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Abstract

This thesis investigates the relationship between light, visibility and women’s percei-
ved safety through a case study. Specifically, it investigates visibility related to light
levels and light distribution at four bus stops in urban areas of Stockholm, Sweden.
The methodology is divided into Literature review and Case study. The first provides
an overview on theories related to visibility, light and perceived safety in the urban
environment.

Then, the Case study presents an investigation through Qualitative and Quantitative
research. The Qualitative research is divided into three steps: (1) firstly, four bus stops
are selected in urban areas through the Light Zones concept tool [12] and analyzed
by the author through the V/P Theory [11]; (2) then, the relationship between light,
visibility and women'’s safety perception is evaluated through an online form; (3) and
finally, this relationship is further investigated during on-site interviews in order to
explore how light distribution affect women’s perception. During the Quantitative re-
search, Luminance and llluminance measurements are developed in order to assess
light levels and light distribution at the area of the four bus stops.

From the results of all methodology steps, the relationship between light, visibility
and women’s perceived safety was discussed and three main factors were assessed
to be important to women’s perceived safety at bus stop areas. The first factor is
connected to light distribution, and this thesis understood that women’s perceived
safety is connected to light on their immediate surroundings, rather than on further
distances. The second factor is connected to light levels, and it was concluded that
higher light levels on immediate surroundings increase visibility thus, increasing sa-
fety perception. The third factor is connected to the experienced light, in which this
thesis recognized that previous experiences and contexts related to light influence
how women perceive safety in urban spaces.

Keywords: Visibility. Light distribution. Light level. Perceived safety. Urban spaces.
City and gender.
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O1 Introduction

Women are exposed to violence and fear of violence on public spaces on a daily
basis. According to ActionAid [1], the city has become a threatening space where
they feel afraid of being raped, assaulted, humiliated and harassed. In this context,
women’s mobility is reduced by the fear of violence. Bowman [2] affirms that women’s
liberty is limited by street harassment, “which reduces their physical and geographi-
cal mobility” [2, p.520]. As a result, their Right to the City, which is the right of all inha-
bitants to equally access public spaces [3] and to move freely without fear of assault
[1], is affected.

From this context of gender violence in the urban environment, this thesis aimed to
investigate if visibility associated to light conditions is related to women’s perceived
safety. More specifically, it investigated if light levels and distribution affect their sa-
fety perception. The relationship between visibility and perceived safety is explored
by Haans and Kort, when affirming that light can provide visibility, increasing safety
perception and enhancing individual’s response to potential crime [4].

Additionally, Loewen affirms that lighting affects people’s prospect of the space, in-
fluencing their safety perception:



Prospect (...) depend on the availability of light. Visibility will be
the single most important variable: darkness automatically intro-
duces the possibility of an unsafe situation because one cannot
see possible sources of danger. [5, p.325]

In order to investigate light, visibility and perceived safety, this thesis was based and
motivated by a Brazilian research [6] that investigated women’s perceived safety at
four bus stops of an urban area. Its findings indicated that women’s perceived safety
is related to visibility conditioned by street lighting. According to the researchers,
dark areas and high contrast between light and shadow decrease women’s percei-
ved safety [6].

This thesis is also motivated by violence rates against women in urban spaces. In
Brazil, studies indicate that 86% of women have already been harassed in public spa-
ces and 8%, raped [7]. Although the scenario is different in Sweden, women still have
to deal with fear and violence in the urban context. Recent surveys reveal that 9,4%
of woman in Sweden state to being victims of sexual offence [8] and 36% report to
feel unsafe outdoors at nighttime [9]. As a result, 10% avoid spending time outdoors
due to unsafety feelings [9]. (Fig.01)

_~ —~

9,4% 36% 10%

of women state that they of women report to of women report to avoid
were victims of a sexual feel unsafe outdoors at spending time outdoors
offence in 2019. nighttime. due to feelings of unsafety.
Nationella The Safer Swedish The Safer Swedish
trygghetsundersékningen Foundation Foundation
(2020) (2020) (2020)

Fig. O1. Diagram of violence rates against women in Sweden | Scheme: author



Thus, this thesis investigated the relationship between light, visibility and women’s
perceived safety through a case study in Stockholm’s urban areas. More specifically,
it investigated this relationship at bus stops, decision motivated by the Brazilian re-
search.

The next steps consisted of methodology definition, which was based on selecting
bus stops to investigate lighting, visibility and perceived safety. Then, a literature re-
view on theories related to lighting, urban space, perceived safety and visibility was
developed. Later, the case study is presented, discussed and, finally, concluded.
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02 Methodology

Literature review

The investigation on light, visibility and perceived safety consisted in combining lite-
rature review and case study. The first provided an overview on theories related to
perceived safety in public spaces and its connection to light. Then, visibility’s con-
cept was explored, in addition to its relation to light levels and distribution. This first
step supported the case study’s definition.

Bus stop selection

Following the Brazilian research [6], the case study firstly selected four bus stops in
Stockholm’s urban areas. Since literature review provided information on the con-
nection between visibility, light levels and distribution, the bus stops were selected in
order to challenge the thesis’ hypothesis on the relationship between the mentioned
visibility factors and women’s perceived safety in urban spaces.
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It is important to mention that this thesis did not intended to compare results to the
Brazilian research. This study aimed to develop a new investigation based on the
findings from the previous research. (Fig.02)

In order to have significant results related to lighting, it was important that all bus
stops had similar location and structure. Thus, they were located in urban central
areas and near subway exits, areas that usually present high pedestrian presence.
This factor was initially important due to the intention of evaluating women’s percei-
ved safety through a face-to-face questionnaire [6]. However, these questionnaires
were prevented by: (01) the fact that the methodology was applied during April, when
day darkens at 9pm in Stockholm, time in which pedestrian presence on the street
is low; (02) the Covid-19 situation, which further reduced pedestrian presence during
nighttime.

