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SUMMARY

A review is given of how road transport started as a system
where man was in direct control and contact with what was
happening. The development of the explosion engine and
modern road building technique relieved man of his muscular
tasks but increased the mental demands - especially infor
mation acquisition and processing.

Road transport is described as a man machine system where
man, vehicle, and road environment interact in a complicat

ed and dynamic way. The crucial input in the system is
information. Information could be described as reduced
uncertainty. The human functions that influence information
acquisition and processing are reviewed. It is pointed out
that some higher order mental functions (motivation, expe
rience, expectation, attention) are very important since
they influence directly the other functions (e.g. sensory
processes, perceptual structuring, decision processes).

One essential task for the road and traffic engineers is to
ensure that the important information is included in this
selection. To be able to do this he has to know the road
user characteristics and the limitations of his informa-
tion acquisition and processing.

Some key concepts and their effects are known (e.g. feed
back, reliability, limited capacity, predictions, stimulus
intensity). But a lot of systematic research remains before
we can really say that our transport system is really built
for man. An old Greek saying was that man is the measure

of everything. This should be realized also in the design

of traffic and road systems.





IMPACTS ON ROAD DESIGN OF THE HUMAN FACTOR AND INFORMATION

SYSTEMS

INITIAL PROBLEMS WITH THE TRANSPORT SYSTEM

In the first stages of road transport development the prob
lems were mainly technological. Man had large difficulties
in creating a reliable, economical, safe, and comfortable

vehicle thatcxnxhistand the roads of those days. Man also
had large problems with building roads that could take the
wear from the vehicles, that could stand various climatic
conditions and still remain fairly smooth. But these prob-
lems were solved in comparatively short time. We have to
admit though that some of the problems are still unsolved

e.g. concerning cars: low pollution level and petrol
consumption, concerning roads: frost heave and road fric-
tion in winter traffic. But in large most basic technical
problems are solved, what remains is to a large extent
optimization.

EVOLUTION OF THE TRANSPORT SYSTEM

The development of the road transport 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, the feed back on right and wrong
actions was normally instant (see figure 1).

What has happened the last hundred years is that the
advancement of technology has given us equipment that has
relieved man from most of the muscular tasks. The machines
can carry out heavier tasks much quicker and for a longer
time than the human muscles. We can now transport,pmoduce,

destroy etc large quantities, at long distances and high
speed, with low costs, high precision and low technical

failure rate. We have highly, technically SOphisticated
vehicles, roads, information and regulation systems.

GENERAL EFFECTS OF THE TECHNICAL EVOLUTION

The positive effects of these changes are evident. The
effectivity of transport has increased tremendously. Some
even argue that the effectivity has become too high. Man has
reached such freedom to move that the homes, work places,
shops, vacation places etc are often placed in a very
awkward position in relation to each other. This is becom
ing evident in times of shortage of money and energy. But
of course effectivity is a very positive effect.

The speeds, the engines have however also had some draw-

backs. The main obvious ones are lower safety, some
environmental and social problems. By now the relation
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Figure 1. The evolution of transport to a man machine

system compared with the evolution of industry



between accidents and traffic speed is clearly established
and widely recognized. The effects of traffic on pollution,
noise, vibration etc are more disputed. But although the
size of these effects is under discussion the reality of
these phenomena is a fact.

At the same time as the mobility of a large number of
people is improved the mobility of some groupsi15decreased.
Large roads and intensive traffic prevent especially older
peOple and children from moving freely. Such traffic
arteries sometimes create what is called social barriers.

SPECIAL EFFECTS ON HUMAN TASKS

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
immediately punished. The signs and signals from nature
and other animals were natural, and the decoding was often
even inherited according to the law of natural selection
described by Darwin.

The technical evolution has been so quick that the natural
selection and the adaptation of man to the environment are
overrun. Furthermore, at the same time as man has been
relieved of his muscular tasks, the mental demands such as
attention have increased. Consequently, we have today an
outdated human being with stoneage characteristics and
performance who is controlling a strong, fast, heavy
machine in an environment packed with unnatural artificial
signs and signals. Viewing the transport safety and effec-
tivity from this angle, man is doing really well.

ROAD TRANSPORT - A MAN/MACHINE SYSTEM

As mentioned earlier the road transport system is a man
machine interaction system (see figure 2). That means that

each one of the components (man vehicle-road environment)

should not be analyzed and treated isolated from the
others. It is not the component functioning but the system
functioning that is important.

