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THE HUMAN FACTOR IN ROAD SAFETY

K. Rumar, Ph.D. Professor, Research Director, National Swedish Road and Traffic Research Institute,
(VTI), Linköping, Sweden

ABEBÅQ

Seueaat atudtea bated on acctdent anatgaea tn depth have tated to eatabttah the aetattue weight
05 uehtcte, aoad and human 5actoat at cauaea tn aoad acctdenta.

But an anatyatt 05 the toad taa55tc paoceaa and tttthe human 5act0a at the mach eau/se.
The aeauttt cteaatg potnt to

deuetopment tn a htatoatcat peaapecttue tndtcatea that the queatton and conaequentty atto the
anaweh\aae tmphopea.
tnteaactton that cauaea acctdenta.
hmvtodmmwuethehwmnenumatntmw5m.

It ta noamattg not the 5attuae 05 a component but the 5attuae 05 a agatem
Howeuea, the paobtem aematna atao wtth the agatema apphoach

The common denomtnatoa 05 human mtatahea aeema to
be Zach 05 adequate tn50amatt0n 5aom the aoad, the noad enutnonment, othea aoad uaeaa and the
uehtcte.
hoad uaeh and the toad and taa55tc engtneea.

The tn50amatt0n auattabte tn taa55tc ta anatyaed both 5n0m the potnt 05 utew 05 the
Potatbte maga to oueacome tn50amatt0nat de5tcten-

ctea tn the system ahe dtacuaaed on the basta 05 the thaee pntnctpat appaoachea toad uaea
aetectton, aoad uaea tmpaouement, adaptatton/deatgn 05 enutaonment to toad uaea chaaacteattttca.
The con5ttct beooeen the human engtneeatng apphoach and the atah homeoatatta hypotheatt ta
anatgéed. E550ata aae 5tnattg made to euatuate the potatbte e55ectt 05 uaatoua tmpaouementa
05 toad uaeh aetectton; uahtoua wags to tmpaoue toad uaea pea5oamance, auch aa educatton,
thatntng, en50acement; and uaatoua waya to adapt aoad deatgn and dettneatton, noad atgna and
atgnata, autea and tawa, and uehtcte dynamtca to human chaaacteattttca and ttmttattona.

ACCIDENTS

1. In modern society we try to plan what
will happen. We like to see ourselves as the
controllers of what is going on, of events.
But now and then we are reminded of our in-
completeness. Things we had not planned, had
not foreseen, are happening. when the effects
are negative , such as human or property
damage, we call these events accidents.

2. The first and immediate question
after an accident is: Why did it happen? What
did we do wrong? Road accidents are no
exceptions to this rule. Both the involved
road users and society try to find the answers
to the "Why -question.

3. After an accident we normally
rationalise as we do in so many other
situations when we do not fully understand
them. We blame the road, the signs and
signals, the vehicle or preferably the other
involved road users. Society has another
more normal way to protect itself. The
traffic laws are in principle written so that
the responsibility of an accident always falls
on one or more of the involved road users -
e.g. "Adapt your behaviour to the circumstan-
ces in such a way that you can avoid any
accident .

4. Therefore neither straight forward
interviews nor traffic court decisions give
any real help to answer the questions why road
traffic accidents occur. However, there are
more scientific ways of finding the causes

for traffic accidents. These will be elaborate<

below. We have to find the causes in order

to be able to come up with effective counter-
measures. In order not to shoot in the dark
we have to find the targets and keep them in
sight.

5. But it is not enough to have the
technique for finding accident causes - and
implement countermeasures. We also have to
be motivated to do so. About 10-50 persons
(depending on the country) out of 100,000 are
killed every year in traffic accidents, about
five times more are seriously injured, and
about twenty times more are slightly injured.
In total more than a quarter of a million
persons are killed and about 10 million per-
sons are injured in the world every year.
Such figures should be motive enough! The
picture is however not that simple. In most
present societies those agencies benefitting
from road traffic and those responsible for
building and maintaining roads and vehicles,
for teaching and examination of drivers are
not the same as those who will have to bear
the burden of the negative effects of acci
dents. Therefore the market mechanism does
not operatesuiaS'UJreduce accidents. Society
has to intervene and does so with varying

effectiveness.

CAUSES

 

6. The normal analysis of a road traf-
fic accident is the police investigation. The
aim of this investigation, however, is not to
find the real cause but to find who has broken
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the law and consequently will have to take the
blame.

7. In order to find more unbiased causes
other branches of transport (e.g. av1at1on,
mar1ne) have for many years made use of spe-
cial accident analysis groups consisting of
various specialists such as captains, eng1
neers, phys1c1ans, and psychologists. Especi-
ally within the flight sector this system has
been developed and refined. By means of spe-
cial equipment (e.g. the recording black box)
and supported by other techniques (e.g. inci-
dent reporting, experimental analysis) the
flight accident analysis teams have without
doubt been successful in finding accident
causes thereby preventing corresponding
accidents from happening again.

8. Therefore 1t 15 quite natural that
efforts have been made to use the same tech-
nique on road traffic accidents. However,
so far the success with these efforts has
been very limited. There are several causes

for this.

(a) The informational situation is much more
complicated and much more difficult to
trace in the road situation compared to
the flight and marine situation.

(b) The effect of technical deficiencies is
much smaller in the road situation.

(c) The professional qualification of drivers
is much lower in the traffic situation
and there is a wide range of abilities
and qualifications among the millions
of drivers.

9. However, during the last few years
some ambitious and rather successful efforts
to overcome previous shortcomings have been
presented. A study by Sabey & Staughton(1975)
and an Indiana study by Treat (1980) are two

   

Road Road

env1ronment user
Vehlcle

         

   Treble factors

Double factors

Total percentage for each factor (overlapplng)

29// 95 §//'
34 9A 12

Fig 1 Percentage contributions to
road accidents as received in a British
and a US accident in depth study
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illustrative examples. In both studies a
statistical and to some extent a clinical case
study approach carried out by multidisciplina-
ry teams was used. Figure 1 shows the ma1n
results.
As can be seen these two completely separate
rather large studies of several thousand acci-
dents are almost unanimous in their pointing
at the road user - the human factor - as the
dominating cause of road traffic accidents.
The analysis could be extended further by
trying to classify the type of human errors
involved (see Figure 2).
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which human factors were identified
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10. As can be seen from Figure 2 recog-
nition errors (perception, comprehension, de-
lays and decision errors) predominate. These
types of errors could be assembled under the
heading of inappropriate information acqui
sition and processing . The next step in the
Indiana study was to specify the human errors.
In decreasing order of frequency of occurrence
the following errors are given:

Improper lookout

Excessive speed

Inattention

False assumption

Improper manoeuvre

V
V
V
V
V
V

(a

(b

(c

(d

(e

(f Internal distraction

11. Here the weakness of this approach
becomes evident. Since these and most pre-
v1ous accident investigations lack an explicit
theoretical basis the results tend to be of
very general, common sense, character; they
are hard to relate to other types of data,
they are hard to communicate to other discip-
lines and, perhaps most important, they tend
to use the human factor as the scrap box.
Every acc1dent behind which we do not find
any technical error tends to be explained by
the human factor.