METHODOLOGY

PUBLICATION | Cardoso and Rennd 2019

Street lighting and public safety: an
investigation on design and urban fear of
crime through women’s perspective

QUESTION | Is women'’s perceived safety
affected by visibility in urban areas of Stockholm?

Street lighting and
perceived safety

LITERATURE REVIEW U Visibility

Light levels and
light distribution

Definition of investigation method

CASE STUDY

Fig. 02. Diagram on the methodology’s development | Source: author
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Additionally, the bus stops were selected through the author’s observation on light
through the V/P Theory [11]. In order to provide greater data variability, different light
scenarios based in the Light Zones concept tool were considered on this selection
[12]. Thus, four light distribution conditions were defined (Fig.03):

1. 1.a) Uniform light distribution scenario in which the light levels
Uniform light of the area of the bus stop are high comparing to the context it
distribution is inserted.

1.b) Uniform light distribution scenario in which the light levels
of the area of the bus stop are low comparing to the context it

is inserted.
2.
Varied light 2.a) Varied light distribution scenario in which the light levels
distribution of the area inside the bus stop are higher than its surroundings.

2.b) Varied light distribution scenario in which the light levels
of the area inside the bus stop are lower than its surroundings.

BUS STOP BUS STOP

BUS STOP BUS STOP

Light zones, type 1 Light zones, type 2 Dark zones, type 1 Dark zones, type 2

Fig. 03. Light zones scenarios defined for the bus stops selection | Scheme: author



13

These scenarios were based on a study that investigated pedestrian’s preferences
through different light distributions based their immediate surroundings and on fur-
ther distances of the road [4]. The finding on high contrast and women’s perceived
safety [6] was also used defining these scenarios.

Online form

In order to evaluate perceived safety at bus stops, an online form was developed
through the Google Forms platform (Appendix A). The first section investigated per-
ceived safety through pictures taken from two viewpoints: at the central point inside
the bus stop, which was defined through a users’ analysis as a common placement
for waiting the bus; and from a perspective to show each area’s light conditions.
Then, participants were asked to rank brightness from very dark to very bright. The
goal of these assessments was to relate perceived safety to light levels preferences.

The second section investigated light distribution and perceived safety on the sce-
narios defined as varied light distribution. Pictures were taken from the bus stop’s
central point and presented three situations: a person at the dark zone, transition
zone and light zone. Thus, light zones were located differently at each bus stop: one
presented dark zone at the central point and the light zone on a further distance, and
the other had the opposite situation. The goal was to understand if women safer in
situations where visibility is higher on their immediate surroundings or on elements
situated distant.

On-site interviews

The on-site interviews (Appendix B) further investigated varied light distribution and
women’s perceived safety. Particularly, the interviews explored the relationship be-
tween light, visibility and perceived safety on the bus stops’ further areas.

Firstly, the participants were asked to rank the area’s brightness and to explain their
answers from the bus stop’s inside. This step intended to investigate if their light per-
ception is related to their immediate surrounding or to further areas.

Then, they were asked to select an escape route during a risk situation. Since the
investigated areas differentiated regarding light zones’ position, this step intended to
investigate if their escape would be connected to light conditions and visibility.
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Finally, this step investigated whether any previous experience or other factors in
the urban environment were related to their perceived safety. These questions were
based on a feedback from the online forms, in which a participant revealed that her
knowledge about the investigated areas influenced her answers.

Quantitative measurements

Furthermore, light levels and distribution at the bus stops were assessed through
measurements. llluminance was measured with the Hagner Model EC1 and luminan-

METHODOLOGY

Literature Review Case Study

Qualitative research Quantitative research
Author’s llluminance Luminance
analysis Online On-site measurements measurements
through forms interview
V/P Theory

Methodology diagram | Source: author
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ce with the Konica Minolta Luminance Meter LS-150. The measurements were taken
on the vertical plane since it is related to pedestrians’ recognition of space and facial
features [13].

The luminance measurements were taken from the bus stop’s central point. This de-
cision was based by analyzing the users’ position at each bus stop during daytime,
dusk and nighttime, which revealed a preference for waiting the bus inside it. At this
position, the tool was pointed to three directions: towards the bus, the timetable (usu-
ally found inside the bus stop) and forward (Fig.04).

- ™

< y 7

A o0

1

Fig. 04. Directions for the Luminance measurements: towards the bus, towards the timetable and forward.
Scheme: author

From this same point, illuminance measurements were taken every 2,0 meters
towards left, right and forward (Fig.05). This distance was defined by the author’s
observation on the light zones from the varied light distribution scenarios. Thus, the
measurements were taken in order to consider not only the light conditions inside
the bus stop but also its variation at the surroundings. Additionally, they were taken
at the eye level, approximately 1,60 meters.
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1,6m A
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2,0m 2,0m 2,0m 2,0m

Fig. 05. llluminance measurements | Scheme: author

After gathering both quantitative and qualitative data, the research analyzed each me-
thodology step’s results in conjunction in order to understand the connection betwe-
en lighting, visibility and women’s perceived safety in the urban context of Stockholm.
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O3 Literature review:

street lighting, visibility
and perceived safety

Women experience different forms of violence in urban spaces on a daily basis, inclu-
ding sexual offences and sexual harassment. Street harassment is identified through
both verbal (unwanted comments and suggestions) and nonverbal (winks, grabs and
pinches) behavior [2]. It is frequently done in a threatening form in which the aim is to
degrade, objectify and humiliate the victim [2].

