-dimensional
streetscape, including the surroundings of the street, e.g., buildings, and features,
e.g., trees, to describe the sense of the street. For example, the ratio between building
heights and street widths can say something about the dimension of the streetscape
and further characterize the purpose of the street but also human-speed implying
who the street is designed for in that sense [Ewing and Handy, 2009]. Additionally,
another dimension of the streetscape, the aesthetic qualities of a place, emphasizes
elements contributing to the attractiveness of a place [Handy et al., 2002]. These
aesthetic qualities can include landscape features, the design of buildings, the size
and orientation of windows, decorations, and streetscape furniture. Though, com-
pared to other measures, qualities are more often described than measured. Simul-
taneously, measurements of aesthetic features are rarely made. Methodically, more
gualitative research could be conducted to identify the perception of such measures
in the streetscape.

2.2.3 Socio-demographics related to walking

People's physical activeness, including walking and cycling, depends on social and
individual factors [Transportation Research Board and Institute of Medicine, 2005].
Demographic characteristics, such as gender, age, and ethnic background, as well
as socioeconomic characteristics, such as education and income level, a ect physical
activeness. A study based on people from the U.S. shows that physical activity de-
clines with age, and is lower among women, ethnic, and racial minorities, as well as
among people with lower education and income levels, and disabilities. In addition,
women are more dependent on active travel [van Eldijk and Gil, 2020]. Therefore,
when studying barrier e ects, these socio-demographic factors including age and
gender, have been assumed to a ect how barrier e ects are perceived. For exam-
ple, children and the elderly are assumed to be more sensitive to barriers. Though,
while Nello-Deakin et al. [2024] concludes decreasing support for pedestrianization
with advancing age, their outcomes showed almost identical results between gen-
ders. One example where gender appears to in uence walking for transportation
and recreational purposes is in streetscape designs, which seem to have a greater
impact on women [Fonseca et al., 2022]. Moreover, it is relevant to understand
that demographics are also associated with socioeconomic factors [Transportation
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Research Board and Institute of Medicine, 2005]. For instance, although urban
populations with lower incomes may engage less frequently in spontaneous physical
activities for training or health purposes, they exhibit the highest levels of walking
when commuting from one point to another.

Additionally, low-income urban populations are often associated with various socioe-
conomic challenges, including crime, disinvestment, and social isolation, all of which
may signi cantly in uence walking behaviour [Transportation Research Board and
Institute of Medicine, 2005]. While neighbourhoods with high crime rates tend to
show lower rates of walking and cycling, highlighting the importance of acknowledg-
ing the speci c urban design characteristics in these areas. For example, open spaces
and su cient light on streets are less common in low-income areas, contributing to
feelings of isolation and longer travel distances between destinations. Additionally,
lower population densities prevalent in low-income areas result in fewer travel mode
options compared to high-density urban areas, which further limits opportunities
for physical activity.

Other factors in uencing walking include personal conditions, such as individual
health, physical disability, lack of time, motivation, energy, and self-esteem, all of
which seem to reduce the level of physical activity [Transportation Research Board
and Institute of Medicine, 2005]. In addition, there are individual attitudes, prefer-
ences, and skills related to the behaviour. Individual perceptions of e.g., personal
disabilities or health aspects, weather conditions, equipment, or design of the built
environment, are also a ecting factors. Moreover, the built environment is shown to
in uence people's walking habits, especially some groups, e.g., less healthy, unem-
ployed, and retired, are more dependent on the quality of the walking environment
[Anciaes and Jones, 2016]. Also, the perception of the built environment is a ected
by to what extent the user is exposed to the studied environment [Wahl et al.,
2012b]. According to the authors, the occurrence of tra c-related factors was esti-
mated higher for participants with higher stated walking frequency at the studied
street.

2.3 Studying perceptions

The dimensional structure of perception is di cult to capture since each individual
has their own thoughts and interpretations based on personal experiences [Wahl
et al., 2012a]. Trying to measure people's perceptions of tra c-related phenom-
ena, such as barrier e ects, thereby comes with several di culties, e.g., choice of
method, sampling of participants, and interpretation of data. Some studies use
stated preferenceor revealed preferencanethods to collect data, yet it is impor-
tant to acknowledge their respective limitations when utilized [Anciaes and Jones,
2020]. One advantage of revealed statement studies, which often involve quanti-
tative components, is that the results show the actual behaviour as it is derived
from observations. However, these studies are tied to the case on which the study
Is based, making the usefulness of the result less applicable to other aspects of the
problem. Conversely, when using stated preference methods, which often involve
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gualitative components, such as surveys and interviews, the respondents express
their preferences using hypothetical scenarios. Anciaes and Jones [2020], discusses
that stated preference methods can be useful to study how barrier e ects of planned
improvement projects can be reduced. However, using hypothetical settings limits
the usefulness of estimating real behaviour. Also, the respondent can often only
choose from a limited set of pre-designed options, making the preference limited
to the designs presented. The authors therefore imply that when studying barrier
e ects, it requires an examination of both stated and revealed preference to ensure
consistency between the two outcomes. However, the authors also discuss that re-
lying solely on stated or revealed preferences may restrict the analysis to a narrow
portion of the issue, implying that it is challenging to include all relevant aspects
within such studies.
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Methodology

This chapter describes the research design adopted for this thesis, explaining the
methods employed and the motivation behind their selection. Figure 3.1 illustrates
the major phases of the project. The following sections describe each phase in greater
detail.

