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ABSTRACT 

 

 
Pedestrian lighting design is a very important part of urban lighting design. Appropriately 

designed pedestrian lighting can provide people with sense of safety and improve their quality of 

life. However, the exploration of people’s needs and perceptions of pedestrian lighting is 

neglected. Most of the existing design guidelines are generated from designer centered 

perspectives. 

This study aims at creating new perspectives in pedestrian lighting study. In this study, lighting 

quality is investigated through a behavioral science approach by examining the relationship 

between the lighting attributes and people’s perceived safety. Primary research objectives include 

identifying important attributes of the lighting environment, examining their influence on 

people’s perceived safety, and exploring the impacts of pedestrian’s individual characteristics in 

this perceptual process. In order to fulfill the research objectives, this thesis comprises an online 

survey that aims to discover the environmental perceptions of the people from Virginia Tech 

towards the nighttime pedestrian footpath scenes of the campus.  

The findings from the online survey indicate that important lighting attributes influencing 

people’s perceived safety are identified as: uniformity, facial recognition, concealment and 

perceived brightness. The findings further indicate that some environmental context attributes, 

environmental perception attributes, and socio-demographic attributes also significantly influence 

people’s perceived safety. Several design guidelines are provided for future lighting design 

practice.  
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Chapter 1: Introduction 

1.1 Problem Statement and Research Questions 

This study aims to create new perspectives in pedestrian lighting study by exploring people’s 

environmental perceptions in pedestrian lighting conditions. By examining people’s perceived 

safety in different pedestrian lighting environments, the research objective is to provide design 

guidelines and thus improve pedestrian lighting quality in urban areas.  

Pedestrian lighting is an important component of the nighttime urban landscape. It is a crucial 

factor that contributes to personal safety by providing adequate light levels for walking and 

physical exercise. In order to improve lighting quality and bring reassurance to pedestrian 

walking at night, researchers have come a long way in exploring the way to define and assess 

lighting quality. It has been suggested that behavioral science possibly could provide the best 

approach to understand lighting quality (Veitch & Newsham, 2006). 

Researchers found that perceived danger is the prominent factor of people’s nighttime experience 

and shed significant influence on their behaviors (van Osch, 2010). The perceived safety (or fear 

of crime) is a different concept from actual crime. It is a much bigger problem than actual crime 

itself as it directly affects people, elicits stress reactions, and puts constraints on their nighttime 

activities (van Osch, 2010, p.4). It has been reported that people’s concerns for personal safety 

increase dramatically after dark (Painter, 1996, p.199). Fear of crime and anti-social behaviors 

increase because pedestrian areas with low visibility levels provide more opportunities for an 

offender to hide and fewer opportunities for people to search for help and to identify an escape 

route (Oc & Tiesdell, 1997). However, the effects of lighting on crime reduction has been subject 

to considerable debate (Haans & de Kort, 2012). It is likely that “street lighting is tangible 
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alteration of the built environment but it does not constitute a physical barrier for crime” (Painter, 

1996, p.199). Although pedestrian lighting may not prevent crime, a review of studies shows that 

street lighting effectively reduces people’s perception of danger (Painter, 1996). Therefore, well-

designed street lighting has the potential to bring reassurance to pedestrians walking at night and 

improves people’s quality of life. In this case, people’s sense of safety (or perceived safety) is an 

important indicator of the quality of the pedestrian lighting. 

According to Richman (2009), more lighting has often been associated with a higher level of 

perceived safety. There is also a popular assumption among researchers that improving light 

levels can result in urban lighting that brings about pedestrian reassurance by reducing fear. 

However, this is not necessarily the case. This assumption may lead to the application of lighting 

levels that exceed accepted standard practice or actual needs for visual tasks (p.1). As a result, 

these levels will cause undesirable consequences: increased lighting levels have a potential to 

cause light pollution and inhibit efficient energy savings (van Osch, 2010). Good light quality 

should satisfy people’s physical and psychological demands (Blöbaum & Hunecke, 2005). 

Simply increasing the light level is not likely to fulfill all the fundamental functions of pedestrian 

lighting. There are other factors, associated with the lighting environment, that increase people’s 

perceived safety and improve the quality of the lighting environment. In order to provide design 

guidelines for socially active lightscapes, it is of great value for us to explore the relationship 

between the urban lighting environment and people’s perceptual outcomes.  

The research question of this study is: what are the attributes of the lighting environment that 

will influence people’s perceived safety in pedestrian areas? This research also seeks to answer 

the following sub-questions: 1. What is the relationship between people’s preferences and 

perceived safety towards scenes of a pedestrian road? 2. What are the socio-demographic factors 



 

3 
 

that influence perceived safety? 3. Are there any other factors that impact people’s perceptual 

outcomes towards pedestrian road scenes at night? 

1.2 Objectives 

As the physical factors will alter people’s perceived safety and therefore influence the quality of 

the lighting environment, the intent of this study is to explore the correlation between different 

environmental conditions of campus lighting schemes at Virginia Tech Campus and the levels of 

perceived safety they evoke among the Virginia Tech community. The objectives of this paper is 

to identify important attributes of lighting environment, examine their influence on people’s 

perceived safety, and explore what are the functions of individual characteristics of pedestrians 

in this perceptual process. The final products of this thesis will be suggestions for design 

guidelines for urban pedestrian lighting design.  

1.3 Introduction of Methodology 

A mixed method is used in this research to achieve a more holistic understanding of the influence 

of lighting environment on people’s perceptual outcome. The framework of the methodology of 

this thesis has five parts: 1. Identification of important attributes of the lighting environment; 2. 

Sampling and presentation of environmental stimuli; 3. Selection of participants; 4. Data 

collection; 5. Data analysis. This framework also defines the underlying logic structure of this 

study. 

1.4 Thesis Organization 

This thesis is organized into five chapters. The first defines the research problem and clarifies the 

research questions. In addition, it also provides general information about the methodology 
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framework of this study. The second chapter is a literature review of former studies that not only 

provides a theoretical context but also contributes to an important part of the methodology of this 

research. The third chapter describes the methodology of this study, including the method that 

was used, the framework and rationale of the study, the data collection process, and the data 

analysis methods. The fourth chapter summarizes the findings and results from analysis and 

these findings are discussed in the fifth chapter, where the possible explanations are also 

provided. In the fifth chapter, which is also the final chapter, conclusions and further 

implications are made based on the findings and discussions, and recommendations for future 

design practices are also offered.  
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Chapter 2: Literature Review 

2.1 Investigation of lighting quality 

There are many books providing guidelines for urban lighting system design, and there is also 

abundant research focused on lighting effects on human life. Although they are of certain 

importance and indeed facilitated further exploration, they produced an incomplete picture 

because of their poor research design, non-comprehensive data analysis and interpretation, as 

well as failures to measure visual and psychological dimensions of the lighting environment. 

Although great attention has been paid to the effects of lighting quality on people’s physical and 

psychological well-being, previous research inquiry to develop a metric for lighting quality has 

largely failed as a result of the complex nature of lighting environment inquiry (Veitch & 

Newsham, 2006). Assessing lighting quality involves measurements of various physical 

characteristics of a lighting environment and evaluation of immeasurable human behavioral 

outcomes within that environment. What’s more, a wide range of interdisciplinary knowledge 

and sophisticated photometric equipment is also required. As Veitch and Newsham (2006) said, 

“lighting quality may be the most-talked-about but least-understood concept in lighting research 

and lighting design”.  

Although researchers struggled painfully through their way to understand lighting quality, they 

indeed made some progress on quantitative and qualitative aspects of lighting study. In the 1980s, 

great passions of researchers were evoked by the Illuminating Engineering Society of North 

America (IESNA) as it sponsored lighting research focused on both subjective and objective 

measures of lighting quality (Veitch & Newsham, 2006). As an outcome, primary approaches to 

evaluate lighting quality were developed. 
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2.1.1 Traditional Approaches to Understand Lighting Quality 

In spite of their disadvantages in environmental-behavioral assessment, some of previous 

attempts tried to understand lighting quality in quantitative way, and some of them tried to 

evaluate lighting through both quantitative and qualitative methods. For example, Visibility 

Level (VL) and Equivalent Sphere Illuminance (ESI) were developed using a numerical 

approach; other models, such as Visual Comfort Probability, CSP Index and Visual Performance 

models, invested efforts in visual comfort research but they explored lighting quality in a very 

limited way (Veitch & Newsham, 2006). 

Visibility Level (VL): Visibility Level model is a standard quality index in lighting design 

invented by Blackwell in 1959. “Visibility level was calculated as the ratio of the threshold 

contrast of the task to the threshold contrast of the standard luminous disc, which was determined 

using a special device, the visibility meter. The VL thus calculated represents visibility under 

very special conditions. The light was unpolarised, diffuse, of a particular color temperature, and 

produced with uniform luminance at all parts of the task” (Veitch & Newsham, 2006). According 

to Blackwell, the higher Visibility Level, the better lighting quality. However, the laboratory 

settings is required for measuring VL, so it cannot be applied to outdoor environment (Veitch & 

Newsham, 2006).  

Equivalent Sphere Illuminance (ESI): Equivalent Sphere illuminance was developed in the 

1970s, which provides guidance to lighting professionals without resort to a visibility meter. 

Defined by Kaufman & Christensen in 1989, ESI is "the level of sphere illumination which 

would produce task visibility equivalent to that produced by a specific lighting environment" (as 
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cited in Veitch & Newsham, 2006). As it requires data that is hard to examine outside laboratory 

and its applicability is also very limited. 

Visual Comfort Probability (VCP): Whereas the VL and ESI systems were developed based 

principally on visual performance, Visual Comfort Probability (VCP) was introduced aiming at 

discovering the psychological influence of lighting, especially to the influence of discomfort 

glare (as cited in Veitch & Newsham, 2006). The experimental work used Discomfort Glare 

Ratings (DGRs) to measure different luminous conditions. DGRs are the measurement of the 

probability that a population of viewers feel the lighting is acceptable. However, as the initial 

experimental data of VCP model is too small to be representative, the result may not be 

generalized to all conditions (Veitch & Newsham, 2006). 

Comfort, Satisfaction, and Performance (CSP) Index: The CSP is a lighting quality index 

which indicates the probability that office workers will be comfortable with a certain lighting 

environment within their work place (as cited in Veitch & Newsham, 2006). Although its 

concept is similar to the VCP index, its approach to examine the light quality is very different. 

Comfort, Satisfaction, and Performance are weighted with same importance when calculating the 

CSP index. “The comfort index is based solely on the glare index; Satisfaction is predicted from 

cylindrical and horizontal illuminance; Performance is derived from horizontal and cylindrical 

illuminance, illuminance uniformity, and color rendering”, Veitch and Newsham explained 

(Veitch & Newsham, 2006). 

In summary, although the outcomes of the traditional approaches sought to explain people’s 

behavioral reactions to different lighting conditions, there was seldom any mention of behavioral 

science research methods and approaches. The VL and the ESI systems only address the quantity 

issue of lighting within laboratory conditions. Although the VCP and the CSP systems attempt to 



 

8 
 

evaluate the psychological influence of lighting, their measurement approaches lack of the 

supports of behavioral science. As veitch (2006) stated, “Illuminance decisions therefore go 

beyond the purview of any conceivable visual performance model.” The effectiveness of Visual 

Performance models still requires further tests.  

2.1.2 Behavioral Science and Lighting Quality 

According to Veitch (2006), only the combination of engineering and behavioral science could 

provide the best possible knowledge base to achieve a consensus about what makes good lighting 

quality. Physical environments has a strong influence on people’s experience in it. It can evoke 

emotions, and consequently affect people’s perceptual and behavioral outcomes. Desirable 

feelings can attract people to stay, live, and conduct social activities in a place, while fear and 

undesirable feelings will make people avoid and escape from a certain place (Hanyu, 2000). 

Different quality of lighting environments will evoke different emotions and perceptual outcome 

among people and thus influence their behaviors. We have to look into both measurable and 

immeasurable attributes of lighting to study its quality. Some models that hold the concept that 

the behavior of people is the final outcome of lighting design were developed in this 

interdisciplinary realm. R.A. Baron’s (1994) positive affect model is a great example. He posited 

a mechanism that external conditions influence people’s inner state, which in turn, determine 

cognitive processes and result in certain task performance and social behaviors as outcomes. The 

existence of this mechanism was supported by his later experiments (as cited in Veitch & 

Newsham, 2006). Based on this general model, Veitch (2006) proposed that lighting quality 

should be defined as the degree to which the lighting environment satisfies the end-users of the 

space in aspects as follows: visual performance; post-visual performance (task performance and 

behavioral effects other than vision); social interaction and communication; mood state 
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(happiness, alertness, satisfaction, preference); health and safety; aesthetic judgments 

(assessments of the appearance of the space or the lighting) (Veitch & Newsham, 2006). 

According to this definition, lighting quality is not directly measurable (Veitch & Newsham, 

2006). But it indeed provides us a way to understand the relationship between lighting conditions 

and behavioral outcomes. R.W. Marans (1989) along with a group of researchers conducted a 

study examining photometric measurements of the lighting environment and the end-users 

satisfaction ratings of the lighting environment. They found that certain lighting systems were 

associated with dissatisfactions, such as some luminance distribution patterns (as cited in Veitch 

& Newsham, 2006). 

