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of car occupants by the use of energy-absorbing technicues; but we have not been as
successful in reducing the risks of having collisions. When drivers are asked why an
o aceident occurred very often they claim that they saw the other road user oo late to
/ z L)Iﬁ]'.ﬁ Pﬁ,. avoid collision. This paper discusses the basic road user error of failing to see

. Ower the past two or three decades we have been quite successful in reducing injuries
7 ¥ 4

> another road user in time, why such errors happen, and how they can be reduced.

L N pd A detection error is basic, because without detection no processing of

'é}# 'y information, no decision process including that road uscr, takes place. Among the
F /‘/ J many causes of detection error 1wo of the mare imporiant are

o A ]ag al cognitive Exr.u_:::laiiua illustrated by the failure to scan for a particular
I o/ class ol foa uscr, or 10 look in the appropriate direction;
e i v Wil toan Thresholdsoillustrated by the failure to discern the

relcmnt stimuli in ]ﬂwcr evels of ambient illumination or in situations where
vehicles approach in the peripheral visual field of road users,

1. Background

One of the most typical characteristics of human behaviour is variability. 1t is therefore
difficult to decide when an error is made; some kind of criteria is needed, As in all other
types of human behaviour, intra-individual, as well as inter-individual, variation in
driver behaviour is enormous. It is difficult to separate errors from "normal’ variation.
Since we have not really been able to define what is characteristic for a good, error-free
driver, we cannot specify what is typical for driver errors, It should be acceptable to
classify behaviour leading or contributing to a road accident as erroneous. There are of
course exceptions, as when  fault suddenly occurs in the vehicle or the road. Normally
the driver acts as the operator (and as the only variable element) in driver—vehicle-road
system,

This paper considers only detection errors; that is, failure by a road user to detect
! another road userin time to be able to avoid him or her while successfully completing a
planned course of action.

{ 2. The role of detection in locomotion
f';al..f"*“ - As forms of locomotion, driving and walking differ in guantitative more than
é gualitative terms. In both cases individuals make very similar uses of sensory mnput,
_/&"""" { ( Thainly visual, n order 16 make their wiy about while avoiding other moving creatures
{J

ed mf)"”-ﬂ‘" e and stationary objects. However, the roles of driving and walking are played in very
different environments. Compare moving by foot in a forest with moving by car on a
matorway, The stimulus richness and redundancy 15 much larger in the forest. We
probably need this redurdancy to make accurate : decisions.and the failure of the toad
rmlh;. environment to provide this redundancy is pr_ﬂhﬂbhrmnihm
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to rely on artificial and questionable information sources like road signs. This could be
‘the Topic ol several papers, but this paper will consider only the central task of detecting
(not estimating or judging) other moving objects (road users),

In this respect the correspondence between walking and driving is probably
gredter —although the targets and motion patterns have to be detected in different
environments, against different backgrounds, Due to the higher speeds and larger
masses involved, detection of other moving objects during driving is much more
important in road traffic than in walking. Detection has to take place carlier if collisions
or near collisions are to be avoided.

3. Road traffic collisions
According to official statistics (e.g., UN 1986), collisions between road users constitute
about two-thirds of all road accidents involving human injury. In the various attcmpts
to analyse the factors behind such accidents using special multidisciplinary accident
investigation groups (€., Treat e ranking of the main types of human errors is
. recognition errors;

¢ . / 3. performance errors;
E B N G | 4. other.
' Al W - Recognition errors are predominant. These types of errors could be assembled under
E, , !}} the heading t‘.ll:_‘.i_t'l'_apprﬂ]]r:iail: information acquisition and processing’. The next step in
v u the Treat study was to specify the human errors further In decreasing order of
& 91‘" frequency of occurrence the following ertors are given;
. ' L. improper lookout;
E 2. excessive speed:
F 3 inattention;
! 4. false assumption;
g 5. improper manoeuvre;
2 6. internal distraction.
E’ a% g " Here the weakness of this approach becomes evident. Since this, and most previous
¢ : ;;:4" T4 accident investigations, lack an explicit theoretical h;tsis,hmis tend to be of a very
= < £ gencral, commonsense, character: they are hard to relate to other types of data, they are
" c{[{"ﬁﬂ farf” 2 W Lo communicate to other disciplines, and, perhaps most important, thev tend To
{V"ﬁ | = use human error as an all-purpose default category, Every accident which cannot be
F, explained in terms of technical failures tends ta be atinbuted todiuinan error,

In road traffic with a considerable physical and human inertia 1t is obvious that
failure to detect the other road user early enough is a main source of error. This
conclusion isalso supported by explanations of their traffic accidents which people give
in court. The most frequent explanations for such accidents |u__1_l‘_!_t'-hl_mt.:£j_4;;___
Suddenly he was there’, ete.

