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MEASURING THE IMPACT OF LIGHTING ON INTERPERSONAL
JUDGEMENTS OF PEDESTRIANS AT NIGHT-TIME

Steve Fotios, Biao Yang
University of Sheffield, Sheffield, UK

steve.fotios@sheffield.ac.uk

Abstract

This article discusses interpersonal judgements made between pedestrians after dark and in
particular that judgements of intent are needed in addition to judgements of identity. The
current study uses judgements of emotion from facial expression and body posture, and
judgements of gaze direction, to evaluate the influence of lighting on visual cues to perceived
intent. An experiment has been carried out in which judgements of emotion (using targets of
facial expression and body posture) or gaze direction were sought after 1 s exposure using
nine combinations of luminance and interpersonal distance. Initial results for judgements of
emotion from facial expression suggest a minimum luminance on the face of 0.1 cd/m? if facial
expressions are to be recognised at 4 m, increasing to 1.0 cd/m? for identification at 10 m.
Using these data to suggest design light levels will require further discussion as to which task
is the more critical and at which distance the critical task needs to be achieved.
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1 Introduction

Lighting in residential roads is designed to meet primarily the visual needs of pedestrians and
these are enhancement of their safety and perceived safety. One element of safety is the
ability to make judgements about the intent of other pedestrians - whether or not they present
a threat (Simons et al, 1987). This article presents a summary of investigations into the
judgements pedestrians might make about one another after dark and how we might measure
the influence of lighting on these judgements.

Recent work has tended to focus on facial recognition and whether lighting effects ability to
identify a person. The current work extends this to judgement of intent, whether or not an
approaching person is considered to present a threat. We consider this to be the more
appropriate task for pedestrians after dark: recognition may play a part but is not the whole
task. In parallel with this we are investigating the distances at which judgements about intent
and identity might be ideally made.

The initial findings of an experiment carried to explore the relationship between luminance,
target size (a proxy for distance) and ability to recognise emotion from facial expression and
body posture, and gaze direction are used to explore the extraction of threshold light levels.

2 Facial Recognition

While the need to make judgements about threat was recognised by those who proposed the
basis for design criteria (Simons et al, 1987), subsequent research within the lighting
community has tended to target only facial recognition, and in particular whether it is affected
by the spectral power distribution (SPD) of lighting. The results are mixed, with some studies
suggesting SPD affects recognition whilst other studies do not (Fotios and Goodman, 2012;
ILP, 2012).

One problem with past studies of facial recognition is that the methodology used in many of
the studies leads to imprecise measurements (Fotios and Raynham, 2011). A common
approach to measuring facial recognition under different lighting is to measure the distance at
which a face is correctly identified (the stop-distance method). The variation in distance is
achieved by having either the target or the observer move closer until recognition is achieved.
The problem with this method is that the stimulus (target face) presented to the observer is



always changing: with decreasing distance the details of the target face increase in size. This
may lead to an under-estimate of the effect of SPD. Consider a lamp having a spectrum that
is well chosen to enhance facial recognition: in the stop-distance procedure the target face
will be ‘recognised’ at a greater distance, and thus smaller visual size, than a light of poorer
facial recognition spectrum. What would be desirable is to compare recognition under different
light sources but using target faces of consistent size.

The stop-distance method is subject to large errors because different targets and observers
walk at different speeds and different observes take different amounts of time to make up
their mind. Consequently, any delay in deciding that a face has been recognised can have
different consequences. A proposed refinement to the procedure is to enforce walking of a
constant, slow velocity (Hayduk, 1978). Constant fixation on the target during the stop-
distance procedure is also likely to be an unrealistic proxy for real-world interpersonal
judgements as there is a common tendency to avoid looking at others in some social
situations.

Some facial recognition studies have used photographs of well-known people as test targets.
Familiar faces can be identified with little effort, even from very low quality images (Hancock
et al, 2000) and thus may not present a sufficiently demanding task to discriminate between
light sources because they can be too-easily recognised.

Thus there are many reasons why the procedures used in past studies of facial recognition
may have led to mixed results.

3 Interpersonal Distances

One further limitation of past studies of facial recognition is that they have not addressed the
inter-personal distance at which it might be desirable to make judgements about other
pedestrians. It is possible that at near distances any effect of SPD is not significant because
the face is too large and on the plateau of visual performance. Thus, alongside evaluation of
interpersonal judgements, this study is investigating the distance at which these judgements
are desired (Yang and Fotios, 2012).

