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ABSTRACT

This thesis will investigate the relationship between lighting and perception of safety through a 
case study. The main focus of this study is outdoor lighting with consideration of gender equality 
and perception of safety. Although street lighting is generally recognized as the most important 
environmental features that influences subjective perception of safety after dark, there is still lack of 
knowledge regarding the needed quality of light for this purpose and how it may influence perceived 
safety. Literature review indicates that effect of light on perceived safety works through two different 
mechanisms: natural surveillance and social integration. The main focus of this thesis is on natural 
surveillance. Indeed, light by increasing visibility in interaction with presence of people, enhance 
possibilities of natural surveillance. Based on literature review, a tool has been developed to have a 
more specific examination of visibility.
Besides, the women’s safety audit (WSA) diagnostic tool is used as a qualitative data collection tool to 
identify unsafe spots in the chosen area by 10 local female participants. The chosen area is a residential 
area in Eskilstuna city, called Årby neighbourhood. All the participants were asked to determine unsafe 
spots from their perspective in the chosen area during an exploratory night walk. In the next step, the 
identified unsafe spots are analysed by means of the developed tool in terms of visibility.
The result of this thesis supports the previous findings regarding the relationship between visibility 
and safety perception. Results show that urban settings with low level of prospect (obstructed view), 
high level of entrapment (escape difficulty), high level of concealment (lots of hiding spots), lack of 
illuminated visual spatial boundaries (sky plane, vertical plane and ground plane), low level of facial 
recognition and obstacle detection, low level of illumination of path, high level of glare and varied 
lighting distribution are judged as the most unsafe by women. In addition, the study revealed that 
illuminated ground plane has the minimum impact on sense of safety in comparison with other safety-
related environmental factors. Consequently, this study highlighted that standards and guidelines, 
which are related to ground plane, are not very beneficial for improving perception of safety.
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1.1 BACKGROUND

Safety and security are essential needs of every community. Lighting is generally accepted as a factor 
that can positively affect safety and security. There have been numerous studies investigating the 
relationship between crime rates and improved lighting but there are not many about perception of 
safety. Therefore, this study is only focused on the subjective perception of safety after dark.

The relationship between urban lighting and perception of safety is a complex issue. Although there 
is no doubt that lighting plays an important role on subjective experience of safety after dark, there 
is still little debate regarding the mechanisms through which lighting influences perceived safety. 
Previous research has suggested two potential paths through which lighting may affect perception 
of safety in outdoor space. Some researchers believed that the mere presence of light may directly 
influence appraisal of safety, while other suggested that the effect of lighting on perceived safety may 
be mediated by changes in the safety-related environmental characteristics. Generally, the results from 
studies showed the complexity of relationship between lighting and other physical characteristics of 
environment. [24] While most studies in lighting have only focused on direct effect of lighting on 
perceived safety, some researchers mentioned the social effect of lighting improvement. Indeed, effect 
of lighting on safety perception can be described through “message” to communities.[34]

Feelings of unsafety and fear of crime are common feelings among many stakeholders in cities. 
Generally, women experience higher level of fear of crime in comparison with men. Some believe that 
cities are mainly planned for men and doesn’t work properly for women. Therefore, it is important 
to consider women’s concerns and perspectives and bring it to the design process. Of course, what 
works for women works for men as well but not the other way around. This study focused on outdoor 
space in residential area. This project has been done in cooperation with Rise interactive institute in 
Eskilstuna city. The chosen case study for this thesis is the in-between space of a residential area, Årby 
neighbourhood, in Eskilstuna city. 

This study is divided into six sections. The first section is literature review which gives a brief overview 
of the related theories regarding urban space, lighting and safety. The second section develops a new 
method based on literature review for evaluation of urban spaces regarding perception of safety. In the 
third section a case study is analysed with the developed method. The fourth chapter is discussion and 
conclusion.

1.2 KEY WORDS

perceived safety; crime; urban space; in-between space of residential area; outdoor lighting; visibility; 
light as a social catalyser; social lighting, social participation in design; gender equality; illumination; 
enclosure; visual spatial boundaries; lighting design.

1.3 OBJECTIVES 

The main objective of this study is to investigate how perception of safety is influenced by lighting 
in outdoor spaces through a case study. The main focus of this study is women’s perception of safety. 
Therefore, subjects of this study are only women. In addition, based on literature review a tool has 
been developed for evaluation of urban spaces regarding perception of safety. The thesis will attempt 
to answer to the following questions:

1-How does lighting in outdoor space affect subjective perception of safety?
2-What are the factors in outdoor space that evoke feeling of unsafety?
3-what are requirements of lighting design for improving perceived safety in outdoor spaces?
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1.4 METHODOLOGY

My methodology is consisted of:

1-Literature review
2-The developed tool       
3-Case study:
               -               Women’s safety audit (WSA) diagnostic tool
               -                 Analysis with the developed tool

The methodology that I applied for my study is a combination of literature review and case study. 
Literature review provides and discusses analytical theories related to urban space, lighting and 
perception of safety. The impact of public spaces on the quality of life of society is highlighted in 
the first subchapter. In the second subchapter, the definition of safety and security are described to 
provide a better understanding of the main focus of this study. The old and new theories regarding the 
relationship between lighting and perception of safety in outdoor spaces are discussed to address how 
lighting may influence perception of safety.  In the second chapter, a tool based on literature review for 
evaluation of urban space regarding perception of safety is developed.

To construct this tool, I investigated different theories and studies regarding the relationship between 
outdoor lighting and perception of safety in the first chapter. In addition, outdoor lighting standards 
and guidelines are included in the developed tool. This new approach to outdoor lighting considers 
the following factors: safety-related environmental factor, visual spatial boundaries, Kevin Lynch’s 
element of city, some characteristics of perceived lighting, and some of outdoor lighting standards and 
guidelines.

This developed tool is a checklist of criteria for outdoor lighting design and presents way to analyse 
urban spaces regarding perception of safety. It is mainly focused on a prospect-refuge based theory and 
theory of visual spatial boundaries to have a more specific examination of visibility in urban space. In 
the case study chapter, this developed tool will be used to investigate the chosen case study to answer 
to the main questions of study. The main aim of creating this tool is to prepare a method for lighting 
designers and urban planners to check the essential requirements of urban spaces to provide perceived 
safety.

The chosen site for case study is Årby neighbourhood in Eskilstuna city which is, according to Boverket, 
a socially vulnerable area. Women’s safety audit (WSA) diagnostic tool is used as a qualitative data 
collection tool to identify unsafe spots in the chosen area by 10 local female participants during an 
exploratory night walk (age range: 20-30). Participants evaluated the area during an exploratory night 
walk and those spots where more than 5 participants judged as unsafe were chosen as unsafe spots for 
further analysis. The identified unsafe spots photographed and evaluated by personal observation with 
the developed tool to investigate the factors that decrease perception of safety in those spots.
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1.5 THE DEVELOPED TOOL:

This developed tool is a result of the literature review that will applied in the case study.  It is a 
combination of quantitative and qualitative data (see table 1). The On-site personal observation and 
quantitative lighting measurements will be used to evaluate case study with this developed tool.

QUALITATIVE STUDY:

Qualitative study has been executed by my personal observation. Map of unsafe spots in the chosen case 
study are defined by the audit group and then evaluated by personal observation with my developed 
tool. By doing a field study on identified unsafe spots, the lighting quality including the following 
factors are evaluated:

  -      Awareness of surrounding
  -      Possibility of facial recognition
  -      Glare
  -      Lighting distribution 
  -      Possibility of orientation 

QUANTITATIVE STUDY: 

Lighting measurements(illuminance and luminance) have been taken on the identified unsafe spots 
with lux meter, Aftab app device and Opticalight app device.

  -     Illuminance (lux): with lux meter, horizontal and vertical illuminance
  -     Luminance(cd/m2):  with Aftab and Opticalight app device.

TERMS AND DEFINITIONS

  -    Average illuminance: Ē Horizontal illuminance averaged over a road area
  -    Minimum illuminance: Emin Lowest illuminance on a road area
  -    Vertical plane illuminance (at a point): Ev vertical plane illuminance (at a point)
  -    Illuminance uniformity: Ratio of the lowest to the highest value
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Table 1. My developed method is both, a result of the literature review and an applied tool in the case study .
Source: © Fatemeh Dastgheib, 2018
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Figure 1: luminance 
measurement app device
source: Aftab app device

Figure 1.2: luminance 
measurement app device
source: Opticalight app device

Figure 1.3:Lux meter
Personal Photograph

Figure 2: Methodology diagram
Source: © Fatemeh Dastgheib, 2018
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1.6 LIMITATION

Although this research was carefully conducted, there were still limitations. In this study participants 
were local women who had daily experience of that residential area. This aspect of familiarity with 
the space might influence participants’ subjective judgment of safety and consequently, the final result 
of the study. Indeed, one of the challenge was the fact that subjective perception of safety can be 
affected by many other factors rather than only physical characteristics of a space; such as individual’s 
experience of that area, crime rates, the image that media shows, etc. In the chosen case study, local 
women’s perception of safety might be influenced by the recent crimes in that area.

In addition, the methodology is the women’s safety audit (WSA) diagnostic tool which is based on 
On-site evaluation. Participants evaluated the area and identified unsafe spots during an exploratory 
night walk. In compared to other studies which are mainly focused on photo-questionnaire method and 
not on-site evaluation, one potential drawback of this approach is that there are many uncontrollable 
variables in an outdoor space which might influence individual’s experience of a space. The positive 
aspect of this approach is that experiencing a space may be more reliable in comparison with evaluating 
photographs in a safe environment. Although the photo-questionnaire method is mainly used in relevant 
studies, experiencing a space may differ from evaluating it through photographs. Each one has its own 
advantages and disadvantages which is not the focus of this study.

Another limitation is that unlike other studies where participants evaluate photographs by using three 
or five-point response, this study is used the two-point questions (Yes or No). In this study, those spots 
where more than 5 participants judged as unsafe were chosen as unsafe spots for analysis. 

The research has been conducted on a period from October to March. Therefore, other seasons have 
not been considered in this study. It is important to mention that during the study period, trees had no 
leaves. Of course, other seasons might change the subjective experience of safety due to the vegetation 
change. Moreover, pictures of day are taken to illustrate the day situation of unsafe spots. One of 
limitation was that pictures of day were taken on 10th May 2018 when the vegetation was completely 
different from night situation and trees were green. 

Due to weather condition, the visual filed study was done three months after the exploratory night 
walk.The exploratory night walk happened on 19th December 2017 at 19:00 pm, while the visual fields 
study and measurements were done on 29th March 2018 at 21:00.

Besides, participants aged between 20-25 and effect of age on their perception of safety has been 
not investigated in this study. In addition, this study is focused only on women and there is not any 
comparison between female and male regarding perception of safety. 

Another limitation is that photographs were taken with iPhone 6s camera which has affected their 
quality.  Therefore, evaluations are based on personal observation not photographs.



2. LITERATURE REVIEW



“No environment reflects the meaning of urban life better than a public space does. 
Public space, whatever its definition or shape, is a place where one interacts, socializes, passes 
by, and sometimes—only sometimes—may become a victim of crime [1, p.69]”.

PUBLIC SPACE
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2.1  PUBLIC SPACE

A review of literature on the topic shows that public space has been defined in many different ways. 
“True” public space is briefly defined as “accessible” for everyone, “providing freedom of action”, 
“temporary claim” and “ownership” [2, p.402]. Socio-cultural approach to public space emphasizes 
role of public space on social interaction between different groups and describes public space as “places 
for having experience rather than only a place [3, p.190]”. Public space plays an important role in the 
quality of life of individuals and society as a whole. Indeed, daily and social activities of inhabitants 
are highly influenced by the quality of public space. [4] 

Beginning in the 1960s and early 1970s, urban theorist started taking a more critical look at design 
of public spaces. Works by well-known urban theorist such as Kevin lynch, Jane Jacobs, Jan Gehl, 
William H. Whyte and others advocated the importance of prioritization of people over aesthetic and 
functional needs which was the beginning of the current-day movements in city planning. [5, p.453]

William H. Whyte, an American urbanist, emphasized the responsibility of urban designers for 
community interaction and believed in the impact of public space on the quality of life of society. He 
pointed out the importance of “Bottom – up” approach to design in public spaces which starts from 
people to shape attractive cities. [6]   

Later Kevin lynch, an American urban planner and author, introduced a new approach to read the cities 
based on every individuals’ experience. Lynch in his book, the Image of the city (1960), focused on the 
individuals’ perception of city, experience and navigation of urban landscape to emphasize the human-
cantered urban planning [9]. As he noted, “Every citizen has had long associations with some part of 
the city, and his image is soaked in memories and meanings [9, p.1]”.
In his book he introduced “legibility”, also called “imageability”, and categorized physical 
characteristics of city that are related to the imageability into five types of elements: “Path”, “Edge”, 
“Node”, “District” and “Land mark”( see figure 3). [9, p.95-105]

According to Lynch, path is defined as “network of habitual or potential lines of movement [9, p.96]”. 
Edge is described as “certain continuity of form throughout their length [9, p.99]” and district is “an 
area of homogenous character [9, p103]”. In addition, Nodes are “conceptual anchor points in the city 
[9, p.102]” and the main landmarks characteristic is “its singularity and contrast with background [9, 
p.100]”.

landmark

Figure 3: Physical characteristics of city that are related to the 
imageability Source: The image of city by Kevin Lynch

node district

path
edge
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Jan Gehl, a Danish architect and urban designer, developed his theory regarding urban planning and 
architecture that priorities people in planning process. Major focus of his study and work is “life 
between buildings”. As he pointed out, life between buildings takes priority over the space and buildings 
and refers to all kind of activities that result in a meaning full places. [9] “First life, then spaces, then 
buildings – the other way around never works [9 ]”, he noted. 

