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Abstract

In this paper, we investigate how intensity of light in a space and ratios between light a space and
in its surroundings affect perception of the atmosphere of the space, experience of co-presence
and perception of the surrounding context. A preliminary field study in urban public transportation
waiting areas showed, through observations and interviews, that the intensity of light influenced
how participants experienced the waiting area and its urban surroundings. In this lab experiment,
we investigate the perceived qualities of light levels in a controlled environment and thereby inform
future field tests of light intensity and ratios in complex urban contexts. The lab setting consisted of
two light zones that simulated 1) a public transportation waiting area and 2) the surrounding urban
context. We surveyed thirty participants on their perceptions of six lighting scenarios with different
light intensities and ratios and asked them to respond to questionnaires based on a semantic
differential scale. Non-parametric data from the questionnaires were statistically analyzed.
Luminance data were documented in high dynamic range (HDR) photos and luminance maps to
document the light perceived by the human eye. Results revealed that participants perceived the
atmosphere in the simulated waiting area as relaxed and private when luminance intensity was
low. Furthermore, they perceived the lighting as harmonious and less glaring when luminance
ratios between the waiting area and the surroundings were low. However, results also showed that
higher intensity lighting in the surroundings increased object visibility but did not indicate that

contrast influenced visibility.
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1. Introduction

For many years, existing lighting codes and standards have relied mainly on
illuminance levels on horizontal surfaces, likely because they are easier to measure. At the same
time, research in lighting design has moved towards luminance-based metrics. Current standards
include luminance, though illuminance is still the more commonly used measure in practice. [1].
Fotios et al. state that the standards need to evolve and that parameters for the quantifying
measures of pedestrian lighting should be based on vertical rather than horizontal illuminance
measures, as vertical measures represent what the human eye perceives when observing the
space [2]. Dubois et al. point out that illuminance measures the light falling on a surface from all
directions while luminance measures light leaving a surface towards a specific location, implying
that luminance better describes how the human eye perceive the brightness of a surface [1].

Lighting norms and standards often define minimum illuminance levels in relation to
traffic and to people and the lighting requirements necessary for them to navigate and feel safe [2].
But there is an inherent contradiction between providing high-intensity of lighting and increasing
perceived safety. High-intensity lighting enables you to perceive nearby details but might make
surrounding areas appear dark and unpleasant. Therefore, in this study, we investigate how
luminance intensity affects the perception of a space as well as how the ratio between the
luminance intensity in the space and in the surrounding area affects perception of that space.

The study builds on a preliminary field study we conducted at two tram stations in
Aarhus, Denmark to study the perceived qualities of light intensity in a complex context. The tram
station study consisted of observations documented in a series of photos and short semi-structured

interviews [3]. The study indicated that a high-intensity lighting can create a tense atmosphere and



cause glare, making other travelers appear pale and the surrounding areas appear dark and
difficult to perceive due to contrast. Analysis of traveler’'s perceptions suggested the potential of
investigating how light intensity ratios and the hierarchy of light in surrounding areas affects user’s

perceptions the outdoor space they are situated in, their fellow travelers and the surrounding

areas.

Figure 1. Preliminary field study. Waiting area tram station, Aarhus Denmark

Lighting designers, architects and researchers have explored the perceived qualities
of intensity and ratios of light. Using a phenomenological approach stresses the potentials of
luminance intensity and ratios. In the book The eyes of the Skin, Pallasmaa [4] argues that most
contemporary public spaces would be more enjoyable with lower light intensity and uneven light
distribution. Pallasmaa describes the use of a constantly high level of illumination that leaves no
space for mental withdrawal or privacy as an efficient method of mental torture. “Deep shadow and
darkness are essential because they dim the sharpness of vision, make depth and distance
ambiguous, and invite unconscious peripheral vision and tactile fantasy. Homogenous bright light
paralyses the imagination in the same way that homogenization of space weakens the experience
of being, and wipes away the sense of place.” The architect Zumthor illustrates another approach
to the balance between light and darkness when he describes an idea about planning lighting by
looking at a space as a “pure mass of shadow, where you put light in as if you were hollowing out
the darkness, as if the light were a new mass seeping in” [5]. Pallasmaa explains, “the quality of an
architectural reality seems to depend fundamentally on the nature of peripheral vision, which

enfolds the subject in the space.” He continues, “the preconscious perceptual realm, which is



experienced outside the sphere of focused vision, seems to be just as important existentially as the
focused image. In fact, there is medical evidence that peripheral vision has a higher priority in our
perceptual and mental system” [4]. The Lighting Designer Lam describes the architectural and
social potential of light in the urban context: “Moving from the conception of ‘the more light the
better’ to a more granular and refined understanding of light offers opportunities to create lighting
solutions that respond to context, people and locality” [6]. As a tool for understanding the
complexity of designing with the perceived qualities of different light levels, Cuttle defines three
design characteristics in relation to brightness: (a) overall perceived brightness or dimness of
illumination, (b) perceived difference of brightness of illumination between the design space and
adjacent spaces, and (c) illumination hierarchy. The three design objectives highlight how
brightness levels affect the appearance of a space, describing both the quality of light and visibility
in the space and the quantity of light in the space [7]. Each of the scholars discussed above
stresses the importance of the perception of differences in intensity and the need to understand
relationship between relative intensities in terms of a spatial hierarchy with much greater
complexity than even luminance level. The concept for this lab experiment is derived from research
within the architectural tradition, as described in the introduction [4,5,6], and the following text
describes the research within the lighting industry used to define the lab experiment and frame the

test parameters.