Figure 3.1: Thesis methodology, where the grey boxes illustrate the major phases
of the project and the arrows show the main ow of the sequence.

3.1 Theoretical background

The understanding of the subject was informed by a literature review. The review
was mainly divided into three sections: barrier e ects, incentives for walking, and
methods for measuring perceptions. Literature regarding barrier e ects included
main theories, typical methods for estimation, and their impact on di erent social
groups. Speci cally, a conceptual model examining the emergence of barrier e ects
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by van Eldijk et al. [2022] served as the foundation of this thesis. The section on
walking informed about what factors in uence walking and what features within the
streetscape have gained attention in previous research. The outcomes from these
two sections, barrier e ects and walking, supported the identi cation of variables

to further examine within this thesis. Regarding methods for estimating peoples'
perceptions, this gained knowledge was used to employ the data collection methods,
understand weaknesses within these, and nally draw conclusions from the results.

The literature search utilised two primary databases, Chalmers Library's literature
database and Web of Science, which encompasses research from a variety of disci-
plines and sources. The search strings included terms related to the thesis topic,
such as 'barrier e ects', 'transport infrastructure', 'pedestrians’, 'walking’, and 'so-
cial impacts' In addition to the database searches, relevant literature was identi ed
by examining references cited in other research work. The literature review incor-
porated both up-to-date scholarly work and older references. The earlier references
were patrticularly valuable for describing foundational theories and in uential re-
search that has shaped the eld. Given the interdisciplinary nature of the subject of
barrier e ects, the literature review intentionally encompassed research from various
disciplinary perspectives.

3.2 Research strategy: a case study

According to [Denscombe, 2017], the selection of research strategy should be guided
by its likelihood of successfully achieving the research objectives. To understand
the complex relationships among factors as they operate within a speci ¢ setting
or context, aligned with the objectives of this thesis, a research strategy of a case
study was adopted.

3.2.1 Selection of case sites

During the case site selection process, the inclusion of multiple case sites was aimed
for to enhance the reliability of the results. If there are patterns emerging across
several cases, it provides greater credibility to the results. Three case sites were
selected with the principal aim of having similar levels of tra ¢ volume. In addition

to this, the case sites were selected based on the following three speci c criteria,
where each criterion narrowed down the number of potential sites:

(1) location: Gothenburg city,
(2) tra c volume: > 8,000 vehicles per day, and
(3) similar 'Land use' and 'People’'s Needs'

Firstly, the streets were geographically bounded to be located in Gothenburg city.
This decision was informed by the presence of transportation barriers within the
city limits [Goteborgs Stad, 2014]. Moreover, it addresses the issue of inner city
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consolidation in Gothenburg, providing insights into, for instance, the con ict be-
tween e cient ground-level public transport and the creation of attractive urban
space. Secondly, statistical data on tra ¢ volume sourced from Goéteborgs Stad
[2024b] were utilised, with Average Annual Weekday Tra c (AAWT) as an indica-
tor. Streets with a tra ¢ volume exceeding 8,000 vehicles per day were prioritised
as studies comparable to the study by Appleyard [1972] indicate that social con-
nectedness is impacted by tra ¢ volume of this magnitude. The streets that passed
the two rst criteria were then categorised into tra ¢ volume intervals to ensure
comparability among the nal selection. Finally, the streets were chosen based on
a combination of land use and the presence of features that meet people's needs in
the surrounding area, determinants from the conceptual model illustrated in Figure
2.1. This prioritisation was added in an attempt to ensure similar impacts of these
determinants on the emergence of barrier e ects on each street, allowing for anal-
ysis of the impacts of other features in the streetscape on perceived barriers. This
criterion was assumed to be ful lled by selecting centrally located streets in the city,
where there are numerous destinations and high pedestrian activity.

The nal streets chosen were Linnégatan, Parkgatan, and Skanegatan, all central
streets in Gothenburg city that are frequently traversed by pedestrians for various
activities. Notably, the tra ¢ volumes on these streets, as presented in Table 3.1,
are very similar, with a range of 9,825 to 10,880 vehicles per day.

Table 3.1: Average Annual Weekday Tra ¢ volume at the three studied streets.

Name of street AAWT [veh/day]
Linnégatan 9,825
Parkgatan 10,171
Skanegatan 10,880

Further, the streets have dierent streetscapes and street pro le characteristics.

There are variations between all three streets, both regarding transport features and
crossing facilities, such as measured tra ¢ speed, number of lanes and transport
modes, and frequency of crossing facilities. Additionally, there are variations in
environmental features, such as the amount of greenery and pavement width.