Jane Jacobs, an American-Canadian journalist and author, suggested a human-centric approach to 
urban planning and changed the way looking to cities based on citizens’ experiences [11]. She argued 
that people should be placed above “standardization” and “aesthetic” [12]. Like Whyte, she believed 
in “Bottom – up” approach to design in public space. 

2.1.1 RESIDENTAL AREA

Residential area is defined as a “land use in which the predominant use is housing [12, p.12]”. The space 
surrounded by residential buildings has both physical and social functions and can affect the quality 
and quantity of social activities. Indeed, It can provide a fundamental platform for social activities of 
stakeholders which promotes their mental and social health. [13, p.189]

2.1.2  ACTIVITIES IN URBAN SPACE

Jan Gehl, in life between buildings, emphasized the importance of activities between buildings. 
According to him, life between building makes it possible to “be among other”, “see and hear other”, 
“receive impulse from others” and “imply positive experience” without being necessarily with a specific 
person [14]. As he noted, “if activity between buildings is missing, the lower end of the contact scale 
also disappears; the varied transitional forms between being alone and together have disappeared; the 
boundaries between isolation and contact become sharper-people are either alone or else with others 
on a relatively demanding and exacting level [14, p.19]”.He categorized outdoor activities into three 
types with different and physical environment: “necessary activities”, “optional activities” and “social 
activities” [14, p.11].

Necessary activities refer to “compulsory” activities that involved people are required to perform it 
almost under any circumstances; such as: going to school, work, shopping and etc.
Optional activities are defined as kinds of activities that participants are willing to do if the exterior 
conditions are pleasant; for example: walking to get breath of fresh air, standing around and enjoying 
life or sitting and sunbathing.
Social activities are all activities that are dependent to the presence of other people in public space. It 
includes “greeting and conversation”, “communal activities” and “seeing and hearing other people” 
(see figure 4). [14, p.11-13]

Indeed, social activities are described as the indirect result of necessary and optional activities. 
Gehl pointed out the relationship between quality of physical environment with these three kinds of 
activities. As he noted, in a poor-quality environment just necessary activity will be occurred which 
causes “people hurry home”. By improving quality of outdoor area, optional and social activities will 
increase. [14, p.13-14]
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Necessary activities

Poor Good

Optional activities

Quality of the physical enviroment

Social activities

Figure 4: The relationshop between quality of physical environment 
and different kind of activities. Source: Life between buildings by Jan 
Gehl, p.11



SAFETY AND LIGHTING

“Street lights can be like that famous stone that falls in the desert where there are no ears 
to hear. Does it make a noise? Without effective eyes to see, does a light cast light? Not 

for practical purposes [39, p.42]”.
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2.2 SAFETY AND LIGHTING

Safety is one of the most fundamental needs of every society and the most important factor when 
evaluating public spaces [16, p.7]. Since there is a strong relationship between safety and the physical, 
mental and social well-being of community members, safety consideration in urban planning is a 
matter of growing concerns.

2.2.1 SOCIAL SAFETY 

The term safety is generally used on a daily basis, but it is important to know what exactly we mean 
by that. In this thesis “Social safety” refers to “the protection or the feeling of being protected against 
danger caused by or threatened to be caused by human actions in the public sphere [18, p.194]” and 
categorized into “actual safety” and “perceived safety [18, p.195]”. Actual safety is the actual crime 
rates and perceived safety is defined as “a person’s immediate sense of security, and an absence of 
anxiety of becoming victimized, when traveling through a particular environment [19, p.343]”. 

2.2.2 PERCEIVED SOCIAL SAFETY 

A review of literature on the topic shows that perceived safety and fear of crime are related to each 
other [20, p.2] and fear of crime is identified as the main factor that “works against feeling of safety 
[21, p.5]”. In this thesis, the following terms refer to perceived social safety: perception of safety, 
sense, feeling and experience of safety, sense of security and judgment of safety. Some studies have 
reported that fear of crime is a bigger problem in comparison with actual crime, because it has direct 
effect on people’s behaviour and might limit use of urban space after dark [23, p.1]. Moreover, low 
participation in outdoor activities, which is the result of fear of crime, may cause criminals to perceive 
decrease in natural surveillance which might increase crime rates [23, p.11].
Since feeling unsafe/fear of crime is dependant to several factors, perception of safety is a complex 
issue that differ from one person to another [20, p.2]. Literature review categorizes fear of crime in 
three levels: “individual”, “neighbourhood” and “social macro” [15, p.10]. Individual level of fear of 
crime refers to the daily experience of people in their own neighbourhood that shapes their perception 
of safety. At the neighbourhood level, fear of crime is influenced by others’ experiences in their place 
of residence, while at the macro level, “social phenomenon shaped by media” has impact on people’s 
fear of crime [15, p.10]. 

Generally, perception of safety/fear of crime is related to each individual’s experiences, age, gender, 
race, memories and relation to a space [15]. The relationship between actual safety and perceived 
safety is very complex. Although under certain circumstances, fear of crime and crime can be related, 
one does not necessarily lead to the other one. In other words, ”being safe is not the same as feeling safe 
[24, p.8]”. An area might be perceived safe while it is not really safe or vice versa. [24]
Although perceived safety and actual safety might decrease for different reasons, they might have the 
same consequences; for instance, decrease in number of people participating in outdoors activities 
after dark could be the result of both low level of perceived safety and actual safety.  Thus, they 
are both important to be considered for increasing inhabitants’ social and physical activities in urban 
environment. [24, p.8]
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2.2.3 SAFETY AND GENDER

Gender is an influential factor shaping individuals’ perception of safety. According to the Swedish 
national crime survey, Brå 2014, while statistics indicates that men are more often victims of crimes, 
women experience lower level of perceived safety in comparison with men [16, p.12]. Low level of 
perceived safety by women, highly influences their participation in physical outdoor activities and 
leads to inequality in cities. 
In addition, it will affect the daily lives of women and limit their freedom of movement. Therefore, it 
is important to involve and consider women in planning to create an equitable city.

Despite the low level of perceived safety by women and consequently, lower participation in outdoor 
activities, women’s voice has not been considered in urban planning and cities are mainly planned 
for men.  In 2015, countries adopted the 2030 Agenda for sustainable development which includes 
17 Sustainable Development Goals. Goal 5 is about gender equality in cities which aims to “achieve 
gender equality and empower all women and girls” (figure 5) [28]. 

A valuable tool for gathering information about women’s safety in urban space and “check the 
vulnerability of a neighbourhood [29, p422]” in terms of perceived and actual safety is “women’s 
safety audit”. The women’s safety audit is used as a tool to evaluate public spaces regarding actual 
and perceived safety and identify factors that result in fear of crime. For this purpose, group of women 
walk in their own neighbourhood to identify “physical or social characteristics” of a space that make 
them feel unsafe [29, p.422]. The main aim with this tool is to improve the physical and social elements 
of urban space to enhance perceived and actual safety specially for the most vulnerable groups; such 
as women and children. Indeed, it is important to have a deeper understanding of the mechanism 
underlying the cause of low perception of safety for women in urban environment to provide safer 
spaces for them. [29]

Figure 5: Gender equality is the goal 5 of 2030 Agenda for sustainable 
development. source: http://www.un.org
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2.2.4 ACTUAL SAFETY AND LIGHTING:

Several researches carried out to investigate the relationship between improved lighting and social 
safety.  Based on literature review, empirical evidence on impact of lighting on actual safety indicates 
mixed results [30, p.2]. Although some studies showed that improved lighting resulted in crime 
reduction [31, p.8], some researchers suggested that improved lighting, might negatively affect actual 
safety [10, p.210] Indeed, in certain circumstances, improved lighting may bring great number of 
potential victims into a same physical space where potential offender search for targets and increase 
possibilities of some types of crime [10, p.210]
Generally, researchers agree that the effects of improved lighting on crime rates are likely to vary 
based on the physical and social characteristics of the area and the residents, the quality of the lighting 
improvement, types of crime and many other factors [10, p.210].

2.2.5 PERCEIVED SAFETY AND LIGHTING

The positive effect of improved lighting on perception of safety has been proven through several studies 
[30]. Although street lighting is generally recognized as the most important environmental features 
that influences subjective perception of safety after dark [19, p.343], there is still lack of knowledge 
regarding the needed quality of lighting for this purpose and how it may influence perceived safety. 
While some researchers believed in the direct effect of light on perception of safety due to “mere 
presence of lighting” [30, p.2], some other argued that the positive effect of lighting is not the direct 
effect of light itself.

In this study, the answer to the main question regarding the effect of light on perception of safety is 
framed in terms of “visibility” (natural surveillance) and “message” (social integration) [34, p.404].  
In other words, light through effect on “natural surveillance” and “social integration” may enhance 
perceived safety in urban space. Figure 6 shows the potential mechanisms through which lighting may 
affect perception of safety. In the next subchapters, a deeper understanding of this model and the way 
that light affects these two factors to achieve the intended purpose of lighting improvement will be 
described.
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Figure 6: Effect of light on perception of safety is framed in terms of “visibility” (natural surveillance) and “message” (social 
integration) Image © Fatemeh Dastgheib
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2.3 NATURAL SURVEILLANCE

The main aim of this subchapter is to describe the relationship between improved lighting, natural 
surveillance and perception of safety. Theories regarding natural surveillance will be investigated to 
provide a deeper knowledge of this theory.

Literature review indicates natural surveillance as one of the main factors affecting actual and perceived 
safety in urban space [38, p.1]. Wikipedia defines natural surveillance as “one of the principles of 
CPTED”(Crime Prevention Through Environmental Design) which is an urban planning strategy with 
the purpose of improving actual and perceived safety [38].

According to the natural surveillance strategy, in an urban setting which provides high level of visibility 
for people, the tendency of committing crimes by potential offender will be decreased [38]. Although 
researchers are mainly focused on the effect of CPTED on crime prevention and there are few studies in 
terms of fear of crime, it has been proven that CPTED measurements; such as landscaping and lighting, 
play important role in decreasing fear of crime as well as actual crime [38, p.3]. 

Review of literature on the topic shows that the key factor in natural surveillance is “visibility” which 
in interaction with “presence of people” increases perception of safety. Therefore, it is important to 
discuss visibility and presence of people in detail. Moreover, the relationship between lighting and 
these factors will be explained. 

For this purpose, Jane Jacobs’ theory of “eyes on the street” will be used to describe the role of 
presence of people on perception of safety. Second, visibility will be investigated through two different 
approaches; first, prospect-refuge based theory and second, the concept of “visual spatial boundaries” 
by Ulrika Wänström Lindh (2012). Finally, the mentioned theories in combination with other factors 
will be used to develop the existing tool for evaluation of lighting projects and urban spaces in terms 
of visibility. 

2.3.1 PRESENCE OF PEOPLE 

The idea of natural surveillance and crime preventions is influenced by Jane Jacobs [38, p.2]. In the 
death and life of great American cities (1961), she introduced the concept of “eyes on the street [39, 
p.35]”. Based on her theory, presence of other people increases the number of eyes on the street and 
enhances natural surveillance. The enhanced natural surveillance limits the opportunity of crime for 
potential offender [39].  According to her, “being watched by people makes an urban space safe [38, 
p.2]”.
In addition, she highlighted the association between level of crime and public street use, suggesting 
that in a crowded street, possibilities of crime decrease. As Jane noted, “A well-used city-street is apt to 
be a safe street; a deserted city street is apt to be unsafe [39, p.34]”. Moreover, she argued that physical 
characteristics of built environment such as orientation of buildings can add number of “effective eye” 
on the street by inducing people in the building to watch the street [39, p.42]. 