12. What kind of theoretical framework
could then be used in road traffic?

ARRB PROCEEDINGS
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THE EVOLUTION OF ROAD TRAFFIC
 

13. In order to find an appropriate des-
cription of the functioning of the road traf-
fic system it might be fruitful to look back-
wards to get a historical perspective.

14. Man has always had the need to move,
the need for transport. This is nothing new.
In fact, the early species of mankind were
continuously moving. They were nomads, they
could not settle down because they were de-
pendent on the naturally growing plants and
the wild animals. Both these sources for
living were quickly consumed when staying at
one place. 50 man moved from place to place.

15. This picture did not change for some
million years. Man developed into a creature
adapted to living and moving in natural sur-
roundings, in daylight at slow speed and with
special sensory, central nervous, and muscular
properties for such conditions. This evolu-
tion that was first postulated by Darwin, al-
though containing some jumps, is a slow pro-
cess of adaptation to the environmental con-
ditions that all species have gone through.

16. The development of the road trans-
port systems has followed about the same
scheme as most man machine systems such as
industrial production, weapon systems, home
work, sea transport, and many others. In the
first stages man was doing the work in direct
contact with the environment. The work was
mainly muscular, and the feedback on right and
wrong actions was normally instant and per-
ceived directly from the environment (see
Figure 3).
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Fig 3 The evolution of transport to
a man - machine system compared with
the evolution of industry

17. What has happened during the last
hundred years or so is that the advancement of
technology has given us equipment that has re-
lieved man from most of the muscular tasks.
The machines can carry out heavier tasks much
quicker and for a longer time than the human

VOLUME 11, PART 1, 1982

muscles. We can now transport, produce, des-
troy, etc. large quantities, at long distances
and high speed, with low costs, high precision
and low technical failure rate. We have tech-
nically highly sophisticated vehicles, roads,
information and regulation systems. We really
make use of these fine properties. This has,
in turn, made us very dependent on transport.

18. Previously, the contact between man
and environment was close and immediate. By
putting one foot before the other we moved
towards our goals. If we made a misstep we
were usually punished without delay. The
signs and signals from nature and other ani-
mals were natural, and the decoding was often
even inherited according to the law of natural
selection described by Darwin.

19. The technical evolution has been so
quick that the natural selection and adaption
of man to the environment have been overrun.
Furthermore, at the same time as man has been

relieved of his muscular tasks, the mentalde-
mands such as perception and attention have
increased. Consequently, we have today an
outdated human being with stone-age charac
teristics who is controlling a strong, fast,
heavy machine in an environment packed with
unnatural artificial signs and signals.

20. In the childhood of road traffic the
main problems were to create a reliable, eco-
nomical, safe and comfortable vehicle that
could stand the roads of those days. Man
also had large problems with building roads
that could take the wear from the vehicles
and that could stand various climatic condi-
tions and still remain fairly smooth. Now
these problems are largely solved from a
technical point of view - even though the
economical situation very often does not
allow us to design with desirable standards.
Instead we have encountered new problems -
to control the technical part of the system.
We have gone from a situation with mainly
technical problems to a situation in which the
main problems are with the human being who is
controlling the technical system, especially
problems related to information and decisions.

ROAD TRAFFIC - A MAN-MACHINE-SYSTEM
 

21. Man has built ingenious equipments
for comfortable transport and advanced routes
for moving around. Transportation is done at
high speeds, long distances, with heavy cargo,
at all levels of illumination, and in most
climatic conditions. But the human being is
still much the same.

22. The functioning of the road traffic
system may be illustrated by Figure 4. The
human being is collecting information about
the road, the traffic conditions, other road
users, his own vehicle by means of his senses
- mainly vision. This information is treated
by the central nervous system where estima-
tions, predictions, and decisions are made.
The decisions are carried out by the various
muscular systems - we may look to the right,

67



RUMAR HUMANFACTORHWROADSAFETY

steer to the left, brake, etc. This action,in
turn,changes the information acquired in the
next moment and so on ... The system is a
closed loop, it has feedback. Society tries
to insure that the level of road users, vehic-
les and roads exceedS»some minimum acceptable
limits. Of course this system and its func-
tioning are influenced by various extraneous
agents. The human being is e.g. influenced
by age, fatigue, alcohol, drugs on one side -
and laws, rules, enforcement on the other.
The technical system also changes its charac
teristics with age, general illumination,
weather, etc.

ROAD USER

  

SENSES CNS MUSCLES  

  
 

 

  

 

  
  

   

 

|
0

ROAD ;

OTHER o VEHKLE

ROAD USERS g
[ |
0 o
o o
0000 LMM oooc>

CONTROL

SOCHTTY

Fig 4 - The traffic process described
as a man machine system where
information acquisition is handled by
the senses, information processing and
decisions by the central nervous
system (CNS) and actions by the
muscles. The actions lead to new
information and so on. Society tries
to control the quality of the system
components

23. From the layout of this system it is
quite clear that a correct information acqui-
sition is a crucial prerequisite for a smooth
and safe functioning. The primary information
channel without comparison is the visual sys-
tem. A break-down of this man-machine system
may be an effect of inferior interaction be-
tweenthe various components rather than defi-
ciency in one of the components. This is one
of the reasons why the above cited accident
investigations are of limited value. The
results of a system break down are lowered
traffic capacity, conflicts, incidents, near
accidents, and accidents. The system is very
flexible, however, since man for periods can
increase effort and diminish comfort.