In order to construct informative lighting-behavioral research, it requires well-considered 

research designs which can ensure the validity of independent variables of lighting environment 

and dependent variables of human behaviors (Veitch & Newsham, 2006). Also, we cannot ignore 

various internal states that stimulate behaviors. Thus, effective affect measures are necessary for 

us to examine the lighting-behavior relationship. What’s more, for any given setting, there are 

lots of environmental stressors that will contribute to behavioral outcomes other than lighting (as 

cited in Veitch & Newsham, 2006). So it is clear that lighting-behavior studies should be 

conducted as a part of environmental-behavior research in which environmental variables are 

under carefully selection and control.  

2.2 Affective Appraisal and Affective Indicator for Lighting Quality 

Although observation is a way to collect data related to behavioral outcomes, it cannot avoid 

biased judgments and misinterpretation. So the best possible way to explore people’s behavioral 

outcomes is to study people’s environmental perception and experience. The environmental 
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experience and perception of the occupants in space are immeasurable intermediates between the 

lighting stimulus and behavioral outcomes. By investigating them, we could get a better 

understanding of the lighting quality. The research on environmental experience generally have 

two approaches: cognitive study and affective appraisal (Hanyu, 2000). According to Hanyu 

(2000), “The studies of perceptual/ cognitive process investigate how individuals acquire, retain, 

and process information in environments, while the studies of emotional/affective appraisal 

examine how individuals respond to and evaluate environments.” By performing affective 

appraisal, we could examine how people’s internal states shift according to the environmental 

condition. According to Russell (2003), affective appraisal is defined as “judgments concerning 

the capacity of the appraised environment to alter an individuals’ perceptual outcomes” (as cited 

in Toet & Welie, 2009, p364). In order to perform affective appraisal, some studies use certain 

measures, such as preference, interest, safety, and fear (Hanyu, 2000). The affective response can 

also be mapped on the two dimensions of pleasure and arousal in Russell’s circumflex model of 

affect (Russell, 1980). A conscious experience of one’s affective state can be described as an 

integral blend of these two dimensions. For example, fear, which is the most prominent affect 

that constrains night-time activities, is high in arousal and low in pleasure and thus could be 

represented as a single point on this map (Russell, 1980). Based on this model, the complex 

emotions could be interpreted and categorized in a very simple way. And as a result, the process 

of determining dependent variables of emotional reaction is greatly simplified.   

The question about affective appraisal is: what are the internal states that should be selected as 

dependent variables (or indicators of environmental quality) in a lighting study? Are they 

positive or negative in regards to environmental quality? What techniques could be applied to 

study them? As asserted above, fear is the prominent affective factor in determining night-time 
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environment quality and there is abundant research to support this assertion. According to 

Newport (2002) and some other researchers, personal safety is a crucial premise for people to be 

active at night in open spaces. However, the actual personal security is not the main factor that 

influences people’s behaviors. It is the perceived safety that brings constraints to people’s 

activities. They are likely to avoid places that are dangerous in their mind or they are afraid of 

(as cited in Blöbaum & Hunecke, 2005, p466)  . Thus, in this case, perceived safety (or feeling of 

fear) is the best internal state to be examined. 

 Based on the review of previous experiments, measuring techniques of perceived safety could 

be classified into two categories. The first category is questionnaires designed for verbal rating 

scales. They could serve two purposes: 1. Judgments of perceived attributes of lighting 

environment; 2. Self-reporting emotional reaction. The second one is physiological measures. 

This kind of measures might assess pulse, heart rate, graduated skin response, brain waves, pupil 

dilation, or patterns of eye movement (Nasar, 2008). Usually, they are combined together to 

achieve report validity, and to ensure a certain level of participants’ involvement. 

2.3 Lighting Effects on Perceived Personal Safety and Crime 

Perceived personal safety and actual crime rates are among the top problems that influence 

people’s quality of life (Nasar & Fisher, 2008). Although the subjective perception of safety may 

not actually reflect actual crime, it can cause considerably negative influence on people’s 

nighttime activities and their impression of the certain neighborhood. Physically and socially 

vulnerable groups may be more subject to this influence. As a result, crime may actually increase 

because criminals may think the possibility of surveillance will decrease (Nasar & Fisher, 2008).  
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Perceived safety can be defined as a person’s immediate sense of security, and their anticipation 

the possibility of becoming victimized (Haans & de Kort, 2012; Evans & Fletcher, 2000). Some 

studies argued that perceived safety is a much bigger problem than crime because it is more 

widespread in any population and directly alter people’s way of behavior (Evans & Fletcher, 

2000). According to literature, lighting quality can effectively impact people’s perceived safety 

(Raynham, 2007). Suggested reasons included that visual experience may be improved by good 

quality lighting, concealment opportunities may be decreased, and the surveillance possibility 

may be increased. However, the effects of lighting on crime reduction has been subject to 

considerable debate. Some studies suggested that lighting cannot build a physical barrier for 

crime (Painter, 1996, p.199). According to Nikunen and Korpela (2012), abundant lighting may 

even decrease people’s sense of security because strong luminance and glare may reduce 

people’s visual control. However, other studies argued differently. Pease (1999) suggested that 

general increase of lighting can result in crime reduction. Raynham (2007) reported that good 

lighting can deter crime by increasing the chance of informal surveillance. Within the scope of 

this study, the lighting effects on crime reduction is not the research focus, so future studies may 

be desired to explore this research topic.  

2.4 Lighting Environment Attributes of Perceived Safety 

Many studies have already analyzed the physical attributes of urban environment that evoke 

fears. According to Fisher and Nasar (1992), prospect, concealment, and entrapment 

(boundedness) seem to be the proximate exterior features that are closely related to people’s 

perception of danger. The authors found that increases in prospect, decreases in concealment and 

entrapment may enhance people’s perception of safety and increase their personal radius at night. 

Based on Fisher and Nasar’s study’s, Blöbaum and Hunecke (2005) suggested that lighting could 
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play an important role in reducing people’s fear because lighting relates to the three physical 

features in a significant way. Appropriately placed and distributed light can provide a clear 

overview of surrounding environment, good orientation for people to escape from danger, and 

decrease the concealment. In a word, good lighting provides pedestrians with better chance to 

detect and react to crime and as a result it effectively reduces their fear of crime.   

The question is: what are the physical features of pedestrian lighting that relate to prospect, 

concealment and entrapment? Many existing lighting design guidelines and crime/fear 

prevention studies provided insight suggestions of physical attributes related to perception of fear. 

Among them, there are four physical attributes of lighting environment that seem to be especially 

associated with people’s perception of fear, they are: facial recognition, brightness, uniformity 

and concealment.  

 Facial Recognition 

During nighttime walks, people are very sensitive to another pedestrian approaching them 

(Fujiyama, et al, 2005). Nikunen and Korpela (2012) argue that during nighttime human 

presence may facilitate fear reaction because concerns of social danger may be more dominant 

than social control. According to Raynham (2004), “facial recognition is important for the 

pedestrian in order to promote a sense of security and social ease when encountering other 

pedestrians.” It is also desirable for people to detect the intention of other road users for the 

benefits of necessary self-protecting actions (Fotios  & Goodman, 2012). Facial Recognition 

Zone theory is based on the concept of Zone of Proximity that was developed by Hall (1966). 

Hall’s concept intends to explain the interaction between people at different distances away from 

each other during pedestrian movement. Road users only like people who have been recognized 

to approach close to them (see Figure 2.1). Otherwise, especially in the night, this approach is 
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likely to evoke a feeling of stress (Raynham, 2004). Lighting could expand people’s facial 

recognition zone by increasing visibility level and providing good vertical luminance condition. 

Literature indicates that 15 feet is the appropriate facial recognition zone because at this distance 

people will make eye contact with others passing by (Dravitzki, 2003). Fotios and Peter (2011) 

however suggests that minimum distance for facial recognition is usually 4 meters and 10 meters 

is the ideal distance.  

Figure 2.1 Facial recognition zone 

 

 Brightness 

According to IES GI guidelines and UK Guidance for lighting in residential roads, brightness is 

among the important attributes of lighting. Appropriate levels of lighting can support visual task 

for walking and physical exercises by help detecting obstacles and navigating. However, in real 

life exterior environments, it is difficult, even impossible, for researchers to control the levels of 

brightness. Some studies adopt desktop virtual environment to stimulate nighttime exterior 

environments with different levels of brightness (Houtkamp & Toet, 2011). However, Johansson 

(2011) and other researchers suggested that perceived brightness should be considered instead of 
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the actual levels of luminance. Subjective judgment of brightness might be a better indicator of 

people’s environmental experience than objective measure of light levels (Johansson, et al, 2011).  

 Uniformity 

 Literature also suggest that uniformity is a lighting attributes of perceived safety (Haans & de 

Kort, 2012). “Lighting uniformity affects our perception of environment and our ability to 

navigate it. Uniform lighting allows us to perceive the environment continuously and without 

sudden breaks caused by lighting level drops” (OMS Lighting, 2014). Pedestrian lighting must 

avoid low uniformity ratios and frequent changes of light levels that will cause visual discomfort 

as well as reduction in visual control.  

 Concealment 

 Many studies have already proven that many physical features of built environment are related 

to people’s fear of crime (Blöbaum & Hunecke, 2005). Fisher and Nasar (1993) conducted quasi-

experiment study and found that among environmental attributes, concealment is one of the 

attributes that stand out in people’s perception of safety. Without appropriate lighting, darkness 

may turn a pleasant place of daytime into a place full of fear by concealing potential dangers 

(Houtkamp & Toet, 2011).  

In a word, good quality of lighting should have appropriate distributions and Illuminance levels 

that provides pedestrians with a better chance to detect and react to crime. A result pedestrians’ 

fear of victimization can be effectively reduced. 

2.5 Gender, Age, Victimization and Vulnerability 

Gender and age differences in people’s perception of lighting environment are identified in 

previous studies. Interaction between people and their physical environment is a continuous 
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process. This process is influenced by characteristics of the individual person, such as gender, 

age, and personality (Johansson, et al, 2011). People in the same lighting environments may have 

different perceptual and behavioral outcomes. It has been suggested that females and the elderly 

are more sensitive in nighttime pedestrian lighting environment because they are more physically 

vulnerable and less able to defend themselves from crimes (Evans & Fletcher, 2000). However, 

according to Warr (1993), physical vulnerability is not the only possible cause. People’s 

subjective judgments, such as perceived vulnerability and perceived defensibility are also 

possible cause of fear of crime. Some pervious research also argued that low levels of perceived 

personal safety could not adequately explained by exposure to risk or victimization rate of 

sensitive groups. Comparing to adult young males, victimization rates among females and 

elderly people are actually lower in urban areas (Warr, 1993). Warr (1993) also suggested that 

“Objective circumstances notwithstanding, surely females and the elderly may have higher fear 

because they perceive themselves to be at high risk, or because their perceptions of the 

seriousness of offenses differ markedly from others.” Perceived personal safety, therefore, can be 

attributed to perceived self-defensibility.  
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Chapter 3: Methodology 

This chapter presents the methodology of this thesis. In order to gain more comprehensive 

understanding of the effects of the urban lighting environment on people’s perceived safety, the 

development of methodology is divided into six sections. These sections include: identification 

of important attributes of lighting environment, sampling and presentation of environmental 

stimuli, selection of participants, design of questionnaire, data collection, and data analysis.  

This chapter is organized into five sections which systematically defines the process of this 

research. The first section discusses how the variables used in this research are derived from the 

literature review.  In the second section, the way to present environmental stimuli is described 

and the selection criteria of the nighttime pedestrian scenes is also provided. The third section 

explains how the sample group of this study was selected and presents the background 

information of the sample group. In the fourth section, design of the questionnaire as a 

experiment tool and the process of data collection are explained. In the final section, the data 

analysis techniques and methods are discussed.  

3.1 Identification of important attributes of lighting environment 

In this study, the literature review is the method for selection of the independent variables. 

Among literatures, five studies (or documents) provided theoretical basis for this selection: 1. 

Illuminating Engineering Society [IES] G-1 guidelines (2003); 2. Proposed UK guidance for 

lighting in residential roads (2012) 3. Hall’s Zone of Proximity theory: "The hidden dimension" 

(1966); 4. Johansson, Rosén, and Küller’s study: “Individual factors influencing the assessment 

of the outdoor lighting of an urban footpath” (2010); 5.Fisher and Nasar’s (1993) study: “Fear of 

crime in relation to three exterior site features: Prospect, refuge and escape.” 
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Four independent variables were identified by integrating information from these five studies. 

They are perceived brightness, facial recognition, concealment and uniformity.  

Perceived Brightness: Perceived brightness is a subjective judgment of the brightness of a 

nighttime pedestrian road and it was measured in the questionnaire on the Likert scale where 1 

equals “Very dark” and 5 equals “Very bright”.  

Facial Recognition: The lighting has to be well distributed to provide good vertical illuminance 

conditions for people to recognize other road users’ faces. Facial recognition is an objective 

lighting attribute and levels of facial recognition were controlled in the environmental stimuli for 

the online survey. 