The violence context against women in urban spaces influence their personal safety
and also their perceived safety. Personal safety is connected to how crime and vio-
lence threatens the quality of urban life [14]. Perceived safety, however, is defined as
the anxiety of becoming victimized [4]. According to Blobaum and Hunecke, percei-
ved safety influences and constraints one’s behavior in urban spaces:

Perceived personal danger can refer to a general fear of beco-
ming a victim, which is associated with specific social contexts,
such as visiting a party or waiting for a bus. [14, p.466]

This means that perceived safety influences how women move throughout public spa-
ces, as fear of violence limits their access to the city, reducing mobility [2].

Research indicate that aspects of urban environment affect perceived safety. A stu-
dy based on Appleton’s Prospect-refuge theory [15] revealed that perceived safety is
influenced by the amount of prospect, refuge and scape an environment offers. The
study indicates a preference for places that provide good visibility of the surrounding
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(prospect), protection (refuge) and the possibility to encounter other individuals in po-
tential threatening situation (escape).

Furthermore, studies revealed that street lighting, which is connected to prospect, is
the urban environment aspect that mostly affect perceived safety [4]. Adequate light
offers visibility of the surroundings, increasing the possibility to surveil potential offen-
ders [16] and, thus, increasing the perceived safety. Additionally, Fotios connects visibi-
lity to the importance of seeing the surroundings as well as of being seen:

People feel the safest if they have a good overview of the space
in which they are moving and if they have the feeling that they
are supported by other users, and this may be captured by the
expressions visibility of others and visibility by others or alterna-
tively, how much can | see? And how much am | seen? [17, p.450]

Related to the meaning of visibility, Weng defines it as the “psychophysical measu-
rement used to describe the subjective sensation of eyesight in terms of definition
when observing target objects” [18, p.1768]. From a similar perspective, Liljefors [11]
defines it as how well a person sees details of interest in space.

Visibility is related to different lighting factors, one being light levels in space. This
factor is related to providing sense of well-being and visibility of details, but it can
also result in unsafe feelings when light levels do not provide enough light to see [11].
Additionally, a space can be perceived as brighter or darker depending on the light
levels of its surrounding area and on the source’s color temperature [11]. The Liljefors
[11] affirms that low color temperatures are generally perceived brighter when com-
paring to the equivalent luminous flux of higher color temperature.

Spatial light distribution is also related to visibility [19]. It is connected to orientation
and depends on the position and design of the light source and also to the material’s
reflectance [11]. Regarding the relationship between light distribution and perceived
safety, Liljefors [11] affirms that high differences between light and shadow might lead
to discomfort and unsafe feeling, however, uniform light distribution might hinder
spatial interpretation, decreasing orientation.

These theories and concepts regarding light, visibility and perceived safety suppor-
ted the case study’s definition. Thus, four bus stops were selected in order to inves-
tigate visibility related to light levels and distribution in the space, following by an
investigation on its connection to women’s perceived safety.
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04 Case study

In order to investigate the relationship between light, visibility and perceived
safety four bus stops were selected in the urban context of Stockholm, Sweden.
These bus stops are located near subway station exits in the city’s central area:
Fridhemsplan, Central station and Tekniska Hogskolan. All four areas, defined as
Bus stop A, B, C and D, were investigated through qualitative and quantitative
research. (Fig.06)
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Fig. 06. Location of the selected bus stops | Source: developed by the author from a Google Maps image

The bus stops have similar structure with opaque ceiling and glass laterals and
back. Additionally, light color temperature at each area was similar, since Litera-
ture Review revealed that it can influence perceived brightness in space. Thus, it
was important to only investigate light levels and distribution related to visibility.



04.01 | Qualitative research
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Qualitative Research

Author’s analysis
through V/P Theory

Online forms

On-site
interviews

Qualitative research diagram | Source: author
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04.01.01 | Author’s analysis through V/P Theory

Bus stop A

Bus Stop A does not present light source attached to its structure and it is mainly illumi-
nated by hanged luminaires across the street. Since these luminaires are located distant
from the bus stop, the area was perceived as dark, and shadows as diffuse and dark.
Additionally, there is light spill from recessed luminaires from the opposite sidewalk.
Also, there are three luminaires behind the bus stop, but they did not seem to illuminate
it due to a high wall that separate these areas (Fig.07). Light distribution was perceived
as uniform, since light levels from the hanged luminaires were not perceived as high.
Furthermore, glare was tolerable and reflections, soft.

¢ é ¢
o
®
" Recessed luminaire
é Surface mounted luminaire
[ Hanged luminaires

Fig. O7. Light zones ilustration on plan from Bus stop A | Source: author



DARK ZONE

Author’s observation of Bus stop A: dark zone at its immediate
surrouding and presence of light sources on the surrouding area

DARK ZONE

Author’s observation of Bus stop A: the presence of light sources
behind the bus stop, which did not seem to illuminate it

Thus, this bus stop was defined as scenario 1.b:

BUS STOP

Light Zones scenario 1.b.