24. This man-vehicle-enviroment system
seems to constitute a suitable framework for
accident analysis (Cromack & Barnwell 1975,
Rumar 1980). But it is not enough to have a
framework of the transportation system - we
also need a model or a theory for the way in
which the human being acquires and processes
information,enumerates alternative actions
and selects and executes decisions.
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INFORMATION ACQUISITION AND PROCESSING

25. _ A simple but_useful definition of
information 15 'reduction of uncertainty .
This means that information is not something
in the environment. It is in the road user
that perception and experience take the form
of information. What is information to one
road user, might not be information to another
or what is information to one road user at a
certain moment might not be information to the
same road user at another moment. It is the
perceived situation not the physical reality
that determines behaviour!
 

26. This is of vital importance. Road
and traffic engineers construct the physical
traffic environment (road geometry, alignment,
surface, delineation, road signs, traffic
signals etc). Many engineers presume intui-
tively that the same environment is perceived
identically by passing road users. This is
not the case. Every individual road user
selects his own information.

27. In a recent Swedish accident inves-
tigation study (Englund & Pettersson 1978)
the problem of appropriate information selec-
tion models is discussed. Rumar (1981a), TFD
(1982), Pettersson (1982) are other recent
analyses of the same problem. The following
discussion is based on these papers.

28. An early milestone in modelling
driver information acquisition and processing
was raised by Gibson & Crooks (1938). Their
hypothesis is that driving is based upon the
perception of a

(a) field of safe travel

(b) minimum stopping zone (see Figure 5)

 

 

 

Fig 5 - The field of safe travel and
the minimum stopping zone of a driver
in traffic (Gibson and Crooks (1938)

29. Although their ideas were elaborated
by Schlesinger & Safren (1963) and used by
Kontaratos (1974) in his definition of

(a) Indifferent zone

(b) Threat zone

ARRB PROCEEDINGS
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(c) Crash zone

this approach has unfortunately never been
fully utilised.

30. A more sequenturlapproach is illu-
strated by Cumming (1964) who put strong
emphasis on the limited rate of information
processing, by a Danish study (Transportforsk
ningsudvalget, 1968) and Goeller (1969) who
put more emphasis on the information acquisi-
tion. Englund & Pettersson for their above
mentioned accident investigation chose a
modification of the Goeller approach with
various information filter functions which
they found appropriate and fruitful.

31. A combination of this model with the
ideas put forward by Rumar (1981a) gives a
model as illustrated in Figure 6.
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Fig 6 Outline of a model describing
the functions that determine inform
ation acquisition and processing

32. In Figure 6 an effort ismade to pre-
sent in a simple form the most important func-
tions for the acquisition, selection, and
processing of information. Perception influ
ences or is influenced by all these functions.

33. It is of course vital to eliminate
physical filtering as far as possible. Road

users should at least be given the opportunity
to perceive and evaluate the situation - his
line of sight should not be blocked, the illu-
mination should be adequate etc.

34. Also it is very often forgotten that
the normal vision is not normal among our dri
ving populations. More than 25% have less

VOLUME 11, PART 1, 1982

than normal visual acuity. About 8% of the
males have defective colour vision. Sensiti
vity to glare increases and contrast sensiti
vity under low levels of illumination decrea
ses significantly with increasing age - espe-
cially above the age of about 50 (Johnston et
al, 1976).

35. In normal road traffic however the
perceptual problems are rather to select the
important information~carrying stimuli from a
complex array of stimuli (e.g. in most city
situations).

36. This selection and this analysis are
influenced by higher order functions as illu-
strated in Figure 6. Motivation and experien-
ce influence expectation and attention which
in turn to a large extent control what is
seen and heard (perceptual filtering).

37. In the same way experience, know-
ledge, expectation influence the decoding of
percepts and which decisions that are chosen

(cognitive filtering).

38. Presuming for the moment that this
simple information model is workable we will
below see in which ways it could help us to
explain system break downs and generate ade
quate countermeasures.

COUNTERMEASURE PRINCIPLES
 

39. There are in principle three ways to
improve the functioning of this system (see
Figure 7).

(a) by better selection of the road users
(e.g. licensing)

(b) by improvement of the performance of the
road users (enforcement, education, in
formation, training, campaigns, etc.)

(c) by adjusting the design of road, signing,
vehicle, regulations,etc. to the charac-
teristics of man.

40. These three types of countermeasures
are of course already used today. But there
seems to have been a wide spread belief that
when a system is not functioning and if it
mainly seems to be due to human errors then
it is the human component that should be
changed (selection, improvement). Therefore,
most efforts have been directed towards those
measures. It is not until lately that it has

become clear that the human component is often
the most difficult one to change and to modify.
Therefore, the human characteristics should be
the determining variable in the building of
the system. Previously, the road users were
expected to adapt to the given road and ve-
hicle characteristics. Now it is realised
that man has several basic limitations which
must be recognised and taken care of in the
technical design or road geometry and surface,
signs, signals, lighting, vehicles, etc. Of
course, these limitations are important also
for the design of education, training, infor-
mation, etc.

(59



RUMAR HUMANFACTORHWROADSAFETY

    SELECTION

 

   

   

 

  

___ ___; ROAD USER GOOD
BAD PERFORMANCE

- é _? +

ALCOHOL ,» '"'Nx ENFORCEMENT
FATIGUE / \ EDUCATION

/ X INFORMATION
A TRAlNlNG
; \
:

Ag. __-

, 4 N _ \ N

* | & CHANGE OF
ENVIRONMENT  

Fig 7 The three possible ways to
improve system functioning in traffic.
1: Selection of road user (take away
the bad ones) 2: Improvement of road
user performance (educate, inform,
train, enforce road users) 3: Adapt
ation of environment to road user
characteristics (make it easier to
drive a car, a motorcycle, a moped,
a bicycle, to walk)

ROAD USER SELECTION
 

41. Comparisons were earlier made with
other transport means like airplanes. For
persons who would like tO become pilots the
selection procedure is normally difficult and
multidimensional - physiological (vision,
hearing, balance, heart, etc.), psychological
(personality, intelligence, stability, etc.),
performance (reaction time, stress tolerance,
problem solving, etc.), knowledge (plane,
law, meteorology, etc.) and skill (starting,
landing, etc.). On the other hand at sea,
selection is only common for professional
staff. How about road traffic? What is done
and what could be done to reduce the human
errors by selection methods?

