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r Many people will feel a fear of crime as they walked alone on dark
and deserted roads at night. Lights alleviate fear and prevent crimes
by illuminating cities at night. Therefore, the question arises of how
bright the lights should be to reduce people's fear of crime. In
order to investigate this, virtual reality was used to analyze the fear
of crime with respect to the intensity of light. The results showed
that the vertical illuminance should be at least 1 lux in residential
areas and at least 3 lux in commercial areas. J

® Lighting: From a tool to illuminate the darkness of a city to a facility
for safe living

As cities develop, lighting has established itself as a necessity to help the



auri research brief

people in their activities, after starting as a simple tool to light the darkness.
Lighting has become one of the symbols of cities and urbanization (Hu er al,
2020), allowing humans in cities to safely engage in social activities at night. In
order to secure the safety of people walking at night in sparsely populated areas
and to reduce the fear of crime by pedestrians, it is necessary to install lighting
and other safety facilities for pedestrians at night. As such, local governments
have been installing street lights and security lights in areas that invoke high
crime fear or replacing existing street lights with LED lights to improve the safety
of citizens. However, to install lighting more efficiently and effectively compared
to the uniform installation of street lights, it is important to investigate the
changes in people's fear of crime with respect to change in the illuminance of

lighting.

® Analysis based on virtual reality in the non-face-to-face era

Past studies of the effectiveness of lighting to reduce the fear of crime have
significance in that they attempted to prove the importance of lighting and define
the relationship between lighting and fear of crime. However, earlier studies have
limitations in that they lack a systematic analysis of differences in people's
perceptions of safety that change with respect to the spatial characteristics of
various environments and the brightness of lighting installed in the space. These
shortcomings stem from the many practical limitations when constructing various
experimental environments in an actual urban space and conducting experiments
by gathering residents in the space. In particular, in the non-face-to-face era

caused by COVID-19, it has been very difficult to conduct field experiments.

In order to circumvent these limitations, several studies have used
photographic data or 3D virtual environments of the actual site for research.
However, this does not always mitigate the limited realization of a sense of reality
similar to that in an actual area. However, as cameras and IT technology have
developed, a more precise real world can be simulated in virtual reality, and
research using precise virtual reality (VR) technology is gradually increasing.
Therefore, in this article, we analyze changes in fear of crime with respect to
changes in illuminance levels by using a type of technology known as Recorded
VR.
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Analysis process of the relationship between illuminance and changes in fear of crime using Recorded VR

Vertical illuminance
Target selection » | measurement by
time

> Recorded VR > Survey on fear of
production crime

- Target selection

For the target site, an area with similar physical environment, such as similar
building types, arrangement spacing, and a sense of insecurity among low-rise
building clusters, was selected. The target site was divided into four types
according to the use area and pedestrian volume: [A] a residential area with a
high pedestrian volume, [B] a residential area with a low pedestrian volume, [C] a
commercial area with a high pedestrian volume, and [D] a commercial area with
a low pedestrian volume. The area selected through a field survey was a mixed
pedestrian road with no sidewalks, with the lowest horizontal illumination of 5 lux
or less in the middle of the night depending on the region type, and with the

average width of the road being very narrow, ranging from 3.7 to 7.6m.

- Measurement of the vertical illuminance over time
The illuminance was measured every 30 minutes from 6pm, and the
measurement time was adjusted for each measurement day according to the
change in the sunset time. The vertical illuminance was recorded by measuring

the illuminance of the road and through the window of a building.