3.2.2 Identi cation of variables

Informing the selection of variables for this study, the conceptual model proposed by
van Eldijk et al. [2022] served as the foundation, which is comprehensively described
in Chapter 2.1.1. The examined barrier e ects, extracted from the same paper, were
selected based on their relevance to the barriers inherent in city streets along with
this study's primary focus on street level. Table 3.2 presents the selected barrier
e ects of examination. Both direct and indirect e ects are addressed. Direct e ects
examined include 'Crossing and Passing e ort' and 'Fear of tra ¢ accidents’, while
the studied indirect e ects are 'Frequency of visits', 'Routing of trips', and 'Mode

of transport.
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Table 3.2: Barrier e ects included in the examination.

Type E ect examined Description
Direct Crossing and passing ef- The pedestrian experiences delays, discomfort,
e ect fort stress, physical e ort, or fear of tra c accidents

when crossing or passing a transport feature.
Fear of tra c accidents  The pedestrian experiences fear of becoming a vic-
tim of tra ¢ accidents, often related to crossing

facilities.
Indirect | Frequency of visits The pedestrians' experience of the street motivates
e ect them to seek alternative routes in order to avoid
it.
Routing of trips If the pedestrian experiences the street too di -

cult to cross, they consequently choose to avoid
crossing the road.

Mode of transport People choose other types of transport modes than
walking due to the experience of the barrier.

Based on the selected barrier e ects, variables in the streetscape were chose for
examination. The investigated variables related to the two categories of transport
features and crossing facilities and street network are listed in Table 3.3.

Table 3.3: Features investigated within the determinants transport features and
crossing facilities and routes.

Determinant | Variable Description Source of data
collection
Transport Tra c volume Number of vehicles per time Goéteborgs Stad
features unit [2024Db]
Vehicular speed Speed of which vehiclesGoteborgs Stad
travel [2024Db]
Road width Distance to the opposite Site audits

side of the road including
only the tra c lanes for mo-
torised vehicles and public
transport

Obstacles on the road Obstacles, such as fenceSite audits and
or noise screens, hindering Goteborg Stad
crossing at preferred loca- [2024a]

tions
Crossing
facilities and | Frequency of crossing Distance between crossing Site audits
street net- | facilities facilities
work

Delay at crossing Waiting time for pedestri- -
lights ans at crossing facilities
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To tackle the objectives of examining environmental features' potential in uence on
the experience of barrier e ects, additional variables were integrated in the survey.
The selection process of environmental features was informed by the literature re-
view and based on relevance to central city streets. The investigated environmental
features are detailed in Table 3.4.

Table 3.4: Environmental features examined in the project.

Determinant | Variable Description Source of data
collection
Environmental| Benches and seating Frequency of benches anS8ite audits
features seating at the studied
streets
Width of pavement Measured width of pave- Site audits
ment

Facades of buildings Attractiveness of the build- Site audits

ings surrounding the stud-

led street
Active ground oors Many businesses feature Géteborg Stad
and welcoming en- inviting entrances, signaling [2024a]

trances their openness to visitors

Greenery Number of trees or other Géteborg Stad
greenery features [20244a]

Social activity People visiting the studied -

street over the day

3.3 Data collection

Research methods can consist of either quantitative or qualitative research or a com-
bination of both [Denscombe, 2017]. The di erence between the research methods
lies in the type of data they address during their analytical processes. Quantitative
research essentially deals with numerical data, whereas qualitative research relies
on words or visual images [Merriam and Tisdell, 2015]. Moreover, quantitative re-
search often requires a high amount of data to be reliable, implying that this type of
research is generally more suitable for large-scale research [Denscombe, 2017]. The
analysis and outcome are often segregated from its' context. In contrast, qualitative
research is generally associated with small-scale research, usually involving only a
few people or events, due to the time needed to analyse qualitative results. The
outcome is often put in its context and analysed with a holistic perspective.

The objectives of this thesis methodology include capturing pedestrians' experiences
of barrier e ects along with their perceptions of surrounding environmental features.
To address these objectives both quantitative and qualitative methods were adopted.
The integration of both types of data collection methods was chosen to facilitate a
more comprehensive analysis, regardless of the scale of the data acquisition. The
combination also aligns with the exploratory nature inherent in this project. The
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guantitative data was used to identify possible associations between the studied
variables and experienced barrier e ects. Whereas, the qualitative data allowed for
enhanced depth and as a complement to the associations from the quantitative data.
The qualitative data also provided a possibility to uncover underlying motivations
and behaviours.

Given the constrained time frame of this study, a stated preference method through
the administration of a survey was exclusively employed to collect data on individ-
uals' experiences. The survey allowed for the integrated approach, combining both
guantitative and qualitative components within the framework of a stated prefer-
ence method. Quantitative data were gathered by allowing participants to use rating
scales for speci c statements, while open-ended questions facilitated the collection
of qualitative insights.

