
Can evolutionary theory explain 

the slow accumulation of 

knowledge about the level of 

safety built into roads?

Nordic Traffic Safety Academy, Copenhagen, 

May 9-10, 2017

Rune Elvik, Institute of Transport Economics



Page

Background

Ezra Hauer has shown that the level of safety built into 

roads is unpremeditated, i.e. not the result of decisions 

with known impacts on safety

Design standards such as lane width, minimum radius of 

horizontal curves or minimum radius of crest curves were 

historically developed without knowing their effects on 

safety

The accumulation of knowledge regarding the safety 

effects of design standards for roads has been slow

By contrast, research by car manufacturers has greatly 

improved the safety of cars the past 20 years
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There is still no consensus

There is no consensus about the safest lane width

Results are inconsistent – wider lanes may improve safety 

in rural areas, but worsen it in urban areas

How small radius can we permit in horizontal curves?

The answer varies, depending on:

 Which country you are in

 When the most recent study was made

 Whether a curve is isolated or part of a road consisting of curves 

only

 How well studies have controlled for confounding factors

 The increase in risk you are willing to accept

Can we explain why knowledge develops so slowly?
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Evolutionary theory

We develop knowledge by means of learning-by-doing

This process takes place at the local level and is basically 

reactive (i.e. it arises as a reaction to events, not as a 

conscious attempt to control events)

Learning-by-doing is highly error-prone and slow in 

eliminating errors

A full understanding of the randomness of accident counts 

has emerged only slowly

The lack of success of learning-by-doing was only 

realised after the number of accidents had grown for a 

long time
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The essence of learning-by-doing
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“The boat builder may be very skilled, yet, no two boats are perfectly identical to the smallest detail. 

The differences arising this way must be regarded as random. But if  a small difference between two 

boats is associated with a noticeable difference in performance at sea, it is not random if  such a 

difference is detected. Sailors will urge the boat builder to copy the boat that performed best at sea. The 

boat builder will now try to copy the boat performing best at sea, and may embark on a set of  trials, 

each involving a small change to the boat, in order to develop a boat that surpasses the performance at 

sea of  any previously built boat.”
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What do you make of these data?
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After

Before 0 1 2 3 4 5 6 Junctions Accidents

0 50 75 56 28 10 3 1 223 0

1 75 112 84 42 16 5 1 335 335

2 56 84 63 32 12 4 1 251 502

3 28 42 32 16 6 2 1 126 378

4 10 16 12 5 2 1 0 47 188

5 3 5 3 2 1 0 0 14 70

6 1 1 1 1 0 0 0 4 24

Junctions 223 335 251 126 47 14 4 1000 1497

Accidents 0 335 502 378 188 70 24 1497
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Evidence consistent with evolutionary 

theory

The use of an accident warrant for a safety measure (use 

it when X accidents have occurred)

A naive approach to the evaluation of the effects of 

measures (simple-before-after studies)

Any change in safety is attributed to a road safety 

measure – confounding is not recognised as a problem

Such an approach amounts to a perpetual learning trap in 

which we are fooled by randomness again and again
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The Manual on Uniform Traffic Control 

Devices (MUTCD)
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“In addition, the use of  YIELD or STOP signs should be considered … where one or more 

of  the following conditions exist: …C. Crash records indicate that five or more crashes that 

involve the failure to yield the right-of-way at the intersection under the normal right-of-way rule 

have been reported within a 3-year period, or that three or more such crashes have been reported 

within a 2-year period.”
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A blatant case of being fooled
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“There is much talk in statistical circles about this oscillation being a phenomenon of  chance (the 

“regression toward the mean” so often mentioned). But an examination of  the personal files of  the 

PUTCO drivers show that these oscillations are, on the whole, anything but chance-directed. In 

fact, any sudden improvement is usually closely associated with disciplinary action.”
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The PUTCO data re-examined

Number of 

accidents in first 

period

Number of 

drivers with N 

accidents

Number of 

accidents to 

these drivers in 

second period

Number of 

accidents 

predicted by 

RTM

0 52 47 47.8

1 44 45 46.8

2 26 27 31.4

3 16 27 21.7

4 3 4 4.5

5 0 0 0.0

6 1 4 1.8
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Lack of success was finally understood

Gunnarsson and Lindström (1970) proposed a few highly 
general principles for designing a safe road system (the 
SCAFT-principles)

These were:
 Locate activities so as to minimise travel distance and the 

number of conflict points between traffic streams

 Differentiate roads according to their primary function (establish 
a road hierarchy)

 Separate conflicting traffic movements from each other and 
separate unprotected road users (pedestrians, cyclists) from 
motor vehicles

These principles became widely accepted in the 
Scandinavian countries
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The trouble with the SCAFT-principles

Adherence to the principles might create a highly complex 

traffic environment

The design of roads with different functions must to a high 

extent be self-explanatory

Separation is not feasible at the lowest level of the 

hierarchy, access roads

No allowance was made for behavioural adaptation 

among road users and vehicle manufacturers

By analogy to evolutionary theory: a generous 

environment will make species multiply and grow bigger
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Channelization increases complexity 

and the chances of making errors
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Habitats adapting to species?
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Editions of design guidelines

1981 1981 1992 1992 2013 2013

Design parameter AADT 1500-4000 AADT 4000-8000 AADT 1500-5000 AADT 5000-10000 AADT < 4000 AADT 4000-6000

Lane width (m) 3 3.25 3 3.25 3.25 3.5

Shoulder width (m) 0.5 1 0.75 1 1 1

Total width (m) 7 8.5 7.5 8.5 8.5 10

Minimum horizontal curve radius (m) 100 150 160 230 250 300

Length of largest design vehicle (m) 15 15 22 22 22 22

Width of largest design vehicle (m) 2.5 2.5 2.5 2.5 2.6 2.6
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Concluding reflections

The wonders of nature are the result of a remarkable 

process of evolution

We may admire what evolution has produced, but it is 

easy to forget that evolution is:

 A slow moving process

 Error prone (some mutations are disastrous)

 Resulting in local optima only (many species well-adapted to 

living in Australia would not survive in Norway)

 Vulnerable to random events (extinction of dinosaurs)

However, a process whose basic characteristics resemble 

those of evolution may explain the slow development of 

knowledge in certain areas of road safety
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