Figure 2 outlines road traffic as a continuous flow of
information about road, vehicle, other road users, signs,
signals etc through the human senses to the brain. In the
brain the information is analyzed, compared to earlier

experiences, coloured by attitudes, various outcomes are

predicted, and decisions are made. The decisions are
carried out by the muscles at the eyes, in the neck, arms,
hands, legs, etc. These actions produce new information
and so the process goes on.

There are in principle three ways to improve the function
ing of this system (see figure 3).

by better selection of the road users (e.g. licensing)
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CHANGE OF
ENVIRONMENT  

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: Adaptation of environment
to road user characteristics (make it easier to
drive a car, a motorcycle, a moped, a bicycle,

to walk)



- by improvement of the performance of the road users
(education, training, information, campaigns, enforce
ment etc)

by adjusting the design of road, signing, vehicle,
regulations etc to the characteristics of man.

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 this
mainly seems to be due to human errors 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 characteris
tics should be the dimensioning variable in the building
of the system. Previously, the road users were expected to
adapt to the given road and vehicle characteristics. Now
it is realized that man has several basic limitations that
must be recognized and taken care of in the technical
design or road geometry and surface, signs, signals,
lighting, vehicles, etc.

In figure 3 it is easy to see that the information aquisi-
tion and processing are very crucial functions in the
system. If the input is wrong the chances that the output
will be wrong are very large. Studies carried out by
accident investigation teams indicate that a very large
proportion of the accidents can be attributed to inappro
priate information.

ROAD USER INFORMATION ACQUISITION AND PROCESSING

A simple but useful definition of information is "reduc-
tion 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 infor
mation 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. And it is the perceived
situation not the physical reality that decides behaviour!

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

In figure 4 an effort is made to present in a simple form
the most important functions for the acquisition, selec
tion, and processing of information. Below these functions
will be commented on.
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Outline of the higher and lower order
functions that determine the information

acquisition and processing
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Lower order functions

Of course the information selection is sometimeseuxipartly
due to stimulus characteristics (e.g. signal intensity,
signal position, signal background). This type of selec
tion is probably the dominating one among special types of
situations with very poor and bad information available
(e.g. fog, darkness, glaring sun).

 

Partly the information selection is due to sensory
processes and characteristics. The variations among road
users when it comes to vision (e.g. acuity, contrast,
colour, glare sensitivity, visual field), hearing, smell,
balance, touch etc are considerable. Often signs and
signals are constructed for the normal or average human
being. This means that very many of us especially
elderly peOple - often may have trouble.

 

It is very important to stress that the sensory processes
do not consist of addition of separate static percepts.
Instead it is an immediate analysis of a whole dynamic
event. For instance, the perception of position, course
and speed on the road is believed to be an immediate
effect of the total visual flow over the retina (see
figure 5).

The short term memory a psychological construct made to
explain a function can store information only for a few
seconds. If the information is not used within this time
it is lost. This puts a time pressure on the information
processing. Some accidents with elderly people that other
wise seem impossible to explain are believed to be due to
an impaired short term memory. Roads should not be built
so that drivers have to rely too much on their short term
memory.

 

The perceptual structuring is a function that colours,
enhances, interprets the often disparate, unintelligible
pieces of information collected. The structuring is often
carried out very close to the sensory processes but is
very much influenced by higher order functions such as
motives, experience, expectation (see below).

 

The channel with limited capacity is the very cause to the
information selection. Since we have a very limited simul
taneous capacity and the information presented to us in
traffic is normally redundant, we have to select.

 

Higher order functions
 

The higher order functions influence the way in which the
lower order functions work. On top of the model in figure
4 is placed "motivation". The general motives for a road
user on the road could somewhat simplified be described

as follows

 

To reach the goal quickly, safely, and comfortably.
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Figure 5. Examples of the field of optical flow in three
cases (after Lee, D.N. & Lishman, R. Visual
control of locomotion. Scand. J. Psychol
18:224-230 (1977)) a) the driver reacts to the
curve too late; b) the driver does not steer
enough; c) the driver steering reaction in

the curve is correct.
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This in itself is a dilemma,since these three motives are
often conflicting to the road user. Furthermore, e.g. if
a driver is late for a meeting, if he is driving his new-
born child, if he is driving his old mother, he may pay,
respectively, most attention to the first, the second or
the third primary motive.