Details of illuminance measurements

Type/Attribute [A] (Bl [C] [D]
Date April 26, 2021 April 30, 2021 April 28, 2021 April 29, 2021

(Monday) (Friday) (Wednesday) (Thursday)

Sunset 19:17 19:21 19:19 19:20

First measurement 18:00 18:04 18:02 18:03
Second to 30-minute 30-minute . . 30-minute

X i 30-minute interval i
12th measurements interval interval interval
13th measurement 22:30 22:34 22:32 22:33
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Vertical illuminance measurement sites

Measurement direction of Set 1

Road width

*

Measurement direction of Set 2

The illuminance measurement over time showed that the illuminance
decreased sharply immediately after sunset for all street types. However, the
average illuminance level was different at each site. Comparing the minimum
measured values of the vertical illuminance, the minimum vertical illuminance
levels at Sites A and B after the sixth measurement were similar at around 0.5 lux.
The minimum vertical illuminance at Site C was observed to be around 7 lux from
the sixth to the eighth measurements, decreasing further by the ninth and tenth
measurements. The minimum vertical illuminance of Site D remained at
approximately 8 lux after the sixth measurement, with the lowest value observed

at the tenth measurement, at 3.65 lux.

Average vertical illuminance and vertical uniformity by site and time

Average vertical illuminance (lux) Vertical uniformity (lux)
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- Recorded VR production
The filming of images for each target site and each time period was carried
out for about three to six minutes using a pre-installed camera immediately after
the illuminance measurement was finished for each time period at each site. To

ensure continuous shooting, a camera was installed at a point where vehicle
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obstructions could be minimized in the pedestrian passage area, and the height of
the lens was set to be 160 cm above the ground. The video to be used for the
actual VR survey was chosen from among the total set of recorded videos and

underwent post-correction.

Examples of images before (left) and after (right) noise processing
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- Survey on fear of crime

The survey using Recorded VR was conducted at the VR Lab of Chung-Ang
University from May 28, 2021 to June 26, 2021. Participants were asked to
complete a preliminary questionnaire after hearing the purpose of the
experiment. The preliminary questionnaire consisted of questions related to
personal attributes such as age, gender, education level, residential housing type,
the number of household members, the frequency of walking on back streets, the
average time to return home, and experience with VR as well as questions related
to crime victimization experience of the person or acquaintances, and crime
vulnerability. After the preliminary survey, the participant put on the HMD device
and went through the preparation process. At this time, the survey guide provided

the following narration to the participant to induce immersion in the situation.

“You left the house and are walking down the street.”

In order to conduct an immersive experiment during the actual VR
experiment, the experimenter provided the following narration each time the VR

video was played. “You stopped for a moment on your way home from an outing
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and are looking around.” The experimenter asked the following questions so that

participants could fully experience the situation in the video and report the

degree of fear of two types on a Likert-type scale ranging from 1 to 7 points.

* In the situation you see now, how much do you worry about being a victim of a crime such as theft, assault,
sexual offense, robbery, or murder? (Fear of crime by the participant)
* In the situation you see now, how much do you think your family or acquaintances will feel a fear of crimes
such as theft, assault, sexual offense, robbery, murder? (Expected fear of crime by family or acquaintances)

Survey equipment settings and VR survey progress

® Results of fear of crime according to change of illuminance

1ne @

When examining the perception of fear of crime according to the change in

the illuminance depending on the target area, it was found that a residential area

with relatively low light at night led to a greater fear of crime than a commercial

area. In addition, fear of crime was found to be greater in areas with high

pedestrian traffic than in areas with low pedestrian traffic. Lastly, fear of crime as

expressed by the participants and fear of crime predicted in family or

acquaintances showed similar tendencies, with the latter being slightly higher.

Average fear of crime by area type

A: Residential, | B: Housing, Low | C: Commercial, D: Commercial,
Site type/Fear type High pedestrian pedestrian High pedestrian | Low pedestrian
volume volume traffic volume
Fear of crime by the 268 3.02 1.63 1.91
participant
Fear of crime by family or 3.06 359 187 992

acquaintances
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Regarding gender, females were found to have higher levels of fear of crime
than males. This can be explained by vulnerability theory within the fear of crime
theory. According to this theory, fear of crime appears differently depending on
the individual's levels of physical and social vulnerability. In particular, females
responded similarly with regard to their own degree of fear of crime and the
expected degree of fear in their family or acquaintances. In contrast, males
tended to report relatively high levels of the expected degree of fear of crime by

their family or acquaintances.