4. Late detection caicgories
Failures to detect another road user early enough to avoid & collision may have several
causes, but they seem to belong to twa main citegories;
o agOgnitive errorilustrated by a failure to look in the direction of the road userin
question. or failure to look for the specific type of road user type in question;
e ypereeptual erros, illustrated by the failure to detect another road user in

peripheral vision or in situations of reduced ambient llumination,
] Sty
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ke road signs. This could be
the ceniral task of detecting
TS, I

5. Cognitive detection errors
Although our penipheral vision is quite sensitive to motion, human vision is basically a
very selective sensory S}rstcﬁf_}' hen we want to check a real life situation visually we

] i i I ; |
=l ;r;,d ;[rnlng is probably usiattycannot look at everything at once. The richness of the visual stimulus pattern is
" E ctected in differem s0 enormous in its range that perceptual analysis has to be quite selective. We
1gher speeds and larger therefore search specific areas of interest where we believe that the information content
ing driving is much more —/

and density is especially high. We could even express it in the following way: the maim~
Task of vision is to test the hypotheses worked out by the subject concerning the e
situation at the moment and the way the situation is going to change. Experience and |.'{FI'?"H %
expectation guide attention and visual focus. Analyses of patterns of eye movements &5 Z1la
suppart these ideas for drivers, as well as for other operators in dynamic situations.

If we use the type of hierarchical driver models (see figure 1) as suggested by Janssen
(1979) and others, we may describe the problem of cognitive detection errors in the
fellowing way. In the ecological situation of animals in their natural environment, e.g. a
person walking in the forest, detection of other moving object (friends, enemies, targets) ol
is normally taking place on the soﬂlled@'ﬁﬁmimlian is more or ﬂ,qu}”‘ﬂ
less unconscious, automatic, and fast. By instinct and experience people know what to e

look for, where, and when to look for it and if they miss it they have a ﬂuﬂ_p_m_al i HJPL
svstem developed to detect and compensate for such misses. This makes detection both

fast and effective. Furthermore, in general, the speeds and masses are relatively low so
that mistakes due to late detection can usually be corrected in time.

Unfortunately today’s road users are not protected by evulutionar}r adaptation to _----",Ll,n_wﬁ
their r1|: and often have only limited experience of operating r“-"‘ e orl
within it. The attention, the locus of interest. must often be directed voluntarily in a 0¥ Al g
consctous, planned, and controlled way. Let us take an example, According to the rales i ?//
ol the road, the critical vehicle often appears from the right (the right hand rule in most
countries with right hand driving). The search patterns learned and used to detect
ancoming vehicles on roads are not automatic and skill-based, but controlled and rule-

[
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__.My#ud-'e&*q '_..-..g.-.,_p___‘___k.:-_._q__
patterns. They are’more vulnerable 1o errors_and due {o the speeds and the masses even by a pedesiri
involved itis very ditficult (o compensale for an error once it begins to oceur, Errorsare far as we know, n

thus both more probable and more difficult lo overcome.

and Rumar 1966),
There are situations where the natural skill-based behaviour is in direct conflicg

motivational com

with the rule- or knowledge-based, officially-required behaviour. Knowledge, A third detecn
expectation, and behaviour at various types of crossings are illustrative examples (see People are preace
“table 1 (Helmers and Aberg —Buch clear or contradictory traffic conditions, of imformation seare
© course, increase the proBability ol an error cecurring, both for natural and automatic ag Using the sin
»% well as controlled and rule or knowledge based detection errors,

cognilive detectio
other detection error of cognitive aetiology occurs when 4 road user has a often has to be ¢