Road user information selection is rational. It picks up
the pieces that are important to reach the goals. There-
fore, the motives are so essential. In figure 6 an effort
is made to illustrate how the motives influence the selec
tion of information.

The general motives are on the road transformed into
applied motives as indicated in figure 6. From there can
be seen that the road information is primary, obstacles
and other road users secondary, while the artificial infor-
mation (e.g. signs) that is so common along our roads
comes last. That is to say that type of information is
only picked up should there be time and opportunity. Also
among this third typec finformation a kind of hierarchic
order exsists. Some signs reduce uncertainty more than
other signs.

The second most important function of higher order is
experience. Every road user can be said to have a unique
experience. Consequently, it is not amazing that we
perceive the same traffic situation in different ways. But
even if experience is highly individual it has several
general characteristics. Experiences in traffic uncon
sciously develop s xs of very important, less important,
and unimportant "signals" to every road user. These
"signals" may be natural (e.g. a specific 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 corre
sponding to e.g. that of a tree. It contains no informa
tion. It will not be seen. On the other hand a "signal"
that is always followed by an event (e.g. sign for acci
dent 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 feed back
gives reward or punishment depending on the action. This
leads to a correct learning process.

 

 

Motivation and experience influence the direction and
level of attention and expectation which in turn influence
sensory processes (e.g. eye movements) perceptual struc
turing (e.g. we see what we expect to see) and decision
processes (we often get very prejudiced also in traffic).

  

In the decision processes some of the various alternatives
and predictions and their probable outcome are weighed
against each other and a choice is made, an action is
carried out or not carried out.
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As said above the information facing a road user is nor
mally more than he can cope with. He has to make a selec-
tion on which he will base his decisions. Normally, this
works fine and is not very pressing. But in some compli-
cated dynamic situations e.g. city centres, fast, crowded
motor ways, the amount of relevant information is too
large. The capacity limits of the system are reached. Then
the driver has two possibilities to decrease the informa-
tion demands - to slow down or to increase the predicted
proportion of the information. Drivers sometimes relax by
means of these two measures also in rather easy situations.
To slow down has normally the expected effect.ZH:decreases
the amount of information per time unit. This is also
indicated by favourable accident statistics from speed
limit studies. To solve a complicated information situa-
tion by an increased proportion of predictions often works
out especially for experienced drivers. But now and then
we are deceived. What we expect does not happen, and then,
leaving it to predictions we just do not see it.

The capacity to acquire and process information probably
has a maximum. If the information flow is too poor, too
slow, too little is happening then the level of activation
goes down (e.g. empty straight roads). We get sleepy. If,
on the other hand, the flowijstoo fast, too massive, (e.g.

rainy city centre crossings with many pedestrians and
cyclists) there is a risk for a break down oftjmafunction.

IMPORTANCE OF HUMAN FACTORS FOR ROAD AND TRAFFIC DESIGN

The main message in what has been said is that the human
operator in the man machine interaction process of road
transport has several limiting characteristics. In the
construction of the road and traffic environment this
should be realized and used as dimensioning variables. It
is almost impossible to change these basic characteristics
of man (e.g. visual acuity, night traffic vision, reaction
time, limited capacity of information channel, building up
of expectations, reactions to feed back etc). But we could
use them in our design of the traffic system, thereby
reaching a better system functioning (effectivity, safety,
energy, consumption etc).

We should realize the hierarchic information selection of
the road user. This means that we should try to transmit
wanted information in a natural form which gives the
important feed back. The necessity to lower speed due to
road works, a school, a sharp curve, slippery road surface

etc, should be possible to reveal not only by the today
common artificial, abstract, point information (e.g. road
signs) but by e.g. modifications of road geometry, road
surface, road delineation, road obstacles. Here we are

only in the beginning of a very promising area of develOp-
ment.
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We should try to spread the information so that the channel
capacity is not reached. Presently, the amount of informa-
tion presented at many crossings is so large that the
driver has large problems to take it in. If the amount of
information is large and cannot be reduced, lower speed
limits should be used to decrease the amount of informa
tion per time unit.