Caminada and van Bommel (1980) proposed a requirement to recognise the face of an
approaching pedestrian at a minimum distance of 4m. This was apparently rounded from the
minimum public distance proposed by Hall (1969), a distance of 3.7 m (12 feet) suggested to
be the minimum distance at which an alert subject would be able to take evasive or defensive
action if threatened. Others might consider this distance to be too short: Townshend (1997)
suggests that once inter-personal distance is reduced below 15 m, the space in which we
have time to react to avoid trouble, or simply an undesirable situation, becomes reduced
beyond comfortable levels. Hall’'s apparent aim was to relate the interplay of the senses to
interpersonal distances, it does not appear that he intended for the findings to be interpreted
as evidence for marking critical distances; the evidence appears to be largely anecdotal and
Hall himself acknowledges that it provides only a first approximation.

One question to ask is whether Hall's work, which did not specifically address vision at low
light levels, is indeed a suitable basis for road lighting — is the minimum distance of 4 m still
relevant to the situation of pedestrians walking at night under road lighting? Adam and
Zukerman (1991) examined interpersonal distance at low and high light levels using a stop-
distance procedure. They used two light levels, 1.5 Ix and 600 Ix. The mean comfortable
distance was greater (1.17 m) under low illuminance than under high illuminance (0.53 m),
indicating a preference for greater separation from unknown people at night-time than at
daytime.

Fujiyama et al (2005) also used a stop-distance procedure to investigate comfortable
distances under five illuminances, ranging from 0.67 Ix to 627 Ix. Ten stationary participants
were asked to say “stop” when an unfamiliar person walking towards them felt uncomfortable.
The results are reported only graphically and without error bars or similar to indicate variance.
Mean comfort distances lie in the region of 4.0 to 5.2 m, with a slight trend to decrease at
higher light level. Fujiyama et al report only a few sample statistical analyses. Comfort



distances at 0.67, 2.8 and 5.5 Ix are significantly longer (p<0.05) than that at 627 Ix, but they
did not find a significant difference between comfort distances at 12.3 and 627 Ix.

The results from Fujiyama et al suggest longer comfortable interpersonal distances (4.0 to 5.2
m) than do the results from Adam and Zukerman (0.53 to 1.2 m). Both studies were carried
out in interior spaces. One difference is the size of the laboratory: Adam and Zukerman used
a smaller room, of dimensions 5.18 m x 6.1 m while Fujiyama et al used the Pedestrlan
Accessibility and Movement Environment Laboratory (PAMELA) which is larger (80 m?). Thus
there may be a stimulus range bias: Adam and Zukerman used a small room which resulted in
a small estimate of comfort distance.

Table 1 presents interpersonal distances reported in past studies. These range from just over
1.0 m to 25 m and clearly this lack of consensus does not support the assumption of a 4 m
critical distance. There are clear variations in comfortable interpersonal distances with light
level and with the procedure used to measure the desired inter-personal distance (Yang and
Fotios, 2012).

Table 1 — Interpersonal distances reported in past studies*

Interpersonal

Study distance Method Type of distance
Sobel and Lillith, | 1.2 m (Day- Field study: behavioural - .

. . Collision avoidance
1975 time) observation

1.17 m (Dim)
Adam and 0.53 m Stop distance in lab Comfort distance
Zukerman, 1991 )

(Bright)
Fujiyama et al, (Dim) . . .
2005 4 m (Bright) Stop distance in lab Comfort distance
Fujiyama et al, (Dim) Collision avoidance Collision avoidance
2005 6 m (Bright) distance in lab
Townshend, 1.5 m (Night- Field study: perceived Comfort distance
1997 time) comfort

25m , . .
METRAC, 1989 (Night-time) Recommendation Safety audit guide
Cutting and

Vishton, 1995 30m Theoretical calculation Action space

*These were either found by experiment or recommended from experience.

It is also worthwhile to consider what information can be gained at different distances. Yang
and Fotios (2012) used an open question approach to find out what characteristics of other
people were correctly reported at different distances. The targets were separate photographs
of four people, with four distances (15 m, 35 m, 66 m, and 135 m) simulated by target size.
The wall surroundlng the target images was palnted whlte and this had a mean luminance of
1.0 cd/m and the luminance of the neutral surround on each image was approximately 0.5
cd/m®. Features reported by the 20 test participants were placed into 14 categories. Figure 1
shows the results for two sets of features, these being characterised by apparent relationship
with distance. One set of features (gender, hair length and body build) could be easily and
equally well identified at the three closer distances, with a rapid decrease at the furthest
distance. A second set of features (type and colour of clothing on lower and upper body, age
group, and shoe colour) could be easily recognised at the closest distance, with a progressive
decrease as distance increased. Facial expression was correctly identified by approximately
50% of test participants at the closest distance (15 m) but was not mentioned for any of the
three further distances.