2. Test parameters
2.1 Framing test parameters

Researchers have identified several strategies for investigating pedestrians’
responses to outdoor lighting and their subjective assessments of lighting quality [8,9,10,11]. In
their research, Caminada and Van Bommel classify the objectives of requirements for outdoor
lighting into four categories: detection of obstacles, visual orientation, identification of persons and
pleasantness and comfort [12]. Previous research investigates whether lighting conditions for

pedestrians in urban environments are sufficient for the detections of obstacles [13,14] and



identification of persons and recognition of emotional body language [15,16,17,18]. In addition to
research describing urban spaces from the pedestrian’s point of view, research related to cycling
[19] and driving [2,20] and the transition between lit and unlit sections of a road [21] offers
inspiration for how to design ratios of lighting in the current study. The potential to cause glare
[22,23] and elements related to safety [24] should also be considered in the analysis of outdoor
space. In a field study, Davourian et al. question the appropriateness of lighting specifications
based on illuminance on road and pavement because their analysis revealed the importance of the
visual tasks not located directly on the horizontal footpath they are primarily on vertical surfaces in
the viewing direction of the human eye [16]. Kato elaborates on urban complexity stating that it is
necessary to study the mutual relationship of various “impression of brightness” and move towards
an “impression of brightness of an entire space” [25]. To study “the entire space” and the
importance of the ratio of lighting between light zones in urban environments, it is important to
gather knowledge from research related to detailed components of the whole, the complex or

“entire” urban scene.

2.2 Space, co-presence and surroundings

In this lab experiment, we investigated perceptions of three parameters of urban
space: the atmosphere of the space, referred to as space; the experience of others within the
space, or co-presence; and the perception of areas adjacent to the space, or surroundings.

The first test parameter, space, concerns perceptions of the light zone in which the
test participant is placed, the embodied experience of the local space, which we call the waiting
area. Here, the intensity of light affects vision and the dark adaptation period [26,27]. When the eye
is exposed to higher or lower light levels, it needs time to adapt, potentially reducing perceived
quality of the light. The dark adaptation period’s length depends on the intensity of light received by
the eye, and lighting should be designed to avoid large differences in lighting levels between

adjacent urban lighting zones to reduce the time required for adaptation. Light intensity also affects



physiological perception of a space. Research has found that non-uniform, dim and peripheral
lighting increases perceived feelings of privacy [28,29]. This experiment focuses on the effect
luminous intensity has on the experience of the local space.

The second test parameter, co-presence, concerns the perception of other people
within the light zone and is used to investigate how the light intensity consciously or unconsciously
affects meetings with other people. Lofland’s definition of the public realm and urbaneness refers
not to the physical complexity of the urban form but to the co-presence of people, persons who are
personally unknown to one another, the social-psychological environment [32]. Meetings occur
every day, during the day and at night; lighting helps define this frame during the dark hours and
sets the scene for the co-presence of people. During everyday activities, each person presents
themselves and their activities to others [33], and this study seeks to understand how to examine
this random co-existence in the public realm. When it comes to perceived safety, defined as
maintaining a clear view of obstacles and security and deterring offenders [8], studies have shown
that uniformity (evenly distributed) high intensity lighting are the most important factors [8,15,
24,27]. Some studies indicate that people feel safer when the intensity of light allows inter-personal
judgements such as facial recognition [30], while other studies highlight that lower light intensity
leads to more relaxed feelings and has a positive influence on a social attitude [31].

The third test parameter, surroundings, concerns the light zone that the test
participant is looking at; in this lab experiment, the surroundings are a wall opposite the participant
with a bench in front, lit by two fixtures. In real urban contexts, a complex set of parameters, such
as background luminance, contrast, target size and location in the visual field, and spectral
characteristics of the target and background are likely to influence how well people can see [8] in
the lit urban space at night. The relationship between different lit areas changes depending on the
context [26]. Davourian examines how the contrast between a lit object, a statue, and the
background urban lighting influences how the object is perceived. These test shows that when the
contrast between the lit object and the background lighting is increased, the target stands out from

the surroundings and grabs more attention. Davourian stresses the importance of lighting levels



and proximity in the surrounding context [34]; when the surroundings are dark, lighting on the
object should be planned accordingly. Other studies show that dark adaptation time depends on
the local intensity of light in the viewing direction. Stokkermans et al. found that a background with
bright areas close to the viewing direction yields longer adaptation times than a background with
bright areas at a larger visual angle from the viewing direction. They conclude that local light levels
strongly affect dark adaptation [35] and stress the importance of considering the local area in
combination with the surrounding area when investigating the role of perceived light in an urban
context.