In the 1970s, Oscar Newman developed Jacobs’ theory regarding the relationship between housing 
design and crime [38, p.2]. In his book, Defensible Space: Crime Prevention through Urban Design 
(1973), he introduced concept of defensible space which concentrated on the role of territoriality, 
surveillance and building image on crime prevention. Moreover, he found out that “invisible” spaces 
are more at the risk of crime. Therefore, he suggested that building and community design which 
enhances possibilities of natural surveillance by residents can reduce crime [38, p.2].
Although some researchers believed that Jane’s theory is just a “prescription for real crime prevention 
and not perception of safety [41, p.15]”, some other extended her theory and pointed out the importance 
of eyes on the street on perception of safety as well [38, p.2], [42, p.4], [43].
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Gerda Wekerle in her article, From Eyes on the Street to Safe Cities, declared that Jacobs’ view on 
safety were dismissed after publishing the death and life of great American cities. She emphasized that 
Jacobs’ theory includes the link between fear of crime and urban design as well as actual crime. In 
addition, “eye on the street” does not only focused on crime rate; instead it considers daily experience 
of inhabitants. More over, she suggested fear of crime as the key aspect for Jacob’s argument that has 
been ignored from CPTED. [43]

To conclude, Jacobs theory is not only limited to actual safety. Indeed, she emphasized the effect of 
“eye on the street” and urban design on perception of safety. In other words, the physical characteristic 
of space by providing better visibility in interaction with presence of people can enhance possibilities 
of natural surveillance and results in actual and perceived safety.

2.3.2 LIGHT AND PRESENCE OF PEOPLE 

“The value of bright street lights for dispirited gray areas rises from the reassurance they offer to some 
people who need to go out on the sidewalk, or would like to, but Lacking the good light would not do so. 
Thus, the lights induce these people to contribute their own eyes to the upkeep of the street [39. p, 42]”

Jane Jacobs argued positive impact of lighting on natural surveillance and social safety through her 
well-known theory of “eyes on the street”. According to her, light does not result in safety or unsafety 
itself. “Good lighting”, says Jacob, is important, “but darkness alone does not account for the gray 
areas’ deep, functional sickness [39, p.41]”. Instead,  she highlighted the importance of “visibility 
combined with natural surveillance” as a means of crime reduction [44, p.4]. 

As she noted, “horrifying public crimes can, and do, occur in well lighted subway stations when no 
effective eyes are present. They virtually never occur in darkened theatres where many people
and eyes are present [39, p.42]”. She believed in lighting as a tool that “augments every pair of eye” 
and “increases their range” [39, p.42]. Indeed, light by improving visibility enhances visual experience 
and encourages street usage which leads to more possibilities of surveillance. Consequently, perceived 
risk of being seen and caught for potential criminals will increase and might result in crime reduction 
[45, p.200].  

Although Jane did not directly point out effect of lighting on perception of safety and her book seems 
to be concentrated on the crime reduction, literature review indicates the relationship between “eyes 
on the street” and perception of safety. Indeed, more eye on the street, more people, with higher ability 
to “perform long-range detection of possible threats” and better facial recognition, increase “a sense 
of being watched over” which enhance possibilities of natural surveillance and cause people to feel 
safer [45, p.200]. The figure 5 indicates how light through interaction between visibility and presence 
of people results in perceived safety.
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2.3.3 SAFETY-RELATED FACTORS

Numerous studies conducted by Newman (1970), Appleton (1975), Nasar and Fisher (1992) and other 
urban theorists confirmed the relationship between physical environment and perception of safety in 
urban space. Appleton introduced theory of prospect-refuge to describe how physical characteristics 
of space influence perception of safety [30, p.2]. According to his well-known theory, urban space that 
provides the ability to see (i.e., prospect) and the ability to hide (i.e., refuge) for victim contribute to 
the victim’s perception of safety. This theory emphasizes “range of vision” as a factor that increases 
chance of survival by seeing potential offender and not to be seen [46, p.105].

Nasar and Fisher and colleagues (1992) based on Appleton’s theory, introduced three environmental 
cues that influence  perception of safety in urban environment: prospect, concealment and entrapment 
[30, p.3], [24, p.23]. In literature, concealment refers to “a physical occlusion of space big enough 
to hide a potential offender [18, p.197]”, such as a trees, shrubs, walls, and dark spots. Entrapment 
reflects “the difficulty a person would have escaping when confronted with a potential offender [18, 
p.197]”. Prospect is described as the characteristics of an environment that make it possible to have an 
unobstructed view over surroundings [30, p.3].

Indeed, factors found to increase perception of safety in urban setting are low level of concealment 
(lack of hiding spot for potential offender), low level of entrapment (possibility to escape) and high 
level of prospect (unabstracted view). Furthermore, importance of low level of entrapment especially 
for women’s perception of safety has been pointed out. In addition, as noted by Nasar and Fisher, 
entrapment has social and physical dimensions [18, p.197]. Social dimension refers to the extent to 
being unable to contact people for help while the physical dimension is limited to the blocked escape 
routes due to the physical elements of environment (see figure 7, 7.1). For instance, lit windows of 
building are signs of social activity and support which means low level of entrapment and will increase 
the perception of safety. This study is only focused on the physical aspect of entrapment.

In conclusion,  although Nasar and Fisher did not pointed out directly to the natural surveillance [49], 
based on literature review, low level of concealment and high level of prospect result in visibility and 
enhanced visibility in interaction with presence of people increase chance for natural surveillance 
which positively affect actual and perceived safety.

Figure 7: Urban space with low level of entrapment
Source: [18]

Figure 7.1: Urban space with high level of entrapment
Source: [18]
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2.3.4 SAFETY-RELATED FACTORS AND LIGHT

Physical characteristic of urban space can be influenced by lighting improvements to increase 
possibilities of natural surveillance.  Based on Nasar and Fisher’s study, the positive effect of lighting 
on perception of safety is described through effect on safety-related environmental factors. 
The literature review indicates that proper lighting can increase level of prospect and decrease 
concealment and entrapment. In other words, good lighting can decrease hiding spots for potential 
offenders(concealment) and provide a better view over surrounding(prospect) for victims. In addition, 
it can improve visibility of escape routes for potential victims and provide ability of orientation to 
escape in case of danger(entrapment). In contrast, low quality lighting may reduce prospect (e.g., due 
to glare), decrease visibility of escape routes, and cause dark spots in which potential offender can hide. 

To conclude, guidelines for good quality lighting which can enhance possibilities of natural surveillance 
is summarized in three parts: first, lighting that provides visibility and view over surroundings for 
potential victim. Second, lighting that highlights escape routes and finally, lighting that decreases 
dark spots for hiding of potential criminals. The consequences of this guideline are increase in street 
usage and number of pairs of eye which leads to natural surveillance. Consequently, perceived risk by 
criminals will increase. (figure 6.1) [23]

2.3.5 VISUAL SPATIAL BOUNDARIES

Another approach to the relationship between physical characteristics of a space and perception of 
safety in urban environment is suggested by Ulrika Wänström Lindh as theory of “visual spatial 
boundaries [48, p.144]”. According to her, “enclosure through illuminated spatial boundaries [48, 
p.144]” is advantageous to perception of safety.

Enclosure has been defined in different ways. Based on the PHD thesis of Ulrika Wänström Lindh, light 
shape space, spatial enclosure is defined as “being surrounded by clearly visible spatial boundaries that 
increases spatial understanding of a space which can, if related to visible spatial boundaries, facilitate 
reassurance and safety [50]”.
The relationship between enclosure and perception of safety has been discussed in many different 
ways. Some urban theorists believed in the positive impact of enclosure on perceived safety in urban 
space; For example, as Allan Jacob (1993) noted, “people react favourably to fixed boundaries as 
something safe, defined and even memorable, an invitation to enter a place special enough to warrant 
boundaries [51, p.74]”. In contrary, some others like Stamps (2007), Appleton (1975) and Listerborn 
(2002) recognized enclosure as a factor that decreases perceived safety. Instead, they pointed out the 
importance of openness regarding experience of safety. This contrast in these theories proves the 
complexity of spatial perception in interaction with many other factors. 

Nevertheless, according to Lindh, these two theories do not disprove each other, and they both 
emphasize the importance of view over surroundings for perception of safety [48, p.144]. Indeed, 
she believed that enhancing spatial enclosure through illuminating “spatial boundaries and borders 
[50, p.105]” is more beneficial for facilitating view over space than “openness” [50, p.47]. Therefore, 
“some sort of spatial limitation [50, p.47]”, in urban space is needed to improve experience of safety.
Although enclosure may result in perception of safety, its increase does not necessarily increase 
perceived safety. Indeed, Enclosure and Safety are “directly proportional to each other until a point 
where if the enclosure increases any further, the feeling of safety starts to drop [47, p.650]”.
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To conclude, spatial enclosure concept emphasizes  the importance of visual boundaries in a space to 
achieve a better understanding of that. By providing better understanding of a space, orientation and 
detection of potential criminals will be facilitated which may enhance natural surveillance and as a 
result perception of safety.

2.3.6 LIGHT AND VISUAL SPATIAL BOUNDARIES

Lind described visual spatial boundaries as “visually observed limitation of space which can be related 
to the walls, ceiling or floor of a physical space, but can also be the experienced transition between a 
light zone and a dark zone [50, p.61]”. According to the concept of “visual spatial boundaries”, being 
surrounded by defined spatial borders and limits can increase perception of safety. Indeed, light can 
be used as a tool to make spatial boundaries more well defined and support a better visibility and view 
over surroundings. 

As Lindh noted, “light does not physically close a space but can increase the enclosing and embracing 
feeling within a space [50, p.127]”. Light by illuminating visual limits, borders, landmarks and paths 
can make space more defined and visible which makes orientation and movement easier and benefits 
safety perception.
Based on a review of literature, there are several factors that affect spatial enclosure; For example, 
“bright walls and ceiling”, “clearly visible spatial boundaries”, “darkness” and “contrast” [50, p.88].

In order to talk about enclosure in urban space we need to define outdoor space as a “three-dimensional 
landscape element” which includes “ground plane”, “vertical plane” and “sky plane” [52, p.26](see 
figure 8, 6.1). Vertical elements are elements such as vegetations, fences, wall and etc. Sky plane can 
be defined as “ceiling of outdoor area” such as roof structure or tree canopies and asphalt and grass are 
examples of ground plane [52, p.26].
Researchers have found that ceiling (sky plane) is the most important spatial surface for the perception 
of enclosure in urban setting. The second item is side walls and centre(rear) wall.  Surprisingly, they 
have found that ground has the least contribution to the perception of enclosure [50].

In the literature, the importance of vertical surface for orientation in a space has been emphasized. 
Indeed, illuminating ground is not very beneficial for orientation and recognising the surroundings. 
Instead, lighting up vertical surface has been suggested as a way to “smoothen out the contrast (between 
luminaire and black sky) and reduce glare [50, p.19]”. Therefore, it is important to illuminate trees, 
buildings’ façade and other vertical elements. 

Figure 8: The three dimensional outdoor space as described by Dee (2001). 
Source: Outdoor lighting in Iceland schoolyards 

Image © Anna Kristín Guðmundsdóttir. 
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Figure 6.1: Expand of diagram figure 6 which shows how light affect safety related 
environmental factors and visual spatial boundaries .Image © Fatemeh Dastgheib
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2.4 SOCIAL INTEGRATION

Numerous theorists advocated the positive impact of community confidence, community cohesion and 
informal social control for crime prevention. Oscar Newman (1972) in his book, Defensible space, 
emphasized the importance of “exercising informal social control [53, p.7]” in residential areas for 
crime prevention and mainly focused on the relationship between crime and design of housing [53, 
p.7].  
Both Newman and Jacobs believed in the association between social network and safety in urban 
environment. In addition, they confirmed the priority of “sense of community” to “police enforcement 
[53, p.7]”.  The literature review indicates the relationship between mentioned factors and perception 
of safety. Indeed, “Social integration” is recognized as one of the inhibitors to reduce “ground of fear of 
crime [22, p.507]” which includes “social participation”, “sense of community” and “informal social 
control [22, p.507]”.  
To conclude, enhancing conditions of social integration in a neighbourhood increases informal social 
control. This means that people are more aware of their community and they feel themselves more 
responsible for safety of their own neighbourhood. 

2.4.1 LIGHT AND SOCIAL INTEGRATION

“Light can help to reduce social and economic differences and support the integration policy. [84]”.