20+ 20+
0 s - —m— Gender 1(8) —m— Ethnic group
o e --@-- Hair length 1 --@-- Shoe type
15 @ \[--a- Build 16+ -A- Facial expression
2 14
5 > 12
g 104 3 104
2 =2
8 %, g 8
= E 5]
> ° 4]
2
a y -
0 T T T T ) 0 c T R ,
8 16 32 64 128 256 8 16 32 64 128 256
Distance (m) in log scale distance (m) in log scale

Figure 1 — Frequency by which features of target people were mentioned at different
interpersonal distances (Yang and Fotios, 2012).

4 Judgements of Threat

The ability to recognize a face is perhaps not what matters most to people who are concerned
about safety on the streets after dark. What we suggest does matter is the ability to recognise
the intent of people approaching. In the current work we are exploring judgements of
threatening intention using facial expression, body posture and gaze direction and hence how
these judgements are effected by lighting.

Facial expressions provide perhaps the most effective means of communicating emotion
(Etcoff and Magee, 1992; Chen and Chen, 2010). There is an interaction between facial
expression and body posture: Meeren et al (2005) carried out experiments in which test
participants were asked to make rapid judgements on compound images of the face and body
in which the expressions of fear and angry were either matched or mismatched. Electrical
brain activity was used as monitoring indicator. Their results indicate that observers judging a
facial expression were strongly influenced by body language. Boyce and Gutkowski (1995)
recognised the contribution of facial expression and body language to judgements of intent
and thus to fear of crime. Ekman (1965) suggested that facial expression identifies the
emotion while body cues indicate its intensity. He presented observers with photos of the
subject’s head only, body only and head and body together, and studied their ratings of
various emotions in the subject. The results suggest that facial expression identifies the
emotion while body cues indicate its intensity.

Looking at other people serves the two functions of observation and signalling. It is often used
as a threat signal by animals as well as in certain situations by humans (Argyle et al., 1974,
Ellsworth et al., 1972). Argyle and Dean (1965) discuss the appropriate level of friendliness
for an encounter, which is maintained by the amount of mutual gaze among other things: if
one of the subjects wants to make an encounter more intimate, he/she may look more, but if
the other person does not approve of this increase in intimacy, he/she will not reciprocate and
may see the increased gaze as an intrusion. Thus interpretation of intention may depend on
both facial expression and gaze direction. Adams and Kleck (2003) conducted two studies to
test whether direct and averted gaze would respectively facilitate the processing of approach-
oriented and avoidance-oriented emotions. The results of participant’s response latency and
standard error on the judgements of corresponding expressions suggested that gaze direction
and facial expression are combined in the processing of emotionally relevant facial
information.

Fotios and Raynham (2011) suggested that intent might be investigated using faces exhibiting
different expressions and asking for these to be categorised as either friendly or non-friendly.
This would allow a variety of targets to be presented at a constant visual size, with controlled
duration of observation, lit in different ways, in a random order.



An attempt to do this was reported by Fotios and Yang (2013). Twenty test participants were
presented with a set of 48 images in random order, these being 24 facial expressions and 24
body postures, and asked to state whether or not the target would be considered threatening
if encountered alone after dark. Targets were extracted from standard databases (Ebner et al,
2010; de Gelder and van den Stock, 2011) and presented on a series of cards, in a
randomised order, with one target per card. The size of the targets were chosen to present
the images at the visual size at which decisions would be made in real situations, 10 m for
facial expression and 30 m for body posture. Participants were required to make rapid
judgements and this was typically within 2s per image. All trials were carried out under
daylight or office lighting, higher light levels than experienced under road lighting.

There are six universally recognised facial expressions: neutrality, sadness, disgust, fear,
anger, and happiness (Etcoff and Magee, 1992). It was concluded that happy expressions
tended to lead to consistent judgements of not-threat, angry expressions tended to lead to
judgements of a threat but with less consistency that the happy expressions, but that the
remaining expressions did not lead to consistent judgements of threat or not-threat. For body
posture four recognisable emotions have been proposed: anger, fear, happiness, and sadness
(de Gelder & Stock, 2011). As with facial expressions, the happy postures lead to consistent
non-threat judgements, but the fear, sad and angry postures did not lead to consistent
judgements (Fotios and Yang, 2013).

If judgements of the threat presented by a target are not consistent, this confounds
investigation of the effects of lighting.