3.3.1 Survey

Denscombe [2017] describes surveys as a strategy suitable for measuring some as-
pects of a phenomenon, and for projects with a short time constraint, making a
survey a feasible method for this master's thesis. Moreover, Denscombe describes
that surveys typically serve as a fundamental tool in empirical research, facilitating
the gathering of data from relevant individuals and sites. Surveys are frequently
employed to understand the conditions at a speci c moment in time, rather than
understanding changes over an extended period. Although it is possible to trace
changes, it is uncommon in small-scale research projects. Furthermore, the pri-
mary intention of surveys often lies in achieving a comprehensive understanding.
Therefore, surveys must have a broad scope, both regarding the questions and the
diversity of respondents, to maximise the relevant information in the collected data.

The most common collection methods are questionnaires and interviews [Denscombe,
2017]. The data collection process from respondents can be executed using various
survey techniques, including postal, face-to-face, telephone, internet, and social net-
work surveys. While postal surveys are commonly employed, they usually have
high costs, are time-consuming, and often generate a low response rate. Face-to-
face surveys also require a lot of time and may involve travel expenses. However,
this technique typically facilitates the obtainment of in-depth information candidly.
Given the research objectives of this thesis to comprehensively understand pedestri-
ans' experiences and to examine variations between demographic groups, ensuring
a broad representativeness in the data collection was essential as well as manag-
ing to do so within the limited time frame. To facilitate obtaining a diversity of
respondents, the survey was internet-based. Apart from enabling reaching a wider
geographic spread and coverage with an internet-based survey, another advantage
includes centralised data management.

Engaging with participants can take various forms, including direct e-mail commu-
nication, participation in existing online groups or social networks, and the adminis-
tration of web-based questionnaires [Denscombe, 2017]. The author states that the
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latter method often allows for widespread distribution without entailing any costs.
Speci cally, social network surveys leverage platforms such as Facebook, Linkedin,
and Instagram for spreading surveys to individuals who share common interests,
facilitating easy contact and interaction. For this thesis, a web-based questionnaire
was therefore chosen.

It is important to carefully select the research population of a survey, making the
survey collect valuable answers, and considering, not only who, but also how the
contacts will be reached [Denscombe, 2017]. For this thesis, the research population
was aimed to be as broad and diverse as possible, since central city streets a ect
most of a city's residents, but within the area of Gothenburg. Therefore, multi-
ple techniques of distributing the survey were adopted for this project, including
face-to-face interactions on the studied streets where pedestrians were given a QR
code linking to the survey. Additionally, targeted e-mails were sent out to busi-
nesses, organisations, educational institutions, and residential associations in the
nearby area of Linnégatan, Parkgatan and Skanegatan. The survey was also spread
within relevant social media groups, Facebook groups e.g., associated with the stud-
ied streets, along with our private contacts, networks, and on social media platforms.

There are several factors that can in uence the participation of potential respon-
dents, e.g., type of occupation or their age [Denscombe, 2017]. Additionally, the
design of the survey plays a vital role along with its topic and process. Other fac-
tors include the time, place, and delivery of the survey, as well as the design of the
guestions. It is also important to consider the ethics of surveys, both regarding the
invitation of participants but also how the questions might be perceived by di erent
individuals or social groups. To address these challenges, the survey was designed
to be inclusive and without questions that might be sensitive to any participants.
Additionally, no questions were obligatory and the respondents were anonymous.
When face-to-face distribution on the studied streets was adopted, it was performed
during less busy hours, such as during the weekend and during lunch breaks, always
delivered with the message that the potential participants could engage in the sur-
vey when they had the time. The time it may take to nish the survey was also
always expressed and included in the information on the rst page of the survey,
to facilitate complete participation. Moreover, targeted e-mails were sent out to or-
ganisations etc., during business hours to make sure they were received. According
to Forkenbrock et al. [2001] the key to succeeding with a survey-based method is
to limit the amount of questions and make the questions easy to administer in a
short amount of time. A large e ort to shorten the survey was therefore made and

a majority of the questions were designed with alternatives and check-boxes.

To facilitate a promising design of the survey, engagement of diverse demographics,
and the management of the collected data, the web-based questionnaire was de-
signed utilising the Public Participatory Geographic Information System (PPGIS),
accessed via the community engagement platform Maptionnaire [Maptia Oy, 2024].
The survey design enabled the incorporation of both quantitative and qualitative ap-
proaches and several di erent types of posed questions. Maptionnaire's functionality
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also allowed for the integration of a conventional questionnaire alongside map-based
interactions where the respondent could pinpoint locations, draw lines, and provide
both geographic and non-geographic information.

Compared to other methods, PPGIS is an e cient tool for reaching out to broader
groups of participants, including on a geographical scale and to those who usually
do not participate in similar processes, no matter of incentives to participate or not
[Kahila-Tani et al., 2019]. Notably, PPGIS o ers advantages in engaging specic
demographic groups, such as children and young individuals, more e ectively than
traditional methods. However, it is essential to recognise that the tool may intro-
duce barriers for elderly users, potentially leading to reduced participation among
older populations. Further, Maptionnaire is developed to be compatible with both
computer and mobile devices and has the feature to answer speci ¢ questions based
on the respondent's earlier answers.