According to a review of literature, the social dimension of positive effect of light on perception 
of safety works through “social integration [22, p.509]”. In fact, improved lighting sends positive 
“message [34, p.404-406]” about the community investment in the area to inhabitants which increases 
“community pride”, “cohesion” and “informal social control” in that neighbourhood [34, p.406]. 
Therefore, inhabitants would feel that someone cares about their neighbourhood which will positively 
change their image of the area. Consequently, they would be more aware of each other which increases 
to informal social control.

It is important to mention that these positive effects accurse only if the lighting improvement be seen 
as marked improvement for helping the community, not “simply to control [34, p.406]” it.
In addition, through this mechanism, the positive effect of lighting on actual and perceived safety 
would not be limited to after dark which means  that people would feel safer even during the day.[34]

“We don´t want any special treatment, we just want to be treated like all other areas [57]”.
Bahare Sadeghi, aged 19

Figure 9: Adrian Kaba is watching changes in her neighbour after 
new lighting installation. Source:fastighetstidningen NR8 2012
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In contrast, poor lighting may can send negative message about the social construction of a space 
which may result in lower perception of safety. For example, if we compare lighting in social housing 
state with tourist centre we can realize how differently they have been designed. In fact, usually in 
social housing estates, “brutal and intrusive lighting [58, p.12]” with the aim of anti-social behaviour 
is used which marks the area as “problematic and even dangerous [58, p.12]”, while in tourist centre 
lighting is aimed for “aesthetically pleasing night escapes [58, p.12]”. 

The fact that the same lighting condition might have “mixed messages [34. P,406]” for different people 
should not be neglected. For example, a resident might perceive that area is safe with new lighting 
while a driver might deliver the message that the new lighting indicates unsafety in the area. Therefore, 
it is important to identify “the recipient [34, p.406]” of lighting message [34, p.406].

The importance of social participation on actual and perceived safety has been mentioned by different 
researchers. In master thesis of Emy Johanna Brandt, pedestrian and feeling of safety during dark 
hour [66], she conducted an interview with a coordinator for crime and drug abuse prevention, 
regarding inhabitants’ perception of safety in that neighbourhood. During the night walk that she has 
arranged with inhabitants, she identified that “the possibility to take part in decision made about one’s 
environment creates a feeling of safety [66]”. As Jane Jacobs noted, “Cities have the capability of 
providing something for everybody, only because, and only when, they are created by everybody [39, 
p.238].”
It is important to mention that social participation in design process differ from designing exactly 
as people want. We need to listen to people, take their opinion into consideration and get them the 
opportunity to influence the design process, but it does not mean that we need to “blindly” follow them.
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Image © Fatemeh Dastgheib



33

2.4.2 SOCIAL LIGHTING 

“Architectural lighting design is dead [58]”, says the French lighting designer, Roger Narboni. 
According to him, lighting design need a revolution to change the approach from “beautification 
lighting” toward “social lighting” which is “people-oriented” not “building-orientated” lighting. [58]

There are several lighting movements with the aim of  people-oriented lighting such as social light 
movement, configuring light and guerrilla lighting.  In addition, “social research in design” is suggested 
to be integral to lighting design [58]. In fact, due to the importance of light on people’s social behaviour 
and perception of space, designers need detailed understanding regarding the social construction of a 
space they are designing for. Therefor, “social research in design” is suggested to gain information and 
feed this knowledge back into the design process. [59]

2.4.3 SOCIAL LIGHTING PROJECTS 

People can be involved in design process of their own neighbourhood in many ways. In order to show 
examples of social participation in lighting design projects, two projects have been chosen for this 
part. Both of these projects emphasize the importance of social dimension of lighting on increasing 
perception of safety and security. In fact,  in these projects light is used to send positive message about 
new investment in that area which will positively affect community pride, cohesion and informal social 
control. In addition, in these projects unsafe spots of chosen areas were identified by local people 
which was the main inspiration for my case study. 

The first project is a temporary lighting festival by social lighting movement, which was mainly 
concentrated on using light as a tool to increase social participation, send message to community about 
positive investment in the area, and raise awareness regarding safety and security problems in that area. 
The second project is a permanent lighting installation in collaboration with some female students in 
Katrineholm city. Students were involved in design process from the beginning of the project. They 
identified unsafe spots in their daily environment and they also had influence on the concept and final 
design of lighting installation. Results from a survey after new installation showed that participants 
feel much safer.

2.4.3.1 LULEÅ LIGHT FESTIVAL 2013

Light festival in Luleå city took place in collaboration with social light movement. Social Light 
Movement is a loosely joined movement with the aim of raising awareness regarding priority of 
people in lighting design projects. The main characteristic of this movement is that they mainly operate 
workshops and events in so-called socio-economically disadvantaged areas which are rarely considered 
in urban development. In addition, they involve inhabitants in design of their own neighbourhood 
and the installations have their origin from inhabitants’ sketches and wishes. Moreover, social Light 
Movement is aimed to spread knowledge, approaches and methodologies for urban planners, architects, 
landscape architects and students. According to them, “light is a right, not a privilege [57]”. 
The information about this project has been collected through an interview with Jöran Linder, founder 
of social light movement. Luleå light festival was a temporary lighting installation. 

Social light movement was invited by municipality for this light festival. The main task was to arrange 
an interesting opening for that festival and engage teenagers to participate. They stayed in the city for a 
week to spend time with inhabitants. Although municipality just planned for the opening event, social 
light movement aimed to do something valuable for the daily life of inhabitants rather than one night.
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They asked themselves: 

How do the municipalities often solve their problems with safety and security?

Answer: They install a lamp!

They came up with the idea of “living floor lamps”. Then, they dressed some teenagers as living floor 
lamps and travelled around in their own neighbourhood to show them unsafe and scary places. After 
that, they placed one living floor lamp on those unsafe spots and took pictures to mark it in a map over 
the city. The final result was map of unsafe spots with pictures of living floor lamps. The main goal 
was to prepare this document and ask municipality to install good quality lighting in those recognized 
spots. As Jöran Linder notes, “A very democratic and down to earth way to work”. The opening was 
a huge success. teenagers and kids of different background and countries participated and dressed as 
living floor lamps and danced (see figures 10, 10.1 and 10.2). 

Figure 10: Local teenagers are dressed up as living floor lamps to take picture in unsafe spots.
Image © Jöran Linder
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Figure 10.1 and 10.2: Local teenagers are dressed up as living floor lamps 
to take picture in unsafe spots. Image © Jöran Linder

The main aim of this project was to use light (living floor lamps) to send message to community 
regarding the positive investment in that specific area. It positively affects social integration and as a 
result perception of safety. In addition, light is used as a symbolic tool to raise awareness regarding the 
safety and security problems. Indeed, identifying unsafe spots in that area by inhabitants provided map 
of unsafe spots for municipality which will open up new possibilities for change in future. Moreover, 
no one can deny the positive effect of social participation in that light festival on “community pride”, 
“cohesion” and “informal social control” which will result in safety and security. 
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2.4.3.2 JUSARE KONST-TRYGGARE STADT

This project has been conducted by the municipality of Katrineholm, a city located in the inland of 
Södermanland in Sweden. In the lighting plan for the municipality, it is stated that more women feel 
insecure in the city’s public spaces in compared to men. Therefore, the purpose of this project was to 
increase the safety and equality of the city by using public art and light. This project was conducted in 
collaboration with municipality, artists and the students (mainly women) at Duveholms Gymnasium 
[78]. 

Participants were involved in project from the beginning. In order to choose the spots for lighting 
installations, they were asked to draw on the map where in the city they move. Then artists and designer 
travelled around those routes with participants to listen to their concerns and ideas about places and 
how they feel moving in the city. Based on participants’ idea, two sites in which they felt unsafe were 
chosen. In the next step, students continued with artists  by creating art works from a gender equality 
perspective. After that, artists make sketches on students’ artwork and finally, students voted for the 
winning artworks for installations (figure 11) [78].

Figure 11: Students in cooperation with artists are creating artworks form a gender equality perspective. Souce: www.ekuriren.se
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Figure 12: The tunnel with neon artworks which are symbols of home, death, creativity and love.Source: www.katrineholm.se

Figure 13: On the other side of the tunnel, a group of words in 22-24 different languages are installed to emphasize that Katrineholm 
is a multicultural city. Source: www.katrineholm.se

The project includes two sites in Katrineholm. One was a tunnel where a neon artwork was installed. 
The work has two parts: one consists of symbols of home, death, creativity and love (figure 12). The 
second part is group of words that are important for the young people, in 22 or 24 different languages 
to emphasize this fact that Katrineholm is a multicultural city and as Magdalena Sundbom, art teacher, 
noted, “ we have to be and feel that being a multicultural city is good, it strengthens, it enriches (figure 
13)[78]”.
The second installation is installed in one of parks where lampshades were used to enhance home 
feeling and increase safety and security. 
According to the municipality, they received positive reactions from citizens of Katrineholm after this 
project. In addition, Results from a safety survey that is done with participants in the project shows that 
a majority feel safer after new installation [78]. 
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2.5 VISIBILITY

In last subchapter, effect of light on perception of safety is described through two different paths:  
message to communities (social dimension) and natural surveillance.  As discussed before, visibility 
is the key aspect in natural surveillance that affects perception of safety in urban space. Therefore, it is 
important to define visibility in detail. This chapter concentrates on definition of visibility to provide the 
needed knowledge for developing the tool. For this purpose, different theories and standards regarding 
visibility will be discussed.

Visibility is defined in different ways. According to recommendations of the Swedish Road 
Administration, Vägverket, three different roles of light in urban setting are defined as: “Visibility”, 
“space-revealing light” and “atmosphere creating light” [66, p.4]. Visibility is referred to “the basis of 
lighting that makes it possible to see the street under our feet and the vehicle moving around us [66, 
p.4]”. 

Furthermore, the literature review indicates that visibility is included in effective lighting which is 
defined as “lighting that puts light where we need it (and nowhere else) and where light will help 
visibility [68, p.20]” which can be translated to: “no glare, no light trespass, no direct upplight, no 
harsh shadows, no steep transitions from light to dark [68, p.20]”.  

According to Boyce (2013), illuminance, illuminance uniformity, and reduced glare are the most 
important factor for providing visibility in urban space and light source colour properties is recognized 
as less important factor for visibility .[69]  
From a photometric approach, requirements for “good quality visibility lighting” are categorized into 
four major categories: “obstacle detection, facial recognition, visual orientation in the environment, 
glare avoidance and visual acuity, the ability to appreciate the surrounding environment and socialise 
[70]”.  In addition, the literature review suggested a “perceptual approach” to visibility which concludes 
“non-standard requirements, such as visual hierarchy, non-uniformity or social identity [70]”.

In this study visibility is categorized into: visual orientation, obstacle detection, facial recognition, 
awareness of surrounding environment, glare avoidance, high colour rendering index and lighting 
distribution. It is important to mention that there are strong overlaps and interactions present among 
these factors. These items will be investigated from both different approaches.

2.5.1 VISUAL ORIENTATION
 
Possibility of orientation helps pedestrian to be more confident and feel safer especially if they are not 
familiar with the area. It is essential to be able to identify urban elements that help spatial orientation. 
In addition, the ability of orientation in urban space is necessary to find escape routes in case of danger. 
Based on Nasar and Fisher study, the ability to find escape routes has great impact on perception 
of safety. Moreover, light by illuminating visual limits, borders, landmarks and (edges of) paths, 
“including the surface beyond the path”, can make space more defined and visible which make the 
movement and orientation easier and benefits safety perception [50].
Kevin lynch, in the image of city, introduced paths, landmarks, district, edges (barriers), and nodes 
(intersections) as elements of a city that facilitate orientation and way finding. These five elements play 
important role for reading an urban space. Light can be used as a means of highlighting these elements 
and facilitating orientation within the space. According to Diana Joel’s thesis, lighting design for urban 
spaces, “there is a need for thought through differentiation in usage of fixtures and lighting applications 
to point out our landmarks and mark districts to make it simpler to know where in a city you are at the 
moment [66, p.16]”.
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In this study, Kevin lynch’s elements of city will be used to evaluate case study regarding orientation. 
It is obvious that not all of case studies will have all of those elements, but it is important to take these 
elements into consideration when we are designing light for urban spaces.

2.5.2 OBSTACLE DETECTION: 

It is obvious that the ability to detect harmful obstacles in pedestrian paths for pedestrians and 
cyclists is one of the essential requirements of visibility in urban space. Horizontal illuminance on the 
pavement is mainly used in national standards and recommendations as the basic lighting parameter for 
pedestrian paths. These recommendations differ in their range of values in different countries [79, p.28]. 
According to BS EN 13201-2:2015, “The P classes are intended for pedestrians and pedal cyclists on 
footways, cycleways, emergency lanes and other road areas lying separately or along the carriageway 
of a traffic route, and for residential roads, pedestrian streets, parking places, schoolyards, etc. and P1 
is the strictest requirements among others( Table 2) [80, p.11]”. 