Recognition of fear of crime by group

Fear of beina a victim of crime Fear of expected crime victimization of family
9 or acquaintances
Type Difference Difference
between between
Male Female Male Female
males and males and
female females
Site A 2.19 3.32 1.13 2.92 3.25 0.32
Site B 2.34 411 1.78 3.28 4.07 0.79
Site C 1.28 2.14 0.86 1.67 2.16 0.49
Site D 1.39 2.48 1.08 1.98 2.48 0.51
Average 1.81 2.98 1.17 2.48 2.96 0.48

According to the analysis of fear of crime by time, fear of crime increased
with time. It was found that the respondents generally felt a low level of fear of
crime of less than 3 points (based on a 7-point Likert-type scale) before sunset,
while the deviation of the fear level gradually increased after sunset with the

mean and median values of fear of crime increasing in tandem.

Next, the relationship between the average vertical illuminance and the
average level of the fear of crime at each time point took the form of a
logarithmic function with a negative coefficient in which fear of crime rapidly
decreased as the level of illuminance was increased, with this trend being the
same at all target sites. On the other hand, the uniformity showed a linear

relationship with fear of crime, unlike the absolute illuminance value.
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The relationship between vertical uniformity and
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® Suggestions Proposal to improve the night illuminance standard

The change in the level of fear of crime by target area with respect to the
change in the illuminance showed that the critical point of fear of crime is higher
than the current standard illuminance level in residential areas. At the same time,
the relationship between illuminance and fear of crime confirmed that fear of
crime was alleviated when illuminance is increased. In residential areas, the
average fear of crime was higher than the 'normal' level (4 points) in some images
(viewpoints) as the illuminance decreased after sunset. However, the specific
threshold was slightly different depending on the characteristics of the site. It was
found that the average fear of crime was higher than 'normal’ (4 points) at 5 lux
in a residential area with a high pedestrian volume and less than 1 lux in a
residential area with a low pedestrian volume. This suggests that it is necessary to
maintain illuminance of at least 5 lux, although the light pollution standard in the

residential area should be set to less than 10 lux.”

On the other hand, in commercial areas, a certain level of illuminance was
met until late at night, and the average score for fear of crime was lower than
'normal’ (4 points) in all videos. However, due to the restrictions on business
hours caused by COVID-19, the illuminance tends to decrease suddenly after the
closing hours of commercial facilities, though management of illumination and

crime prevention during these times should be considered.

We would like to propose an improvement (proposal) for vertical illuminance
by considering the time when fear of crime changes, the current illuminance
standard, and the average illuminance and uniformity of the street. In this case,

the proposal for vertical illuminance follows the light emission standards in Table
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1 below related to Article 6(1) of the Act on the Prevention of Light Pollution by

Artificial Lighting.

Improvement (Proposal) of the KS llluminance Standard

Current* Amendment (draft)
Pedestrian Vertical Pedestrian Vertical
. Area . ) . Area . }
volume at night illuminance volume at night illuminance
Residential 1 Residential 9
Street with heavy area Street with heavy area
traffic Commercial 4 traffic Commerecial 6
area area
Residential 05 Residential 1
Street with low area ’ Street with low area
traffic Commercial ) traffic Commercial 3
area area

* KS A 3701 6.2 Lighting standards for pedestrians a) Sub—table 3 related to illuminance
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1) 1 Similar results were also found in an experiment examining the appropriateness of the

minimum vertical surface illuminance standard to see a person's face and movement at a
certain distance. In residential areas, these factors were difficult to identify at 1 to 5 lux when
there was high traffic and at 1 to 3 lux when there was low traffic. On the other hand,
commercial areas with a certain level of illumination had better overall visibility than residential
areas. Details related to the experiment can be found in Chapter 4, Section 3 (Son, Dongpil et

al, 2021, pp.108-119) of ‘A study on the street lighting illuminance standards for reducing fear
of crime.'
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