Investigating the complex settings of spatial luminance in field tests requires an
understanding of how light intensity and ratios of light affect perception of the space, co-presence

in the space and its surroundings

3. The experiment
3.1. Conditions of the experiment
3.1.1 Test setting
The light lab measures 5.8m x 5.8m, with a ceiling height of 4.2m. One wall is painted
matt white, and three walls are covered with black Molton curtains. The floor is covered with gray

linoleum, and the ceiling is white with a rig for mounting fixtures.
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Figure 2. Photo and plan of the two light zones, the waiting area and
surrounding context, in the lab facilities at Aalborg University Copenhagen.

We divided the lab into two light zones to simulate a waiting area and the surrounding
context. We placed two chairs in the waiting area, one for the test participant and one for the
interviewer. To simulate a shelter and provide lighting for the waiting area, we mounted a 1 m x
2.44 m white plate with lighting fixtures 2.5 m above the chairs. Opposite the two chairs, we placed
a wood bench of neutral shape and color to represent an object in the surrounding context. Test
participants used the object to evaluate details in each of the six lighting scenarios. A rig mounted

3.3 m above the bench held lighting fixtures to create ambient lighting in the surrounding area.

3.1.2 Lighting fixtures and lighting control

Fixtures in the waiting area were from Fagerhult: type, 23511-402 Multilume Slim
Opal; measure, 60 x 60 cm; optics, front, opal; color rendering, Ra (CRI) 80; color temperature,
CCT, K4000; and light source, LED. Fixtures in the surrounding context were form ERCO: type,

Logotec Floodlight, 72560.000; measure, 16.8 cm (h) x 18.1 cm (w); optics, front, Spherolit lens



flood; color rendering, Ra (CRI) 90; color temperature, CCT, K 3000; and light source, LED. The
fixtures were connected to or mounted in a DALI track, and the scenarios were programmed in
Helvar Design software. The scenarios were controlled via a computer, with eight programmed
scenarios in total: six lighting scenarios for the experiment, one baseline condition and one scene

with all lights turned off.

3.1.3 Lighting scenarios

We defined and tested six lighting scenarios in the experiment (LS1-LS6). To define
intensity, we used lux measurements taken directly under the fixtures to program the lighting
scenarios. For the waiting area, we defined high, medium and low intensity illuminance levels as
200, 100 and 30 lux. For the surroundings, we tested high and low intensities of 20 lux and 5 lux.

Luminance maps based on HDR images represent the luminance intensities in each scenario [41].

Waiting area Surroundings
Lighting scenario 1 200 lux 20 lux
Lighting scenario 2 100 lux 20 lux
Lighting scenario 3 30 lux 20 lux
Lighting scenario 4 200 lux 5 lux
Lighting scenario 5 100 lux 5 lux
Lighting scenario 6 30 lux 5 lux

Figure 3. Lighting scenarios, lux values for programming the intensities

The guiding lux levels in the waiting area were set based on light conditions at the
tram stations tested during the preliminary field study and on legal requirements. In the waiting
area, we measured light levels with a lux meter Hagner Model EC1 at the ground surface under
lighting fixtures. The high intensity value was set to 200 lux based on lux measurements taken at
the station during the preliminary field studies, which indicated values close to 200 lux. The low
intensity value was set to 30 lux based on two norms that describe the legal requirements for tram

stations: According to tram standard Banenorm BN2-81-1 [42], the light level at a small station



must be at least 30 Es,mid (the mean lux value of the lighting intensity), and Danish road
regulations, Vejregler [43], offer only recommendations for how to light stations. The light
intensities in the surrounding context were based on contextual lighting levels, e.g. 20 lux for a

brightly lit street and 5 lux for a street with lower intensity lighting.

3.1.4 Luminance maps

In each of the six lighting scenarios, luminance data were recorded using HDR
photography techniques and calibrated through Photosphere software [44] to produce luminance
maps [41]. Luminance levels, cd/mz, were measured with a Konica Minolta LS-150 Luminance
Meter from the position and eye height of a seated test participant. Each HDR image was
calibrated in Photosphere using the physical luminance measurements and according to the same
scale, allowing comparison of the results from the six scenarios.

A Canon EOS 70D camera with a Sigma circular fisheye lens 4,5mm 1:2,8 DC HSM
was used for the experiment. The camera settings were ISO 100 and aperture 4, with ten shutter
speeds: 1/50, 1/25, 1/13, 1/6, 0’3, 0’6, 1”3, 2”5, 5 and 10 seconds. Note that the camera had a
crop factor of 1.6 (as it has an APS-C sensor), thus the focal length for the photographs was 7.2
mm. Images were recorded at eye level from the position of a person sitting in the waiting area.
The camera was directed towards the corner of the room with a “person” sitting next to the test
participant visible, representing co-presence in the local space.