 

2.5.3 FACIAL RECOGNITION

Providing the ability to detect presence of other people and facial recognition is one of the characteristics 
of good quality lighting for pedestrian which is essential for ensuring perception of safety. It has been 
proven that after dark “social danger” is more dominant than “social control”. Therefore, presence of 
other people may cause “fear” [23, p.13]. In addition, the ability to recognize “person’s dress”, “facial 
features” and “any mannerism” are mentioned to be valuable to understand intention of approaching 
person [34, p.409]. Moreover, detecting intention of other people benefits “self-protecting actions” 
and, in the worst-case scenario, facial recognition is beneficial to give detailed explanation to the police 
about criminals [23, p.13]. 

In addition, Literature review indicates that “half-lighted face” and “darkened face” may have the same 
negative result on perception of safety [23, p.72]. Vertical lighting at a height of about 1.5 m above 
the ground is essential for facial recognition. The European standard includes recommendations for 
vertical illuminance. As it is shown in table 2 the level of vertical illuminance is suggested to be one 
third of maximum horizontal illuminance. Moreover, European standard EN 13201-2:2015 suggests 
semi-cylindrical illuminance for improving facial recognition and increasing perception of safety. 
Nevertheless, there is no evidence to prove any advantage of semi-cylindrical rather than vertical 
illuminance. Therefore, semi-cylindrical illuminance has not been considered in this study. In addition 
to vertical illuminance, facial recognition has been evaluated through visual field study. 

Table 2: The p-series lighting classes . Source: BS EN 13201-2:2015, [80]
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2.5.3.1 DISTANCE

The distance at which facial recognition is possible has significant impact on the sense of safety in 
urban space. In fact, the grater the distance of facial recognition, the grater the possibility of appropriate 
reaction in case of danger which is beneficial to the inhabitants and disadvantageous to the criminals. 
[34, p.409]

Facial recognition zone theory is based on the concept of Edward Hall (1996) regarding interpersonal 
distances of human. He categorized the relative distance between human into “intimate”, “personal”, 
“social” and “public” space. According to him, people feel uncomfortable confronting strangers at 
distance less than 4 meters which is in their personal space, unless there is the ability to recognize 
them. According to Fotis and Peter (2011), the minimum distance for facial recognition is identified as 
4 meters and the ideal distance is 10 meters (figure 14). [23, p.14]

2.5.3.2 VERTICAL ILLUMINANCE

Literature review indicates the importance of vertical illuminance for facial recognition. Several 
researches investigated the relationship between lighting and ability of pedestrian for facial recognition. 
According to Boyce and Rea (1990), a vertical illuminance of about 10 lux is enough for 90 percent 
correct facial recognition [34, p.409]. In addition, increasing vertical illuminance will increase 
probability of recognition, “but the possibility for improvement is limited [34, p.409]”.
Figure 15 compares low vertical and high vertical illuminance and illustrates how high vertical 
illuminance can provide better recognition and visibility in comparison with low vertical illuminance 
[68, p.22].

Figure 14: Zone of proximity as developed by Edward Hall. 
Source: lecture of Efi Stragali at KTH university

Figure 15: A comparison between low vertical and high vertical 
illuminance. Source : [68]
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2.5.3.3 DIRECTION OF LIGHT SOURCE

Direction of light source can change appearance of face and cause fear of crime. It has been found 
that light from both sides of “the object person [50, p.106]” facilitates facial recognition. In addition, 
light from side is found to be better for facial recognition in comparison with above [50, p.106]. 
Furthermore, lower direction of light from lower height can facilitate facial recognition [50, p.106]. 
Indeed, higher placement of luminaire may create hard shadow on faces and make it less natural and 
difficult to recognise (figure 16).

2.5.3.4 COLOUR RENDERING

Literature review indicates the importance of colour rendering of light sources on ability of people for 
facial recognition. The Colour Rendering Index (CRI) is the ability of light source to render colours of 
objects compared with natural light and ranges from 1-100. 
In fact, “a high colour-rendering index (i.e. fluorescent, metal halide and high-pressure sodium) is more 
beneficial for facial recognition than low-pressure sodium [68, p.21]” especially for “those areas where 
pedestrian activities predominate or where the crime risk has to be taken into account [68, p.21]”.
Although the relationship between colour temperature and colour rendering has not been mentioned 
in standards, previous studies showed that using white light is more beneficial for enhancing colour 
rendering which can positively affect crimes and perceived safety. In fact, light sources with warm 
colour slightly decrease the ability to identify colours in comparison with cold colour. [68, p.21]
Nevertheless, some researchers argued that colour rendering of light source has less effect on the 
ability to detect and recognize people approaching in comparison with illuminance. Therefore, more 
illuminance is suggested instead of better colour rendering in case both cannot be considered [34, 
p.419]. Although colour rendering is one of the parameters to provide good quality lighting, due to time 
limitation it has not been considered in this study.

Figure 16: Face recognition is more difficult when the light comes 
from high above rathen than from the side. 
Source: Light shapes space by Ulrika Wänström Lindh.
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2.5.4 AWARENESS OF THE SURROUNDING   ENVIRONMENT

While we are walking along a pedestrian path we need to see the surroundings to feel that we are 
safe, and no one is waiting for us behind those dark spots. In this study, awareness and visibility 
over the surroundings is investigated through different theories. First, based on prospect-refuge 
based theory regarding safety-related environmental factors, light by providing better view over 
surroundings(prospect), decreasing hiding spots for potential offenders(concealment) and highlighting 
escape routes in case of danger(entrapment) contributes to a better visibility and possibility of natural 
surveillance. 

Second, according to Ulrika Wänström Lindh, illuminating visual borders around us make us feel 
safer. In addition, light by illuminating a space as a three-dimensional space benefits visibility and 
understanding the surroundings. Therefore, illuminating ceiling plane (sky plane), vertical plane (trees, 
facades) and ground plane is beneficial for understanding a space as a three-dimensional landscape. 
To conclude, glare avoidance, vertical illuminance (such as façade lighting, tree lighting) and non-
uniformity can positively affect understanding a space. In addition, proper light topography through 
effect on spatial enclosure can make a space more defined and easier to understand. [50]
Based on a literature review, pedestrian scenes are categorized into three different groups: view limited 
by buildings, tress and open view. Some studies found differences in perceived safety when view is 
limited by plants in comparison with buildings. Pedestrian with view limited by plants is evaluated as 
the least safe scene. surprisingly, level of perceived safety in a setting with open view was found to be 
the same when the view is limited by buildings. [23]
The possible explanation for this result is that plants may create lots of hiding spots for potential 
offender. In addition, according to Nasar and Fisher study, social dimension of entrapment can decrease 
when there is a possibility to contact people for help. Indeed, buildings and especially when their 
windows are lit are sign of social activity and can decrease level of entrapment and positively affect 
perception of safety.

2.5.4.1 VERTICAL PLANE LIGHTING

According to Ulrika Wänström Lindh, urban projects in Sweden solve the unsafety problems by 
removing vegetation to increase openness and visibility over surrounding which she believed leads 
to “spaciousness rather than enclosure [50, p.47]” and is not necessarily beneficial for perception of 
safety. Furthermore, removing vegetation and illuminating path “may expose the pedestrian [50, p.47]” 
and make it harder to see the dark surrounding. She believed that vegetation can function as “vertical 
surface” and “visual boundary” that help to increase general understanding of a space [50, p.47] (see 
figures 18, 18.1). 

Appearance of vegetation changes a lot during night and day. while vegetation is mainly appreciated in 
daytime, it has negative impact on perception of safety after darkness. It has been suggested that adding 
light to the vegetation can decrease fear of crime. In addition, illuminating from above is found to be 
better solution when there is risk of vandalism. Furthermore, it is important to consider changes of trees 
due to different seasons and their growth which might obscure the lighting. [50]
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Figure 17, 17.1:The urban setting with the lower street lighting was perceived as safer and more 
enclosing. Source: Light shapes space by Ulrika Wänström Lindh.

Figure 18, 18.1: The downward light does not illuminate the vegetation and the surroundings. The 
vegetation becomes black spot. Source: Light shapes space by Ulrika Wänström Lindh.

Figure 19, 19.1: The downward light that only illuminates the ground, is not beneficial for having a 
clear view of a space. Source: Light shapes space by Ulrika Wänström Lindh.

2.5.4.2 LIGHT TOPOGRAPHY

The height of the street lighting is important factor for spatial understanding of a space and consequently 
feeling of safety. Indeed, lower luminaire placement is more beneficial for perception of safety than 
higher luminaire placement even when lighting is less uniform( see figure 17, 17.1). For example, in 
urban setting where buildings are located next to the lighting poles, lower luminaire placement by 
highlighting the façade can make the space appear lower and results in a clearly defined border [50]. In 
contrast, higher luminaire placement may cause hard shadow on faces which makes faces “less natural 
[50, p.106]” and results in fear.  Based on Lindh’s thesis, luminaires at height of 4.5 contribute more to 
the feeling of safety, “pleasantness” and “legible experience” than luminaires at the height of 6.m [50].
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2.5.5 LIGHTING DISTRIBUTION

Lighting distribution is one of critical aspect of lighting regarding perception of safety which has not 
been adequately considered in lighting recommendations. Uniformity is widely considered to be one 
of the factors that affects visibility.
One of the reasons is that presence of lower illuminance areas beside well-lit areas, can provide hiding 
spots for criminals(concealment) and decrease the effectiveness of lighting [34, p.414]. In addition, 
according to IESNA G-1-03, non-uniformity lighting affects eye adoption of the pedestrian and can 
negatively affect their ability for identifying people in a space [76]. Moreover, uniformity is defined 
as important factor for “navigation [23]” in a space.“Over-spacing of luminaires [34, p.405]” and 
“shadows cast by buildings and vegetation [34, p.415]” have been recognized as the main causes of 
poor illuminance uniformity which can be solved by considerations regarding maintenance of area and 
limitation of maximum spacing of luminaires [34, p.415].

The literature review indicates the importance of continuous lighting on perception of safety. Based 
on IES-2003, “discontinuous lighting may result in discontinuous perception of the pedestrian 
environment because of sudden light level drops [23, p.77]”. Therefore, it is recommended to avoid 
“frequent changes of light level” and low uniformity lighting that results in “visual discomfort”, “visual 
fatigue”, “loss of visual control” and “fear of crime” [23, p.71]. Standards for illuminance uniformity 
are still experience based [34, p.414]. According to IESNA, 2000, where there is possibility of crime, 
the minimum recommended uniformity ratio (E max to E min) is 15:1. In other words, in order to 
prevent  “extremely bright or dark spots” which is beneficial for criminals, the maximum illuminance 
level should not be more than 15 times higher than the minimum illuminance level. [34, p.415]
Different approach to uniformity has been introduced by Ulrika Wänström Lindh in her PHD thesis, 
light shape space, where she has investigated the relationship between uniformity and spatial enclosure 
and mainly focused on positive effects of vertical illuminance [50].
She declared that pedestrians need “some sorts of non-uniformity” for a better visual orientation and 
perception of safety. In addition, she believed that an absolute uniform lighting without emphasizing on 
anything special is not beneficial to feel safe in urban space. Moreover, she highlighted the importance 
of vertical surface and larger brightness contrast as useful elements for spatial experience, orientation 
ability and safety [50, p105]. 

According to her, “a less uniform street light that formed an area of brightness that strongly contrasted 
with the rest of the background appeared to be more important for feeling safe than a more uniform 
lighting spread out over a large area [50, p.105]” (see figure 20, 20.1).

As Anders Lilliefors notes, “if a uniform, diffuse light is applied to a whole space it communicates that 
no part or surface is worth emphasising or more important than any other. A space like this is usually 
experience as boring and insignificant since it lacks the clearly defining contrast, borders and gradient 
that the gaze always searching for [50]”.

Figure 20, 20.1: The comparison between uniform and non-uniform street lighting. An absolute uniform street light perceived as less safe than 
a non-uniform street light. 
Source: Light shapes space by Ulrika Wänström Lindh.
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2.5.6 GLARE AVOIDANCE 

Lighting installation of a bad quality can cause glare and decrease visibility of approaching person and 
surroundings. Glare has two different forms. Disability glare and discomfort glare.  Disability glare 
is referred to reduction of “visual acuity caused by light elsewhere in the field of [80, p.4]” which is 
mainly caused by “poor design of luminaire in controlling the light distribution [76]”. In contrast, 
discomfort glare does not reduce visual performance, but it  causes annoyance. 