Concealment: Trees, shrubs, walls and buildings will create shadows and concealment in the 

lighting environment. These shadows could act as dark area for potential offender to hide. As a 

result, they are always associated with unsafe feelings. Concealment is an objective lighting 

attribute and the levels of concealment were also controlled in the environmental stimuli.  

Uniformity: Lighting uniformity is the result of lighting distribution. It is affected by the 

placement of lighting fixtures and the distance between the fixtures and nearby objects (trees, 

shrubs, buildings). It is objective lighting attribute and the levels of uniformity were controlled in 

the environmental stimuli. 

It is likely that these four attributes of pedestrian lighting environment are closely related to the 

perceived safety of the environment occupants and therefore related to the lighting quality of a 

certain pedestrian environment. In this study, online survey tool is adopted to fulfill this purpose 

and to build the possible relationship between these four attributes and people’s perceived safety.  



 

19 
 

It was suggested in the several studies that in different environmental contexts people will have 

different perceptual outcomes (Nikunen & Korpela, 2012). Based on the literature review, 

pedestrian scenes are grouped into three categories with different environmental settings: scenes 

with limited view due to buildings, scenes with limited view due to plants, and scenes with open 

view. Environmental stimuli used in online survey were sampled with careful consideration of 

these three contextual categories.  

Based on the literature review findings, the environmental perception attributes (preference, 

familiarity), social-demographic attributes that related to participants individual characteristics 

(gender, age, field of study, perceived self-defensibility, victimization experience, frequency of 

night walk, and awareness of emergency responding system) were selected as variables 

examined in the research.  

In summary, these common attributes were used as variables in this research to explore people’s 

perceived safety in pedestrian lighting environments. Via testing these variables, the 

relationships between certain variables of lighting environment and people’s perceptual outcome 

were analyzed. Stimuli were structured based on these variables and an online survey was 

conducted to test these identified variables. The survey also provided open-ended questions to 

explore other possible variables that the literature findings did not put forward (see Figure 3.1).  
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Figure 3.1 Schematic illustration of conceptual framework. 
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3.2 Sampling and Presentation of Environmental Stimuli  

The objective of this step is to obtain information of specified environmental attributes without 

sacrificing both external and internal validity (Nasar, 2008). External validity requires that the 

environment is sampled and presented in a realistic way. Internal validity requires that in the 

sampling process while the changes of one variable is recorded, the other variables must stay the 

same. The table in Nasar’s (2008) study is referenced when considering various models of 

sampling and presentation. 

Table 3.1 Strengths and weakness of various mode of presentation (Nasar, 2008) 

 

In this study, photographs are chosen as the stimuli because they are easy to use and allows good 

control of independent variables. The effectiveness of photo as a desktop virtual environment has 

been largely proven by environment behavioral studies in 90s (Nasar’s, 2008). Photographs of 

selected samples of lighting environments will be used for the measurement of people’s 

perceived safety. In order to sample four attributes of the lighting environments, the photos were 

taken in various night pedestrian environments covering a wide range of nightscape scenes with 

different lighting conditions. Careful attention was also paid to ensure that photos were taken in 

different environmental settings with limited view due to buildings, limited view due to plants, 

and with open view.  
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There are a total of 24 (Figure 3.2 and Figure 3.3) photos presented in the online survey and they 

were taken based on Table 3.2 to present the variation of independent variables within different 

environmental settings. All photos were taken on the Virginia Tech campus in Blacksburg, 

Virginia. The campus lighting fixtures shown in all photos have a uniform design. The photos 

were chosen based on the quality of the photographs in terms of image resolution, blur, clarity 

and composition.  

In the present study, perceived brightness was sampled, measured, and analyzed separately from 

other three attributes. It is the subjective judgment of lighting conditions and was measured in 

the questionnaire. Uniformity, facial recognition, and concealment attributes were sampled from 

real life pedestrian environments with controlled lighting conditions. The quantified overall 

luminance levels of 24 photos were not measured. Although there was an intention to take the 

photos under same level of luminance, it was still difficult to control the luminance level of the 

real life pedestrian environments. This research recognizes this will result in certain limitations 

and it also recognizes that in a further scientific research, the representative images could be 

selected by a larger group of experts to eliminate possible biases. Nevertheless, perceived 

brightness was carefully measured and its effects on perceived safety is revealed in the later 

analysis. Therefore the structure of stimuli here is suitable for the scope of this research. 

In order to examine the influence of uniformity on people’s perceived safety, nighttime 

pedestrian scenes with three levels of lighting uniformity were taken: pedestrian with uniform 

light, pedestrian roads with discontinuous light, and pedestrian roads with sparse light. In this 

study, sparse lighting is defined as pedestrian lighting environment with uniformly distributed 

shadows, but without sudden light level drops. Within each level, photos were taken in the three 

different environmental settings as mentioned above. As a result, a total of nine photos were 
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provided for the online survey that represent uniformity attribute. In order to examine the effects 

of facial recognition, nighttime scenes with an adult male figure with three different lighting 

conditions were taken: face in dark, face well-lighted, and face lighted from one side. Based on 

literature review, facial recognition behaviors between two pedestrians begin when they are 10 

meters from each other. Therefore, the individual was centered in the frame and placed 10 meters 

from the camera. For each lighting condition there were three photos taken within the three 

different environmental setting conditions. A total of 9 photos were taken to sample the facial 

recognition attribute. For concealment attribute, there are two sets of photos to present the 

variation: nightscape scenes with little concealment and nightscape scenes with lots of 

concealment. Each set also has three photos depicting the three different environmental settings. 

In total there were six photos that represent the concealment attribute. Perceived brightness was 

measured by Likert scale in the online survey using the 24 photos mentioned above. Correlation 

analysis was conducted to examine their effect on perceived safety.  
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Table 3.2 Environmental attributes for the photos 

 

 

 

 

 

 

 

 

 

 

 

No. Light Attributes Contexts 

1  
 

 
 

Uniformity 

uniform open 

2 Plants 

3 building 

4 sparse open 

5 Plants 

6 building 

7 discontinuous open 

8 Plants 

9 building 

10  

 
 

 

Facial Recognition 

face in light open 

11 Plants 

12 building 

13 face half-lighted open 

14 Plants 

15 building 

16 face in dark open 

17 Plants 

18 building 

19  

 

 
Concealment 

lots of concealment open 

20 Plants 

21 building 

22 little concealment open 

23 Plants 

24 building 



 

25 
 

Figure 3.2 Scenes used in the online survey (Photo by author) 
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Figure 3.2 Continued 
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3.3 Selection of participants  

The survey was carried out in the Virginia Tech community. People from Virginia Tech 

community have a variety of perspectives in terms of academic and professional backgrounds. 

Most of them are familiar with the daytime campus environment. Sixty-two people from Virginia 

Tech voluntarily participated in this research.  

In this study, there was an intention to minimize a biased outcome that would be dominated by a 

certain perspective of a specific group. Also, there was an intention to explore different 

perceptual outcomes in gender groups. As a result, the participants are from different fields of 

study and the number of males and females are equal, twenty-six for each group. 

3.4 Design of Questionnaire 

In order to reveal the relationship between the pedestrian lighting attributes and perceived safety, 

an online survey was carried out. A questionnaire with both open-ended and closed-ended 

questions were used in the survey. Photos mentioned in the last chapter acted as stimuli to help 

participants visualize the nighttime pedestrian scenes.  

The questionnaire of this study has three parts: Part I, Preference rating; Part II, Measurement of 

environmental attributes and perceived safety; Part III. Socio-demographic questions and 

questions related to individual characteristics.  

Part I: This part of questionnaire is in a photo-questionnaire structure, which provides landscape 

scenes to examine people’s preferences towards different pedestrian lighting environment. A 

series of landscape scenes was presented to participants and they were asked to rate the scenes 

based on how much they like each of the scenes. One to five Likert scale was used to measure 



 

28 
 

participant’s preference with 1 being “dislike strongly”, 2 being “dislike somewhat”, 3 being 

“neutral or undecided”, 4 being “like somewhat” and 5 being “like strongly”. Measurement of 

preferences takes an important part of examination of perceptual progress (Kaplan & Kaplan, 

1989). Preference question is the easiest question for participants to answer and is related to the 

level of perceived safety (Hanyu, 2000).Therefore, in the first part of the online survey, 

participants can rate the photos according to their first impression and gain a general 

understanding of the range of photos that will be provided for the following parts of the 

questionnaire.  

Part II:  This part of questionnaire is also in the photo-questionnaire structure, which provides 

nighttime pedestrian scenes to examine environmental attributes as well as their effects on 

people’s perceptual outcome. Five questions were asked in the questionnaire: 

1. How well-lighted is this place?  
 

2. How familiar does this place feel to you?  

3. How safe would you feel in this place?  

4. Please click on the location in this scene that feels the least safe.  

5. If you would feel unsafe in this night-time scene, please provide the primary reason that makes 

you feel anxious. 

In this part of questionnaire, participants were asked to answer both closed-ended and open-

ended questions. Different types of questions provide researcher with comprehensive insight into 

what are the factors that influence perceived safety. In both part one and part two, pictures were 

arranged in random order. 
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Part III: The third part of the questionnaire has question items regarding the participant’s socio-

demographic background.  Participants were asked to provide information including gender, age, 

and field of study. Researchers agree with the recommendation that questionnaires should begin 

with general questions and end with specific demographic ones. Demographic questions are 

considered easier to answer, and putting them at the end of a questionnaire allows participants to 

answer the least difficult questions when they are most fatigued and bored with the survey 

session. Moreover, there are also question items identifying participants’ self-perception of 

defensibilities and individual experience of nighttime activities, which provides researchers with 

a deeper insight of personality-related differences on people’s perception of safety. Furthermore, 

at the end of the online survey, an open-ended question was asked to explore other possible 

important aspects of pedestrian lighting that literatures did not put forward (See Appendix B).  

3.5 Data Collection 

Data collection process involved online research activity. The procedures of this online research 

include Virginia Tech Institutional Review Board (IRB) application, pretest, recruitment and 

consent process, and online survey.  

IRB Application: All research materials had been submitted to IRB and permission had been 

granted before the online survey was launched. The rights and safety of human subjects 

participating in this online research were protected. 

Pretest: After the IRB approval, a pretest of the questionnaire was conducted aiming at 

developing an understandable survey instrument. Eight volunteers from the landscape 

architecture department of Virginia Tech participated in this pretest and they were not included 

in the final sample. After pretest, several questions were revised according to the participants’ 
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suggestions and comments and the approval letter from IRB was obtained for the final version of 

questionnaire.  

Recruitment and Consent Process: The research covers subjects that are Virginia Tech 

students, faculty and staff who have different genders, health statuses, and economic statuses, 

fields of study, nationalities, ethnicities, and education levels. There are three inclusion criteria:  

1) Participants must comprehend English since the survey is in English; 

2) Participants must be Virginia Tech students, faculty or staff; 

3) Participants must be 18 years old or above. 

There are several reasons for conducting this research within the Virginia Tech community. 

Firstly, participants focus on the effect of lighting rather than design of pedestrian footpath since 

they are already familiar with Virginia Tech campus in the daytime. Secondly, higher familiarity 

with the campus can help participants to relate the photos in the survey to the real sites and 

therefore perceive them better. Lastly, people from the Virginia Tech community are more likely 

to be benefited by this research.  

The recruitment material was distributed via email to the Virginia Tech community. A snowball 

sampling procedure was followed. This purposive sample technique first identifies respondents 

from the participating groups and then asks them to distribute the recruitment email to members 

of the group (Rosbon, 2002). Researchers met with volunteers one by one to confirm their 

eligibility and to obtain their informed consent. Participants’ responses are anonymous, their 

identities remain confidential.  
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Online Survey: Consent form, which acts as the information sheet, was sent out to participants 

during the one by one meetings before the distribution of the online survey link. It provides 

information about the purpose of this study, procedures, risks, confidentiality, participants’ 

responsibilities, researchers’ contact information and so on (see Appendix D).  

Qualtrics, a web based survey tool, was used to create and launch the survey. After researcher 

obtained participants’ verbal consent, a recruitment e-mail was distributed to participants with a 

link to access to the survey web site (see Appendix B).  

3.6 Data Analysis 

All information collected from the questionnaire was used as data in this research and there were 

four types: 1.Likert scaling scores; 2. Yes or No answers; 3. Subjective descriptions derived from 

the open-ended questions; 3. Heat maps showing the visual representation of hot spots of fear.   

Data analysis plays an important role in examining what are the influences of attributes of 

pedestrian lighting in different environmental contexts on people’s perceived safety. In order to 

answer research questions, descriptive statistics, inferential statistics, and content analysis were 

used in this research. SPSS Version 21 was used to perform both descriptive and inferential 

statistical analysis. The descriptive analysis used mean rating, standard deviation and frequency 

distribution. The inferential analysis used Independent Sample T-Test, One-Way ANOVA 

analysis and Pearson’s Correlation analysis. Independent Sample T-Test and One-way ANOVA 

were used to determine the significant difference of mean rating. Pearson’s correlation was used 

to examine the correlation between two variables. In the inferential statistical analysis, if the p-

value is less than 0.05, it can be concluded that the mean difference is significant. For data 

collected from open-ended questions, content analysis was conducted. Literature defines content 
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analysis as an technique for making inferences by objectively and systematically identifying 

specified characteristics of messages. (Holsti: 1969, 14) Entries of open-ended questions were 

examined and grouped with similar themes. Factors influencing people’s perception were 

retrieved from identified themes. Furthermore, heat map was as the method to identify the hot 

spots of fear.  