42. Well, going back to the model illu-
strated in Figures 2 and 6 selection methods
could be applied to physical fitness, sensory
processes, perceptual structuring, decision
processes, knowledge, and traffic behaviour.
For drivers of motor vehicles that require a
licence, some kind of physical, sensory,know-
ledge and traffic behaviour tests are carried
out in most countries. For other road users
no systematic selection is used. However,
many are exposed to unvoluntary selection -
e.g. elderly not daring to cross a street
and children not allowed to play where they

70

want to. The selection which we use in con
nection with driver licencing is for many
reasons weak

(a) the reliability is low (r:.S)

(b) the validity is low (r<.5).

43. Consequently, in order to improve
selection reliability and validity there re
mains much to be done. But there are also
constraints. Since present society more or
less requires (e.g. the housing circumstances)
that the citizens have a motor vehicle we
cannot put the cut Off limit in our selection
system too high.

44. One important aspect of selection
and examination systems is that to a large
extent they influence the education and train

ing schemes. We often learn to pass the exa-
mination - not to become good drivers.

ROAD USER IMPROVEMENT
 

45. It is common to distinguish among
the following types of driver improvement
methods

(a) Education (The long term influence Of
attitudes, values and knowledge that is
given,e.g. in schools.)

(b) Training (The short term, limited, and
concrete exercise in how to carry out the
tasks of a special road user - e.g. a
lorry driver. Training is given,e.g.,in
driving schools.)

(c) Information (The continuous general in
formation in various media concerning
goals, conditions, results, changes,
manoeuvres, etc. in traffic.)

(d) Campaigns (The information campaigns
aiming at something special - e.g. child
ren safety. They are intensive but limi-
ted in time and purpose.)

(e) Traffic legislation (The society recogni-
sing that road users do not behave pro-
perly prescribes correct and incorrect
behaviour for various situations.)

(f) Enforcement (Enforcement requires laws
and controls. It means that behaviour
that is not in accordance with law is
punished.)

46. It is difficult to prove the value
of education - mainly because the effect is so
delayed. But various experiences, such as
children%5traffic clubs in Scandinavia, seem
to indicate good potentials. Traffic educa-
tion should constitute an integrated part of
basic school education. It is the children of
today that will decide tomorrow's traffic; co
existence and cooperation rather than competi
tion and confrontation should be the aim.

47. _ The positive safety effect of train-
ing 15 clearly demonstrated in various air,

ARRB PROCEEDINGS
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industrial and transport studies. However,
most examples concern professional training;
as stated above the requirements for training
for an ordinary driver's licence must be kept
at a minimum. The aim of the training should
be more clear and to a large extent separate
from what could be examined in a few minute's
driving test. Some kind of training of the
most common critical situations should probab
ly be included. Studies of this problem are
in progress at VTI in Sweden. New learning
methods like self assessment (Hunt, 1982) and
predictive driving should be introduced and
tested.

48. When we discuss driver training we
usually assume that all pupils should have the
same type of training. This is probably not
the case. The accident pattern of old and
young drivers, of male and female, of experi-
enced and unexperienced drivers differ consi-
derably. It would probably be a lot more
effective to adapt the training to the charac
teristics of the trainee, to train estimation
of situational difficulty and risk (TFD 1979),
to take the training beyond the 100% level,
and to introduce some kind of follow-up train-
ing some years after the licence was acquired,
(Marek & Sten, 1971).

49. General information like "Drive
carefully" probably has very limited effect.
In order to reach and influence road users
information has to be directed to a specific
group and/or have a concrete limited message
- e.g. "Parents, do not allow your children
to take the bicycle to school before the
age of 10!" followed by motivation and argu-
ments. General information is necessary to
tell road users of changes in the traffic or
enforcement legislation. Also it could be
a supporting method to education and enforce
ment efforts. But on the whole general infor-
mation should be used with care. It is pro
bably not a very cost effective method. Per-
sons and organisations who are responsible for
traffic safety tend to favour general infor-
mation techniques. But one of the main reason
is probably that the results produced by such
techniques are highly visible to the public
and to their own and other organisations. How
ever, using such ineffective techniques not
only serves the intended purpose of showing
activity but also often shows that they are
not spending their money in a productive way .

50. The same arguments that are given
against general information could be applied
to information campaigns - the more specific
they are concerning target groups and message
the more effective they probably are. Further
more they should be repeated with some inter-
vals. Campaigns, in Sweden e.g. against drink-
ing and driving, are repeated with some years
interval. They have to be well prepared by
research. Which groups are intended to be in-
fluenced? Which arguments will they listen
to? What facts do we need to catch their in-
terest? Etc. Campaigns should also be com-
bined with other measures such as intensified
enforcement. The combined effect is probably
much stronger than the sum of the single
effects.
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51. Traffic legislation is an effort to
inform the road users what to do in various
situations. It is a result of the fact we
all see the situations differently and con
sequently behave differently and expect diffe
rent from others. By standardising and pres-
cribing behaviour society tries to overcome
this problem. The tendency in most countries
is to increase regulations concerning behavio
ur - speed limits is only one but a common
example. In Sweden speed limits were introdu-
ced in 1968. The positive effect is clear
e.g. the change of speed limit on good two
lane roads from 110 km/h to 90 km/h resulted
in a decrease of the accident rate of about
35% (Nilsson, 1981). These effects are
reached in spite of the fact that a speed
limit reduction of 20 km/h results only in a
speed reduction of 6-8 km/h. Nilsson has tried
to formalise the effect of change of speed
limits on various types of accidents (see
Table 1).

TABLE I

AN EFFORT TO FORMALISE THE EFFECT OF
SPEED ON ACCIDENTS WITH DIFFERENT
SEVERITY

 

Fatal acc. rate1 4
 

V1
Fatal acc. rate2

V2

Pers.inj.acc. rate1
3

Pers . inj . acc . rate2 (_l/l)
__ V2

Pol.rep.acc. rate
V 2

_l
V

(1 and 2 stand for different speeds). This
means for example that in Sweden & decrease
in median speed from 100 to 90 km/h will de
crease the fatal accident rate by 34%, the
personal injury rate by 27% and all police
reported accident rate by 19%.
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52. Enforcement is the keyword for all
those who believe traffic accidents are caused
by a limited number of law breakers. The sad
fact is that it is all of us that now and then
behave in such a way that it results in a
crash - not in any conscious lawbreaking
action but by pure mistake. Furthermore the
connection between breaking the traffic law
and causing an accident is not quite so clear
as many believe. But taking the above men-
tioned speed limits as an example there is no
doubt that heavily increased enforcement would
make the speeds drop further and thereby redu-
ce accident rate and severity. However, in
order to substantially increase control pro-
bability we probably have to introduce some
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electronic gadget and this might be a poli-
tically or socially hot potatoe . But in
the longer perspective a strong enforcement
attitude might change public attitudes.
Drinking and driving is probably a Swedish
example of this phenomenon.

