




















1.  INTRODUCTION

Various accident studies conducted overseas report a drop in the number of
accidents as a result of the use of daytime running lights (DRL). These
studies have given rise to some dispute, usually based on methodological
and statistical considerations. It is therefore of great importance to
understand the actual effect of DRL: on which mechanisms of effect is DRL

based? How does DRL influence visual perception?

The greatest problem when determining the effect of any measure on visual
performance or assessments (in terms of detection, visibility, conspicuity
etc.) is that the relationship between such indirect measures and behav-
iour and accidents, for example, has not been sufficiently documented. An
improvement in 'visibility’' does not necessarily mean that driver behav-
iour will change. Nevertheless, it is worthwhile investigating these 'per-
ceptual aspects’. Effects in terms of accidents can be better understood
if the preceding processes are also considered. Insight into the under-
lying factors that could explain the effect of DRL - whether in a positive
or negative sense - also allow the assessment of specific hypotheses in

future accident studies.

When we consider the various stages of information-processing, i.e. per-
ception - evaluation - decision-making - action, it will be clear that if
something goes wrong at an early stage (e.g. perception), subsequent steps
will be affected. It hardly needs saying that the majority of information
used by a traffic participant is visual in nature. ’'Not seeing’ a certain
object is of crucial importance, as a mistake at this early stage will
handicap each subsequent process - such as recognition, decision-making

and action - not to speak of obstructing it altogether.

Lighting on vehicles play a twofold role with regard to perception. it is
important for "seeing" and "being seen" . In general, vehicle lighting is
related to both how the vehicle is seen by others and how the vehicle
illuminates its surroundings. One characteristic of DRL is that its func-
tion is not so much to light its surroundings (as would be the case at
night), allowing the driver of the vehicle to ’see’ properly, but to allow
the vehicle to be 'better seen’ by others (compared to the vehicle not
using lights) (e.g. see OECD, 1990, pp. 53-54). DRL will therefore be used

mainly to make the vehicle more "visible" to others.
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2. VISUAL PERCEPTION

Visual perception is a concept which refers to all perceptual processes
and results imaginable. As a result of its generalised nature, the litera-
ture often distinguishes between the various aspects of perception. Con-
cepts such as detection, conspicuity and visibility are often mentioned in
the ’'perception literature’. For the purposes of clarification, therefore,

some of these concepts will now be discussed in brief.

2.1. Visibility and detection

The concepts of "visibility" and "detectability" are often interchanged.

Visibility can be defined as a 50% probability of detection (threshold of
visibility). If an object becomes ’‘more visible', it is generally implied
that its detection ’'improves’ in one way or another, so that the probabil-
ity of detection becomes increasingly greater (and therefore greater than
the 50% already cited, at least); this implies that, in general, an object
can be detected at a greater distance, or that observers need less time to

decide whether or not an object is present (reaction time).

Visibility is subject to a human assessment component, as there is no
equipment that can directly measure "visibility": human.intervention is
always necessary to determine this parameter. Often, such factors are
studied with the aid of detection experiments. One important factor which
determines whether an object is detected is the contrast between object
and background. The contrast (C) between an object and its background is
defined as:

C=(Ly, - L) / Ly
with Ly = luminance of the background

Lo, = luminance of the object.
This is generally expressed as a % (above expression * 100) .
Although contrast is related to visibility, it is not the same thing. Di
Laura (1978, quoted in Sanders & McCormick, 1987) offers a simple example
of this phenomenon. Take an object which contrasts 50% with the background
and illuminate it with a pocket flashlight on a large stage in a theatre:
it will hardly be visible. Now take that same object, lit up by a large
floodlight measuring 10,000 times the luminous intensity of the flash-
light. The contrast remains the same, but the "visibility" differs
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Nevertheless, factors other than external omes can influence conspicuity.
Engel (1976) makes a specific distinction between visual conspicuity
(bottom-up) and cognitive conspicuity (top-down). In more or less the same
manner, Hughes & Cole (1984) have pointed out that conspicuity cannot only
be regarded as characteristic of an object, precisely because it has to do
with attracting attention. Whether an object will attract the attention of
an observer is largely determined by that observer. Hughes & Cole there-
fore distinguish between two types of conspicuity: 'attention conspicuity’
and 'search conspicuity’. The first type refers to the possibility that'an
object will attract the attention of an observer who is not specifically
looking for such an object. The second type, ’'search conspicuity’ is
defined as the characteristics of an object that allow it to be easily and
quickly localised if the observer is looking for it. According to Douglas
& Booker (1977), this search factor can imply a large difference (factor
100 to 1000) with regard to, for example, the minimal luminous intensity
required to 'find an object’.

