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1. Abstract

Analysis of the arguments in favour of a unified

traffic science lead to the following conclusions:

(1) It is not enough to base a unified traffic science

on a number of common problems or a number of

cross-disciplinary needs. A unified traffic science re

quires a set of related theories that can both explain and

relate existing facts and generate new hypotheses. There

seems to be no possibility to relate or integrate all the

very different theories of the prevailing, very hetero

geneous, transport disciplines.

(2) Even if it were possible to find and formulate

such a set of common theories a general system theory

the case for a unified traffic science would be very

weak. The reason is that since such a general system the

ory would most probably have to be formulated on such

a high abstraction level that it would not be powerful

enough to create any new fruitful hypothesis that could

be of any use in solving the highly practical problems of

traffic. Transport is too applied a problem area.

Consequently the proposal to create a unified traf

fic science is rejected at least at present level or knowl

edge. What is needed is instead a strengthening of the

methodological and theoretical parts of the transporta

tion branches of the traditional scientific disciplines.

Thereby we can meet most of the weaknesses and needs

of today s traffic science that Mackay (1990) quite cor

rectly points out in his paper. Another action of consid-

erable importance is to improve by several means the

cross-disciplinary work and research within the trans

portation relevant disciplines.

 

2. Arguments for a unified traffic science

There are many arguments in favour of establish-

ing a unified traffic science. Such a science would serve

as a common background to all the diverse traditional

sciences involved in studies of traffic. It would be a kind

of general system theory explaining many of the differ

ent basic phenomena observed and generating new gen

eral ideas and experiments across the present traffic

sciences.

Mackay (1990) offers several seemingly good rea-

sons for the creation of such a unified traffic science. At

the end of his paper he summarizes his arguments. I

have tried to cover all these arguments in the following

seven points which I understand to be the main ones.

(l) Traffic is such a basic, important, large and inte-

grated part of society that it certainly deserves a science

of its own.

(2) Traffic causes so large and steadily increasing

problems in society in terms of accidents (human injury

and property damage) and environmental disturbances

(pollution, noise, vibration etc.) that also from that point

of view it certainly deserves a science of its own.
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(3) Existing traffic research is split up among be-

havioural, engineering and medical disciplines (what

about economics?), between individual and collective

questions. A unified traffic science could integrate these

now separate disciplines, viewpoints and results.

(4) Within each traffic problem area and each dis

cipline the research and the results are very isolated and

vaguely related ( islands ). A unified traffic science

could integrate and synthesize these studies and these

results. Ecology is mentioned as a good example of such

an integrating science.

(5) So far traffic research has mainly been a mo-

nopoly of the public sector. A unified traffic science

could bring in the private sector and in a fruitful way

bring the public and the private sector in close interac

tion. This is missing today.

(6) A unified traffic science could create both a

necessary separation between the research and the op

erational part of traffic measures and the necessary inte

gration of higher traffic education with traffic research.

(7) A unified traffic science could create the inter

national base that traffic should have (especially from

developing countries point of view) and also give the

health sector the key role it deserves in traffic.

Personally I would like to add at least two other

arguments of the same general kind. During the about

one hundred years of development of motorized road

traffic the different countries have come to speak the

same language. Although the technical development

and the level of motorization differs considerably from

country to country, the type of traffic system. and the

types of traffic problems that we find in different coun

tries are in large the same. This in my opinion is a sign

that the time has come to create a unified traffic science.

Another important argument for a stronger traffic sci

ence that in my opinion has not been stressed enough in

Mackay s paper is the comparatively low status and low

research quality that road traffic research in the world

has today.

 

3. Analysis of the arguments

Let us look at the arguments one by one.

1) Yes, traffic is very important for society. Al-
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though that sounds like a good argument, it is certainly

not sufficient to make it a science.

2) Yes, traffic creates very serious problems for

society. But again, although that constitutes a good argu

ment to make it a special science it is not sufficient.

3) Yes, traffic research is split up between disci-

plines. But there are reasons for that. The underlying

theories and models belong to different disciplines that

are so different that it is very difficult to unite them. The

ecology example given as a model of a united science is

a system with lots of natural interrelations. Traffic is a

man made system with a limited number of natural re

lations that can be studied scientifically.

4) To some extent I can agree that research and re

sults of present traffic science correspond to isolated is

lands. But that is not the main problem. The serious

drawback with present traffic science is not the lack of

total coverage but the lack of depth. In each discipline

the traffic studies carried out are not sufficiently based

on theories and models. They are more ad hoc studies

(as also Mackay states). What we need is not more gen

eralists but more specialists! We are missing solid theor

etical ground in each discipline (island) more than

bridges between floating islands (disciplines)!

5) In my opinion there is absolutely no public

monopoly on traffic science. On the contrary most of

the developments in present day traffic originates from

the private sector! But even if it were a public or a priv

ate monopoly I fail to see this as an argument for a uni

fied traffic science.

