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“I didn’t see them until it was too late!” This phrase 
often appears in the statements of drivers involved 
in a nighttime impact, especially when pedestrians 
are involved. In many cases, it will be very true. Pe-
destrians often place themselves in situations in 
which even the alert average driver would be un-
able to avoid them.

Driver visibility depends upon a host of factors 
including: the weather, the driver’s age and state of 
light adaptation, the vehicle headlights (high or low 
beam), the available roadway lighting, and the pe-
destrian’s motion, clothing, and size. Even the driv-
er’s eye colour may play a factor if there is oncoming 
glare present. However, with the proper tools and 
careful experimentation, it is possible to quantify the 
likelihood of hazard detection for an average driver. 
This may be particularly useful in avoidance analyses 
to aid in liability apportionment.

A Visual Primer
In a study of pedestrian accident reports by the In-
diana Department of Motor Vehicles, 87% of driv-
ers who struck a pedestrian at night claimed they 
could not see the pedestrian. In the daytime, this 
dropped to 11.8%. While this conclusion appears 
to confirm our common sense expectations, it also 
suggests that we have very different visual systems 
functioning in the day and night. 

Light enters our eye through the cornea (Figure 
1). The cornea, together with the lens, will focus an 
image on the retina, an area covering about two 
thirds of the eye’s interior which is covered with 
light sensitive cells. There is a small depression in 
the center of the retina called the fovea which rep-
resents our zone of highest visual acuity. However, 
the fovea represents only a small area within our 
visual field, about 2 degrees. For this reason, detec-
tion of a hazard would typically occur in the periph-
eral area of the retina. The eye would then focus its 
foveal area on the hazard for identification. 

There are two general types of light-sensitive recep-
tor cells on the retina: rods and 
cones. The rods are located 
in the periphery, are insensi-
tive to colour, and function at 
lower light levels. The cones 
are colour sensitive and func-
tion at higher light levels. They 
are the only cell present in the 
fovea but are also scattered 
throughout the periphery of 
the retina. There are about 120 
million rod cells and 4.5 million 
cone cells in the eye.

In the daytime, our eyes operate in what is termed 
the photopic range and only the cone cells are func-
tional. As light levels are decreased through twilight, 
the rods and cones function together in the mesopic 
range. Finally, at light levels consistent with viewing 
average earth under a full moon, only the rods are 
functional. This is called the scotopic range. In this 
range, the eye will be completely colour blind and 
the foveal region of the eye, which contains only 
cone cells, will be blind. 

When operating a motor vehicle, the pavement 
in front of the driver will generally be illuminated by 
the vehicle’s headlights. Additionally, for some inci-
dents, there may be illumination from streetlights. 
Thus, the driver will never be truly dark-adapted 
and will generally be operating in the mesopic 
range where both rod and cone cells are functional. 
However, the effectiveness of the cones will be re-
duced so colour vision and visual acuity (the ability 
to resolve fine detail) are reduced.

Detection Distance
Research has been performed to assess the 

range of detection distances at which a driver may 
detect a pedestrian under nighttime conditions. 
Given the range of factors which can affect driver 
visibility, these tests are really only applicable to in-
cidents which replicate their conditions. However, 
they provide an excellent starting point to any vis-
ibility analysis.

Olson and Sivak performed a test in which pe-
destrians wearing either a white shirt or a dark shirt 
stood on the side of an unlit rural road.2 Driver 
and passenger subjects travelling at 40 km/h were 
equipped with a control box containing a number of 
buttons corresponding to the various target types 
and locations so that the response distance of the 
subjects to the pedestrians could be recorded. Two 
subject groups were considered: young (18 to 30 
years) and older (65 years or more). There were very 
different results depending on the age of the sub-

ject, the pedestrian’s cloth-
ing, and the side of the road 
the pedestrian was standing 
on. The average detection 
distances for the young and 
older subjects are shown in 
Figures 2 and 3.

It may be somewhat in-
tuitive that a younger driver 
could see a pedestrian from 
further away than an older 
driver or that a pedestrian 
wearing white could be seen 
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from further away than one dressed 
in black. However, the finding that a 
pedestrian on the right could be seen 
from further away than one on the left 
may not be as obvious. This is affected 
by the aim of low beam headlights.