The luminance maps show the actual light distribution and light levels on the
horizontal and vertical surfaces in the test environment. They provide measurable figures for the
light levels in the space and a visual representation of the light levels and the distribution of light.
They also provide a visual representation of the effects of changes in light levels on appearance of
the space and the effects of light spilling from the waiting area on the appearance of the

surrounding area.
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The false color image, figure 4, illustrates the high contrast between the luminance level on the
mannequin doll in LS1 and the luminance in the surroundings. It also shows how the contrast is
less dominant in the lowered lighting of the LS3 scenario as well as the effects of this light setting
on the luminance levels of other surfaces in the test area. Figure 5 illustrates how the lighting is
distributed in the room when the lighting levels in the surroundings are lowered and how this
affects the contrasts in the room.

Lighting scenario 1 - Lighting scenario 2 < Lighting scenario 3 <
T

,
cd/m2
20
6,80
2,30
0,77
0,26
0,09

0,03

0,01

Figure 4. Photos and luminance maps, LS1- LS3, scenarios with high luminance intensity in surrounding context
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Figure 5. Photos and luminance maps, LS4- LS6, scenarios with low luminance intensity in surrounding context

3.1.5 Objective

The objective was to understand how luminance intensity and the ratio between the
luminance of a space and that of the surroundings influenced test participants’ experience of
space, co-presence and the surrounding context.
The following three hypotheses were defined:
H1) Space — lowered lighting intensity in the waiting area will have a positive impact on the
perception of the atmosphere of the space.
H2) Co-presence — lowered lighting intensity will improve test participants’ impression of other
people in the space.
H3) Surroundings - lower ratios between luminance in the waiting area and in the surrounding
context will have a positive impact on perception of the surroundings, including for the visibility of

objects.



Surrounding context

Figure 6. Space, co-presence and surrounding context

3.2 Assessment of perceptions

Subjective assessment of how spatial luminance is experienced in urban space has
been examined through different methods. Test subjects’ experience of lighting scenarios can be
assessed in a lab setting [10,23,36,37] through the use of models or visual fields in models
[8,13,18,19,21,25] or simulations [29,31], in a field study / real-site tests [8,9,16,22,24] or by
arranging tours with test participants to visit existing lit spaces, to evaluate the lighting [38]. For this
study, we choose to set up a lab experiment to explore the findings from the preliminary field study
[3] and to be able to manipulate intensity levels and ratios between light levels in two defined light
zones in a controlled environment. In the lab, we were able to isolate the experience of the lighting
scenarios and direct the test participants to focus on how their perception of the light in the two
light zones affected them.

Researchers often use a rating-scale methodology or a paired-comparison
methodology to assess subjective impressions of a lit space [39]. We chose to work with a
semantic differential scale inspired by an experiment from 1973 in which Flynn [40] used the
dimensions of light; uniform/ non-uniform, bright/dim and visually warm/visually cool and asked test

participants to judge scenes using a semantic differential scale by responding to the following
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prompts: evaluative: Like — dislike, friendly — hostile, interesting — monotonous, sociable —
unsociable, pleasant — unpleasant and relaxed — tense; visual clarity: clear — hazy, bright — dim
and faces clear — faces unclear; spaciousness: spacious — cramped and large — small. Inspired by
this work, we developed a questionnaire to evaluate the importance of luminance intensity in
visually related light zones to the perception of the waiting area, the co-presence of other people

and the surroundings.

3.3 Conducting the experiment
3.3.1 Participants

The experiment included thirty participants (n=30), fifteen male and fifteen female test
participants in the following age group: 20-29 years — 16 participants, 30-39 years — 5 participants,
40-49 years - 1 participant and 50-59 years — 8 participants. Test participants included Aalborg
University administrative staff, teachers, research staff, students and people outside of the

university recruited from Copenhagen.

3.3.2 Procedures

We conducted the experiment in five steps.
Step 1. Test participants began the experiment in an arrival room without daylight, lit only by a
table lamp that provided a low level of indirect light. They took 5-10 minutes to fill out a consent
statement and provide general information about age, gender and usage of visual aids as well as
about their habits related to public transport, how many times a week they use public transport,
and what they do during while waiting.
Step 2. Test participant and interviewer entered the light lab and took their places on the two chairs
set up in the waiting area. The surroundings were illuminated with 20 lux, the baseline scene.
Step 3. The interviewer gave a brief explanation of the interior of the room, the lighting and the test.

The introduction ended with a one-minute sound file from a waiting area at a tram station in

14



Aarhus, with sounds of people walking, talking, doors closing, the train start signal and a train
starting and leaving a station.