3.7 Summary of Methodology 

In summary, the research method used in this study is a mixed method. All the variables 

identified in this research were derived from the literature review. The photo-questionnaire 

method was used to measure people’s response towards environmental stimuli and to examine 

the relationships between the attributes of pedestrian lighting environments and perceived safety. 

An online survey tool was used to conduct the survey and collect the data. Statistical analysis 

and content analysis were performed to analyze the data collected from the survey. In this study, 

qualitative and quantitative methods were integrated together to gain more comprehensive 

understanding of the impact of pedestrian lighting environments on people’s perceived safety. 

Suggestions for design guidelines of pedestrian lighting will be provided based on the final 

findings of this research.  
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Chapter 4: Findings and Results 

This chapter presents the findings and results from data analysis of the information collected 

from the online survey. It was organized into five sections: 1. Descriptive Statistics of the Data; 2. 

Inferential Statistics of the Data; 3. Content analysis of open-ended questions; 4. Heat Map 

Analysis of Hot Spots of Fear; 5. Summary of findings. 

In the first section, descriptive statistics was conducted to describe the data collected from the 

survey. The descriptive analysis using frequency distribution, highest value, lowest value, mean, 

and standard deviation to present the characteristics of the data. The results from this section 

cannot be generalized to any larger group. In the second section, inferential statistics was 

conducted to examine the significance of each attribute in terms of their impact on perceived 

safety. Methods including T-test, ANOVA, and Pearson’s correlation were used in this section. 

In the third section, content analysis was performed to summarize the information collected from 

open-ended questions. In the fourth section, heat maps collected from the online survey were 

described and analyzed. The last section summarized the findings (See Figure 4.1).  

Because most of the data distributions are close to normal, no transformation of data has been 

made. The data of familiarity were not normally distributed but were difficult to transform, 

therefore they were left in its original format.  
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Figure 4.1 Statistical analysis framework 
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4.1 Descriptive Statistical Analysis of the Data 

4.1.1 Demographic Attributes: Gender, Age and Field of Study  

Sixty-two participants took part in the online survey, but ten of them dropped out, resulting in 

fifty-two completed survey questionnaires. All the participants are volunteers and their responses 

are anonymous. Participant distribution is summarized in Table 4.1 which is organized according 

to demographic attributes (gender, age, and field of study). 

Table 4.1 Participant demographics 

 

The data shows that the gender is distributed equally within the participants. For the range of age, 

most of the participants are distributed in two groups: 18-24 years old (n=13) and 25-34 years 

old (n=37). There are only 2 people who belong to 55 year old and above group (see Figure 4.2). 

Because the sample of this group is too small, inferential statistics didn’t include these two 

participants when examining the significance in the differences of perceived safety among age 

groups. 19.2% (n=10) of participants are related to design majors (architecture and landscape 

architecture) and 80.8% (n=42) of participants belong to fields that are outside of the design 

realm. 

 Numbers (N) Percentage 

Overall 52 100% 

Gender  

Male 26 50% 

Female 26 50% 

Age  

18-24 13 25% 

25-34 37 71.1% 

35-44 0 0% 

45-54 0 0% 

55-64 1 1.9% 

65 and above 1 1.9% 

Field of Study  

Design-related majors 10 19.2% 

Other 42 80.8% 
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Figure 4.2 Distribution of participants’ age 

 

4.1.2 Individual Characteristics: Perceived Self-Defensibility, Frequency of Nighttime 

Walk, Victimization Experience, and Awareness of Emergency Response System 

This research also examined the attributes of perceived self-defensibility, frequency of nighttime 

walk, victimization experience, and awareness of emergency response system.  

Figure 4.3 presents the distribution of perceived self-defensibility rating of all participants. The 

average rating of self-defensibility is 2.37 which is between “somewhat unconfident” and 

“Neutral”. The standard deviation is 1.103.  Figure 4.4 shows the different distributions of 

perceived self-defensibility between men and women. It shows that the male participants 

generally feel more confident to defend themselves than the female participants. 
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Figure 4.3 Distribution of perceived self-defensibility 

 

Figure 4.4 Distribution of perceived self-defensibility separated by gender 

 

 

Figure 4.5 shows the histogram present the distribution of Frequency of Nighttime Walk. The 

mean score is 2.94 which is between “seldom” and “occasionally”, and the standard deviation is 

1.037.  

 

25.0% 

32.7% 

26.9% 

11.5% 

3.8% 

very unconfident somewhat 
unconfident 

neutral somewhat 
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very confident 

Perceived Self-defensibility 
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34.6% 

19.2% 

3.8% 

Perceived Self-defensibility 
for Women 



 

38 
 

Figure 4.5 Distribution of frequency of nighttime walk 

 

Based on the results from the online survey, there are only 3 people who have had a 

victimization experience out of 52 participants. Statistical analysis based on this size of sample 

won’t be reliable so this item was dropped from further analysis. 

Furthermore, 65.38% (n=34) of participant are aware of the emergency call boxes on the 

Virginia Tech campus, but 34.62% (n=18) of them never noticed the call boxes. Among people 

who noticed the call boxes, 26.47% (n=9) of participants think the presence of call boxes do not 

make them feel safer, and other 73.53% (n= 25) of participants think call boxes contribute to 

their personal safety. Among participants who never noticed the call boxes, 27.78% (n=5) 

participants do not think the call boxes can make them feel safer and 72.22% (n=13) of 

participants reported that the call boxes do make them feel safer (see Figure 4.6). 
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26.9% 
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Frequency of Nighttime Walk 
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Figure 4.6 Histogram of distribution of people’s emergency call box awareness separated by safety improvement 

evaluation 

 
 

G4.1.3 Environmental Perception: Preference, Familiarity, Perceived Brightness and 

Perceived safety 

A mean measurement was used to determine the average score of preference, familiarity, 

perceived brightness, and perceived safety of the nighttime pedestrian scenes. The mean and 

standard deviation of the ratings for these attributes of all response are presented in Table 4.2 

(See Appendix A for details of rating distributions).  

Table 4.2 Mean rating for preference, familiarity, perceived brightness and perceived safety 

 Mean  SD 

Preference 2.99 1.099 

Familiarity 2.79 1.378 

Perceived Brightness 3.15 1.205 

Perceived Danger 3.35 1.018 

 

In addition, mean ratings for each scene are also presented in Table 4.3, and Figure 4.7 to Figure 

4.14. Based on the mean preference scores, scene 19 (open view with little concealment) is the 
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most preferred scene, followed by scene 5 (sparse lighting with view limited by plants), and 

scene 1 (uniform lighting with open view). The three least preferred scenes are Scene 17 (human 

figure’s face in dark with view limited by plants), Scene 22 (open view with lots of concealment) 

and Scene 2 (uniform lighting with view limited by plants). Among all the scenes, participants 

are most familiar with Scene 19, Scene 1 and Scene 12 and least familiar with Scene 17, Scene 

14 and Scene 23. For perceived Brightness, Scene 20, Scene 1 and Scene 4 are perceived as most 

bright ones. Scene 17, Scene 22 and Scene 14 are the least bright ones. Moreover, Scene 20 

(little concealment with view limited by plants), Scene 19 (little concealment with open view) 

and Scene 1 (uniform lighting with open view) are the ones rated as most safe scenes and Scene 

17 (human figure’s face in dark with view limited by plants), Scene 23 (lots of concealment with 

view limited by plants) and Scene 22 (lots of concealment with open view) are rated as least safe 

ones.  
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Table 4.3 Descriptive statistics of preference, perceived brightness, familiarity, and perceived safety 

 

 

Mean
Std. 

Deviation
Mean

Std. 

Deviation
Mean

Std. 

Deviation
Mean

Std. 

Deviation

1 open 3.90 0.72 4.33 0.76 3.62 1.37 4.20 0.75

2 tree 2.21 0.87 3.58 0.80 3.06 1.29 3.61 0.77

3 building 3.60 0.93 4.13 0.79 3.17 1.37 3.86 0.88

4 open 3.62 1.05 4.33 0.68 3.12 1.12 4.12 0.71

5 tree 3.94 0.94 4.13 0.77 2.87 1.25 3.94 0.75

6 building 3.46 1.00 4.19 0.77 3.12 1.63 3.90 1.03

7 open 2.63 0.91 2.21 0.85 2.37 1.27 2.78 0.78

8 tree 2.63 0.82 2.37 0.69 2.19 1.22 2.82 0.83

9 building 2.63 0.91 2.35 0.79 2.73 1.24 2.82 0.69

10 open 3.15 0.92 3.33 0.86 2.81 1.34 3.41 0.80

11 tree 3.17 0.81 3.65 0.81 2.73 1.25 3.67 0.79

12 building 3.50 0.94 4.00 0.82 3.60 1.27 4.04 0.79

13 open 2.90 0.69 3.06 0.87 2.75 1.33 3.31 0.78

14 tree 2.29 0.85 2.10 0.53 1.85 0.89 2.59 0.60

15 building 2.63 0.89 2.15 0.78 2.62 1.32 2.73 0.75

16 open 2.48 1.09 2.90 0.91 3.12 1.37 3.29 0.85

17 tree 1.77 0.88 1.44 0.57 1.77 1.11 2.04 0.73

18 building 2.27 1.07 2.56 0.87 2.98 1.28 3.04 1.00

19 open 4.08 0.84 4.08 0.84 4.33 1.00 4.25 0.71

20 tree 3.79 1.00 4.67 0.58 3.00 1.43 4.35 0.82

21 building 3.37 0.77 3.65 0.81 2.67 1.25 3.69 0.64

22 open 2.21 0.87 1.94 0.67 2.15 1.13 2.51 0.80

23 tree 2.60 0.85 2.15 0.80 1.96 1.05 2.47 0.78

24 building 2.92 1.01 2.40 0.60 2.29 1.23 3.02 0.70
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Figure 4.7 Mean ratings for scenes (Photo by author) 
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Figure 4.7 Continued 
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Figure 4.7 Continued 
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Figure 4.7 Continued 
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Figure 4.7 Continued 
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Figure 4.7 Continued 
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Figure 4.7 Continued
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Figure 4.7 Continued 
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4.2 Inferential Statistical Analysis of the Data 

4.2.1 Independent Sample T-Test Analysis  

Differences in Perceived Safety between Men and Women 

The analysis indicates that, on average, men feel slightly safer than women in the scenes 

provided in this study. The difference of perceived safety between gender groups was examined 

by Independent T-Test. The mean perceived safety for the males is 3.43 (SD =.996) and for the 

females is 3.28 (SD =1.034). Based on Independent Sample T-Test, Table 4.4 shows that men 

and women have significantly different levels of perceived safety (p< 0.5, T=2.509, n=1248).  

Differences in Perceived Safety between Age Groups 

The analysis reveal that, on average, younger respondents feel safer than older respondents in the 

scenes presented in this study. Because most of the participants fall into age groups of 18-24 

years old and 25-34 years old, the inferential statistics only tested the difference in perceived 

safety between these two groups. The mean perceived safety for the participants with ages 18 to 

24 is 3.68 (SD= .922) and for the participants with age from 25 to 34 is 3.27(SD= 1.019). 

Independent T-Test shows (see Table 4.5) that younger respondents have significantly different 

levels of perceived safety than older respondents (p>.0001, T=6.220, n=1200).  

Differences in Perceived Safety between Design and Non-Design Majors 

People from design-related majors don’t have significantly different levels of perceived safety 

than people outside of design realm (p>.05, T=.212, df =1246). Participants in the design-related 

majors has an average perceived safety score of 3.34 (SD=.981) and participants in other majors 

has an average score of 3.36 (SD=1.161). Table 4.6 shows the results from Independent Sample 

T-Test for these two groups of participants. 
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Table 4.4 Independent sample T-Test for difference of perceived safety between men and women 
 

Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Perceived  

Safety 

Equal 

variances 

assumed 

.290 .590 2.509 1246 .012 .144 .057 .031 .257 

Equal 

variances 

not 

assumed 

  
2.509 1244.282 .012 .144 .057 .031 .257 

 

Table 4.5 Independent sample T-Test for difference of perceived safety between 18-24 years old group and 25-34 

years group 
 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Safety Equal 

variances 
assumed 

3.890 .049 6.220 1198 .000 .407 .065 .279 .536 

Equal 

variances 
not assumed 

  6.525 596.659 .000 .407 .062 .285 .530 
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Table 4.6 Independent sample T-Test for difference of perceived safety between design and non-design majors 

 

Differences in Perceived Safety between Call-boxes Aware Group and Call-boxes Unaware 

Group 

There is no significant difference in perceived safety among people who are aware of emergency 

call boxes and people who are not aware. Mean perceived safety for people who are aware of the 

presence of emergency call boxes on the Virginia Tech campus is 3.36 (SD=1.006) and mean 

perceived safety for people who are not aware of this emergency respond system is 3.34 

(SD=1.041). The difference between these two groups is not significant (p=.770). Table 4.7 

present the result of the Independent Sample T-Test.  