Source: author

22
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Bus stop A | Fridhemsgatan 24, 112 40, Stockholm

Bus stop A: perspective
view | Source: author

Bus stop A: view toward
left side of the author
from inside the bus stop
Source: author

Bus stop A: view forward
from inside the bus stop
Source: author
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Bus stop B

Bus Stop B is located near Central Station, below an overpass. Light levels at its sur-
roundings were perceived as bright due to a fluorescent tube attached to its struc-
ture and to recessed luminaires on the overpass’ ceiling. However, there is no light
sources at the overpass’ boundary, resulting in a perceived dark area with sharp and
dark shadows. (Fig.08)

Since light levels difference between these areas was perceived as high, light distri-
bution was defined as varied. Additionally, inside the bus stop, glare was tolerable,
but vehicles’ lights produced a momentaneous uncomfortable glare.

| | |

| | |

| | |
[ ] Recessed luminaire

- Fluorescent tube

Fig. 08. Light zones ilustration on plan from Bus stop B | Source: author



Author’s observation of Bus stop B: difference between light levels at
the bus stop area and the overpass’ boundary was perceived as high

Author’s observation of Bus stop B: multiple
light sources on the overpass’ ceiling

Thus, this bus stop was defined as scenario 2.a:

BUS STOP

Light Zones scenario 2.a.
Source: author

25
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Bus stop B | Vasagatan 24-26, 111 20, Stockholm

-
i

i

Bus stop B: perspective
view | Source: author

Bus stop B: view toward
left side of the author from
inside the bus stop
Source: author

Bus stop B: view forward
from inside the bus stop
Source: author
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Bus stop C

Bus Stop C, located near Central Station, was perceived as bright during nighttime
due to recessed spotlights on its ceiling and to the hanged luminaires across the stre-
et. There is also lighting contribution from recessed luminaires behind the bus stop
and from a store’s window. (Fig.09)

Since light level difference on the surroundings was not perceived as high, light dis-
tribution was identified as uniform. Additionally, reflections and shadows were soft
and diffuse, and glare was perceived as tolerable.

[ ] [} [ ] [ ] [} [ ] [ ]
® {
o  J
" Recessed luminaire
i Recessed luminaire (spotlight)
( Hanged luminaires

Fig. 09. Light zones ilustration on plan from Bus stop C | Source: author



Author’s observation of Bus stop C: recessed spotlight on the bus
stop’s ceiling and hanged luminaires across the street

Author’s observation of Bus stop C: lighting from luminaires on the bus
stop, across the street and from the area behind the bus stop

Thus, this bus stop was defined as scenario 1.a:

BUS STOP

Light Zones scenario 1.a.
Source: author

28
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Bus stop C | Klarabergsgatan 50, 111 21, Stockholm

Bus stop C: perspective
view | Source: author

Bus stop C: view toward
left side of the author from
inside the bus stop
Source: author

Bus stop C: view forward
from inside the bus stop
Source: author
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Bus stop D

Bus Stop D is located on a perceived bright area illuminated by streetlight poles.
However, there is no light source attached to its structure and its ceiling is opaque,
which hinder light transmission. Thus, the bus stop inside area was perceived as
dark, and shadows as diffuse and dark. (Fig.10)

Light levels difference between the bus stop’s inside and the street was perceived as
high, so light distribution was defined as varied. Additionally, shadows produced by
trees on the street were perceived as soft, and glare as tolerable.

- —0 @ Streetlight pole

Fig. 10. Light zones ilustration on plan from Bus stop D | Source: author



DARK ZONE

Author’s observation of Bus stop D: difference between light levels
at the bus stop area and the street area was perceived as high

DARK ZONE

Author’s observation of Bus stop D: the area inside
the bus stop was perceived as dark

Thus, this bus stop was defined as scenario 2.b:

BUS STOP

Light Zones scenario 2.b.
Source: author

31
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Bus stop D | Valhallavagen 81, 114 28, Stockholm

Bus stop D: perspective
view | Source: author

Bus stop D: view toward
left side of the author from
inside the bus stop
Source: author

Bus stop D: view forward
from inside the bus stop
Source: author
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04.01.02 | Online forms

The online forms (Appendix A) were made available between April 27th and May 4th
and answered by 37 men and women from different places. Since this research is ba-
sed on women’s perceived safety in the Swedish context, only answers from women
living in Stockholm were considered for this analysis. Thus, 22 answers were analyzed.

On the first section, 77,3% of the participants considered the Bus stop C as the safest
area (Fig.11) and 54,5% considered A as the unsafest one during nighttime (Fig.12).

. Bus stop A Bus stop C ‘ Bus stop A Bus stop C

. Bus stop B . Bus stop D . Bus stop B . Bus stop D
Fig. 11. Diagram of answers about which bus Fig. 12. Diagram of answers about which bus
stop the participants would feel safest during stop the participants would feel unsafest
nighttime | Scheme: author during nighttime | Scheme: author

Bus stop C, considered as the safest area Bus stop A, considered as the unsafest area
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Then, participants were asked to rank light levels from very dark to very bright. Bus
stop A was mostly perceived as dark and D as the darkest one. Furthermore, Bus
stop C was perceived as the brightest (Fig.13).

The answers about Bus stop B varied from dark to very bright, but participants mostly
perceived it on a medium to bright scale. The answers’ diversity might be connected
to the varied light distribution since the author’s analysis defined light levels as bright
at the bus stop’s immediate surrounding, but dark at the overpass’ boundary.

Bus stop A Bus stop B Bus stop C Bus stop D
54,5% 54,5%
50%
45,5% 45,5%
409%
364% 364%
136% 136%
45% I I 45%
very dark very bright

Fig. 13. Diagram of answers about light levels at each bus stop | Scheme: author

Bus stop A: Bus stop C:
considered the considered the
unsafest area and s .4 safest and also the
also a dark area T = =S¥ brightest area

Bus stop B: Bus stop D:

considered an
unsafe area and the
darkest one

varied answers
regarding safety
and light levels
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On the next section, varied light distribution at bus stops B and D was further inves-
tigated. Thus, a person was positioned at three situations according to the defined
light zones.

On situation 1, the person is located at the dark zone, which at Bus stop B is located
further on the surroundings, at the overpass’ boundary area, and inside the Bus stop
D’s area. Situation 2 refers to a transition. And on situation 3, the person is located at
the light zone, which is inside Bus stop B, and on Bus stop D’s further surroundings
(Fig14).