Step 4. The first lighting scenario was set, and the test subject was given a questionnaire for each
of the six lighting scenarios. The questionnaire was divided into three parts. In the first part, the test
participant was instructed to concentrate on the waiting area; in the second part, they were to focus
on the lighting relative to the person sitting next to them; and in the third part, they were asked to
look at the bench standing in front of the opposite wall.

For questions related to co-presence, participants were instructed to answer the
questions as if they had arrived at a station and another person was present. They were to
evaluate whether the luminance level had a positive or negative impact the experience of
presenting themselves and meeting other people in the waiting area and what effect the lighting
might have on their behavior. They were instructed to judge their motivation for socialization based
on a social or an antisocial attitude towards the other people waiting rather than on factors such as
verbal interaction.

While each lighting scenario was on, test participant marked their answers on paper
with printed questions and sematic differential scales for each question. Between each lighting
scenario, the baseline scene was restored for approximately one minute. To limit the time needed
for the interview to approximately half an hour, we kept the time at the baseline scenario, and
therefore the time for the eyes to adapt, to a minimum.

Step 5. The experiment was concluded with minimal discussion, and comments related to the
questions or the test in general. The information was collected in field notes.

The participants saw three scenarios, LS1 - LS3, with high-intensity lighting in the
surroundings, with the three scenarios for the waiting area shown in random order. Then
participants saw three scenarios, LS4-LS6, with low intensity in the surroundings, and the three
scenarios for the waiting area again shown in random order. See figure 7. We separated the
lighting scenarios based on the surrounding luminance levels to simulate different times of day,

e.g. twilight and half an hour later. The two surrounding lighting levels could also be seen as

15



simulating two different urban densities with different lighting levels, such as a waiting area in a

dense urban context where the surrounding area is brightly lit, compared to a waiting area in a

rural setting where there is little or no light in the surroundings.

High intensity, surrounding context

Low intensity, surrounding context

Series A, 5 participants

(LS1)200 - B - (LS2)100 - B - (LS3)30 - B

(LS4)200 - B - (LS5)100 - B - (LS6)30 - B

Series B, 5 participants

(LS1)200 - B - (LS3)30 - B - (LS2)100 — B

(LS4)200 - B - (LS6)30 - B - (LS5)100 - B

Series C, 5 participants

(LS2)100 - B - (LS1)200 - B - (LS3)30 - B

(LS5)100 - B - (LS4)200 - B - (LS6)30 - B

Series D, 5 participants

(LS2)100 - B - (LS3)30 - B - (LS1)200 - B

(LS5)100 - B - (LS6)30 - B - (LS4)200 - B

Series E, 5 participants

(LS3)30 - B - (LS2)100 - B - (LS1)200 - B

(LS6)30 - B - (LS5)100 - B - (LS4)200 - B

Series F, 5 participants

(LS3)30 - B - (LS1)200 - B - (LS2)100 - B

(LS6)30 - B - (LS4)200 - B - (LS5)100 - B

B = baseline, LS = Lighting scenario

Figure 7. Order of lighting scenarios

3.3.3 Questionnaires

The questionnaire consisted of 12 questions, divided into three topics associated with

the three hypotheses:

1. Space - the perception of the waiting area.

2. Co-presence - the experience of fellow passengers in the waiting area (the interviewer sitting

next to the test participant).

3. Surroundings - the perception of the waiting area in relation to the surrounding context.

The questions were inspired by the research discussed in section 2.1. Answers to
the questions marked in bold had significant differences, and we discuss our analysis of these

responses in the result section (QU 1, QUS, QU8, QU10 and QU 12). We found no significant

differences in the answers to the remaining questions; therefore, we do not discuss those

questions in this paper.

16



Questionnaire instrument

Iltem ID | Semantic Differential Scale, 1-7

(H1) Space - How is the atmosphere in the waiting area experienced?

QuU 1 Relaxed / tense

QU 2 Safe / unsafe

QU 3 Comfortable / uncomfortable

Qu 4 Exciting / boring

QU 5 Public / Private

(H2) Co-presence - How are fellow passengers experienced in the waiting area?

QU 6 How are faces lit? - Comfortable / uncomfortable

Qu7 How does the lighting affect socialization? — Motivating / not motivating

(H3) Surrounding context - How is the lighting in the waiting area experienced in relation to the
lighting in the surrounding space?

QU 8 Harmonious / non-harmonious

QU9 Comfortable / uncomfortable

QU 10 | Non-glaring / glaring

QU 11 | Light/ dark

QU 12 | Object (bench) is visible / Object is not visible

Figure 8. Questionnaire

4 Results

We analyzed responses to the 12 questions separately, across all lighting scenarios.
First, we looked for potential outliers in the responses but did not identify any (i.e., no participant
was further away from the mean than three times the standard deviation). We separated the
lighting scenarios based on the luminance levels in the surrounding area (i.e., LS1-LS3, which had
20 lux; LS4-LS6, which had 5 lux) as they resembled different times of day and/or different urban
contexts. We then conducted separate repeated measures analyses of variance (we used
Friedman ANOVAs as we were analyzing non-parametric data) per question with the responses for
each lighting scenario as dependent variables. For post-hoc tests (if significant differences were

found between lighting scenarios), we used Dunn-Bonferroni post-hoc tests to ensure that all p

17



values were corrected for the multiple. All non-reported p-values were above the significance level

of 0.05.