Possibility of glare is related to many factors such as ambient lighting level, size of light source and 
level of brightness in compared to the background, distances between lighting fixtures, placement 
and height of lighting fixtures, direction of light source and “reflectance of material of the surface 
[76].” Literature review suggests vertical illumination as one of solutions for decreasing possibility 
of glare in urban space. Indeed, by illuminating vertical surfaces, the contracts between standing free 
luminaires and black sky will decrease which reduce possibility of glare [50] (see figure 21, 21.1).

Figure 21, 21.1: Placing the luminaires closer to the facade and  tree can decrese the contrast and reduce risk of glare. 
Source: Light shapes space by Ulrika Wänström Lindh.



3. THE DEVELOPED TOOL
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THE DEVELOPED TOOL

Visibility is defined as the main factor affecting natural surveillance and consequently perceived safety 
in outdoor spaces. With the help of definition of visibility, a tool will be developed to analyse case 
study regarding perception of safety. As mentioned before, this developed tool is a checklist of criteria 
for outdoor lighting design with consideration of perception of safety. The main aim of developing this 
tool is to check the essential requirements of urban spaces regarding providing sense of safety. 

In the last chapter, visibility is defined as:

  -      Awareness of surrounding
  -      Possibility of facial recognition
  -      Glare
  -      Lighting distribution 
  -      Possibility of orientation

These factors will create the mentioned tool. In addition, quantitative measurements will be used 
to ensure the minimum lighting requirements according to standards and guidelines. My purpose 
is to take both quantitative and on-site observation into consideration and not to overestimate the 
importance of quantitative measurements. In addition, it will provide opportunity to compare the on-
site measurements with standards to examine validity of these standards.

3.1 VISUAL ORIENTATION: 

for evaluating visual orientation within a space, Kevin lynch’s element of city are used as a part of the 
developed method. In fact, by examining the degree of illumination of these elements, difficulty or ease 
of visual orientation will be determined. These elements are: path, node, edge, landmark and district. 
Since my chosen case study is considered as a district, the district factor has not been considered in my 
developed method. 

3.2 OBSTACLE DETECTION: 

in order to evaluate ease or difficulty of obstacle detection in a space, quantitative measurements are 
used for creating the developed tool. For this purpose, horizontal illuminance is considered to ensure 
the minimum requirements of providing the ability of obstacle detection for pedestrians and cyclists. 
The measurements will be compared with standards and recommendations according to BS EN 13201-
2:2015.

3.3 FACIAL RECOGNITION:

In the developed tool, the ability of facial recognition of approaching person is evaluated through two 
different ways: first, On-site visual observation and second quantitative measurements. The distance 
which facial recognition is examined is 4 meters from the observer which is the minimum distance of 
facial recognition for providing perception of safety. In addition, vertical illuminance is used to ensure 
the requirements for facial recognition based on to BS EN 13201-2:2015. Again, on-site measurements 
will be compared with standards and recommendations. There are some other factors for facial 
recognition that has not been considered in my developed method due to time limitation. Factors such 
as: direction of light source, height of light source, colour rendering and colour temperature. 
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3.4 AWARENESS OF THE SURROUNDING ENVIRONMENT: 

in order to evaluate the degree of awareness of the surroundings, theory of visual spatial boundaries 
and prospect-refuge based theory are used for developing this tool. On-site visual observations and 
photographs will be used to examine a space regarding the following factors: prospect, concealment, 
entrapment, sky plane, vertical plane and ground plane. The main focus of prospect-refuge based theory 
is to evaluate urban space regarding the degree of unobstructed view over surroundings, illumination of 
escape routes and degree of black spots that provide hiding spots in a space.

Visual spatial boundaries examine a space to identify the degree of illuminating the space as a three-
dimensional space. therefore, illumination of ceiling plane (sky plane), vertical plane (trees, facades) 
and ground plane will be investigated with the developed tool. 

3.5 LIGHTING DISTRIBUTION: 

The degree of uniformity or non-uniformity of lighting is evaluated through on-site visual observation. 
Besides, luminance map will be beneficial for evaluation of  lighting distribution.

3.6 GLARE AVOIDANCE: 

In the developed tool, glare has been evaluated through on-site personal evaluation. 
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4.1 INTRODUCTION 

In previous chapters, I developed a tool for evaluation of urban spaces regarding perception of safety. In 
the case study chapter, the developed tool  will be used to examine the chosen site regarding visibility. 
Then the results from case study will be compared with findings of literature review to answer to the 
main question of this study. The case study is divided into the following parts: women’s safety audit 
(WSA) diagnostic tool and analysis with the developed tool. In introduction, the chosen site will be 
introduced and analysed regarding activities, functions and mental map. Safety audit is consisted of 
group of women walking in their neighbourhood to identify “physical or social characteristics [29, 
p.424]” of a space that make them feel unsafe [29, p.424]. For this purpose, an exploratory night walk 
on 19th December 2017 at 19:00 was arranged to identify unsafe spots in the site and unsafe spots 
were recognized by women who are living in that area during that night walk. Therefore, this study is 
focused on the winter season in Sweden. The positive point with this methodology is that recognized 
spots are based on inhabitants’ daily experience of that area. Then these spots are evaluated with the 
developed tool based on literature review. 

Rise interactive institute in Eskilstuna is involved in a participatory design process for designing a 
meeting place in this area. Interviews done by Rise interactive institute are used to have a deeper 
understanding of the area. 

4.1.1  LOCATION
The site is called Årby neighbourhood which is one of the public housing and private owned 
developments, located in the northern parts of Eskilstuna city, near the European route E20 and the 
main road to downtown Eskilstuna [82]. 

4.1.2  NATURAL ENVIRONMENT:
Due to the Eskilstuna’s high northerly latitude, the length of the day varies extremely over the year 
from around 6 hours to more than 18 hours. In 2018, the shortest day is December 21, with 6 hours, 
4 minutes of daylight; the longest day is June 21, with 18 hours, 38 minutes of daylight. In addition, 
sunrise varies in different seasons. “The earliest sunrise is at 3:36 AM on June 19, and the latest sunrise 
is 5 hours, 15 minutes later at 8:51 AM on December 28. The earliest sunset is at 2:52 PM on December 
16, and the latest sunset is 7 hours, 22 minutes later at 10:15 PM on June 24 [83]”.

4.1.3 TEMPERATURE
“The warm season lasts for 3.2 months, from May 28 to September 5, with an average daily high 
temperature above 64°F. The hottest day of the year is July 21, with an average high of 72°F and low 
of 55°F. The cold season lasts for 4.0 months, from November 18 to March 16, with an average daily 
high temperature below 39°F. The coldest day of the year is February 8, with an average low of 20°F 
and high of 31°F [83]”.

Figure 22: The number of hours during different months that 
the sun is visible. Source: https://weatherspark.com

Figure 24: The daily average high and low temperature. 
Source: https://weatherspark.com

Figure 23: The  climate summary. 
Source: https://weatherspark.com
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4.1.4  CHARACTERISTIC

The housing project is constructed in the Million programme by the Swedish government and was 
opened in the 1960s [82]. 29 apartment buildings, with either 7 or 11 floors and a smaller 3 floor 
building, are included in Årby. Based on the 2015 Census of Population, 4610 people with different 
nationalities and cultures live there, (39% Swedish, 61% Foreign background). The image that media 
shows of this area is not always pleasant. Crimes like car fire, robbery and drug dealing happen often. 
In addition, two shootings have happened in the area over the past two years.
Årby is surrounded with tall apartment buildings which  separate it from other parts of city. Buildings 
are almost in a similar shape and material and are repeated in a same pattern. These buildings are 
different from other buildings in the surroundings specially in terms of height, which make them as a 
district when entering Eskilstuna city. There is a huge open space between buildings. A playground has 
been recently constructed in one of empty spaces which has a modern appearance and has improved 
that area. Next to the playground, there is a football field that is enjoyable for teenagers specially boys. 

Figure 25: the map of eskilstuna city. Source: google map

Figure 26: Source: http://etunawebben.se

Figure 27: Source: www.ekuriren.se

Figure 28: Årby area. Source: https://pareriksson.wordpress.com/

Figure 29: The map of Årby area. Source: google map
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4.1.5  FUNCTIONS

Beside the residential apartments, there are buildings with other functions in the centre of Årby. such 
as: supermarket(Netto), driving school (dintrafik skola), gym(24-seven), Restaurant (Pizza Grill) and 
grocery store(Tobak och spel).Behind the commercial building, there are library and Årby M. Årby 
which provide activities for all ages. Årby M is a meeting place for open activities, where all people 
can meet, talk and participate in language courses. In addition, there is a ground school (Årby skolan) 
on the eastern side of Årby which is accessible through a tunnel from center.

ÅRBY
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Figure30:  The map of Årby area. Source: www.eskilstuna.se
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Figure 31: Map legend 
Source:Adobe indesign



54

Figure 29.2 : Playground Rymdlekplatsen. Source: personal photograph

Figure 29.2 : Activity park. Source: personal photograph Figure 29.3 : Årby. Source: personal photograph
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Figure 29.3 : Årby. Source: personal photograph

Figure 29.4 : Årby Tunnel. Source: personal photograph

Figure 29.6 : Årby Tunnel. Source: personal photograph

Figure 29.7 : Playground Rymdlekplatsen. Source: personal photograph

Figure 29.8 : Årby. Source: personal photograph

Figure 29.5 : Årby Source: personal photograph
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4.1.6 KEVIN LYNCH ELEMENTS OF THE CITY
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Figure 32: The map of Årby area, Source: www.eskilstuna.se
Adobe indesign
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4.1.7 INTERVIEWS

According to the interviews done by Rise interactive, although stakeholders mainly love Årby, they 
feel that no one takes care of it and Årby needs some improvements. There is lack of activities for 
teenagers specially girls. After the shootings, feeling of security and safety been decreased. As a result, 
some parents set limits for children regarding time and places they can go in Årby specially after dark.

“Årby is a nice area but no one takes care of it. safety is challenge but the insecurity might come from 
media reporting rather than people actually experiencing insecurity”.

“I do not want my daughters to walk by themselves home”.

“It is beautiful area and near city, near nature”.

“Parents set limit for children to where and when they can be out”.

“There are Very drugs in the area”.

“we don’t want our younger sisters to walk alone in Årby when it is dark. We don’t feel afraid ourselves, 
we can protect ourselves”.

“Årby need an upgrade and better lighting. The lamps are from the 90’s”.

“In the evening there are not many people out”.

“Bushes and trees make them feel unsafe.
More light would probably make it better and feel safer”.

“Light in the winter but not in the summer”.

Figure 32: Children identified the pleasant and unpleasant spots in their neighbourhood during a workshop with Rise interactive.
Source: Rise interactive in Eskilstuna
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4.2 SAFETY AUDIT/LIGHT WALK
 
The exploratory night walk happened at 19th December 2017 at 19:00 with group of women who are 
living in Årby, about 10 women, age range 20-30. Spots which more than 5 participants judged as 
unsafe were chosen as unsafe spots. The main purpose of night walk was to identify unsafe spots from 
female perspective for further analysis of this study. In addition, I wanted to provide map of unsafe 
spots for the municipality to open up to new possibilities for lighting improvements in the future. 
Beside the main goal of this thesis, I wanted to do something through social dimension of lighting. I 
aimed to use “heart of light” as a means of awareness regarding the safety and security problems in 
Årby. Light was used as a tool to make women’s voice heard by decision makers. It was a try to show 
that unsafe spots need more than simple and untargeted installation of light. In other words, they need  
both social and physical dimension of lighting. During that night walk, we add “love” and “light” to 
unsafe spots and “spread love in Årby”!

1.        The exploratory night walk
2.        Participants identified unsafe spots
3.        Participants with hearts of light were photographed.
4.        They discussed about identified unsafe spots.
5.        Unsafe spots were analysed by my developed tool.

1 2 3 4 5

Figure 32: Process of safety audit tool. Source:Adobe indesign

Figure 33, 33.1, 33.2: Participants were photographed with hearts of light in identified unsafe spots. Source: ©Lisbet Skärstam
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4.2.1 MAP OF UNSAFE SPOTS

This map shows identified areas that participants judged as unsafe. Due to time limitation, it was not 
possible to analyse all the specified areas. For this reason, in each of these areas, part of pedestrian path 
is selected for further analysis. Therefore, all of these unsafe spots are transition areas. Three points 
were chosen in every spot to take quantitative measurements and photographs.