 

 

 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Safety Equal 

variances 
assumed 

18.647 .000 .212 1246 .832 .015 .073 -.128 .159 

Equal 

variances 

not 

assumed 

  
.191 325.011 .849 .015 .081 -.144 .175 
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Table 4.7 Independent sample T-Test for difference of perceived safety between call-boxes noticed group and call-

boxes unnoticed group 
 

Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Perceived 

Safety 

Equal 

variances 

assumed 

.382 .536 .292 1246 .770 .018 .061 -.101 .137 

Equal 

variances 

not 

assumed 

  
.289 851.843 .773 .018 .061 -.102 .138 

 

Differences in Perceived Self-defensibility among Gender Groups  

Men feel much more confident than women to defend themselves in nighttime pedestrian 

footpath, on average. The differences of perceived self-defensibility between gender groups and 

age groups were examined by Independent T-test. Mean perceived self- defensibility for the 

males is 2.88 (SD=1.051) and for the females is 1.85 (SD=.864). Based on Independent Sample 

T-Test, Table 4.8 shows that men and women have significantly different levels of perceived 

self-defensibility (p< .001, T=19.069, n=1248).  
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Table 4.8 Independent sample T-Test for difference of perceived self-defensibility between men and women 

 

4.2.2 Pearson’s Correlation Analysis  

Pearson’s correlation analysis was performed to test the linear relationships between perceived 

safety and variables that measured on Likert-scale, including perceived brightness, preference, 

familiarity, frequency of walking at night, and perceived self-defensibility. Appendix A present 

the results from Pearson’s Correlation analysis. Five findings are reported here:  

1. Perceived brightness is significantly positively correlated with perceived safety (p<.001, 

r=.775). Scenes that were reported as more bright were also reported as safer, on average. 

2. Preference is significantly positively correlated with perceived safety (p<.001, r=.532). 

Respondents that preferred a scene more also reported that the scene looked safer, on average. 

3. Familiarity is significantly positively correlated with perceived safety (p<.001, r=.522). 

Scenes that were reported as more familiar among participants were also reported as safer, on 

average. 

4. Frequency of walking at night is not significantly positively correlated with perceived safety 

(p=.297). 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 
(2-

tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Perceived Self-
defensibility 

Equal variances 
assumed 

13.656 .000 19.069 1246 .000 1.038 .054 .932 1.145 

Equal variances 

not assumed 

  19.069 1201.275 .000 1.038 .054 .932 1.145 
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5. Perceived self-defensibility at night is significantly positively correlated with perceived safety 

(p<.001, r=.105). Respondents that felt like they could defend themselves against a stranger at 

night reported that scenes looked safer, on average. 

Table 4.9 sorts by coefficient size the factors that significantly correlated with perceived safety. 

Perceived brightness, preference, familiarity, and perceived self-defensibility are all significantly 

correlated with perceived safety. Perceived brightness has the strongest correlation with 

perceived safety while perceived self-defensibility has the lowest correlation with perceived 

safety. 

Table 4.9 Significantly correlated factors sorted by coefficient size 
 

Pearson Correlation 

Safety Perceived Brightness .775 

Preference .532 

Perceived Familiarity .522 

Perceived Ability for Self Defense .105 

 

4.2.3 One-Way ANOVA  

In this section the findings of the One-Way ANOVA tests were presented where the perceived 

safety was treated as the dependent variable, attributes of pedestrian lighting and types of 

environment contexts were treated as factors. One-Way ANOVA tests were conducted for each 

factor. 

Difference in Perceived Safety between Different Levels of Uniformity 

Table 4.10 and Figure 4.15 show the mean perceived safety of scenes with three different levels 

of uniformity. Significantly different levels of perceived safety were reported in scenes with 

three different levels of lighting uniformity (p<0.001, F=104.350, df= 467). Statistical analysis 

shows that, on average, scenes with sparse lighting and scenes with uniform lighting are 
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perceived as safer than scenes with discontinuous lighting, (p< 0.001). There is no significant 

difference between sparse lighting and uniform lighting (p=.550). One-Way ANOVA was used 

to explore the influence of uniformity of lighting on people’s perceived safety.  

Table 4.10 Descriptive statistics of three levels of uniformity 

 

Figure 4.8 Differences in perceived safety in different levels of uniformity 
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N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

 
Uniformity 

Sparse Lighting 156 4.00 .842 .067 3.87 4.13 

Discontinuous 

Lighting 

156 2.80 .766 .061 2.68 2.92 

Uniform 

Lighting 

156 3.90 .833 .067 3.77 4.04 
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Difference in Perceived Safety between Different Levels of Facial Recognition  

Based on One-Way ANOVA, it is proved that there are significantly different levels of perceived 

safety in scenes with three levels of facial recognition (p<0.001, F=467, df= 53.319). Scenes 

with the adult male’s face lighted up are the scenes perceived as safer than the ones with face 

half-lighted and the ones with darkened face. However, there is no significant difference between 

scenes with human figure’s face half-lighted and scenes with human figure’s face darkened 

(p=.600). Table 4.11 and Figure 4.16 show the mean perceived safety of scenes with different 

levels of facial recognition. Scene 17 with an adult male’s face in the dark, was rated as least 

preferred and least safe scene among all the scenes. It is likely that facial recognition is a 

significant factor of perceptual outcomes.  

Table 4.11 Descriptive statistics of three levels of facial recognition 
 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Facial 

Recognition 

Face in dark 156 2.78 1.020 .082 2.61 2.94 

Face half 

lighted 

156 2.87 .776 .062 2.75 2.99 

Face lighted 156 3.71 .827 .066 3.58 3.84 
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Figure 4.9 Differences in perceived safety in different levels of facial recognition 

 

Difference in Perceived Safety between Different Levels of Concealment 

People perceive scenes with little concealment as safer than scenes with lots of concealment (see 

Figure 4.17). Descriptive statistics show that scenes with little concealment have a mean 

perceived safety score of 4.10 (SD=.780) and scenes with lots of concealment have an average 

score of 2.67 (SD =.798). One-Way ANOVA presents that there is a significant difference in 

perceived safety between these two Levels of Concealment (p < 0.001, F=258.278, df= 311).  

Figure 4.10 Differences in perceived safety in different levels of concealment 
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Difference in Perceived Safety between Building, Planted, or Open Environments 

According to statistical analysis, people reported significantly different levels of perceived safety 

in the three different types of environmental contexts presented in this study (p<.001, F=9.224, 

df =1247). Scenes with view limited by existing building were perceived as safer than scenes 

with view limited by plants, on average (p<.05). Similarly, open environments were perceived as 

safer than environments with view limited by plants, on average (p<.001). There is no significant 

difference between environments with view limited by building and open environments 

(p=.338).Table 4.12 and Figure 4.18 show the mean perceived safety in three different 

environmental contexts.  

Table 4.12 Descriptive statistics of three different environmental context 
 

N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Limited by 

Building 

416 3.39 .963 .047 3.29 3.48 1 5 

Limited by 

Plants 

416 3.19 1.078 .053 3.09 3.29 1 5 

Open View 416 3.49 .989 .048 3.39 3.58 1 5 
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Figure 4.11 Differences in perceived safety in different environmental context 

 

4.3 Content Analysis of the Data 

Entries of open-ended questions were examined and grouped with similar themes. Factors 

influencing people’s perception were retrieved from identified themes. The findings from the 

content analysis indicate that there are some factors depicted in the scenes that influenced the 

participant’s perceived safety of the scenes. Factors that make people feel unsafe are presented in 

Table 4.13 and factors that make people feel safe are presented in Table 4.14. 

Table 4.13 Factors make people feel unsafe 

No. Factors 

1 Difficulty of facial recognition 

2 Low brightness of the pedestrian lighting environment 

3 Concealment within the pedestrian scenes 

4 Shadows of buildings and plants 

5 Limited prospect of the scenes 

6 Enclosure of the scenes 

7 Lack of presence of people 

8 Color of light 

9 Poor Orientation  
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Table 4.14 Factors make people feel safe 

No. Factors 

1 High Illuminance level 

2 Presence of people and possible informal surveillance 

3 Low level of concealment 

4 Open view of scenes 

5 Prospect of the scenes 

6 Better emergency responding system 

7 Safe neighborhood 

 

Some of the factors presented in the tables are identified in this research. Other factors, which are 

related to pedestrian activities, design of pedestrian environment, characteristics of lighting 

fixture, and safety of neighborhood are not discussed in this thesis and should be studied in the 

future research.  

4.4 Heat Map analysis of Hot Spots of Fear 

“Crime and fear of crime concentrate in some areas called 'hot spots'.” (Nasar & Fisher, 1993) In 

the online survey, participants were asked to click on the spots in which they feel least safe in the 

scenes provided. Figure 4.19 and Figure 4.20 show the results for all the scenes. Scene 23 has the 

most spots of fear and Scene 1 has the fewest. For most of the scenes, dark area was identified to 

be able to elicit fear reaction among participants. The best examples are Scene 23, Scene 21, and 

Scene 19. However, Scene 16, Scene 17 and Scene 18 show that participants perceived fear 

when they couldn’t see the adult male’s face in the nighttime pedestrian roads. Figure 4.21 

shows the illustration of heat map analysis.  
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Figure 4.12 Heat map analysis 
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Figure 4.12 Heat map analysis Continued 
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Figure 4.12 Heat map analysis Continued
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4.5 Summary of Important Findings  

Fifty-two participants were involved in this online survey study. Among all participants the 

number of females and the number of males are equal. 19.2% of the participants are related to 

design majors and the other 80.8% of them are outside of the design realm. Most of the 

participants’ ages range from 18 to 34. The data shows that almost half of the female participants 

(42.3%) thought that they were very unconfident to defend themselves from anti-social behaviors. 

Meanwhile, the ratings of perceived self-defensibility among male participants are normally 

distributed from “very unconfident” to “very confident”. Most of the males thought that they 

were neither confident nor unconfident to defend themselves against nighttime crimes. The 

frequencies of nighttime walk among participants are normally distributed from “never” to “very 

often”.  Three out of fifty-two participants had victimization experience. Although most of them 

had never been offended during their nighttime walk, they all perceived different levels of fear 

towards nighttime pedestrian area scenes. In addition, most of the participants notice the 

presence of emergency call boxes in the campus and most of them thought that the call boxes 

make them feel safer. The inferential statistical analysis reveals that men feel slightly safer than 

women when they are in a nighttime pedestrian footpath, meanwhile younger people also feel 

safer than the elder people. For people from design majors and people who are outside of the 

design realm, levels of perceived safety in nighttime pedestrian environments are generally the 

same. The frequency of nighttime walk of participants is not significantly related to perceived 

safety. What’s more, there are not significant different levels of perceived safety between 

participants who are aware of the presence of emergency call boxes on campus and those who 

are not aware of the boxes.  
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Among twenty-four photos tested in the present study, the photo showing open view with low 

level of concealment was mostly preferred by participants. The same photo was also rated as one 

of the safest scenes. The photo showing the human figure’s darkened face with the view limited 

by plants was the least preferred and also rated as the least safe scene. Pearson’s correlation 

analysis shows that preference, familiarity, perceived self-defensibility, and perceived brightness 

are all positively correlated with perceived safety. Among these four perceived attributes, 

perceived brightness has the strongest correlation with perceived safety.  

Through One-Way ANOVA tests, the effects of lighting attributes were examined. The results 

show that among lighting with different levels of uniformity, the uniform lighting result in higher 

level of perceived safety than the discontinuous lighting. However, the sparse lighting (uniform 

darkness) also result in the same level of perceived safety with uniform lighting. Therefore, the 

sparse lighting and uniform lighting are not really different, and they can be treated as same 

lighting condition in regards of effects on people’s perceived safety.  The results also reveal that 

people will perceived highest safety when they can recognize another pedestrian’s face clearly. 

However, there is no difference between the human figure’s face is darkened and the human 

figure’s face half-lighted. Moreover, statistical analysis suggests that pedestrian environments 

with little concealment will result in higher level of perceived safety and the ones with lots of 

concealment will result in lower level of perceived safety. For three different environmental 

contexts, pedestrian environments with view limited by plants will result in lowest level of 

perceived safety. Pedestrian environments with view limited by buildings and open view result in 

same level of perceived safety.  

The content analysis reveal that facial recognition, brightness, concealment, uniformity, prospect 

and enclosure of a pedestrian environment, possibility of informal surveillance, presence of 
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emergency responding system, and reputation of a neighborhood are all associated with 

perceived safety. Moreover, the heat map analysis put forward that facial recognition and 

concealment significantly explain the perceived safety of people in nighttime pedestrian 

environments.  
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Chapter 5: Discussions 

In this chapter, some important findings from the analysis results are highlighted and their 

explanations are discussed.  

Many studies that are related to fear of crime and perceived personal safety suggested that 

women have a lower level of perceived safety than men. The results of present study confirm this 

finding. According to Evans and Fletcher (2000), the reason for this difference between gender 

groups may be that men and women have different levels of vulnerability. Women are generally 

considered to be less confident defending themselves against crimes. The analysis results show 

that perceived self-defensibility significantly explains the perceived safety, and perceived self-

defensibility among men and women are significantly different. This result confirms the findings 

from the literature review.  Another reason suggested by the literature review is that women are 

vulnerable to sexual attack which is a serious risk that men do not normally encounter. In 

addition, literature findings show that elderly people also show a lower level of perceived safety. 