53. The basic reason why we have to in-
troduce various measures to improve road user
behaviour is that the traffic environment
(road, signs, signals, other road users,
vehicle) is not self-instructing. In other
words we are not always punished when we do
somethinq wrong, we are not regularly reward-
ed when we do something correct. It is not
even uncommon that the opposite happens -
we are rewarded for not behaving correctly and
vice versa.

ROAD DESIGN

54. As stated above the information from
the road itself is given priority by most
drivers. Consequently when we try toinfluence
driver behaviour, road design could be a very
effective area. There are many characteristics
of road design that could be discussed from a
human factor point of view. Let us for this
purpose make a simple unorthodox classifica-
tion

(a) road alignment (horizontal and vertical
curves)

(b) intersection design

(c) road width

(d) road surface (longitudinal and transver-
sal,micro-, macrotexture and unevenness,
brightness, friction, noise, material
etc.).

55. Although there are somestudies of
driver speed, position and behaviour as a
function of road curve radius, crossing de-
sign, road width and road surface (e.g. Koppel,
1981; Helmers & Åberg, 1979) our knowledge
concerning the relation between basic road
design variables, human behaviour, and road
safety is very limited and unsystematic.
We know that these variables have effects but
we do not know the causes of the effects.
Statistical studies (Edholm & Roosmark, 1969;
Nilsson, 1973) of accidents give us some
information about the effects of short sight
di§tances (Figure 8), width of the road
(Figure 9), and curve radius (Figure 10).
But the true effects of this influence are
much more complicated than a single variable
accident analysis can reveal.

56. Probably the most simple and straight
forward requirement concerning road alignment
formulated so far is that the the road in
front of the driver shall move in the picture
plane" (Dryselius, 1982). What is meant is
that by giving the drivers various curves -
the best one probably being an open S-curve -
we help the drivers to perceive correctly the
course of the road, the distance to and speed
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of other road users. Vice versa - the straight
road is from this point of view probably the
worst road. It is very difficult to detect
lower hidden parts of the road, and to detect
and to determine distance to and speed of
other road users.

2,0_ Accudenfs per million vehicle km

 
 

1,54
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QS-
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Fig 8 - Accidents per million vehicle
km as a function of number of points
with very short sight distances (<200m)
per km (In Sweden)
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Fig 9 Accidents per million vehicle
km as a function of paved width of
the road(m) on roadsv th 90 km/h
speed limit and no intersections (In
Sweden)

57. Furthermore the stimulus variation
provided by a straight road is low and
required actions are few. The monotonous
situation leads to lowered levels of arousal
- the drivers are not prepared for action
should it be required. In night traffic on
flat straight roads drivers have to dip their
high beams on very long distances which leads
to short visible distances. Of course the
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Fig 10 Accidents per million vehicle
km as a function of curve radius (m)

in Sweden (except game and unprotected
road users)

radius of the horizontal and vertical curves
should not be too short. Dryselius (1980)
states e.g. that in a horizontal curve with
a convex profile the horizontal radius should
be about 1/10 of the vertical radius. There-
by the horizontal curve becomes determining
for driver behaviour provided it starts before
the hill crest. A straight road with convex
profile should be avoided since visibilitydis-
tance is difficult to determine from the dri-
ver position. There is probably an optimum
interval for vertical and horizontal curves on
roads with various width but what are they?

58. An ordinary four-way intersection
contains 32 potential conflict points between
crossing, diverging and converging traffic
flows. Quite natural this means a difficult
attentional and decisional task for the driver
- especially with intensive and mixed traffic.
One way of making the driver task more simple
is to change an ordinary four way intersection
to two three-way intersections. Studies indi
cate that accidents are reduced by such modi-
fications.

59. A modern way to try to lower speeds
at Special places within built up areas is to
decrease road width, to introduce sharp cur
ves, to build "humps", rumble strips, etc.
These principles have been successfully used
especially in the Netherlands, Denmark and at
some places in United Kingdom and Sweden (see
Table II). Road engineers often object
strongly against "destroying high quality
roads that they have built. But this is a
very narrow view. By showing the drivers
very clearly, e.g. by the measures mentioned
above, that the street is not an openthorough-
fare but a place where other types of unpro
tected road users and children might appear
with high probability or a place where the
quality of the road changes drasticially we
can still permit cars in that area. The
alternative is often to close the street or
the road. What we try to do is to influence
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driver expectation and thereby also his atten-
tion and perception (see Figure 6).

TABLE II

COMPARISON OF OBTAINED SPEED REDUCTION
AS AN EFFECT OF THE INTRODUCTION OF
HUMPS (KD 1980)

 

 

 

Study Speed (km/h) Speed
before after reduction

Matts 1973 45 18 60%

Hising (Stockholm) 35 27 23%

Sumner 1978 44 23 48%

Jonsson 1978 40 27 33%

Pettersson I 37,8 27,5 27%

" II 1979 53,0 30,3 43%

III 54,1 34,5 36%

60. There are examples where streets
have been closed for cars with the purpose of
having pedestrian precincts. The authorities
have in spite of the very intensive use of
signs still problems with drivers entering
the area. By simply changing the surface
material of the street to that normally used
on side-walks the problem immediately dis-
appeared and most signs could even be taken
away.

61. At this point it might be suitable
to remind traffic people about the regression
effect. In behavioural science it has been
well known for a long time. But in analyses
of the effect of various traffic counter-
measures it has very often been overlooked.
Normally measures to change road design, sign-
ing,etc. are taken in situations where several
accidents haveeoccurred. Consequently the
probability that accidents will go down,
regress towards the mean, without any measure
is quite high. This regression effect may be
responsible for as much as a 50% accident
reduction (BrUde, 1981).

AUXILIARY ROAD MEASURES
 

62. When we do not succeed in giving
drivers full and correct information by
natural means (road design) we have to apply
other measures such as

(a) road markings

(b) roadside equipment (poles, trees, etc.)