The questionnaire design followed a structured format, organised into sections. Ini-
tially, respondents were asked about demographic information. Subsequently, a
street familiarity assessment of one speci c street, Linnégatan, followed. If the re-
spondent was not familiar with the speci c street, the questionnaire seamlessly tran-
sitioned to the next street, Parkgatan. Similarly, if the respondent was unfamiliar
with Parkgatan, the same process continued for the third street, Skanegatan. Imply-
ing that the respondents could choose which streets to respond to. If a respondent
was familiar with a speci c street, a street-speci ¢ inquiry followed with questions
about their relation to the street, frequency of visits, etc. Subsequently, the ques-
tionnaire incorporated a map-based component where the respondents could provide
spatial context and enhance their responses about the speci c street. Finally, the
questionnaire delved into experiences related to barrier e ects and transport, cross-
ing facilities, and environmental features of the same street, before transitioning to
the next street. This approach aimed to systematically capture relevant information
while accommodating variations in respondents’ familiarity with the three di erent
streets. The design facilitated a comprehensive exploration of various aspects of the
phenomena of barrier e ects and individual experiences. The map-based tool was
used to identify areas of concern or appeal along the studied streets. Respondents
were encouraged to provide textual explanations for their marked locations, enrich-
ing the qualitative depth of the data. Additionally, respondents could illustrate their
typical routes along the streets, providing insights into their travel patterns and any
avoidance behaviours. For more details about the composition of the survey, the
structure of the survey is presented in Appendix A.

According to [Wahl et al., 2012b] respondents' answers may be a ected by several
factors when they are asked to estimate how often a tra c-related phenomenon oc-
curs. Therefore, the authors emphasise the importance of, in addition to background
variables, such as gender and age, adding inquiry addressing to what extent the re-
spondents are exposed to the studied environments. To ensure this is considered
in this thesis, the street-speci c inquiry about the speci c street and frequency of
visits was added, facilitating the data analysis.
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3.3.2 Site audits and gathering of external data

To map the three case sites, a combination of spatial measurement tools, site audit
observations, and measurements were performed. Geographical data was collected
from Goteborg Stad [2024a] and utilised for measurements and representation of site
characteristics, including environmental and transport features. The gathering of
information was conducted in ArcGIS Pro, where various features were measured,
such as road width, pedestrian crossing locations and distances, tree density, fence
and hedge positions, tram and bus stops, building types, and points of interest within
the study area. Characteristics such as building facades, layout of the streetscape,
presence of welcoming entrances, benches and seating, pavement width, and active
ground oors along the streets, were collected pictorially or measured during site
audits and are presented in Chapter 4 and Appendix B, C, and D.

3.4 Data analysis

This section presents the process and methods employed for the analysis of the de-
mographic, quantitative, and qualitative data gathered from the survey. Here, the
guantitative data indicates the estimations of barrier e ects and features asked for in
the survey, while the qualitative data is composed of the collected spatial data and
accompanying free-text answers. Both types of collected data underwent subsequent
sorting to ensure that the analysis was based on reliable data, thereby enhancing
the accuracy and applicability of the insights obtained.

Given that the respondents only provided data about streets they were familiar with,
the data were categorised into three di erent datasets corresponding to the streets
under investigation: Linnégatan, Parkgatan, and Skanegatan. Since none of the
survey questions were mandatory, response rates di ered among participants. To
accurately explore the relationship between various variables, it was central that the
respondents addressed questions relating to several themes within a speci ¢ street.
Consequently, for the quantitative data, a minimum response rate of 70 percent
was instituted for each street-speci ¢ set of questions. For instance, if a respondent
completed at least 70 percent of the questions related to Linnégatan, their responses
were integrated into the dataset for Linnégatan. This threshold ensured that the
sample used for relationship analysis was more likely to be representative of the
overall population under study. Moreover, by excluding respondents who had not
completed a signi cant portion of the survey, the potential for biases or inaccura-
cies in the analysis was mitigated, thereby enhancing the credibility of the research
ndings.

The qualitative data also underwent sorting. Regarding the spatial data, consisting
of locations marked by the respondents for each street, locations that were appar-
ent data entry errors or misunderstandings, were excluded, e.g., locations marked
on other streets in Gothenburg than on the studied streets. The free-text answers
related to the spatial data were also sorted. Here, comments that were not related
to the subject were excluded, e.g., comments regarding travelling by car.

23



3. Methodology

Both types of data that passed the sorting criteria were further described and visu-
alised to obtain an overall impression of the collected data. Moreover, the quantita-
tive data were assessed through regression analyses, while for the qualitative data,
a spatial analysis was employed for the geographical data and a thematic analysis
for the accompanying free-text comments.

3.4.1 Descriptives and visualisation of data

To provide a comprehensive understanding of the collected data and to identify the
most relevant ndings, the data were visualised and described. The demographic
data were illustrated to understand the survey population and the risks of any biases
due to the low distribution of di erent demographic pro les. Further, the quanti-
tative data, i.e., estimations of various statements, were analysed. Firstly, for this
type of data, estimations of how the respondents generally value di erent attributes

in a streetscape were plotted, both in its totality but also a comparison between
how the respondents included in each street-speci ¢ dataset answered. Based on
the comparison, the di erent datasets were assumed to be compared to each other
since these general estimations were similar between the datasets of all three studied
streets. The street-speci ¢ estimations, both regarding the streetscape factors and
the studied barrier e ects, were plotted to understand how the respondents perceive
and experience the streets and their components. While some visualisations were
solely used to understand the collected data, some were also used for demonstration
of results. The qualitative data, i.e., spatial and accompanying comments, were also
analysed and are further described in Section 3.4.3.