Low beam vehicle headlighting rep-
resents a compromise between pro-
viding as much forward light as pos-
sible for the driver while minimizing 
the light that would be shining into the 
eyes of oncoming drivers. As a result, 
the low beam pattern is biased to the 
right (Figure 4). Hence, more light will 
reach objects on the right side of the 
road and they will generally be seen 
from further away.

Expectancy
The accident reconstructionist must 
be careful in applying experimental 
detection data to a real-world inci-
dent. In most experiments, the sub-
jects have been told to expect pedes-
trians on the side of the road and have 
been shown what they look like prior 
to collecting the data. This is a very 
different state of awareness than the 
typical driver on the road would have. 
Thus, we must correct in some way for 
expectancy. 

Roper and Howard performed an 
experiment in which drivers were un-
expectedly confronted with a pedes-

trian dummy in front of their vehicle 
and their response distance was re-
corded.3 The experiment was redone 
with the driver now aware that the 
dummy was in their path. Under these 
expectant conditions, the drivers 
were able to detect the dummy from 
about twice as far away. 

If a correction factor for expectancy 
is applied to the data presented ear-
lier for older drivers, the results are 
shown in Figure 5. The speeds a ve-
hicle would need to be travelling to 
allow avoidance by a 50th percentile 
driver are also shown in the figure. 
Of course, as with any human perfor-
mance characteristic, there would be 
significant range in the population as 

well. These values suggest that on an 
unlit road, drivers will usually be over-
driving their headlights even if they 
are travelling at the speed limit.

Scene Recreation and  
Visibility Modelling
When a scene is substantially differ-
ent from the available detection data 
in the literature, it becomes neces-
sary for the investigator to recreate 
the scene as closely as possible in or-
der to assess driver visibility. Depend-
ing on the traffic volume, this may re-
quire closure of the road. If possible, 
a similar vehicle should be used. Also, 
similar pedestrian clothing should be 
used. Glare sources, such as oncom-
ing headlights should also be ac-
counted for and care should be taken 
to assure that the ambient light will 
be similar to that on the date of in-
cident. 

While photographs may be taken at 
the scene as a demonstrative aid, they 
should not be relied upon as an indi-
cator of visibility. There are numerous 
reasons for this:

• The camera output can be 
varied with exposure time and 
aperture settings.

• The dynamic range of the film 
(that is, the range from the light-
est to the darkest areas it can 
record) is not as wide as that of 
the eye.

• The camera’s field of view will 
not match that of a driver.

• When looking at a photograph, 
the viewer’s eyes are typically 
adapted to a completely dif-
ferent state than the nighttime 
driver.

• The viewer can stare at a pho-
tograph for an unlimited time 
whereas the driver is facing a 
dynamically changing scene.

• The sizes of objects in the 
photograph are different than 
actual.

• The viewer is aware that there 
is a target in the photograph 
whereas the driver was not.

The investigator should also not rely 
solely upon their personal observa-
tions of the scene. Since age and in-
dividual differences affect visibility 
so greatly, using the sight distance 
of one investigator could be akin to 
assuming the average height of the 
population based on the observation 
of one basketball player. In addition, 
the investigator is aware of the haz-

Figure 2: Average detection distances for young drivers  
(18 to 30 years)

Figure 3: Average detection distances for older drivers  
(over 65 years)

Figure 5: Average detection distances for unalerted older 
drivers (over 65 years)

Figure 4: Typical low beam headlight pattern at ground (green), 
headlight height (red), and eye height (black)
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ard’s presence and this awareness will lead 
to improved performance. It is much more 
prudent to compare the driver, whose 
nighttime visual abilities are typically un-
known, with a population average. 

The most important detection criteria in 
nighttime conditions is luminance contrast; 
that is, how much light does the hazard re-
flect or emit in comparison to the light re-
flected or emitted by their background. The 
hazard may in positive contrast (brighter than 
its background) or negative contrast (darker 
than its background). Vehicle headlights 
typically create positive contrast as they will 
illuminate a pedestrian to a greater extent 
than the background which is far beyond 
them. Streetlights on the other hand tend to 
create negative contrast as they will light the 
road surface to a greater extent than the ver-
tical pedestrian. The combination of street-
lights and headlights could then potentially 
reduce the overall contrast between the pe-
destrian and their background. 