(c) road signs

(d) traffic signals

The road markings can be used in two ways -
to improve driver perception and expectation
and to transmit some traffic law or rule to
the driver. Examples of the first type are
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the transversal stripes that were first intro-
duced by Denton (1973) in order to increase
speed perception and thereby decrease speed.
They have been successfully used in the United
Kingdom at motorway exits where speeds tend
to be too high. The ordinary road control
and edge lines also improve driver perception
of the transversal position of the car and
of vehicle speed. This is specially pronoun
ced in night traffic with retroreflective
markings. Here the visibility of the lines
is so good that it might sometimes make
drivers overconfident.

63. The markings can also be used to
inform drivers of relevant rules e.g. over
taking prohibited, compulsory stop, yield in-
formation, stop prohibited, pedestrian priori-
ty, etc. The drawbacks with road markings
are bad visibility and legibility on distance,
sensitivity to wear and dirt, sensitivity to
weather - especially snow and to some extent
rain. In order to overcome some of these
drawbacks raised pavement markers are success-
fully used in many countries. In snowy count-
ries like Sweden they have so far not been
introduced due to snow plowing problems.

64. The markings can be raised one step
further - to the side marker poles. These
will function under most conditions and have
proven to improve safety both day and night
by about 10% (VV, 1980). Some of the reasons
for the good effects are probably that they
improve the driver opportunity to correctly
perceive vertical curves, to detect horizontal
curves on longer distances, and to determine
their position and speed by peripheral vision.

65. Many of the measures mentioned so
far work by improving driver perception of
speed, speed changes and position. The basic
perceptual principle behind these tasks of
steering and braking is probably what is often
called visual flow.

66. According to Gibson (1966) and Lee
& Lishman (1977) steering and braking are
handled by an immediate analysis of the field
of visual (optical) flow. It is claimed that
all information necessary is available in the
field of optical flow (see Figure 11). Stu-
dies of drivers eye movements support these
hypotheses. Drivers can handle the steering
task and follow the course of a road without
really fixating the road or the road edges.
As regards braking and other tasks with fast
changes the evidence is somewhat more conflic-
ting. Experiences from simulator driving
strongly suggest the importance also of forces
upon the body - physical motion.

67. Further, Johansson (1975) in many
studies of motion perception has demonstrated
that perception of motion and of events, is
not a special case of successively perceived
positions with motion being inferred. On the
contrary, motion is something basic and the
static condition is a special case which often
leads to misperceptions. In traffic man is
normally in locomotion, and a major task is
to detect and predict the motion of other
road users. According to Johansson this is
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done by an immediate analysis of the various
motion vectors in the visual field (see Figure

 

12).

ia.CORRECT|

   
 b TOO LATEl

   
 4c. NOT ENOUGH,

I   
Fig 11 Examples of the field of
optical flow in three cases (after
Lee and Lishman 1977)

a. Driver steering reaction is correct
b. Driver steering reaction is too

late

c. Driver steering reaction is not
enough

 
 

 
N
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A

 
Fig 12 Illustration of how drivers
probably analyse relative motion in
a traffic situation. The whole field
in front of the driver moves over the
retina according to the vectors
indicated. The motorcyclist has a
special vector since he moves inthe
environment. The difference between
the common vector and the motorcycle
vector gives the speed (after Bergström
1974)
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68. According to this hypothesis the cue
to detection and the basis for estimation and
prediction of speed and direction are the
differences in motion vectors. This predic-
tion is one of the more difficult in road
traffic. In a car following at a constant
distance the lead car has no relative motion
and consequently, is not spontaneously con-
sidered as a potential danger. Oncoming ve-
hicles at distances necessary to consider,e.g.
in overtaking situations (SOD-1.000 m),have
very small motion vectors on straight, flat
roads and it is an almost impossible human
task to estimate their speed correctly (Rumar
& Berggrund, 1973). This is why the road
should move in the picture plane (see road de-
sign above).

69. In order to improve drivers percep-
tion of speed and optical guidance on open
fields it has in Denmark even been proposed to
reintroduce tree-planting along the road (ave-
nues). In most countries the trees were re-
moved in order to decrease the injury risk at
driving off the road.

70. Present road signs have been shown
not to work very well (Johansson & Rumar,
1966). Road user information selection is
normally rational. It selects the items of
information which are important to reach the
goals. Therefore, the motives are essential.
The general motives are on the road transfonn-
ed into applied motives. Of these applied
motives the road information is primary, ob
stacles and other road users secondary, while
the artificial information (e.g. signs) that
is so common along our roads comes last. That
is to say that the sign type of information
is only picked up should there be time and
opportunity. Also among this third type of
information a kind of hierarchic order exists;
some signs reduce uncertainty more than other
Signs.

71. As can be seen in Figure 6 a very
important factor of higher order is experience.
Every road user can be said to have a unique
experience. Consequently, it is not surpri
sing that we perceive the same traffic situa-
tion in different ways. But even if experience

is highly individual it has several general
characteristics. Experiences in traffic deve-
lop sets of very important, less important,
and unimportant signals" to every road user.
These "signals may be natural (e.g. a speci
fic road geometry) or artificial (e.g. a road
line or sign). A signal" that has been
passed many times without anything happening
(e.g. a wild animal sign or a road work sign)
loses its "signal value" and gradually gets
the importance corresponding to e.g. that of
a tree. It contains no information. It will
not be seen; we become desensitised to the
signal ; on the other hand a "signal that is

always followed by an event (e.g. sign for
accident or sharp curve) gets a very high
signal value . It contains much information.

It will be seen. Reliability is a key concept
for information systems. In other words it
is very important that the information we want
to transmit to the road user is followed by
some feedback - gives reward or punishment
depending on the action. This leads to a
correct learning process.
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72. Several possibilities to get feed-
back also from road signs are offered by mo-
dern electronics. By sensing what the drivers
do after passing a sign they can be given in
formation in the form of feedback. Such a
system differsconsiderably from the general
signs which never offer any feedback. Nygaard
(1981) has made some preliminary studies of
how driver speed at pedestrian crossings is
influenced by sign and pedestrian feedback
(see Figure 13). The results seem encouraging.
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Fig 13 Speeds of passing drivers at
a pedestrian crossing on a large road
in Sweden (Nygaard 1981) Three signs:
Warning sign, Speed limit 50 km/h,
Experimental variable sign. Four
conditions:

Normal (no experimental sign), no
pedestrian

- Sign: 'Watch for pedestrians', no
pedestrian

- Sign: 'Watch for pedestrian',
pedestrian present
Sign: 'You drive faster than 50',
no pedestrian

73. Directional signs are a special form
of road signs. It is hard to see how their
task could be fulfilled by natural informa-
tion. Present directional signs show incomp-
leteness from a human factor point of view in
several ways. Their texts are not coordinated
with those of maps. Their texts are not based
on which goals are most frequent or most im-
portant. They often do not prepare the dri-
vers for what will happen; this is specially
important when the indicated directions devia-
te from driver expectation. It is difficult
to separate distant goals from local goals.
Several systems exist for local guidance (e.g.
in cities: hierarchic, circle road). But they
are mixed even in the same areas. No doubt
bad directional signing contributes to acci-
dents by producing situations in which the
driver must perform unexpected surprise ma
noeuvres and to excessive driving due to
choosing the wrong route.