BUS STOP B

Fig. 14. The three situations a person was positioned at the bus stops B and D according to the light
zones defined by the author | Scheme: author
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Regarding situation 1 at Bus stop B, 59,1% of women perceived recognition as very
poorly, and 40,9% felt safe about this situation and 40,9%, unsafe (Fig.15).

BUS STOP B @

Bus stop B | Situation 1

Visibility Perceived safety

31,8%

59,1%

. Very poorly Well . Very unsafe Safe

. Poorly Very well . Unsafe Very safe

Fig. 15. Visibility and perceived safety on Situation 1 of the Bus stop B | Scheme: author

However, on situations 2 (Fig.16) and 3 (Fig.17), it was possible to notice that when
the person is located closer to the bus stop and on areas considered brighter by the
author’s observation, visibility increases and so does perceived safety. Thus, on situ-
ation 3, 72,7% recognize the person well and 63,6% felt safe.
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BUS STOP B

Bus stop B | Situation 2

Visibility Perceived safety

. Very poorly ‘ Well . Very unsafe ' Safe

@ roory Very well @ Unsafe Very safe

Fig. 16. Visibility and perceived safety on Situation 2 of the Bus stop B | Scheme: author

Bus stop B | Situation 3

Visibility Perceived safety

. Very poorly . Well . Very unsafe . Safe
@ Poorly Very well @ unsafe Very safe

Fig. 17. Visibility and perceived safety on Situation 3 of the Bus stop B | Scheme: author
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Answers regarding Bus stop D indicate that 59,1% of women perceived recognition as
poorly on situation 1, and 68,2% felt unsafe (Fig.18). On situation 2 (Fig.19), visibility in-
creased and 54,5% considered it as “well”. Perceived safety also increased and 59,1%
felt safe. However, on situation 3, 54,5% recognize the person well, but 45,5% felt un-
safe (Fig.20).

These results indicated that women tend to feel safer in situations where visibility is
higher on their immediate surroundings. However, the answers indicated that they
could feel both safe and unsafe about further distances, regardless of the visibility le-
vel. Thus, it was identified a need to further investigate visibility and perceived safety.

Bus stop D | Situation 1

Visibility Perceived safety

. Very poorly . Well ‘ Very unsafe . Safe

@ roorly Very well @ unsafe Very safe

Fig. 18. Visibility and perceived safety on Situation 1 of the Bus stop D | Scheme: author
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Bus stop D | Situation 2

Visibility Perceived safety

. Very poorly . Well . Very unsafe . Safe

@ roory Very well @ unsafe Very safe

Fig. 19. Visibility and perceived safety on Situation 2 of the Bus stop D | Scheme: author

Bus stop D | Situation 3

Visibility Perceived safety

. Very poorly . Well . Very unsafe . Safe

@ roory Very well @ unsafe Very safe

Fig. 20. Visibility and perceived safety on Situation 3 of the Bus stop D | Scheme: author



40

It is important to mention that these forms presented limitations: the person’s posi-
tion on the visibility investigation depended on the defined light zones. Thus, the dis-
tance between person and bus stop was not constant, which might have influenced
the results regarding visibility and perceived safety.

Another limitation identified was the fact that the participants’ previous experiences
at the investigated areas might have influenced their answers, which revealed the
need to further investigate this aspect.



41

4.01.03 | On-site interviews

The interviews (Appendix B) were developed on May 11, between 10pm and 11:30pm.
Two women at the age of 25 with different backgrounds were interviewed individu-
ally at bus stop B and D. In order to preserve their identities, they were named as X
and Y.

It is important to mention that the pictures used on the online forms were taken avoi-
ding the pedestrian and vehicle presence. This factor was taken into consideration
to minimize the influence of natural surveillance on perceived safety, based on “eyes
on the street” from Jacobs [2], concept that refers to how the pedestrian presence
could enhance one’s perceived safety. However, during the interviews, the partici-
pants were exposed to these elements, which might have influenced the investiga-
tion’s outcomes.

Bus stop D

The interviews started at Bus stop D, located near KTH Campus, area in which the
participants live. The participants perceived the area’s brightness on a scale from (3)
medium to (4) bright since, according to them, the street was well illuminated, which
enabled them to see the surroundings.

Area of Bus stop D | Source: author
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Then, they defined the escape route towards areas that they would have more chan-
ces to encounter people. Since both knew this area, they would go toward KTH Cam-
pus and toward the bus stop behind area.

Regarding the following questions, it was affirmed that previous experiences influen-
ced their answers. However, in a distinct way: participant X said to be more aware
of her surroundings due to the context she grew up in; and participant Y said to be
comfortable due to her previous experience living at university campuses.

Additionally, the familiarity to the area influenced their perceived safety during this
interview. According to them, knowing the area made them feel more comfortable.

Bus stop B

The participants perceived Bus stop B’s area as (4) bright due to the light source at-
tached to its structure and to the overpass’ light.

Regarding the escape route, they would both go towards the bus stop’s right side.
According to them, there might be more people on the street at this area since it is
closer to the subway station. Additionally, Y affirmed that her escape choice would
also depend on the unknown man’s location.

Then, X indicated that she knew this area, and her knowledge about it made she feel
less unsafe. In parallel, Y affirmed that since this area was unfamiliar, she was more
cautious and prone to survey her surroundings.

Area of Bus stop B | Source: author



43

Finally, X affirmed that this bus stop’s proximity to a highway and a train station made
her feel less safe. According to her perception, these places do not provide “frien-
dly-encounters”. Similarly, Y affirmed that, although central areas might present more
pedestrians during nighttime, she considered them as “unknown”, which made her
feel unsafe.

The Qualitative research provided important information regarding women’s asses-
sment at the investigated bus stops. However, a Quantitative research was needed
in order to connect the subjective impressions to objective data. Thus, enabling the
discussion regarding light, visibility and women’s perceived safety.