2 ;Kf “partly correet expectation. He or she has a functional mode] of the traffic which is unconscious and
|
a’///

S Appropriale in terms of when and where to look, but inappropriate in terms o] wﬁ_.-_s,_t_lg In conchusion

- look for, That is, a model which is correct in spatial and temporal relationships but ghove are 4 resu

Ay wrong in terms of target selection. The road accident history is full of such examples, environment and |

/; Road users usually look in the appropriate direction at the appropriate moment, but expeclittion, whic

= ” they also usually loak for cars, This is a very natural behaviour since cars are often the time to aveid 4 ¢

: ‘l,r . ‘P.-f"" (_JEiI'gI.:SE. heaviest, fastest, and consequently most dangerous maving ohbject visible, Are the more

! i I"- Unfortunately, after doing this and seeing no car within a critical distance, they be found inthe co

| F‘EI"} ﬁ ( 'L_q:[rmplen:llhe acyon they had planned and hit or are hlit by a cvelist, a mntm‘lcyciifl or glfective but simpl

,':lﬂ | N Mo Fasg fjtd .r"t-ﬁ—t_.'_r‘“:"la_ P g—“*"’ '35-"*"'“"#‘“:*.. L L.A'_l-’_:- flf-‘-;---"--*—#* fluorescent colou:
) & Aedln Dl o. SR N e T next section,

1 Table 1. Results of driver knowledge (%) about correct behavioural and actual driver
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.ven by o pedestrian. This problem o ‘looking but not seeing’ in road traffic has been, as |
far a5 we know, not really investigated cxcept in the CIsE ol road s1 £, Johansson |
i Rumar 1966), This is a cognitive detection Ertor which probably has a considerable \
motivational component, L )
A third detection error of cognitive actiology may be caused b;.(f_mcrn;ﬂ distraction. )
People are preoceupied by some personal problem to such an extent that their normal
imformation search patterns are destroyed or they are looking without seeing.
Using the simple operator model oulined in figure 1, the main contnbutor lo
cognitive detection errors is the fact thatde avi i ad traffic too

oiten has o be carried out at the conscious, planned level instead of in a natural, v

A‘ LD A T

Coary Re kTl

—————————— |

In conclusion we may say that cognitive detection errors of the type discussed
above are a result of a discrepancy between the road user model of the traffic | ExCEsviu,
snvironment and the real situation. This may lead to erroncous expectancies, or lack of | v io cqTimw

cxpectation, WIICT in turn may Contribute to failure to detect the other road users in =
time o avoid a collision. PE ey
Are the more ¢ffective countermeasures against these classes of detection errors Lo ERRai

he found in the cognitive domain (e.., information, education. training), or are equally
clicetive hul simpler countermeasures o be found among perceptual enhancement (e g.,
torescent colours, daytime running lights, Nlashing beacons)? This is the topic of the
nexl section.

6. Perceptual detection errors

s we have noted above, our perceptual (visual) system 15 4 praduct of ecological
adaptation, Thanks to a functional perceptual system we have survived by early
detection of our enemies and efficient detection of our prey: thanks to a unctiomal
perceptual system we have been ableto deE_h_es between our predictions and
capectations and reality. During the past few centuries humans have, 10 a large extent,
TTTRE old ecological environments and entered artifical activities like driving cars on
modern ronds. Thus our ecologically-developed and -designed perceptual systems have
become partly obsolete. Typical examples are late or even failed detection in night
vruflic. or when vehicles approach in the periphery of the visual hield. The situation has
sradually changed m such a way that some road traffic situations now present
important stimuli (other road users) below some of the thresholds of the visual system.
These thresholds were developed and 'set during the evolutionary history of
humankind, and proved to work superbly under the earlier demands that they were
designed to meet, They are unfortunately inadequate in some contemporary road
traflic conditions. In particular there are situations in which they do not offer
adequately sensitive detection of oncoming motor vehicles,