4.1 Space

H1) Lowered lighting intensity in the waiting area will have a positive impact on the perception of
the atmosphere of the space.

Relaxed versus Tense

We asked participants whether they experienced the atmosphere as relaxed or tense given the
different lighting scenarios. Both Friedman tests revealed a significant difference (20 lux: xx(2) =
8.766, p <.012; 5 lux: x(2) = 12.875, p < .002). Post-hoc tests further revealed that LS1 was
perceived as more tense than LS3 (p < .043). Similarly, LS4 was rated as more tense compared to
both LS5 and LS6 (all p < .009). Overall, LS1 and LS4 (both scenarios in which the contrast was
highest) were rated as more tense (LS1: MED =5, M = 4.93, SD = 1.574; LS4. MED =6, M = 5.6,
SD = 1.476) than LS3 and LS6 (the two scenarios with the least difference in lighting levels). This
suggests that high intensity and high contrasts between the waiting area and the surrounding area
increases the perception of feeling tense.

Public versus Private

We asked participants whether they felt the space in the waiting area was private or public in the
different lighting scenarios. Again, both separate Friedman tests revealed a significant difference
(20 lux: x2(2) = 13.380, p < .001; 5 lux: xx(2) = 6.596, p < .037). Post-hoc tests, however, only
showed a significant difference between LS1 and LS3, where LS1 was rated as more public than
LS3 (p < .003). Overall, LS1 was perceived as the least private (MED =2, M = 2.03, SD = 1.217),
and LS3 was rated the most private (MED = 3, M = 3.5, SD = 1.526). Although we did not find
significant differences for 5 lux in the surrounding area (LS4-LS6), we observed the same trend, as
shown in Figure 9. Finally, we compared LS1 (brightest waiting area and higher surrounding light

level) to LS6 (darkest waiting area and lowest surrounding light level) and found a significant
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difference (p < .006). These results partially suggest that the lower lighting levels in the waiting

area increase the perception of privacy.

Question 1 Question 5
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Figure 9. Waiting area, results questions 1 and 5

4.2 Co-presence
H2) Lower lighting intensity will be motivating for socialization.
We found no significant differences in how fellow passengers were experienced in the six different

lighting scenarios.

4.3 Surroundings

H3) Lower ratios between luminance in the waiting area and in the surrounding context will have a
positive impact on perception of the surroundings, including for the visibility of objects
Harmonious versus Non-harmonious

We asked participants whether they perceived the lighting in the waiting area as being harmonious
with lighting in the surroundings. Both Friedman tests again showed a significant difference (20 lux:
x(2) = 9.525, p <.009; 5 lux: xx(2) = 16.388, p < .001). Post-hoc tests also showed significant
differences between LS1 and LS3 as well as between LS4 and LS6 (all p <.024). The two lighting

scenarios with largest contrast between the waiting area and the surrounding area (LS1: MED = 6,
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M=5.47,SD =1.592; LS4: MED =6, M = 5.57, SD = 1.675) were rated as less harmonious than
the two scenarios with least differences in lighting levels (LS3: MED = 3, M =4.00, SD = 1.722;
LS6: MED =4, M = 3.97, SD = 1.629), suggesting that low contrast in the brightness levels in the
two areas lead to more harmonious perception.

Glary versus non-glary

We asked participants whether they perceived the light in the waiting area as glary or non-glary for
each lighting scenario. Friedman tests revealed significant differences in both cases (20 lux: xx(2) =
18.242, p < .001; 5 lux: x2(2) = 17.333, p < .001). Post-hoc tests further revealed that LS1 and LS3
differed significantly (p < .001), unsurprisingly suggesting that for 20 lux in the surrounding area, a
high lighting level in the waiting area is perceived as causing more glare (LS1: MED=6, M=5.17,
SD=1.84; LS3: MED=3, M=2.93, SD=1.741). For the scenarios with 5 lux in the surrounding area,
LS4 (with the highest difference in lighting levels between the two areas) differed significantly from
both LS5 and LS6 (all p < .029), indicating that larger differences lead to even higher perception of
glare in the waiting area (LS4: MED =6, M = 5.27, SD = 1.799; LS5: MED =5, M = 4.03, SD =

2.042; LS6: MED = 3.5, M = 3.50, SD = 1.656).