3.4.2 Regression analysis

To analyse the quantitative survey data, binomial logistic regression analysis was
employed via IBM SPSS, a statistical analysis software platform. This statistical
analysis technique was determined suitable for the project because of its ability to
predict the relationship between a binary dependent variable and one or more in-
dependent variables [Leard statistics, 2018]. In the statistical model, the dependent
variables represent the experienced barrier e ects of each street, as well as the tra c
volume, as it is the reference indicator of the streets' barrier e ect in this project.
Whereas, the independent variables represent transport features, crossing facilities,
environmental features, age, gender, and typical use of transport mode. Since both
direct and indirect e ects are included in the analysis, two groups were made to
facilitate a more suitable analysis for each type of e ect. Since indirect e ects occur
once the e ect has reached an individual's acceptance level, and results in changed
travel behaviour, e.g, experiencing discomfort while walking a street (direct e ect),
to a certain level that it consequently leads to avoiding the street (indirect e ect),
they were treated di erently in the regression. Table 3.5 illustrates an overview of
the dependent and independent variables and how they were stated in the survey,
and included in the regression analysis.

24



3. Methodology

Reference
indicator
Direct

e ects

Dependent vari-  Statement/question

ables

Tra c volume ‘There is too much car, bus, and tram tra c'
Fear of trac acci- 'l feel unsafe here based on road safety (risk
dents of accident)’

Crossing & Passing ef- 'l nd it di cult to get around here on foot'
fort

Indirect Frequency of visits 'l avoid the street when moving on foot'
e ects
Routing of trips ‘| avoid crossing the street when moving on
foot'
Mode of transport 'l choose other modes of transport than walk-
ing on this street'
Independent vari- Statement/question
ables
Transport Tra c volume ‘There is too much car, bus, and tram tra c'
features Tra c speed 'Cars, buses, and trams drive too fast'
and Number of pedestrian 'There are too few pedestrian crossings'
crossing crossings
facilities Obstacles ‘There are obstacles bothering me where |
want to cross'
Environ- Greenery ‘There is a lack of trees and other greenery’
mental Width of pavement 'pavements are too narrow'
features Facades of buildings "The facades of the buildings are not aesthet-
ically pleasing'
Active ground oors 'There is a lack of active ground oors and
and inviting entrances inviting entrances'
Demogr-  Age 'How old are you?'
aphics Gender '‘Gender’
Typical transport 'How do you usually travel on Linnégatan/-
mode at the specic Parkgatan/Skanegatan?'
street
Frequency of visits at 'How often do you cross or walk along Lin-
the speci c street négatan/Parkgatan/Skanegatan (on foot)?'

Table 3.5: Dependent and independent variables were included in the regression

analysis.

To employ binomial logistic regression analysis, four assumptions need to be ful lled
for the validity of the statistical analysis. Assumption number one is that the de-
pendent variable should be measured on a dichotomous scale, meaning it can take
on only two possible outcomes, e.g., "yes" and "no" [Leard statistics, 2018]. In this
case, the dependent variables were measured on a di erent scale. In the survey, the
respondents were allowed to describe how often they experience a speci ¢ statement
about barrier e ects, e.g., 'l avoid this street when moving on foot', where they could
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answer 'Always', 'Often’, 'Occasionally’, 'Never', or ‘No opinion’ Therefore, the an-
swers had to be adjusted to the dichotomous scale. For the direct barrier e ects, the
alternatives 'Always' and 'Often’ were grouped into group '1', while '‘Occasionally’,
and 'Never' were grouped into group '0. Regarding the indirect e ects, 'Always’,
'Often’, and 'Occasionally’, were grouped together into group '1', and ‘Never' was
set to group '0', see Table 3.6. The reasoning behind this categorisation was to
capture indirect e ects as they can be seen as more severe than direct e ects, if an
individual avoids a street occasionally it weighs heavier than an individual experi-
encing discomfort occasionally. For an individual to avoid a street occasionally, they
most likely experience e.g., discomfort to a higher level and more frequently than
occasionally.

Input Dichotomous variable
Direct e ects ‘Always' or 'Often’ 1
‘Occasionally' or 'Never' 0
'Fully agree' or 'Partially agree' 1
'Partially disagree' or 'Disagree’ 0
'‘No opinion' Null
Indirect e ects ‘Always' or 'Often’ or '‘Occasionally’ 1
‘Never' 0
'No opinion' Null

Table 3.6: Included variables for direct and indirect e ects adjusted to a dichoto-
mous scale to be able to employ binary logistic regression analysis.