A very important aspect is to avoid surprise events. The
road user needs time to make his decisions and to prepare
his actions. The decision processes take longer time the
more complicated and the more surprising the situation is.
In some surprise situations the road user is paralyzed and
does not act at all. If we can give the road user the
correct expectation of what will happen the chances of a
correct decision are large. Such expectations should if
possible be built into the road design.

If we have some information that we rank as more important
than the rest we should try to make it striking (high
intensity, large, bright colour etc), moving (e.g. flash

ing) and place it in the central visual field. Another
possibility may be to use several input channels - e.g.
visual signal + auditory signal. In this way we increase
the possibility for the message to be detected and
received. But again artificial signals should only be used
when we cannot succeed in presenting the relevant natural
signals.

When we have to use artificial signs and signals we must
realize that the sensory capacity of many road users is
impaired (low visual acuity, high glare sensitivity, bad
colour vision etc). Therefore, luminances, contrasts,

colours, sizes, intervals etc must be dimensioned not for

the 50th percentile driver but maybe for the 80th percen-
tile road user.

It is often believed that the task of the engineers should
be to make traffic as easy as possible. This is not neces
sarily the case. The important thing might be to present
such information that gives a correct impression of the
difficulty of the situation. Probably, the relation
between perceived and real difficulty is a very important
factor for safety. In figure 7 is shown how a difficult
traffic situation that is perceived even more difficult
is probably not as dangerous as an easy situation that is
perceived even more easy. In accident statistics we can
often see how situations that seem easy (e.g. an open
crossing) may cause many accidents while other situations
that seem very difficult (e.g. a crossing with very bad
sightconditions):may be comparatively accident free.

FURTHER STUDIES

Above are given some examples of characteristics and limi
tations of man that should be used in the construction of

the road and traffic environment. But it is obvious that
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our knowledge in this area is far from exhaustive. We have
to study these problems by systematic research. However,
this is not that easy. It is difficult, expensive, and time
consuming to make experiments with human behaviour in
various road environments. New methods and new equipment
could make it less complicated.

We need faster and more accurate methods than accidents as
criteria of when a situation is good or bad. Here various
road user behaviour of manoeuvre type (e.g. speed, speed
changes, position, position changes) or more direct (e.g.
eye movements, head movements, psychophysiologicalneasures)
are promising areas. Other methods that might prove useful
are the studies of near accidents or conflicts.

TRAFFIC SITUATION DIFFICULTY

OBJECTIVE SUBJECTIVE

LOW
RISK

HIGH
RISK  LOW

Figure 7. Illustration of hypothetic relation between
objective and subjective difficulty and
traffic risk. A more difficult situation
might have a lower risk than an easier situa
tion.
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But the criteria have to be compared to various measures in
the physical world (road geometry, road unevenness, road
surface structure, road surface brightness, road noisee c).
So far we have only been abletx>measure these and other
variables with more or less laboratory methods. The Swedish
Road and Traffic Research Institute (VTI) is presently
involved in a cooperation with Saab Flight Division and The
Swedish Road Administration to complete the building of a
vehicle (Saab RST) that can do many of these measurements
at normal speeds. Such and corresponding equipments will
be necessary in the future to make it possible to study the
relation between human behaviour (e.g. speed), human reac-
tions (e.g. fatigue), environmental effects (e.g. noise),
and various road (e.g. road surface structure) and traffic

variables (e.g. intensity).

In order to attain changes and experimental variation of
the road and traffic variables without too high costs and
risks we need simulator equipment. At VTI such a simulator
is presently being built. It is possible there to modify
road and vehicle parameters by computer programs and to
study human behaviour as a function of these changes. The
simulator has already proved useful for studies of road
geometry. Small, limited, risk free, low cost studies in

a simulator can save a lot of money in the construction
and building phase.

CONCLUSION

In the discussion of the problems involved in building
road and traffic systems we have turned from the belief
that these problems are of a purely technical character.
Transport is vital for the function of society. Traffic is
still increasing in most countries. The building of new
and better roads and the maintenance of the old ones are
not quite keeping pace. This means that the attention and
information demands on the road users will continue to
increase. But man has certain limitations concerning
information acquisition and processing. We have to find
the characters and the borders of these limits through
systematic research. We need that knowledge in order to be
able to use our limited road network in the best possible
way from effectivity, safety, economical, environmental
point of view. Already the old Greeks said that man is the
measure of everything. This is true also for road and
traffic systems.