74. Traffic signalsare one way for the
society to "take over" driver tasks. They
mean in essence that society has decided that
the situation is so complicated and crowded
that drivers cannot make the right decisions
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- society does it for them. Crawford and
Taylor (1961)have studied some interesting
driver reactions and problems at signalled
intersections. CIE (1981) has written a good
review of the adequate design of traffic sig
nals from a visual point of view. From an
accident statistical point of view manystudies
in Sweden and Norway show that the introduc
tion of traffic signals is effective especial-
ly at low speeds. They reduce the crossing
accidents and the accidents with unprotected
road users but increase the rear end accidents.
The main reason for introducing traffic sig-
nals is often to get increased crossing capa-
city. If we cannot help the driver by making
the intersection more simple we can simplify
his perceptual and decisional tasks by intro-
ducing traffic signals.

VEHICLES

75. Just as was discussed concerning the
road, information in and from vehicles could
be given in a natural or an artificial way.
A driver may e.g. notice that he is getting
close to the critical sideforce in a curve by
the tilting motion of the car and by the sound
of the shrieking tires. If the car isequipped
with modern silent tires and if it is very
stabile (a modern sports car) the ordinary
driver will probably not notice what is happe-
ning until it is too late. Therefore car
designershave started to equip the cars with
artificial signal systems informing the dri-
vers of sideforce, tire pressure, friction,
etc. The vehicle development has taken away
much of the direct natural driver feedback
and now efforts are made to reintroduce it in
the form of artificial signals(!).

76. Some advanced" standard passenger
cars are possible to drive faster through a
curve than most other cars - provided you are
an excellent experienced driver. But if you
are a normal driver and find the Speed a bit
too high you naturally release the accelerator.
Then the car might react by going into a vio-
lent skid. The construction is technically
very advanced. But from a human factor point
of view it is dangerously violating the expec
tation principle.

77. In heavy vehicles with one or more
trailers the sideforces in a curve increase
gradually for each axle from the front towards
the rear. The drivers do not notice this and
as a consequence they often drive too fast
through curves. This fact probably explains
many accidents with trucks and trailers going
off the road and tilting. This type of con
struction does not give the drivers necessary
feedback.

78. On two-wheelers (bicycles, mopeds,
motor cycles) the correct handling of front
and rear brakes is critical in braking
manoeuvres - for stability and for braking
performance. The front brake is the most
effective one since it receives gradually
more weight. But the use of it influences
steering and stability. Application of the
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rear brake easily causes skidding by locking
the wheel. Observations show that a large
proportion of two wheel vehicle drivers cannot
use the two brake systems together in an op
timal way. The braking system of a two-
wheeler is not adapted to human characteris-
tics.

79. The design of placing headlights
low on both passenger cars and heavy vehicles
is detrimental for visibility distance on low
beam. Since the low beam system is based on
a certain dipping angle (about $0) the visi-
bility distance on low beam is roughly propor
tional to the mounting height of the head-
lights. Human factors consideration and not

aesthetic deSignaSpects should be the basis
for decisions like these.

80. Modern electronics can be used two
ways in order to counterbalance vehicle draw
backs of the types illustrated above. They
can be used to replace human sensing, deci-
sion and action as is done e.g. in the case
anti-spin-systems. However, this is rather
expensive and is not visible on the surface.
Therefore, there seems to be a tendency to use
modern electronics to give the driver a lot of
information he might or might not need or be
interested in. The application of modern
electronics on the instrument panel is
comparatively inexpensive and it is highly
visible. But the designers' fashion tempta-
tion might be useless and even dangerous. If
we cannot give the driver the information he
needs when he needs it, the effect is merely
distraction from more important tasks. The
development of electronic instrument panels
should be based on human factors knowledge -
not on design arguments.

81. In traffic we normally react on and
predict what will happen from the observation

of the motion of other road users. Is the
pedestrian intending to cross the street stop-
ping and looking in my direction? Is the car
approaching the stop line with high speed?
Etc. In some reSpects these natural signals
are not enough, we have to support them by
artificial signals, e.g. direction indicators,
brake lights. The communication between dri-
vers is a neglected human factor problem. We
need to inform each other about our presence,
our speed and distance, our intentions, etc.
The Swedish/Finnish trials and introduction
of compulsory daylight running lights (Rumar,
198lb) is a good illustration of how a tech-
nical measure can compensate for human limi-
tations concerning detection of oncoming motor
vehicles (see Figure 14). The daylight run
ning lights have decreased the daylight colli-
sions in Sweden by about 15%. The US and
German trials with high mounted brake lights
is another promising example - but we need
more.

82. Modern and effective means for
transporting children in cars in such a way
that they are protected in case of an accident
(e.g. rear-facing front mounted child seats,
special cushions to use together with standard
car belts in the rear seat) also fulfil some
human factor requirements. The little child
in the rear-facing front seat is close to and
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under observation from the driver. The some-
what larger child gets up on the cushion so it
can have the same view through windows as
grown ups.
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Fig 14 Peripheral (20°) detection
distance (m) of oncoming vehicles as
a function of sky illumination (lux)
and running light intensity (cd)

REGULATIONS

83. Just as it seems that road signs are
often putup to meet some juridical require-
ments (we warned you, if something goes wrong
it is your own fault) it seems like regula-
tions are often written so that the traffic
courts will know what is right and what is
wrong. Of course, this is not the full truth,
but the traffic regulations are normally not
based on human factors considerations - and
they should be.