7. ¥Yechicle colour

R
¢ Dahlstedt and Rumar(1973) garried out a study of cues used for detection of ancoming

veiclea n rural rathc, Colour slides and verbal descnipbions were taken al the momant
of detection in real traffic. Their results show that brightness contrast {colour,
silhouette, flashes, headlights) is the dominating single factor (= 80%.) during summer
4 well as winter, Colour cantrast occurred in some cases at high levels of general
Hlumination ( ~ 15%,). Motion was the smallest sipgle cause (5-10%), When headlights
(low heam] were on this was invarabhly the cpuse for detection.
,mu.-@,«- Q.ﬂ"'r—':"‘-a"‘{'dﬂ ﬂf‘-‘:-'ﬂ——c_x
o frpem AN "{"-4'11-&:"."'.'}5‘:"',“\
- cotos co- {;—a (257)
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1286 K. Rumar

On the basis of these results, Dahlstedt and Rumar made some laboratory studies of
the conspicuity of 16 various car colours with and without headlights against some
common traffic backgrounds. Subjects were asked to detect *the vehicle' on a colour
picture projected for a very short ime in front of them. Detection time was the criterion.
The results showed that optimal colour for conspicuity changed with background.
However, when the background was not the sky or a snow field, headlights on gave the
same elfect as the best colour. After these results, the study of relative discriminability of
car colour was abandoned and all subsequent studies of vehicle conspicuity concerned
vehicle lights.

Coaiie g aama - L

8. Vehicle lights

_Most studies of veheile detection as a function of front light intensity have been carried
~" out in central (foveal) vision (for a review sc@iﬁ%ﬁc results from these
studies indicate that, in central vision. even very low daytime running light (DRL
intensities (< 100 cd each) may increase vehicle conspicuily. Efectiveness of detection
Tncreases markedly with intensity, and even quite high intensitics { < 5000 cd each) are
very effective_and_cause [0 _serious_problem _of glare” HoWever there is some
disagreement on this last point. Some argue that, if lights are to be acceptable at dawn
and dusk, glare problems may occur, and they suggest a maximum value of 1000-
1500¢d.
# Rumar and his co-workers (Rumar er al. 1989) have, in several studies,

: 7~ systemalically investigated the (Beripheral conspicuily f oncoming vehicles as a
1
t |

"ATan

BETIOIOT WY o 10

¢ fufiction of vehicle lighting intensity and ambient illumination. The results from these
o dies indicate that in broad daylight (> 30001x skv illumination) the intensit
| ol _porriesponding to an ordinary low beam (about 400.cd) is needed to impraye vehisle
s -opspicuity in 30° peripheral vision. In 60 peripheral visio than 1000 ¢d |
J #"\  tohspicuity in 30" peripheral vis n periphe ion more than iz

i s ¢ ¥ netded to increase vehicle conspicuity.
i

,.‘;Jﬁ'f‘ \q ¢/ 7 Tmanother study using 07 peripheral'vision, it was shown that, when the ambient
ey illumination level decreases (dawn and dusk < 1000 Ix skv illumination), considerably

[fr lower intensities are needed substantially to increase peripheral vehicle conspicuity: at
600 Ix about 300cd, at 4001x about 200¢d (sec figure 2).

With regard to the colour of the Tight, the results indicate that in subjective
cvaluations observers say they find yellow or amber lights more conspicuous than
white ones. Howevet, in objective studies, colour (white and yellow] seems
unimportant.Light intensity, rather than colour, determines detectability) From the
legistative point of view, both colours could be accepted. —

Othep-positive perceptual effects of lights on cars in daytime are:

“ they are estimated to be closer than non<lighted cars;
— 1t 15 easier to determine the lateral (lane) position of a lighted car:
IL s easier to determine whether a car is moving if light is the signal
Sum?ucgaiivc elfects of lights that have been studied arc:
“ smaller effect il everyone has them (the navelty cffects disappear);
worse for those not having them (effect of expectation and masking);
— glare in dawn and dusk perieds (masking effects);
/itcrcuscd petrol-and bulb consumption (cconomy);
special Lights quickly lose their efficiency due to dirt, corrosion, bad aiming, cte.
(durability).

All these nepative effects exist but are Judged to be minor and possible to overcome.

|
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Figure 3, Peripheral (20°) detection distance (m) of oncoming vehicles as a function of sky
illumination (lux] and DRL intensity (cd).

9.