Figure 31:Map of identified unsafe spots by participants of study. Yellow lines show approximate areas that participants felt 
unsafe. Pink lines demonstrate the chosen spots for this study. Source:Adobe indesign

9

1

2
3

4

5

6

7 8

1



61

4.2.2 PICTURES OF UNSAFE SPOTS

1 2 3

4 5 6

7 8
Figure 32, 32.1, 32.2, 32.3, 32.4, 32.5, 32.6, 32.7 : Identified unsafe spots by participants of study. 
 Source:Personal photographs March 2018
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General information:

Awareness of surroundings:
For this purpose, safety related environmental factors will be evaluated through on-site personal 
observation and photographs. photographs will be used to analyse surroundings according to the 
prospect-refuge based theory. Concealment (hiding spots) will be shown on pictures with white lines.

Illuminated visual spatial boundaries:
Photographs are used to illustrate visual spatial boundaries. Sky, vertical and ground plane are shown 
in photographs with lines. It is important to mention that both illuminated and unilluminated planes are 
highlighted in the photographs.

Orientation:(degree of illumination of these elements)
Kevin Lynch’s elements of city are used for evaluation of orientation within a space. Since most of 
these unsafe spots are transition areas, they mainly have illuminated or unilluminated path and other 
elements such as node, landmark and edge are not very common in these spots.

Facial recognition:
In order to evaluate facial recognition, on-site personal observation and vertical illuminance have been 
used. Facial recognition is tested from 4-meter distance from the observer. Vertical illuminance has 
been measured with lux meter from almost 153 cm above the ground.

Obstacle detection:
Horizontal illuminance has been measured on the ground level with light meter at minimum 3 points 
on each unsafe spot.

Glare and lighting distribution:
Glare and lighting distribution have been evaluated through on-site personal observation in each unsafe 
spot.
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1 UNSAFE SPOT

A

B

C

Figure 36:  HDR luminance mapping from point A(cd/m2)
Source: Aftab app. Personal Photograph March 2018

Figure 34: Personal Photograph from point A
March 2018

Figure 35: Personal Photograph from point A
May 2018

Figure 33: Source:Google map
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Ground plane

Concealment Concealment

Vertical plane

Sky plane

Sky plane

Figure 37: Personal Photograph from point A. March 2018

Awareness of surroundings:        -Prospect: 2, limited view over surroundings
                                                       -Concealment: 4, dark spots along the path
                                                       -Entrapment: 1, escape routes are visible.
                                                       -Sky plane: 1, no illuminated sky plane
                                                       -Vertical plane: 2, lack of illuminated vertical surfaces 
                                                       -Ground plane: 1, low level of light on the ground plane
Orientation:                                  -Path :1,  low level of illumination of path
                                                       -Edge: 1, low level of illumination of edge
Facial recognition from point B: 1, it is not easy to recognize face of approaching person from 4-meter distance
                                                        -Ev,min: 0.2, class P4
Obstacle detection:                       -Ē :1.1, Lower than standards
                                                       -Emin :0.2 lower than standards
Glare:                                              2
Lighting distribution:                    4, Non-uniform and discontinuous lighting

AWARENESS OF SURROUNDING

VISIBILITY

pr
os

pe
ct

co
nc

ea
lm

en
t

ph
ys

ic
al

 e
nt

ra
pm

en
t

Prospect-refuge based 
theory

Appleton

Illuminated visual 
spatial boundaries

Lindh

sk
y 

pl
an

e

ve
rt

ic
al

 
pl

an
e

gr
ou

nd
 

pl
an

e

ORIENTATION

Kevin Lynch

pa
th

no
de

la
nd

m
ar

k

ed
ge

s

FACIAL 
RECCOGNITION

G
LA

R
E

re
co

gn
iti

on
at

 4
 m

et
er

 
fr

om
 p

oi
nt

 B

OBSTACLE 
DETECTION

horizontal 
illuminance

vertical 
illuminance

LI
G

H
T

IN
G

D
IS

T
R

IB
U

T
IO

N

uniform

MINMIN

MAXMAX

AVGAVG invisble

disturbing variedHigh High High High High High High High High High

Low Low Low Low Low Low Low Low Low Low Low

5

1
2
3
4

AA

BB

CC

2.73

3

0.3

0.2

0.2
2.7

1.11.16

0.4

0.2

0.2

Table 1.2  Analysis of unsafe spots with the developed method
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UNSAFE SPOT

Figure 41: HDR luminance mapping- point A(cd/m2)
Source: Aftab app. Personal Photograph March 2018

Figure 42: Personal Photograph- point B, March 2018

Figure 38: 
Source:Google map

Figure 39: Personal Photograph from point A, March 2018 Figure 40: Personal Photograph from point A
May 2018
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Awareness of surroundings:        -Prospect: 2, limited view over surroundings
                                                       -Concealment: 4, there are many hiding spots for offender
                                                       -Entrapment: 1, there is ability to escape in case of danger
                                                       -Sky plane: 1, no illuminated sky plane
                                                       -Vertical plane: 2, lack of illuminated vertical surfaces 
                                                       -Ground plane: 4
Orientation:                                  -Path :4 
Facial recognition from point B:  4, it is possible to read the face of approaching person.
                                                        -Ev,min: 2.5- class P3
Obstacle detection:                       -Ē :9.36- class P3
                                                       -Emin :1.6- class P3
Glare:                                             2, almost invisible
Lighting distribution:                   3, uniform lighting on the path but discontinuous in surroundings.
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Vertical plane

Vertical plane

Sky plane Sky plane

Figure 43: Personal Photograph- Point A, March 2018
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Table 1.3  Analysis of unsafe spots with the developed method
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Figure 48: HDR luminance mapping from point A(cd/m2)
Source: Opticalight app. Personal Photograph, March2018

Figure 47: Personal Photograph, point B, March 2018

UNSAFE SPOT

Figure 44: 
Source:Google map

Figure 45: Personal Photograph from point A, March 2018 Figure 46: Personal Photograph,, May 2018
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Figure - Personal Photograph 29.03.18

Ground plane

Concealment
Vertical plane

Vertical plane

Sky plane

Awareness of surroundings:        -Prospect: 2, limited view over surroundings
                                                       -Concealment: 4, there are many hiding spots for offender
                                                       -Entrapment: 1, there is ability to escape in case of danger
                                                       -Sky plane: 1, no illuminated sky plane
                                                       -Vertical plane: 2, lack of illuminated vertical surfaces 
                                                       -Ground plane: 3
Orientation:                                  -Path :3,  
Facial recognition from point B:  1, it is very difficult to read the face of approaching person.
                                                        -Ev,min: 1.3- class P5
Obstacle detection:                       -Ē :4.5- class P5 
                                                       -Emin :0.8- class P5
Glare:                                             4
Lighting distribution:                  4, non-uniform and discontinuous lighting
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Figure 49: Personal Photograph, point A May 2018

Table 1.4:  Analysis of unsafe spots with the developed method
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AB

C

4

Figure 54:  HDR luminance mapping from point A(cd/m2)
Source: Opticalight app. Personal Photograph March 2018

Figure 53: Personal Photograph- point B  
March 2018

UNSAFE SPOT

Figure 50: 
Source:Google map

Figure 51: Personal Photograph from point A, March 2018 Figure 52: Personal Photograph,, May 2018
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Figure 52: Personal Photograph,, May 2018

Ground plane
Concealment

Vertical plane
Sky plane

Figure - Personal Photograph 29.03.18

Awareness of surroundings:        -Prospect: 1, limited view over surroundings
                                                       -Concealment: 5, there are many hiding spots for potential offender
                                                       -Entrapment: 3, there is ability to escape in case of danger
                                                      - Sky plane: 1, no illuminated sky plane
                                                       -Vertical plane: 1, no illuminated vertical surfaces 
                                                       -Ground plane: 1, no illuminated ground plane
Orientation:                                  -Path: 1 
Facial recognition from point B: 1, it is very difficult to read the face of approaching person.
                                                       -Ev,min: 0.2- class P7
Obstacle detection:                      -Ē: 0.4- less than recommendations
                                                       -Emin : 0.1-  less than recommendations
Glare:                                             3
Lighting distribution:                   4,  non-uniform and discontinuous lighting
  

Figure 55: Personal Photograph, point A May 2018
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Table 1.5:  Analysis of unsafe spots with the developed method
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Figure60:  HDR luminance mapping from point A(cd/m2)
Source: Opticalight app. Personal Photograph March 2018

Figure 59: Personal Photograph- point B  
March 2018

Figure 56: 
Source:Google map

Figure 57: Personal Photograph from point A, March 2018 Figure 58: Personal Photograph,, May 2018

UNSAFE SPOT
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Ground plane

Concealment

Vertical plane

Awareness of surroundings:        -Prospect: 2, limited view over surroundings
                                                       -Concealment: 4, there are many hiding spots 
                                                       -Entrapment: 1, escape routes are visible
                                                      - sky plane: 1, no illuminated sky plane
                                                       -Vertical plane: 2 
                                                       -Ground plane: 1
Orientation:                                  -Path: 1 
Facial recognition from point B:  1, it is very difficult to read the face of approaching person.
                                                        -Ev,min: 0.2- less than recommendations
Obstacle detection:                       -Ē: 0.4- less than recommendations
                                                        -Emin :  0.3-  less than recommendations
Glare:                                              3
Lighting distribution:                    4,  non-uniform and discontinuous lighting
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Figure 61: Personal Photograph, point A, May 2018

Table 1.6:  Analysis of unsafe spots with the developed method
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Figure 66: HDR luminance mapping from point A(cd/m2)
Source: Opticalight app. Personal Photograph March 2018

Figure65 Personal Photograph- point B  
March 2018

UNSAFE SPOT

Figure 62: 
Source:Google map

Figure 63: Personal Photograph from point A, March 2018 Figure 64: Personal Photograph,, May 2018
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Awareness of surroundings:        -Prospect: 3, limited view over surroundings
                                                       -Concealment: 3, there are many hiding spots 
                                                       -Entrapment: 1, escape routes are visible
                                                      - Sky plane: 1, no illuminated sky plane
                                                       -Vertical plane:1 
                                                       -Groundplane: 2
Orientation:                                  -Path: 2
Facial recognition from point B:  1, it is very difficult to read the face of approaching person.
                                                        -Ev,min: 2.2- class P4
Obstacle detection:                       -Ē: 3.2- class P5
                                                       -Emin: 1- class P4
Glare:                                             5
Lighting distribution:                   5,  non-uniform and discontinuous lighting

Ground plane

Vertical plane

Figure 67: Personal Photograph, point A, May 2018
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Table 1.7:  Analysis of unsafe spots with the developed method
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UNSAFE SPOT

Figure 71: HDR luminance mapping from point A(cd/m2)
Source: Opticalight app. Personal Photograph March 2018

Figure 68: 
Source:Google map

Figure 69: Personal Photograph from point A, March 2018 Figure 70: Personal Photograph,, May 2018
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Awareness of surroundings:        -Prospect: 2, limited view over surroundings
                                                       -Concealment: 4, there are many hiding spots 
                                                       -Entrapment: 2
                                                      - Sky plane:3, inside the tunnel, sky plane is illuminated but outside it is not.
                                                       -Vertical plane: 3, 
                                                       -Groundplane: 3
Orientation:                                  -path: 3
Facial recognition from point B:  2, it is very difficult to read the face of approaching person from point B
                                                        -Ev,min: 5.7- class P1
Obstacle detection:                       -Ē: 16.3- class P1
                                                       -Emin: 5.7- class P1
Glare:                                             2
Lighting distribution:                   4, inside of tunnel is well lit but outside is very dark.
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Figure 72: Personal Photograph, point B, May 2018

Table 1.8:  Analysis of unsafe spots with the developed method
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UNSAFE SPOT8

A B C

Figure 73: 
Source:Google map

Figure 74: Personal Photograph from point A, March 2018 Figure 75: Personal Photograph,, May 2018

Figure77: HDR luminance mapping from point A(cd/m2)
Source: Opticalight app. Personal Photograph March 2018

Figure76: Personal Photograph- point B  
March 2018
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Ground plane

Vertical plane

Awareness of surroundings:        -Prospect: 2, limited view over surroundings
                                                       -Concealment: 4, there are many hiding spots 
                                                       -Entrapment: 1
                                                      - Sky plane:1
                                                       -Vertical plane: 2
                                                       -Ground plane: 2
Orientation:                                  -Path: 2
Facial recognition from point B:  1, it is very difficult to read the face of approaching person from point A
                                                       -Ev,min: 3.5- class P2
Obstacle detection:                      -Ē: 3.4- class P5
                                                       -Emin: 2.7- class P2
Glare:                                             4
Lighting distribution:                   4  
 

Figure 78: Personal Photograph, point B, May 2018
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Table 1.9:  Analysis of unsafe spots with the developed method
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4.3 SUMMARY OF RESULTS: 

On-site evaluations based on the developed method are illustrated in figure 79 and 80. A quick look at 
the first diagram shows the main characteristics of unsafe spots: 

1-Mostof unsafe spots have low level of prospect, high level of concealment and surprisingly low 
level of entrapment. In other words, it is not easy to see the surroundings in those unsafe spots and 
there are many hiding spots where potential offender can hide. In addition, low level of entrapment in 
those unsafe spots shows that although there is possibility to escape in case of danger, those spots are 
still evaluated as unsafe. It means that entrapment has the minimum effect on judgment of safety in 
comparison with other safety-related environmental factors.