Object visible versus Object not visible

We asked participants whether they perceived an object (the bench) in the surrounding area as
visible or not visible. Friedman tests did not reveal a significant difference, suggesting that a
change in lighting levels in the waiting area did not significantly affect the perception of objects in
the surrounding area. We therefore conducted a Friedman test across all lighting scenarios and
found a significant difference (x:(5) = 51.581, p < .001). Post-hoc tests revealed that LS1, LS2, and
LS3 resulted in clearer perceptions of the object than LS4, LS5, and LS6 (all p < .02), suggesting
that it is the surrounding light level and not the waiting area light level that influences the
perception of this object as visible or not visible, as shown in Figure 10. LS1, LS2, and LS3 all had

similar responses (LS1: MED =2, M = 2.80, SD = 1.472; LS2: MED = 2.5, M = 2.63, SD = 1.273;
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LS3: MED = 2.5, M =2.73, SD = 1.172), and the same can be observed for LS4, LS5, and LS6
(LS4: MED =5, M =4.43, SD =2.012; LS5: MED =5, M =4.27, SD = 1.552; LS6: MED =5, M =

4.60, SD = 1.589).

Question 8 Question 10 Question 12
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Figure 10. Surrounding context, results questions 8, 10 and 12

5. Discussion

According to international and Danish lighting regulations [45], demands for
illuminance intensity are defined in relation to the traffic flow and the pedestrian’s ability to navigate
and feel safe. Research has found that high illuminance uniformly distributed meets these criteria
[8,15,27,29] and outdoor public space lighting designers and engineers tend to recommend high
lighting intensities to support visibility and increase perceptions of safety. But in this lab
experiment, we found test participants perceive the atmosphere as more tense and public with a
high intensity of light. Furthermore, when the contrast between the intensity of light in a space and
in the surrounding context is high, it is perceived as non-harmonious and glary. These findings
reveal the complexity of creating lighting environments in the public realm, where we would like to
exploit the architectural and social potential of light by adjusting spatial luminance. When we
lowered light intensity in the test, the space was perceived as more relaxed, private, harmonious

and less glary, perceived values that can support a livable and safe outdoor public environment.
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When test participants were asked to evaluate the local space of the waiting area, the light zone
they were sitting in, they perceived it as relaxed and private in lower lighting intensities. These
findings challenge the knowledge we have from studies that suggest uniform, evenly distributed
and high luminance intensity are the most important factors when creating lighting for a safe space.
The lighting intensity scenarios were presented in a random order in the waiting area,
three scenarios with high intensity in the surroundings and three scenarios with low intensity in the
surroundings. We are aware that if both intensity in the waiting area and intensity in the
surrounding context had been sequenced in a random order, we would have received different
answers from the test participants, thereby obtaining another picture of how the balance between
the luminance intensity in the waiting area and the luminance intensity in the surrounding context
influence the perception of space and people. Furthermore, we found no significant differences
concerning co-presence. Questions about the impression of light on the interviewer and the
motivation for socialization may have been too abstract for the test participants to answer in the
context of this lab experiment. Likewise, instructions about social aspects of the waiting situation
might have biased the results. A different approach to this topic may yield different results when
tested in the field. However, the findings show that lower intensities of light can lead to perception
of a relaxed and private atmosphere, which could also lead to a more relaxed impression of co-
presence in the waiting situation. When we regard the urban context as a social-psychological
frame where people gather [32], lighting should be seen as a tool to enhance the qualities of a
space. Research on indoor lighting, such as the study by Baron et al., suggests lower intensities of

lighting can lead to an improved social behavior towards other test participants [31].

The perception of the difference of luminance intensities in the two light zones, the
waiting area and the surrounding context, was significant, illustrating that the test participants were
able to distinguish between the different light settings. The two scenarios with the highest intensity

in the waiting area, and therefore the highest contrast to the surroundings, were rated as the most
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tense, non-harmonious and glaring. This demonstrates the importance of balancing the intensity of
light in visually related urban spaces, to create lighting that enhances the qualities of the space and
the surroundings, the architectural potential of light. When the lighting in the waiting area was
lowered and therefore the contrast to the surroundings was lowered, perception of the lighting as
relaxed, harmonious and non-glary increased.

The results support previous research findings about how the perceived quality of an
object in a space is affected by the light level on the object seen in relation to the light pattern in
the background [34]. Similarly, the results support the idea that dark adaptation is influenced by the
relationship between the light level in a local space and the light level in the background [35], thus,
supporting the idea that balancing light levels leads to lighting solutions that respond to the context,
people, and locality [6].

Our findings support Pallasmaa’s emphasis on the importance of understanding the
surroundings and the need for a multi-sensory architecture that facilitates a sense of belonging and
integration [4]. The relaxed and private atmosphere in a public space created by lowering
luminance intensity could meet these potentials. The findings introduce another way to regard the
role of light and suggest lowering and balancing the intensity of light between a space and its
surroundings can help create comfortable urban areas for people waiting for public transportation
and in other similar urban places. Pallasmaa contends that a high level of diffuse light obliterates
details and leads to loss of tactility. Materials lose their signs of age and time because details
disappear at high light levels [4]. Tanizaki also stresses the importance of seeing detail in
surroundings and of using materials that reflect light [45], touching again on the importance of
intensity of light in the immediate area and its surroundings. Pallasmaa states that contemporary
urban settings tend to make us feel like outsiders because they provide little of interest in the range
of peripheral vision. “Unconscious peripheral perception transforms retinal gestalt into spatial and
bodily experiences. Peripheral vision integrates us with space, while focused vision pushes us out
of the space, making us mere spectators” [4]. Our results support this statement, showing that test

participants experienced a harmonious connection between the local space and its surrounding
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context when the contrast between the lighting levels of each was low. Thus, our findings from a
technical lab experiment support a phenomenological approach that stressed the potentials of
bodily experience of space and the surrounding context.