04.02 | Quantitative research
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This step intended to investigate light conditions at each bus stop and its surroundin-

gs through luminance and illuminance measurements. All measurements were done

between April 27th and 29th from 21:30 to 23:00.

Quantitative Research

Luminance measurements

[lluminance measurements

Quantitative research diagram | Source: author
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04.02.01 | Luminance measurements

The luminance measurements were taken according to the diagram:

TIMETABLE VIEW 4 1 N BUS VIEW

(RIGHT SIDE OF THE USER) N 4 (LEFT SIDE OF THE USER)

A

5

Luminance measurements: towards the bus, towards the time table and forward | Scheme: author

STREET VIEW

— (FORWARD)

The results (Fig.21) revealed differences and similarities to the Qualitative research.
Firstly, bus stops A and D, perceived as dark on the online forms, had the lowest lu-
minance values. However, at A values varied more than at D, which revealed a diffe-
rence from the author’s observation. From the light zones, light distribution at A was
considered uniform and at D, varied.

Luminance measurements

Time table view Street view Bus view
(right side of the user) (forward) (left side of the user)
Bus stop A 0,29 cd/m? 0,50 cd/m? 2,34 cd/m?
Bus stop B 8,09 cd/m? 11,59 cd/m? 1,70 cd/m?
Bus stop C 12,58 cd/m? 9,36 cd/m? 9,69 cd/m?
Bus stop D 0,11 cd/m? 1,82 cd/m? 1,07 cd/m?

Fig. 21. Luminance measurements at each of the investigated bus stops | Source: author
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0,29 cd/m? T 2,34 cd/m?

0,50 cd/m?

Bus stop A
Plan with luminance values

011 cd/m? <—I—> 1,07 cd/m?

1,82 cd/m?

Bus stop D
Plan with luminance values

Representation on plan of luminance measurements taken at bus stops A and D | Scheme: author

Additionally, Bus stop C had values over 9,36 cd/m2. This condition was perceived on
the forms as the brightest area. It also presented the lowest variation on luminance
values of the three measured directions, which was perceived from the author’s de-
finition on uniform light distribution.

12,58 cd/m2<—I—> 9,69 cd/m?

9,36 cd/m?

Bus stop C
Plan with luminance values

Representation on plan of luminance measurements taken at Bus stop C | Scheme: author
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Bus stop B presented the highest variation, which is connected to the author’s analy-
sis on varied light distribution. From the online forms, this area had the most diverse
answers regarding perceived safety and light levels.

8,09 cd/m? <—I—> 1,70 cd/m?

11,59 cd/m?

Bus stop B
Plan with luminance values

Representation on plan of luminance measurements taken at Bus stop B | Scheme: author

This step revealed a difficulty to investigate light distribution in urban spaces through
luminance measurement. The city is an environment that is constantly changing, and
so are the light qualities. Thus, even when directing the tool at the same spot, values
varied due to light spill from vehicles, windows, reflections and other elements. Howe-
ver, light distribution was further investigated through illuminance measurements.
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04.02.02 | lluminance measurements

From a central point inside each bus stop, four measurements were taken to the ri-
ght and left side of the bus stop and forward every 2,0m, totalizing 8,0m towards each

direction:
1,6m B
| | | B | | |
2,0m 2,0m 2,0m 2,0m 2,0m 2,0m
I

"

1

2,0m 2,0m 2,0m 2,0m

[lluminance measurements direction and distance | Scheme: author

This decision was based on the considered light zones. However, since the investi-
gated light zone at Bus stop B was located further away from its structure, the mea-
surements towards its right side had to be extended to 18m.

All measured values were represented on plan based on three different sets: values
from O to 50lux, 51lux to 200lux and above 201lux. These sets were defined by the
most common measured values found.
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Bus stop A

The illuminance level at Bus stop A’s central point resulted in 48lux. The measurements
taken forward had a variation of 35lux and, toward left, 23lux (Fig.22). When comparing
to the other investigated areas, this variation is low. This could be linked to the author’s
analysis on considering light distribution as uniform.

[lluminance measurements | Bus stop A

Time table view Street view Bus view
(right side of the user) (forward) (left side of the user)
A-R 48 lux A 48 lux A-L 48 lux
B-R 62 lux B 54 lux B-L 34 lux
C-R 76 lux C 75 lux C-L 34 lux
D-R 13 lux D 83 lux D-L 25 lux
E-R 135 lux E 66 lux E-L 37 lux

Fig. 22. llluminance measurements from Bus stop A | Scheme: author

ER DR CR B-R A BL  CL D-L E-L
135Ix  M3Ix  76Ix 62Ix 48Ix  34lx  34lx  25Ix 37Ix
541x

75Ix

83Ix

66Ix

Bus stop A . 0 — 50 lux
Plan with illuminance values

@ 51-200Iux

Bus stop A: plan with illuminance values | Scheme: author
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Bus stop B

At Bus stop B’s central point, the measurement resulted in 150lux, which could be
explained by the presence of light source attached to its structure. However, at the
overpass’ boundary, it resulted in 9lux (Fig.23). Thus, levels varied in 141lux at the same
direction, which could be linked to the author’s definition on varied light distribution.

[lluminance measurements | Bus stop B

Time table view Street view Bus view
(right side of the user) (forward) (left side of the user)
A-R 150 lux A 150 lux A-L 150 lux
B-R 21 lux B 82 lux B-L 34 lux
C-R 26 lux € 26 lux C-L 22 lux
D-R 28 lux D 32 lux D-L 23 lux
E-R 41 lux E 162 lux E-L 22 lux
F-L 19 lux
G-L 19 lux
H-L 15 lux
I-L 10 lux
J-L 9 lux

Fig. 23. llluminance measurements from Bus stop B | Scheme: author

However, measurements also revealed a variation of 136lux toward the street. Thus,
light distribution varied not only towards the left side of the bus stop, but also fo-
rward. This was also revealed through the luminance measurements, and it could be
linked to the varied answers regarding light levels and perceived safety of the forms.