Some previous research also reported that low levels of perceived personal safety could not 

adequately explained by exposure to risk or victimization rate of sensitive groups. Comparing to 

adult young males, victimization rates among females and elderly people are actually lower in 

urban areas (Warr, 1993). The research results overlap with this finding. The explanation 

provided by previous studies for the findings mentioned above was that the lower perceived 

safety may be not strongly related to victimization experience, but a simple reflection of 

pedestrians’ higher vulnerability and lower perceived self-defensibility (Warr, 1993). This 

greatly explains why most of the participants had never been offended during their nighttime 

walk, they all perceived different levels of fear towards nighttime pedestrian area scenes. 
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Literature findings suggest that people from design majors and people from non-design majors 

may have different perceptions towards urban environment because people who studied design 

of built-environment may have a pre-conceived judgment of a place and therefore may bias the 

research outcome (Ünver, 2009). However, the analysis result reveals that there is no difference 

of perceived safety between people from design majors and people outside of design-realm. The 

reason may be that people’s perceived safety at night is more related to gender, age, and the 

environmental cues of fear than to the fields of study. Another possible explanation may be that 

people’s perceived safety at night is not closely related to design of a built-environment. During 

a nighttime walk, people won’t pay much attention to the design of pedestrian environment if 

their fear is elicited by the poor lighting conditions. In present study, the relationship between 

design of built-environment and people’s perceived safety was not examined, and further study is 

required to confirm these explanations.  

The findings of Pearson’s Correlation analysis reveal that all the perceived attributes (preference, 

familiarity, perceived brightness and perceived self-defensibility) are significant in explaining 

perceived safety of pedestrian lighting environment. Among these attributes, preference, 

familiarity, and perceived brightness are people’s cognitive responses toward pedestrian lighting 

environments, and perceived self-defensibility is related to people’s individual characteristics. 

The analysis of present study indicates that pedestrian lighting environments with higher levels 

of human’s perceived safety are also associated with higher levels of human’s preference. 

Literature review findings also suggest that places providing people with a sense of secure and 

other desirable feelings may increase their preference of those places and therefore attract them 

to stay and conduct activities. On the contrary, places evoking feeling of fear may result in a 

decrease in human preference and thus lead to escape and avoidance (Hanyu, 2000). Also, the 
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findings of the analysis reveal that familiarity is significantly correlated with perceived safety. 

Findings of the literature also suggest that familiarity with a certain pedestrian environment may 

contribute to people’s reassurance in nighttime walking footpath (Unwin & Fotios, 2011). 

However, some studies suggest that people’s perceived safety may dramatically decrease if the 

place they are familiar with has a reputation of high crime incidence (Nasar & Fisher, 1993). 

People may feel like prisoners in their homes and their personal radius at night may be very 

limited if their neighborhood are considered as unsafe. One possible explanation may be that 

familiarity will increase people’s sense of safety in general, but the crime rate of a certain 

neighborhood may overweigh the significance of people’s familiarity of the environment. The 

findings of analysis also show that brightness of the pedestrian environment, which is measured 

as perceived brightness, is the most significant variable in explaining perceived safety in 

nighttime pedestrian road. The literature review shows that perceived darkness can elicit feeling 

of fear by reducing visibility of pedestrian road (Houtkamp & Toet, 2011). Without appropriate 

lighting, people may perceive a pedestrian area as ill-lighted, and their visual control of the 

environment may decrease, and possibility of the environment concealing potential crime may 

increase. Within this kind of lighting environment, it may be difficult for people to navigate their 

way and escape from potential anti-social behaviors. Also, the chance for informal surveillance 

may decrease as well. In addition, the analysis of present study indicates that perceived self-

defensibility is also correlated with perceived safety.  Although among four subjective attributes, 

perceived self-defensibility only has the least significant correlation with perceived safety in 

nighttime pedestrian environment, it greatly explains the reason when there are differences in 

gender groups and age groups. Literature findings indicate that people’s subjective judgments, 

such as perceived vulnerability and perceived defensibility, are also possible cause of fear of 
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crime (Evans & Fletcher, 2000). The present study introduces the influence of self-perceived 

defensibility in lighting research and puts forward the significance of people’s individual 

characteristics for perceived safety. Furthermore, Pearson’s Correlation analysis also revealed 

that among all perceived attributes, perceived brightness is the most significant variable, 

followed by preference, familiarity, and perceived self-defensibility.  

The findings of analysis show that the objective variables (uniformity, facial recognition, and 

concealment) of lighting environments are significant in explaining perceived safety. The 

significant differences between different levels of uniformity in explaining perceived safety are 

validated in this study. Discontinuous lighting results in lower perceived safety, while, uniform 

and sparse lighting result in higher perceived safety. There is no difference between uniform 

lighting and sparse lighting. The literature review indicates that discontinuous lighting may result 

in discontinuous perception of the pedestrian environment because of sudden light level drops 

(IES, 2003). Frequent changes of light levels may result in visual discomfort, visual fatigue, loss 

of visual control, and thus they may elicit fear of crime. The finding of present study confirm this 

literature finding. However, Ünver (2009) suggest that pedestrian environment with sparse 

lighting caused by shadows can evoke people’s fear reactions. The possible explanation may be 

that within sparse lighting condition, the distribution of shadows is very uniform and thus allows 

people to better control the visual environment. Another possible explanation for the similarity of 

sparse lighting and uniform lighting is that in photograph sparse lighting with uniform shadows 

won’t elicit fear reaction but in real life pedestrian road it can elicit fear when the shadows are 

not static and moved because of wind.  What’s more, the analysis of this research reveals that 

facial recognition is significant in explaining perceived safety. Many findings of the literature 

review show that facial recognition plays an important role in perceived safety. It is suggested 
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that people become more sensitive to an approaching person at night because effectiveness of 

facial recognition allow people to take evasive or defensive reaction if necessary (Fotios & Peter, 

2011). The research result corresponds with the literatures findings and further reveals that half-

lighted face and darkened face elicit same level of fear. Only when the approaching pedestrian’s 

face is well lighted and recognizable, people’s sense of safety is ensured. In addition, the result 

of this research indicates that levels of concealment significantly explain the perceived safety. In 

a pedestrian footpath with a lower level of concealment, people’s perceived safety and 

preference dramatically increases. On the contrary, in a pedestrian pathway with a higher level of 

concealment, people’s perceived safety significantly increases. Findings of the literature review 

overlay with this research result: concealment within nighttime pedestrian environment implies 

potential crimes. Dark areas provide opportunities for potential offenders to hide and reduce 

people’s visual control of pedestrian environments.  

Furthermore, among all the pedestrian lighting environments tested in the present study, 

pedestrian pathways with the presence of the adult human figure’s face darkened were rated as 

the most unsafe ones and environments with high level of concealment were rated as second 

most unsafe lighting environments. 

Combined with content analysis and heat map analysis, another pedestrian’s ill-lighted face and 

concealment area are the most significant cues of fear. It seems that among three objective 

lighting attributes, facial recognition is the most important variable, concealment is the second 

important variable, and uniformity is the least significant variable. According to Ünver (2009), 

“distribution of light”, or uniformity of light, is not significant in explaining people’s preference 

and perceived safety for pedestrian lighting environments. In this sense, the present study 
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confirms the significance of lighting uniformity variable, although it is not weighted as important 

as facial recognition and concealment.  

The results indicate that environmental context is significant in explaining perceived safety and 

people have higher perceived safety in pedestrian environments with an open view and with a 

limited view due to buildings. Pedestrians with views limited by plants have lower perceived 

safety. The findings of the literature review provide possible explanations. According to Ünver 

(2009), urban features and greeneries are closely related to restorativeness and perceived safety. 

Fisher and Nasar (1992) also suggested that prospects of an environment will influence 

perceived safety. These two studies explain that people feel safer in pedestrian pathways with 

open views as they can gain the highest visual control of the environments and find ways to 

escape from potential danger. However, Ünver (2009) did not suggest that environments with 

more natural elements decrease perceived safety. The possible explanation for the research 

finding is that natural elements, like trees and shrubs, can cause lots of concealment within 

pedestrian lighting environments which may turn an enjoyable green space at daytime into a 

scary space at nighttime. Moreover, the possible reason for the same level of perceived danger in 

the open views and in the limited view due to building presence is that the buildings imply the 

possibility of social control and informal surveillance. 

What’s more, the findings of content analysis also reveal that the presence of people and better 

emergency responding systems will be factors that improve people’s sense of safety during 

nighttime activities. Participants from this research pointed out that the presence of policemen 

and police stations in particular are the anticipated emergency responding system. As literature 

findings mentioned above, the presence of people implies social control and informal 

surveillance. This greatly explains that why people want to walk with friends or choose 
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pedestrian area with more people present. However, statistical analysis indicate that there is no 

significant different perceived safety between people who are more aware of the presence of 

emergency call boxes and people who are not aware of this system.  The possible explanation 

might be that people are not familiar with the functions and the responding time of the call boxes. 

They may still think the presence of police man and police station are a better emergency 

responding system than the call boxes.  
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Chapter 6: Conclusion 

6.1 Summary of the study  

The present study aims to investigate the lighting quality of the pedestrian environment through a 

behavioral science approach. The research objectives include discovering the relationships 

between the attributes of pedestrian lighting environment and people’s perceived safety, and the 

influence of socio-demographic attributes on people’s perceived safety. In this thesis, a research 

framework of pedestrian lighting environment is presented. This framework was developed 

based on the literature findings in environmental behaviors, environmental psychology and 

criminology that are related to the pedestrian lighting environment. The literature review 

presents findings on lighting quality research, behavioral science related to lighting quality, 

affective appraisal, perceived danger and crime, and gender and age difference in vulnerability.  

Then the methodology of this study was explained and the details of the design of the survey 

instrument, the online questionnaire, were described, and the procedure of the survey was also 

presented. The relationships between selected independent variables and perceived safety as the 

dependent variable were examined in the online survey. The results from the online survey were 

described and used as data for simple descriptive statistical analysis, inferential statistical 

analysis, content analysis and heat map analysis. Statistical techniques adopted in this study 

include the Independent Sample T-Test, the Pearson’s Correlation analysis, and the One-Way 

ANOVA. The analysis results confirmed some of the findings in the literature review and 

provide new findings. Furthermore, possible explanations for new findings were also provided in 

chapter five.  
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6.2 Conclusions and Future study  

The appearance of the pedestrian lighting environment has important effects on people’s 

experience in it. Different lighting conditions can evoke different emotional responses. They can 

either evoke desirable feelings and attract people, or elicit fear reactions leading to people’s 

avoidance.  

Perceived safety is an important affective indicator of lighting quality. It is a prominent factor 

that directly influences people’s behavior at nighttime in pedestrian areas. By providing a better 

perspective and a higher possibility of surveillance and deterrence of crime, good quality lighting 

can ensure pedestrians’ sense of safety. However, better lighting quality does not necessarily 

mean brighter lighting. “The brighter, the better” is a common misconception about urban 

lighting design (Ünver, 2009). Although it is important to provide a sufficient amount of light for 

people’s visual task during walking and physical exercise, there is always a light level above 

which further increases in brightness do not improve lighting quality. In this case, further 

increase results in extra energy consumptions and light pollution for both humans and wildlife. 

Also, strong luminance, or glare, may even decrease people’s perceived safety as it can result in 

reduction of visual control of pedestrian environments. Therefore, in order to investigate lighting 

quality, brightness is not the only attribute that requires attention. There are several other 

attributes of the lighting environment that influence lighting quality and people’s perceptual 

outcomes.  

In the present study, selected lighting attributes, perceived environmental attributes, 

environmental context attributes, and socio-demographic attributes were all examined in regard 

to their effects on perceived safety. Results indicate that four selected lighting attributes 
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(perceived brightness, uniformity, facial recognition, and concealment) are all significant in 

explaining perceived safety. In this sense, lighting quality can be assessed using these four 

attributes. It was also confirmed that there are other perceived environmental attributes which are 

significantly related to people’s perceived safety. The effects of preference and familiarity were 

validated through statistical analysis. The research reveals that environmental context attributes 

are significantly related to perceived safety. Pedestrians perceive footpaths with an open view 

and with a limited view due to buildings as safer than footpaths with a limited view due to plants. 

Furthermore, gender and age differences were found in pedestrians’ perceived safety. This 

finding indicates that females and the elderly are more sensitive to pedestrian lighting 

environments at night. Therefore, special attention should be paid to these sensitive groups when 

professionals design the pedestrian lighting environment and make suggestions to design 

guidelines.  

Design guidelines of urban environments should be developed based on reliable scientific 

findings and solid theories related to people’s environmental experiences and responses. 

Therefore, they can help improve the visual quality of the urban environment (Hanyu, 2000). 

Findings from this research are derived from the literature review and the online survey, and they 

are statistically reliable.  Based on the findings of this thesis, suggestions for pedestrian lighting 

design guidelines are made for future design practice and lighting research. The suggestions 

include:  

1.  Pedestrian lighting should provide an adequate illuminance level for walking, navigation, 

physical exercises and responding to anti-social behaviors.  