Assumption number two indicates that there are one or more independent variables,
which can be measured on dierent scales, meaning that a combination of e.g.,
continuous or categorical variables can be included in the model [Leard statistics,
2018]. Since the survey data consists of di erent variables, including interval vari-
ables, ordinal variables, and nominal variables, this assumption was ful lled without
adjustments. Simultaneously the ability to analyse data consisting of di erent vari-
ables on dierent scales was also a reason for selecting binary logistic regression
analysis. The third assumption insists on the independence of observations and the
dependent variable should have mutually exhaustive and exclusive categories. The
independence of observations refers to each data point in the dataset being inde-
pendent of the others. The collected survey data ful Is this since no data point
in uences or depends on any other data point, no respondents had access to other
respondent’'s answers. A mutually exclusive category refers to that the categories
of the dependent variable should not overlap, the answer should only fall into one
category. This was ful lled since the respondents were not allowed to select more
than one alternative, e.g., 'Often' or 'Never. An exhaustive category means that
all possible categories are covered by the response alternatives. Since the alterna-
tive 'No opinion' was present, this assumption was also ful lled. Assumption four
indicates the need for a linear relationship between the logit transformation of the
dependent variable and any continuous independent variables and was considered
ful lled. However, one variable that risked not ful lling this assumption was age, as
children and the elderly are often seen as the most sensitive to barriers. Therefore,
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this variable was evaluated by another analysing technique as well.

While there are several advantages to binomial logistic regression analysis, such
as interpretability, and e ciency, and it suits this project's dataset characteristics,
there are some disadvantages that should be taken into account. As mentioned, in
analysing individual perceptions of a phenomenon where personal preferences and
behavioural patterns are involved, the degree of complexity of the relationships in-
volved is high. It may be dicult for a model to capture complex relationships.
With this model linearity was assumed, meaning that if the relationship instead is
non-linear, the technique might not be as suitable. Another disadvantage is the lim-
itation of predicting discrete outcomes, e.g., 0 or 1. In the survey, the respondents
could choose between several alternatives, meaning that continuous outcomes would
have been more ideal and less simpli ed.

When the binomial logistic regression analysis was carried out, SPSS Statistics also
generated several tables that are required to understand the results [Leard statistics,
2018]. One of these tables is called 'Model Summary' and explains the variation in
the dependent variable, which is represented by the Nagelkerl®? value. The value
ranges from O to 1, with a higher value indicating a better t of the model to the
data and suggesting that the independent variables explain a large proportion of the
variability in the binary outcome. Additionally, a ‘Classi cation Table' is generated
providing information about the model's accuracy, indicating the proportion of cor-
rect predictions out of all predictions made by the model. Regarding interpreting
the outcome, the model generates odds ratios (OR) by exponentiating the regression
coe cients. OR that are greater than 1 indicate that the event is more likely to
occur as the predictor (independent variable) increases. OR that are less than 1
indicate that the event is less likely to occur as the predictor increases. In addition,
it generates p-values, testing the null hypothesis that a coe cient is equal to zero.
If the p-value is small (<0.05), it indicates that the predictor variable is signi cantly
associated with the outcome variable, meaning it has an impact on the dependent
variable according to the model.

3.4.3 Spatial and thematic analysis

The spatial data collected from the survey refers to pin-pointed locations on the
streets marked by the respondents. The questions concerned where the respondents
experience 'the highest amount of tra c', where the street is ‘complex or hindering’,

or 'pleasant’, as well as where they tend to 'cross the street without a pedestrian
crossing present'. This data was exported as shape les, which are geographical infor-
mation data layers consisting of e.g., points. This data was then analysed spatially
with the software ArcGIS Pro, where the distribution of points could be analysed
and compared by creating heat maps visualising the density of marked locations for
each category and street. Since the same respondent could mark more than one
point per question, the number of unique respondents per question was also counted
in ArcGIS Pro.
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Regarding the two questions about where the respondents experience a street seg-
ment as ‘complex or hindering' or as 'a pleasant place to be or walk', they were
allowed to accompany the pin-pointed location with a free-text comment motivat-
ing their choice. These free-text answers are previously referred to as part of the
gualitative data but are hereby referred to as comments related to the spatial data.
These comments were analysed by adopting a technique of thematic analysis. This
included listing every comment, sorted by location of the street, as well as categoris-
ing them by content. This facilitated the process of nding patterns and themes
among the comments that could be compared to the regression analysis results.
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Case sites

This chapter presents an overview of the case sites, Linnégatan, Parkgatan, and
Skanegatan. Presented are road characteristics, geographical pro les, as well as
photographs visualising the streetscapes' layouts and nuances.