51

E-R
Mix

D-R
28Ix

CR B-R A BL ClL DL EL FL  GL  HL L
26Ix 211x 150ix—34Ix 22Ix 23Ix 22Ix 191x 191x 15Ix 101Ix

B
821x

C
26Ix

32Ix

1621x

Bus stop B @ 0-50Iux
Plan with illuminance values

@ 51-2001ux
@ >200iux

L
9lx

Bus stop B: plan with illuminance values | Scheme: author
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Bus stop C

Bus stop C had the highestilluminance value at the central point (214lux) when compa-
ring all the four areas. Additionally, all measurements showed values between 119lux
and 252lux (Fig.24). From the form’s participants this was defined as the brightest
area. Additionally, values varied in 95lux toward the street, which was not perceived
by the author’s qualitative observation since light distribution was defined as uniform.

[lluminance measurements | Bus stop C

Time table view Street view Bus view
(right side of the user) (forward) (left side of the user)
A-R 214 lux A 214 lux A-L 214 lux
B-R 233 lux B 139 lux B-L 217 lux
C-R 206 lux C 123 lux C-L 228 lux
D-R 214 lux D 126 lux D-L 220 lux
E-R 222 lux E 19 lux E-L 252 lux

Fig. 24. llluminance measurements from Bus stop C | Scheme: author

1391Ix

123lIx

1261x

1191x

Bus stop C @ 0-50Iux
Plan with illuminance values

@ 51-2001ux

Bus stop C: plan with illuminance values | Scheme: author
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Bus stop D

The illuminance level at Bus stop D’s central point resulted in 29lux (Fig.25), which was
the lowest value at this point when comparing all areas. This result can be connected
to the forms, since the participants perceived it as the darkest area.

[lluminance measurements | Bus stop D

Time table view Street view Bus view
(right side of the user) (forward) (left side of the user)
A-R 29 lux A 29 lux A-L 29 lux
B-R 51 lux B 251 lux B-L 27 lux
C-R 31 lux C 226 lux C-L 49 lux
D-R 64 lux D 102 lux D-L 63 lux
E-R 55 lux E 39 lux E-L 80 lux

Fig. 25. llluminance measurements from Bus stop D | Scheme: author

ER DR |CR "B-R A BL  CL D-L E-L
55lx  64lx  3lix 51Ix 20Ix  27Ix  49Ix  63Ix 80Ix
[
[
oD
102Ix
oE
39Ix
Bus stop D . 0 — 50 lux

Plan with illuminance values
@ 51-200Iux

Bus stop D: plan with illuminance values | Scheme: author
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05 Discussion

The research developed in this study confirmed that light levels and distribution re-
lated to visibility are connected to women’s perceived safety in Stockholm’s urban
context. The first finding regarding this relationship was the connection between light
levels and perceived safety at the user’s immediate surroundings. For this discussion,
the user’s immediate surroundings refer to the bus stop’s limited area. When compa-
ring all investigated sites, it was identified that higher light levels inside the bus stop
is connected to increased visibility, which enhances women’s perceived safety.

This outcome could be verified through a joint analysis of methodology results. Firs-
tly, Bus stop C had the highest illuminance value at its central point, and it was percei-
ved as the brightest and safest area on the forms. In parallel, bus stops A and D had
the lowest illuminance levels at the same position, and they were perceived as dark
and unsafe areas. Additionally, the form’s visibility section revealed that at Bus stop
D’s immediate surrounding, visibility was considered poor, and women felt unsafe.
And, at B, which had the second highest illuminance level at this point, visibility was
considered good near it and women felt safe.

Another finding was that the connection between light levels and perceived safety
was not identified on the user’s further surroundings. For this investigation, it was
concluded that further surroundings refer to areas more than six meters away from
the bus stop. Thus, women’s perceived safety is connected to light at their immediate
surroundings rather than on further distances.
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Haans and Kort had a similar conclusion regarding visibility and the user’s position
towards light. The study revealed that visibility “increased with more light being offe-
red in a participants’ immediate surroundings, rather than with more light on the road
that lies ahead” [4, p.351]. According to the authors:

People may focus primarily on their immediate surroundings as
potential threats typically originate from events that occur near
to the body. Good prospect, for pedestrians, may thus mean
having a good overview over their immediate surrounding inclu-
ding the road sides. [4, p.351]

Furthermore, the on-site interviews revealed that the participant’s perceived safety
was influenced by previous experiences at the investigated areas, and also by life
experiences. Further investigations demonstrate light’s connection to the experien-
ced space. Schielke affirms that light embody signs, creating meanings to a space:

Similar to architecture, light is used as a medium to generate an
atmosphere. In addition to the functional aspect of visibility, it
conveys a meaning. (...) The semantic dimension raises aware-
ness for the illuminated buildings as signs and what they stand
for. [21, p.234]

The interpretation of these meanings is connected to a person’s cultural backgrou-
nd and values. Rapoport affirms that cultural and personal variability modifies “the
notion of a single environment with invariant properties” [22, p.27]. In other words,
the same space and light qualities can be perceived in different ways due to one’s
previous experiences.