2. Pedestrian lighting should be uniformly and continuously distributed, without sudden light 

level drops along the pathway. 
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3. Pedestrian lighting should provide adequate illuminance for people to recognize each other’s 

faces from a distance. 

4. Pedestrian lighting should be placed with careful considerations of nearby objects to avoid 

concealment within the walking environment. 

5. Plants and shrubs need to be planted a sufficient distance away from lighting fixtures to avoid 

concealment caused by shadows.  

6.3 Future Study 

The present thesis adopts a behavioral science approach to study lighting quality. Significant 

lighting attributes are identified and design guidelines are provided. However, future studies are 

still needed to broaden the understanding of lighting quality. There are several directions for 

future research. Firstly, further scientific research could be conducted with the participation of 

larger respondent groups, and different urban areas should be investigated than a university 

campus. Secondly, the environmental stimuli used in the online survey can be better designed to 

present different levels of brightness under controlled conditions. Therefore, the objective 

brightness of the lighting environment might be tested and understood. Thirdly, the social 

context attributes could be examined in the future study. For example, the influences of the 

presence of people and their activities on perceived safety can be studied. Finally, focused 

interviews and on-site investigations can be performed in real life pedestrian pathways. 

Photographs can only present static environments, but in the real world the street conditions are 

constantly changing. By conducting experiment in real pedestrian areas, a better understanding 

of the lighting environments could be achieved.     
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APPENDIX A: Statistical Analysis 

A.1 Descriptive Statistical Analysis  

 
Table A.1 Age of participants 

 

 

 

 

 

 

 

 

 

 

 

 

 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 

Error 

Statistic Std. 

Error 

Age 52 1 6 1.88 .855 2.966 .330 12.849 .650 

Valid N 

(listwise) 

52         
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Table A.2 Age separated by gender 
 Sex Statistic Std. Error 

Age 

 

Men Mean 1.85 .190 

95% Confidence Interval for Mean Lower Bound 1.46  

Upper Bound 2.24  

5% Trimmed Mean 1.71  

Median 2.00  

Variance .935  

Std. Deviation .967  

Minimum 1  

Maximum 6  

Range 5  

Interquartile Range 1  

Skewness 3.204 .456 

Kurtosis 14.152 .887 

Women Mean 1.92 .146 

95% Confidence Interval for Mean Lower Bound 1.62  

Upper Bound 2.22  

5% Trimmed Mean 1.84  

Median 2.00  

Variance .554  

Std. Deviation .744  

Minimum 1  

Maximum 5  

Range 4  

Interquartile Range 0  

Skewness 2.650 .456 

Kurtosis 12.070 .887 
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Figure A.1 Histogram of age 

 

 

Figure A.2 Histogram of age separated by gender 
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Figure A.3 Histogram of gender 

 

 

 

Table A.3 Perceived self-defensibility 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Self Defense 52 1 5 2.37 1.103 .493 .330 -.400 .650 

Valid N 

(listwise) 

52         
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Figure A.4 Histogram of self defense  

 

Figure A.5 Histogram of self defense separated by sex 
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Figure A.6 Histogram of perceived self-defensibillity for men only 

 

Figure A.7 Histogram of perceived self-defensibility for women only 

 

 



 

88 
 

Table A.4 Frequency of night walk 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Walk at Night 52 1 5 2.94 1.037 .009 .330 -.551 .650 

Valid N (listwise) 52         

 

 

Figure A.8 Histogram of frequency of night walk 
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Table A.5 Perceived safety 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Safety 1248 1 5 3.35 1.018 -.093 .069 -.678 .138 

Valid N 

(listwise) 

1248         

 

Figure A.9 Histogram of perceived safety 
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Table A.6 Perceived familiarity 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Familiarity 1248 1 5 2.79 1.378 .180 .069 -1.220 .138 

Valid N 

(listwise) 

1248         

 

Figure A.10 Histogram of familiarity 

 

  



 

91 
 

Table A.7 Preference 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Preference 1248 1 5 2.99 1.099 .005 .069 -.743 .138 

Valid N 

(listwise) 

1248         

 

Figure A.11 Histogram of preference 
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Table A.8 Perceived brightness 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Brightness 1248 1 5 3.15 1.205 .017 .069 -1.097 .138 

Valid N 

(listwise) 

1248         

 

Figure A.11 Histogram of perceived brightness 
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Table A.8 Perceived brightness 
 N Minimum Maximum Mean S.D. Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Std. 
Error 

Field of 

Study 

52 0 1 .19 .398 1.608 .330 .608 .650 

Valid N 

(listwise) 

52         

 

 

Figure A.12 Histogram of perceived brightness 
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A.2 Independent Sample T-Test 

 

Difference in Perceived Safety between Men and Women 

Table A.10 Descriptive statistics for gender 
 

Sex N Mean Std. Deviation Std. Error Mean 

Safety Men 624 3.43 .996 .040 

Women 624 3.28 1.034 .041 

 

Table A.11 Independent sample T-Test for gender 
 

Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Safety Equal 

variances 

assumed 

.290 .590 2.509 1246 .012 .144 .057 .031 .257 

Equal 

variances 

not 

assumed 

  
2.509 1244.282 .012 .144 .057 .031 .257 

 

RESULT 

Men and women have significantly different levels of perceived safety (p<.05, T=2.509, n=1248). Men 

feel slightly safer than women in the scenes depicted in this study, on average. 
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Difference in Perceived Safety between 18-24 and 25-34 Year Olds 

 

Table A.12 Descriptive statistics for age 
 Age N Mean Std. Deviation Std. Error Mean 

Safety 1 312 3.68 .922 .052 

2 888 3.27 1.019 .034 

 

Table A.13 Independent sample T-Test for age 
 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Safety Equal variances 

assumed 

3.890 .049 6.220 1198 .000 .407 .065 .279 .536 

Equal variances 

not assumed 

  6.525 596.659 .000 .407 .062 .285 .530 

 

RESULT 

Younger respondents (18-24 year olds) have significantly different levels of perceived safety than older 

respondents (25-34) (p>.0001, T=6.220, n=1200). Younger respondents feel safer than older respondents 

in the scenes presented in this study, on average. 
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Difference in Perceived Safety between Design and Non-Design Majors 

 

Table A.14 Descriptive statistics for field of study 
 FieldofStudy N Mean Std. Deviation Std. Error Mean 

Safety Non-design 1008 3.36 .981 .031 

Design 240 3.34 1.161 .075 

 

Table A.15 Independent sample T-Test for field of study 
 Levene's Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Safety Equal variances 

assumed 

18.647 .000 .212 1246 .832 .015 .073 -.128 .159 

Equal variances 
not assumed 

  .191 325.011 .849 .015 .081 -.144 .175 

 

RESULT 

Design majors did NOT report significantly different levels of perceived safety than non-design 

respondents (p=.832). 
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Difference in Perceived Safety between people who are aware of the call boxes and who are not 

aware 

 

Table A.16 Descriptive statistics for emergency respond system awareness 

 

 

Table A.17 Independent sample T-Test for emergency respond system awareness 

 

 

RESULT 

Design majors did NOT report significantly different levels of perceived safety between people who are 

aware of the call boxes and who are not aware (p=.770). 

 

 

 

 

 

 

 
notice call box N Mean Std. Deviation Std. Error Mean 

Perceived Safety yes 816 3.36 1.006 .035 

No 432 3.34 1.041 .050 

 
Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Perceived 

Safety 

Equal 

variances 

assumed 

.382 .536 .292 1246 .770 .018 .061 -.101 .137 

Equal 

variances not 

assumed 

  
.289 851.843 .773 .018 .061 -.102 .138 
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Difference in Perceived Self-defensibility between men and women 

 

Table A.18 Descriptive statistics of perceived self-defensibility for gender 
 

Sex N Mean Std. Deviation Std. Error Mean 

Perceived Self-Defensibility Male 624 2.88 1.051 .042 

Female 624 1.85 .864 .035 

 

 

 

 

Table A.19 Independent sample T-Test of perceived self-defensibility for gender 

 

RESULT 

Men and women have significantly different levels of perceived self-defensibility (p<.001, T=19.069, 

n=1248). Men feel much more confident to defend themselves than women, on average. 

 

 

 

 

 

 
Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Perceived 

Self-

defensibility 

Equal 

variances 

assumed 

13.656 .000 19.069 1246 .000 1.038 .054 .932 1.145 

Equal 

variances 

not 

assumed 

  
19.069 1201.275 .000 1.038 .054 .932 1.145 
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A.3 One-Way ANOVA  

Difference in Perceived Safety between Building, Planted, or Open Environments 

 

Table A.20 Descriptive statistics of environment contexts 
 N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum 

Lower Bound Upper Bound 

Building 416 3.39 .963 .047 3.29 3.48 1 5 

Planted 416 3.19 1.078 .053 3.09 3.29 1 5 

Open 416 3.49 .989 .048 3.39 3.58 1 5 

Total 1248 3.35 1.018 .029 3.30 3.41 1 5 

 

Table A.21 ANOVA for environment contexts 
 Sum of Squares df Mean Square F Sig. 

Between Groups 18.857 2 9.429 9.224 .000 

Within Groups 1272.601 1245 1.022   

Total 1291.458 1247    

 

Table A.22 Tukey test for environment contexts 
(I) EnvType (J) EnvType Mean Difference (I-

J) 
Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Building (1) 2 .197* .070 .014 .03 .36 

3 -.099 .070 .338 -.26 .07 

Planted (2) 1 -.197* .070 .014 -.36 -.03 

3 -.296* .070 .000 -.46 -.13 

Open (3) 1 .099 .070 .338 -.07 .26 

2 .296* .070 .000 .13 .46 

*. The mean difference is significant at the 0.05 level. 
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Figure A.13 Mean rating for three environment contexts 

 

 

RESULT 

Respondents reported significantly different levels of perceived safety in the three different types of 

environments presented in this study (p<.001, F=9.224, df=1247). Building environments were perceived 

as safer than plant environments, on average (p<.05). Similarly, open environments were perceived as 

safer than plant environments, on average (p<.001). There was no significant difference between building 

and open environments. 
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Difference in Perceived Safety in different levels of uniformity 

 

Table A.23 Descriptive statistics of uniformity 
 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Sparse 156 4.00 .842 .067 3.87 4.13 

Discontinuous 156 2.80 .766 .061 2.68 2.92 

Uniform 156 3.90 .833 .067 3.77 4.04 

Total 468 3.57 .978 .045 3.48 3.66 

 

Table A.24 ANOVA for uniformity 
 

Sum of Squares df Mean Square F Sig. 

Between Groups 138.415 2 69.207 104.350 .000 

Within Groups 308.397 465 .663 
  

Total 446.812 467 
   

 

Table A.25 Tukey test for uniformity 

(I) Uniformity of lighting 

in scene 

(J) Uniformity of lighting 

in scene 

Mean 

Difference (I-

J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Sparse Discontinuous 1.199* .092 .000 .98 1.42 

Uniform .096 .092 .550 -.12 .31 

Discontinuous Sparse -1.199* .092 .000 -1.42 -.98 

Uniform -1.103* .092 .000 -1.32 -.89 

Uniform Sparse -.096 .092 .550 -.31 .12 

Discontinuous 1.103* .092 .000 .89 1.32 

*. The mean difference is significant at the 0.05 level. 
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Figure A.14 Mean rating for uniformity 

 

 

 

RESULT 

Respondents reported significantly different levels of perceived safety in the three different levels of 

uniformity presented in this study (p<.001, F=104.350, df=467). Uniform lighting were perceived as safer 

than discontinuous lighting, on average (p<.001). Similarly, Sparse lighting were perceived as safer than 

discontinuous lighting, on average (p<.001). There was no significant difference between uniform 

lighting and sparse lighting (p=.550). 
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Difference in Perceived Safety in different levels of facial recognition 

 

Table A.26 Descriptive statistics of facial recognition  
 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Dark face 156 2.78 1.020 .082 2.61 2.94 

Half-lit face 156 2.87 .776 .062 2.75 2.99 

Lit face 156 3.71 .827 .066 3.58 3.84 

Total 468 3.12 .974 .045 3.03 3.21 

 

Table A.27 ANOVA for facial recognition 
 

Sum of Squares df Mean Square F Sig. 