6) Yes, a separation between operation and re

search is important. Independence and objectivity is

crucial for any research activity. However, such a

separation may be carried out without a unified traffic

science. The case might even be reversed. As is the case

now, with several disciplines involved, it is always possi

ble to question methods and ideas. The gap between

theories and facts is not too large and the abstraction le

vel moderate. With a unified science this might become

more complicated since that gap becomes considerably

larger and the abstraction level substantially higher. It is

also true that research and education should be brought

closer together. But again that could just as well or

maybe even better be done without a single unified traf

fic science. By creating a stronger relation between the-
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ory and application, education and research is automati

cally brought closer to each other.

7) Yes, traffic science should be international. But

it is already today a highly international subject which is

discussed in a large number of traffic conferences and

several journals. The problem is in fact that it is too

rarely discussed in mono-disciplinary conferences and

journals. A unified traffic science cannot, as I see it, im-

prove that situation. It might even make the situation

worse. With a single traffic science the risk that the dis

cussions will become too superficial increases. Yes, it is

true that traffic should gain from being looked upon as

part of the public health problem. However, that could

as well be done without creating a unified traffic science.

) Yes, it is true that traffic today is much more

homogeneous than it was some decades ago at least

in the industrialized world. Traffic scientists speak more

or less the same language. But the common theoretical

base for a unified traffic science is still missing. The

problems still belong to different scientific disciplines.

) Yes, traffic science needs a better status in the

academic world than it has today. However it is prob-

ably both easier and more efficient to create such an im

proved academic and scientific status by deepening the

theoretical basis of the traffic branch in each scientific

discipline than by creating a new unified traffic science.

The arguments offered by Mackay are very gen

eral. I agree they are good reasons for a better integra

tion of the different aspects, problems and disciplines in

traffic. He presents a good case for a more cross-disci

plinary way of approaching the various traffic problems.

Some arguments are sympathetic but hardly scientific

and certainly not theoretical. Other arguments seem to

be not very well substantiated. There are no indications

about what such a unified traffic science would look

like, how it could be developed, what would be the the

oretical base, how it could be introduced to higher edu

cation, etc. The arguments do not really explain how a

unified traffic science could solve either the problems

pointed out by Mackay or many other more scientific

problems. Consequently, they constitute no real case for

the unification of traffic science!

Another point is that Mackay argues as if traffic is

synonymous with road traffic which in my opinion it is

not. The basic problem is transport transport of

goods or people from one place to another. If we look

back in history the transport problem has been solved in

different ways on water (rowing, sailing, by steam, by

diesel, by nuclear power), on ways (foot, wheels, en-

gines), on rail, in the air and even electronically. What

we should ask for is not a unified traffic science but a

unified transport science. Otherwise we will end up half

way on the road to a synthesis. Such a transport science

must cover many modes of transport. This requirement

makes the ambition to create a unified traffic science

look even more unrealistic.

But the most important weakness of Mackay s pa-

per is the lack of scientific viewpoints. Scientific argu-

ments should be the basic ones when making a case for

a unification of Traffic Science especially if it is

spelled with Capital Letters.

 

4. Scientific requirements

The first thing to do is to ask what is really re-

quired of a science. According to my encyclopedia, sci

ence is systematic and coordinated knowledge based

upon accurate observations of facts and the relationship

between these facts and general principles or laws.

In daily life we are coping with many facets and

events. We are confronted with many questions and

many problems. Traffic is one such area. The role of a

science is to look behind the obvious problems in order

to (a) try to find some more general and common fea

tures that can explain why the problems appear and (b)

if possible, to indicate ideas or methods to study these

problems and find solutions for them. Consequently, a

science requires a higher level of abstraction than do the

problems we face in everyday life. These observations

are in fact the consequence of the basic relationships

that science is dealing with. Not until we can present

theories dealing with how these facts are related and

how they can be explained do we have a science. Al

ready here we see that the fact that traffic is a highly ap-

plied problem area makes it difficult to collect all its

problems in a unified traffic science. Traffic problems

are effects of phenomena described in behavioural, en-

gineering, economical, mathematical, medical, social

and other traditional scientific disciplines. Consequently
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we should use the theories and models already at hand

in these scientific disciplines when we want to relate, ex

plain, and predict events in transport.

A second general requirement for a science, which

in my opinion is related to the first one, is that it shall in

clude and embrace a group of phenomena. The general

theories trying to explain the basic functions must be

susceptible to integration or should at least relate to

each other.

Upon a superficial analysis traffic seems to consti

tute such a group of phenomena. However, if we take a

closer look it becomes obvious that it is hardly possible

even in theory to relate the various behavioural, econ

omical, engineering, mathematical, medical, biological,

and social phenomena that together make traffic

much less to integrate them. Let us illustrate by two ex-

amples from more concrete levels of specificity. It may

be possible to integrate, for instance, vehicle dynamics,

tire performance and road surface characteristics. But

how do we integrate on the next level, say, driver behav

iour, vehicle crash performance, road engineering, traf

fic pollution and traffic economics? These and other

traffic science disciplines often have very little overlap,

if any. We might as well try to create a global general

system theory (see below).