5 New Studies

Four experiments are being carried out from which to interpret how lighting may affect visual
cues to inter-personal judgements:

e Gaze direction. The literature suggests that another person looking at you can be
perceived to present a threat. This test will determine whether ability to recognise gaze
direction (with variations in eye and/or head movement) is affected by lighting at low
iluminances.

e Recognition of facial expressions and body postures. Pilot studies did not suggest that
judgements of intent based on the standard facial expressions and body postures are
consistent, exhibiting within-subject and between-subject variance. Thus initially the ability
to recognise the emotions intended by standard expressions/postures at low light levels
will be examined. Databases of the standard expressions and postures have been
validated under good lighting conditions, i.e. high luminances, but not the low luminances
typical of road lighting.

e Judgement of threat based on facial expression and body posture. While this task is the
more directly relevant to investigation of inter-personal judgements, pilot studies reveal
inconsistent results. A further problem is that there is no right answer — an angry
expression does not lead with certainty to a threat decision and this may add noise to the
data.

e Facial recognition. For benchmarking with past studies of lighting, a fourth test
investigates facial recognition. In an attempt to develop the methodology used in past
studies this test uses target faces of constant size, limited observation duration, and more
precise recognition criterion.

Target images are photographs drawn from standard databases, these presented on a non-
self-illuminated display screen (i.e. an e-reader). A non- self-illuminated screen was sought to
avoid the confound of screen light upon ambient light. The targets are presented for 1 s, the
fixation suggested in eye tracking studies of pedestrians. This study examines the effects of
the level and spectrum of lighting, using three vertical illuminances on the target faces
(approximately 0.2, 2.0 and 20 lux) and two types of lamp representing spectra of poor and
good colour quality (HPS and MH).Test participants were drawn from younger and older age
groups.



6 Method

Target stimuli, colour photographs of faces or bodies, were presented on a non-self-
illuminated screen (Pixel Qi® PQ3Qi-01, 10.1”) having a resolution of 1024 x 600. The non-
self-illuminated status is achieved by switching off the back light of the screen. It was
subsequently found that in this status, at the low light levels of the current study, the target
images were apparently grey scale.

Target images were photographs of actors expressing a range of facial expressions, body
postures and gaze directions, and these were obtained with permission from three databases.
The FACES database is a set of images of naturalistic faces of 171 younger, middle-aged and
older women and men, displaying each of six facial expressions: anger, disgust, fear,
happiness, neutrality and sadness (Ebner et al., 2010). Twenty four images were used, these
being six expressions from each of four targets: a young male, a young female, an old male
and an old female. The BEAST database comprises 254 whole body postures from 46 actors
expressing four emotions; anger, fear, happiness, and sadness (de Gelder and van den Stock,
2011). Sixteen images were selected, these being four postures from four target people, two
males and two females. Note that in these images the target faces are covered by neutral
shading. Gaze direction targets were selected from the head pose and gaze database
developed by Institute of Neural Information Processing University of Ulm (Weidenbacher et
al., 2007). Sixteen images of four target people were used, these being two males and two
females with one male and one female wearing glasses. For each target person there were
four combinations of head pose and gaze direction: straight or rotated head position and
direct or averted gaze.

The screen was observed inside a test booth (Figure 2), this designed to permit changes in
luminance (by adjustment of an iris) and spectral power distribution (by changing lamp type)
with negligible change in spatial distribution. The screen was placed on the floor of the booth
and lit from overhead. It was observed from a distance of 0.65 and this was maintained using
a chin rest with forehead restraint.

The sizes of target images were manipulated to represent different observation distances.
Following discussion above of comfort distance, and with limitations imposed by the screen
size, the simulated distances were 4 m, 10 m and 15 m for facial expression; 2 m, 4 m and 10
m for gaze direction; 10 m, 30 m and 135 m for body postures. According to the results of
pilot studies, these target sizes should also approximately bracket the range of performance
from chance level to a good level.

Six lighting conditions were used. There were two types of lamp, high pressure sodium (HPS;
2000K, S/P= 0.57, Ra = 25 Ra) and a metal halide lamp (MH: 4200K, S/P = 1.77, Ra = 92).
Three light levels were used. These were approximately 0.2, 2.0 and 20 lux, chosen to
bracket the range of light levels expected in residential streets in the UK: the two log unit
range was chosen to have reasonable expectation of an effect of light level. Each lamp was
adjusted to present a target luminance on the screen of 0.01 cd/m?, 0.1 cd/m? and 1 cd/m?.