However, our study also supports lighting designers’ tendency to provide higher
intensity of light to improve visibility; specifically, our results show that high-intensity lighting in the
surroundings resulted in better visibility of objects in the surrounding context. This contradicts our
hypothesis that balanced intensity would increase visibility.

The object in our test was a bench of neutral shape and color—far from what you
would see in a complex urban space. Light spilling from the waiting area and the low intensity of
the lighting in the surroundings may also have affected the results. Therefore, we see this as an
example of the complexity of studying the balancing of light intensities and evidence that while
some issues can be evaluated in lab experiments, other issues must be evaluated in field tests.

The lab experiment was based on the waiting situation at an urban tram station. We
are aware that a controlled lab environment cannot exactly replicate the real-world condition of a
public waiting area. In an actual urban setting, light from surrounding facades, advertisements,
cars and other urban sources influence perception of the space. But these situations are
impossible to replicate in a lab setting. Lighting for advertisements often plays a dominant role in
station lighting. Backlit screens create vertical surfaces with high light levels at eye level, causing
glare in the waiting area and influencing dark adaptation. Such vertical illumination is just one
example of the complexity in urban environments, reinforcing the need to analyze the space, the

people and the surrounding context to create appropriate lighting solutions for public urban spaces.

6. Conclusion
There is an inherent contradiction between providing high-intensity lighting and
increasing perceived safety. Bright lighting allows improved perception of nearby details but may

make the surrounding context appear dark and unpleasant, leading to perception of decreased
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safety. High intensity in local lighting can also impair perception of the surrounding city and cast
unpleasant light on people in the space.

To better understand how luminance intensity influences this situation, we designed
this lab experiment to investigate how differences in luminance intensity influence perception of the
atmosphere of a space, the experience of co-presence and perception of the surrounding context.
Testing different luminance intensities in the local space and different ratios between the
luminance of the space and that of the surrounding context in this specific lab setting revealed the
following findings:

¢ Low luminance intensity in the local space increases perception of the space’s atmosphere
as relaxed and private.

¢ Low contrast in lighting levels between the local space and the surrounding context
increases perception of the area as relaxed and harmonious and decreases perceptions of
glare. However, high luminance intensity in the surroundings increases visibility of objects
in the surrounding context.

Results from this lab study, which included few variables and was set in an
environment that differed significantly for the experience of being in a real-world public
transportation waiting area, help define different luminance intensities to be investigated further in
field tests. Taken together, insights on how luminance intensity and ratios affect perceptions of
privacy, safety and harmony and the contradictory results related to visibility raise important
questions about how to determine the appropriate lighting intensity for a public space and the ideal
ratio of lighting intensity in the immediate area to that in the surrounding context. This study makes
the important distinction that higher intensity lighting in public settings does not always support
improved visibility and increased perception of safety. It suggests that outdoor lighting designers
may be able to differentiate zones, such as where visibility is most important and where privacy
and safety are most important, and develop design approaches that optimize lighting for the most

important aspects in each zone.

25



The results highlight the importance of conducting further research examining
vertical luminance-based metrics and the importance of adjusting lighting intensity based on
lighting in the surrounding context. Based on our results, it is not sufficient to focus on only the
local light zone and the light level at the horizontal ground surface.

The lab experiment has limitations related to investigating perceived qualities. Most
significantly, we found it was not possible to replicate the social conditions of an actual waiting
area. Therefore, we could not successfully assess the social dimensions of the test. Nevertheless,
the results show a direction for future field tests aimed at increasing understanding of the
architectural and social potential of lighting in the public realm.

The findings from this controlled lab situation can inform the design of a real-world
field test, where all the complex elements of an urban scene are present. We have planned a field
test at the Narreport tram station in Aarhus, Denmark. We will conduct interviews under two
lighting condition and include go-along interviews, use of pictures in the process and conduct
shorter vox pop interviews. Furthermore, we will take lux and luminance measurements to support
the results from the interviews in order to understand how test participants perceive the complexity
of an urban space in two different lighting settings. This knowledge will help bridge the gap in the
current standards, allowing the design of urban lighting and dynamic lighting scenarios that
balance human needs for perceived atmospheres and visual safety. Providing a more pleasant
atmosphere at stations may encourage more people to choose public transportation, providing
sustainable transportation solutions in urban communities and energy savings from decreased

brightness levels.
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