Accident evaluation

Eurly studies in the US and Sweden gave positive results of lights on accident reduction,
hut these were not well controlled, Later better controlled studies in Finland, Sweden,

the US. and Norway, however, have been carried out. They all support each m[:_.:umd\

present consistent effects. A review of these evaluation studies is given i
(19%8). Here we simply present a representative Swedish study {Andersson a

elmers
nd Nilsson

1981}, They used single-vehicle accidents and night-lime accident as controls, thereby
halaneing for irrelevant factors that may have varied during the before and after
periods (duytime running lights were made compulsory in Sweden in 1977). Table 2
gives Lhe results,

The road users who seem to benefit most from lights on cars are pedestrians and
cyclists. These groups probably use their peripheral vision more than drivers.
Furthermore, these road users may have visual degradation which gives them a visual
status that is lower than that of drivers, since they are nol exposed to any statutory
visual screening.

[ahle 2,

The accident reduction of daytime collisions as an effect of intreduction of DRL in

Swaden 1977

Day Might
Single Acc Control Control
Collisions —13% Control
Daytime Head on - 10%;,
Collisions Angular — 9%
Subgroups Rear end — X

Car-hicycle — 1

Car—pedestiian o
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10. Pedestrians in night traffic

It is generally accepted that night driving is two or three times more hazardous than

daylight drving, per km driven. However, sincé most driving is carried out during

daylight hours, the absolute accident figures are generally higher for daylight

illumination. Nevertheless, in many countries some types of accident, such as
(_pedestrians being hil by carsoare more frequent even in absolute terms at night than

during daylighﬁ@lﬁﬁﬁﬁhﬁﬁﬁﬁhlinn for which humans have not evolved, and in

whic dsual system proves inefficient.
~Contrast sensitivity 3% drastically lowered at levels of night-time illumination. Tn
addition to this basic handicap, other properties of the eye, such as glare sensitivity and
night myopia, become especially important and critical in night-time traffic. The most
critical situation is the meeting phase; both the initial stage on high beam and the final
stage on low beam. During this meeting phase, visibility distance thresholds for dark
objects (e.g., pedestrians) on ad are normally around 50 m and very scldom above
[0 m (for a revieweSee Rumar 197 rom the safety point of view, al least 140 m is
required. What coun res might be effective? Studies so far have produced the
following results:

® driver training: limited improvement;

o road lighting: effective but expensive;

e ulrraviolet lighting: a promising new technology which, however, requires
fuorescent targets;

e polarized headlights: an earlier, effective idea, which, however, requires the
interposition of filters between the oncoming polarized lights and the dover's
cyes;

o wﬁaubahl}' the technology of the Tuture (e.g radar, infrared).

The most effective and inexpensive way to improve detection of pedestrians is to
improve Their night-lime conspicuily by retroflective material. The elfect of reiroflective
material has been shown in a series of studies (for a review, sec Rumar 1976}, The
technical principles used (spheric or prismatic retroflection) mean that the contrast
with the dark buckground as seen by the driver from behind the headlights is several
hundred times higher than that ol white cloth, Retroreflective matcrials 1hus
compensale for the decreased contrast sensitivity of the eye in night traffic and provide
aneffective, fast and inexpensive countermeasure. In order to reach a visibility of 140 m
the pedestrian chould be carrying retrorefiective material with a reflective power of at
least 30 CIL (see figure 3.

- 11. Conclusions
Lo There is reason to believe that delayed detection of other road users is a main factor in

Lae® T i . ] A i %
Q il @ road traffic collisions. We pronose that these detection failures fall into two main

ot i

O s c:ﬂ{:gnrfﬂ_@;@ttcction errors; and perceptual detection errors,
g l:r ,i,'-- i Cognitive detection errors are argued to be an effect of incomplete or erroneous
Ir}.{#j/" I:_‘r:ll.’f user models of the traffic environment and of the moving elements in this
{ 1% 1 l:l'l'k'H'D]’!!'I'If.‘nl.l Th:s elfect leads to inappropriate cxpe_::tnuouiw]nch,_m 1.urn. result in
U late or even failed detections. Another way of deseribing the situation is to say that

detection in present road traffic often has to be achieved by consciously directing the
focus of attention. This is a slower and less effective detection process than the basic
ecological, normal, unconscious, quick, and automatic detection,
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Figure 3.