Using a luminance meter, the luminance 
of the surrogate pedestrian and their back-
ground can be recorded at various posi-
tions from the approaching driver’s view. 
This method removes all subjectivity from 
the analysis as the actual contrast can be 
calculated. Whether or not this contrast 
is sufficient for detection by the average 
driver in the specific scenario requires fur-
ther analysis. 

One of the design approaches recom-
mended by the Illuminating Engineering 
Society of North America for roadway light-
ing layout is small target visibility (STV).4,5 
This is based on a visibility metric which 
incorporates factors for target and back-
ground luminance, target size, observer 
age and observation time, contrast polarity 
(positive or negative), and glare to calculate 
a Visibility Level. A Visibility Level of one is 
defined as that value needed for 99.9% of 
laboratory observers to detect a target. 
Since a driver on the road is occupied with 
many additional tasks, it is expected that 
they would require some multiple of this 
threshold value for detection. 

Research has been performed to calibrate 
this visibility model for nighttime driving 
conditions.6 That is, the Visibility Levels that 
are required by the average alerted or un-
alerted driver under various scenarios have 
been determined. Using the contrast mea-
surements gathered at the scene, Visibility 
Levels can be calculated to determine the 
likely position where an average driver could 
detect the hazard. From that point, a typical 
avoidance analysis can be performed allow-
ing a suitable perception/response time. In 
many cases, this approach will show that the 
average driver simply did not have sufficient 
time and distance available to avoid.

The Pedestrian’s Point of View
For a driver, the pedestrian at night often 
represents a dark target viewed against a 
dark background – an inherently difficult 
hazard to detect. Conversely, if the vehicle 
headlights are on, they will function as a 
very high contrast target against the dark 
background. So, why do pedestrians cross 
in front of approaching motor vehicles?

There are several possibilities. First, peo-
ple generally have difficulty judging the ap-
proach speed of vehicles. If the only visible 
cue is a pair of headlights, this judgment 
could be even more difficult. Secondly, 
weather conditions may lead pedestrians 
to exhibit risky crossing behaviours. For ex-
ample, the “duck the head and run” motion 
which is common in the rain or the use of 
umbrellas (most often, black) without taking 
the time to glance around them toward traf-
fic are obviously problematic. Finally, stud-
ies have shown that pedestrians will gen-
erally overestimate the distance that they 
believe they can be seen from. 

Allen et al had pedestrians on the side of 
the road estimate the positions from which 
they believed an approaching driver could 
see them.7 At the same time, the approach-
ing drivers indicated the distances from 
which they could see the pedestrians. On 
average, the pedestrians thought they could 
be seen from twice as far away. If we apply 
the expectancy correction to this data, it is 
likely that pedestrians estimate they can be 
seen from four times further than the driver 
is actually capable of. This is why it is recom-
mended that pedestrians not cross until they 
have made eye contact with the driver.

Summary
There are physical reasons for a driver’s re-
duced visual performance at night. The in-
creased dominance of the rod cells means 
that luminance, or brightness, contrast 
becomes the primary detection cue avail-
able to a driver. That is, how bright, does 
a pedestrian appear to be relative to its 
background? Since vehicle and roadway 
lighting create this contrast in different 
ways, they may actually reduce the avail-
able contrast in certain combinations. If 
contrast is reduced, the driver’s detection 
distance will also be reduced.

Other factors leading to lower detec-
tion distances are poor weather, driver age, 
the presence of oncoming glare, a smaller 
target size, and target position. Due to the 
aim of low beam headlights, pedestrians 
on the left will be less visible than those on 
the right. These factors can be accounted 
for in scene recreations where the reflected 
light from a surrogate pedestrian and their 
background can be measured. Calcula-
tions can then be performed to determine 
the position where an average driver could 

have detected the pedestrian. This may be 
particularly useful in avoidance analyses to 
aid in liability apportionment.
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