A science should ideally be based on one theory,

one general principle advanced to explain a group of

phenomena. But in practice a science is characterized

by being based on a group of related or competing theo

ries. However, not even that limited level of requirement

is satisfied by traffic.

What has happened to other efforts to create more

general sciences, to try to take one or two further steps

in generality and abstraction?

 

5. General system theory

Is there a possibility to include a unified traffic sci

ence within a general system science? By that I mean a

science which contains some general features that are

common to all the various traditional scientific disci-

plines that together constitute science. Bertalanffy

(1973) did for many years try to find such common fea-

tures on which to base a true general system theory. He
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thought he had found a way and his ideas were for many

years intensively debated.

However, when we now look back over the past

thirty years it is evident that the general system theory

failed at least on one very important scientific point. It

did not succeed in producing hypotheses that could be

empirically tested. Consequently, the theory could not

be modified and advanced further. The gap between

empiricism and theory was too large there was no real

interaction. It was elegant but anemic and scientifically

dead.

Using a simple picture (see figure 1) it seems natu

ral that a lower scientific construction with fewer levels,

resting on many reliable pillars (the traditional science

disciplines), must be more stable than a higher construc-

tion resting on one fragile pillar (the unified traffic sci-

ence). Furthermore, it should be more creative and pro

ductive since the distance between the extreme top and

bottom levels is not too large. Interaction between ob

servations and theory is facilitated.

 

Observations
Empiric facts

///////////////////// \\\\\\\\\\\\\\\\\\\\\

Models \ . . /

Principles m oooooo

Theories 0000 0000

Science disciplines \ /
(Physics,...Economy,...Psychology) 33380000000

Basic sciences _ X I/XI/_x_l/ _ _
(TechnicaI-Sociai-Behavioural) O O O

' ' \|/AUnified 0

Traffic science
 

Fig. 1

My conclusion, based on the analysis of the argu

ments put forward by Mackay as well as on the failure of

them to meet the basic scientific requirements and on

the negative experiences in previous efforts to create

general or unified sciences, is that traffic is not an area

that can be described by a unified traffic science.

Michon (1987) has argued that traffic science

could be based on three legs (see figure 1). Those legs

are the technological, the social, and the behavioural
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sciences. Mackay has a corresponding way of describing

the main traffic sciences engineering, behavioural,

and medical. My opinion is that instead of trying to in

tegrate these three into one, it would be better to try to

take a step in the other direction and give the transport

branch of each one of the next level traditional scientific

disciplines (see figure I) a stronger theoretical and more

academic base. In the first place, this is a much easier

job and it would, in the second place, be much more

productive from the scientific and theoretical points of

view. The point of scientific research is to improve the

theoretical basis either by testing existing theories or

by generating new ones.

What is better from the scientific point of view is

also, in a longer perspective, more productive and more

cost efficient from an applied point of view.

 

6. How can we strengthen the
traffic sciences?

On one point Mackay and I agree entirely. We

both argue that traffic science is in desperate need of

improved quality and better status.

In my opinion we could gain more from streng

thening the transportation part of each of the involved

separate scientific disciplines than from trying to create

a unified traffic science. Each one of the old disciplines

(chemistry, physics, economy, mathematics, biology,

psychology, sociology, etc.) already has an established

theoretical base as well as higher and lower education

systems. What we need to do is to strengthen especially

the methodological and theoretical parts that are of re

levance to transportation. Among the separate disci

plines some probably require more improvement than

others. Traffic science has always been standing on two

legs engineering sciences and social sciences. No

doubt a better use of the behavioural sciences would im-

prove the stability of traffic science as a whole (Michon,

1987)

More cross-disciplinary work within the traffic

sciences would also be very beneficial for all the reasons

presented in favour of a unified traffic science.

There are several ways in which such cross disci-

plinary work could be stimulated and improved. One is

to rely on research institutes which cover the whole

transport sector (so called sector research institutes)

where most of the relevant scientific disciplines are rep-

resented for instance, INRETS in France, TRRL in

Britain, VTI in Sweden. In sector research institutes

cross-disciplinary work is normal. Another way would

be to create transportation research groups within the

universities. This has been attempted with good success

in some places. The group could be totally informal or

formal, e.g. by creating a special transport research cen

ter. A third possibility is to accept more transport re

search studies in existing traditional disciplinary jour

nals or to increase the number of scientific transporta-

tion journals. The main thing is, however, that the qual-

ity requirements for publication must not be lowered

but raised.

Mackay is completely right when he argues that

traffic operation and traffic research must be completely

separated, at least from financial support and manage

ment point of view. Otherwise, it is always a risk that

problem choice and result interpretation will be biased.
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