Between Groups 82.697 2 41.348 53.319 .000 

Within Groups 360.603 465 .775 
  

Total 443.299 467 
   

 

Table A.28 Tukey test for facial recognition 

 

 

 

 

 

 

 

(I) Level of light on human 

face in scene 

(J) Level of light on 

human face in scene 

Mean 

Difference (I-

J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

Bound 

Upper Bound 

Dark face Half-lit face -.096 .100 .600 -.33 .14 

Lit face -.936* .100 .000 -1.17 -.70 

Half-lit face Dark face .096 .100 .600 -.14 .33 

Lit face -.840* .100 .000 -1.07 -.61 

Lit face Dark face .936* .100 .000 .70 1.17 

Half-lit face .840* .100 .000 .61 1.07 

*. The mean difference is significant at the 0.05 level. 
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Figure A.15 Mean rating for facial recognition 

 

 

 

RESULT 

Respondents reported significantly different levels of perceived safety in the three different levels of 

facial recognition presented in this study (p<.001, F=53.319, df=467). Well-lighted face were perceived 

as safer than dark face, on average (p<.001). Similarly, Well-lighted face were perceived as safer than 

half-lighted face, on average (p<.001). There was no significant difference between half-lighted face and 

dark face (p=.600). 
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Difference in Perceived Safety in different levels of concealment 

 

Table A.29 Descriptive statistics of concealment 
 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Little concealment 156 4.10 .780 .062 3.98 4.23 

Lots of concealment 156 2.67 .798 .064 2.54 2.79 

Total 312 3.38 1.067 .060 3.27 3.50 

 

Table A.30 ANOVA for concealment 
 

Sum of Squares df Mean Square F Sig. 

Between Groups 160.821 1 160.821 258.278 .000 

Within Groups 193.026 310 .623 
  

Total 353.846 311 
   

 

Figure A.16 Mean rating for concealment 

 

 

RESULT 

Respondents reported significantly different levels of perceived safety in the different levels of 

concealment presented in this study (p<.001, F=258.278, df =311). Little concealment were perceived as 

safer than lots of concealment, on average (p<.001).  
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A.3 Pearson’s Correlation 

Correlation between Perceived Brightness and Perceived Safety 

 

Table A.31 Descriptive statistics of perceived brightness and perceived safety 
 Mean Std. Deviation N 

Safety 3.35 1.018 1248 

Brightness 3.15 1.205 1248 

 

Table A.32 Pearson’s correlation for perceived brightness and perceived safety 
 Safety Brightness 

Safety Pearson Correlation 1 .775** 

Sig. (2-tailed)  .000 

Sum of Squares and Cross-products 1291.458 1185.646 

Covariance 1.036 .951 

N 1248 1248 

Brightness Pearson Correlation .775** 1 

Sig. (2-tailed) .000  

Sum of Squares and Cross-products 1185.646 1811.153 

Covariance .951 1.452 

N 1248 1248 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

RESULTS 

Perceived brightness was significantly correlated with perceived safety (p<.001, r=.775). Scenes that 

were reported as more bright were also reported as safer, on average. 
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Correlation between Perceived Familiarity and Perceived Safety 

Table A.33 Descriptive statistics of perceived familiarity and perceived safety 
 Mean Std. Deviation N 

Safety 3.35 1.018 1248 

Familiarity 2.79 1.378 1248 

 

Table A.32 Pearson’s correlation for perceived brightness and perceived safety 
 Safety Familiarity 

Safety Pearson Correlation 1 .522** 

Sig. (2-tailed)  .000 

Sum of Squares and Cross-products 1291.458 912.563 

Covariance 1.036 .732 

N 1248 1248 

Familiarity Pearson Correlation .522** 1 

Sig. (2-tailed) .000  

Sum of Squares and Cross-products 912.563 2367.877 

Covariance .732 1.899 

N 1248 1248 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

RESULTS 

Perceived familiarity was significantly correlated with perceived safety (p<.001, r=.522). Scenes that 

were reported as more familiar were also reported as safer, on average. 

  



 

108 
 

Correlation between Comfort with Walking at Night and Perceived Safety 

 

Table A.33 Descriptive statistics of walking at night and perceived safety 
 Mean Std. Deviation N 

Safety 3.35 1.018 1248 

WalkAtNight 2.94 1.027 1248 

 

 

Table A.34 Pearson’s correlation for walking at night and perceived safety 
 Safety WalkAtNight 

Safety Pearson Correlation 1 .030 

Sig. (2-tailed)  .297 

Sum of Squares and Cross-products 1291.458 38.500 

Covariance 1.036 .031 

N 1248 1248 

WalkAtNight Pearson Correlation .030 1 

Sig. (2-tailed) .297  

Sum of Squares and Cross-products 38.500 1315.846 

Covariance .031 1.055 

N 1248 1248 

 

 

RESULTS 

Frequency of  walking at night was NOT significantly correlated with perceived safety (p>.05). 

  



 

109 
 

Correlation between Perceived Ability for Self Defense and Perceived Safety 

Table A.35 Descriptive statistics of self defense and perceived safety 
 Mean Std. Deviation N 

Safety 3.35 1.018 1248 

SelfDefense 2.37 1.093 1248 

 

Table A.36 Pearson’s correlation for self defense and perceived safety 
 Safety SelfDefense 

Safety Pearson Correlation 1 .105** 

Sig. (2-tailed)  .000 

Sum of Squares and Cross-products 1291.458 145.500 

Covariance 1.036 .117 

N 1248 1248 

SelfDefense Pearson Correlation .105** 1 

Sig. (2-tailed) .000  

Sum of Squares and Cross-products 145.500 1489.385 

Covariance .117 1.194 

N 1248 1248 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

RESULTS 

Perceived ability to defend ones’ self at night was significantly correlated with perceived safety (p<.001, 

r=.105). Respondents that felt like they could defend themselves against a stranger at night reported that 

scenes looked more safe, on average. 
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Correlation between Preference and Perceived Safety 

 

Table A.37 Descriptive statistics of preference and perceived safety 
 Mean Std. Deviation N 

Safety 3.35 1.018 1248 

Preference 2.99 1.099 1248 

 

Table A.38 Pearson’s correlation for preference and perceived safety 
 Safety Preference 

Safety Pearson Correlation 1 .532** 

Sig. (2-tailed)  .000 

Sum of Squares and Cross-products 1291.458 742.250 

Covariance 1.036 .595 

N 1248 1248 

Preference Pearson Correlation .532** 1 

Sig. (2-tailed) .000  

Sum of Squares and Cross-products 742.250 1505.885 

Covariance .595 1.208 

N 1248 1248 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

RESULTS 

Scene preference was significantly correlated with perceived safety (p<.001, r=.532). Respondents that 

preferred a scene more also reported that the scene looked safer, on average. 
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Summary of Correlation Coefficients 

 

Table A.39In order of environmental and respondent factors 
 Pearson Correlation 

Perceived Safety Perceived Brightness .775** 

Perceived Familiarity .522** 

Comfort with Walking at Night .030 

Perceived Ability for Self Defense .105** 

Preference .532** 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table A.40 Significantly correlated factors sorted by coefficient size 
 Pearson Correlation 

Safety Perceived Brightness .775** 

Preference .532** 

Perceived Familiarity .522** 

Perceived Ability for Self Defense .105** 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

SUMMARY OF RESULTS 

Perceived brightness, level of darkness, preference for a scene, perceived familiarity, facial recognition, 

and perceived ability for self-defense were all significantly correlated with perceived safety. Perceived 

brightness had the greatest correlation with perceived safety while perceived ability for self-defense had 

the lowest. 
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APPENDIX B: Survey Questionnaire 

 
Survey Questionnaire 

 

My name is Siyuan Wu and I am working on my Master’s degree in Landscape Architecture.  I am 

researching people’s levels of fear and preferences for nighttime environments.  I need your assistance in 

collecting data for my thesis.  I am inviting you to take an online survey about different nighttime 

environments. It will take you approximately 20 to 25 minutes to look through a series of landscape 

scenes and answer some questions about them. There are minimal risks associated with this study. If a 

question or an image is creating emotional stress, you may choose not to answer it. You may choose not 

to answer any question asked of you at any time during the survey. Participation in this survey is entirely 

voluntary and your response will remain anonymous. The data will be reported in a way that will not 

reveal your identity.  If you have any questions about this survey please feel free to contact me 

(siyuan87@vt.edu) or my thesis supervisor Mintai Kim (mintkim@vt.edu).  Thank you for your 

consideration! 

 

Please refer to the Information Sheet for more detail about the survey. 

 

 

Part 1.  Please indicate how much you like each of the following scenes. 1= dislike strongly; 2 = dislike 

somewhat; 3 = neutral or undecided 4 = like somewhat and 5 = like strongly. 

 

                              1  2           3          4         5 

 

Part II: Please view and answer questions for each of the following scenes. 

 

1. How well-lighted is this place?  

 

1 Very dark        2 Somewhat dark             3 Neutral         4 Somewhat bright           5 Very bright 

 

2. How familiar does this place feel to you?  

 

1 Not familiar at all     2 A little familiar       3 Somewhat Familiar       4 Familiar        5 Very familiar 

 

3. How safe would you feel in this place?  

 

1 Very Unsafe            2 Unsafe               3 Neutral               4 Safe             5 Very safe 

 

4. Please click on the location in this scene that feels the least safe.  

 

5. If you would feel unsafe in this night-time scene, please provide the primary reason that makes you feel 

anxious. 

 

 

 __________________________________________________  

Part III: Please tell us about yourself.  

 

1. Gender? ____Male; ____Female 
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2. Age? ____18-24; ____25-34; ____35-44; ____45-54; ____55-64, ____65 years and above 

 

 

3. What is your field of study? __________________________________________ 

 

 

4. How confident are you that you could defend yourself from an attack by a stranger during a nighttime 

walk? Choose from a scale of 1 to 5, where 1= “very unconfident” and 5= “very confident”. 

 

1 Very unconfident  2 Somewhat unconfident     3 Neutral      4 Somewhat confident        

5 Very confident 

 

 

5. How often do you walk on campus alone after dark? 

 

1 Never               2 Seldom             3 Occasionally             4 Often              5 Very often  

 

 

6. Have you ever been robbed or assaulted during a nighttime walk? _____Yes; _____No. 

 

 

7. Please tell us what will make you feel safer when walking on campus at night? 

 

 __________________________________________________  

 

 

8.  Are there parts of the Virginia Tech campus that feel unsafe and that you do not feel safe walking 

through at night? ___Yes; ____No  

 

If yes, where and why? __________________________________________________ 

 

 

9.  Virginia Tech provides emergency call boxes with blue lights on campus for student safety. 

9 a.  Do you take notice of the location of emergency call boxes when walking on campus at night? 

___Yes; ____No 

9 b.  Does the presence of emergency call boxes make you feel safer when walking on campus at night? 

___Yes; ____No 

 

 

 

10.  Do you have any other thoughts or comments you would like to share regarding student safety during 

a nighttime walk on campus?   

__________________________________________________  
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APPENDIX C: Consent Form 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Information sheet for Participants in Research Projects Involving Human Subjects 

 

Title of Project: The Human Perception of Nighttime lighting environment 

 

Investigator(s): Siyuan Wu, Graduate Student; 

                             Mintai Kim, Thesis Advisor 

 

I. Purpose of this Research/Project 

The purpose of this study is to gain information about people’s fear-related reaction to nighttime lighting 

environment images. In particular, we are interested in the influences of specific environmental attributes 

on people’s perceptions of danger. 

 

II. Procedures 

There are three inclusion criteria: first, you must comprehend English since the survey is in English; 

second, you must be Virginia Tech students, faculty, or staff; third, you must be 18 years old or above. 

You will be sent a link in an email to view some pictures online. You will be asked to assess two series of 

nighttime campus images, and then answer questions which relate to each picture. The first series are 

images preferences rating, and the second series are single choice and open-answer questions related to 

perception of nighttime environment. The two series of images are from the same set of nighttime photos 

but with a randomly arranged sequence.  

It will take you 20 to 25 minutes to finish the questionnaire. There will be no further contact with you 

after this online survey session. 

 

III. Risks 

There are minimal risks associated with this study. If a question is creating emotional stress, you may 

choose not to answer it. You may choose not to answer any question asked of you at any time during the 

survey. 

 

IV. Benefits 
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Society may benefit from your participation as it may lead to the development of increased knowledge of 

urban night-time environments.  

No promises or guarantees of rewards have been made to encourage you to participate. 

 

V. Extent of Anonymity and Confidentiality 

Your identity will not be asked or used in the survey or in any written publications. The data from the 

survey will be kept in a secure file. Only the researchers will have access to this material. 

It is possible that the Institutional Review Board (IRB) may view this study’s collected data for auditing 

purposes. The IRB is responsible for the oversight of the protection of human subjects involved in 

research. 

All data will be destroyed after publication of any articles resulting from the study or presentations made 

related to the study. 

 

VI. Compensation 

There will be no compensation for your participation in this study. 

 

VII. Freedom to Withdraw 

You may choose to end your participation in this study at any time. You may choose not to answer any 

question asked of you. 

 

VIII. Subject's Responsibilities 

If you voluntarily agree to participate in this study, you have a responsibility to answer questions as 

honestly as possible. 

 

X. Subject's Permission 

Once you complete the questionnaire, consent will be implied. 
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Faculty Advisor 

Mintai Kim                                                     (540)231-9872/ mintkim@vt.edu 

Graduate Students 

Siyuan Wu                                                      (540)838-5434/ siyuan87@vt.edu 

 

If you have any pertinent questions about this research or its conduct, research subjects' rights, and whom 

to contact in the event of a research-related injury to the subject, you may contact: 

David M. Moore 540-231-4991/moored@vt.edu 

Chair, Virginia Tech Institutional Review Telephone/e-mail 

Board for the Protection of Human Subjects 

Office of Research Compliance 

North End Center, Suite 4120, Virginia Tech  

300 Turner Street NW  

Blacksburg, Virginia 24061 

 

 