84. In that part of the world which
drives on the right hand side of the road
the right hand rule" is valid. This means
that e.g. in intersections traffic coming
from the left should yield to the one coming
from the right. In the other part of the
world the "left hand rule is accepted.
Helmers & Åberg (1980) in Sweden have studied
driver knowledge about this rule and driver
behaviour in various types of intersections
(see Table III). The results show that dri-
vers often do not behave according to the
rule. There are often other criteria for
yielding - e.g. through road, larger road,
faster traffic, heavier vehicle, etc. In
other words we have a rule that is used by
traffic courts and by some drivers in some

situations. But since the behavioural varia-
tion is large, the expectation from drivers
when they approach an intersection also varies.
This must be wrong from a human factor point
of view. This is only one example. In all
countries there are certainly several traffic
regulations that are not based on or may even
contradict human characteristics. What is
meant is not that we should eliminate our
regulations on the way people behave - that
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could be disastrous. But we should write
such regulations so that they are understood
and regarded as motivated and logical from a
human perceptual and cognitive point of view.

TABLE III

RESULTS OF DRIVER KNOWLEDGE (%) ABOUT
CORRECT BEHAVIOUR AND REAL DRIVER BE-
HAVIOUR (%) IN FOUR TYPES OF INTERSEC-
TIONS

 

Type of intersection
 

Signed: Right of way Behaviour

+

Knowledge + 92 4 96

 

 

 

 

 

- 4 0 4

96 4 100

Signed: Give way Behaviour

+ _

Knowledge + 100 0 100

- 0 0 0

100 0 100

No signing: Right hand Behaviour
rule + _
4 way x-ing

Knowledge + 26 48 74

- 0 26 26

26 74 100

No signing: Right hand Behaviour
rule + _
3 way x-ing

Knowledge + 52 57

- 0 43 43

95 100

PEDESTRIANS

85. So far this paper has covered various
human aspects of road design, signs and sig-
nals, vehicles and regulations. Of course
the pedestrians benefit from advantageous
changes in all these aspects - e.g. traffic
separation, speed reducing measures, signa-
lised pedestrian crossings, good vehicle
lighting, and regulations favouring the
pedestrian. But could not the pedestrian do
something himself?

86. The pedestrian is a special problem
from many aspects. He is small, slow moving,
not very conspicious and is expected(according
to the law of the strength) to yield to ve-
hicles. He gets no systematic education, has
often no experience (children) or has limited
vision,hearing and mobility (elderly). If he
is hit he is very vulnerable to damage since
he is completely unprotected. For a very
long time we have built our traffic for motor
vehicles and the requirements (human factors)
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of pedestrians and bicyclists have notreceived
enough attention. It is difficult to change
this situation in a short time.

87. There exist traffic situations where
the pedestrian (and other road users) can help
themselves now and without any real costs.
Such a situation is night traffic. Several
studies have shown how human visual perfor-
mance is degraded in night traffic (Rumar,
1976). The drivers when driving on low beam
on unlighted roads simply do not detect unligh
ted objects such as pedestrians until it is
too late. The contrast sensitivity of the eye
is too low. But there is a possible way to
counterbalance this human limitation. Retro-
reflective materials reflect several hundred
times as much light as a white cloth. There-
by the contrasts are often increased above
the visual threshold. Pedestrians wearing
retroreflective tags, tape, cloth etc. increa
se their visibility from about 50 m to 150 m.
Retroreflective material should of course also
be used in many other situations on and

along the road, on road signs, on vehicles,
etc.

EJMLJJPRDS

88. Throughout this paper its argued
that even if human errors dominate the causes
to road traffic accidents, the accidents are
often caused by negligence in the traffic de-
sign phase to take into consideration human
limitations to acquire and process information,
and to select and execute decisions. It is
argued that by basing the design of the road,
the road environment, the vehicles, the signs,
signals and regulations on human performance
characteristics, human limitations, many human
errors would be eliminated. This is an effec
tive complimentary countermeasure to the more
traditional ones - selection of road users,
improvement of road users.

89. There is, however, a hypothesis that
seems to contradict these ideas. Wilde (1981)
argues that the human being always tries to
keep the risk constant - the risk homeostasis
theory. In other words if we make it more
simple to walk, to bicycle, and to drive in
traffic the human being will use this e.g. for
increasing speed thereby in fact keeping the
risk constant. If the risk homeostasis theory
is the dominant factor then most of the human
factors approaches will have no effect in the
long run. The only chance to influence road
safety is according to Wilde by change cf
attitude towards safety.

90. Well, history shows that man has
decreased his risk, and this affects his expect-
ed lifetime generally. It also shows that the
road traffic risk in many developed c0untries
has gone down considerablyin comparatively few
years as a result of various countermeasures.
Furthermore the human being's behaviour is not
based on rational, theoretical, mathematical,
long time risk calculations. It is based on
subjective, immediate estimation of situation-

al difficulty (Rumar, 1981a). Studies have
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shown that although there is a regression
towards risk compensation, part of the effect
is taken out in form of safety. For example,
the speed in darkness is increased by about
5% at the introduction of road lighting but
at the same time accidents are reduced by
about 3 %. The use of studded tires on icy
roads increases speed by about 2% but at the
same time accidents are reduced by more. In
some situations road users do not detect the
improvement and therefore do not change their
behaviour although they benefit from the acci-
dent reduction (Rumar, 1981b).

91. Maybe the purpose of the human factor
efforts should not be to make the task as
simple as possible but to improve road user
possibilities to estimate accurately and
quickly the real level of difficulty. A
difficult situation (e.g. a curvy road) is
probably not dangerous if the real difficulty
is recognised on the other hand. An easy
situation (e.g. an open intersection) is
probably dangerous if the road user thinks it
is even easier than it is. Our knowledge
shows many white areas but we have all the
reasons to continue our effort to improve road
traffic safety by human factors measures, by
adapting the road, the road environment, the
vehicles, the signs, signals and regulations
to the human characteristics. Man should,
according to an old Roman saying,be the mea
sure of everything - even design for road
traffic safety.

92. Many countries have managed to redu-
ce the road accident risk and even the acci
dent figures. The further we go in that
direction the more important it is to have
exact countermeasures. The target areas get
smaller and smaller and their importance gets
greater and greater. We cannot afford to miss.
The aim and the instrument must continously
be improved. This makes road safety research
more and more essential and demanding - to
tell us exactly where and how we shall direct
our efforts to reduce accidents.
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