Thus, this thesis acknowledges that women’s perceived safety in urban spaces is
affected by their light experiences. This conclusion leads to the understanding that
is not possible to affirm that a specific light level is connected to safety perception.
This subject is discussed by Fotios and Castleton:

It is, therefore, not appropriate to expect a particular light level
to lead to a given level of safety because that evaluation is in-
fluenced by experience of perceived safety in other locations.
[19, p.239]
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06 Conclusion

From a case study, this thesis concluded that light levels and distribution related to
visibility contribute to women’s perceived safety in urban spaces. Specifically, it reve-
aled that, regarding light distribution, women’s perceived safety is connected to light
on their immediate surroundings, rather than on further distances. Moreover, it was
concluded that higher light levels on immediate surroundings increase visibility thus,
increasing safety perception. Finally, this study recognized that women’s perceived
safety is also influenced by the experienced light, which is connected to each one’s
background.

Investigating the relationship between lighting aspects and women'’s perception con-
tributes to promoting inclusive cities that ensure their right to the city. As Taylor affir-
ms, “a woman can enjoy her right to the city, when she lives free from violence and
the fear of violence” [23, p.5]. By combining objective data from measurements with
subjective assessments, this study understands that, considering women’s perspec-
tive in urban planning, enables the development of gender-sensitive policies. Thus,
this research estates agreement with the United Nations’ Sustainable Development
Goals of Gender Equality and Reduced Inequalities. However, from a Universal De-
sign [24] perspective, this research’s findings are not limited to women. It includes all
those who can relate to the unsafe feelings discussed.

Finally, this thesis understands the existence of other factors related to the lighting
aspects investigated that could affect women’s perceived safety. Caivano affirms that
spatial light distribution can create different signs through perception of translucen-
cy, transparency and opacity [25]. Thus, future research could take other factors into
consideration in order to develop interesting results regarding women'’s relation to
urban spaces.
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Appendix A | Online Form

Light, visibility and perceived safety

Hi! This form is part of a thesis from the Architectural Lighting Design master’s at KTH. It
investigates the relationship between lighting, visibility and women’s perceived safety
on bus stops of urban areas of Stockholm, Sweden. This subjective assessment is very
important to understand how light levels and light distribution are related to the feeling
of safety in this context. The form consists on 07 Sections of quick questions based on
images (it takes approx. 7 minutes). Thank you for participating!

Section 01
1. Are you currently living in Stockholm region, Sweden?

()Yes
( ) No

2. Gender: how do you identify? If you prefer to self-describe, use the third option.

( ) Man
( ) Woman
( ) Self-describe:

Section 02 | Perceived safety

Please observe the pictures of these four bus stops. Assume that you are there alone
at night during five minutes while waiting for the bus at each one of them.

Bus stop A

Bus stop B




Bus stop C

3. In which bus stop do you think you would feel most safe at nighttime?

( ) Bus stop A ( )Busstop C
( ) Bus stop B ( ) Bus stop D

4. And in which bus stop do you think you would feel most unsafe at nighttime?

( ) Bus stop A ( )Busstop C
( ) Bus stop B ( ) Bus stop D

Section 03 | Lighting

5. Rank how bright you think the Bus stop A area is.

1.2 3 4 5
ONONOROR®)

very dark very bright

60
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6. Rank how bright you think the Bus stop B area is.

1 2 3 4 5
OO00O0

very dark very bright

7. Rank how bright you think the Bus stop C area is.

1 2 3 4 5
OO00O0

very dark very bright

8. Rank how bright you think the Bus stop D area is.

1 2 3 4 5

O O0O00O0

very dark very bright
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Section 04 | Visibility pt.01

Look at the images below. How well can you recognize the person in each one at these
situations?

Situation 1:

Very poorly

o
o)
®)
=
<

Very well

Very poorly

—_ A~ M~ o~
~— ~— ~— ~—
o

Very well

Situaltion 3:

Very poorly

o
O
®)
=
<

Very well
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Section 05 | Visibility and perceived safety pt. 01

Look again at the images below. How safe or unsafe do you feel in each one of these
situations?

Situation 1:

Very unsafe

Safe

)
) Unsafe
)
) Very safe

(
(
(
(

( ) Very unsafe
( ) Unsafe

() Safe
()

Very safe

Situation 3:

Very unsafe
Unsafe
Safe

Very safe

(
(
(
(

~— ~— ~—  ~—
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Section 06 | Visibility pt. 02

Look at these other images. How well can you recognize the person in each one at these
situations?

Situation 1:

) Very poorly

) Well

(
() Poorly
(
() Very well

Situaltion 2:

() Very poorly
( ) Poorly

() Well

() Very well

Situaltion 3:

() Very poorly
()
() Well
()

Very well
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Section 07 | Visibility and perceived safety pt. 02

Look again at the images below. How safe or unsafe do you feel in each one of these
situations?

Situation 1:

Very unsafe

Safe

()
( ) Unsafe
()
( ) Very safe

Situaltion 2:

( ) Very unsafe
( ) Unsafe
()
()

Very safe

Situaltion 3:

( ) Very unsafe
( ) Unsafe
()
()

Very safe

Thank you very much for your participation! If you want to leave a comment, use this
space. Or if you prefer, send me an email at: vilc@kth.se
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Appendix B | Interview on site

Investigated bus stop: Day and time:
Please stay alone at this bus stop for one minute before answering these questions.

Section 01

1. Rank how bright you think this place is:

1 2 3 4 5
OO 0OO0O0
very dark very bright

2. Can you please explain your choice?

Section 02

Imagine you are in a situation of risk. In this situation, you are at this bus stop alone

with an unknown man and you start to feel threatened by his behavior, which includes
looks and unwanted comments. You feel the need to escape this place. Where would

you go? And why?

Section 03

1. Do you think any previous experience influenced your answers on this interview?

2. Is there any other factor besides lighting in this urban environment that might have

influenced you answers regarding perceived safety? If yes, can you identify what factor
is that?
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