7 Procedure

Visual acuity was examined using a Landolt ring test and normal colour vision was confirmed
using the Ishihara test, these observed under a D65 source. Test participants were seated
facing the screen. Each trial started with 20 minute for adaptation to the low light level.

A series of practise trials were used to present and confirm understanding of the response
options. Responses were given using a button box, with one button for each of the available
responses. The responses were emotions (anger, disgust, fear, happiness, neutrality and
sadness) for the facial expression targets, similarly (anger, fear, happiness, and sadness) for
the body posture targets, and gaze toward or away from the observer (test participant) for the
gaze direction targets. Each target was presented for 1000 ms, this being chosen to simulate
the rapid observation of an unknown approaching person expected in real situations, with no
time limit for input of the subsequent response.
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Figure 2 — Section through apparatus used to observe target faces/bodies under different light
settings.

The sequence in which the three tasks (categorical perception of facial expression, body
posture and gaze direction) were used was counterbalanced, and within each task the images
with different sizes, and emotions or gaze directions, were mixed and presented in a semi-
random order.

8 Results

The aim is to use 30 test participants. To date, ten have completed the gaze direction trial
and judgements of emotion from facial expression and body posture (1 and 2 above).These
were recruited from staff and students at the University of Sheffield and were paid a small fee
for their contribution. Seven were male and three were female; they were drawn from
European, Middle East and Asian populations; eight were young (aged 18-40 years old) and
two were in the 40-65 age group. These initial results are shown in Figures 3-5.
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Figure 3 — Average frequency for correctly identifying emotion from observation of the body
posturetargets. There were four possible emotions and four target people: maximum frequency
= 16, chance frequency = 4.
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Figure 5 — Average frequency for correctly identifying gaze direction from observation of the
target faces. There were four combinations of head and eye orientation and four target people:
maximum frequency = 16, chance frequency = 8.

The visual tasks were achromatic and were centrally fixated: as expected, there is no
apparent difference in performance between the HPS and MH lamps.

As luminance increases, there is an apparent increase in probability of identifying emotion
exhibited by facial expression or body posture; for gaze direction, luminances of 0.01 and 0.1
cd/m? lead to performance at the chance level, and a luminance of 1.0 leads to just above
chance level performance. At 0.01 cd/m? only body postures at a distance of 10m can be
identified at a performance level above chance.

Shorter distances lead to increased probability of identifying emotion exhibited by facial
expression or body posture: this may be as expected due to the larger visual size subtended.



For gaze direction, at low light levels (0.01 and 0.1 cd/m ) there is no apparent difference
between the three simulated distances: for the higher light level (1.0 cd/m?) there is a higher
probability for detecting gaze direction of the closer targets than the distant targets.

If identification of gaze direction is important, these data suggest a need for target luminances
of at least 1.0 cd/m? to ensure probability of correct identification above the chance level. The
facial expression and body posture data suggest a plateau-escarpment relationship, and the
knee in these curves provides one estimate of minimum light level.

The maximum identification probabilities found in the current data (75% for facial expression
and 92% for body posture) approach those exhibited (81.3% for facial expression (Ebner et al,
2010) and 92.6% for body posture (de Gelder and van den Stock, 2011)) when the databases
were validated under good lighting conditions with longer exposyre durations (4 s for body,
unlimited for face). For facial expressions at 4 m this is 0.1 cd/m” increasing to 1.0 cd/m? for
identification at 10m. For body posture, a larger visual target than facial expression, all three
luminances yield close to pIateau performance at 10m, but for identification at 30 m a
minimum luminance of 0.1 cd/m? is required.

These observations are drawn from experiments with only ten test participants and will be re-
examined following completion of the larger sample. There is also a need to repeat these
trials using colour targets: this may reveal differences in performance between lamps and may
affect judgements of performance thresholds. It is apparent that using these data to suggest
design light levels requires further discussion as to which task(s) is the more critical and at
which distance the critical task needs to be carried out.

9 Conclusion

This article discusses interpersonal judgements made between pedestrians after dark and in
particular that judgements of intent are needed in addition to judgements of identity. The
current study uses judgements of emotion from facial expression and body posture, and
judgements of gaze direction, to evaluate the influence of lighting on perceived intent. This
work includes investigation of interpersonal distances — how far away we desire other people
to be when making judgements of intent.

An experiment has been carried out in which forced choice judgements of emotion or gaze
direction are sought after 1000 ms exposure using combinations of Iluminance and
interpersonal distance. Initial results for judgements of emotion from facial expression
suggest a minimum luminance on the face of 0.1 cd/m? if facial expressions are to be
recognised at 4 m, increasing to 1.0 cd/m? for identification at 10m.
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