2- unsafe spots have low level of illuminated sky plane and vertical plane which demonstrates the 
impact of these factor on perception of safety. There is just an exception which is the tunnel (unsafe 
spot number 7). Although sky plane and vertical plane inside the tunnel are well illuminated, after the 
tunnel those three planes have been left unilluminated. Therefore, it was perceived as unsafe. Besides, 
we can see that the level of illumination of ground plane in unsafe spots is higher than other planes, but 
they were still judged as unsafe spots. It means that illuminated ground plane has the least contribution 
to subjective experience of safety in comparison with other factors. 

3- The relationship between illuminated path and perceived safety demonstrates the same pattern as 
ground plane. As shown, many unsafe spots have an illuminated path, but they were still evaluated as 
unsafe. Other elements of city (node and landmark) has not been evaluated in this case study. Besides, 
two of unsafe spots have the edge element and they are not illuminated properly. 

4-Unsafe spots have a reduced ability of facial recognition of approaching person at 4-meter distance 
which proves the relationship between perception of safety and facial recognition.

5- The diagram shows that glare is one of the factors that works against perception of safety. 

6- According to the diagram, the lighting distribution of unsafe spots are mainly varied. 

0
1
2
3
4
5
6

QUALITATIVE DATA

UNSAFE SPOT1 UNSAFE SPOT2 UNSAFE SPOT3 UNSAFE SPOT4

UNSAFE SPOT5 UNSAFE SPOT6 UNSAFE SPOT7 UNSAFE SPOT7

Figure 79: Results of qualitative data, Source: Microsoft Excel, May 2018
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On-site quantitative measurements are shown in figure 80.

1- Minimum vertical illuminance varies between 0.2 and 5.7. The minimum is lower than standards 
(0.2 < 0.6). There are some spots which have enough vertical illuminance, but they were still perceived 
as unsafe. 
2-Average horizontal illuminance changes from 0.4 to 16.3. The minimum is much lower than standards 
(0.4 < 2). But there are some unsafe spots with adequate average horizontal illuminance (according to 
standards).
3-Minumum horizontal illuminances are between 0.2 and 4.3. Again, the minimum is lower than 
standards but there are spots with proper illuminance level according to the standards.

Table 2.1: The p-series lighting classes. Source: [80]
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Figure 80: Results of quantitative data, Source: Microsoft Excel, May 2018
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5.1 DISCUSSION

In this chapter, findings from the analysis results are pointed out and their explanations are discussed 
and related to the background chapter.

I applied my developed method to the chosen case study to examine the relationship between visibility 
and perception of safety. Many studies that are related to lighting and perception of safety suggested 
that poor lighting by decreasing visibility increases fear of crime [23], [18], [24]. The analysis results 
confirmed this finding. In line with previous studies, I found that low visibility levels in urban spaces 
is associated with fear of crime [23], [18], [24]. 

The result from this study confirmed previous research regarding the effect of prospect and concealment 
on perception of safety [30], [18], [24]. Indeed, it was demonstrated that low level of prospect and high 
level of concealment decreased sense of safety. This study revealed that poor lighting by providing 
black spots, where potential offender can hide, and an obstructed view over surroundings might 
negatively affect people’s judgment of safety.

Unlike other studies, which highlighted the significant impact of physical entrapment on perceived 
safety, the same result was not achieved in this study. Most of the unsafe spots had low level of 
entrapment (ease to escape in case of danger) which was expected to be associated with low level of 
fear crime. The reason may be due to the physical characteristics of the chosen case study. Indeed, most 
of unsafe spots in the case study were open spaces with visible escape routes. As a result, entrapment 
showed the minimum effect on perceived safety.

The analysis of visual spatial boundaries in unsafe spots confirmed the findings of literature review 
regarding the relationship between illuminated spatial boundaries (sky, vertical and ground plane) 
and perception of safety. According to the concept of “visual spatial boundaries”, being surrounded 
by illuminated spatial borders and limits can increase perception of safety [50]. The results indicated 
that low level of illuminated sky plane and vertical plane was disadvantageous to perception of safety. 
Literature review suggested that illuminated ground plane has the least contribution to perception of 
safety and results of this study confirmed this finding. In fact, there were some spots with illuminated 
ground plane which were perceived as unsafe(spots 7, 2, 3).

In order to evaluate obstacle detection on the pavements, horizontal illuminance on the floor level was 
measured. Horizontal illuminance is mainly used in national standards and recommendations as the 
basic lighting parameter for pedestrian paths and it is not only aimed for obstacle detection. 
The comparison between on-site quantitative measurements and standards indicated that there are 
many spots with adequate minimum and average horizontal illuminance levels (based on standards) 
which were perceived unsafe. This result confirmed the findings of this study about the minimum 
impact of illuminated ground plane on people’s judgment of safety in outdoor spaces. This research 
highlighted the fact that outdoor lighting standards are mainly related to horizontal illuminance on 
floor level which, according to the finding of the present study, has the least contribution to perception 
of safety. The result of this study pointed out that standards and guidelines, which are only related to 
the floor level, are not enough for ensuring perception of safety in outdoor spaces.

This study confirmed the findings of previous studies regarding the impact of facial recognition on 
perception of safety [23]. Facial recognition was found to be an essential requirement to feel safe in 
outdoor spaces after dark. The evaluation of facial recognition in most of unsafe spots showed that it 
was hard to read face of approaching person. In addition, most of unsafe spot had low level of vertical 
illuminance in comparison with the standards and guidelines.
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There were some spots with adequate vertical illuminance levels, according to the standards, but the 
facial recognition was not easy. One of the reason might be that there was high level of glare in 
those spots. In fact, a very bright luminaire was usually placed behind the approaching person (unsafe 
spot 3, 8, 6). Although this bright luminaire might provide adequate vertical illuminance, the contrast 
between the luminaire and dark background made eye adoption of pedestrians and consequently facial 
recognition hard. Based on literature, direction, height, colour rendering and colour temperature of 
light source were found to be influential in facial recognition, but they have not been considered in my 
developed method. 

In terms of visual orientation, the illuminated path had the same impact on perceived safety as 
illuminated ground plane. It was found that illuminated path was not very beneficial for improving 
people’s experience of safety. Other elements of city (node and landmark) did not evaluated in this 
case study which was due to the physical characteristics of the chosen case study. There were just two 
unsafe spots with unilluminated edge which was not enough to reveal any result.

In concordance with the results of other studies, I found that unsafe spots were mainly characterised as 
non-uniform lighting with high level of glare [69] [23].

In the literature, there was little debate regarding the relationship between lighting distribution 
and perception of safety. While uniformity was proved to be essential for improving perception of 
safety [69] [23], there was another approach which suggested that “some sorts” of non-uniformity is 
beneficial for perception of safety [50]. Based on this study, I believe that these different theories do not 
disprove each other. In other words, both the absolute uniformity and absolute non-uniformity might 
be disadvantageous to perception of safety. 

Based on the findings of this study, the proper non-uniformity can be defined as kind of non-uniformity 
that takes essential requirements for perception of safety into account. Factors such as: awareness of 
surroundings (prospect, concealment, entrapment, sky plane, ground plane and vertical plane), visual 
orientation, obstacle detection and facial recognition are needed to be considered in any kind of non-
uniform lighting to provide perception of safety. Unsafe spots in this study had a non-uniformity which 
did not take any of these essential factors into consideration. Therefore, it was contributed to fear of 
crime.
 
In conclusion, the balance between the mentioned qualitative and quantitative factors will fulfil essential 
requirements for improving perception of safety in outdoor spaces. We as designers need to take a 
space with its surroundings as a whole rather than only concentrating on ground plane. Moreover, 
considering a space as a three-dimensional space and defining three planes by lighting enhances the 
view over surroundings and facilitates orientation within space. Consequently, people will feel safer.
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5.2 CONCLUSION: 

The present study concentrated on a female perspective of safety and sought to show the need to 
consider the both aspects of lighting (social and physical), especially when we are concerned about 
perception of safety and gender equality. Using the women’s safety audit (WSA) diagnostic tool to 
collect qualitative data, emphasized a gender equality Approach to lighting design.
In this study, effect of light on perceived safety is categorized into social dimension of lighting (social 
integration) and visibility (natural surveillance). Since investigating the social dimension of lighting 
was not possible in this project, this study was mainly focused on visibility. The main aim was to draw 
attention to the fact that safety experience is not only related to quantitative measurements and many 
factors must be taken into consideration. Although the main focus of this study was in-between spaces 
of residential areas, the findings are relevant to any kind of outdoor spaces.

Based on the findings of this thesis, suggestions for outdoor lighting design guidelines with consideration 
of perceived safety are made for future design practice. The suggestions include: 

1. Outdoor lighting should consider a space with its surroundings as a whole. It should provide high level 
of prospect (open view), low level of concealment (few hiding opportunities for potential offender) and 
low level of entrapment (ease of escape) in order to increase pedestrians’ awareness of surroundings 
and consequently perceived safety.
2. Outdoor lighting should consider a space as a three-dimensional element with illuminated sky, 
vertical and ground plane to provide better view over surroundings. 
3. Outdoor lighting should provide illuminated path, edge, landmark and node to facilitate the visual 
orientation within the space.
4. Outdoor lighting should enhance facial recognition at least from 4-meter distance from the observer. 
5. Outdoor lighting should have low level of glare to provide the optimal visibility.
6. An absolute uniformity or non-uniformity is disadvantageous for perception of safety. Outdoor 
lighting should provide kind of non-uniformity that takes the mentioned essential requirements for 
perception of safety into consideration. 
7. Horizontal and vertical illuminance standards might be beneficial to ensure the minimum requirements 
of lighting, but they are not enough especially when we are concerned about perceived safety.
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5.2.1  EVALUATION AND POSSIBLE IMPROVEMENTS

My developed tool presented a new approach to outdoor lighting that included factors that were not 
usually considered by designers. This method was a combination of different old and new theories 
related to perception of safety that were applied in the case study. It drew the attention to the interaction 
between light and other physical characteristics of environment rather than only lighting. 

By using this method, we can ensure that the essential requirements for perceived safety in outdoor 
spaces are fulfilled. It goes beyond the quantitative measurements that are usually used in outdoor 
lighting and emphasizes the importance of in-depth understanding of the site before making solutions. 
In real life, it can work as a guideline to remind designers which factors they need to take into 
consideration when there are making decisions.

There are possible improvements for this tool. First of all, factors such as colour rendering, colour 
temperature, height and direction of light source are important for facial recognition but not mentioned 
in my developed tool. Second, adding semi-cylindrical illuminance level to the developed tool may 
provide a deeper evaluation of facial recognition. After that, uniformity is evaluated through personal 
observation. Adding uniformity ratio may provide a better understanding of the relationship between 
uniformity and safety perception.  

There is overlap among some factors in the developed tool. For example, visual orientation and 
awareness of surroundings may need the same requirements. Moreover, visual orientation may be a 
result of improving awareness of surroundings. Consequently, instead of considering both factors of 
ground plane and path, focusing on ground plane may be enough.

In conclusion, both social and physical dimension of lighting and its interaction with environmental 
factors are needed to be considered for enhancing perceived safety. Lighting for safety does not 
only limited to standards and guidelines, instead takes physical characteristics of a space and social 
dimension of lighting into consideration.

5.2.2  FUTURE WORK

There are several directions for future research in this field.  In this thesis, identified unsafe spots were 
evaluated with the developed method through my personal observation. One possible improvement 
could be to involve a sample group and evaluate identified unsafe spots with the developed method 
through questionnaire which might provide a more reliable results. Another improvement could be to 
involve a greater number of participants in an explanatory night walk and repeat it in both summertime 
and wintertime to have a comparison between different situations. In addition, effect of lighting 
improvement on perception of safety through social integration has not been investigated in this thesis. 
Future work in this field would be a study of how lighting improvements with consideration of social 
integration changes perception of safety. 
Another possible improvement could be to include actual safety based on crime statistics and investigate 
the relationship between actual safety, perceived safety and lighting. 
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