Outline of the relation between retroreflective power and driver detection distance for
vehicles meeting at night,

It is argued that perceptual detection errors have a simildr evolutionary history) oy

Stimulug patterns which were essential for detection during our evolutionary history
and which determined the development of our visual perceptual systems are not
available in many contemporary road traffic situations. l"enph&rail sensitivity ty

movement is ineffective since the contours of our present ‘encmies’, i.e., cars, have n
perceptible internal motion. They roll closer without any associa 1gher frequency
movements, such as the leg movements of an-animal predator. The contrast sensitivity
of the eve is so impaired at lower levels of ambient illumination that other road users
vithout lights are thus not detected carly enough in night traffic.

With regard to the problem of countermeasures for detection errors, it seems
comparatively inefficient to try to educate, inform, persuade, or train road users to
improve their level and field of attention. By contrast, countermeasures involving
stimulus enhancement have proved to be efficient both in experimental studies and in
dccident analyses, By improving the conspicuity of road users we seem to be ahle to
compensate for both types of road traffic detection errors—cognitive as well as
perceptual. However it is risky to focus all i our eflorts at counterm efforts at countermeasures on improving
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Au cours de ces deus ou trois derniéres décennics, nous avons réussi, avec un certain succes, 4
reduire les blessures graves des occupants de volture, price @ Ja mise en oeuvre de technigues
d'absorption des choes; mais nous n'avons pas ausst bien réussi a réduire les risques de collision.,
Lorsqu'on demande & un conducteur pourquoi un accident est survenu, il repond tres souvent
qu'il avait vu trop tard Vautre usager pour éviter |a collision. Cet article est consacré 4 Uétude de
cette défaillance fondamentale qui consisie 4 ne pas percevoir 4 temps Pauire conducieur; on
s'interroge sur le pourquai de telles erreurs et comment elles pourraient éire réduites. Une erreur
de détection cst fondamentale parce que sans détection, il ne peut ¥ avoir ni traitement de
I'information, ni prise de décision, Les deux causes les plusimportantes d'une erreur de detection
sont: (1) une défaillance de Pexpectation cognitive illusirée par I'absence de scrutage pour
apercevolr un autre usager ou par fe défaut de regarder dans la direction approprice, (2) Un
prohléme de seuil pereeptiflillustre par la non-distinction du stimulus pertinent dans des niveaus
trop bas d'tclairage ambiant ou dans des situations ob des véhicules se déplacement dans le
champ de vision périphénigue du conducteur,

Wihrend der letzten zwel oder drer Jahrechnte waren wir dank der Verwendung von
encrgicabsorbierenden Techniken recht erfolgreich mil.der Yerringerung von Yerletzungen bei
Autoinsassen. Jedoch wiren wir bei der Yerringerung des Risikos von Kollisionen nicht ebenso
eriolgreich, Wenn Fahrer befragt wurden warum ein Unfall passierte, beklagen sie sich sehr ofi,
dal sie den anderen Yerkehrsieilnehmer zu spit sahen, um eme Kollision zo verhindern. Dhese
Studic diskuticrt den grundlegenden Fehler von Verkebrestellnohmern, einen anderen Ver-
kehrsteilnehmer nicht rechtzeitiz zu sehen, warum solche Fehler geschehen und wie sie redugiert
werden kinnen,

Ein Wahrnchmungsfehler ist grundlegend, weil ohne Wahrnehmung kein Informations- und
Entscheidungsprozed stattfinder, der diesen Verkehrsieiinehmer bericksichtigt. Unter den
vielen Ursachen fir Wahrmehmungsfchler simd 2wei der wichtigeren; Fehlen kognitiver
Erwartung, welches deutlich wird dureh die Schwiiche, nach einer bestimmien Art von
Verkehrsteilnshmern zu suchen oder 1o die zutreflende Richtung zu schaven: Schwierigheiten mit
Wahrnehmungssehwellen, welehe durch Schwiichen der Unterscheidung relevanter Stimuli bel
gernger Umgebungshelligkeit oder in Situationen, wo Fahrzeuge im peripheren Gesichisfeld des
Verkehesteilnehmers aultavchen, deutlich werden.
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