4.1 Overview of the case sites

An overview of the locations of the studied streets in Gothenburg is presented in
Figure 4.1. All three streets are centrally located in the city. At each end of Lin-
négatan, there are two large combined bus and tram stops, called Jarntorget and
Linnéplatsen. Southwest of Linnégatan lies a popular park, Slottsskogen. Simi-
larly, there are park areas around Parkgatan, such as Hagaparken, Kungsparken
and Tradgardsforeningen, along the city's moat. Noteworthy for Parkgatan is the
street parallel to Parkgatan called Nya Allén, where the tra c drives in the opposite
direction of Parkgatan, only separated by a green area. There is a prominent and
popular avenue street that intersects with Parkgatan, known as Kungsportsavenyn,
with a lot of social activity. East of Kungsportsavenyn, lies a sports centre area
known as Heden, serving as a central hub for various activities and events. Note-
worthy locations surrounding Skanegatan are: Ullevi, a large multipurpose arena
on the northeastern side; Korsvagen, a major bus and tram stop to the south; and
Liseberg, a large amusement park also to the south. Worth noting are also some
features of Gothenburg delineating the central area of the city, where the case sites
are located. The gure also illustrates the motorway E6, which serves as an eastern
boundary, with a limited amount of non-motorised street network connections to
and from the eastern side. Additionally, the Central Train Station along with the
river Gota Alv in the north, further de nes the central parts of Gothenburg. Fur-
ther, to the east and south, signi cant variations in altitude contribute to framing
the central city. Additionally, at the eastern end of Parkgatan and the southern end
of Sk&negatan, are two ongoing large construction sites creating barriers as they
cordon o a substantial space from the public.
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Figure 4.1: Overview of Gothenburg, including the case sites' locations and labels
of noteworthy locations.

4.2 Road characteristics

Presented in Table 4.1 are measurements of road characteristics for each street in-
cluding road width, number of tra c lanes, car tra c speed limit and measured
speed, tra ¢ volume, road length, and number of crossing facilities along with the
spacing between them. Linnégatan, with a total road width of approximately 18
meters, features one car tra c lane and one tram tra c lane in each direction. The
speed limit is 50 kilometres per hour, but measured vehicle speed on Linnégatan
indicates a lower speed, the lowest of all three streets. Linnégatan's 1.0 kilometer
road length makes it the shortest street, with a total of 13 pedestrian crossings.
The spacing between the crosswalks on Linnégatan is the lowest compared to the
other streets. Parkgatan has three car tra c lanes in the same direction, the highest
measured vehicle speed, and lacks tram tra c except for the initial 250 meters from
the west, where the tram line turns towards the moat and the inner city. Parkgatan
has the same number of pedestrian crossings as Linnégatan, but they are distributed
along a road length of 1.5 kilometres, with a maximum spacing of 275 meters and a
median spacing of 121 meters which is the largest of the three streets. Skanegatan,
with a road width of 30 meters, accommodates, in each direction, two to three car
tra ¢ lanes and one tram lane. Skanegatan's road length is 1.1 kilometres, hosting
a total of nine pedestrian crossings with the largest average spacing of 140 meters.
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Linnégatan Parkgatan Skanegatan
Road width [m] 18 10 30
Car lanes [n] 2 3 4-6
Tram lanes [n] 2 - 2
Speed limit [km/h] 50 50 50

Median speed* [km/h (year)] | 22-29 (2017/2013) 44-47 (2018/2004) 38 (2013)
85-percentile* [km/h (year)] | 25-38 (2017/2013) 46-56 (2018/2004) 48 (2013)

AAWT [veh/day] 9,825 10,171 10,880
Road length [km] 1.0 15 1.1
Crossing facilities [n] 13 13 9
Spacing of crossing facilities [m]
Maximum 166 275 265
Minimum 27 23 32
Average 87 126 140
Median 74 121 98
Pavement width [m] 1.4-3.7 1.8-2.9 1.0-4.4

*Interval of highest speeds measured across various segments of the street. The
data is sourced from Goteborgs Stad [2024b], with measurements conducted in
multiple years. The earliest data dates back to 2004, while the most recent data is

from 2018.

Table 4.1: Road characteristics for each case site.

Despite these di erences, all three streets share similar tra ¢ volume, with a di er-
ence within a span of 1.000 vehicles per day Goteborgs Stad [2024b]. The highest
speed levels are measured at Parkgatan, followed by Skanegatan, and lastly Linné-
gatan, detailed in Table 4.1. Regarding the measured pavement widths, they di er
on and between the streets. On Linnégatan, the di erence in width is relatively
low, where the widest measured width of 3.7 is for a segment dedicated to both
pedestrians and cyclists. At Parkgatan, the pavements are relatively narrow and do
not vary too much, while for Skanegatan it di ers a lot, especially on the west side
of the street.

4.3 Geographical prole

To provide an overview of each site's functions and land use, Figure 4.2 presents
the main types of buildings in the area around the case sites, i.e., housing, econ-
omy buildings, industries, societal function buildings, and businesses. The buildings
surrounding Linnégatan are mostly represented by housing as well as businesses in
the north. On the north side of Parkgatan and the moat, there are mostly busi-
nesses and societal function buildings, whereas, on the southern side of Parkgatan,
there is a mixture of housing, businesses, and societal function buildings, including
schools, churches, a football stadium, and a culture facility for theatre. Moreover,
Skanegatan is mainly surrounded by societal function buildings and its eastern side
can be recognised as an event hub, consisting of a multi-purpose stadium, a sports
centre, and a fair, in combination of school facilities. East of the event hub build-
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