Henderson et al. (1983) understand the conspicuity (of vehicles) to mean
"not only that attribute of a vehicle that calls attention to itself as a
stimulus, but also those attributes that contribute to the recognition of
a stimulus as a vehicle and to the general understanding of what the vehi-
cle is doing relative to the observer" (p. 145). In this definition there-
fore, both 'types’ of conspicuity as described in the above seem to be

represented.

Hughes & Cole (1984, 1986) summarise a number of factors that also deter-
mine whether an object will be conspicuous or not:

- physical properties of the object and its background;

- the information that is supplied, including information concerning the
unusual or unexpected nature of the object;

- the observer’s need for information (is the observer looking for a par-
ticular object? etc.);

- the perceptual strategy of the observer (road user), which is also
determined by the information in his environment and his need for infor-

mation.

2.3. Recognition, identification and the role of expectations

The most elementary form of perception is detecting whether ’'something is
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visibility and is often accompanied by ’‘feelings of irritation’; "blinding
glare" finally is of such an intensity that for a considerable period of
time, nothing can be seen, and people are literally blinded (see e.g.
Kaufman & Christenson, 1972). ’'Blinding glare’ requires such high lumi-
nance levels, however, that this form of glare is hardly experienced in
practice. In the following paragraphs, we will therefore restrict our-

selves to 'discomfort glare’ and ‘disability glare’.
3.2. Discomfort glare ("psychological blinding"

Discomfort glare is the feeling of irritation or annoyance caused by high
or irregular distributions of luminance in the field of view. The under-
lying processes causing discomfort glare are insufficiently documented.
Much research has been conducted into the experiences of glare. As irri-
tation or 'discomfort’ is a subjective experience, it must be established
by asking people to indicate the level of glare when exposed to a glare

source (e.g. by giving it a particular ’score’).

One of the measures used to indicate discomfort glare is called the BCD,
the ’‘borderline between comfort and discomfort’. The BCD represents the
luminance of a glare source assessed by an observer as being of such in-
tensity that it just causes feeling of discomfort. The higher the BCD
score, the less glare the light source, or the less sensitive the person
is to the effect of that glare. The degree of discomfort glare is also
related to the angle at which the glare source intersects the visual
angle, the size of that source and the background luminance. Bennett
(1977b; quoted in Sanders & McCormick, 1987) discovered a correlation of
0.26 of BCD with background luminance, a correlation of -0.41 with the
size of the glare source and a correlation of 0.12 with the angle between
source and direction of view.

Therefore, the greater the background luminance, the smaller the glare
source and the greater the angle between glare source and direction of
view, the less ’'discomfort’ will result. Bennett, however, noted that
these three factors together only explain 28% of the variance in BCD as-
sessments; individual differences between observers explained much more:
55% of the variance.

Various formulas have been devised that in some way relate aspects asso-
ciated with ’'light’ to the subjective assessments of the amount of ‘dis-

comfort’ experienced. Most follow roughly the following form:
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the cars always used lighting (50, 150 or 400 cd), while the other did
not. The ambient illumination was about 2500 - 5000 lux. The results
showed that the test subjects even thought that a car fitted with a 50 cd
lamp was more visible than a car without lights; better visibility however
only became clearly apparent at 400 cd. Figure 7 shows that the 400 point
is clearly over the line, representing an ’'improvement with respect to the
situation without lighting’, while the other two points are not over this

line.

Allen & Clark (1964) established ’‘visibility’ with the aid of a ’'visibil-
ity meter’'. They noted that a lamp of 21 cd mounted to the front of a car
at an illumination of 2000 ft ed ( = 21.529 lux) was just as ‘visible’

as a black car. At 750 ft e¢d ( = 8.074 lux), the 21 cd lamp was just as
'visible’' as a white car; at 250 ft e¢d ( = 2.691 lux), the 21 cd lamp was
better visible than cars without light. The article by Allen and Clark
does not clarify exactly how this 'visibility meter’ worked. If the points
are entered into Figure 7, the results of the experiment do not agree with
the interpretation that is given in accordance with the figure: in all

three cases, the points are well below the broken line.

4.4,2. Recognition

The previously described detection experiments generally required the test
subjects to detect one vehicle in an otherwise empty traffic area. In
addition, the test subjects always knew what they were supposed to see: a
car. The experiments described in the above are in fact only applicable to
road users who are alert, look in the right place at the right time and

know which (type of) object they can expect.

In reality, all types of lit and unlit vehicles and road users (and other
objects, 1lit or otherwise) will be found on the road; whether the results
of detection experiments are relevant to these situations is not certain.
It is therefore recommended that an experiment be conducted in which test
subjects should not only detect road users - not necessarily cars alone -
but should also identify or recognise them as pedestrians, cars, cycles

etc. The ’‘correct recognition’ can then be demonstrated by the correct

naming of the object, or from the ’'correct’ (traffic) manoeuvre the test

subjects are expected to carry out. Such an experiment could assess wheth-
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er cars with DRL are also better recognised as such; the lighting can
then be regarded as extra coding, and foster a certain expectation of a
vehicle 'participating in traffic’, in contrast to a parked car, for exam-
ple without lighting). As to date, little attention has been paid to such
cognitive processes in studies on perception in the field of road (safety)
research, it is recommended that a study be carried out to examine to what
extent ’'top-down’ influences could play a role with measures such as DRL,

for example.

The schematic model (Figure 3) assumes that recognition and identifica-
tion performance also improves as the luminous intensity of lamps increases.
Whether this is indeed the case will have to be established on the basis
of studies. One indication that the identification performance does indeed
increase as luminance levels rise can be deduced from a laboratory study
conducted by Hagenzieker et al. (1990). Test subjects had to name letters
which either had a 'high’ (10 cd/mz) or a 'low’ (0.2 cd/mz) luminance.

The results showed that the identification performance improved under high
luminance conditions. Strikingly enough, the localisation performance was
not affected when the high and low luminance conditions were compared to
each other. Apparently, two more or less independent components or proces-
ses are involved in 'recognition’: localisation and identification. It
must be noted that this laboratory task is still far removed from ’'real-
ity’, and generalisation on the results is a risky business; it serves to
illustrate that "recognition" and "identification" may be important

dependent variables which demand further study, also in relation to DRL.
4.4.3, Assessments o discomfort lare

In terms of the model of Figure 3, studies relevant to assessments of
glare are particularly concerned with finding a boundary between ’good’
perception (without annoying side effects) and the occurrence of glare.
Kirkpatrick & Marshall (1989) studied the extent to which headlights (at
various light intensities) caused discomfort glare at an average ambient
illumination of about 1900 lux, when observers see the lights of an
approaching car in their rear-view mirror. Light intensities of 500, 1000,
2000, 4000 and 7000 cd were used.

The subject had to indicate on a 9-point scale (De Boer scale) how an-

noying they felt this glare to be. The results showed that the 2000 cd
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5. OTHER STUDIES

This chapter finally will summarise several studies where the results
could not be fitted into the previous diagram. This relates to studies
where the effect of vehicles using light is studied with regard to the
detection of vehicles not using lights. Some studies have also looked into
the possible masking effect DRL would have on brake lights and indicators.
Attwood (1977, 1979) examined the extent to which vehicle lighting affects
the detection of an unlit vehicle. The results showed that if an unlit car
must be detected between two cars with low-beam headlights, it would be
more difficult to detect than if all cars used the same lighting (or were
all unlit). This effect increased as the ambient illumination decreased or
the luminous intensity of the lamps increased; the effect was therefore

greatest during the period of (low) twilight.

An associated question is whether the introduction of DRL will make slow
traffic - such as pedestrians and cyclists - relatively less visible or
conspicuous. Riemersma et al. (1987) studied changes in the conspicuity

of cyclists (without lights) in the vicinity of a car using lights. The
conspicuity was measured with a special ‘conspicuity meter’' (see Wertheim,
1986; Wertheim & Tenkink, 1987), whereby the conspicuity was determined by
establishing to what extent contrast could be reduced, until the object to
be measured fell just below the borderline of visibility. In addition, eye
movements were recorded, and test subjects underwent a naming experiment
in which they had to relate what they saw at various scenes. With each of
these three experiments, results showed that the lighting increased the
conspicuity of the vehicle, without adversely affecting the conspicuity of
the cyclist.

Whether lit vehicles can actually cause unlit road users (other cars or
slow traffic) to be less easy to detect or less conspicuous is therefore
impossible to measure on the basis of these two studies, as superficially

at least, the results seem to be in conflict with each other-

Kirkpatrick et al. (1987) report a study in which the masking effects of
DRL were assessed in relation to indicators . They found that at a luminous
intensity of 250 cd for the indicator and a range of 500 to 2000 cd for
DRL, the viewing distance affected the masking effect as did the lamp



































































































